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The integration of ecosystem service (ES) knowledge into decision-making processes is increasingly endorsed by
various policies and initiatives, with spatial planning targeted as one of the most relevant fields. Learning and
feeding back from existing experiences is therefore a fundamental step to ensure appropriate and useful support
by ES science. This paper aims to gather and critically analyse how ES science contributes to spatial planning
practices. Through a systematic review of the literature about ES use in spatial planning, we map the level of
integration of ES knowledge, the scale of case studies, and the type of planning addressed; and we identify and
analyse case studies of real-world applications. Studies explicitly aimed at supporting spatial planning have
increased over the last decade, but are still scarce. The real-world case studies reveal advantages of integrating ES
knowledge into spatial planning processes, mainly concerning practical aspects such as synthesizing complex
socio-environmental information and promoting participation. Windows of opportunity offered by regulatory
frameworks and innovative processes and instruments, such as marine spatial plans and strategic environmental
assessments, are key factors triggering the integration. However, supportive contextual conditions are necessary,
including science-policy collaborations across the entire planning process and environmental awareness among
policy-makers and stakeholders.

1. Introduction experiences and feeding-back into science is a fundamental step to

ensure the relevance of scientific findings and their usability into

Ecosystem services (ES) have been advanced as a conceptual
framework to promote awareness of socio-environmental in-
terdependencies and interactions in decision-making (Bennett and
Chaplin-Kramer, 2016; Daily et al., 2009). International bodies and
agreements have endorsed the assessment of ES as a knowledge base on
which to build and evaluate policies (IPBES, 2012; CBD, 2010; European
Commission, 2011). In recent years, several national and local pro-
grammes have contributed to mainstream ES in different policy contexts
(Beery et al., 2016; Schroter et al., 2016), and guidance documents have
been published to support practitioners in conducting policy-relevant
assessments (European Commission, 2019; NCC, 2018; SEPA, 2018).

The increasing commitment to contribute to transformative changes
in society has been accompanied by a growing reflection on the roles of
scientific knowledge (Clark et al., 2016; Kirchhoff et al., 2013) and the
ways in which it can influence decisions (Posner et al., 2016; van
Oudenhoven et al., 2018). In this context, learning from existing
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decision-making processes (Clark et al., 2016; Dick et al., 2018;
Mckenzie et al., 2014). However, in-depth explorations of cases of ES
integration looking at the whole decision-making process, as opposed to
content analyses of policy documents, are only few and linked to specific
projects (e.g., Geneletti et al., 2020, 2018; Jax et al., 2018; Ruckelshaus
et al., 2015) or topics, e.g. participatory planning (Spyra et al., 2019).
Systematic collections of practical applications of ES in decision-making
processes are still lacking.

Spatial planning is one of the most relevant decision-making fields
affecting ES (Cortinovis and Geneletti, 2019; Rozas-Vasquez et al.,
2018), and one towards which many efforts have been directed (Scott
et al., 2018). Spatial plans — including urban plans (Cortinovis and
Geneletti, 2018), landscape plans (Albert et al., 2014a), conservation
plans (Garcia-Llorente et al., 2018), and related environmental assess-
ments (Geneletti, 2011) — are key policy instruments to coordinate
human activities and minimise their negative impacts on natural and
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land systems (Albert et al., 2020). Specific challenges for ES integration
into spatial planning processes include strong regulatory frameworks,
highly codified procedures with established outputs and instruments,
and consolidated professional norms that often limit cross-sectoral dia-
logue (Saarikoski et al., 2018). At the same time, approaches for ES
integration into spatial planning have many opportunities to be repli-
cated and upscaled, because of the widespread use of such planning
around the world (Ruckelshaus et al., 2015).

Researchers have monitored the uptake and integration of ES
knowledge into spatial planning processes mainly by analysing the
content of plans (Geneletti and Zardo, 2016; Jaligot and Chenal, 2019;
Nordin et al., 2017) or eliciting the opinions of stakeholders and
decision-makers involved (Albert et al., 2014b; Mascarenhas et al.,
2014; Rall et al., 2015). However, specific studies on how ES knowledge
has been integrated into practical spatial planning experiences revealed
that enabling factors and constraints can be captured only by tracking
the co-development and use of ES knowledge along the whole
decision-making process (Di Marino et al., 2019; Mckenzie et al., 2014).
Factors like the presence of policy windows or active involvement of
social and intellectual capital promoting ES integration (Rosenthal et al.,
2015; Saarikoski et al., 2018) are unlikely to emerge without an in-depth
analysis of the whole process (Geneletti et al., 2020). Most of all, the
relevance and perceived legitimacy of ES knowledge, two key factors
affecting its usability (Clark et al., 2016), depend on the establishment of
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an effective science-policy interface during the process (Adem Esmail
et al., 2017; Rosenthal et al., 2015). Therefore, an in-depth analysis of
spatial planning processes successfully integrating ES knowledge is
needed to understand what support ES science can offer to
decision-making.

The objectives of this paper are:

I to map scientific publications addressing the use of ES in spatial
planning, thus providing an overview of how ES science is contrib-
uting to spatial planning practices in terms of level of integration of
ES knowledge, scale of case studies, and type of planning addressed;

II to analyse case studies described in the scientific literature where ES
knowledge has been integrated into real-life spatial planning pro-
cesses and instruments, thus revealing advantages, enabling factors,
and constraints.

Accordingly, the research combines two methods: a systematic
mapping of the scientific literature and a subsequent in-depth analysis of
published real-life case studies. We focus on case studies where the
explicit use of the ES concept and related knowledge contributed to a
formal output, i.e. (part of) a policy instrument. The selected cases allow
tracking the co-development, integration, and use of ES knowledge
across the whole planning process, thus revealing both the outcomes
generated and the procedures adopted.
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Fig. 1. Flow diagram illustrating the stages of the literature review and the classifications of scientific publications. ND: Not Determined.
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2. Materials and methods

The systematic review followed two main analytical steps corre-
sponding to the research objectives (Fig. 1). In the first step, we screened
relevant peer-reviewed publications to map the level of integration of ES
knowledge, the type of planning addressed, and the scale of case studies
described therein. In the second step, we focused on a sub-sample of case
studies providing evidence of ES integration into a spatial planning
process and instrument, and analysed them in detail by applying a re-
view framework.

2.1. Publications screening and classification

We searched for relevant scientific publications in Scopus. After
testing different combinations, we adopted a final query composed of
three sets of keywords related to i) ecosystem services, ii) spatial plan-
ning typologies, and iii) knowledge integration (see Table A.1 in the
Appendix).

The search was performed on February 21, 2019 on the title, ab-
stract, and keywords fields and limited to all types of publications in
English. It resulted in 2156 publications, from which we removed du-
plicates and studies without abstract (20).

Based on the title and abstract, we classified the selected publications
into five levels of integration of ES knowledge, namely application,
support, implications, method/concept, and review. A detailed description
of the classes is provided in the Appendix, Section 1. Furthermore, for
each publication describing a case study, we recorded information about
location and scale of analysis (Fig. 1).

All the publications in the classes application, support, and review, i.e.
those including case studies addressing specific spatial planning de-
cisions, were further sorted into six categories describing the type of
spatial planning addressed (Fig.1). More details on the classification and
the screening process are provided in the Appendix, Section 1.

2.2. In-depth analysis of case studies

Publications falling in the class application were further analysed to
select the final sample of case studies for in-depth investigation. We
analysed single case studies within each publication and grouped pub-
lications describing the same case study, hence the numbers of selected
publications and case studies do not correspond (Fig. 1). Based on the
content of the full texts, we assessed if the case studies met two eligi-
bility criteria:

e explicit use of the term “ecosystem service*”
process;

e evidence of integration and use of ES knowledge in a planning pro-
cess (i.e., interaction with stakeholders and/or decision-makers)
resulting in a formal planning instrument (e.g., planning or policy
documents such as spatial plans, Strategic Environmental Assess-
ment (SEA) reports, etc.).

during the planning

To collect relevant information and allow comparison across case
studies, we designed a review framework (Table 1). All the authors
analysed the publications independently and then agreed upon the final
version of the results.

The description of the categorisations used in the review framework
is reported in the Appendix, Section 2.

3. Results

3.1. Level of integration of ES knowledge, scale of case studies, and type
of planning

After removing duplicates and studies without abstract, the search
resulted in 2136 eligible records. Section 3 in the Appendix presents
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Table 1
The review framework for in-depth analysis of case studies.

GENERAL INFORMATION

Reference publication(s)

Case study

Type and scale of planning

Temporal horizon of the planning instrument
Duration of the planning process

KEY ASPECTS OF ES INTEGRATION INTO THE PLANNING PROCESS AND
INSTRUMENT
Policy question/planning issue addressed

WHY Specific reason(s) for using ES concept, as stated in the paper
Phase(s) of the planning process:
1. Identifying problems
WHEN/ § gz:ilr?isring (t)}ﬁsc;r?(;ejlz'ectives
WHERE : &8 ’

4. Developing and assessing alternatives
5. Defining actions
6. Monitoring the implementation and following-up on decisions
Institution that initiated the planning process
ES champion(s)
(Type of) Actors involved:
‘policy/decision-makers
‘experts and consultants
‘academics and researchers
* economic sectors representatives
WHO * civil society representatives
‘individual citizens
Degree of participation:
a) Inform
b) Consult
¢) Involve
d) Collaborate/Partnership
e) Empower
Number and type of ES considered, with reasons for their selection
Methods and indicators used for ES mapping and assessment
ES-based outputs produced
HOW Procedures and methods for integrating ES knowledge into the
planning instrument

WHAT

CRITICAL ASPECTS OF ES INTEGRATION (AS REPORTED IN THE PUBLICATION)
Advantages

External and internal constraints

Enabling factors

some overall statistics of the sample.

Of the 2136 publications, around 60% are methodological or con-
ceptual studies that do not draw any context-specific implication for
spatial planning (Fig. 2). Another 25% are case studies in which the
developed ES knowledge is claimed to have potential implications for
spatial planning. Only 200 publications explicitly aim to support spatial
planning decisions, while case studies where ES knowledge was devel-
oped and used as part of a spatial planning process are less than 2%.
However, over the last 10 years, the share of conceptual/methodological
studies has progressively decreased, while studies aimed at planning-
support or with potential implications have substantially increased
(Fig. 2).

Among the 1525 publications describing case studies (Fig. 3a), the
scale most frequently addressed is the regional one (52.3%), followed by
urban (16.6%), and national (9.1%). In the subset of publications
addressing specific spatial planning decisions (Fig. 3b), the most com-
mon type of planning is land-use (61.8%), followed by environmental
(23.6%). We found reviews covering all planning types, but no publi-
cations specifically aimed at supporting climate adaptation planning.

3.2. In-depth analysis of selected case studies

In the 39 publications classified as application and screened based on
the full text, we identified 35 single case studies, 7 of which were finally
selected for in-depth analysis (Tables 2 and 3).

Table 2 presents the outcomes of the in-depth analysis of case
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Fig. 2. Percentage of publications per level of integration of ES knowledge into spatial planning: yearly results over the last 10 years and results for the overall

sample. In brackets: number of publications.

a)
e application
=
[39] local
I [131]
support
[200]
urban
80% ________ g PR\ \,\L-_--.’\ ,,,,,,,,, 1253)
implications
546] \ /
% g \\ ______________ N
- \ Y regional
L) > [798]
0% _____ - | S o AVN ] .
X |
/ " \\
method/concept \ =
683 .
20% b national
,,,,,,,,,,, SN S 11139
Y
\ supra-national [36]
== global [13]
= multiple [10]
. review ND [145]
0% 57— i
LEVEL OF ES SCALE OF
INTEGRATION CASE STUDY

b)

100%

0%

mm climate adaptation pl.

application
[39

environmental pl.
[70]

support '
[200] !
\. land-use pl.
[186]
% ________m S ¥ \W S
marine and coastal pl.
review [22]
57)
SEA [8]
multiple [2]
== ND [3]
LEVEL OF ES TYPE OF
INTEGRATION PLANNING

Fig. 3. Frequency of the combinations of (a) level of ES integration and scale of case study, among publications including a case study; and (b) level of ES integration
and type of planning, among publications addressing a specific spatial planning decision. ND: Not Determined.

studies. A general objective common to most cases is to assess the im-
pacts of and guide spatial planning decisions about land use and man-
agement (Table 2, row Why). Three cases address ES integration solely in
the first stages of the planning process, to analyse the planning context,
to identify problems, and/or to establish objectives. The remaining ones
additionally assess the impacts on ES of alternative spatial planning
decisions and synthesize assessment results to define optimal spatial
solutions (When/where). In all but one case, ES integration stemmed
from a collaboration between public institutions in charge of spatial
planning and scientists/researchers or non-government organizations.
The actors involved in these planning processes included a wide variety
of stakeholders and the level of participation was higher than the mere
consultation (Who). In all but one case, selecting key ES by stakeholders
and/or experts was preferred against covering a large number of ES. All
the cases considering more than two ES included at least one for each

75

category of provisioning, regulating, and cultural. Three common types
of methods (Vihervaara et al., 2018) were adopted, sometimes com-
bined, namely spatial proxy data (e.g., land use land cover maps),
modelling tools for biophysical and economic assessment (e.g., InVEST),
and scoring matrices based on expert/stakeholder judgments (What).
Finally, the main ES outputs observed in all cases are maps showing the
spatial distribution and, in some cases, levels of ES supply. The maps are
either directly included among the plan documents, or used as a basis to
produce the formal zoning scheme (How).

We additionally searched for critical aspects of ES integration - i.e.
advantages, constraints, and enabling factors - as reported by the au-
thors. Most of the reviewed publications had a prevalent descriptive
character, with critical reflections presented and discussed unsystem-
atically. However, several recurring points emerged, as summarized in
Table 3. Section 4.2 discusses these findings in the light of the other key



Table 2

General information about the analysed case studies and key aspects of ES integration into the planning process and instrument. * (P) = Provisioning service, (R) = Regulating service, (C) = Cultural service.

Case study City masterplan, Lathi Integrated Coastal Zone Sustainable Development ES framework to support Marine Spatial Collaborative Protected area,
(Finland) Management Plan, Belize Plan, Andros Island spatial planning, South- Plan, Latvia landscape planning, Blanco River basin
(Bahamas) East Queensland Krummhorn region (Argentina)
(Australia) (Germany)
Reference publication(s) (Brunet et al., 2018) (Arkema et al., 2015; (Arkema and (Maynard et al., 2015, (Veidemane (Karrasch et al., (Rubio et al., 2017)

Type and scale of planning

Temporal horizon of the plan

Duration of the planning process

Reference to plan material
(available online)

9L

Policy
question/
planning issue
addressed

WHY
Specific reason
(s) for using ES
concept, as
stated in the
paper

WHEN/ WHERE

Land use planning, urban
scale

4 years

n.d.

https://www.lahti.fi/en
/housing-and-environment
/planning-of-urban-environ
ment/city-planning/

How to incorporate the ES
concept in urban planning of
the city?

i) To introduce a new, more
anthropogenic viewpoint on
urban nature.

ii) To provide a synthesizing
perspective to the impact
assessment of the plan.

1. Identifying problems

Arkema and Ruckelshaus,
2017; Loomis, 2015;
Verutes et al., 2017)

Marine and coastal
planning, national scale

4 years

6 years

https://www.opench
annels.org/sites/default/
files/literature/Belize%
20Integrated%20Coastal
%20Zone%20Manage
ment%20Plan%202016.
pdf

Where coastal and ocean
uses should be sited to
reduce risk to marine
ecosystems and enhance
the benefits they provide
to people?

i) To measure the impacts
of human activities in
terms of flow of benefits.
ii) To be used as a
dialogue tool for
stakeholders.

Ruckelshaus, 2017)

Land use planning,
regional scale

25 years

n.d.

https://www.vision204
Obahamas.org/media/u
ploads/andros_master
_plan.pdf

What and where public
and private investments
should be made to
enhance food and water
security, coastal
resilience, transportation
and connectivity,
livelihoods and income
inequality, and education
and capacity building?

i) To understand how
climate and the
management decisions
made today would affect
the future of the island.

2011, 2010; Petter et al.,
2013)

Planning-support tool for
land use planning,
regional scale

Various temporal
horizons

4 years

http://www.seqcatchm
ents.org/programs/p
lanning-amp-innovation-
seq-es-framework

http://www.seqcatchme
nts.org/ literature_7015
7/A_Guide_to_Incorpor
ating_the_Ecosystem_Ser
vices_Framework

How to identify areas to
be considered as valuable
natural assets of the
region, deserving
appropriate protection
measures or significant
offsets if they are
diminished or degraded
in any way?

i) To direct conservation
policies, environmental
offsets and enhancement
programmes to the right
areas.

2. Analysing the context

et al., 2017)

Marine and
coastal planning,
national scale

n.d.

16 months

https://juraspla
nojums.net
/english/

How to address
conflicts and
organise human
activities in
order to avoid
negative impacts
on marine
health, functions
and services?

i) To assess
possible impacts
of different sea
use scenarios.
ii) To raise
stakeholder
awareness
concerning the
importance of
ecosystems in
the provision of
societal benefits.

2017, 2014)

Climate adaptation
planning, regional
scale

n.d.

4 years

https://www.heide
kreis.de/home/baue
n-planen/regional-u
nd-bauleitplanu
ng/regionales-raum
ordnungsprogr
amm/regionales-r
aumordnungsprogr
amm-entwurf-2015.
aspx

Which land
management
alternatives might be
suitable for a
sustainable future of
low-lying coastal
landscapes?

i) To enrich the
“social-ecological
systems” framework
with an ecological
component.

Environmental
planning, regional
scale

n.d.

3 years

n.d.

How to delineate a
protected area to
safeguard the
provision of ES in the
wetlands, specifically
the quality and
quantity of water
resources and the
scenic beauty of the
basin’s landscape?

i) To design a
conservation strategy
that incorporates the
community’s
perception of natural
resources and ES.

(continued on next page)
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Table 2 (continued)

Case study City masterplan, Lathi Integrated Coastal Zone Sustainable Development ES framework to support Marine Spatial Collaborative Protected area,
(Finland) Management Plan, Belize Plan, Andros Island spatial planning, South- Plan, Latvia landscape planning, Blanco River basin
(Bahamas) East Queensland Krummbhorn region (Argentina)
(Australia) (Germany)
2. Analysing the
context
2. Analysing th text 1. Identifyi
a. y.smg © contex 2. Analysing the context 3. Defining goals entitying
3. Defining goals and e . problems
Phase(s) of the - 3. Defining goals and and objectives . .
. objectives - . 4. Developing and 2. Analysing the
planning . objectives 4. Developing . .
4. Developing and . R assessing alternatives context
process . . 4. Developing and and assessing ..
assessing alternatives . K . 3. Defining goals and
.S . assessing alternatives alternatives -
5. Defining actions . objectives
5. Defining
actions
. Government of Belize Office of the Prime Catchments (SEQC), a . v . v .
Institution that . .. . . Environmental research project accompanied by the
. who designated the Minister, with the regional non-government . . ..
initiated the T . . . Protection and “Sustainable coastal Ministry of Land,
. Municipality of Lathi Belizean Coastal Zone support from the Inter- community-based not-for R .
planning ) . X ; Regional land management: Environment and
Management Authority American Development profit business X
process . . Development of Trade-offs in Natural Resources of
and Institute (CZMAI) Bank established by the . -
Federal Government Latvia ecosystem services the Government of
(COMTESS) Mendoza
A A . Researchers who led
Scientists from the Scientists from the The SEQC, acting as an .
. L . L . The Baltic the stage related to
. . Natural Capital Project in Natural Capital Project in interface between the . Researchers of the X e
ES champion(s) City planners . . . . Environmental . the identification,
collaboration with the collaboration with the government and the . project COMTESS
- . . . Forum - Latvia assessment and
CZMAI Office of Prime Minister community .
mapping of ES
WHO - policy and decision . policy and decision . povli.cy and - policy and decision
makers . - decision makers makers
. makers - policy and decision . .
- academics and . -academics and . - - academics and
. . - academics and makers - policy and decision
- policy and decision makers researchers . researchers researchers
(Type of) Actors . . researchers - academics and . makers .
N - experts and consultants - civil society . - economic . - economic sector
involved s s X - economic sector researchers - economic sector .
- individual citizens representatives . .. . sector . representatives
. representatives - civil society . representatives . .
- economic sector - . . representatives - civil society
. - civil society representatives L R .
representatives X - civil society representatives
S o, representatives . g o
- individual citizens representatives - individual citizens
a) inform a) inform a) inform a) inform
. b) consult b) consult a) inform b) consult b) consult a) inform
Degree of a) inform . . . .
articipation b) consult ¢) involve ¢) involve b) consult ¢) involve ¢) involve b) consult
P P d) collaborate/ d) collaborate/ ¢) involve d) collaborate/ d) collaborate/ c) involve
partnership partnership partnership partnership
7 ES: wild
animals and 9 ES: food production
their outputs (P), (P), forage 6 ES: water for
wild plants, production (P), agriculture, human
algae and their freshwater provision consumption, and
outputs (P), (P), biomass for industrial use (P),
Number and bioremediation energy (P), hazard erosion regulation
* of E ES: fisheri isi ES: fisheri isi . . by micro- lation b 3 lati f thy
type. of ES 2 ES: preservation of 3 ES: fisheries prov-lswn 3 ES: fisheries prov-1s1on 28 ES (including y mlFro regul a‘tlon y water (R), regulation of the
considered, . (P), coastal protection (P), coastal protection . . organisms, retention (R), water cycle (R),
WHAT . groundwater quality (R) and . . provisioning, regulating, . i
with reasons K (R), and tourism (R), and tourism algae, plants, prevention of regulation of the
. recreation (C). . . and cultural). X . . S .
for their recreation (C). recreation(C). and animals (R), saltwater intrusion biotic environment
selection filtration by (R), reduction of (R), aesthetic,

animals (R),
maintaining of
nursery
population (R),
global climate
regulation (R),

greenhouse gases
(R), recreation and
tourism (C), and
community
identification (C).

spiritual and non-use
representations (C),
and recreation and
ecotourism (C).

(continued on next page)
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Table 2 (continued)

Case study

City masterplan, Lathi
(Finland)

Integrated Coastal Zone
Management Plan, Belize

Sustainable Development
Plan, Andros Island
(Bahamas)

ES framework to support
spatial planning, South-
East Queensland
(Australia)

Marine Spatial
Plan, Latvia

Collaborative
landscape planning,
Krummbhorn region
(Germany)

Protected area,
Blanco River basin
(Argentina)

HOW

Methods and

indicators used
for ES mapping
and assessment

ES-based
outputs
produced

Procedures and
methods for
integrating ES
knowledge into

The two ES are related to the
plan’s objectives regarding
the preservation of the city
groundwater area and
citizens’ recreational
opportunities.

Land use/land cover classes
used as proxies of ES supply.

A map of forest and
groundwater areas as proxies
of ES, which served as a tool
to facilitate discussions and
promoting ES as an
interpretative lens through
which to view the plan and its
impact assessment.

A section on ES was included
in the plan report’s text.

Stakeholders agreed that
such ES were of high
economic and cultural
importance.

Spatial estimates of
production and economic
value of ES were
computed using InVEST.
The models consider the
extent of functional
habitats and the
distribution of human
activities in each
scenario, integrating
ecological, physical, and
socio-economic data. See
also Arkema et al. (2014)
and Arkema et al. (2019)
for further details on
assessment models.

Spatially explicit maps of
ES supply (biophysical
and economic values) in
the current condition and
under three future
scenarios. Stakeholders
selected and improved
the preferred scenario by
iteratively evaluating
their feedback and model
results.

The preferred scenario
evolved into a science-
based zoning scheme that
informed the final
designation of areas for

The three ES are related
to the plan’s objectives
regarding fisheries,
tourism, and coastal
resilience, the most
important benefits that
stakeholders want to
secure in the future.
Spatial estimates of
production and economic
value of ES were
computed using InVEST.
The models consider the
extent of functional
habitats and the
distribution of human
activities in each
scenario, integrating
ecological, physical, and
socio-economic data. See
also Arkema et al. (2019)
for further details on
assessment models.

Spatially explicit maps of
ES supply (biophysical
and economic values) in
the current condition and
under several future
scenarios.

n.d.

The list of ES and their
categories have been
adapted from De Groot
et al. (2002); Millennium
Ecosystem Assessment
(MA) (2005).

The assessment was
based on expert
judgement. Experts
scored the capacity of
each ecosystem type to
provide ecosystem
functions and associated
ES.

Matrices of scores linking
ecosystem categories,
functions, and services,
and related series of maps
to be used as knowledge
base for further planning
processes.

The Framework
composed of matrices of
scores and related maps is
now embedded in the
superseding statutory

and experiential
and physical use
of land/
seascapes (C).
The choice of ES
was influenced
by data
availability and
knowledge of
local experts.

For regulating
ES, experts were
asked to
evaluate the link
between ES and
ecosystem types
(yes/no). For
provisioning and
cultural ES,
ecosystem types
were scored
based on a
combination of
expert
judgement and
empirical data.

ES maps
representing the
diversity of
provisioning,
regulating and
cultural ES in
four alternative
scenarios.
Optimal spatial
solutions were
proposed based
on the results of
scenarios’
impact
assessment and
discussions with
stakeholders as
part of iterative
assessment
process.
Mapping results
concerning the
optimal spatial
solutions were
integrated into

Those ES were
considered (by
experts) to be
affected by land use
change in the
analysed scenarios.

Land use/land cover
classes used as
proxies of ES supply.

A co-designed actor-
based land use
scenario synthesizing
the former
alternatives based on
ES assessment
results.

Essential elements of
land use allocation
developed in the
actor-based scenario
were implemented in

The six ES were
selected according to
the ranking made by
the surveyed
population.

Citizens were asked
to identify the supply
areas of the six
priority ES on a land-
use map. The results
were used to select
the most relevant
land uses to be
included in the
protected area.

Identification of
priority sites for a
protected area
according to the level
of ES provision as
perceived by the
surveyed population.

A second proposal
put forth by the
Municipality was
ultimately selected,
disregarding the

(continued on next page)
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Table 2 (continued)

Protected area,

Collaborative
landscape planning,

Marine Spatial
Plan, Latvia

ES framework to support
spatial planning, South-
East Queensland

(Australia)

Sustainable Development

Plan, Andros Island

(Bahamas)

Integrated Coastal Zone

City masterplan, Lathi

(Finland)

Case study

Blanco River basin

(Argentina)

Management Plan, Belize

Krummhorn region

(Germany)

results of the

the regional spatial

plan.

the

regional plan and several
other regional spatial
policies, with the

preservation, restoration,

the planning
instrument

participatory
process, and

environmental

impact

and development uses in

the plan.

prioritising the

assessment of
the plan.

potential to be integrated
into local planning

schemes.

protection of a larger
area over the

provision of assessed

ES.
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aspects emerging from the in-depth analysis and of the wider scientific
literature.

4. Discussion
4.1. Main outcomes of the literature review

Despite the keywords selected to limit the results to publications
dealing with integration and use of ES knowledge in spatial planning,
conceptual and methodological studies remain the majority. The greater
the level of ES integration, the smaller the number of publications.
However, a fair number of ES studies (classified as support) are explicitly
aimed at supporting spatial planning. These often involve simulations of
realistic planning cases inspired by existing planning issues (e.g.,
Longato et al., 2019), thus potentially producing valuable and usable
knowledge. The share of this type of study has steadily increased during
the last 10 years.

The regional scale is the most widely targeted across all types of
publications, including case study papers. This is not surprising, given
that ES frameworks and assessment models, as well as ES-related deci-
sion-support tools, are primarily focused on the regional scale
(Gret-Regamey et al., 2017; Pandeya et al., 2016). Furthermore, some
authors agree that the regional scale is the most suited to address certain
ES in planning (Fiirst et al., 2010; Mascarenhas et al., 2015). Conse-
quently, local scale applications often suffer from poorer data avail-
ability and have to rely on coarser ES information, which may not
provide reliable support to decision-making (Gret-Regamey et al.,
2014). The critical mass of human, technical, and political capacities
may also play a key role in favouring ES integration in national and
regional rather than in more local decision-making processes.

The analysis of spatial planning typologies reveals, beyond the most
common land use and environmental plans, specific spatial planning
instruments in which the integration of ES seems to be easier and more
straightforward. These include Marine Spatial Planning (MSP) and SEA,
where the ES concept provides a potentially useful tool to support sys-
tematic environmental assessments (Geneletti, 2011; Partidario and
Gomes, 2013). This emerging role of SEA as an entry-point for inte-
grating ES knowledge into planning processes is coherent with the
findings of Mckenzie et al. (2014), who revealed that impact assessment
of planning actions, including the analysis of trade-offs, is one of the
main “instrumental” uses of ES knowledge in decision-making processes.
MSP is a comparatively newer type of planning which addresses the
co-existence and interactions of various environmental, social, and
economic aspects while regulating different land and sea uses. In the EU,
MSP is regulated by a legal framework (European Commission, 2008)
that requires the application of an ecosystem-based approach to the
management and planning of human activities, to which the ES concept
is well suited. The need to balance socio-economic concerns in contexts
characterised by higher environmental concerns and stricter environ-
mental protections compared to many terrestrial ecosystems has made
MSP a testing ground to experiment with ES approaches, not only in the
EU (Arkema et al., 2015; Arkema and Ruckelshaus, 2017; Veidemane
et al., 2017).

Finally, the small number of publications specifically dealing with
climate adaptation planning might be surprising, given the emphasis on
ES-based approaches to tackle climate change-related issues (Munang
et al., 2013). However, climate adaptation plans are rarely developed as
standalone spatial plans. More often, climate adaptation planning is
either a sectoral non-spatial planning process, or is integrated in other
formal spatial planning instruments, such as in the case of the regional
landscape plan in the Krummhorn region, Germany (Karrasch et al.,
2017, 2014).

4.2. Lessons learned from in-depth analysis of case studies

The reviewed case studies reveal three main advantages of
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Table 3

Critical aspects of ES integration in the analysed case studies.

Case study

City masterplan, Lathi
(Finland)

Integrated Coastal Zone
Management Plan, Belize

Sustainable Development Plan,
Andros Island (Bahamas)

ES framework to support
spatial planning, South-East
Queensland (Australia)

Marine Spatial Plan, Latvia

Collaborative
landscape planning,
Krummhorn region
(Germany)

Protected area, Blanco River
basin (Argentina)

Advantages

External and
internal
constraints

Enabling
factors

i) ES acted as a
synthesizing perspective
to assess the plan’s
impacts on nature and
human wellbeing.

ii) ES allowed for a
broader understanding
of the human-nature
relationships.

i) Multiple and
overlapping scales of ES
might get lost in the
master plan-level maps.
ii) Some aspects related
to ES are not easily
translatable into specific
spatial units on a map.
iii) Difficulties in
communicating and
understanding ES,
especially to citizens.

i) One of the city
officials had a
background in ES
research.

ii) Planning legislation
requires that the impact
on nature and people of
plans are assessed.

iii) ES were selected as
one of the main focal
points to work on during
the previous planning
round.

i) ES secured the support
of the plan from a
diversity of stakeholders.
ii) ES facilitated the
interaction between
science and policy.

iii) ES facilitated explicit
consideration of multiple
objectives that resource
managers typically
evaluate separately.

i) Shadow trade-offs with
unmeasured services.

ii) Quality and scarcity of
input data, dearth of
tools, and uncertainty of
models.

iii) Difficulties in
translating the jargon of
ES into layman’s terms.

i) The government passed
legislation in 1998 calling
for cross-sector,
ecosystem-based
management of coastal
and marine ecosystems.
ii) Long-term
institutional commitment
and flexible resources
from engaged donors.

iii) Partnership with The
Natural Capital Project.
iv) Maps and quantitative
data were some of the
main reasons
stakeholders were
continuing to participate
in the process.

i) ES facilitated explicit
consideration of multiple
objectives that resource managers
typically evaluate separately.

ii) ES helped to find synergies and
minimise trade-offs in
management objectives and
solutions.

i) ES-related objectives might not
clearly resonate with conventional
planning objectives. ii) Limited
understanding of local economic
aspects and issues in island nations
to link ES to measures of
wellbeing.

i) Funding opportunities from a
multilateral development bank
interested in connecting the
development plan with subsequent
loans for implementation.

ii) Growing societal demand for
information about ways
ecosystems support economic
development and human well-
being.

i) ES supported optimal land
use zoning and spatial
allocation of urban and
industrial development.

ii) ES created a common
language that enabled
experts from a wide range of
disciplines to contribute.

i) Insufficient time, funding,
and research capacity to
construct complex ecological
models for the whole region.
ii) Lack of organization’s
capacity to incorporate ES
assessments into planning.
iii) Difficulties in tailoring ES
actions due to governance
and jurisdictional
complexity.

i) The involvement of local
experts that provided
credibility of results and
garnered public and
professional support.

ii) The previous statutory
regional planning document
and natural resource
management plan both
identified the need for an ES
assessment.

iii) Growing interest in the
use of ES for planning
purposes by the SEQC and
key stakeholders.

iv) High value that the
community of SEQ attach to
environment.

i) ES enriched the perspective of
the SEA since covering all
relevant ecosystems, cultural
aspects, and economic
considerations.

i) Budget limitations, data
scarcity, and high levels of
uncertainty in ES mapping and
assessment.

ii) Difficulties in communicating
ES as a justification for
preventing human uses.

i) The Marine Strategy
Framework Directive (European
Commission, 2008) that requires
the application of an
ecosystem-based approach to
the management of human
activities.

ii) The presence of a
(mandatory) Strategic
Environmental Assessment of
the Plan, suited for
incorporating ES assessments.

i) ES enriched the
“social ecological
system” framework
by an ecological
component.

n.d.

i) Partnership with a
research project as an
occasion to develop
the informal planning
process.

1) ES helped to include
citizens’ values and
perspectives in the
identification of priority sites
for conservation.

i) Other approaches to nature
conservation can conflict
with prioritising areas for ES
provision.

i) An initiative of permanent
and temporary residents,
who submitted a claim to the
municipal authorities for the
negative impacts on the
provision of ES in wetland
areas.

ii) Institutional support of
the Municipality of Lujan de
Cuyo that formed the
Integrative Committee for
the creation of the protected
area.
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integrating ES into spatial planning processes. The first advantage con-
cerns the capacity of the ES concept to broaden the scope of the planning
process and enlarge the perspective on relevant issues to address. Two
aspects (comprehensiveness and broadness) also listed by the stake-
holders involved in the case studies presented by Dick et al. (2018).
Karrasch and colleagues (2017) report on the use of ES as a way to enrich
the social-ecological system framework by an ecological component.
Veidemane et al. (2017) claim that the “ES approach enriches the
perspective of the SEA as it covers all relevant ecosystems, cultural aspects as
well as economic considerations”. This shows how the ES concept provides
an overall perspective to account for the social, ecological, and eco-
nomic impacts of spatial planning decisions. However, it should be
noted the lack of assessments of ES demand, which still is a serious
challenge in ES science (Geijzendorffer and Roche, 2014).

The second advantage relates to the use of ES as a lens to synthesize
and interpret multiple information. This clearly emerges in the
description of the case studies in Belize and Bahamas (Arkema et al.,
2015; Arkema and Ruckelshaus, 2017; Verutes et al., 2017), where the
adoption of an ES approach resulting in spatially-explicit assessments
led to the explicit consideration of multiple objectives, but also to the
possibility of analysing the results altogether, thus helping to find syn-
ergies and minimise trade-offs through an iterative planning process.
Brunet and colleagues (2018) stated that the ES approach “was used as a
means to move forward from surveying and measuring toward processing and
interpreting the existing data”.

The third advantage concerns the use of ES as a boundary concept
that facilitates interactions between multiple actors involved in the
process (Adem Esmail and Geneletti, 2017; Dick et al., 2018; Galler
et al., 2016; Spyra et al., 2019). The ES concept can help to overcome
communication gaps between scientists, policy-makers, and stake-
holders, as in the case of Belize (Verutes et al., 2017), as well as across
sectors and disciplines, as in the ES framework for South-East Queens-
land (Maynard et al., 2011). Rubio et al. (2017) maintain that ES served
as an entry point to include citizens’ values and perspectives in the
otherwise fully top-down process for the identification of conservation
sites.

Regarding the barriers, some are recurring to the adoption of ES in
decision-making processes, for example data availability and accuracy,
and lack of resources (time, competences, and money) to produce the
assessments (Beichler et al., 2017; Palomo et al., 2018; Spyra et al.,
2019). Brunet et al. (2018) discuss the difficulties in capturing “the
multiple and overlapping scales of ES” in a plan at the urban scale,
considering also that ES knowledge is not always easily translatable into
specific spatial units. Similarly, several authors (Veidemane et al., 2017;
Verutes et al., 2017) comment on uncertainties, errors, and simplifying
assumptions of the models for ES mapping and assessment, at times not
fitting the resolution required to take specific spatial planning decisions.

Other constraints are specific to ES integration into spatial planning.
Linking ES goals to the objectives of the planning process is sometimes
difficult, despite planning objectives implicitly or explicitly aiming to
secure and enhance human wellbeing (Arkema and Ruckelshaus, 2017).
The relationship between ES provision and the wellbeing of local com-
munities is not always as straightforward in reality as it is at the con-
ceptual level. In this context, methods and indicators used for ES
assessments play a key role (Olander et al., 2018). While many efforts of
ES science have focused on developing approaches, classifications, and
tools as general as possible to ensure wide applicability and compara-
bility, the case studies reveal a need for a deep understanding of the local
context as a prerequisite to provide effective planning support. In fact,
site differences in management goals, ecosystem function, and human
use may affect the extent of ES integration (Arkema et al., 2006).

Communication is sometimes considered as a limitation, consistently
with previous findings regarding stakeholders’ opinion about ES (Albert
et al., 2014b). For example, difficulties in communicating and under-
standing the ES concept, especially by citizens, were reported by Brunet
et al. (2018). Some of the participants, when interviewed by the authors,
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made a distinction between the ES concept, helpful and enriching, and
the related ES terminology. The need for scientists to work on translating
the ES jargon into laymen’s terms emerged also in another case (Verutes
et al., 2017).

ES approaches may sometimes conflict with established spatial
planning approaches. In one case, for example, the innovative approach
of identifying priority conservation areas based on their relevance for ES
provision was in conflict with more traditional approaches to conser-
vation planning (Rubio et al., 2017). Eventually, the latter were chosen,
demonstrating how traditionally-established professional norms and
codes of conduct may prevent the integration of ES approaches into
planning practices (Saarikoski et al., 2018). On the other hand, a suc-
cessful integration of ES knowledge in established planning approaches
and tools, such as zoning, may help to communicate ecosystem-based
strategies and actions, paving the way to innovative solutions (Arkema
et al., 2006). This particularly happened in the Bahamas case study,
where ES assessments helped to demonstrate the importance of man-
groves and other coastal habitats for reducing coastal risk, ultimately
leading to a bank loan for a nature-based coastal protection project
(Silver et al., 2019).

The analysed publications also report about a number of enabling
factors that boosted ES integration into the planning process. Several
authors identify a specific “window of opportunity” that made it possible
to initiate an extra-ordinary collaborative planning process. The law
approved in 1998 by the Belizean government calling for cross-sector,
ecosystem-based management of coastal and marine ecosystems and
the subsequent establishment of a dedicated authority with mandate to
create a spatial plan is an example (Arkema et al., 2015). Similarly, in
the case of the Marine Spatial Plan of Latvia, ES integration was pro-
moted by the ecosystem-based approach required in the Marine Strategy
Framework Directive (European Commission, 2008). In South East
Queensland, previous statutory plans stated the need for an ES assess-
ment, leading the path towards the participatory development of the
framework and ensuring the mainstreaming of the results (Maynard
et al., 2010). These cases reveal the importance of regulatory frame-
works as facilitators for triggering ES integration into spatial planning.

In some cases, a supportive social environment — a broadening of
what Saarikoski et al. (2018) define as “social capital” — also played a
key role as an enabling factor. Arkema and Ruckelshaus (2017) highlight
that “societal demand for information about the ways in which ecosystems
support economic development and human well-being is growing”, while
Maynard et al. (2011) claims that “the impetus to develop an ecosystem
services framework [...] can in part be attributed to the importance the
community and stakeholders attach to the environment”. Then, perhaps not
surprisingly, almost all authors reflect on the importance that “people”
(Rosenthal et al., 2015) had for a successful integration of ES. This refers
to the “policy champions” (Saarikoski et al., 2018) who promote ES
integration: sometimes researchers and scientists, sometimes the in-
stitutions responsible for the planning process, or even stakeholders, as
in the case of Latvia (Veidemane et al., 2017). But it also refers to the
wider “intellectual capital” (Saarikoski et al., 2018) involved in the
process, including scientists, planners, and experts of different sectors.
For example in Lathi, where “one of the city officials had a background in
ES research” (Brunet et al., 2018), or in South East Queensland, where
problems of data availability were overcome thanks to local knowledge,
which also enhanced credibility and legitimacy of the results (Maynard
et al., 2011).

Overall, the analysed case studies suggest that the involvement of a
wide variety of stakeholders is linked not only to a higher degree of
participation, but also to more substantial and meaningful ES-based
planning outputs. This is also true for the very first step of ES integra-
tion, i.e. the selection of ES to assess. An iterative science-policy inter-
face (Rosenthal et al., 2015) and a process of knowledge co-production
(Saarikoski et al., 2018) with planning institutions, ES champions, and
other stakeholders involved emerge as essential factors to initiate and
successfully complete the process of ES integration into spatial planning.
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4.3. Limitations of the study

The keywords used in the search string, necessarily arbitrary,
affected the results of the study. This is particularly true for the terms
used to capture the integration between ES and spatial planning, but it
also applies to the keywords related to spatial planning, mainly based on
western countries’ terminology and possibly overlooking definitions
specific of other contexts. For example, we may have overlooked more
studies dealing with MSP that did not explicitly use the term “spatial
plan*” and studies dealing with water management planning. However,
our search strategy was able to capture some studies in these fields that
explicitly highlight the spatial dimension of planning, which is the pri-
mary focus of our analysis.

In addition, we searched publications only in Scopus, and did not
consider grey literature, even though it could be a valuable source of
case studies (Laurans et al., 2013). We focused our analysis on a ho-
mogeneous set of peer-reviewed publications that analyse the process of
ES integration from a critical perspective, more likely to be found in
scientific than in grey literature. However, this might have influenced
some of the results, such as the fact that most of the ES champions found
in the case studies are researchers. Furthermore, other case studies of ES
integration mentioned in the literature (e.g., in publications classified as
reviews) were excluded since providing insufficient information on the
whole planning process and decisions that led to ES integration, which is
the core objective of our review.

Finally, our synthesis of critical aspects is based on the information
reported in the publications. The extent to which they reflect evidence
produced during the planning process as opposed to the authors’ per-
ceptions and opinions is impossible to ascertain. However, the peer-
review process should guarantee scientifically sound results, and we
found correspondence for most of the findings in the wider scientific
literature.

5. Conclusions

Our results revealed that methodological and conceptual studies are
still the majority in scientific literature, while case studies with policy-
relevant applications of ES are very few, confirming the mismatch be-
tween ES science and its use in practice (Lautenbach et al., 2019). Over
the last few years, we observed an increase in the share of applied
studies explicitly aimed at supporting spatial planning decisions, not just
by providing usable tools and methods but trying to address real-world
planning issues. However, such knowledge can produce a real impact
only if the policy question is committed by decision-makers and if the
process of knowledge (co-)production is incorporated within a planning
process, eventually resulting in a formal policy instrument or
programme.

The main advantages of introducing ES knowledge in spatial plan-
ning processes emerged from the case studies are: i) a broader inclusion
of relevant issues to address during the planning process, ii) a synthe-
sizing perspective to interpret multiple data and information, and iii) an
effective involvement of stakeholders with higher degree of participa-
tion. Overall, this can contribute to legitimate decisions dealing with
more sustainable spatial allocation of uses and management options.
One of the most important factors may trigger ES integration is the
“window of opportunity” offered by high-level regulatory frameworks
(e.g., at national or EU level) promoting ES-based approaches, or by new
planning processes and tools (e.g., SEA and MSP) more open to inno-
vative concepts. However, also bottom-up initiatives such as informal
planning processes with researchers and citizens’ claims may push au-
thorities to achieve this integration into statutory spatial planning.

The cultural background of policy-makers, stakeholders, and citizens
seems to be a crucial pre-requisite for promoting ES integration into
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planning processes. In most of the analysed case studies, ES integration
occurred because of the commitment of policy-makers and stakeholders
and their high awareness of ES importance. This need for a “fertile
ground” suggests limitations to the conceptual use of ES as the entry
point to promote environmental awareness and pro-environmental at-
titudes, at least within spatial planning processes. Rather, the main
advantages emerged point to practical aspects related to the instru-
mental use of ES knowledge, such as its usefulness in synthesizing and
facilitating the understanding and use of complex socio-environmental
information. However, specific contextual conditions are necessary for
a successful integration, including the establishment of a science-policy
collaboration across all stages of the planning process.
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