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1  Introduction

Ecosystems constitute the ultimate foundation for human well-being. With our 
unique ability to modify the environment, Homo sapiens can be viewed as a key-
stone species – one that has a disproportionately large effect on its environment in 
relation to its abundance (Power et al. 1996). Insights about the importance of secur-
ing long-term ecological sustainability led to establishment of ancient taboos and 
norms, as well as medieval legislations, and have been the scope of scientific publi-
cations for more than 300  years (e.g. von Carlowitz 1713; Marsh 1864; Odum 
1959). Ecosystems provide material goods, services and immaterial values, benefit 
portfolios of which are stressed with different emphasis over time, as well as among 
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cultures and stakeholders. However, the link between supply and demand of nature’s 
benefits is not straightforward. Ecosystems may incur both services and disservices; 
there are trade-offs among services, stakeholder experiences and perspectives as 
well as spatial scales; abiotic resources also need to be considered. Finally, human 
investments are often required to realise the potential of ecosystems to deliver 
human benefits (e.g. Lele et al. 2013; Huntsinger and Oviedo 2014).

Stewardship and management towards functional ecosystems require that their 
composition, structure and function are understood in time and space. This is cap-
tured by the biodiversity concept (e.g. Noss 1990), which highlights the intrinsic 
value of nature, as well as its benefits to humans (Millennium Ecosystem Assessment 
2005). More recently, research and contemporary policies seeking to reduce anthro-
pogenic pressure on ecosystems have adopted the concept of ecosystem services as 
a metaphor and means of advocacy (Norgaard 2010). While the biodiversity concept 
captures the potential supply of ecosystem services in terms of what can be derived 
from components as species, structures as habitats and functions linked to ecosys-
tem processes (e.g. Brumelis et al. 2011), the ecosystem services concept focuses on 
the benefits to human well-being in terms of provisioning, regulating, supporting/
habitat and cultural dimensions (Millennium Ecosystem Assessment 2005; Koschke 
et al. 2012).

While global assessments of biodiversity and ecosystem services are cru-
cial as high-level advocacy tools to communicate the principal importance of 
functional ecosystems to humans (e.g. de Groot et  al. 2012), place-based 
approaches are needed in tandem to ensure functional ecosystems and delivery 
of benefits in landscapes and regions on the ground (Angelstam et al. 2013a; 
Singh et al. 2013). This is captured by the policy concept of green infrastruc-
ture (GI), which emerged as an analogy to functional transport infrastructure 
networks. “GI is a strategically planned network of natural and semi-natural 
areas with other environmental features designed and managed to deliver a 
wide range of ecosystem services. It incorporates green spaces (or blue if 
aquatic ecosystems are concerned) and other physical features in terrestrial 
(including coastal) and marine areas, and is present in rural and urban set-
tings” (European Commission 2013a).

Place-based implementation of GI policy on the ground requires two iterated 
aspects: (1) production of evidence-based knowledge about GI’s states and trends 
and knowledge about ecological tipping points for assessment of sustainability and 
(2) cross-sectoral collaborative spatial planning and management at multiple levels 
of societal steering. This process is captured by the analogy to “compass and gyro-
scope” (Lee 1993) and is the core of concepts like ecosystem approach (e.g. Yaffee 
1999), landscape approach (Axelsson et al. 2011; Sabogal et al. 2015) and land-
scape stewardship (Plieninger et  al. 2015). Understanding landscapes as social- 
ecological systems and the contribution of stakeholder collaboration are common 
denominators for all these concepts.

This chapter is divided into two parts. First, we analyse barriers to integrate 
researchers from human and natural sciences with practitioners and stakeholders in 
knowledge production and learning about how to sustain human benefits from land-
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scapes as integrated social-ecological systems. This is based on reviewing results 
from analyses of place-based initiatives belonging to several international concepts 
aiming at knowledge production and learning about how to sustain ecosystem ser-
vices, as well as researchers’ and stakeholders’ experiences of practising integrative 
research. Second, we present an agenda about how to bridge barriers for knowledge 
production and learning towards maintaining and restoring functional GIs with a list 
of seven concrete key actions.

2  Barriers and Bridges Towards Functional Green 
Infrastructures (GI)

2.1  Long-Term Studies of Landscape Approach Initiatives

2.1.1  Initiatives Belonging to Several Concepts

Systematic studies of different landscape approach concepts, and what local ini-
tiatives using these concepts deliver on the ground, can encourage learning from 
experiences of place-based integrative research in social-ecological systems. 
Below we review experiences from six long-term place-based initiatives linked to 
different combinations of five landscape approach concepts (Table 1) aiming at 
knowledge production and learning about the supply and demand of ecosystem 
services in landscapes with different landscape histories and governance arrange-
ments. These are the Kristianstad Vattenrike Biosphere Reserve (e.g. Manton 
et al. 2016) and Bergslagen Model Forest and LTSER platform (Axelsson et al. 
2013) in Sweden, the Engure LTSER platform in Latvia (Melecis et al. 2014), the 
Roztochya Biosphere Reserve in Ukraine (Elbakidze et al. 2013a), and the Pskov 

Table 1 Basic information of the suite of six long-term studies of landscape approach initiatives 
reviewed in this chapter

Case study Kristianstad Bergslagen Engure Roztochya Pskov Komi

Country Sweden Sweden Latvia Ukraine Russia Russia
Area (km2) 1043 14,500a 644 744 184 8000
Number of local 
administrative units

1 18a 5 21 1 1

Biosphere Reserve (Est. 
year)

2005 2014

Ecomuseum (Est. year) 1989 1986
Long-term socio-ecological 
research (Est. year)

2011 2011

Model Forest (Est. year/
duration)

2016 2008 2000–
2008

1996–
2006

Ramsar (Est. year) 1974 1995
aThe informal Bergslagen region has many definitions (Angelstam et al. 2013b); this refers to the 
area studied in Andersson et al. (2013a)
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and Komi Model Forest initiatives in Russia (Elbakidze et al. 2010) (Fig. 1). All 
case studies are reviewed with respect to (1) social-ecological context, (2) activi-
ties, as well as (3) reflections on process, outputs and consequences (sensu 
Rauschmayer et al. 2009).

2.1.2  Kristianstad Vattenrike Biosphere Reserve

The Kristianstad Vattenrike Biosphere Reserve (KVBR) is located in southernmost 
Sweden. The Biosphere Reserve concept is an approach aiming at reconciling and 
promoting conservation of natural and cultural diversity, environmentally and 

Fig. 1 Map of the European continent with the location of the six place-based landscape approach 
initiatives reviewed in this chapter (Kristianstad (KR) and Bergslagen (BE) in Sweden, Engure 
(EN) in Latvia, Roztochya (RO) in Ukraine and Pskov (PS) and Komi (KO) in Russia). They form 
three pairs, each representing a long history of democratic governance (Sweden), top-down steer-
ing (Russia) and countries in transition (Latvia and Ukraine). Countries with grey colour are EU 
Member States
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socioculturally sustainable development, and research. The Kristianstad area has a 
long history of human-induced forest clearing and land cover change dating back to 
the Stone Age (Fig. 2). This long land use history in combination with particular 
biophysical conditions has created two of southern Sweden’s most valuable land 
covers for biodiversity conservation, namely wet grasslands and the xeric sand 
steppe (Manton 2016). However, being severely modified and fragmented, such key 
land covers are subject to a diversity of conservation, management and restoration 
measures (e.g. Dawson et al. 2017). Additionally, ecosystem processes have been 
altered, e.g. brownification of water as a downstream effect of changing landscapes 
(Tuvendal and Elmqvist 2011), predator-prey interactions (Manton et al. 2016) and 
invasive species (Tuvendal and Elmberg 2015).

Stakeholders in the Kristianstad landscape, and later the entire river catchment of 
Helgeå (Richnau et al. 2013) of which the KVBR is a part, have been a member of 
different international landscape stewardship concept for >40 years. Firstly, the wet 
grasslands were pronounced as a Ramsar Convention wetlands area in 1974 but did 
not yield the desired results (Walker and Salt 2006). Subsequently, a bridging organ-
isation, the Kristianstad Water Kingdom Ecomuseum, was founded in 1989 as a 
local community response to deal with degradation and management issues of the 

Fig. 2 The potential natural vegetation in the Kristianstad area is beech (Fagus sylvatica) forests. 
However, a very long history of forest clearing to create agricultural fields and meadows has left 
only 10–20% of forest cover (Manton et al. 2016). Much of this is Norway spruce (Picea abies), 
which is not native to this area (Photo by Per Angelstam)
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wet grassland landscape (Folke et al. 2005). This set the foundations to expand the 
protected area network and develop governance and management systems through 
the establishment of the KVBR in 2005. In 2016, the KVBR joined another land-
scape approach concept aimed at creating partnerships for sustainability, namely, 
Model Forest (Besseau et al. 2002). The key tasks of the KVBR include improving 
the conservation efforts for biodiversity of wet grasslands, as well as other land 
 covers (Magnusson et al. 2004). The ultimate aim of the actors and stakeholder of 
the Kristianstad landscape is thus clearly to use the Ramsar, Ecomuseum, Biosphere 
Reserve and Model Forest concepts to contribute to the implementation of both 
social and ecological sustainability.

Despite these efforts to develop landscape governance and being deemed a social 
system success (e.g. Schultz et  al. 2007, 2015), the long-lasting effect towards 
improving the states of the focal ecosystems’ composition, structure and function is 
largely unknown (Manton 2016). Neither the maintenance of the key land cover 
patterns as functional green infrastructure nor the regulation of ecosystem processes 
have been successful (Manton et al. 2016). This should be highlighted as an area of 
concern for the KVBR as these focal ecosystems have also been prioritised as the 
most important ecosystems for the local community (Lindström et  al. 2006; 
Johansson and Henningsson 2011). However, on a positive note, the new infrastruc-
ture developments (e.g. the Kristianstad Nature Centre, nature trails and recreation 
facilities) within the KVBR aimed towards nature tourism have delivered both 
inspiration and access to nature (Beery and Jönsson 2015) and thus promoted human 
well-being. However, many issues and questions are still unaccounted for; does the 
development of recreational infrastructure benefit the restoration and maintenance 
of functional GI for both human well-being and species?

2.1.3  Bergslagen LTSER and Model Forest

Bergslagen in south central Sweden is an informal region with a long history of 
intensive use of its landscapes (Fig. 1, Table 1). The legacies of more than 2000 years 
of integrated use of ore, forests and water of major national and international eco-
nomic importance now involve several challenges for the maintenance of sustain-
able landscapes (Andersson et al. 2013a, b; Angelstam et al. 2013b, 2014). This 
includes sustainability of rural communities as well as functional green infrastruc-
tures for natural capital and human well-being in forests, cultural landscapes and 
streams (Angelstam et al. 2014). To cope with such challenges at the local level, the 
Foundation Säfsen Forests was initiated in 1999 (Elbakidze et al. 2010). To gain 
momentum from international landscape approach concepts, the emerging network 
and NGO Sustainable Bergslagen was established and facilitated the move to join 
both the International Model Forest network and the network for Long-Term Socio- 
Ecological Research (LTSER) (Axelsson et al. 2013). Key motives were that stake-
holders in Bergslagen can learn from regional sustainability assessments and 
sustainable development processes from other regions and to make Bergslagen 
more visible internationally.
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Aiming at cross-sectoral integration at multiple levels of public, private and civil 
sectors, as well as research, short-term regional, national and EU-level funding 
resulted in several local and regional projects. These have focused on (1) monitoring 
and assessment of different aspects of sustainability; (2) knowledge production 
about material and immaterial landscape values relevant for the management of 
ecological, economic, social and cultural dimensions; (3) information and commu-
nication using both traditional media; as well as (4) through art and culture (Fig. 3). 
An example of the first item is that the county of Dalarna and researchers in 
Bergslagen have collaborated to make assessments of the extent to which old Scots 
pine and Norway spruce forest patches function as two different green infrastruc-
tures for biodiversity conservation. The second item is illustrated by the collabora-
tion between a company that produces hydroelectricity, a county administration, a 
forest company and researchers (Fig. 4). This resulted in joint production of knowl-
edge about restoration of blue infrastructure by integrating water regulation, stream 
restoration and evidence-based knowledge about the requirements of focal aquatic 
species (Törnblom et al. 2017). Finally, art and culture is represented by the theatre 
company “Teatermaskinen” which highlights rural development challenges through 
performances, workshops and interaction with stakeholders.

Axelsson et al. (2013) evaluated the extent to which learning at multiple gover-
nance levels for sustainable landscapes occurred in 18 local development ini-
tiatives in the network of Sustainable Bergslagen. Activities at multiple levels were 
mapped during 10  years, and key actors in the network were interviewed. 

Fig. 3 The strategy to promote resilient networking, collaboration and learning as a continuous 
process towards a sustainable Bergslagen region was to divide different sectors work into five 
goals (1–5) and four cross-cutting themes (A–D) (Angelstam and Axelsson 2014). At the interface 
between objective and themes place-based work occurs in local hubs in Bergslagen
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While activities resulted in exchange of experiences, innovations and some local 
solutions, a major challenge was to secure systematic learning and make new 
knowledge explicit at multiple levels. None of the development initiatives used a 
systematic approach to secure learning, and sustainability assessments were not 
made systematically. Nevertheless, the attempt towards a landscape approach 
based on opportunities for integration of different sectors on the one hand, and 
knowledge production, communication and awareness-rising, has empowered 
stakeholders. However, while several concrete effects have been delivered, under-
standing the long-term consequences of attempts towards collaborative learning in 
social and ecological systems require long-term core funding.

2.1.4  Engure LTSER

Latvia’s Engure LTSER platform encompasses the drainage basin of the Lake 
Engure and the adjacent coastal areas including the eastern sand dunes of the Engure 
Spit and the adjacent Gulf of Riga in Latvia (Figs. 1 and 5, Table 1). To protect 
nature values, a nature reserve was established already in 1957 (Viksne 1997). To 
strengthen its status and stress its international significance, Lake Engure was 

Fig. 4 Knowledge-based stakeholder participation in spatial planning across sectors is a way for-
ward for landscape restoration where the history of intensive forest management is long, such as in 
the Swedish Bergslagen region. Collaborative learning among representatives from a county 
administrative board, a forest company and a NGO and an archaeologist together with researchers 
and students can build capacity for evidence-based landscape restoration (Photo by Per Angelstam)
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declared an Important Bird Areas of Europe in 1994, and in 1995 it was included as 
a Ramsar site. In 1998 the Lake Engure Nature Park was established, and in 2004, 
it became listed as a Natura 2000 site (Viksne et al. 2011). The large islands and 
coastal habitats are particularly favourable for water birds (Viksne 1997), and also 
hosts 844 species of vascular plants (Gavrilova et al. 2000).

An important step towards habitat management was the introduction of regular 
ecological monitoring and long-term research. For more than 50 years, ecological 
monitoring of water birds within the region has been undertaken (Viksne 2000). In 
addition, research programmes on the sustainability of Lake Engure and its adjacent 
terrestrial ecosystems began in 1995 (Melecis 2000). With a long history of anthro-
pogenic management linked to animal husbandry, mowing of grasslands and reeds 
and manipulation of wetlands to increase suitable nesting places are needed to 
maintain bird species diversity. A grassland management project was thus initiated 
by the Latvian Fund for Nature in the frame of an EU LIFE-Nature project in 2001. 
This project included “rewilding” by the introduction of konik horses and heck 
cows for grassland habitat management. In 2010, a national cooperative project was 
started with the aim to develop the Engure Long-Term Socio-Ecological Research 
(LTSER) platform (Melecis 2011). Integrated studies were performed on ecological 
and social components of Lake Engure LTSER, and a conceptual model was worked 
out (Melecis et al. 2014).

Fig. 5 The Engure Lake nature park was established in 1998. It contains the Engure Lake, both 
deciduous and Scots pine (Pinus sylvestris) forests and also the seashore of the Gulf of Riga. Being 
a cultural landscape, management by grazing and mowing is important management measures. 
The area is popular for bird watching, fishing and recreation (Photo by Per Angelstam)
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The areas for which mowing or pasturing is necessary to maintain focal bird 
species are much larger than those presently mowed, or grazed by konik horses and 
heck cows. Grassland management is partly performed by local land owners under 
compensation agreements. Reeds also are regularly removed from the lake by a 
local company. Except for collaboration between the national park and research-
ers, the inclusion of the social system research has turned out to be difficult. Local 
 stakeholders view efforts towards biodiversity conservation as competing with 
production of tangible provisioning ecosystem services. The main problem to sus-
tain the Engure LTSER lies in securing funding for necessary activities including 
scientific research, monitoring and ecological management, as well as stakeholder 
collaboration. During the 2008 economic crisis in Latvia, monitoring programmes 
were interrupted and funding for scientific research was significantly reduced. 
However, until today the burden of environmental problems tends to be solved 
mostly on funding available from EU programmes.

2.1.5  Roztochya Biosphere Reserve

Roztochya in Western Ukraine and Eastern Poland is a corridor of upland forest and 
cultural landscape that crosses the Eastern border of the European Union (Figs. 1 
and 6, Table  1). The Ukrainian part of Roztochya was approved as a Biosphere 

Fig. 6 The Ukrainian countryside, like in the Roztochya area near Lviv in Western Ukraine, is a 
mixture of intensively managed agricultural land, abandoned fields where forest is coming back 
and forest patches (either beech or Scots pine). Old trees are an important cultural heritage, often 
with mistletoe (Viscum album) (Photo by Per Angelstam)
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Reserve in 2011. During the Soviet period of today’s Ukraine (1939–1991), sulphur 
mining was the main industry in the area, and collective agricultural enterprises 
were the main employers in rural areas. Following the disintegration of the Soviet 
Union in 1991, the mining industry was closed and the collective agricultural enter-
prises were reorganised into small-scale private farms or abandoned. A large portion 
of both the urban and rural populations lost their jobs. Currently, this region is still 
facing high levels of unemployment, a poor health care system, lack of access to 
suitable markets for local products, insufficient road infrastructure and depopula-
tion of rural areas (Elbakidze et al. 2013a).

Motivations for establishment of the Roztochya Biosphere Reserve initiative 
were (i) to protect biodiversity, (ii) to address issues associated to the heritage of 
local sulphur mining industry and (iii) to encourage regional economic development 
driven by regional and international tourism. The proposed Biosphere Reserve was 
also considered as an attractive tool for generating interest and investments from 
international and national sources (Elbakidze et al. 2013a).

Elbakidze et al. (2013b) studied the legal recognition of the Biosphere Reserve 
concept as a tool for sustainable development in Ukraine and what impact legisla-
tion has had on implementation in the Roztochya Biosphere Reserve. The Biosphere 
Reserve concept has been incorporated into Ukrainian nature conservation legisla-
tion. The implementation process on the ground in Roztochya was socially con-
strained because the legislative domain of the Biosphere Reserve concept, being 
linked to nature conservation, impacted the different stakeholders’ perceptions of 
what the Biosphere Reserve concept means. Interviews with locals engaged with 
the Roztochya Biosphere Reserve initiative thus revealed that the aim to promote 
sustainability through stakeholder collaboration was poorly implemented (Elbakidze 
et  al. 2013b). Biosphere Reserve implementation may thus be improved by (1) 
choosing national terminology describing the concept carefully, because this affects 
stakeholder perceptions, (2) ensuring that legislation for BRs has a multisectoral 
character and (3) ensuring that those who implement Biosphere Reserve initiatives 
have the understanding, knowledge and will to lead and facilitate sustainable devel-
opment as a collaborative social learning process towards ecological, economic, 
social and cultural sustainability. However, with the current economic and political 
challenges in Ukraine, the Roztochya Biosphere Reserve is facing multiple 
obstacles.

2.1.6  Pskov Model Forest

The Pskov Model Forest project was carried out in the westernmost of part Russia’s 
boreal forest biome (Fig.  1, Table  1). Intensive wood mining during the Soviet 
period (e.g. Naumov et al. 2016), a lack of silvicultural programmes (Angelstam 
et al. 2017a) and abandonment of agricultural land (Prishchepov et al. 2012) have 
resulted in a high proportion of deciduous trees and large volumes of dead wood 
compared to Fennoscandian managed forests (Fig. 7) (Angelstam and Dönz-Breuss 
2004). The area of Pskov Model Forest is state-owned and was a leasehold territory 
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of an international forest company interested in increased sustained yield wood 
production.

The motivation for creating Pskov Model Forest was to create new regional for-
estry norms for intensification of forest management to sustain the wood resource 
base by employing the Nordic intensive sustained yield approach, primarily for inter-
national forest companies (Elbakidze et al. 2010). Large forest industry  companies in 
Sweden and Finland, which were using Russian timber and pulpwood, experienced 
problems with a reduced supply starting in the early 1990s after the collapse of the 
Soviet Union. In the 1990s, the Pskov region began to play an important role in the 
Baltic timber trade. However, the Nordic approach to intensification contradicted the 
existing Russian system of forestry norms and regulations. To improve economic 
efficiency, Stora Enso Co. initiated a project targeted at sustaining profits from tim-
ber industry on a long-term basis. At that time, harvesting operations by western 
companies in Russia aroused serious protests among the local population.

The Pskov Model Forest (Yablochkina et al. 2007) was a development and dem-
onstration project, which appeared as a result of simultaneous interests of foreign 
donors for development of approaches to sustainable forest management in Russia, 

Fig. 7 Russian forest policy aims at transitioning from Soviet wood mining to sustainable forest 
management by intensification of forestry (Angelstam et al. 2017a). The Pskov Model Forest proj-
ect demonstrated that this is indeed feasible by introducing pre-commercial thinning. The red 
berries are rowan (Sorbus aucuparia); that rowans are not browsed indicates that there is no need 
to limit the abundance of large browsing herbivores like in Sweden (Angelstam et  al. 2017c) 
(Photo by Per Angelstam)
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and the presence of local and regional champions able to act as brokers. This made 
it possible to promote and implement demonstration sites aimed at intensifying for-
est management by tree planting and pre-commercial and commercial thinning. The 
majority of the activities were initiated, facilitated and financed by foreign donors. 
The Pskov Model Forest operated in a specific governance domain on a national 
level, which enhanced the ability to develop adaptive capacities in the local Model 
Forest initiative. Stakeholders in Pskov Model Forest initiative began to develop a 
network-based type of governance system both locally and regionally, and the dis-
semination of project experiences is currently in progress. However, scaling-up is 
hampered by a fragmented governance system in Russia with poorly functioning 
institutions, insufficient education, corruption and low levels of social capital (e.g. 
Naumov et al. 2016; Angelstam et al. 2017a). Cultural, political and language bar-
riers currently hinder learning based on comparisons of what portfolios of ecosys-
tem services that different approaches to forest management deliver.

2.1.7  Komi Model Forest

Protecting pristine forests from logging was the original motive for developing what 
became the Komi Model Forest initiative. In the beginning of the 1990s, several 
foreign forest companies began logging operations in the naturally dynamic forests 
adjacent to the Pechora-Ilych Reserve in the eastern Komi Republic (Elbakidze and 
Angelstam 2008). To prevent exploitation of these last large intact forest landscapes, 
researchers from Russia and Sweden prepared a project with the aim to elaborate 
approaches to sustainable forest landscape management and submitted it to World 
Wildlife Fund. The project idea was accepted, and it began in 1996. The Swiss 
Agency for Development and Cooperation, which supported implementation of sus-
tainable forest management policy in countries in transition in the mid-1990s, 
funded the project. In 1999, this donor decided to shift the focus of the project to 
southwest Komi and to use the term Model Forest, despite its departure from the 
Canadian Model Forest concept (Elbakidze et  al. 2010). Criteria for selecting a 
Model Forest were formulated, and the Priluzje state forest enterprise in south- 
westernmost Komi’s local administrative unit Obyachevo was chosen (Figs. 1 and 8, 
Table 1).

A specially created non-governmental organisation named Silver Taiga (http://
silvertaiga.ru/) facilitated the Komi Model Forest activities, including identification 
of problems in forest use or management through consultations with a working 
group or a coordinating board. The issues were evaluated and solutions developed. 
These were discussed with stakeholders, especially with governmental organisa-
tions, and then with donor representatives. An action plan targeted at implementa-
tion of sustainable forest management policy that matched regional and local 
conditions and interests of the stakeholders was initiated by collaboration between 
managers and stakeholders. A working group conducted ten brainstorming sessions 
up to 1 week in length during a 6-month period. The major difficulties involved 
were (1) the partner’s capabilities of being open and honest during discussions; (2) 
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overcoming professional stereotypes and widening the view the issues of forest use; 
(3) reaching equality between partners with different professional and social status, 
and in the course of discussions and decision-making processes; (4) in the develop-
ment of teamwork. Gradually, these difficulties were overcome; and (5) a process of 
constructive and creative work resulted in support to the Model Forests by many 
stakeholders from local and regional levels.

After approval by the donor, decisions were implemented by project executives 
who worked with stakeholders. The transparency of the governance system was 
ensured by the work of the public relations group via mass media and publication 
of various materials. Local people participated in the decision-making and imple-
mentation processes through (1) public hearings, (2) formation of forest clubs as 
neutral platforms and (3) provision of grants for different activities in the Model 
Forest, such as forest clubs discussions, ecological festivals and creating ecologi-
cal trails. Libraries, local schools and cultural establishments were the primary 
recipients of grants. Educational activities were key components in the gover-
nance systems of the Komi Model Forest. These activities created an open and 
transparent environment, attracting public attention to issues of forest manage-
ment and use. Finally, to promote the principles of sustainable development on 
different levels, new specialists were trained with emphasis on solving problems 
related to sustainable forest management and to propose management approaches 

Fig. 8 Forestry in remote areas in Russia, such as in the Komi Republic, can be described as wood 
mining. A key challenge is to maintain a road network that can be used not only to transport the 
harvested wood to the industry but also to carry our different silvicultural treatments (Elbakidze 
et al. 2013c). Still, however, wood mining continues (Naumov et al. 2017) (Photo by Per Angelstam)
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for wood production and establishment of protected areas (e.g. Mariev et  al. 
2005). This training was intended to target young professionals as potential future 
leaders in society. Nevertheless, sustained yield forestry lags behind (Elbakidze 
et al. 2013c). While the Komi Model Forest project ended in 2006, Silver Taiga 
has developed into a successful facilitator of sustainable forest management in 
NW Russia.

2.2  Researchers’ and Stakeholders’ Experiences

All six case studies reviewed aimed at collaborative learning towards sustainability 
in concrete landscapes and regions. This is consistent with Lee’s (1993) notion of 
compass in terms of evidence-based knowledge about states and trends and gyro-
scope in terms of stakeholders’ social and collaboration learning, such as towards 
spatial planning for functional green infrastructure (Fig. 9). The six case studies 
reveal several barriers for transdisciplinary knowledge production and learning 
(Table 2) towards functional green infrastructure or simply to sustainable provision 
of multiple ecosystem services. Overall, the major challenges were linked to the 
social system in terms of different stakeholders’ desired benefits from landscapes. 
Several innovations were developed and applied towards maintenance of green 

Compass for 
direction

States and trends of 
landscapes:

- biophysical  (abiotic 
and biotic)

- anthropogenic
- perceived

Performance targets 
for assessment 

Gyroscope
for balance

Building collaborative 
capacity and  

spatial planning

Collaborative learning
through 

knowledge-based 
dialogue

Green 
Infrastructure 

policy 

ative
roug

edge
alog

Landscapes and regions 
as places and spaces

Fig. 9 The term landscape approach as a means of linking green infrastructure policy and land-
scapes and regions as places and space is captured by combination of “compass and gyroscope” 
(Lee 1993), and collaborative learning through knowledge-based dialogue that links them. Model 
Forest, Biosphere Reserve and Long-Term Socio-Ecological Research platform are three examples 
of the landscape approach (Axelsson et al. 2011), see also Table 4
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infrastructures as providers of ecosystem services. The use of demonstration sites, 
spatial modelling of habitat functionality and presence of brokers that can bridge 
different stakeholder interests were crucial. However, Axelsson et al. (2013) found 
that building up the necessary trust and trustworthiness takes a long time. A key 
factor for successful implementation of a place-based landscape approach was 
therefore availability of core funding. This was achieved in two ways. Experienced 
funding agencies provided long-term funding knowing that establishment of col-
laborative learning takes time. One example is the donor’s support of the Komi 
Model Forest during 10 years (Elbakidze et al. 2010). Eventually there was a transi-
tion from a long-term project to sustained knowledge production and learning as an 
enterprise (Komi Model Forest and Silver Taiga, respectively). The other was 
through a bottom-up approach based on a suite of researcher and stakeholder-driven 
projects with or without public sector support (e.g. Kristianstad Vattenrike Biosphere 
Reserve, and Sustainable Bergslagen).

This is consistent with previous experiences. For example, Angelstam et  al. 
(2013c) used group modelling to map perceived barriers and bridges for research-
ers’ and practitioners’ joint knowledge production and learning towards transdisci-
plinary work. The analysis indicated that this process is influenced by (1) the amount 

Table 2 Key to successes and major challenges analysis of integrative/transdisciplinary (TD) 
knowledge production and learning – a prerequisite for evidence-based landscape stewardship. A 
comparison of the five case studies reviewed in Crow et al. (2007: 208ff) and the six case studies 
in this chapter

Topic Issue
Crow et al. 
(2007)

This 
chapter

Major 
challenges

Inadequate technological infrastructure x
Lack of common language x x
Organisational cultures, resource constraints x x
Land ownership complexity x x
Difficulties coordinating among numerous and dispersed 
partners

x x

Shifting organisational priorities x x
Complexities associated with multiple, diverse audiences x x
Shifting organisational priorities x x
Bureaucratic barriers x x
Institutional and organisational barriers x x
Lack of long-term funding for team building x

Keys to 
success

Shared vision of the outcome and commitment of all 
participants

x x

Political will to adapt local capacity to generate 
knowledge and enabling technological and personnel 
infrastructure

x x

Demonstrating an ability to solve critical issues x x
Outspoken policy towards transdisciplinarity x
Champions able to act as brokers x
Ability to integrate funding from different sources x
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of traditional disciplinary formal and informal control, (2) adaptation of project 
applications to fill the transdisciplinary research agenda, (3) stakeholder participa-
tion and (4) functional team building based on self-reflection and experienced 
leadership.

Stakeholders and practitioners have similar experiences. A study of municipal 
comprehensive planning observations in Bergslagen showed that it is difficult for 
planners to engage stakeholders in municipal planning, even for large municipali-
ties with financial and human resources (Elbakidze et al. 2015). In Sweden a con-
crete example of GI development led by practitioners’ realities is the approach to 
landscape zoning developed by Sveaskog Co. (Angelstam and Bergman 2004; 
European Commission 2013b). These are issues that characterise the challenge of 
multifunctional, multi-stakeholder governance. The issue has been well-studied in 
the USA, where the public US Forest Service is obligated to involve stakeholders in 
forest planning but struggles to attract participants, particularly in the implementa-
tion stages (Cheng and Mattor 2006). Urban forestry is also an area where both 
planners and public engagement are necessarily involved and where the quality of 
participation affects outcomes (Lawrence et al. 2013).

The six case studies also indicate the role of societal context represented by the 
governance gradient between Sweden with stable democratic institutions, countries 
in transition from planned to market economy such as Latvia and Ukraine and 
finally in the Russian Federation with hybrid system of governance with public 
institutions that exercise top-down governmental control and private institutions 
that have been established in transition to a market economy. In countries formerly 
part of the past Soviet Union, such as Latvia and Ukraine, there is a legacy of private 
land seizure by the state and control of natural resources that contributes to mistrust 
or suspicion of the government. Later, during independence after the end of the 
Soviet Union in 1990, some of these lands were returned to previous owners. In this 
sense, land ownership is a source of pride (Elbakidze and Angelstam 2007). 
However, local people do not yet feel fully secure with their land ownership and are 
afraid that the government could take their property again. This history, in combina-
tion with current social and economic insecurity, contributes to local stakeholder 
distrust towards initiatives such as Biosphere Reserve and LTSER platform that 
originate outside of their own community. Thus, in the Ukrainian Roztochya 
Biosphere Reserve where local livelihoods depend directly on use of natural 
resources, the legislative misplacement of Biosphere Reserves threatens its imple-
mentation towards collaboration to satisfy all dimensions of sustainability. This 
notion is also supported by other studies (e.g. Kušová et al. 2008; Wallner et al. 
2007). A poor society would be stopped from devastating use of natural resources 
only by ecological catastrophe or strong political pressure from countries they are 
dependent from. In general, there is thus a paradox in terms of a low level of eco-
logical knowledge but high demands for ecosystem services. Exchange of knowl-
edge and experience from different social-ecological contexts regarding how to 
maintain functional green infrastructure is one approach (e.g. Angelstam et  al. 
2013b; Nordberg et al. 2013; Naumov et al. 2017).
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3  Towards Functional Green Infrastructures

3.1  The Social-Ecological Context Matters

Generic and sectorial sustainability policies call for maintenance and improvement 
of landscapes’ GIs as a tool that maintains biodiversity as a base for providing eco-
system services for human well-being. This is expressed in the EU forest strategy 
(European Commission 2013c) and in policies on the conservation of cultural land-
scapes (Council of Europe 2000) and water (European Commission 2000). At the 
same time, the European forest-based sector has the vision that by 2030 it will be a 
key contributor to a sustainable European society (www.forestplatform.org). In a 
new, bio-based and customer-driven European economy, forestry is expected to 
make significant societal contributions. These policy trends imply increased con-
flicts between intensified economic use of forests and woodlands in rural and urban 
landscapes on the one hand, and the maintenance of these forest and woodland 
ecosystems’ composition, structure and function as green infrastructure on the 
other. For example, the continued intensification of forestry in Sweden will lead to 
a division into production and biodiversity conservation functions and reduced 
social functions in rural landscapes (Angelstam and Elbakidze 2017).

Given that landscape histories and governance contexts among regions and coun-
tries are very diverse, policies regarding GI are likely to be comprehended and 
implemented differently. The comparison of applications of different concepts in 
this chapter illustrates that development of successful approaches to landscape 
stewardship for functional GI needs to acknowledge and address the diversity of 
social-ecological and political culture contexts. The proliferation of landscape 
approach concepts and initiatives on the ground provides promising opportunities 
for multilevel learning based on comprehensive meta-analyses (Axelsson et  al. 
2013). As suggested by Price et al. (2010) and Reed and Egunyu (2013), sharing of 
quality-assured practices across the international network of BRs, and across other 
international networks (e.g. Ramsar, Model Forest, Ecomuseum), provides opportu-
nity for learning by evaluation, which ultimately can improve governance, planning 
and management towards functional GI.

3.2  Transdisciplinary Knowledge Production and Learning

Advocates of a landscape approach emphasise the importance of transitioning from 
land management as site-level monitoring or technical interventions towards learn-
ing within and among landscapes as social-ecological systems (Axelsson et  al. 
2011; Laestadius et al. 2015; Sabogal et al. 2015; Lawrence 2016). Focusing on 
understanding how public forest administrations in the UK can develop a capacity 
for adaptive forest governance, Lawrence (2016) studied how forest managers are 
using their own knowledge to establish more diverse tree species choices, 
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particularly in response to high impact tree health disasters. Their knowledge and 
practice is supported or constrained by their organisations, e.g. the politics within 
and between devolved forest administrations, the personalities in senior manage-
ment positions, reduced budgets and staff for forest management. Practitioners’ 
social capital and collaborative capacity can nevertheless support communication 
and learning. The new circumstances are stimulating a creative approach grounded 
in silvicultural knowledge and experience in the forest, rather than hierarchical 
science- led approaches.

These initiatives are important in terms of adaptation, but they are limited unless 
the public administrations can more explicitly acknowledge the role of practitio-
ners’ knowledge in a more transdisciplinary approach to learning. Additionally, as 
described above, both academic as well as non-academic participants perceive bar-
riers for co-production of knowledge based on monitoring and assessment of the 
sustainability of forest landscapes.

We argue that much can be learned from regionally adapted traditional gover-
nance systems that have evolved over long times, even before the sustainable devel-
opment discourse was invented, such as traditional village systems (Angelstam and 
Elbakidze 2017). The challenge with switching forest management paradigms can 
be eased, at least temporarily, by resorting to expert knowledge (Perera et al. 2012) 
among academics, land management professionals and stakeholders to understand 
the challenges as well as solutions associated with GI.

Increasing focus on sustaining ecosystem services from landscapes via GI is a 
paradigm shift in land and water management policies and practices. As a part of 
this transition, policy-makers and land managers demand a new and reliable body of 
knowledge from researchers to help develop and implement land management plans 
with a broader content than in the past when the focus was only on provisioning 
ecosystem services. If a relevant body of knowledge is not built rapidly and rigor-
ously, that would pose a significant barrier to adoption and popularisation of the GI 
approach. Consequently, novel approaches to land management require a paradigm 
shift not just in policies and practices but also in how research and practice is carried 
out. Exploration of additional sources knowledge, as alternatives to that which is 
typically built by empirical research is one such paradigm shift in ecological 
research, especially at landscape scale. Three such sources becoming increasingly 
popular are citizen science (Dickinson et al. 2010), expert knowledge (Perera et al. 
2012) and comparative studies of places with different landscape histories and gov-
ernance arrangements (Angelstam et al. 2013b).

Citizen science is based on the involvement of non-scientist volunteers to collect 
data of ecological phenomena that are readily measured. This tactic is not new; 
rather it has been in practice for a very long time in some ecological fields such as 
ornithology. Dickinson et  al. (2010) observed that citizen science is a tool for 
knowledge production in many areas of ecology where data gathering over larger 
geographic areas are involved. Lawrence (2010) has also reviewed, across examples 
from the north and the south as well as post-industrial and developing countries, the 
ways in which such knowledge can contribute effectively to decision-making. 
Seeking a universal conclusion across very diverse contexts, from birdwatchers in 
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England to community forest groups in Nepal, she concluded that different stake-
holders can have different objectives, knowledge, information needs, cultures and 
power relations, as well as methods for collecting and sharing information. These 
different positions and needs can be accommodated through partnerships, which 
can provide distinct but complementary and mutually rewarding outcomes.

The typically implicit (latent and tacit) knowledge of ecological experts such as 
practitioners (and sometimes scientists) can be elicited and analysed to compose an 
explicit body of expert knowledge. When performed well, expert knowledge can 
contribute in several ways to the traditional bodies of empirical knowledge, espe-
cially under demands for rapid solutions (Table 3), from specific instances to synop-
tic syntheses. The methodology of eliciting, analysing and using expert knowledge 
is extensive and well founded, and designed to identify as well as minimise the 
biases and uncertainties, with explicit and repeatable methods (e.g. Ericsson et al. 
2006; O’Hagan et  al. 2006). Expert knowledge methods are steadily evolving 
towards the rigour of traditional empirical research. Furthermore, expert knowledge 
development process presents an ideal venue for multiparty interactions (policy 
developers, land use planners, scientists and stakeholders) and thereby promotes 
communication and information exchange, especially during the early stages of 
plan formulation. This is a distinct advantage in highly interactive and multiparty 
ventures such as planning for GI. Not surprisingly, expert knowledge is beginning 
to be used in various aspects of sustaining ecosystem services, e.g. in identifying 
(Koschke et  al. 2012; Quijas et  al. 2012), mapping (Grêt-Regamey et  al. 2013; 
Jacobs et al. 2015), planning (Kopperoinen et al. 2014) and decision-making (de 
Groot et al. 2010; Zavrl and Zeren 2010).

After a long and gradual domestication of naturally dynamic forests into resilient 
traditional cultural landscapes, the contemporary focus on economic development 
based on maximum sustained yield of food, feed, wood, fibre and biomass has been 

Table 3 Various avenues of expert knowledge contributions in ecology when rapid solutions for 
applications are sought

Motivation
Contribution of 
expert knowledge Example applications

Absence of empirical 
knowledge

Qualitative 
information

Exploring and identifying knowledge gaps, 
research questions and prioritising topics

Quantitative 
surrogates

Formulating conceptual models, 
parameterising simulation models, building 
data bases and developing DSS

Major gaps and 
uncertainties in empirical 
knowledge

Quantitative 
complements

Identifying priorities for land management, 
predicting ecological functions, refining and 
parameterising simulation models

Quantitative 
supplements

Predicting spatial patterns, refining databases, 
fine-tuning model predictions

Complications and 
disagreements in empirical 
knowledge

Insights and 
decisions

Informing strategic and tactical land 
management decisions, simulating scenarios 
and generating research hypotheses

Source: Summarised and adapted from Drescher et al. (2013)
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successful but has also led to effects that are not desired by society. This involves 
human migration from rural to urban areas, loss of natural forest and cultural wood-
lands, modified natural and anthropogenic processes as well as extirpation and 
extinction of species. In response to these issues, policies about rural development, 
biodiversity (i.e. species, habitats and processes) as natural capital, landscapes as 
integrated social-ecological systems and ecosystem services have emerged. The GI 
concept recently appeared as an implementation tool for coordinated actions among 
different sectors. However, to change undesired trajectories in both ecological and 
social systems on the ground is not easy. This calls for landscape stewardship 
approaches that involve understanding the states and trends of landscapes as social- 
ecological systems and which can foster collaborative spatial planning that is 
regionally adapted. Angelstam and Elbakidze (2017) reviewed results from place- 
based diagnoses of the current states of both ecological and social systems in gradi-
ents of landscape history and governance to government.

The development of sustainability science (e.g. Komiyama and Takeuchi 2006; 
Kates 2011) is a response to the need for holistic knowledge production and learn-
ing towards sustainable landscapes on the ground. Moving from natural science or 
human science research to transdisciplinary knowledge production by researchers, 
practitioners and citizens means a radical change in the way knowledge production 
is carried out and how infrastructure for this is built. Although addressing multiple 
spatial scales from land cover patches to regions and engaging stakeholders at dif-
ferent level problem-oriented research is highly topical (Durham et al. 2014), there 
is epistemological and methodical friction (Furman and Peltola 2013). The next 
section presents seven concrete proposals towards knowledge production and 
learning.

4  Key Actions

4.1  Comparative Studies

Comparison of several different social-ecological contexts is one avenue towards 
natural experimentation to improve knowledge production and learning towards 
sustainable landscapes. With policy and management of different representative 
types of GI often being similar or the same within a region or country, relationships 
between land cover patterns and processes in local landscape show limited varia-
tion. International comparisons can contribute (Angelstam et  al. 2013a; Manton 
2016). As illustrated in this chapter by six landscape approach initiatives using five 
different concepts, the European continent hosts a variety of different landscape 
histories and different governance arrangements. The resulting diversity of contexts 
provides different opportunities for supply of ecosystem services and different 
human well-being demands. Comparative studies can thus help to understand the 
effects humans have on the functionality of GI and what ecosystem services are 
important for biodiversity conservation and human well-being in different contexts. 
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Using different European countries’ landscapes as a time machine provides unique 
opportunities to learn from the consequences of the past and present (Angelstam 
et al. 2011a; Elbakidze et al. this book), as well as understand the role of past lega-
cies for societal steering (Elbakidze et al. 2010; 2013b).

In doing so, however, it is important to think about two aspects of methodology. First, 
those describing individual case studies are often embedded in the case. It can be chal-
lenging to think about the example objectively or to separate subjective and objective 
aspects (both of which are important). This can be greatly helped by using an interactive 
approach which develops the comparisons, gradually developing a comparative frame-
work in an iterative manner. Nevertheless, flexibility is needed in the framework. As 
Lawrence et al. (2013) reflected on the process of developing a framework for compara-
tive study of urban forest governance, the process of finding language to communicate 
succinctly each other’s experiences of, for example, public engagement, to accommo-
date all of this in one framework and to insist that every case study should use exactly 
the same language, would be to suffocate the emergent value of such a framework.

4.2  Learning by Evaluation

Collaborative learning based on monitoring and assessment is crucial in the quest 
towards attractive places and regions. Policy implementation research through the 
evaluation of (1) policy processes, (2) governance and stewardship outputs and (3) 
management consequences on the ground in landscapes as social-ecological sys-
tems is a key step in the progress towards agreed policy goals about sustainability 
through the maintenance of functional GI (Lundquist 1987; Rauschmayer et  al. 
2009). Evaluation of policy processes involves the assessment of what constitutes 
good governance, including elements such as improved information management 
and learning, legitimate processes and the normative aims of transparency and par-
ticipation. Outcomes of policy processes can be divided into two parts. Firstly, the 
outputs in terms of implementation of policy tools, norms and rules to be applied by 
governors, planners and managers at multiple levels; pronouncements of criteria 
and indicators; short-term and long-term performance targets; and finally tactical 
planning and operational management approaches. Secondly, the consequences of 
operational implementation of strategic and tactical plans on the ground need to be 
assessed. However, this final step in the policy implementation process is often 
poorly studied (e.g. Popescu et al. 2014).

4.3  Landscape Approach as Tool

The ecosystem services framework aims to integrate natural capital into politi-
cal and economic decisions at multiple governance levels. However, this frame-
work fails to capture the complexity of interactions between social and ecological 
systems, leading to fragmented policy and governance, thus hindering 
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 multifunctional land management and spatial planning (Garrido et al. 2017a, b). 
Applying a landscape approach can be used as a tool for integration of ecologi-
cal and social systems.

The term landscape captures the manifold dimensions of places where people 
live and work (Angelstam et al. 2013a). Consideration of landscapes’ biophysical, 
anthropogenic and perceived dimensions at multiple scales represents a holistic 
approach to implement green infrastructure policy through spatial planning and 
integrated land use management. Climate, terrain, soil and the flow of water deter-
mine the particular types of natural ecosystems and form the biophysical checker-
board that underpins the delivery of ecosystem services. These range from tangible 
goods and ecological functions to habitat for species and cultural values. Human 
land use has modified once natural ecosystems and resulted in cultural landscapes, 
agricultural fields, managed forests and built infrastructure. Finally, landscapes’ dif-
ferent land covers provide intangible cultural values, including sense of place to 
people. When landscapes have been intensively used to deliver one kind of ecosys-
tem service, other ones may not be satisfied or disservices may occur.

Therefore, to maintain natural capital and enhance human well-being, modified 
landscapes often require capacity-building in social systems to support maintenance 
by protection, management and restoration of landscapes as social-ecological sys-
tems (Dawson et al. 2017). This involves both place-based modification of the bio-
physical environment, coordination of human management of land and water and 
motivation of stakeholders and actors to act sustainably. The term landscape 
approach captures this (Axelsson et al. 2011; Sabogal et al. 2015; Sayer et al. 2013). 
Model Forest, Biosphere Reserve and Long-Term Socio-Ecological Research plat-
form are three examples of the landscape approach (see Table 4).

4.4  Reflective Practitioner

In recent decades there have been many calls for students and professionals in 
forestry, and natural resource management more generally, to learn new social-
science skills, and yet social sciences continue to be at best marginal in many 
higher education programmes (Innes 2009; Stummann and Gamborg 2014). In 
particular, there is a lack of training on reflective practice. Natural resource prac-
titioners are often characterised as practical, can-do types, with little inclination 
to waste time on reflection; indeed they characterise themselves in that way 
(Lawrence and Gillett 2011). Yet recent work in the UK shows how foresters are 
actively experimenting to adapt to new constraints (tree health and climate) and 
developing new ways of sharing their findings, through field based discussions 
and innovation (Lawrence 2016). What is most challenging for practitioners but 
perhaps to a lesser degree for students is to step back and reflect on the wider 
system and different levels of learning. Reflexivity is greatly strengthened if theo-
retical frameworks can be used, such as the learning theories of Argyris and Schön 
(1978) who distinguish between single loop learning (are we doing things right?) 
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Table 4 Comparison of three landscape approach concepts using Lee’s (1993) idea of compass 
and gyroscope

Criterion
Model Forest (IMFN 
2008)

Biosphere Reserve 
(UNESCO 1995, 2008)

LTSER platform 
(Grove et al. 2013; 
Mirtl et al. 2013)

Area (landscape, 
region, 
catchment)

A large-scale 
biophysical area 
representing a broad 
range of landscape 
values, including social, 
cultural, economic and 
environmental concerns

Biosphere Reserves are 
organised into three 
management zones, known 
as core areas, buffer zones 
and transition areas

Siting in a large area

Infrastructure A neutral forum that 
welcomes voluntary 
participation of 
representatives of 
stakeholder interests 
and values on the 
landscape

Logistical support for 
research, education, 
monitoring, etc.

Construction of 
coordination capacity 
(data bases, 
laboratories, 
monitoring schemes 
such as LTER sites)

Gyroscope 
(sustainable 
development as a 
societal process)

The process is 
representative, 
participatory, 
transparent and 
accountable and 
promotes collaborative 
work among 
stakeholder
The activities are 
reflective of stakeholder 
needs, values and 
management challenges
Builds on stakeholder 
capacity to engage in 
the sustainable 
management of natural 
resources and 
collaborate and share 
results and lessons 
learned through 
networking

Different stakeholders are 
informed and should 
participate on the procedure 
for the elaboration and 
review of integrated 
management policy
Environmental education: 
(1) respect natural and 
cultural heritage, (2) favour 
responsible relationships 
with the environment and 
better land management, (3) 
create citizens who are 
aware of their 
responsibilities to future 
generations
Institutional structure for 
local sustainable 
development

Stakeholder 
engagement for 
regional/local 
development 
involving decision- 
makers at different 
levels of governance, 
land use 
stakeholders, the 
public
Collaborative 
learning builds on 
both quantitative and 
qualitative research 
and stakeholders’ 
skills and experiences

Compass 
(sustainability as 
consequences)

Stakeholders are 
committed to the use, 
conservation and 
sustainable 
management of natural 
resources and the 
landscape

Development of integrated 
management policy
Conservation of biological 
diversity (genetic variation, 
species, ecosystems, 
landscapes) and sustainable 
use of natural resources

Long-term 
monitoring of social 
and ecological 
systems
Biological 
conservation and 
sustainable provision 
of ecosystem services 
to nature and people
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and double loop learning (are we doing the right things?). The researcher-practi-
tioner can be so embedded in the system that he or she cannot describe it in a 
balanced way. Some discourses, rules and institutional frameworks are so obvious 
to the observer that they are overlooked or are so culturally embedded that they 
stay invisible. However, they can be essential to comparing with other cases in 
other geographical regions and/or other cultural or institutional settings (Lawrence 
2009; Lawrence et al. 2013; Brukas 2015).

Beyond the everyday carrying out of forest management duties, there are wider 
partnerships and systems that do not normally accommodate reflexivity but can be 
made to do so. Monitoring and evaluation systems within partnerships, for example, 
within National Biodiversity Strategies and Action Plans, are usually tick-box 
approaches but can be adapted to invite reflection on barriers and bridges. The UK 
Biodiversity Action Plan is an example of a bureaucratic approach that evolved to 
provide scope for reflexivity and holistic thinking by avoiding this tick the box 
method to artificially defined species and their habitats (Lawrence and Molteno 
2012). To conclude, there is a need to enhance integrative knowledge production in 
research, schools, university education, vocational training and collaboration among 
stakeholders and actors with a range of sectors relevant for forest landscapes eco-
system services at multiple levels of governance.

4.5  Integrated Spatial Planning and Zoning

Sustainable forest management goals are often rival and hard to achieve at the same 
time in the same area. Implementation of a specific mix of forest management 
regimes is therefore a fundamental step towards maintaining representative green 
infrastructures in forest landscapes (e.g. Duncker et al. 2012). Forest management 
systems can be described in economical or ecological terms. Economically, the 
focus in on consolidation of all production factors including soil, machinery, energy, 
financial capital and manpower to get the highest economic return. Ecologically, 
one can describe the degree of anthropogenic transformation caused by forest man-
agement operations aimed at wood production. Forest management approaches can 
thus be grouped by the degree of management intensity (e.g. Duncker et al. 2012) 
and the extent to which management regimes emulate natural disturbances (e.g. 
Angelstam 1998). Additionally, different spatial planning extents need to be consid-
ered when designing the portfolio of forest management systems.

Integrated strategic, tactical and operational spatial planning at different scales 
from stands and forest management units to landscapes and regions can segregate 
intensive wood production, multiple forest use and forest protection (e.g. the triad 
approach proposed by Seymour and Hunter 1992). Three examples are the 
Ekopark developed and implemented by Sveaskog Co. in Sweden (Angelstam and 
Bergman 2004), the Latvian Ecoforest (Elmars Peterhofs, personal communica-
tion) and the Russian forest zoning system (Lazdinis and Angelstam 2005; 
Angelstam and Lazdinis 2017; Naumov et al. 2017). However, where land owner-
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ship is fragmented, both spatial planning and zoning can be difficult to realise. 
Key issues include what area  proportions at different scales should be devoted to 
different forest functions, and how different functions should be configured spa-
tially. Here evidence-based knowledge and negotiated targets about what biodi-
versity conservation requires are clearly diverging (Tear et  al. 2005; Svancara 
et al. 2005; see next section).

4.6  Performance Targets for Green Infrastructure 
Functionality

Human behaviour is largely regulated by emotions. A person will often be more 
affected by a novel of a talented writer or presentation by an artist than a lecture 
given by one of the most erudite scholars. In an ideal case, narratives would com-
bine both good theatrics and knowledge. Assessments of GI should therefore be 
presented as narrative and visual policy messages that are supported by evidence- 
based analyses. Given the complexity of assessing green infrastructure functional-
ity, this is a major challenge. Protected area development is a good example.

As a base for discussing what a certain proportion of protected area actually 
constitutes for biodiversity conservation, Tear et al. (2005) used the terms represen-
tation, redundancy and resilience. Representation means capturing all ecological 
elements or target of interest (e.g. a population, species, biotope, landscape type or 
ecoregion). Redundancy (i.e. to protect more than is required for a specific ambition 
level) is necessary to reduce the risk of losing representative examples of these tar-
gets. Resilience, often referred to as the quality or health of an ecological element, 
is the ability of the element to persist through severe hardships.

Biodiversity can be maintained with different levels of ambition (Angelstam 
et al. 2004). A population’s persistence in a landscape or region depends on how 
much habitat there is, whether individuals or propagules can move between differ-
ent patches of suitable habitat and how the habitat network is maintained over time. 
Additionally, the role of the matrix among habitat patches need to be understood. 
While the term biotope refers to an environmentally uniform area, i.e. a natural or 
anthropogenic land cover with fine thematic resolution, a habitat is defined by the 
requirements of particular species or populations and often includes several bio-
topes (Udvardy 1959). Thus, a habitat often consists of a number of biotopes (i.e. 
land covers), such as for feeding, resting and breeding. Therefore, there is a need to 
identify and assess the quality, size and spatial distribution of biotopes that form 
habitats. However, habitats are more than just biotopes or land covers; also preda-
tors, competitors or micro- and macroclimate affect the function of biotopes. The 
combination of decreasing amounts of habitat, which decreases the number of indi-
viduals that can be supported, and increased fragmentation, which makes it harder 
for individuals to move in the landscape, are the most common reasons why species 
disappear locally and regionally and finally completely (Fahrig 2003).
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There is both theoretical and empirical evidence for the existence of thresholds 
for extirpation of a population as the amount of available habitat is reduced. The 
threshold refers to the fact that the risk for population extinction shift from low to 
high within a limited range of further loss of habitat (Fig. 10). That there are limits 
to how much of different forest habitats that may disappear without threatening the 
viability of populations of all naturally occurring species forms the basis for the 
formulation of long-term evidence-based performance targets for how much of dif-
ferent forest habitats are needed (e.g. Svancara et al. 2005; Tear et al. 2005).

Fig. 10 Knowledge about critical thresholds for the extinction of a local population is a crucial 
component of analyses of the functionality of green infrastructure for biodiversity conservation. 
The white-backed woodpecker (Dendrocopus leucotos) is a species which is both endangered by 
the transformation of the natural dynamic forest landscapes and which is well studied (e.g. Edman 
et al. 2011; Stighäll et al. 2011). This drawing illustrates that when the amount of habitat decreases 
in the landscape, the likelihood that the species will remain is reduced, at first slowly, then faster 
and faster. Three important things need to be pointed out: (1) even in an ideal white-backed wood-
pecker habitat is not 100% sure that there is are white-backed woodpeckers, (2) when only a little 
of the original amount of habitat remains the probability of survival rapidly declines and (3) if the 
proportion of habitat is less than 8%, the probability of the local population survival is zero 
(Drawing by Martin Holmer)
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There are two key thresholds or tipping points. The first is when contiguous habi-
tat is broken up into patches, thus no longer permitting percolation of individuals or 
propagules of different species through an un-fragmented habitat (With and Christ 
1995). There is a threshold of 40% remaining forest land as habitat for the potential 
occurrence of species that need contiguous forest (Fahrig 2003). The second key 
threshold is when fragments begin increasing in inter-patch distance and thus isola-
tion. As a minimum proportion of necessary habitat for the potential occurrence of 
species that can use local habitat patches, but are sensitive to forest landscape frag-
mentation, a target value of 20% can be used (Angelstam et al. 2011b).

These components can be illustrated by the different interpretations of how much 
forest has been set aside for provisioning of habitat for biodiversity conservation in 
Sweden (e.g. Angelstam et al. 2011b). At the national level across all five ecore-
gions in Sweden (Fig. 11), a total of 4.7% of productive forests were formally pro-
tected by the end of 2015 (Naturvårdsverket and Skogsstyrelsen 2017). Additionally, 
5.8% productive forest were voluntarily set aside as stands within the framework of 
forest certification schemes, and 7.0% were set aside within the framework of reten-

Fig. 11 Sweden extends 1572 km from south to north and hosts four main forest ecoregions plus 
mountains that include subalpine coniferous and deciduous forests. There are three categories of 
set-asides of forest and other wooded land at the scale of stands in landscapes (formally protected, 
voluntary set-aside, unproductive; cf. Aichi target 11) plus retention trees in stands (retention for-
estry, cf. Aichi target 7). These are not subject to forest management with the main aim to produce 
wood and biomass. The figure illustrates two aspects of these two groups of set-asides as compo-
nents of a functional green infrastructure. The first is the large difference between the mountain 
forests of little economic interest versus all other regions focusing on maximum sustained yield 
forestry. The other is the difference between the total area of different kind set-asides (area) and an 
estimate of the functionality as green infrastructure (GI) for biodiversity conservation by consider-
ing the role of connectivity of formally protected and voluntary set-aside areas (see Angelstam 
et al. 2011a, b: 1124 with 40% functionality for north boreal, 20% functionality for south boreal, 
hemiboreal and nemoral forest ecoregions; for mountain forests, functionality was set at 80%). 
Data about the different kinds of set-asides from the Swedish Forest Agency and the Swedish 
Environmental Protection agency 2012–2017
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tion forestry (Claesson et al. 2015). Summing up all those three categories yields a 
figure of 17.5% for Sweden; adding unproductive forests and woodlands yields 
about 27%. This can be compared with the Aichi biodiversity target 11 (CBD 2010), 
which states:

By 2020, at least 17 per cent of terrestrial and inland water areas, and 10 per cent of coastal 
and marine areas, especially areas of particular importance for biodiversity and ecosystem 
services, are conserved through effectively and equitably managed, ecologically represen-
tative and well connected systems of protected areas and other effective area-based conser-
vation measures, and integrated into the wider landscapes and seascapes.

However, there is a very large difference in the amount of forests not used for 
wood production between the generally unproductive subalpine mountain forests in 
NW Sweden with a total of 83% of formally protected, voluntarily set aside, reten-
tion set-asides and non-productive forests, respectively, and 17–20% in the four 
other ecoregions (Fig. 11). Moreover, voluntarily set-aside forest have lower quality 
(Elbakidze et al. 2016) and do not always host species dependent on natural forest 
components. Also the role of edge effects, decline of natural disturbances as well as 
trophic interactions needs to be understood and taken into account. Additionally, 
formally protected forest areas are most often neither representative (Nilsson and 
Götmark 1992) nor with sufficient connectivity (Angelstam et al. 2011b; Elbakidze 
et  al. 2011). Based on the role of functional connectivity (e.g. Angelstam et  al. 
2011b; i.e. Aichi target number 11s “well connected systems”) for the categories of 
forest not managed for wood and biomass production, the effective area that can be 
reported is considerably lower (see details in Figs. 10 and 11). The estimates show 
that when different ecoregions are assessed separately, only the mountain forests 
with 67%, with limited forestry due to low rates of biomass production, reach and 
exceed the Aichi target 11s 17%. All other forest ecoregions, which make up 93% 
of all forests in Sweden, reach only 3–8%-units of the 17% target (Fig. 11). This 
clearly suggests that the functionality for biodiversity conservation of the protected 
forest and woodland patches not managed for wood and biomass production is 
severely overestimated. At the same time, the transformation of near-natural rem-
nants to intensively managed forest continues (e.g. Jonsson et  al. 2016). This 
stresses the need for assessing the net consequences for biodiversity conservation of 
formal and voluntary forest protection on the one hand, and consequences of con-
tinued transformation of near-natural forest to forests managed for maximum sus-
tained yield on the other.

Also the Aichi target number 7 (CBD 2010) should be considered. It states that 
by 2020 areas under agriculture, aquaculture and forestry are managed sustainably, 
ensuring conservation of biodiversity. In Sweden this includes voluntary set-asides, 
areas with low productivity and retention forestry. These three methods can be 
viewed as tools to both create habitat and to make the matrix around formally pro-
tected areas more permeable for dispersal of individuals of different species. The 
total functionality of (1) formally protected areas, (2) voluntary set-asides, (3) areas 
not used for forestry and (4) retention forestry would mirror the sum of Aichi targets 
11 and 7. However, even then Sweden does not reach the 17% target (see Fig. 11, 
which NB! includes both targets 7 and 11).
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At the same time, as there are positive effects of operational management sup-
porting biodiversity conservation at multiple spatial scales, there are also negative 
effects in terms of continued gradual loss and transformation of forest stands never 
subject to clear-felling (e.g. Angelstam and Andersson 2013; Degteva et al. 2015; 
Naumov et al. 2017). Additionally, the effects of intensified forestry to improve 
wood and bioenergy yields need to be understood. This emphasises the need to 
estimate the net effect of continued transformation of near-natural forest remnants 
and the accumulated effect on biodiversity of establishing protected forests areas 
with or without conservation management, active habitat restoration and what can 
be achieved by increased nature conservation in the managed matrix. Resolving 
this challenge could bridge barriers of rhetoric among stakeholder groups with dif-
ferent stakes.

4.7  Building a Multilevel Infrastructure of Landscape 
Approach Initiatives

Our review highlights the experiences of a suite of place-based initiatives represent-
ing different landscape approach concepts in Europe’s West and East. Early advo-
cates of the landscape approach emphasised the key importance of transitioning 
from land management as site-level technical interventions towards collaborative 
learning within and among social-ecological systems (see Besseau et  al. 2002; 
Axelsson et al. 2011; Laestadius et al. 2015; Sabogal et al. 2015). The proliferation 
of landscape approach concepts, and initiatives realising them on the ground, pro-
vides excellent opportunities for multilevel learning based on comprehensive analy-
ses, such as presented in this chapter. Thus, the sharing of quality-assured practices 
among initiatives on the ground across the international networks of different land-
scape approach concepts could improve practices for learning by evaluation and 
collaboration. Ultimately this could improve governance, planning and manage-
ment towards functional GI and thus support the development of sustainable 
landscapes.

Given sufficient time for developing collaborative capacity (“gyroscope” sensu 
Lee (1993)), long-term data about ecological and social systems (“compass” sensu 
Lee (1993)) and coordination within and among these initiatives, there is potential 
for developing an infrastructure for transdisciplinary research that represents differ-
ent social-ecological contexts (Angelstam and Elbakidze 2017). At the national 
level, the French network of place-based so-called Zone Atelier initiatives is a good 
example (Mauz et al. 2012). The former Soviet Union network for environmental 
monitoring is another example (Spetich et al. 2009; Sokolov 1981; Zhulidov et al. 
2000) but which needs to be complemented with stakeholder engagement.

To implement the United Nations’ Sustainable Development Goals (e.g. Folke 
et al. 2016; Mbow et al. 2015) as well as ecological and green infrastructure policy 
(Angelstam et al. 2017b), different landscape approach concepts and local initia-
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• UN Sustainable Development goals
– Sustainable development: societal process 
– Sustainability: consequences in social-ecological systems (states and trends of assets)

• Landscape approach
– Biophysical, anthropogenic and percieved dimensions
– Collaboration among stakeholders at multiple levels

• Place-based research infrastructure networks for knowledge production and 
learning jointly by researchers and stakeholders
– Siting
– Constructing
– Maintaining

• Green infrastructure policy as case study: supply and demand of ecosystem 
services
– Green infrastructure  functionality: state and trends of the potential supply of 

ecosystem services
– Human demands: states and trends of socio-economic benefits
– How is functionality of green infrastructure related to socio-econoomic benefits?

• Landscape approach infrastructure delivers sustainable development and 
sustainability (=UN goals achieved!!)

Strategic
(Policy)

Tactical
(Planning,

m
anagem

ent)

O
perational

(Consequences)

Fig. 12 Illustration of links between (1) United Nations’ Sustainable Development Goals as stra-
tegic level policy and landscape approach as a principle for linking this to knowledge production, 
(2) place-based clusters of collaborating stakeholders aiming a sustainability in a social-ecological 
system through spatial planning and (3) consequences of operational management and monitoring 
of states and trends of sustainability

tives ought to collaborate strategically at the policy level (Fig. 12). Next, at the tacti-
cal level, different place-based initiatives that have similar aims and employ similar 
methods (see Table 4) should share knowledge and approaches to stimulate collab-
orative learning. Finally, operational work needs to be subject to evaluations of 
progress, ideally through active adaptive management (Shea et al. 2002). The extent 
to which green infrastructure functionality and socio-economic states and trends are 
monitored in the long-term, as well as how they are related to each other in terms of 
the supply and delivery of ecosystem services, is a prime example. However, there 
is so far insufficient cohesion, neither among different concepts nor among place- 
based initiatives on the ground.

The European Strategy Forum on Research Infrastructures (ESFRI), which 
encourages a coherent, strategy-led approach across Europe, is one option that 
could improve cohesion among place-based initiatives aimed at transdisciplinary 
research. ESFRI was established in 2002, with a mandate from the European 
Union Council to support policy-making on research infrastructures. ESFRI 
(2016) declares that the future prosperity of landscapes and regions in an increas-
ingly competitive, globalised and knowledge-based economy relies on the poten-
tial of scientific and technological innovation. This requires high-quality 
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educational and research institutions, a strong focus on skills and high-quality 
facilities for research that provide evidence-based knowledge. To facilitate multi-
lateral initiatives leading to the better use and development of research infrastruc-
tures, ESFRI publishes roadmaps for the construction and development of the next 
generation of pan- European research infrastructures across a broad range of scien-
tific fields (ESFRI 2016).

European Union’s Horizon 2020 funding for establishment of a research infra-
structure based on Long-Term Socio-Ecological Research (LTSER) platforms 
(Mirtl et al. 2013) is an attempt to create a research infrastructure in the European 
Union (see http://www.lter-europe.net/elter). At the international level, several net-
works focus on landscape restoration (IUCN and WRI 2014) and sustainable land-
scapes in the tropics (Denier et al. 2015). Global level examples are UNESCO’s 
Biosphere Reserves, the International Model Forest Network (www.imfn.net) and 
the Global Landscapes Forum (www.landscapes.org). There is thus potential for 
integration among different landscape approach concepts and initiatives as a 
research infrastructure that can support implementation on the ground (Figs. 12 
and 13). However, the high-level praise of landscape approach as a tool (e.g. World 

Landscape approach initiatives:
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Fig. 13 Illustration of a Biosphere Reserve’s (Kristianstad Vattenrike in Sweden (KVBR)) logistic 
function that monitors progress in the BR’s conservation and development functions based on 
multilevel learning towards conservation and use of biodiversity. Undertaking multilevel learning 
by evaluation should be applied (1) within local initiatives, among them within the BR concept 
networks both (2) nationally and (3) internationally and ideally also (4) among different concept 
networks with similar ambitions (e.g. UNESCO’s man and biosphere, Ramsar, the French network 
of LTSER platforms (Zone Ateliers) and the international Model Forest network
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Forestry Congress 2009; Sayer et al. 2013) needs to be matched by effective bridg-
ing of barriers in terms of competition between organisations and concepts that love 
their own version of landscape approach.

5  Conclusions

A key task to sustain the provision of broad portfolios of ecosystem services in for-
est landscapes is to bridge barriers in social systems. Stakeholders have different 
benefit profiles as well as different opportunities to participate in landscape steward-
ship. Intensified economic use of forests and woodlands in rural and urban land-
scapes on the one hand, and the maintenance of these forest and woodland 
ecosystems’ composition, structure and function (i.e. biodiversity) on the other can-
not be achieved without integrated spatial planning. When comparing different 
countries, we see a paradox in terms of insufficient ecological knowledge, or limited 
interest, but high demands for provisioning ecosystem services.

The task of evidence-based landscape approach initiatives and other land-
scape stewardship platforms inspired by concepts like Biosphere Reserve, Model 
Forest and Long-Term Socio-Ecological Research platforms and their networks 
is to enhance long-term supply of data and stakeholder collaboration at multiple 
levels that support the sustainability of landscapes as social-ecological systems. 
This must be founded on the understanding of (1) landscapes’ supply of material 
goods as well as nonmaterial services and values and (2) desired benefits of 
stakeholders from different sectors at multiple governance levels. This supply-
demand interaction requires integration of quantitative and qualitative research 
methods including both expert and traditional/local knowledge. Thus, transdisci-
plinary place-based research is crucial with three integrated components: (1) col-
laboration among academic units with different portfolios of expertise, (2) 
engagement of stakeholders at multiple levels within landscapes and regions, 
including practitioners’ knowledge, and (3) exchange of knowledge about both 
barriers and bridges among place-based researcher-stakeholder clusters (see 
Elbakidze et al. this book).

Maintenance of multiple place-based landscape approach initiatives as a dis-
tributed social-ecological research infrastructure requires high-level collaboration 
among different concepts with similar objectives, comprehensive long-term fund-
ing to sustain individual landscape approach initiatives and multilevel collabora-
tive learning among both initiatives on the ground and among concepts 
internationally (Fig. 13).
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