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Abstract
Balancing human well-being with the maintenance of ecosystem services (ES) for future generations
has become one of the central sustainability challenges of the 21st century. In working landscapes,
past and ongoing production-centered objectives have resulted in the conversion of ecosystems into
simple land-use types, which has also altered the provision of most ES. These inevitable trade-offs
between the efficient production of individual provisioning ES and the maintenance of regulating
and cultural ES call for the development of a land-use strategy based on the multifunctional use of
the landscape. Due to the heterogeneous nature of working landscapes, both protection and restora-
tion actions are needed to improve their multifunctionality. Systematic conservation planning (SCP)
offers a decision support framework that can support landscape multifunctionality by indicating
where ES management efforts should be implemented. We describe an approach that we developed
to include ES provision protection and restoration objectives in SCP with the goal of providing
ongoing benefits to society. We explain the general framework of this approach and discuss concepts,
challenges, innovations, and prospects for the further development of a comprehensive decision
support tool. We illustrate our approach with two case studies implemented in the pan-Canadian
project ResNet.

Key words: spatial planning, prioritization, supply, demand, beneficiary disaggregation, ecosystem
service flow, service provider

Introduction
Ecosystems provide life-support services that underpin human well-being (Summers et al. 2012; Myers
et al. 2013; Villamagna and Giesecke 2014). Ecosystem services (ES)—the benefits that the natural
environment provides to people—greatly influence the quality of life in human societies by providing
material (food, water, raw materials) and fulfilling nonmaterial needs (Millennium Ecosystem
Assessment 2005; Summers et al. 2012; Myers et al. 2013; Villamagna and Giesecke 2014).
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Since the beginning of the 20th century, society has come to increasingly value the cheap and efficient
production of individual provisioning ES (e.g., food, timber, etc.), but at the cost of extensively altering
natural ecosystems. Although these changes have been associated with improvements in some health
indices globally over the last 60 years, they have also profoundly altered the flow of regulating, support-
ing, and cultural services from nature to human societies (Raudsepp-Hearne et al. 2010; Duraiappah
2011; Summers et al. 2012; Myers et al. 2013). As the world’s population is forecast to reach nearly
10 billion by 2050 (United Nations 2019), it is uncertain whether altered landscapes will sustain the lev-
els of needs that will accompany such rapid population growth (Myers et al. 2013). Balancing human
well-being and prosperity with the maintenance of ES has, therefore, become one of the central sustain-
ability challenges of the 21st century (Fenichel and Zhao 2015; Guerry et al. 2015).

In working landscapes—land actively used for the production of resources such as food, timber, and
energy—trade-offs between ES are inevitable, especially between provisioning services and those from
the three other categories (Cimon-Morin et al. 2013; Bahadur et al. 2020). But at the same time,
maintaining a diversity of ES is essential since the amount and quality of ES supply, notably
provisioning ones, is often determined by other ES embedded in the landscape (Schröter et al.
2018). Although investing in technical innovations may help society reach sustainability by develop-
ing substitutes for services provided by nature or improving the capacity of ecosystems to provide
services (Honey-Rosés et al. 2014), several ES, such as most regulating and cultural ones, cannot easily
be replaced by manufactured goods or technological alternatives (Ang and Van Passel 2012; Fenichel
and Zhao 2015; Drupp 2018; Gollier 2019). An increasing number of studies suggest that implement-
ing land-use strategies that rely on the multifunctional use of landscapes should provide ecological,
socio-cultural, and economic benefits that go beyond the immediate financial gain obtained from fully
converted working landscapes such as intensively managed farmland (Mander et al. 2007; de Groot
et al. 2010; Law et al. 2017; Juutinen et al. 2019). By simultaneously supporting habitat maintenance
and productivity as well as regulatory, social, and economic functions, multifunctional landscapes
are expected to provide increased and diversified ES to society (Mander et al. 2007). A key step
towards landscape sustainability (see Box 1 for a glossary of bolded concepts) involves developing
innovative spatial planning approaches that can be used to more optimally sustain the desired level
of ES over time (Seppelt et al. 2013; Albert et al. 2014; Bennett et al. 2015).

Systematic conservation planning (SCP; Margules and Sarkar 2007) offers a decision support
framework to guide practitioners in determining cost-efficient solutions to achieve landscape sustain-
ability. Its comparative advantage over other decision support tools is the inclusion of quantitative
assessments to indicate where conservation efforts should be made, which features to target, and
how best to protect them (Schwartz et al. 2018). Even though several conceptual frameworks have
been proposed for ES conservation (e.g., Luck et al. 2012; Cimon-Morin et al. 2018; Villarreal-Rosas
et al. 2020), there is currently no definitive approach, particularly regarding SCP, that has been widely
adopted for implementation for the benefit of society (Villarreal-Rosas et al. 2020; Mitchell et al.
2021). Building on previous research (Cimon-Morin et al. 2014, 2016a; 2018; Cimon-Morin and
Poulin 2018; Goyette et al. in press), we present an operational framework that bridges the gaps
between conceptual schemes (e.g., Serna-Chavez et al. 2014; Villarreal-Rosas et al. 2020), and their
practical applications to include ES protection and restoration objectives in SCP tools. We explain
the general framework and steps of this approach and discuss concepts, challenges, innovations, and
prospects for further development of comprehensive decision support tools for working landscapes.
We believe that our approach can inform management decisions and planning for the sustainable
provision of ES across multifunctional landscapes (Bennett et al. 2009). We illustrate our approach
using two case studies from the Canadian ResNet research network (nsercresnet.ca; this issue).
ResNet is a project that seeks to promote the production of insightful scientific knowledge to support
Canada’s capacity to monitor, model, and manage working landscapes and all the ecosystem services
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Box 1. Concepts and definitions.

Beneficiary: The people whose well-being is influenced by ecosystem services (Daw et al. 2011,
Bagstad et al. 2014). How vulnerable beneficiaries are to ES losses depends mainly on the extent
to which a marginal decline in ecosystem services would have an immediate impact on their
well-being and livelihood (Myers et al. 2013). The preferences and vulnerability of beneficiaries
vary and so does the extent to which they value ES benefits (Watson et al. 2019).

Benefit: Direct or indirect gains that people receive from ecosystem services measured in aspects
of human well-being (Villamagna et al. 2013). Benefits to people arise from the interaction
between capacity and demand for ES (i.e., from ES provision).

Benefit-centered conservation: Conservation planning focused on maximizing human benefits
from ecosystem services and thus yielding the greatest returns for human well-being.

Benefit gap: A spatially explicit metric of locations where, for any particular ES, there is a lack of
supply or flow connection when there is demand (adapted from Chaplin-Kramer et al. 2019).
From a conservation planning perspective, two types of benefit gaps can be distinguished, the
first occurs when there is no supply or no flow connection, such that demand is completely
unsupplied (type 1). The second type involves undersupplied ES in which the capacity of an
ecosystem to fulfill demand is undermined due to its ecological alteration (type 2).

Benefiting area: A spatial unit in which ecosystem services are needed, used, or consumed (Syrbe
and Walz 2012, Serna-Chavez et al. 2014). A benefiting area may or may not be supplied by a
providing area.

Connecting area: The intervening space between noncontiguous providing and benefiting areas
that influence process variables (Syrbe and Walz 2012, Serna-Chavez et al. 2014). The ecological
alteration of connecting areas can disrupt ES flow and prevent a providing area from connecting
with its benefiting areas.

Demand: ES demand can be defined in several ways (see Wolff et al. 2015). At the planning
region scale, demand represents the sum of the benefits currently used that are obtained in or
from the area. Assessing ES demand quantitatively can provide information on the quantity of
supply that needs to be protected (to set ES conservation targets; Luck et al. 2012). This can
ensure that beneficiaries’ needs are met, while preventing the expenditure of unnecessary conser-
vation resources on protecting a surplus of ES capacity. From a spatial prioritization perspective,
however, ES demand can also be defined as a measure of the needs of beneficiaries for a given ES,
expressed spatially and quantitatively (Villamagna et al. 2013; Cimon-Morin et al. 2014; Wolff
et al. 2015; Cimon-Morin et al. 2018). In other words, this second type of demand represents
the probability that a specific providing area within the planning region would be used or needed
for the delivery of a particular service to a given set of beneficiaries (Cimon-Morin et al. 2014). It
is this second type of demand that is integrated in the spatial planning process as a conservation
feature, along with ES capacity.

ES capacity (also referred to as ES supply or ES biophysical supply): Ecosystem biophysical
conditions and processes that contribute to the potential delivery of a particular ecosystem
service (Bagstad et al. 2013, Villamagna et al. 2013). It represents the modeled intrinsic capability
of ecosystems to supply a given ES (Mitchell et al. 2021).
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Box 1. (continued )

ES flow: ES flow corresponds to the interactions and processes that spatially and temporally con-
nect providing areas to benefiting areas (Serna-Chavez et al. 2014, Schröter et al. 2018). While the
term ES flow is sometimes used in the literature to refer to actual service delivery (i.e., provision;
Villamagna et al. 2013), here we rather define it as a means toward service provision that
describes where the benefits are received (Serna-Chavez et al. 2014). A typical ES flow pathway
can be characterized by (i) its spatial scale (ranging from in situ to global), (ii) its directions,
(iii) its type (biophysical flows of traded goods, flows mediated by migratory or moving species,
passive biophysical flows such as flood control along waterways, and information flows), (iv) its
temporal dynamics, and (v) the presence of both biophysical barriers restricting and anthropo-
genic processes facilitating expansion of its spatial extent (Bagstad et al. 2014; Serna-Chavez et al.
2014; Schröter et al. 2018; Boesing et al. 2020; Kleemann et al. 2020).

ES provision: The actual service delivered to society. The concept of ES provision implies that a
real contribution to human well-being occurs not only when ES are supplied, but also when the
benefits are accessible and when a minimum amount of demand is fulfilled (Cimon-Morin et al.
2018; Mitchell et al. 2021). Thus, for ES provision to arise, ES capacity must be actually used, con-
sumed or enjoyed by society. The mapping process leading to ES provision presented in this
study assumes that each actual providing area currently delivers at least a minimal amount of
ES benefits to society.

Flow area (also referred to as benefit zone): A spatial unit in which the ES benefits from a pro-
viding area are accessible or can be experienced by beneficiaries (see Fig. 2b; Villamagna et al.
2013; Serna-Chavez et al. 2014), but this does not imply that benefits are in demand. The capacity
of providing areas and the flow pathway (see ES flows above) define the flow area (Villamagna
et al. 2013).

Landscape sustainability: The capacity of a landscape to consistently provide long-term,
landscape-specific ecosystem services essential for maintaining and improving human well-being
(Wu 2013).

Providing area: A spatial unit from which ecosystem services are sourced (Serna-Chavez et al.
2014). Providing areas are mapped according to ES capacity, while actual providing areas are a
subset of providing areas that currently fulfill a least a minimal amount of demand (Mitchell et al.
2021).

Provider-centered conservation: Conservation planning focused on the maintenance of service
providers (without necessarily considering benefits). In certain landscapes, benefit-centered con-
servation may not be sufficient to ensure that the needs (habitats, metapopulation dynamics) of
service providers are fulfilled in the long term, possibly leading to provider abundance declines
and ultimately to benefit sustainability issues in the long term.

Serviceshed: An area, or a collection of actual providing areas, that provides a particular ES to a
particular beneficiary or group of people (Mandle et al. 2015, Tallis et al. 2015). According to
Tallis et al. (2015) a serviceshed can be spatially defined by both where the service is produced
(i.e., the area that supports ES capacity) and who receives the benefits, which implies that bene-
ficiaries must have physical and institutional access to the benefits (Mandle et al. 2015). A serv-
iceshed delineation is based on the beneficiaries’ perspective. For example, the serviceshed for
pollination services is the area around a benefiting area (e.g., pollination-dependent crop field)
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they provide. The case studies we present are being conducted in the province of Quebec, which is
referred to as Landscape 2 in the ResNet network. The first case study (Box 2) depicts how our
approach can ensure continuous ES provision to beneficiaries through the use of ES capacity and
demand. The second case study (Box 3) presents a methodology to fill gaps in ES benefits by
managing urban vacant lots.

Spatial prioritization considerations specific to ecosystem services
To date, most ES conservation frameworks have primarily tried to preserve the benefits ES provide to
society (hereafter referred to as benefit-centered conservation; Villarreal-Rosas et al. 2020).
ES benefits arise from the interactions among three essential components of the ES framework, the
supply of the service (i.e., ES capacity), the demand for it (e.g., what people need and want), and
the flow that connects areas of supply and demand spatially and temporally (see Box 1; Villamagna
et al. 2013; Bagstad et al. 2014; Watson et al. 2019; Villarreal-Rosas et al. 2020). The interaction
among these three components generates ES provision when and where benefits are actually deliv-
ered to society (Boesing et al. 2020; Mitchell et al. 2021). While ES provision represents the actual
service delivered to society, most research still describes ES based primarily on capacity

Box 1. (concluded )

within the flight distance(s) of pollinator species in relation to habitats (for other examples see
Tallis et al. 2015).

Service provider: Key components of nature (i.e., level of organization) that are responsible for
the production of discrete units of a specific ES (e.g., population, functional group, community,
structural component, habitat type, etc.; Luck et al. 2009; Kontogianni et al. 2010; Ziter 2016).
The service provider generally consists of specifically defined biophysical units (e.g., the area of
a particular vegetation type required to regulate water flow; Kontogianni et al. 2010). Although
it is generally assumed that providers can be delineated only if the human need for an ecosystem
process has been identified and if the rate of service delivery meets beneficiary needs
(Kontogianni et al. 2010), we argue here that, for a comprehensive ES conservation approach,
service providers also need to be protected to ensure the persistence of service provision (see
provider-centered conservation above).

Service provider: Combines the concepts “ecosystem services provider” and “service providing
unit” (Luck et al. 2009).

Systematic conservation planning (SCP): A structured and multi-step decision support process to
identify and implement conservation areas and devise management policy, with feedback, revision,
and reiteration as needed (Margules and Sarkar 2007; Pressey and Bottrill 2008; Sarkar and Illoldi-
Rangel 2010; McIntosh et al. 2016). SCP is a comprehensive approach to conservation and involves
11 stages including scoping the planning process, holding participatory planning and stakeholder
consultations, selecting new conservation areas using decision support software, implementing
collaborative strategies, and monitoring the actions implemented (Pressey and Bottrill 2008;
McIntosh et al. 2016). SCP offers tools to optimally design and expand reserves by identifying areas
with the highest complementarity. Under a SCP framework, two target-based problems can
generally be solved, namely minimum-set and maximum-coverage planning. Minimum-set
planning tries to satisfy given targets of multiple ecological features at minimum cost, while
maximum-coverage planning tries to maximize the level of representation of as many features as
possible within the available budget when resources are not sufficient to meet all targets.
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(Boerema et al. 2017; Rieb et al. 2017). For example, Villarreal-Rosas et al. (2020) recently showed that
only 22% of the ES included in SCP studies were characterized using spatially explicit indicators of
capacity, demand, and flow, whereas 46 % were portrayed using only capacity. This finding raises
questions about whether or not most SCP studies are allocating priority areas in the right places.

Indeed, inefficient conservation investments and poor outcomes for beneficiaries may result from
failing to consider one of the provision’s three components in ES spatial planning (Cimon-Morin et al.
2014; Watson et al. 2019; Villarreal-Rosas et al. 2020). For example, capacity is usually recognized as a
poor spatial predictor of provision (Cimon-Morin et al. 2014; Watson et al. 2019; Mitchell et al. 2021).
Therefore, spatial prioritization based only on capacity (see Box 2) can result in the selection of
ecologically important areas that are highly supplied, but also divert conservation actions away from
the most important places to provide actual benefits to humans (Cimon-Morin et al. 2014; Watson
et al. 2019; Villarreal-Rosas et al. 2020; Mitchell et al. 2021). Conversely, putting too much emphasis
on society’s needs (demand) could result in increasing the threats to already undersupplied
ecosystems or lead to their overexploitation (e.g., ecological degradation of overcrowded nature
recreation sites; Boesing et al. 2020). Thus, priority areas for ES conservation are not necessarily zones
of either higher capacity or higher demand, but preferably those that are most important to ensure a
continuous flow of benefits to beneficiaries.

Few studies have aimed to identify important sites for ES conservation based on their provision
(Bagstad et al. 2014; Cimon-Morin et al. 2014, Schröter et al. 2014; Watson et al. 2019; Mitchell et al.
2021). For example, Watson et al. (2019) standardized capacity and demand for three ES on a scale of
0–1 and approximated the provision as their product (although they refer to it as “benefits”). The
three provision values were then used in an SCP approach to identify ES priority areas across the state
of Vermont (USA). While this approach ensures that sites with a provision value greater than zero
deliver actual benefits to people (because it implies that both capacity and demand are greater than
zero), focusing on such an index in conservation planning can lead to unpredictable and unbalanced
levels of capacity and demand at both the site and network scales (see Box 2; Cimon-Morin et al.
2014). The main reason is that the product of capacity and demand does not provide information
about the specific content of each site (e.g., equal provision values can originate from either a site with
high capacity but low demand or vice versa). Consequently, securing a specific amount of provision
could easily result in protecting sites high in demand but undersupplied, or the reverse, leading to
sustainability issues. Similarly, Mitchell et al. (2021) identified ES hotspots across Canada based on
an index of the combined provision of three ES. The index was calculated by summing the provision
scores of the three ES, which were obtained by multiplying their normalized capacity and demand
values. Although this approach may be useful to help identify areas critical for providing multiple
ES to society (see Mitchell et al. 2021), relying on such an individual site scoring approach to identify
a network of new priority areas also comes with great risks of undermining the representation of
individual ES provision and would tend to provide less cost-efficient conservation solutions
(Cimon-Morin and Poulin 2018; Wang et al. 2021).

The ultimate goal of “benefit-centered conservation” is to protect areas that supply services
sustainably and are connected to places where benefits are currently enjoyed, used, or consumed
(Schröter et al. 2018). Therefore, the challenge is how to best consider service provision (and all its
components) in spatial planning to select areas with higher levels of sustainable benefit to society
(Villarreal-Rosas et al. 2020).
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Management strategies for optimizing working landscape ES
provision
Historical land-use practices in working landscapes have resulted in substantial trade-offs among ES,
where high societal demand for a limited number of services (e.g., food, timber, etc.) has led to
increases in their supply but also caused declines in the quantity and quality of many others (e.g., water
quality, pollination, carbon storage, pest and flood control, etc.; Foley et al. 2005; Bennett et al. 2009;
Bennett et al. 2021). As a result, the demand or need for ES, notably for embedded ES underlying the
production of other ES (Schröter et al. 2018), may exceed the capacity of ecosystems to supply them
(Boesing et al. 2020; Winkler et al. 2021). This could, in turn, further exacerbate the need to rely on
ecologically harmful land-use practices to maintain production, such as intensive applications of
fertilizers and pesticides. ES losses could severely affect the resilience of working landscapes and their
capacity to provide for a diversity of societal needs in the future. To avoid ES undersupply, potential
management solutions include actions aimed at increasing the size and quality of the capacity pool
or the flow connection with beneficiaries (i.e., decreasing isolation between supply and demand),
which could be implemented using a combination of conservation interventions, such as protection
and restoration (Boesing et al. 2020; Metzger et al. 2021).

Protected areas (PA) can play an essential role in securing ES capacity (Hodder et al. 2014; Castro et al.
2015; Hanna et al. 2020; Wei et al. 2020; Resende et al. 2021) and improving human well-being
(Ferraro et al. 2011; Naughton-Treves et al. 2011; Canavire-Bacarreza and Hanauer 2013; Ferraro
and Hanauer 2014). By effectively reducing the likelihood of future ecosystem conversion within their
boundaries, PA can yield high-quality supplies of specific bundles of ES per unit area (e.g., water
provisioning, recreation, carbon storage) while also ensuring at least a minimal but continuous flow.
Nevertheless, several studies worldwide have shown that existing networks of PA often fail to protect
vast areas most important for ES provision (Eigenbrod et al. 2009; Eigenbrod et al. 2010; Durán et al.
2013; Manhães et al. 2016; García Márquez et al. 2017; Xu et al. 2017; Lecina-Diaz et al. 2019;
Neugarten et al. 2020). In fact, PA have historically been the primary mechanism for conserving
biodiversity features (Rodrigues et al. 2004; Butchart et al. 2012; Le Saout et al. 2013; Lewis et al.
2019) and the methodologies used for their design were generally not intended to represent ES
provision. Accordingly, planning the expansion of PA networks to ensure the highest return for
human well-being requires the use of prioritization methodologies specially adapted to ES that
include spatial considerations associated with their capacity, demand, and flow directly in the plan-
ning process (Luck et al. 2012; Cimon-Morin et al. 2014; Verhagen et al. 2017; Cimon-Morin et al.
2018; Watson et al. 2019; Villarreal-Rosas et al. 2020).

In the long run, working landscape sustainability may not be reached simply by protecting remnants
of natural ecosystems as it may not prevent most ES from still being undersupplied regionally. Even
though some ES benefits can be delivered by ecosystems in another region (i.e., food imports), one
of the best strategies to foster sustainability in locations where ES are undersupplied relative to
demand would be to increase the capacity pool (quantity and quality) via active ecosystem manage-
ment on a site-by-site basis (Schröter et al. 2018; Boesing et al. 2020; Metzger et al. 2021), such as
through restoration actions (Possingham et al. 2015; Barbosa et al. 2019). In conjunction with
ecosystem-based management or reduced-impact approaches, production could be reestablished on
altered sites as part of a strategy aimed at fostering the emergence of multiple ES without dispropor-
tionally interfering in the production-centered objective of working landscapes. Such an approach
could conceivably even improve the production capacity of provisioning ES (e.g., crop and timber
yield). One of the advantages of restoration is that it allows the reestablishment and accessibility of
bundles of ES where beneficiaries lack a connection with ES benefits (i.e., disrupted flow) or in cases
of low or absent supply. For example, the restoration of altered commercial forest paired with
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ecosystem-based management not only increases the amount of harvestable timber but also favors
other ES (e.g., carbon sequestration, water flow regulation, recreation) and some biodiversity compo-
nents (Chazdon 2008; Ciccarese et al. 2012).

Choosing whether to protect or restore and where these solutions can be implemented in the land-
scape to provide enhanced and diversified provision of ES are decision-making problems that can
be solved by spatial planning. Below, we present an operational framework, divided into mapping
and spatial planning stages, that was developed to assist in the protection and restoration of ES
provision.

Mapping ES provision for conservation planning
Assuming that ES provision occurs only when three conditions are met: (i) ES are supplied,
(ii) a minimal amount of demand is fulfilled, and (iii) supply and demand are interlinked (i.e., flow),
generating benefits, we present a mapping approach that can be used to integrate these three compo-
nents of ES provision and prepare the input data required for the spatial prioritization process (see
Supplementary Materials 1A and 1B for examples of ES mapping; Cimon-Morin et al. 2014, 2018).
Prior to mapping, planning units (which are the spatial units for compiling data and which will later
be prioritized) need to be defined. They are generally delineated as either a grid of uniform cells
(squares or hexagons) or irregular polygons such as habitat patch outlines or tenure parcels
(Nhancale and Smith 2011). Each planning unit is associated to a protection or restoration status
based on its ecological conditions and whether or not its current level of alteration may undermine
ES provision. Restored planning units can also be integrated into a network of protected areas if the
restored ES provision would be better supported by this type of management action (see the next
section for details).

The first step involves mapping ES capacity in each planning unit using various methodological
approaches and based on best available data and resources (Fig. 1; Martínez-Harms and Balvanera
2012). For the planning units associated with a restoration status, ES capacity should be quantified
in two different ways: (i) as predicted values assuming that restoration actions would be entirely
successful and (ii) as the current capacity of sites based on their altered conditions (see the next
section for details). Mapping ES capacity enables identification of planning units that can be consid-
ered as providing areas (see Fig. 2; Syrbe and Walz 2012; Serna-Chavez et al. 2014). However, as
suggested earlier, this step alone does not provide sufficient information for making appropriate
benefit-centered conservation choices, since not all providing areas yield actual benefits for human
populations. They might, for example, be inaccessible or not in demand.

Therefore, the second step involves mapping demand for each ES providing area using quantitative
and spatially explicit indicators that reflect both the needs of beneficiaries and their ability to access
supply (Cimon-Morin et al. 2014; Wolff et al. 2015; Mitchell et al. 2021). The quantification of
demand should consider that, for some services (notably provisioning and cultural ones), beneficiaries
may have to move towards areas of supply (e.g., national parks, hunting areas, etc.) to obtain benefits.
For example, Mitchell et al. (2021) estimated demand for nature-based recreation based on the ability
of people to visit providing areas (i.e., road access) and the number of potential beneficiaries in the
vicinity (i.e., population density). At this step, multiple beneficiary groups, with different values,
needs, and vulnerabilities, who depend on ES benefits for their livelihood, can be integrated (see the
“Challenges and future work” section for more details). A quantitative demand value for each ES is
then attributed to each providing area. Expressed spatially, mapping demand enables the delineation
of which planning units are considered benefiting areas for each ES (Syrbe and Walz 2012; Serna-
Chavez et al. 2014). Then, the spatial overlap of ES capacity and demand (i.e., between providing areas
and benefiting areas) yields zones of ES provision, that is to say where both capacity and demand are
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greater than zero, enabling demand to be fulfilled, at least partially (Cimon-Morin et al. 2014; Mitchell
et al. 2021).

Nevertheless, for most ES, a spatial mismatch occurs between providing and benefiting areas (Serna-
Chavez et al. 2014; Winkler et al. 2021). For example, providing areas for pollination services (i.e., wild
pollinator habitat patches; Figs. 2a and 2b) do not generally coincide spatially with their benefiting
areas (e.g., agricultural fields). In fact, pollination benefits are also accessible within the flow area,
which in this case, depends on proximity and is delineated by species-specific maximal foraging
distances around each wild pollinator’s habitat patches (Lonsdorf et al. 2009; Serna-Chavez et al.
2014; Perennes et al. 2021). Knowing which benefiting areas rely on which providing areas for the
delivery of benefits is mandatory for ES prioritization and spatial planning decisions. Therefore, the
third step of our approach consists of mapping each ES flow area based on (i) its specific spatial scale,
which varies from in situ to global; (ii) its direction (e.g., unidirectional, omnidirectional); (iii) its type
(e.g., flow of species and matter, or through human movement); (iv) potential biophysical barriers
capable of restricting its spatial extent; as well as (v) anthropogenic processes that can extend or facili-
tate the flow (Cimon-Morin et al. 2013; Villamagna et al. 2013; Serna-Chavez et al. 2014; Schröter et al.
2018; Metzger et al. 2021). For example, a water provisioning flow area has a regional scale (i.e., water-
shed) where the service is delivered from upstream providing areas to downstream benefiting areas
along the direction of the water flow, while being potentially impaired by barriers to water flow, such
as dams, or extended by canals and exportation. At the fourth step, flow areas are superimposed on
the benefiting areas, which enables the identification of providing areas that fulfill at least a
minimal amount of demand (i.e., hereafter actual providing area). A planning unit can be considered

Fig. 1. Conceptual framework of the proposed approach for mapping ecosystem services (ES) provision and pre-
paring input data for spatial prioritization. See Fig. 2 for an illustrative example of these concepts and the section
“Mapping ES provision for conservation planning” for a detailed description of the steps. Numbers in boxes re-
present the different mapping steps. A spatial overlap consists of identifying features that spatially coincide when
superimposed.
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an actual providing area for one or more ES, yet not for some others (i.e., because of no demand or
disrupted flow for them).

The spatial visualization of ES provision (step 5) can reveal either spatial matches or mismatches
between areas of benefit availability and demand (Figs. 1 and 2). A spatial mismatch occurs when
one of the three components of ES provision is missing. For instance, where there is demand but
either no capacity or no flow connection, such as when a benefiting area falls outside the spatial cover-
age of any flow area, a benefit gap is created (Figs. 1 and 2a). Restoration actions can help manage
benefit gaps, for example, by creating new supply patches (i.e., increasing capacity quantity) or by
removing barriers to ES flow to expand a currently disrupted flow area, which will facilitate the
connections between areas of capacity and demand (Fig. 2c; Metzger et al. 2021). For this first type
of benefit gap (type 1), where no benefits are provided to a benefiting area, a separate analysis must

Fig. 2. Schematic representation of ecosystem services (ES) spatial framework. (a) A hypothetical scenario show-
ing three ES (i.e., pollination) providing areas (blue circles) and four benefiting areas (colored rectangles). The
orange rectangles receive no benefits from the pollination service as they are located outside the range of the flow
area (type 1 benefit gap). Even though the two green rectangles can be associated to ES provision, the light green
rectangle (type 2 benefit gap) is undersupplied due to the ecological alteration of its sole providing area (i.e., less
suitable habitat patch for pollinators). The flow area is delineated by pollinators’ species-specific maximal foraging
distances. (b) The combined total extent of the flow area showing where the service is currently available for bene-
ficiaries to use. (c) Examples of type 1 benefit-gap restoration, where a barrier to ES flow is removed using resto-
ration actions (i.e., flow expansion, compared with the red line in panel (a) and where a new supply patch is
created (green striped circle). The benefiting areas that were under a type 1 benefit gap now become supplied
(dark green rectangles). (d) Example of type 2 benefit-gap restoration, where an ecosystem is restored to decrease
its ecological alteration and increase the quality and quantity of its supply.
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be conducted to identify additional management sites (i.e., new providing areas that were potentially
not considered in steps 1 and 2 because of no capacity or disrupted flow) and their associated best
restoration trajectory (Step 6a). The trajectory should be based on (i) the local bundle of ES with a
capacity deficit, (ii) management costs and benefits, and (iii) the recovered capacity after implemen-
tation of management actions (see Box 3 for an example of a benefit-gap restoration framework).
However, at the time of analysis, these areas only provide “virtual” benefits, which highlights the
importance of implementing restorations actions quickly if these sites are selected. Another mismatch
situation, which is however not considered a benefit gap, can occur where there is both capacity and
flow but no demand, in which case demand must be acted on directly (e.g., by increasing access to
capacity by road construction), a scenario beyond the scope of this study. In other words, if a site is
not in demand (but being supplied) for an ES, it should not be selected for protection or restoration,
at least when spatial planning focuses on immediate benefits (but see the “Challenges and future
work” section).

Even when capacity, demand, and flow yield ES provision (i.e., spatial match) a second type of benefit
gap can occur (i.e., type 2; see Fig. 1 step 6b and Fig. 2d). For example, where ES is undersupplied due
to capacity being undermined by the degree to which the ecosystem has been altered, restoration
actions could help increase the quality and quantity of supply and maximize the benefits provided.
Such areas correspond to the planning units that were previously associated to restoration needs. In
summary, our mapping approach enables the user to map and integrate the different components
of ES provision so that it is possible to formulate a spatial prioritization based only on those planning
units that can provide at least a minimal amount of benefits to people.

A systematic conservation planning approach for ES provision
Systematic conservation planning (SCP) is increasingly recommended for identifying priority areas
for ES conservation (Chan et al. 2006; Cimon-Morin et al. 2013; see Box 1). Villarreal-Rosas et al.
(2020) recently proposed a framework to incorporate the components of ES provision when scoping
the decision problem underlying SCP. More specifically, it aims to (i) recognize the impact of ecosys-
tem degradation on human well-being (i.e., planning problem definition), (ii) define management
objectives linked to human well-being, (iii) quantify ES provision components (capacity, demand,
and flow), (iv) identify actions to achieve objectives (solutions), (v) identify possible constraints to
solutions, and (vi) describe how solutions will influence ES provision and benefit delivery (for more
details see Villarreal-Rosas et al. 2020). The SCP approach we propose below is in line with this frame-
work and expands it by providing an operational procedure to identify where practical solutions
(protection and restoration) could be implemented to manage ES provision and the benefits delivered
to society. While SCP is a comprehensive conservation procedure and involves multiple stages
(see Box 1; Pressey and Bottrill 2008; McIntosh et al. 2016), our approach focuses on the stages related
to identifying priority areas.

During spatial prioritization, all conservation features (ES) are considered simultaneously. Indeed, as
the spatial congruence between different ES can be weak (i.e., spatial trade-off), a key advantage of
using SCP lies in its complementarity-based approach. The sites selected work synergistically to
achieve conservation objectives and produce cost-efficient solutions. Also, with the possibility of
setting management costs as constraints in the selection process (e.g., acquisition or restoration costs,
opportunity cost, etc.), the trade-off between ES conservation and the production-centered objective
of working landscapes can be minimized. For example, in a forested landscape, the cost of protecting
a planning unit could include the opportunity cost of forestry, which is defined as the cost of foregone
opportunities (Naidoo et al. 2006), estimated as the value of the site’s sustainable timber yield. When
these costs are included, an SCP approach can identify which planning units are most important for
maintaining ES provision while also minimizing the loss in terms of harvestable timber value. In other
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words, conservation actions can be designed to minimize impacts on different stakeholders and other
economic sectors.

In SCP tools, the user must provide the software with the value of each conservation feature present
(each ES in this case) in each planning unit and for which different conservation targets are set
(Fig. 3). One aspect that distinguishes our approach is that instead of considering either capacity or
a provision index (e.g., capacity*demand) for each ES as a conservation feature, we rather consider
the capacity and demand of each ES as two separate features (Cimon-Morin et al. 2014). For example,
conservation targets could be set to reach 20% of the cooling effect provided by urban vegetation to
beneficiaries (capacity) and 40% of the demand for it (where it is needed), while targets for flood
control capacity and demand could be set at 30% each. Targets for ES capacity can (when possible)
be set to match the sum of the benefits that society currently obtains from a particular area.
In contrast, targets for demand can be calibrated to ensure that the site selection process will yield
the highest returns for beneficiaries at the lowest cost (Cimon-Morin and Poulin 2018). The rationale
behind targeting capacity and demand of each ES separately is that it is possible to determine in
advance how much of each feature will be represented in the conservation network. For example
(see Box 2), targeting each capacity and demand separately was more effective in protecting provision
than directly targeting a provision index of each ES (Cimon-Morin et al. 2014). Furthermore, even the
use of an index representing overall ES capacity (or demand or both) for each site (all ES combined)
could still underrepresent some ES (Cimon-Morin and Poulin 2018).

Nevertheless, considering capacity and demand separately in SCP also introduces an issue inherent in
ES target-based conservation planning that we encountered in previous research. A planning unit can
be selected for its contribution to the capacity of an ES even though the demand for it shows a nil
value (or vice-versa). Actual providing areas were specifically mapped to overcome this issue. In fact,
we recommend that only the capacity and demand originating from actual providing areas (those that
fulfill demand) and type 1 benefit-gap areas should be compiled in planning units that will be

Fig. 3. Conceptual framework of the mixed conservation planning strategy combining protection and restoration. Dashed lines indicate suggested additions to
the framework in future research and work. Demand for actual providing areas also includes demand for restoration of benefit-gap areas (Figs. 2c and 2d).
SCP: systematic conservation planning.
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Box 2. Comparison of different SCP scenarios to secure ES provision.

The case study was undertaken in the Greater Quebec City region (∼1050 km2, ∼582 000 inhab-
itants) located in Quebec, Canada (Fig. 4; Gouvernement du Québec 2016). The study area
consists mainly of natural habitats: forests (51%), wetlands (7%), and aquatic habitats (3%).
Agriculture occupies 9% of the area, while other anthropogenic land-cover types reach ∼30%.
The interface between urban, rural, and natural areas in the study region supports a combination
of commodity production, such as from agriculture and forestry, with the provision of cultural
and regulating services, such as flood attenuation and recreation. Hence, the economic, social,
and ecological connections between people and nature in this region make it a good study model
as a working landscape for evaluating how to plan wetland conservation to ensure ES provision.
Regarding a compensation program for wetlands recently adopted at the provincial level (LQ
2017, c14), there is an urgent need to identify wetlands of high priority for conservation.
Wetlands of the region provide several ES, among them (i) cooling effects to lessen heat islands,
(ii) mitigation of flood risks, and (iii) recreational activities (Cimon-Morin and Poulin 2018).

We tested three scenarios of wetland ES spatial prioritization to assess which one better ensures
that selected sites will truly offer service provision to beneficiaries. Before running prioritization
analyses, we prepared the input data by following the first four mapping steps described in this
paper. First, we delineated our planning units as the existent wetlands in the landscape. Then,
using the best data available, we quantified the capacity 223 wetlands to provide the three
ES considered (cooling effects, flood mitigation, recreational activities), following Cimon-
Morin and Poulin (2018; see Supplementary Material 1A for more details). The flow area of
each ES was also mapped for all the wetlands (i.e., providing areas). We then quantified the
demand associated to each providing area and identified benefiting areas for each ES separately.
For example, we used flood-prone areas to quantify the demand for flood attenuation (the greater
the flooding area, the greater the demand), and then used drainage basins to link each wetland to
its respective downstream flooding areas. Actual providing areas were identified based on which
wetlands currently fulfill demand.

Three prioritization scenarios with optimization algorithms were compared using SCP software
Marxan (Ball et al. 2009). The first scenario targeted 50% of each ES capacity only, the second
targeted 50% of each ES capacity and demand separately (i.e., the approach presented in this
paper) and the third targeted 50% of each ES provision index, which we estimated as the product
of capacity and demand (capacity*demand; Villamagna et al. 2013; Watson et al. 2019). In each
scenario, only the contribution of actual providing areas was considered to optimize the
selection of sites that truly contribute to the delivery of services to beneficiaries. In these three
scenarios, all ES features were weighted equally in terms of the importance of reaching the target.
The cost of including a wetland in the solution was set equal to its area. Finally, the capacity,
demand, and provision index captured in optimized solutions under the different scenarios were
extracted (Fig. 5).

At the network scale, our results showed that targeting only the protection of ES capacity neither
ensured that selected sites met a high demand nor contributed sufficiently to ES provision
(Fig. 5a; Cimon-Morin et al. 2014). This result illustrates that capacity is a poor predictor of
provision even though the prioritization focused on actual providing areas, which guaranteed
that all candidate sites were both minimally supplied and in demand for one ES. Conversely,
by setting targets for both ES capacity and demand in SCP analyses, it is possible to ensure that
demand targets can be achieved, without even increasing the cost of the network (Fig. 5b;
network cost of 1). More importantly, this approach ensures more balanced ES provision.

Cimon-Morin et al.

FACETS | 2021 | 6: 1570–1600 | DOI: 10.1139/facets-2020-0100 1582
facetsjournal.com

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
18

.1
19

.1
31

.7
2 

on
 0

4/
29

/2
4

http://dx.doi.org/10.1139/facets-2020-0100
http://www.facetsjournal.com


Box 2. (concluded )

Finally, targeting a provision index directly resulted in a network of sites with high demand but
low capacity (Fig. 5c). While this scenario secured an equal amount of ES provision, but at a
lower cost compared with the strategy targeting capacity and demand separately (Fig. 5b vs
5c), the selected sites may collectively be insufficient to guarantee sustainable ES provision.
This result highlights the shortcomings associated with targeting either capacity or a provision
index directly without considering capacity and demand as separate features.

Box 3. Vacant lots as ES provision restoration opportunities.

Benefit gaps, shortages in ES supply compared to demand, can be reduced or eliminated if ES
provision is re-established through land management (Villamagna et al. 2013; Chaplin-Kramer
et al. 2019). However, finding sites suitable for management is a challenge in regions intensively
used by humans such as farmlands, commercial zones, and residential areas. Opportunity costs
and social constraints are important determinants of the feasibility of restoration plans, defining
areas in which restoration is realistic and acceptable (Miller and Hobbs 2007; Minnes et al. 2020).
A solution to reduce the opportunity costs of restoration and obtain social support is to allocate
management efforts in seemingly abandoned or unattractive spaces, such as former farm fields,
brownfields (Anderson and Minor 2017), and channelized or polluted rivers (Wohl et al.
2015). In this case study, we focus on the use of vacant lots, unused long-abandoned lands, as
opportunities for ES restoration due to the feasibility of managing them without major financial,
social, and structural losses.

Our main objective is to evaluate the advantages and costs of managing vacant lots to improve
the provision of ecosystem services in complementarity with natural ecosystems. We expect that
by including the management of vacant lots in ES conservation plans, benefit gaps could be
reduced or eliminated due to the reestablishment of ES capacity in vacant lots. The study area,
the Greater Quebec City region (Fig. 4), is covered by a combination of urban, rural, and natural
landscapes with vacant lots throughout its area, making it ideal for observing the outcomes of our
approach in diverse landscapes. We have chosen to focus on five ES that are important in the
context of the study area: carbon storage, recreation, cooling effects, aesthetic value, and pollina-
tion. We followed the six mapping steps presented in this study. Accordingly, ES capacity,
demand and provision were estimated using a combination of fieldwork and literature data for
100 m × 100 m cells covering the entire study area (see Supplementary Materials 1B and
Table S1 for details). Benefit gaps were identified as cells with positive ES demand but unsup-
plied (i.e., type 1 benefit gap).

Different possibilities for managing vacant lots were considered, such as transforming vacant lots
into forests, urban parks, wildflower fields, and lawns (see Supplementary Material 1, Fig S1).
The best type of management for reducing benefit gaps depends on management costs and tar-
geted ES benefits. Costs include the price of land, price of management and delay in the return
on investments (time until ES is fully restored), with a longer delay resulting in higher costs.
Benefits include the increase of targeted ES provision after management. The final step in this
study is to include current ES capacity, demand, expected ES capacity after management of
vacant lots, and costs in an SCP approach with the objective of selecting sites to create optimal
networks for restoring ES provision at lower costs. Finally, the resulting benefit gaps from
prioritization exercises, including and not including vacant lots, along with the conservation of
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Box 3. (concluded )

other greenspaces, can be compared to evaluate if the management of vacant lots can in fact
improve overall provision of ES in the study area.

This case study illustrates an application of our approach to plan restoration with the objective of
reducing benefit gaps (Fig. 1). The main innovative component of this case study is the develop-
ment of a framework to consider different management types instead of a single restoration
option (Sherren et al. 2020). The focus on vacant lots is also important because of the low social
and financial constraints they impose compared to the management of productive or occupied
land. We offer a practical solution for selecting sites for management in the face of specific ES
needs. The same logic could be applied for different restoration techniques that have different
costs (for example natural versus active ecosystem restoration) or outcomes (for example, when
restoration objectives can differ). Our forthcoming results will indicate the impact of considering
vacant lots for restoration using a prioritization approach for the overall provision of ES as well
as the applicability of this method in landscapes with different compositions of urban, rural,
and natural land uses.

Fig. 4. Greater Quebec City region, Quebec, Canada. The study area has a balanced distribution of urban areas,
wetlands, forests, and agriculture.
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accounted for during prioritization. For example, a planning unit that is an actual providing area for
pollination (supplied and in demand), but not for its cooling effect (supplied but no demand), should
only be considered for its contribution to pollination provision (but see the “Challenges and future
work” section). Considering all providing areas instead of only actual providing areas can result in a
failure to meet the main objective of an ES benefit-centered conservation plan. Focusing on actual
providing areas ensures that all candidate planning units can procure a minimal amount of provision
for at least one ES. Because SCP seeks efficiency, targeting both capacity and demand has generally
favored the overall selection of sites where both capacity and demand are simultaneously high for
multiple ES (Box 2), which suggests that the approach prioritizes sites that procure greater ES provi-
sion (Cimon-Morin and Poulin 2018; Goyette et al. 2021).

Planning for the restoration of ES provision consists mostly of either filling the spatial gap between
unfulfilled and fulfilled ES demand (type 1 benefit gaps) or increasing the capacity of undersupplied
ecosystems (type 2 benefit gaps) and involves a method similar to that described above (Goyette et al.
2021). During the site selection process, the main distinction between planning units for protection
and those for restoration lies in their cost, since restoration generally involves greater cost per unit
area (for implementing restoration actions). The total restoration cost will also depend on whether
restored sites would be protected or not. Indeed, restored sites in working landscapes could be either
protected or brought back into production using ecosystem-based management or other integrative
approaches more conducive to the maintenance of multiple ES. The total cost of restoration should
reflect the preferred management option chosen for each site (e.g., excluding site acquisition cost if
not protected). While protection and restoration planning could be done in separate assessments,
we suggest they be integrated within the same conservation exercise. For instance, planning simulta-
neously for both protection and restoration makes it possible to consider the contribution of restored
sites (using predicted capacity values) to conservation objectives. These sites could not only have good
intrinsic value once they have been restored (whether protected or not) but also increase network
connectivity and contribute to ES provision.

Even before any restoration actions are undertaken, most altered sites can already contribute to
provision, at least to a certain degree (i.e., type 2 benefit gap). For instance, they can provide connec-
tivity within the whole network or contribute to carbon sequestration (Wallington et al. 2005;
Lindenmayer and Noss 2006; Doerr et al. 2011). Therefore, a separate analysis can be carried out in
which the ES capacity of disturbed sites corresponds to their current condition, and in which the cost
to include them in the network would be lowered when compared with a restoration scenario
(e.g., set equal to their protection cost, excluding restoration action costs). By comparing the results
of this second analysis with those from application of the main approach, it would be possible to
assess the contribution of altered sites to meet overall conservation objectives.

Challenges and future work: toward a more comprehensive
approach

Maintenance of service providers
Currently, most ES conservation frameworks try to focus on preserving the flow of benefits to society.
However, in some contexts, benefit-centered conservation is not entirely in line with the ultimate goal
of ensuring the sustainability of ES benefits, since the specific habitats that support service providers
may not be fully taken into account (Fig. 3, dashed lines). For example, the spatial prioritization that
resulted from applying our approach to local flow ES in a remote region in regard to moose (Alces
alces) hunting, directly resulted in the selection of areas that would benefit local populations
(i.e., where moose are hunted by beneficiaries; Cimon-Morin et al. 2014, 2018). However, as most
of this region is largely inaccessible, the sites secured were mostly concentrated along its southern
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edges. In the long run, the sustainability of the hunting potential there (i.e., the benefits) may greatly
depend on the process by which moose immigrate from outside the protected providing areas and
then disperse. Since the region is prone to industrial development (Cimon-Morin et al. 2016a),
sustaining this service may require protection of the supply (and—the service providers—moose
populations and their habitats) outside of the spatial range of this ES provision.

To fully sustain ES provision, we argue that ES protection and restoration should integrate both
benefit- and provider-centered considerations simultaneously, at least when a provider can be
identified and associated with supporting habitat management requirements. Even though these
requirements may be identified more easily for certain services (such as game or iconic species or
those directly associated to certain species populations), almost all ES could be linked to a specific
provider, such as a collection of individuals, species, or functional groups having specific habitat
and connectivity needs (Luck et al. 2009). While the maintenance of ES providers is more connected
to the biodiversity conservation realm, unstable provider “populations” could compromise ES provi-
sion conservation. Considering that the spatial congruence of providers (i.e., biodiversity compo-
nents) and actual benefits (delivered by those providers) can be low in certain contexts, it is
essential to include them in the same SCP assessment to increase complementarity and conservation
efficiency (Cimon-Morin et al. 2013, 2016b; Watson et al. 2019). Finally, a provider-centered conser-
vation approach would also be crucial, acting as an insurance policy to meet future demand in a world
undergoing continual change, notably in terms of climate and human population size. Little addi-
tional data on providers would be necessary; for example, linking habitat suitability models (Polasky
et al. 2005; Edenius and Mikusinski 2006; Shifley et al. 2006) with ES capacity in places where the
capacity lacks protection could suffice.

Ensuring benefit sustainability at the site scale
Overall, at the conservation network scale, our approach (Box 2 and Fig. 5b) makes it possible to
attain the main objective of benefit-centered conservation, which is to ensure a continuous flow of
benefits to people. Indeed, it allows us to not only reach targets of both ES capacity and demand
but also generally favors the selection of planning units that provide high levels of provision (i.e., high
ES capacity and demand values for a specific service) because SCP seeks efficiency. Nevertheless, at
the planning unit scale, our approach raises an issue inherent in almost all spatial planning exercises
involving multiple ES, which is that it does not currently guarantee that each site in the network can
sustain its own level of demand. For example, some selected sites can be associated with high demand
but relatively low supply (intra- or interservice). According to Villamagna et al. (2013), provision of
an ES is considered sustainable only when fulfilling demand does not increase pressure or degrade
ecosystem capacity to provide that service or cause declines in others. Several ES may require a mini-
mum local area to sustain provision, notably to allow underlying ecological processes to operate
(Kukkala and Moilanen 2017). For example, some services, such as outdoor recreation, typically
cannot be provided by very small areas, while pollination may have both local area size and connec-
tivity requirements (Kukkala and Moilanen 2017). More importantly, different levels of demand
may increase the area threshold that these ES require to sustain provision. It is crucial to identify
for which ES “unbalanced” capacity and demand could be problematic and assess their minimal area
and connectivity requirements. These requirements could be included in the SCP process or could at
least help identify potential sites for restoration (type 2 benefit gap).

Ensuring equitable access and distribution of benefits to different groups of beneficiaries
Ensuring that interventions to conserve ES benefits for one group are not detrimental to others is a
major concern emerging in ES SCP studies. Addressing this issue involves recognizing that different
groups of people may either have inequitable access to ES benefits or that their needs may have a
heterogeneous spatiotemporal distribution (Villarreal-Rosas et al. 2020). Beneficiary disaggregation
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may represent a step forward in understanding the disparities in the benefits certain groups derive
from services (Daw et al. 2011; Grima et al. 2019; Villarreal-Rosas et al. 2020). For example, in the
north shore region of Quebec (Canada), moose hunting is practiced by two main beneficiary groups:
(i) members of Indigenous communities, who engage in subsistence hunting within their ancestral
territory, and (ii) recreational hunters, who are mostly concentrated along the southern edge of this
area because of limited road access and infrastructures (see Cimon-Morin et al. 2014, 2016b). Even
though the two groups seek the same benefits (i.e., moose meat), combining these two beneficiary
groups in a prioritization approach could have resulted in suboptimal conservation decisions with
potential negative outcomes for one or both. Several solutions could be explored to address benefici-
ary disaggregation in SCP approaches.

One solution involves the use of a serviceshed-based approach, which has been used as a spatial unit
to account for social inequities in how management interventions affect the benefits local people
derive from ES (Mandle et al. 2015; Tallis et al. 2015). By including factors influencing human access
to benefits, such as infrastructures, accessibility, and other socioeconomic factors, delineating a
serviceshed enables identification of which providing areas are important for delivering ES benefits
to specific groups of beneficiaries (Mandle et al. 2015; Tallis et al. 2015). Once these providing areas
have been identified, they can be separated into two distinct features. Continuing with our example
above, actual providing areas for moose hunting could be categorized as (i) actual providing areas
for Indigenous communities and (or) (ii) actual providing areas for recreational hunters (Cimon-
Morin et al. 2014, 2016b). Then, different conservation/restoration targets could be set for the capac-
ity and demand of each of these two features, to ensure equitable distribution and access to benefits
for both groups of beneficiaries.

Another solution would consist of weighting ES demand during mapping to further reflect the values,
needs, and vulnerabilities associated with the livelihood of different beneficiary groups (Villarreal-
Rosas et al. 2020). For example, when quantifying demand specifically for the recreational moose
hunting group, Cimon-Morin et al. (2014, 2016b) attributed greater importance to providing areas
located near outfitters and vacation leases, which are highly dependent on hunting-related tourism.
The serviceshed approach could very well be combined with weighting ES demand to include a sec-
ond level of disaggregation, for example, promoting conservation near outfitters and vacation leases
for actual providing areas for recreational hunters and near hunting camps for actual providing areas
within the ancestral territory of Indigenous communities.

Accounting for delays in the recovery of ES supply after restoration
In our approach, ES capacity is included in restoration planning as a predicted value toward which
sites should tend if restoration actions are entirely successful (Goyette et al. 2021). Nevertheless, resto-
ration success is often unpredictable, as the recovery rate can be much lower than expected (Moreno-
Mateos et al. 2012), and the “full recovery” of altered ecosystems may often take decades (Benayas
et al. 2009; Moreno-Mateos et al. 2012; Moreno-Mateos et al. 2017; Lira et al. 2019; Sherren et al.
2020). A solution would be to consider recovery time lag as a “return on investments” (Possingham
et al. 2015). Consequently, sites with predicted slower recovery time or those less likely to fully recover
would be associated in SCP with greater management costs than those more likely to provide ES more
rapidly.

Integrating the maintenance and restoration of ES flow
Continuous land-use changes may result in the shrinkage or disruption of flow connections between
providing and benefiting areas (see Figs. 2a and 2c). For example, considering upstream wetland
capacity to mitigate pulses of downstream floods, any modification of the main channel course and
conditions such as dredging or straightening as well as the loss of natural floodplains or riparian
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habitats could (i) impair the hydrological connections between areas of capacity and demand (even if
their individual values remain constant), (ii) alter the flow, and ultimately (iii) result in a decrease of
actual benefits to society. Considering connecting areas is a necessary step for the development of a
comprehensive ES spatial planning framework (Syrbe and Walz 2012). On the one hand, actions to
protect connecting areas may be a prerequisite for maintaining the delivery of certain ES benefits such
as those modulated by passive biophysical flow through processes in air, water, and soil (e.g., flood
control, water provisioning, etc.) and flow mediated by species movements (e.g., migratory birds
hunting, etc.; Schröter et al. 2018; Kleemann et al. 2020). On the other hand, actions to restore con-
necting areas may successfully contribute to expanding the flow area and connect providing areas to
new potential benefiting areas. For instance, restoration actions could include the creation of green
corridors and network infrastructures or the removal of barriers to ES flow (Metzger et al. 2021).
Integrating the management of ES flow in our spatial planning approach involves identifying the
providing area where the flow area originates (or will be expanded) as well as the appropriate manage-
ment interventions. This analysis could be conducted simultaneously with the type 1 benefit-gap
assessment. Then, the cost of the management interventions for the connecting area could be added
to the management cost of the corresponding providing area. Once again, separate analyses can be
carried out to isolate the impact of flow management on the overall efficiency of the network
(i.e., increase in demand fulfilled compared to the cost of the network), for example, to assess the
impact of choosing between the sole protection of a providing area (e.g., for provision of the other
ES it already supplies) or both its protection and the restoration of a portion of its flow area to connect
an additional benefiting area. Nevertheless, a new challenge arises when the connecting area is also a
providing area for other services; the choice to restore or protect may become more difficult in such a
case. We believe that there is still much scope for further development of strategies to include
connecting areas in SCP.

Increasing the contribution of production areas to ES provision
In addition to conservation actions, optimizing working landscape multifunctionality also requires
the implementation of alternative land-use practices more favorable to the maintenance of sustainable
ES provision in production areas. For example, shifting from a strict and intensive clear-cutting
harvest regime to a reduced-impact management system based on selective harvesting in certain parts
of a forested landscape could contribute to the maintenance of multiple ES capacity, such as nontim-
ber forest products, recreation, aesthetics and regulation of water flow and quality (Pohjanmies et al.
2017). Similarly, widening certain riparian buffer strips and managing their vegetation cover
(i.e., afforestation with fast growing species) in agricultural landscapes could help increase their
capacity to mitigate diffuse pollution, sequester carbon, and provide aesthetic and cultural values
(Cole et al. 2020). Despite the potential contribution that alternative land use could bring to ES pro-
vision, large-scale application of such land use could be particularly challenging in working
landscapes, as they generally involve (i) an increase in implementation and ongoing management
costs or (ii) potential trade-offs with production-centered objectives (e.g., such as yield losses per unit
area or land taken out of production). Therefore, spatial planning is no longer just a matter of identi-
fying where to invest in conservation, but it must now also address alternative strategies in what and
where to invest (Watts et al. 2009; Wilson et al. 2010; Law et al. 2017).

SCP offers the possibility of including a variety of alternative land-use strategies in the spatial
prioritization process. In Marxan with zones (i.e., an SCP software) for instance, any parcel of land
can be allocated to a specific zone, where each zone is defined by its own management actions, objec-
tives, constraints and contribution toward achieving conservation targets (Watts et al. 2009). The
contribution of a zone is defined as the level of protection offered to each conservation feature
(e.g., ES capacity). For example, recreation capacity in a planning unit, if present, could be considered
fully represented if allocated to a zone with a protection status, partially represented by a partial-
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harvest zone, and not represented by a clear-cutting zone (Watts et al. 2009). In a study conducted in
East Kalimantan (Indonesian Borneo), Wilson et al. (2010) considered eight land-use zones for
biodiversity conservation, three of which were classified as “forestry production zones” associated to
different forest cover retention thresholds (i.e., reduced-impact logging practices) with different
contributions to species representation. They found that accounting for the contribution of
reduced-impact forestry toward meeting their conservation objectives substantially lowered the area
required to be under strict protection as well as total cost compared with a scenario relying only on
protected areas (Wilson et al. 2010). In summary, by considering a range of land-use options, SCP
enables optimization of the efficiency of ES provision conservation across entire landscapes.

Conclusion
We have described an integrated systematic conservation planning approach that seeks to optimize ES
provision to attain benefit-centered conservation objectives. In its current form, this approach has
already yielded promising results when applied to working landscapes, such as in regions subject to
forestry and mining (Cimon-Morin et al. 2014, 2016a) as well as in agricultural settings (Goyette et al.
2021) and in an urban context (Cimon-Morin and Poulin 2018). The ResNet project has offered us
the opportunity to consolidate our previous ideas on how to deal with challenges and pitfalls related
to ES conservation planning (Cimon-Morin et al. 2013, 2018) into a practical framework. This frame-
work is an important step in synthesizing best practices to guarantee ES conservation plans that meet
beneficiaries’ needs, sustain ES provision, and maintain service providers.

Documentation of the use of SCP as a decision support system to identify optimally designed ES
conservation networks is only beginning to appear in the literature, and there is a considerable need
for testing its effectiveness under different scenarios (Egoh et al. 2007; Cimon-Morin et al. 2013).
We have proposed solutions to deal with the two main challenges, representing both ES capacity
and demand and simultaneously considering restoration and protection objectives in SCP. We
advocate for setting targets for both ES capacity and demand using SCP, since our results suggest that
targeting only capacity or a provision index leads to network underperformance (see Fig. 5 and
Box 2). To simultaneously address restoration and protection targets, we propose the inclusion of
additional mapping steps such as (i) accessing site suitability for ES restoration; (ii) identifying ES
benefit gaps, areas with demand but low or no ES capacity; and (iii) predicting capacity after ES
restoration. In the example shown in Box 3, four possible management strategies for ES restoration
were proposed for the specific context of an urban and peri-urban area. However, other types of man-
agement may be included depending on regional context. In riverine landscapes, for example, types of
management could include riverbank soil stabilization for erosion control, phosphorus filtration for
pollution control, and ecological restoration of riparian vegetation.

Proposing strategies to guarantee the sustainable provision of ES for human society is a challenging
task. Methods such as SCP are unquestionably important for developing such strategies (Margules
and Pressey 2000). However, there is still room to improve our knowledge of methods for decision-
based support to promote ES conservation. The objective of this framework is to build a collection
of best practices that aim to include ES in a SCP approach in a way that can be applied in a variety
of landscapes, as well as at different spatiotemporal scales. The success of the application of our frame-
work in different landscapes, such as areas dominated by forestry, fisheries, or agriculture, requires on
establishing clear conservation objectives, understanding the context-relevant flow of ES, and propos-
ing strategic management practices for ES restoration. We encourage researchers and conservation
practitioners to consider the importance of including all three components of ES provision (capacity,
demand, and flow) when planning for ES protection as well as restoration scenarios when the regional
context is characterized by ES benefit gaps.
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Fig. 5. Comparison of the amount of ES capacity, demand, and provision of three ecosystem services being
secured in optimized conservation networks under three scenarios. The scenarios differ from each other according
to which ES features are targeted for conservation. Namely, for each of the three ES, conservation targets were set
on (a) capacity only, (b) capacity and demand, or (c) provision indexes. In all analyses, conservation targets were
set to protect 50% of each ES capacity (a, b), demand (b only), or provision index (c only) available in the study
area. Provision was estimated as the product of standardized and translated values of capacity and demand
(supply * demand), to consider equally weighted and positive values only. The mean total cost required for each
conservation strategy to achieve its target was transformed into the relative index, ranging from 0 to 1, shown
in the top-right corner of each panel. See Supplementary Material 1A for a description of the data and
approaches used to map the three ES.
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