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1 | INTRODUCTION

Humanity is facing unprecedented sustainability challenges,
such as adapting to and mitigating climate change while ensuring
enough potable water, food and energy for a growing population
(IPBES, 2019). To face these challenges, solutions will have to
take full advantage of the benefits that nature provides to peo-
ple through ecosystem services provision (TEEB, 2010) so as to
reverse recent trends in loss and degradation of these services
(IPBES, 2019). For this to occur, we need governance systems ca-
pable of dealing with ecosystem service management at multiple
scales, from local to global (Scholes et al., 2013), especially those
considering the spatially explicit implications of landscape manage-
ment. Much of our knowledge of ecosystem services, landscape
functioning and environmental governance, however, is still scat-
tered across different disciplines and research fields, limiting its
full application to sustainable landscape management. We need ur-
gently to integrate our understanding of the functional mechanisms
of ecosystem service provision at landscape scales, with insights
into the governance interventions that maximise their benefits to
people. Here, we propose a spatially explicit conceptual framework
that connects governance approaches to ecosystem service provi-
sion. In this ‘landscape governance framework’, we conceptualise
landscapes as social-ecological networks that link social networks
of ecosystem service demand with ecological networks of ecosys-
tem service supply (Bodin et al., 2017, 2019; Dee et al., 2017). Using
this framework, we conceptually explore how and where different
types of governance interventions act on components of the net-
work (including supply and demand nodes and their connections
representing ecosystem service flow), which, in turn, allows identi-
fication of when and what type of intervention might most usefully
improve ecosystem services delivery.

We particularly focus on the landscape scale, acknowledging
the complexity of land ownership and governance at this mesoscale
(Gorg, 2007), because it is at this scale—as well as at local scales—at
which management interventions of ecosystem service supply are
possible (Maseyk et al., 2017; Spake et al., 2019). The importance
of landscape-level processes is well documented for many ecosys-
tem services (Castro et al., 2014; Miiller et al., 2010), but integrated
social-ecological processes for governance interventions at these
scales are lacking.

Ample evidence suggests that both landscape composition
(cover and heterogeneity of the different types of landscape units)
and configuration (i.e. parameters related to the spatial arrange-
ment of landscape units) affect the provision of many ecosystem
services. For example, edge effects can alter the potential seques-
tration of carbon (Melito et al., 2017), habitat isolation and prox-
imity affect the provision of both pollination (Saturni et al., 2016)
and pest control services (Libran-Embid et al., 2017). Landscape
composition and heterogeneity can also affect water provision (Qiu
& Turner, 2015) as well as quality (Uriarte et al., 2011), or regula-
tion of sediment erosion (Chaplin-Kramer et al., 2016). Both land-

scape composition and configuration of different land use types

and land-use intensity can often be managed to improve provision
of ecosystem services (Spake et al., 2019). Furthermore, the inten-
sity and spatial location of human demand for ecosystem services
across landscapes will also influence the access to and provision
of these services (Burkhard et al., 2012). Expansion of areas of
demand in a way that also reduces supply is common and widely
documented. For example, the expansion of agriculture often in-
volves an increase in areas of demand for pollination and pest con-
trol services, but the consequent reduction and fragmentation of
native vegetation areas surrounding croplands can reduce supply
through the degradation of habitat quality for the organisms that
offer those services (Kremen et al., 2002). Therefore, by homo-
genising the landscape, flows between areas of supply and demand
can be reduced, and the provision of services undermined (Landis
et al.,, 2008; Schulp et al., 2014; Watson et al., 2019). For many
ecosystem services, demand and supply areas are distinct and
under different governance arrangements (Mitchell et al., 2015).
Therefore, the provisioning of ecosystem services requires flows
through the landscape that connect demand with supply (Fisher
et al., 2009; Serna-Chavez et al., 2014). Landscape-level processes
can thus affect the supply, the demand or the flow, with effects on
supply and flows being the most investigated (Aquilué et al., 2020).

The links between governance and ecosystem services have also
been extensively explored (Gomez-Baggethun & Muradian, 2015;
Primmer et al., 2015; Vatn, 2010, 2018). Ecosystem services gover-
nance refers to the processes by which a range of actors (e.g. gov-
ernment, resource users, environmental groups and private entities)
make decisions that influence the use of ecosystem-derived goods
and services. It may be defined as the institutionalisation of mech-
anisms for collective decision-making and collective action with
respect to natural resource management (Muradian & Rival, 2013).
In this context, ecosystem services governance involves policy,
legislation, law enforcement, decision-making processes, property
rights and market distributions, which may be complemented by
partnerships between public and private sectors. Yet, given the
complex nature of social-ecological systems, ecosystem service
governance has several challenges. These include: (a) ecosystem
service governance has to deal with a diversity of institutions that
have historically evolved around and on top of each other, which
may lead to overlap and incoherence among them; (b) it involves
very ‘heterogeneous actors’ with competing interests, asymmetric
bargaining power, and different value systems and preferences,
which makes it difficult to prioritise actions relating to ecosys-
tem services; (c) there is substantial ‘fragmentation of knowledge’
among different scientific disciplines or between scientific and
practical knowledge, which needs to be integrated and combined
through a co-production or transdisciplinary approach (Mauser
et al., 2013) to be strengthened; and (d) the highly dynamic nature
of natural processes in social-ecological systems requires adaptive
governance to allow for learning and responding to environmental
and social change (Loft et al., 2015).

The need to incorporate landscape processes within ecosystem

services governance is partially reflected in landscape governance
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research (Goérg, 2007). This research stresses the relevance of the
spatial dimension for governance processes. Landscape gover-
nance deals with the interconnections between socially constructed
spaces and the ‘natural’ conditions of places. This includes questions
of how different governance decisions affect ecosystem services
(Gorg, 2007). Issues of institutional fit (i.e. mismatches between in-
stitutions and the landscape to which they apply) usually arise when
landscape and governance are considered simultaneously (Ekstrom
& Young, 2009; Treml et al., 2015). These issues have been addressed
in an innovative fashion in studies that use social-ecological network
analysis (SENA; Bodin & Teng6, 2012; Dee et al., 2017; Guerrero
et al., 2015; Sayles & Baggio, 2017). However, the spatial analysis of
governance institutional arrangements is often a missing element of
landscape sustainability science (Cumming & Epstein, 2020).

Despite the existence of analytical approaches linking landscape
structure to ecosystem services, and governance to ecosystem ser-
vices, an approach that considers how governance can affect ecosys-
tem services through their effect on landscape and social-ecological
network structures is yet to be developed. A reason for this may
be that the ‘human’ scales of landscape governance and ecosys-
tem services demand do not necessarily align with the ecological
scales of ecosystem services provision (Mitchell et al., 2015; Scholes
etal., 2013). By drawing on ecosystem services concepts, social-eco-
logical networks analysis, ecosystem services governance and land-
scape governance scholarship, we develop a conceptual framework
that links different types of governance interventions on landscape
structure and the spatial social-ecological networks that determine
landscape-scale ecosystem service provision. The development of
such a framework is guided by the need to understand how land-
scape governance can improve the provision of ecosystem services
through their effects on supply, demand and flows of ecosystem ser-
vices. We envisage this framework will support ecosystem service
users to interrogate the mechanisms by which interventions affect
ecosystem service provision in complex landscapes, and help deci-
sion-makers select the most appropriate interventions depending
on the structure of the social-ecological network. In other words,
our framework is well suited to identifying ‘problematic situations’
where there are likely to disconnect between governance, and sup-
ply and demand of ecosystem services.

Herein we present the proposed framework and explore basic
governance interventions that affect landscape structure, network
structure and ecosystem services provision. We then illustrate the
application of the framework using examples of governance inter-
ventions in existing landscapes and discuss practical implications

and future applications of the framework.

2 | THE CONCEPTUAL LANDSCAPE
GOVERNANCE FRAMEWORK

Drawing on Ostrom (2007), we conceptualise the provision of eco-
system services as a social-ecological system involving complex and

dynamic human-ecosystem interactions. These interactions involve

networks of areas of supply (where the service is generated) and areas
of demand, which are linked through flows of species, humans or mat-
ter to areas of human demand (Fisher et al., 2009). When the flows
allow human demand to be directly or indirectly connected, generat-
ing a benefit, then the provision of an ecosystem service occurs. Links
can occur through flows of species and matter (most provisioning and
regulating services) out of areas of supply, or through human move-
ment to the areas of supply (e.g. recreational or cultural services).

Our social-ecological system comprises three main intercon-
nected components: governance interventions, which affect how
actors interact with the landscape, therefore affecting ecosystem ser-
vices provision. These elements and their interactions are influenced
by the broad governance system and the landscape in which they are
embedded (Figure 1).

In this context, actors are individuals or organisations (e.g. gov-
ernment, resource users, business and environmental groups) de-
manding services or whose activities (policymaking, resource use
and management) affect the landscape, and thus its capacity to pro-
vide ecosystem services. Actors can affect the provision of ecosys-
tem services in different ways, directly or indirectly modifying the
supply, the different types of flows (between areas of supply and de-
mand, supply and supply or demand and demand) or create demand
for ecosystem services. These transformations occur often through
interventions, at different scales, in landscape composition and con-
figuration, or by modification in land-use intensity of land use (Spake
et al., 2019). For example, actors can manage supply areas (e.g. de-
ciduous forests) to increase their quality (e.g. reducing disturbance,
controlling invasive species, introducing native species, setting aside
areas for conservation purposes) or even to create (by restoration)
new supply patches. Changes in landscape composition and config-
uration can also affect flows. For example, these interventions could
aim to increase the density of supply-demand interfaces, or create
corridors or network infrastructure to facilitate flow between supply
and demand areas (Aristizabal & Metzger, 2019). Actors could also
act directly on demand, reducing or controlling the demand areas
to match an adequate balance between supply and demand in the
landscape (e.g. by enabling increased demand for regulating services
by creating a forest-agricultural matrix landscape in formerly ‘pure’
forested landscapes; Mitchell et al., 2015).

Different environmental governance interventions linked to respec-
tive changes in governance structures (Vatn, 2015) can be associ-
ated with different governance modes: namely hierarchies, markets,
community-based approaches and hybrids (Lemos & Agrawal, 2006;
Figure 2). Hierarchies are based on command-and-control ap-
proaches implemented in a top-down fashion through existing
authority and power structures. These include mandatory arrange-
ments that impose restrictions on land use (e.g. laws and regula-
tions and the designation of protected areas). An example would
be the European Water Framework Directive and its transposition
into national laws. Market-based approaches are based on finan-
cial incentives such as payments for ecosystem services (e.g. the
Pagos por Servicios Ambientales—Programme in Costa Rica; Sattler

et al, 2013; Wunder, 2008) or agri-environmental programmes
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FIGURE 1 The proposed landscape governance framework (a social-ecological framework) relating governance interventions to
ecosystem service provision network (and then to human well-being) through ecosystem service actors' effects on supply, flow and demand
of ecosystem services. The governance system is the broader context, in which governance interventions are designed and implemented. The
landscape is the mosaic of supply and demand nodes, interlinked (or not) by flows (depending on the landscape structure, ecosystem type
and flows behaviour), resulting in a social-ecological network of ecosystem service provision. Several feedbacks are expected (represented by
dotted lines). CBM, community-based management; PA, protected areas; PES, payments for ecosystem services

Hierarchies
(e.g. protections areas)

management (e.g. PES)
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action)

FIGURE 2 Representation of governance interventions
according to different governance modes (hierarchies, community
and markets). AEP, agri-environmental programmes; cAEP,
collaborative AEP; CBEM, Community-based environmental
management; Cpes, community-carried PES; PES, payments for
ecosystem services

(e.g. the European Union’s Common Agricultural Policy; Schomers &
Matzdorf, 2013) that reward land users for adopting more environ-
mentally friendly land management. Community-based approaches
are typically based on self-organisation and collaboration among
resource users (Cox et al., 2010; Ostrom, 2009; Villamayor-Tomas
& Garcia-Lopez, 2018), like the Citizen Foundation in the Spreewald

region in Germany. Hybrids comprise combinations of these

governance modes. They include, for example, community-based
environmental management (CBEM, e.g. Muradian & Rival, 2012;
Sattler et al., 2016; Vatn, 2010), where users and governments
share responsibilities in ecosystem services governance; commu-
nity-developed PES (e.g. Schréter et al., 2018) and collaborative
AEPs (e.g. Franks, 2010; Prager et al., 2012; Westerink et al., 2017),
which combine hierarchies and markets (Figure 2). An example is the
Community Blue Carbon Program on the Osa Pensinsula in Costa
Rica, which combines market, community management and hierar-
chies (Schréter et al., 2019).

The choice and effectiveness of a given governance intervention
will depend on which part of the service provision chain (supply, de-
mand or flow) actors aim to influence. As we explain in the following
section, each type of intervention affects a different component
of the interactions, for example, hierarchies and market interven-
tions affect supply and flows between areas of supply and between
supply and demand nodes while community-based management
interventions are related to demand nodes and flows between
demand-demand and demand-supply nodes.

The links from governance interventions, to actors and eco-
systems service provision depend on property rights, which deter-
mine the actions that actors are authorised to take, such as access
and withdrawal, management, exclusion and alienation (Galik &
Jagger, 2015; Schlager & Ostrom, 1992), which, in turn, affects eco-
system service provision (Table 1). Variation in access to ecosystem
services due to governance interventions is critical for ecosystem
service management (e.g. Daw et al., 2015), but is often excluded
from ecosystem service modelling.

The choice of governance interventions also depends on the type
of goods associated with ecosystem services, which can be differenti-
ated based on two attributes pertaining to the private-public nature

of such services: rivalry and excludability. Rivalry refers to whether
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Right

Access

Withdrawal

Management

Alteration

Exclusion

Alienation

Description

The right to enter a defined
physical property

The right to obtain products of a
resource

The right to regulate internal
use pattern and transform
the resource by making
improvements

The right to change the set of
goods and services provided by a
resource

The right to determine who will
have an access right and how
such right may be transferred

The right to sell or lease some or
all management, alteration and
exclusion rights

Effects on the ecosystem service
provision

Limits supply-demand flows for
some users and enlarges it for
others

Limits supply-demand flows for
some users and enlarges it for
others

Limits or authorises users who can
manage supply locations (i.e. nodes)

Limits or authorises users who can
manage supply locations (i.e. nodes)

Limits supply-demand flows (i.e.
links) for some users and enlarges it
for others

Limits supply-demand flows (i.e.
links) for some users and enlarges it
for others

TABLE 1 Bundles of natural
resource property rights (after Galik &
Jagger, 2015)

the use of a given service reduces the amount of that service for oth-
ers to use. Excludability refers to whether the users of a given service
can be excluded by physical or institutional means (Fisher et al., 2009;
Ostrom, 2005). These attributes—together with the type of ecosystem
service, its intended use and associated property rights—determine if
such goods are public (non-excludable and non-rival), common or open
access (non-excludable and rival), club (excludable and non-rival) or pri-
vate (excludable and rival; Costanza, 2008). Most provisioning services
are rival and excludable while most regulating and cultural services
are non-rival and non-excludable. In a few cases, we can have other
combinations (e.g. cultural services in private lands are excludable but
non-rival; some provisioning services, like deep-sea fisheries are rival but
non-excludable). In this context, interventions based on hierarchies (e.g.
protected areas) are usually used to address ecosystem services behav-
ing as public goods, markets when ecosystem services behave as private
goods and community-based management for common or open access.

This landscape governance framework builds upon previ-
ous conceptual models of social-ecological systems (Barnaud
et al., 2018; Lescourret et al., 2015; Vialatte et al., 2019) and net-
work approaches (Bodin et al., 2019; Dee et al., 2017), by incor-
porating spatially explicit ecosystem services supply and demand
nodes and ecosystem service flows. This approach innovates from
previous ones by allowing an explicit understanding of the effects
of landscape-level processes on service provision. Particularly, it
enables characterisation of the effect of spatial location and prox-
imity on the network. The landscape governance framework also
innovates by linking the types of governance, which are known
to be main drivers of system change, with networks of supply
and demand. This allows the exploration of: (a) where and how
governance interventions and property rights act in the network;
(b) what are the implications of local (e.g. node) actions on the

whole network; and (c) where and what interventions should be

employed to optimise the network for the provision of a given ser-
vice to secure ecological fit in a first place and social-ecological fit
in the long run (Epstein et al., 2015).

3 | USING GOVERNANCE INTERVENTIONS
TO RESOLVE ECOSYSTEM SERVICES
UNDERSUPPLY

Based on the framework developed above, we examine how differ-
ent governance interventions can help solve ‘problematic situations’
related to insufficient provision of ecosystem services due to discon-
nects between governance and supply and demand nodes. We con-
sider a common problematic situation that can be represented as a
social-ecological network (Figure 3), where two demand nodes (such
as two agricultural plots or villages) are using a service from the same
supply node (such as a forest), and no interactions exist between sup-
ply nodes and between demand nodes. This situation can be prob-
lematic because there is a lack of coordination among the actors (the
demand nodes) and lack of connectivity between the supply nodes.
This can potentially lead to under supply of the ecosystem service
and overexploitation of the ecosystem services by the demand nodes
(Bodin, 2017). Different governance interventions and associated
property rights can be used to improve this situation as illustrated in

the following three narratives (Table 2).
3.1 | Narrative 1: Protected areas
Protected areas illustrate a clear example of a hierarchy governance

model. Besides protecting biodiversity, they often aim to increase the

benefits from provisioning (e.g. water supply), regulating (e.g. climate
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regulation, erosion control) and, in the case of public-protected areas,
cultural (e.g. outdoor recreation, aesthetic value) services. Access and
withdrawal rights in protected areas can impose certain restrictions

on land use to increase ecosystem service provision. Typically, they

Problematic situation

/ Il. Payment for

ecosystem services

. d lIl. Community-based
. Protected areas management

. 2

FIGURE 3 Network representations of supply (green circles)
and demand nodes (blue squares) and their links (representing
flow) considering the three different narratives, based on different
governance interventions, applied to the initial problematic
situation where demand can exceed the supply for ecosystem
services. Protected areas essentially improve supply quality
(represented as darker green), and also by connecting supply areas.
The improvement of supply can also allow the fulfilment of a
higher demand (represented as darker blue). Payment for ecosystem
services allows the improvement of supply, the creation of new
supply nodes connected to the demanders involved in the payment
scheme (outlined in black), and stronger links between supply

and demand (represented by thicker red links). Community-based
management allows higher levels of collaboration among demanders
and could lead to a reduction in the level of demand (light blue).
This could both result locally in a reduction or increment of supply
(light and dark green), depending on the different restrictions in
access and withdrawal rights

introduce spatial zoning comprising a core zone with the highest level
of restriction (often total protection where no access or land use is
allowed) and adjoining zones where the level of restriction is gradu-
ally lowered towards the fringe, depending on the designated category
(IUCN, 2013; Box 1).

In view of the problematic situation established above, pro-
tected areas can promote several changes in the social-ecological
network structure (Figure 3l). First, we expect an increase in the
quality of the supply (indicated by the nodes in dark green shades in
Figure 3l) through limited access and use restrictions, especially in
the zones with higher levels of restriction (see example in Box 1).
Protected areas can also potentially increase or reinforce the links
between supply areas (green-green links) due to conservation or
restoration of functional links between protected areas, such as
creation of corridors or improvements in the matrix permeability
(Saura et al., 2014). Second, this increase in supply can have a pos-
itive feedback effect on demand (indicated by the nodes in dark
blue shades in Figure 3l) as people become more aware or inter-
ested in visiting these areas due to their improved natural quality
and higher recreational value (cultural services), or because a sup-
ply resource became more available or suitable for use (e.g. water
or other natural resources; see example in Box 1). Alternatively,
some supply-demand links can be severed or restricted to allow
full biodiversity protection. For example, withdrawal rights might
be withheld for provisioning services in protected areas, or limited
access rights may prevent people from visiting highly protected
core zones (disconnected supply node in Figure 3l)—this can po-
tentially have major negative implications for local communities
(e.g. Golden et al., 2011; Naidoo et al., 2019).

3.2 | Narrative 2: Payments for ecosystem services

Payments for ecosystem services illustrate a market governance

model. They aim to connect potential ecosystem service suppliers

TABLE 2 Expected effects of different governance interventions and property rights on ecosystem services supply, demand and flow
network, as showed in Figure 3. Coloured arrows indicate trends of change (stable, increasing, decreasing)

Type of Supply

Ecosystem (number of
Intervention Property rights Service nodes)
Protected areas Access, withdrawl  Provisioning 9

Protected areas

Payments for
ecosystem
services

Collective
actions

Access, withdrawl

Alienation

Access,
withdrawl,
management,
alteration,
exclusion

Cultural,
regulating

Cultural,
regulating

Provisioning

>

Supply- Demand-
Supply Supply-Supply Demand Demand
(quality or (green-green) (green-blue) (blue-blue)
amount) links links links

0 1* 7 >
0 0 0 >

t t t >

Va4 > 0 0
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BOX 1 Protected areas: Biosphere reserve Spreewald, Germany

Biosphere reserves represent one category of protection areas (IUCN, 2013). At present, globally, there are 669 biosphere reserves
designated in 120 countries, with 17 in Germany. As an example, the biosphere reserve of Spreewald protects the unique cultural
landscape of the Spree inland river delta. Important ecosystem services include protection of biodiversity and habitats, flood pre-
vention and recreational services as the region attracts more than four million visitors annually. The area covers about 475 km? with
roughly 50,000 inhabitants in two bigger cities and 37 smaller villages.

To reconcile nature protection with sustainable human land use, a zoning concept was introduced with the designation of the bio-
sphere reserves in 1990. It differentiates between core (ca. 3%), management (ca. 19%) and development (ca. 78%) zones. The
highest protection applies to the core zones supporting free rein of natural processes and prohibiting any form of land use. The
management zones provide buffers between core and developing zones, but still imply a number of land use restrictions which limits
demand for ecosystem services. By contrast, in the development zones, land uses by agriculture, forestry, fisheries or tourism are
possible without major restrictions.

The figure below exemplifies how the social-ecological network related to the biosphere reserves was affected by the designation.
Supply nodes are shown in green and represent examples of the current locations of different core and management zones in the
lower Spreewald. Demand nodes are shown in blue and represent different settlements in the biosphere reserves where potential
beneficiaries are based who can benefit from different ecosystem services provided through the supply nodes either directly (in-situ,
e.g. by visitation) or indirectly (ex-situ, e.g. by consuming produce from there).

Before the designation in 1990 (left map), free access and different forms of land use in the core zones were possible (symbolised by
intact supply-demand links), but resulted in lower habitat quality of these areas (light green colour of supply nodes).

After the designation (right map), imposed restrictions allowed for an increase in habitat quality (dark green nodes). For instance, since
visitors were no longer allowed to access the core zones (symbolised by broken links) to hike, bike or canoe to enjoy local biodiversity,
wildlife disturbances could be prevented. In addition, a development zone (indicated by white outline) created an additional buffer
zone around the core zones. However, the zoning concept also increased the provision of other ecosystem services beneficial to the
local population, for example, through renaturation of hydrological processes in the core zones water retention and flood prevention
was improved (symbolised by the newly established supply-demand links and the functional links between supply nodes). Striped de-
mand nodes indicate partly negative (decreased recreational services) and positive (increased regulation services) effects on demand.
This example was chosen to highlight that protection areas do not per se increase supply and thus allow for satisfying more demand,

but that this depends on the spatial configuration of the protection zones and the ecosystem service in question.

Legend: Biosphere reserve Supply nodes (dark colour indicates higher potential for supply)
Core zones D Demand nodes (dark colour indicates higher potential for demand)
. Management zones — Intact supply—demand links
""" Broken supply—demand links

smSchematized network before désignation of protectionzones che: Schematized network after desic c}ﬁn of protection zones

Biosphere
reserve
Spreewald

Germany

BOX FIGURE 1 The social-ecological network related to the biosphere reserves of Spreewald, Germany, before and after the
designation of protection zones

(or sellers) with potential ecosystem service demanders (or buy- ecosystem service provided (e.g. privately negotiated payments for
ers) using contractual arrangements (e.g. Wunder, 2008). In some ecosystem services); in others, especially when the benefits are

cases, ecosystem service buyers are the direct beneficiaries of the public, the government may act as the ecosystem services buyer on
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behalf of society at large (e.g. EU's agri-environmental programmes,
farm bill programmes in the United States). In any case, the sellers
must have alienation rights, such as the right to sell or lease some or
all management, alteration and exclusion rights associated with the
ecosystem service.

The following changes in the social-ecological network struc-
ture are expected as a result of payments for ecosystem services

(Figure 3lI). First, given that payments for ecosystem services aim to
spur additional ecosystem service provision (criterion of additional-
ity; Wunder, 2005), there should be an overall increase in ecosystem
service supply, which can be obtained by creating additional supply
nodes (indicated by the new light green node in Figure 3ll), expand-
ing existing supply nodes, or by increasing supply quality (indicated
by the nodes in dark green shades in Figure 3ll; see Box 2 for an

BOX 2 Payment for ecosystem services: Promoting higher water supply in Brazilian private properties

Payments for Ecosystem Services (PES) are probably the most widely used economic instrument to promote the proper use of an

ecosystem service or good, stimulating its conservation and more efficient use (Farley & Costanza, 2010). This instrument is often

used to promote carbon stocks or sequestration, or to protect water resources by ensuring water supply, both in terms of quantity

and quality (Balvanera et al., 2012).

Payments for Ecosystem Services in Brazil have been used to protect springs and aquifer recharge areas (Guedes & Seehusen, 2011;

Richards et al., 2015) in the Brazilian Atlantic Forest region, one of the world's most threatened biodiversity hotspots (Rezende

et al., 2018). Payments are made to landowners carrying out erosion control, conservation and forest restoration activities. These

programmes have existed since 2005, with more than 200 landowners benefiting since then.

The figure below shows an area in this region between Extrema and Joandpolis municipalities, before (2003) and after (2019) the be-

ginning of PES (2005). This region includes about 100 properties, within an area of approximately 2,000 ha (~5 x 4 km). An important

change in the structure of the landscape is the increase in areas of regenerated forests, and eucalyptus plantations over pastureland,

which is still the predominant land use.

Hypothesised social-ecological networks are represented in a simplified way in the figure below, with patches of native forest being

the supply nodes (green nodes), and residential areas (isolated houses or groups of houses) being the demand nodes (blue nodes). The

connections among supply nodes (green links) were defined by the existence of a structural connection (forest corridors), and the

connections between demand nodes (blue links) were defined by the road network. The connections between supply and demand

nodes (red links) were arbitrarily defined by proximity (nodes within 500 m were considered as connected) and the strength of the

connection (thickness of the links) is directly linked to the quantity or quality of the supply.

The PES in this example strongly drove forest regeneration, as shown by counterfactual analyses (Ruggiero et al., 2019). There was also

an increase in the number of supply nodes, in addition to an expansion in the size of existing nodes, which contributed to an increase

in the number and strength of links between supply and demand areas (red links). There was an increase in demand for water due to a

growing population, but this was less than the increase in supply. In general, the network became more complex and connected, with

more numerous and intense links between supply and demand nodes, and a resultant increase in the provision of ecosystem services.

This illustrates a successful example of PES scheme in improving a social-ecological service provisioning network.

2003

R e
" Brazil |

&

mm Atlantic forest biome

(source: Ruggiero
et al., 2019)

2019

Supply—supply link

(") Supply nod
) PUPPYITIOCE Supply—-demand link

O Remand node Demand-demand link

BOX FIGURE 2 Hypothesised social-ecological networks of supply and demand areas in an Atlantic forest region, SE Brazil,
before and after the implementation of a Payment for Ecosystem Services scheme
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BOX 3 Community-based planning and management: ‘Urban Green Space, Brisbane, Australia’

In cities, competition between land for urban development and land for green space, whose ecosystem services are essential for well-
being and health, is intense. The wide range of stakeholders involved in the management of urban green spaces means a collaborative
approach to green space planning and management is often required (Aronson et al., 2017). In Brisbane, Australia, there is a long his-
tory of community-based management of greenspaces that has been an enabler of restoration activities across the city (e.g. Habitat
Brisbane). This has also facilitated improved linkages between, for example, community groups, other organisations and the City Council.
The Oxley Creek Catchment is a catchment (watershed) within Brisbane that contains important ecosystem service values, including hydro-
logical values, bird habitats and recreational greenspaces. The catchment has been heavily degraded in the past, but since the 1990s, gov-
ernance arrangements have aimed to integrate local community-based management and action with regional planning approaches through
an Integrated Catchment Management Program (Patterson, 2016) and, more recently, a new Oxley Creek Transformation Masterplan.
Since the 1990s, the Integrated Catchment Management Program has been coordinated by the Oxley Creek Catchment Association
(http://www.oxleycreekcatchment.org.au/); a community-based association aimed at developing partnerships with State and Local
Government, the community and businesses. This has helped to generate collaborative governance and, through key management and
restoration projects, enhance interaction between local communities and greenspaces within the catchment. Yet, ongoing urban develop
has continued to erode ecosystem service values in some parts of the catchment. In 2017, Brisbane City Council established the Oxley
Creek Transformation Ltd and developed the Oxley Creek Transformation Masterplan (https://oxleycreek.com.au/master-plan) with
$100 million of funding over 20 years. Although a somewhat more top-down, or hybrid, approach to community-based management,
the focus remains on building collaborative governance and enhancement of links with the community while taking a broader regional
planning approach. The Oxley Creek Transformation Masterplan has a particular focus in improving connectivity along the catchment.
The figure below shows the northern part of the Oxley Creek Catchment. It also conceptualises what the network between supply and
demand nodes may have looked like under the Integrated Catchment Management Program in 2010 (see map for 2010). Here we emphasise
where the key greenspaces (supply areas) are, and where local demand from both residents and businesses for ecosystem services may
have been concentrated. We also emphasise potential supply-demand links and demand-demand links that the Integrated Catchment
Management Program aimed to promote. Since 2010, there has been some new urban development in the catchment resulting new de-
mand nodes and so likely some degradation of the ecosystem service values (see southern part of the map for 2020). The new Oxley Creek
Transformation Masterplan focusses on enhancing connectivity along the creek and this is conceptualised by new supply-supply links
shown in the 2020 map. Finally, because the Oxley Creek Transformation Masterplan is more top-down than the previous governance ar-
rangement, this could erode collaboration between ecosystem service users, so we deemphasise the demand-demand links slightly with
narrower lines in the 2020 map. This example is used to illustrate how the network approach can be used to conceptualise how the social-

ecological networks relevant for ecosystem service provision can be influenced by the specific approach to community-based management.

Integrated Catchment ﬂ r—— Oxley Creek Transformation

Management Program Brisbane ¢ -~ Master Plan
© Potential demand nodes
— Potential supply nodes — \
ate & Loca
Government 2010 2020 Government

Oxley Creek
Transformation Ltd

Businesses |

\\ 2

Community

Oxley Creek
Catchment
Association

Oxley Creek
Catchment
Association

Businesses

Community

BOX FIGURE 3 Hypothesised effect of alternative community-based management approaches on social-ecological networks
for ecosystem service provision in the Oxley Creek Catchment, Brisbane, Australia
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example). Payments for ecosystem services also encourage land users
to create links (e.g. corridors) between supply nodes, thus increasing

supply connectivity. Second, given the increase in ecosystem service

supply, payments for ecosystem services should allow more benefit
for buyers through stronger links (represented by thicker red links in

Figure 3ll) between supply and demand areas (Box 2). Typically, the
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buyers are motivated to invest in payments for ecosystem services so
they can enjoy a better quality or a higher quantity of the ecosystems
services while ensuring exclusive access to this resource (preventing
free-riding; Martino & Amos, 2015). However, payments have also
been shown to reduce ecosystem service protection by undermining
social and cultural norms through marketisation (Gomez-Baggethun
& Ruiz-Pérez, 2011). It is important to note that not all nodes and
links in the landscape are affected by these interventions, since only
some potential suppliers are willing to participate in the payment for

ecosystem services scheme (black outlined nodes in Figure 3lI).

3.3 | Narrative 3: Community-based management

Community-based management illustrates a network governance
model. It involves self-organisation and collective action on the part of
ecosystem service users to design and review the rules governing eco-
system service use and management (Ostrom, 1990). These include
rules for monitoring and sanctioning users in case of non-compliance.

In view of the reference problematic situation, community-based
management influences the social-ecological network structure by
creating strong links among demanders (blue links in Figure 3llIl), who
will then create rules on how much can be withdrawn from the eco-
logical system and restricting overall usage (reducing demand) to meet
supply capacity. Demand is thus adjusted to the ability of the eco-
systems to provide ecosystem services (see Box 3 for an example).
This implies that not all actual demand may always be fulfilled as user
access and withdrawal rights are negotiated and designed to avoid ex-
ceeding supply (indicated by the light blue colour of the demand nodes
in Figure 3lIl) to prevent the ‘tragedy of the commons’ (Hardin, 1968).
Strict rules are necessary to avoid overuse (Ostrom, 1990). Access and
withdrawal rights affecting restrictions will be tailored to the local
conditions. Therefore, different locations are expected to feature dif-
ferent restrictions (indicated by nodes in light and dark green shades
in Figure 3ll1). Successful community-based management depends on
trust and reciprocity, and the match between ecosystem service use
and efforts to maintain long-term supply is perceived as fair by eco-
system service users (Ostrom, 1990).

4 | IMPLICATIONS AND FUTURE
PERSPECTIVES

The Millennium Ecosystem Assessment (2005) concluded that many
ecosystem services were showing worrying declines in many parts of
the world, and in some cases the provision of services may be threat-
ened or seriously compromised. Fourteen years later, the recent
IPBES Assessment Reports showed that these concerning trends have
not abated—and in some cases, they have worsened (IPBES, 2019).
Without intervention, these services are at risk of being lost, generat-
ing large social and environmental costs, economic losses, damage to
people's well-being and health, or even human life risks. Urgent action

is, therefore, needed to mitigate or halt these declines.

The landscape governance framework aims to underpin plan-
ning of more effective and efficient actions to improve ecosystem
service provision. The proposed framework can be used as a bound-
ary object or concept (Mollinga, 2010), to facilitate the communica-
tion of the different actors involved in ecosystem service provision,
including landowners, government, NGOs, researchers, among
others. This framework brings together two sets of knowledge that
evolved independently, which until now had not been discussed to-
gether: on the one hand, the models that relate landscape structure
to ecosystem service provision, considering concomitantly supply,
demand and flows; and on the other hand, models of landscape
governance, which allow us to understand how interventions act
in the landscape. By combining these two sets of knowledge, our
framework allows exploration of the functional mechanisms that
link landscapes to services, and governance to the landscape, pro-
viding a first general model to better understand how governance
affects service provision through changes in landscape structure.
Using the ecosystem service concept as a link between landscape
and governance institutional arrangements, we can fill some of the
research gaps stated by Cumming and Epstein (2020), for example,
looking at landscape as a filter that relates landscape attributes to
the fitness of governance institutional arrangements.

The quantitative operationalisation of this network approachis a
major challenge, both in terms of mathematical formulation and data
availability. Although conceptually there have been major advances
in network theory, the application of the network approach to eco-
system services is still incipient (Dee et al., 2017). This challenge is
even greater when we consider services as a meta-network, formed
by ecological networks linked to socioeconomic networks (Dee
et al., 2017), and all of this extended to multiple ecosystem services
(i.e. multiple meta-networks) that overlap in the same geographical
space in multifunctional landscapes (Vialatte et al., 2019).

To be applied, this conceptual model requires a clear identifica-
tion of which components of the ecosystem service chain is limit-
ing or threatening its provision: is it insufficient supply, excessive
demand, insufficient or excessive flow, or a combination of these
factors? Unfortunately, this type of diagnosis in a spatially explicit
manner is rarely used with most previous spatial studies focussing
on simple representations of the local balance between supply and
demand (e.g. Burkhard et al., 2012). Integration of the cascade model
of ecosystem service provision (Potschin & Haines-Young, 2011)
with spatial social-ecological network models may provide a way
forward to identify the key limiting factors. Once the limiting factors
have been identified, it is possible to plan or create scenarios for
changing the landscape or the behaviour of the ecosystem services
actors to reverse the problem, and then identify what type or set of
governance is best suited to achieve this change.

An important application of our framework is that it can be used
to generate hypotheses in terms of solutions to undersupply stem-
ming from different limiting factors. For example, if the problem is
excessive demand driven by lack of communication or competition
between actors demanding a service, community-based governance

may be the most appropriate. On the other hand, if the main problem
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is in the supply of services, whether in terms of quality or quan-
tity, actions to improve, conserve or restore supply areas should
be stimulated, either through hierarchies or market governance. If
the problem is the lack of flow between supply and demand, invest-
ments may be needed to increase the connectivity of these flows
in the landscape (e.g. by expanding access route infrastructure to
green areas, water supply networks, corridors for the movement of
species), which can, in turn, be driven by hierarchies or market gov-
ernances. On the other hand, if there is excessive flow, potentially
leading to a future undersupply through overexploitation, other ac-
tions should be taken to regulate the use of the service. This might
involve restricting access or establishing quotas, which can be fa-
cilitated by community-based management, economic incentives or
protected area implementation. In short, the theoretical landscape
governance framework developed here allows us to link governance
directly to each element of ecosystem service provision embedded
within spatially explicit conceptualisation of landscapes. In doing so,
it enables us to identify potential solutions for managing landscapes
based on an understanding of the factors that are limiting or threat-
ening the provision of this service.

There are many challenges for the use and application of the
proposed conceptual model in real situations. Testing the proposed
effects of the selected governance interventions with real-world
data will require substantial spatial data, from which we can infer
the location, quality and quantity of service supply. To account for
demand and flow, a combination of qualitative and quantitative data
can be used, for example, combining GIS data with social network
data, structured in-depth interviews or document analysis. Because
in most cases data availability will be limited or incomplete, the use
of indicators or proxies will be necessary (Eigenbrod et al., 2010;
Syrbe & Walz, 2012). Including areas of demand and supply, and the
flow that connects them, adds complexity to the analysis. However,
italso allows us to identify where the synergies or trade-off between
services are (in supply, demand, flow or combinations of these com-
ponents), and thus identify the main bottlenecks that threaten the
provision of the set of services. Only from this knowledge will it be
possible to identify which set of governance interventions will most
effectively improve the sustainability of multiple services.

The definition of the appropriate scale (e.g. spatial extent) for
the analyses (i.e. the ‘scale of effect’; sensu Jackson & Fahrig, 2012)
of governance-landscape-services relationships is also a crucial
consideration during the implementation of the suggested frame-
work. In principle, this scale is not known a priori, and may vary
depending on the type of ecosystem service, their underlying
mechanisms, the type of organisms involved, the type of gover-
nance and other aspects of the system. Furthermore, the scale for
the analysis of the effects of governance on supply may not be the
same as that for flows or demand (Eigenbrod, 2016), which means
that multiple scales should be considered simultaneously for an
adequate understanding of the effects of governance intervention
on the whole service provision chain. We think that the proposed
framework is flexible enough to consider, in a spatially explicit way,

the effect of the composition or configuration of the landscape at

multiple scales (e.g. as nested networks), but the more precise iden-
tification of which scales should be considered is a crucial challenge
to be explored case by case, according to the peculiarities of the
study system and the types of governance to be used.

Furthermore, the framework has to be broadened. So far, we have
considered a subset of problematic situations in which demand ex-
ceeds supply. Therefore, a next step would be to look for governance
interventions for different problematic situations. Underpinned with
empirical data, it would also be possible to address questions de-
rived from the framework, such as, how both direct and feedback
links are affected by different governance interventions; do links in
the supply chain have different strength over each component, and
how an imbalance in the links affect the output of certain gover-
nance interventions. In a similar vein, there are other governance in-
terventions (beyond those examined here) that could be considered
in future applications of the framework.

Another necessary expansion of our framework will be the con-
sideration of bundles of ecosystem services. A central landscape sus-
tainability challenge is to deal with multifunctional landscapes, and
to ensure the persistence of a set of services demanded by different
user groups. In this sense, it is not enough to understand the limiting
factors for the provision of a single ecosystem service—it is necessary
to understand how the landscape affects a set of services, to know
which areas of supply are common to more than one service, which
actions synergistically affect the flow of more than one service, and
how the demand for these multiple services occurs. Many papers al-
ready consider this issue of trade-offs or synergy of multiple services
(Bennett et al., 2009; Cord et al., 2017; Dade et al., 2019; Raudsepp-
Hearne et al.,, 2010; Vialatte et al., 2019), particularly identifying
common drivers of different services (Spake et al., 2017), but by
using our framework, these trade-offs could be understood in terms
of the spatial components of supply, demand and flow (as previously
suggested by Crouzat et al., 2016), and the governance interventions
that affect each. This could allow identification of which governance
interventions reduce the risk of trade-offs among different ecosys-
tem services, or indeed, harness the potential for synergies.

The proposed governance interventions could also be improved
by better including the demand (actors) links, and by varying the qual-
ity of links between supply and demand nodes (Brisbois & de Loé,
2016; Vallet et al., 2020). For example, there could be stronger and
weaker ties depending on, for example, access to a supply node. This
can be complemented by studies on time series to examine the con-
sequences of system changes. In the German example of Spreewald
(Box 1), the German reunification in 1990 changed the conditions in
favour to establish a protected area for the region. In the Brazilian
case study (Box 2), the budget cuts for ecosystem services support
under the Bolsonaro government may also change landscape struc-
ture and therefore the supply and demand network. In the Brisbane
case study (Box 3), changes in the community-based management
structure to more hierarchical or hybrid approach may influence the
quality and type of connections among demand nodes over time.

Last, as mentioned above, the choice of governance interventions

depends, in addition to supply, demand and flow considerations, on
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bundles of property rights and the nature of goods associated with
ecosystem services within the landscape. Our framework is, how-
ever, yet to consider how the spatial structure and diversity of ex-
isting institutional arrangements (e.g. different types of land tenure
within a given landscape) may influence the design, adoption and
performance of governance interventions in addressing problematic
situations (Cumming & Epstein, 2020).

Although we apply the network component of our framework
qualitatively, there is a rich literature on the quantitative analysis of
ecological networks (Guimaraes, 2020). Harnessing this quantitative
analytical potential would allow more rigorous identification of the
critical interactions among network components and nodes that
might predict ecosystem service outcomes and identify potential
solutions (Bodin et al., 2019; Carriger et al., 2019). The success of
interventions could be assessed by quantifying changes in network
structure (promoted by, for example, government-led interventions)
to changes in ecosystem service provision, before and after the in-
terventions (as illustrated in the three boxes), and comparing those
changes to counterfactual situations. By enabling a mechanistic un-
derstanding of ecological and socioeconomic processes in network
operation, the network approach allows a better understanding of
the effects of management and governance interventions on the
ecosystems service provision network (Dee et al., 2017). The next
step is to develop the quantitative network analysis to complement
our framework.

Despite the difficulties of translating the landscape governance
framework into real situations, this challenge, and that of expanding
the model in the ways we propose, represents exciting new avenues
of research and an opportunity for collaborative and synergistic re-
search among landscape and ecosystem service researchers with
governance researchers. Exploring this new field of knowledge will
bring a better understanding of governance-landscape-services re-
lationships, which should consequently lead to more effective inter-
ventions to mitigate or even reverse current trends of ecosystem

services loss.
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