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Abstract
In bridging the gap between environmental science and practice, most attention has been given to the transmission of 
information from science to practice, and to forms of knowledge coproduction. Much less is known about the impact that 
environmental knowledge and tools have on social processes within groups of actors engaged in collaborative landscape 
adaptation. In this essay, I select socio-ecological practice cases from my own experience to reflect on the role the concept 
of landscape services may have played to influence network building, searching for collaborative solutions and making 
governance agreements. Four types of influence are identified: (1) Applying the concept of landscape services creates a 
level playing field for governments, business and citizens which facilitated social network building. (2) When groups of 
actors were informed about multiple landscape benefits generated by green infrastructure, they recognized that if they seek 
to increase those benefits, they are mutually interdependent, which motivated them to cooperate. (3) Because landscape ser-
vices thinking implicates demanding and supplying roles, the concept facilitated the formulation of governance agreements. 
(4) Collaboratively produced landscape maps indicating where the green infrastructure can best be extended fostered joint 
action. The essay concludes with recommendations for further research.

Keywords Socio-ecological networks · Green infrastructure · Science–practice interface · Impact of environmental 
science · Knowledge coproduction

1 Introduction

The effectiveness of scientific information to enhance 
socio-ecological transitions towards a sustainable use of 
land (Turner et al. 2007) has been questioned (Opdam et al. 
2018; Van Kerkhoff and Lebel 2006). In a seminal paper on 
transmitting information to society, Cash et al. (2003) pro-
posed that three characteristics, namely credibility, saliency 
and legitimacy, interdependently determine how information 
is accepted and processed by environmental practitioners. 
Scientists advocated to improve information transmission by 
interacting with decision makers (Reed et al. 2014; Schut-
tenberg and Guth 2015; Wyborn 2015) and have reflected on 
different roles that can be played by scholars in knowledge 
coproduction (Turnhout et al. 2013). Campbell (2012) added 

another dimension to the debate by pointing out that the 
analytical approach in science has become too dominant, and 
that for science to have impact in complex problem-solving, 
problem analysis needs to be complemented with knowledge 
synthesis in order to design possible pathways to the future. 
This emphasis on design as a scientific challenge has also 
been coined by Nassauer and Opdam (2008).

In this essay, I focus on an argument that has been under-
rated thus far: we still know little about how environmen-
tal information influences the social dynamics in groups of 
practitioners in environmental management. For example, 
research on participatory mapping, modelling and scenario 
planning (e.g. Fagerholm et al. 2012; Jones et al. 2009; Mal-
inga et al. 2013; Raymond et al. 2009) mostly focussed on 
methods and their outcome, rather than on the impact such 
collective exercises had on the social network, e.g. how it 
affects collaborative relations between stakeholders. In their 
review on the use of ecosystem services maps in decision-
making, Hauck et al. (Hauck et al. 2013, p. 30) concluded 
that although many researchers claimed that their work 
would benefit decision-making, this claim was rarely based 
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on evidence gathered during the application of the mapping 
technique in practice. Research aiming at such evidence 
is complicated by confounding factors that influence the 
impact of information, such as values of recipients of the 
information (Bolderdijk et al. 2013), power relations in the 
social network (Vink et al. 2013) and network configuration 
(Barnes et al. 2017).

Here I want to advocate the importance of studies on the 
impact of scientific information on landscape adaptation 
processes. If researchers collaborate with local communi-
ties that search for ways to adapt their landscape to future 
challenges, how can scientific information introduced by the 
researchers influence the way groups of practitioners organ-
ize the adaptation process? It has been argued that such 
impacts may be different in the different phases of a planning 
process (Opdam et al. 2015a, p. 73). My aim is to challenge 
scholars to future research on this issue by examples of sci-
entific information having an effect on the performance of 
actor networks in different phases of landscape adaptation 
processes. To this purpose, I selected cases my colleagues 
and I recently had been involved in. With one exception, 
these cases were situated in The Netherlands, in urban, 
peri-urban and more rural landscapes. In all cases citizens, 
researchers and authorities worked together to improve vari-
ous landscape values and make the landscape better adapted 
to future challenges. In the next section, I will develop a 
conceptual framework for this reflective analysis, leading 
to four moments in the adaptation process for which I will 
explore which impact scientific information may have had 
on processes in the social network.

2  Landscape adaptation 
as a socio‑ecological change process

Landscape adaptation is conceptualized as a human-induced 
adjustment of the physical features of the landscape, which 
originates from a shared desire to increase the value of land-
scape benefits in the context of future societal needs. Such 
a physical change might for example entail planting hedges, 
altering stream beds or changing the water level. Because 
most cultural landscapes are used and owned by a variety 
of actors, landscape adaptation requires collaboration. In 
this section, I identify four phases in the process of land-
scape adaptation within a socio-ecological system in which 
information provided by scientists may play a role. The four 
phases are based on a concept of the socio-ecological net-
work that I will discuss first.

2.1  System concept

I consider the (cultural) landscape as the physical result of 
interacting natural and human-induced processes (Fig. 1). 

Over time, this interaction has created a heterogeneous 
pattern of ecosystem patches, which spatially interact by 
flows of material, water, energy and species (Tscharntke 
et  al. 2012; Turner and Cardille 2007). Any landscape 
that is inhabited by humans can be imagined as a spatially 
heterogeneous socio-ecological system in which a social 
compartment, the community of people visiting, living and 
working in that landscape, responds to the benefits deliv-
ered (or potentially delivered) by the physical compartment. 
To emphasize the spatial structure of the socio-ecological 
system, I will use the term socio-ecological network as a 
specific type of socio-ecological system (as proposed by 
Barnes et al. 2017). Network refers to the spatial interactions 
and interdependencies between locations in the landscape, 
both in social–cultural and in ecological sense. I will use 
the term landscape service as a specific type of ecosystem 
service (Termorshuizen and Opdam 2009; Vallés-Planells 
et al. 2014), to emphasize that landscape benefits depend on 
the human–nature interaction, on the spatial dimension and 
on the heterogeneity of the local landscape (Goldman et al. 
2007, p. 336–337).

In a socio-ecological network, humans are actors (agents) 
initiating change (on top of change caused by external causes 
such as climate change) and affected by it. Their interven-
tions are driven by the expectation of gaining added value 

Landscape 
processes, flows 
of matter and 

organisms

Landscape 
network 

structure, 
mosaic of 
ecosystem 

patches

Societal network 
structure

Building 
collaborative 
action and 
governance 

arrangements 

Higher 
scale level 
physical 
change

Higher 
scale level 

societal 
change

Landscape services

Landscape 
interventions

SOCIO-

Fig. 1  Representation of the socio-ecological network, showing the 
interdependence of structure and functioning within the ecologi-
cal (left) and social (right) component, and two interconnections: 
provision of landscape services, which are valued within the social 
network, and interventions in the landscape to improve landscape 
services provision, which are prepared and implemented within the 
social network
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against affordable costs. Here I am interested in the role of 
information in this interaction. Two types of information are 
particularly relevant (following Opdam et al. 2016, p. 109): 
information on benefits provided by landscapes to humans 
and information about how these benefits depend on the eco-
logical functioning and pattern of the landscape. I focus here 
on these two flows of information about the nature–human 
relationship within a socio-ecological network. However, 
landscape areas are open systems affected by many more 
sources of information from a variety of spatial scale levels. 
For example, newly available technologies may make har-
vesting of fruits more profitable, or varying world market 
food prices affect the decisions local farmers take.

2.2  Social network

Collaborative landscape adaptation is the change of physical 
features of the landscape collectively decided by a mixed 
group of stakeholders to meet a desired change in the provi-
sioning of landscape services. Such a decision can be taken 
in formal organizations (for example, government and non-
government agencies), but also in informal organizations 
called social networks (Prell et al. 2010, p. 3–4) which are 
particularly significant in collaborative land management. 
It is in these social networks that social capital is built up, 
information is disseminated and people learn to know and 
trust each other (Munoz-Erickson and Cutts 2016; Barnes 
et al. 2017).The term social capital describes how individu-
als in a network use their relationships for their own interest 
and for the collective good. Social capital embraces rela-
tionships based on trust, respect, reciprocity and exchange, 
and common rules (Adger 2003; Raquez and Lambin 2006, 
p. 114). In the social network, a capacity of social learning 
(Newig et al. 2010, p. 5–7) and consensus building (Innes 
and Booher 1999, p. 413) is developed, leading to bonds 
between agents being affirmed and to new ideas and prac-
tices. Also, social networks are a platform for organizing 
coordinated interventions in the physical landscape, so it is 
of importance that the network is large enough and contains 
a diversity of actors. Here I am interested in whether infor-
mation about the diversity of landscape services may be of 
help in building social networks.

2.3  Collaboration

Collective action is at the heart of many decisions in the 
governance of natural resources (Adger 2003, p. 389). Col-
laboration (Ansell and Gash 2008, p. 545–547) is seen here 
as a process in a social network characterized by multilateral 
flows of information, deliberation and shared responsibility 
of decision-making and implementation. Collaboration has 
also been defined as a process through which parties who 
see different aspects of a problem can constructively explore 

their differences and search for solutions that go beyond 
their own limited vision of what is possible (Gray 1989, 
p. 5). The capacity to collaborate is developed within the 
social network as part of social capital. For example, Fowler 
and Christakis (2010, p. 5334) have shown that individu-
als in gaming experiments copy each other’s collaborative 
behaviour, which results in a multiplier effect (a cascade) 
on collaboration in subsequent groups. Collaborating in a 
socio-ecological network becomes rewarding if for reaching 
an individual goal an actor depends on other actors or if an 
individual goal aligns with a common goal. In the socio-
ecological actors are interdependent in such a way, either 
because services require landscape-level management of the 
ecological system or because an effective use of services 
depends on coordinated demand and organization (Opdam 
et al. 2016, p. 109–110). But before interdependencies can 
lead to collaboration, they must be recognized and accepted 
as such by the actors and brought to bear on a common 
problem or opportunity to address. Here I am interested in 
whether information about such interdependencies fosters 
cooperation.

2.4  Governance arrangements

People with different world views often perceive costs and 
benefits differently. Also, costs and benefits may not be 
equally distributed among agents and trade-offs may exist 
between private and public benefits and between short- and 
long-term gains. Furthermore, many landscape services 
depend on kilometre-wide areas encompassing many private 
properties. Hence, there is a need for coordinated interven-
tions and investments as well as rules preventing unwanted 
adverse effects. Therefore, a socio-ecological system needs 
some form of governance (Ostrom 2009) based on rules and 
arrangements developed within the socio-ecological system 
or developed between governmental bodies and the local 
community. If information about landscape services influ-
ences the relationships between actors in a network, it may 
also influence the arrangements they make about tasks and 
responsibilities. For example, if landscape services would 
facilitate provider–demander relationships, this could lead 
to arrangements based on delivery and payments.

2.5  Interventions in the landscape

The values that may be gained by improving landscape 
services often depend on the spatial arrangement of land-
scape units, i.e. the spatial pattern of patches and linear 
elements in the landscape. For example, services based on 
biodiversity clearly are dependent on the size, connectivity 
and heterogeneity of networks of landscape elements over 
large areas (Opdam et al. 2016, p. 109–110). Spatial inter-
dependencies are also obvious with respect to managing 
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water quality and quantity in the landscape as well as in how 
people perceive and prefer landscapes (Ode et al. 2009, p. 
379–381). This means that adapting landscapes for improved 
services requires coordinated action. Actors from different 
places across the landscape have to learn as a group how 
the landscape can most effectively be changed, for example 
about the range of options that exists to strengthen the green 
infrastructure of a landscape for the provisioning of natural 
pest regulation. Also, they have to decide collectively where 
physical measures based on these options are best located. 
Here I am interested in how information on the relationship 
between landscape structure and service provisioning may 
facilitate such coordinated measures.

3  Impact of information in four phases 
of landscape adaptation

I will present some lessons learned from cases in which 
information about landscape services has been used in the 
four phases of landscape adaptation practice distinguished 
in the previous section. In all cases, the information was 
provided in the course of a collaboration between scientists 
and local actors, in which a mixed group of actors made the 
decisions about goals and solutions. For details about the 
collaborative process, I refer to the original papers.

3.1  Building socio‑ecological networks

Applying the landscape services concept helped to 
strengthen and extend the social network in a local landscape 
area. In the Hoeksche Waard (The Netherlands) landscape 
services brought agents together who did not yet cooperate 
(Steingröver et al. 2010; Opdam et al. 2015a, p. 67–68). 
Starting with a small core group of farmers who took lead-
ership in a move towards sustainable farming, researchers 
used the pest regulation service to include more farmers. 
By coupling this service with the green infrastructure at the 
landscape scale, they introduced the need of landscape-level 
collaboration. Next, other services provisioned by this green 
infrastructure served to bring other groups on board. The 
water management organization became interested in the 
surface water purification service, and the local citizens’ 
nature and landscape group (who took care of the nature 
management of the dikes) recognized the opportunities for 
improving the conditions for biodiversity and landscape 
identity. Their engagement was in the farmers’ interest: the 
management of the water banks and the dikes became har-
monized to enlarge the green infrastructure on which the 
farmers were already working to create a more effective and 
reliable pest regulation service. Thus, scientists used the 
storyline of landscape services to motivate actors to join the 
social network.

A similar process in the city of Arnhem (The Nether-
lands) started with the demand for a more climate proof city 
centre, in particular aiming at lowering the air temperature 
during heat waves (Opdam et al. 2015a, p. 70–72). As a solu-
tion, researchers proposed to extend the network of green 
and blue elements and to connect this to the forest lobes that 
protruded into the city and to the green banks of the river 
bordering the city centre. This resulted in a map of green 
infrastructure extensions supported by a planning group of 
representatives of the municipality, regional authorities and 
experts. Subsequently, citizen groups, people from the city 
health group and private project developers became attracted 
by various other services provided, for example the expected 
benefits to human health.

Both cases show how a single landscape service was 
identified by a planning group as the first priority in mak-
ing the landscape future proof. Connecting this service to a 
green infrastructure (the ecological network) had the effect 
of translating the demand into joint action. At that point, in 
the timeline other groups stepped in, attracted by additional 
services provisioned by this green infrastructure. By this 
broadening of the social network, the movement gained in 
informal power and protruded into a larger part of society.

3.2  Fostering cooperation

Although conflicts are a frequent phenomenon in socio-eco-
logical transitions, it is the capacity of collaborative thinking 
and acting that lies at the basis of any effective socio-ecolog-
ical change. According to Adger (2003, p. 389), it is “com-
mon to all theories of social interaction is the recognition 
that collective action requires networks and flows of infor-
mation between individuals and groups to oil the wheels 
of decision-making”. To organize green infrastructure for 
biodiversity in a region of South Holland, The Netherlands, 
information about declining wild bee populations was used 
to trigger a joint motivation to do something. Information 
about possible actions to improve the conditions for wild bee 
populations (www.green circl es.nl; www.bijen lands chap.nl) 
was presented in several workshops that brought together 
various agents responsible for land management, including 
representatives of municipalities and private enterprises 
(Van Rooij et al. 2016). Participants were informed about the 
minimum area of pollinator reproduction hubs in the green 
infrastructure that were essential for the persistence of a 
diversity of pollinators. By discussing the minimum required 
size of these hubs, the participants realized that they could 
be achieved only by cooperation with neighbours. So they 
learned that in order to achieve their goals they were interde-
pendent. By knowing the minimum size and characteristics 
of reproduction hubs in combination with the new relation-
ships that emerged during the workshop, they became more 
capable of taking action to achieve the common goal.

http://www.greencircles.nl
http://www.bijenlandschap.nl
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A study by Vos et al. (2018) in de Baaksche Beek area, 
The Netherlands, offers some insight in how information 
on interdependencies between stakeholders with contrasting 
interests resulted in collaboration. A stakeholder network 
consisting of farmers, water managers and nature manag-
ers collectively decided about measures to adapt a mixed 
agricultural landscape (including nature areas and a stream 
valley) in view of expected climate-related changes in the 
water system. The researchers informed three groups in a 
workshop about mutual benefits of preselected potential 
measures. The groups chose those measures that best fitted 
their interests. The stakeholders were also informed about 
how they were interdependent for achieving the benefits of 
landscape adaptation. This information was structured in 
three categories: whether measures were simultaneously 
beneficial to different sectors (synergy), whether adaptation 
measures contributed to solving several climate-related 
problems at the same time (multiple purpose) and whether 
benefits increased through coordinated landscape-wide 
implementation (spatial collaboration). More collaboration 
occurred than was expected on the basis of the individual 
attitudes that were investigated prior to the workshop. Stake-
holders preferred measures that were beneficial to all three 
sectors involved. Also, when they proposed measures that 
were not preselected by the researchers, those measures 
showed the same preference for synergy. However, multiple 
purpose measures were not preferred. But the stakeholders 
did mention multiple purpose benefits after selecting the 
measures, when they were further discussing conditions and 
expectations. These results suggest that information about 
the synergy of adaptation measures stimulated an orientation 
on mutually beneficial solutions, while information on the 
required landscape-level implementation contributed to the 
recognition of mutual interdependence.

However, information about shared benefits may be 
received differently by people with different values and 
beliefs (Bolderdijk et al. 2013; Meyfroidt 2013, p. 357–358). 
In an experiment with academic students of Wageningen 
University, The Netherlands, Opdam et al. (2015b) used the 
three standard categories of ecosystem services (production, 
regulation and social–cultural services) as three frames of 
landscape services, telling different storylines about land-
scape benefits and related landscape interventions. We con-
cluded that in two of the three storylines (one focussing on 
enhancing water regulation functions, another one focussing 
on increasing the value of landscape aesthetics to tourists) 
the selected measures corresponded to the focus of the sto-
ryline. However, a storyline with a focus on the economic 
value of biomass production did not lead to correspond-
ing measures. We proposed that because the students were 
educated in environmental management, their interests and 
values did not align with the economic frame of increased 
biomass production.

3.3  Facilitating governance arrangements

A case study in Gouwe Wiericke, The Netherlands, sug-
gested that stimulating people to think in terms of landscape 
services made existing relationships based on power more 
equal and thereby facilitated governance arrangements. 
Westerink et al. (2017) organized a collaborative planning 
process as a negotiation between providers (dairy farm-
ers) and beneficiaries (water management authorities and 
representatives of the provincial government) of landscape 
services. The rules of negotiation and the joint learning pro-
cess opened up possibilities for expressing demands, making 
proposals, experimenting and exploring solutions together. 
This led the participants away from the power rules of com-
mand and control, contestation and conflict in which the 
same agents had been involved in previous years. In contrast, 
thinking in terms of demand and provision of landscape ser-
vices stressed the mutual dependence of the participants and 
led to new governance arrangements.

3.4  Enabling people to choose effective measures 
and where to locate them

Two examples of using maps as a tool in collaborative deci-
sion-making support the conclusion of Hauck et al. (2013, p. 
31) that to be salient, and legitimate maps should be made in 
dialogue with map users. If applied as part of a joint learn-
ing process, maps of landscape services are a strong tool 
to explore effective locations for landscape adaptation. In 
the Hoeksche Waard case (Steingröver et al. 2010), local 
actors applied design rules that were partially based on their 
local knowledge. In doing so, they created a map showing 
where the existing green infrastructure already had the right 
dimensions to ensure a reliable natural pest regulation in 
adjacent crops, and where it required extension by flowery 
field margins and water course banks. They also learned the 
importance of joint action as the individual managers could 
see that action on their property was in the interest of the 
whole community.

In the New Forest, UK, Pouwels et al. (2011) used model-
generated maps in a mediation between two conflicting 
interests: species conservation and recreation. With a group 
consisting of representatives of nature conservation organi-
zations, park management and visitor groups, they explored 
how the conflict could be mitigated by reallocating the visi-
tor distribution pattern. Interactive use of the maps that gave 
insight in both the distributions of visitors and of key areas 
for selected bird species was discussed, and solutions were 
deliberated in the group, putting the researcher in a role of 
mediator. This approach facilitated the group to design a 
jointly preferred visitor pattern that improved the conditions 
for breeding in the priority birds.
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These two cases suggest that linking required physi-
cal conditions to preferred values facilitates collaborative 
searches for effective interventions in the landscape, pro-
vided that they are applied in a cooperative design process 
in which scientific and local knowledge is integrated.

4  Suggested impacts of information

4.1  Lessons learned

In this essay, I address the impact of applying information 
about landscape services in socio-ecological systems. All 
cases were discussed from a point of view of landscapes 
as socio-ecological networks. The underlying narrative is 
that the landscape offers land owners and users a range of 
potential values that they could benefit from by fostering 
landscape services. Groups of agents learned about the 
advantages of such a nature-inclusive landscape manage-
ment, but also about their interdependencies to achieve 
nature-inclusive solutions. This narrative implied that people 
and nature are part of the same spatially structured system, 
moving away from the “people are threatening valuable cul-
tural landscapes” paradigm towards a relationship based on 
sustainable use, stewardship, benefits and care. Researchers 
intervened in these socio-ecological networks by building 
a collaborative relationship with local actor groups. In dia-
logue with the actor group, they provided information and 
facilitated social learning processes including joint problem 
identification, vision building, design of spatial solutions and 
joint implementation. With one exception, the cases were 
done in intensively used agricultural and urban landscapes 
in The Netherlands. The exception is a case study in the 
New Forest, UK, a forest landscape with protected species 
and intensive recreation. In all cases, researchers worked 
together with practitioners, including planners, authorities, 
farmers and citizens. So which are the lessons I learned from 
re-examining these cases?

The first lesson is that applying landscape services can 
have an impact on social network composition and structure. 
As a boundary concept in a landscape adaptation process, 
the use of landscape services facilitates the creation of a 
level playing field for governments, business and citizens, a 
common platform for the variety of stakeholders to deliber-
ate landscape values and discuss future benefits. Informing a 
group of local actors about potential benefits from landscape 
services has the effect of bringing the broad variety of values 
and interests under one umbrella and offering stakeholder 
groups not yet engaged a motive to join the network. These 
effects make it easier to broaden the scope of the social net-
work and to exchange information and values in building a 
joint vision.

Second, the cases suggest that collaboration is enhanced 
by telling the story that individuals and sectors are interde-
pendent because together they can be more effective and 
more sustainable in achieving added value by investing in 
landscape services. A joint demand for a variety of services 
may have stimulated farmers to adapt farming towards pro-
ducing multiple services. Suppliers learned they are inter-
dependent in ensuring landscape-level conditions for a reli-
able provision of landscape services. It is this coincidence of 
individual and collective interests that motivates actors with 
diverging orientation on landscape benefits to join forces.

The third lesson is that applying the concept of land-
scape services created a supply–demand relationship, put-
ting actors in a particular role in a one level playing field. 
This relationship stimulated negotiations based on market 
mechanisms that fostered a governance arrangement.

The fourth lesson is that information about the spatial 
relationship between landscape pattern and landscape ser-
vices may have increased the capacity to organize collabo-
rative change. Maps showing the locations where effective 
measures could be taken enhanced coordinated decision-
making about the preferred location for taking measures. 
Information on dose–impact relationships clarified how 
much should be done to translate ambitions into concrete 
adaptation measures.

The terms ecosystem services and landscape services 
have several characteristics in common, but thus far the 
former has been typically applied in a technical approach 
in science, policy analysis and land use change assess-
ment. Recent studies suggest that if applied in collabora-
tive landscape planning as discussed here, the ecosystem 
services concept can be expected to have similar impacts 
on the social network. In a review of 27 case studies across 
Europe, Dick et al. (2018, p. 560) found that in 2/3 of the 
cases stakeholders perceived more collaboration among 
involved stakeholders due to the application of ecosystem 
services information and 40% thought it had changed how 
they considered the opinion of others.

4.2  Discussion

This essay is not based on a systematic search of the litera-
ture on information transfer between science and practice 
in environmental management. In their review, Opdam 
et al. (2016, p. 111) concluded that “although there is a 
sound theoretical basis for the assumption that such infor-
mation would enhance collaboration, the issue has not 
been the subject of much scientific research thus far”. They 
summarized examples from empirical research across the 
world. For example, Rathwell and Peterson (2012) found 
that municipalities in a stream catchment area in Montreal, 
Canada, more often collaborated in water management 
when they also were engaged with recreation services of 
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the landscape, which corroborates the idea that multiple 
landscape services enhance collaboration. In South Africa, 
Magombeyi et al. (2008) used a river basin game to fos-
ter negotiations between upstream and downstream water 
users which created insight in how downstream groups 
depend on upstream groups. This insight eventually led 
to collective water management arrangements, in line 
with the idea that distinguishing demander and supplier 
roles enhances governance arrangements. In a co-creation 
research process with local actor groups in Vietnam (Cas-
tella 2009), farmers learned how farm-based decisions 
(those made by themselves and by their neighbours) were 
reflected at the landscape scale. The researchers concluded 
that the farmers’ motivation “reached a peak when they 
realized how they could benefit, collectively and individu-
ally”. This study illustrates the principle that people are 
motivated to cooperate by the understanding how indi-
vidual and collective benefits are interdependent (Ansell 
and Gash 2008). Guerry et al. (2012) investigated impacts 
of applying the ecosystem services concept on discussions 
about developing multiple benefits from marine ecosys-
tems. They concluded (p. 119) that the effect of apply-
ing the model InVEST was that discussions broadened 
“from single-sector perspectives to more comprehensive 
ones that explore cumulative impacts and benefits and are 
explicit about trade-offs and win–wins”. They state that 
discussions became less polarized.

The lessons learned are presented here to illustrate the 
variety of impacts that information may have on the social 
network in the different phases of the adaptation process. 
The significance of the lessons is that they suggest poten-
tial topics for further research in an underexplored field of 
socio-ecological practice research. I acknowledge that the 
lessons have not been identified by a systematic analysis: I 
rather searched for indications that information had a posi-
tive impact, not that an expected impact failed or resulted in 
conflict. A second limitation is that with one exception the 
cases are from The Netherlands, so the lessons learned could 
be biased by typical Dutch cultural characteristics such as a 
well-developed capacity and willingness to cooperate.

Although in this essay the emphasis is on the impact of 
information, part of the observed impact might be attribut-
able to the use of participatory tools or the way social learn-
ing was fostered. For example, Paolisso et al. (2019) found 
that a participatory approach enforced the development of 
a social network. Hence, the collaborative exercises applied 
in the reviewed cases may have enhanced social interac-
tions irrespective of the information on landscape services 
(Opdam et al. 2016, p. 111). Also, the group of scientists 
learned during the various cases and must have developed 
both knowledge and skills of information exchange. There-
fore, part of the impact now attributed to information may 
have been facilitated by the communication capacities of 

researchers and/or by specific methods in the participatory 
process.

5  Research challenges

Although environmental scientists have been expressing 
their concern about the lack of impact of science in prac-
tice for long, the mechanisms behind the transmission of 
environmental information in social processes have not got 
much scholarly attention. A possible reason for this lack 
of attention is that investigating these mechanisms requires 
an integration of social and environmental theories and 
methods. One of the challenges for further research is to 
develop a sound theoretical basis for understanding the 
impact of information in socio-ecological systems, for exam-
ple theories addressing how people transform information 
about environmental benefits into sustainable management. 
Previously I used the theory of planned behaviour (Ajzen 
1991) for analysing responses by groups of students to dif-
ferent narratives about landscape services in creating future 
landscapes (Opdam et al. 2015b). Also of interests is social 
network theory applied on resource governance (Bodin and 
Crona 2009; Bodin et al. 2016; Barnes et al. 2017) and col-
laborative rationality theory (Innes and Booher 2016).

The lessons learned raise many questions for further 
empirical research. A general aim is to increase our under-
standing of how information on landscape functioning and 
the resulting benefits to actors affect their attitudes, moti-
vations and capacities of the social network at the local 
landscape scale. In such research, it is not the methods and 
tools for transmitting scientific information that are the 
aim of investigation, what matters here is the impact their 
application has on the structure and processes within social 
networks. For example, if agents are informed about their 
interdependence in gaining value from the landscape, how 
does that change their motivation to act together and affect 
their relationships in the social network? Which new coali-
tions emerge and do these increase the capacity to change? 
How does the structure of the social network changes and 
how do such changes affect information transmission, social 
learning and resilience (Newig et al. 2010)? These and other 
questions can be associated with indicators that capture the 
essential characteristics of a developing socio-ecological 
network (e.g. Pahl-Wostl 2009; Barnes et al. 2017).

Such questions can be investigated by a mixture of practi-
cal case studies, experiments and simulation modelling. In 
case studies, scientists not only cooperate with practitioners 
to provide information and facilitate the decision-making, 
but also make observations as a researcher. While the facili-
tator and the provider of scientific information are part of 
the process, the observer keeps distance and focusses on 
the dynamics in the group. Observers may interview actors 
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before and after important steps in the planning process to 
see if and how their attitudes and motives changed. Or they 
may record what actors say and how they interact during the 
workshops and particularly focus on phrases or words that 
represent expressions of values and beliefs, trust or commit-
ment. They also may document activities and arrangements 
for which the actor group decides. For this role, social scien-
tists have a broad range of methods available (more details in 
the case studies discussed above). Another way of exploring 
this research field is by creating an experimental situation 
in which information is supplied to a group of actors. Case 
studies usually do not give the opportunity for experiments. 
The literature offers inspiring examples of experimental 
approaches uncovering social network mechanisms (Caval-
canti et al. 2010; Fowler and Christakis 2010; Janssen 2013). 
Agent-based modelling offers an interesting complement to 
these empirical approaches. Model simulation offers a tool 
to extrapolate observed changes in attitude or motivation to 
changes in the socio-ecological network. For example, based 
on the Hoeksche Waard case discussed above, Grashof-Bok-
dam et al. (2017) investigated how social and economic driv-
ers caused a shift from a mono-functional food production 
landscape with chemical crop protection towards a landscape 
that in addition provided a natural pest regulation. They 
found that in the transition towards a multifunctional system 
the farmers’ attitude to achieve more sustainable farming 
was most important, whereas the farmers’ social interaction 
slowed down the system’s turning back during periods of 
low market prices.

This journal highlights the interaction between science 
and practice (Xiang 2019, p. 1). I have argued that to under-
stand this interaction we must not only produce methods and 
tools that are credible, salient and legitimate, but also need 
to investigate how information alters social interactions in 
local communities. Practical cases in which scientists coop-
erate with practitioners offer opportunities for exploring 
how scientific information interacts with socio-ecological 
networks in local landscapes.
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