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Highlights 
Balancing conservation and sustainable 
development goals requires integrating 
economic, ecological, and social objec-
tives into mult iple-use spatial plans.

Recent advances in optimization 
methods and tools enhance the poten-
tial application of multiple-use spatial 
planning approaches , but adoption
remains limited.

Providing guidance on the advantages 
Growing global demands for food, energy, and resources drive competition for 
space while increasing pressure on natural systems, highlighting the need to bal-
ance sustainable resource use with biodiversity conservation. While multiple-use 
spatial planning provides a pathway to balance this trade-off, there is limited guid-
ance for selecting appropriate optimization approaches and their integration into 
terrestrial, freshwater, and marine planning processes. Here we explore the current 
state ofmultiple-use spatial planning and the challenges that hinder its adoption, in-
cluding the timing of interventions, economic impacts of planning decisions, capac-
ity building, and alignment w ith development priorities. We aim to make multiple-
use planning more accessible to researchers and practitioners and stimulate its
wider uptake to help meet international ecological, economic, and social goals.
1 School of the Environment, The 
University of Queensland, St Lucia, 
4072, Q ueensland, Australia
2 Centre for Biodiversity and Conservation 
Science (CBCS), The University of 
Queensland, S t Lucia, 4072, Queensland,
Australia
3 Centre for Ecology and Conservation, 
Faculty of Environment, Science and 
Economy, University of Exeter, P enryn,
Cornwall, TR10 9FE, UK
4 Sharjah Marine Sciences Research 
Centre (SMSRC), University of 
Khorfakkan, Sharjah,Unite dArabEmirates
5 Department of Biology, Carleton 
University, K1S 5B6 Ottawa, On tario,
Canada

and limitations of optimization ap-
proaches, reconciling terminology, 
and advancing methods to measure 
economic costs and benefits is essen-
tial if we are to realize the bene fits
of transitioning from single-use to
multiple-use spatial planning.

Better adoption and deployment of 
quantitative tools for multiple-use spatial 
planning can ensure transparency in 
decision-making asweprogress towards 
biodiversity, economic, and social targets
at global, national, and local scales.
The growing need for multiple-u se spatial planning
Global demands for food, energy, minerals, infrastructure and water are increasing [1,2], intensi-
fying pressure on ecosystems [2,3], and competition for space [4,5]. Human activities have 
altered 75% of land, impacted 66% of oceans, and reduced >85% of wetlands, with adverse 
consequences on biodiversity, climate, and people [3]. While development and conservation 
have commonly been framed as competing goals, they can coexist and provide co-benefits [6]. 
Overcoming this dichotomy through effective spatial management is essential for balancing 
long-term sustainable resource use with conservation.

This need is reflected in global policy targets. The United Nations Sustainable Development 
Goals (SDGs) 14 and 15 call for the protection and sustainable use of terrestrial and marine
ecosystems [7], while Target 3 of the Global Biodiversity Framework (GBF) aims to protect 
30% of land, waters, and seas by 2030 [8]. Achieving these, alongside other commitments 
such as clean energy access (SDG 7) and sustainable economic growth (SDG 8), requires stra-
tegic allocation of space and resources for multiple sectors. Specifically, Target 1 of the GBF 
calls for all areas to be ‘under partici patory, integrated, and biodiversity inclusive spatial planning’.
However, there are no clear guidelines for implementation, although definitions and frameworks
are forthcoming [9]. 

Spatial planning (see Glossary) is a process to assess and designate the spatial and temporal 
arrangement of human uses, including by informing the application o f area-based manage-
ment tools, to meet economic, ecological, and social goals [10,11]. Although intended as an in-
tegrated approach, decision-making often remains sector-specific [12]. Additionally, many spatial 
planning processes lack transparency in the definition of planning objectives [13]. As a subset of
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spatial planning, systematic conservation planning (SCP) provides a structured framework to 
balance biodiversity conservation with socioeconomic interests by identifying, assig ning, and
monitoring management actions [14]. A key step in SCP is spatial prioritization, which guides 
the implementation of management actions to meet objectives [15], often using spatial optimi-
zation to identify cost-effective solutions [16–18]. The interplay among spatial prioritization, 
conservation planning, and broader spatial planning creates a complex landscape for re-
searchers and practitioners. This can lead to inconsistent decision-making, misaligned conser-
vation and development goals, and challenges in stakeholder communication.

We examine the current state of multiple-use spatial planning across realms, clarifying key 
concepts and terminology, and evaluate optimization approaches for integrating conservation 
and human uses. Spatial optimization offers a systematic, reproducible, and flexible framework 
for navigating trade-offs and identifying efficient solutions. We provide guidance to help 
researchers and practitioners with spatial optimization expertise select suit able methods, over-
come uptake barriers, and promote broader adoption of transparent, science-based planning
processes.

Reconciling terminology in multiple-use spatial planning
In general, planning processes should be participatory and need to consider: (i) objectives for 
spatial allocations; (ii) different uses; (iii) associated management actions; and (iv) features,
costs and constraints (Box 1) that can be allocated to different zones (Figure 1D) through an 
optimization process. A major challenge in understanding key concepts in multiple-use plan-
ning, however, is the overwhelming variety of terms and definitions describing si milar – or
even identical – concepts, with inconsistencies across realms (Box 2).
Box 1. Key concepts in multiple-use spatial optimization

In systematic conservation planning, spatial optimization is preceded by several steps (Figure IA), one of which is defining 
the decision context. This involves articulating actions for different activities such as agriculture, photovolt aic development,
or biodiversity conservation [5]. Spatial optimization then begins with setting fundamental objectives (or goals), such as 
maintaining ecosystem integrity, enabling sustainable development, or minimizing costs.

Next, spatial data are assembled (Figure IB), and performancemetrics are calculated to assess howwell the objecti ves are
met (Figure IC). Spatial data underpin the features, costs, and constraints that shape the analysis. Features are spatial 
elements of interest within a planning region, such as critical habitats for t hreatened species or areas with energy
generation potential [5,23]. Performance metrics for features often include setting a target, such as a minimum level of 
representation (coverage) by the spatial prioritization. This could be a percentage of suitable habitat for each biodiversity
feature [18]. 

Costs (e.g., land value, maintenance expenses, or lost fishing revenue in wind farm zones), allow for efficiency within 
the planning process, and are often the main driver of the mathematical objective. The objective function is minimized or
maximized. Commonly, the objective function aims to minimize cost, while meeting the constraint of ensuring that targets
are met for all features.

Constraints ensure solutions align with real-world policies. For example, constraints can require the plan to stay within a 
certain monetary budget for a specific sector, or that particular areas must be allocated to specific uses.

These inputs are then used to formulate a mathematical optimization problem ([18]; Figure ID). Correctly formulating 
the problem to represent the underlying fundamental objectives is key, and one of the most challenging steps, in spatial
optimization [66]. When done well, planning achieves data-driven solutions that balance ecological, economic, and policy
considerations.

Spatial optimization typically produces binary solutions (Figure IE), where planning units are either selected or not. Often 
real-world challenges require more flexibility. Management zones allow for solutions beyond simple inclusion/exclusion
[35]. Each zone has its own features, targets, costs, and constraints, enabling planners to addres s diverse objectives
(Figure 1C). Despite this flexibility, all zones still operate under a shared objective function, such as minimizing total cost.

Trends in Ecology & Evolution, November 2025, Vol. 40, No. 11 1127

move_f0005


Trends in Ecology & Evolution
OPEN ACCESS

(       )minProblem
formulation

Features Cost Constraint

25% Target
(= 11 PUs)

50% Target
(= 2 PUs)

40% Target
(= 12 PUs)

Selected

Not selected

solution
solution

(with locked-in constraint)

(B) 

(C) 

(D) 

(E)

Planning units (PUs)

Planning region

spatial
planning

systematic conservation
planning

spatial
optimization

spatial
prioritization

(A)

e.g., Existing 
protected areas

TrendsTrends inin EcologyEcology & EvolutionEvolut ion

Figure I. Schematic of the main steps in spatial optimization. (A) Relati onship between spatial planning, systematic
conservation planning (see [14] for detailed descriptions of the individual steps), spatial prioritization and spatial 
optimization. (B) Collecting spatial input data. (C) Preparing spatial data by converting them into planning units (PUs) 
and setting targets for each feature. (D) Formulating the spatial optimization problem (here minimizing cost while 
meeting all feature targets and including the area of the locked-in constraint). (E) Solving the optimization problem with
or without locked-in constraints.
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Glossary 
Area-based management: regulating 
human activities within defined spatial 
areas to achieve ecological, social, and 
economic goals through inclusive 
governance, recognition of diverse 
management approaches, and a shift 
from measu ring coverage alone to
evaluating outcomes and equity.
Co-location: allocatingmultiple sectors 
in the same space at the same time (e.g., 
solar energy and farming, or offshore 
wind farms an d aquaculture).
Conservation planning: a  strategic  
process to guide decisions about 
conserving biodiversity and ecosystems, 
often using data-driven and spatial tools. 
While not always systematic, it is often 
used synonymously with SC P, spatial
prioritization, or spatial planning.
Cross-sectoral planning: a  planning  
problem with two or more activities, with 
or without stakeholders' engagement. It 
is used interchangeably with inte r-
sectoral and multi-sectoral planning.
Integrated spatial planning: a 
participatory process to allocate the 
spatial distribution of actions for multiple 
human uses and activities across land, 
freshwater, and marine realms to 
achieve several social, economic, and 
ecological planning object ives
simultaneously, while integrating
biodiversity considerations.
Multi-action planning: identifying the 
optimal combination and spatial 
allocation of management actions to 
minimize costs while achieving recovery 
targets within a set budget. It currently 
focuses o n threat abatement, rather
than multiple sectors.
Multi-objective (spatial) 
optimization: a planning problem with 
multiple objective functions in a single
problem.
Multi-objective (spatial or 
conservation) planning: a planning 
problem defined by multiple objectives 
(goals). It can overlap with multiple-use 
planning if objectives are driven by
different uses.
Multiple-use (spatial) planning: a 
planning problem including multiple 
sectors which do not necessarily need to 
share the same space (i.e., they can be 
adjacent ). Nature may or may not be
included.
Spatial action mapping: a 
conservation planning approach 
identifying where and how specific 
actions, their actors, and anticipated 
impacts can best contribute to achieving
While concepts such as co-location (i.e., several activities in the same space and time) have 
clear meanings, others describe similar ideas. For example, mul ti-use/multiple-use (spatial)
planning [19], multi-zone/zoning [20–22], and multi-sectoral/cross-sectoral planning [23] 
are used interchangeably when referring to including different sectors or communities and their 
areas of operation in planning processes. Note that we use ‘multiple-use’ hereafter and reference 
‘uses’ and ‘sectors’ interchangeably. Reconciling multiple uses is inherent to classical SCP ap-
proaches, which focus on designing protected areas for conservation w hile avoiding conflict
with sectors or other ‘users’within the planning area.Usersmay share spatial locations or natural
resources but differ in their values, rights, interests, and vulnerabilities [24]. Recognizing this dis-
tinction is essential for equitable and legitimate planning, with practical implications for partic ipa-
tory processes and responsible application of optimization tools [25]. 

Adding to this complexity, identical terms can have different definitions in various contexts. Multiple ob-
jective or multi-objective (multi-objective hereafter) can refer to the overarching goals o f a spatial plan-
ning process [26], such as developing scenarios enhancing food security, and/or ensuring biodiversity 
persistence [5,20,27]. Alternatively, these terms can refer to the mathematical expressions underpin-
ning spatial optimizations with multiple objectives [28,29]. We recommend clearly specifying the con-
text in which ‘multi-objective’ is used, either in planning processes (e.g., multi-objective (spatial or 
conservation) planning)  or  i  n methods (e.g.,multi-objective (spatial) optimization).

Terms such as use–use [30] and co-location [31] are primarily used in spatial planning literature 
but rarely in SCP. Emerging concepts such as integrated spatial planning, driven by initiatives 
such as Target 1 of the GBF, emphasize holi stic approaches aligning biodiversity, climate, and
sustainable development [32]. Although ‘integrated’ is widely used, it is applied in varying con-
texts with different definitions, which complicate its use [33,34]. 

This lack of clear definitions across studies hinders the comparability and applicability of planning 
methods. To ensure planning is inclusive and accessible across sectors, avoid using different 
terms within a single study unless they represent distinct concepts essential to understa nding
the research. Additionally, we recommend standardizing terminology across research domains,
and introducing new terminology only when existing definitions fail to convey novel concepts.

Optimization approaches for multiple-use spatial planning
Early spatial optimization tools were not designed to allocate space for multiple management 
actions simultaneously, nor were there political incenti ves for this. However, advances in compu-
tational power, open-access data, and integrated planning policies [9] have driven the develop-
ment of new planning tools [18,35] and interest in multiple-use spatial optimization [19]. 

We discuss current spatial optimization approaches most relevant to multiple-use planning (Table 1). 
This is not a comprehensive list of tools and approaches (Box 3), withmanymultiple-use planning pro-
cesses not using optimization methods [36]. Some emerging optimization tools show potential for 
multiple-use planning through action-based frameworks and multi-action planning,  but  currently  
focus on conservation goals and threat mitigation, with limited integration of broader human uses or
non-conservation outcomes [37]. We frame this section around the problem f ormulation of common
optimization approaches (Figure 1) and discuss multi-objective optimization approaches from other 
fields that remain under-explored in spatial planning.

Aggregating multiple uses into a composite cost
When the primary objective is to meet conservation targets (e.g., 30% of each mappable feature), 
multiple uses can be aggregated into a single, composite cost metric in spatial optimization
Trends in Ecology & Evolution, November 2025, Vol. 40, No. 11 1129
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conservation goals. It emphasizes 
action-based outcomes and explorin g
trade-offs.
Spatial analysis: the process of 
developing, modeling, evaluating or 
combining spatial datasets to 
under stand a problem.
Spatial optimization: the use of 
mathematical algorithms (exact or 
heuristic) to determine the best spatial 
allocation of resources or actions based
on specific criteria.
Spatial planning: a public process for 
assessing and determining how human 
activities are distributed across space 
and time to meet ecological, economic, 
and social objectives. It may, but does 
not nece ssarily, include nature. Can be
applied to marine or land-use.
Spatial prioritization: a component of 
larger frameworks (e.g., SCP) that is 
focused on allocating actions in space 
and time, which could use optimization 
or other approaches.Within this context, 
it is often used interchangeably with 
‘spat ial conservation prioritization’,
which includes nature.
Systematic conservation planning 
(SCP): a structured framework for 
identifying, assigning, and monitoring 
areas for biodiversity conservation, 
restoration, or sustainable management 
in several steps. SCP is guided by core 
principles of complementarity, 
irreplaceability, representativeness, 
adequacy, connectivity, and efficiency, 
and often uses decision-support 
tools to balance the co nservation of
biodiversity – the core objective of SCP –

with social and economic considerations.
A key step is spatial prioritization.
Trade-off analysis: a  method  for  
evaluating competing objectives in 
spatial planning, such as conservation 
versus economic development, but also 
among stakeholders in te rms of who
bears costs and obtains benefits.
Use–use interactions: methods for 
assessing synergies and risks among 
mu ltiple uses.
User: an individual or group that 
interacts with a particular area or 
resource. Users can vary in goals, 
access rights, impacts, and connections 
to place, and include stakehol ders,
rightsholders, and other interest groups.
Zoning: development of a plan with 
management zones. These can involve 
single-action zones (e.g., offshore wind, 
fishing and conservation zones) or 
multiple-action zones (e.g., sustainable
management zone). Zones can contain
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(Box 1; Figure 1A). This typically involves calculating a new composite cost value based on the
weighted [38,39]  or  unweighted sum [40,41] of multiple cost values. This is common practice 
in SCP, where minimizing economic costs (e.g., opportunity costs or foregone revenue) can in-
crease stakeholder support and adoption [38]. When economic cost data are unavailable, 
many analyses use existing aggregated datasets, such as ‘human use/footprint’ [42,43]  or
‘vulnerability/disturbance/cumulative effects’ scores [44,45] as cost metrics.

However, composite costs risk obscuring the influence of individual sectors and can dispro-
portionately disadvantage certain sectors by avoiding areas that incur higher opportunity 
costs due to their inherent economic value (e.g., industrial fishing vs artisanal fishing) or due 
to weighting choices. Composite cost metrics can also be problematic where cost values
have different units [e.g., summing fishing effort (hours), enforcement costs (dollars), and
accessibility (km)] [46]. In such cases, composite costs assume a linear relationship between 
cost metrics (e.g., agricultural land suitability) and fundamental objectives (e.g., reducing 
impacts of protected areas on agriculture). Although it is common to normalize cost metrics 
prior to computing a composite cost metric ( e.g., linearly re-scaling values), outcomes can be
sensitive to the choice of normalization procedure and statistical outliers [47]. Where costs with 
different units are available, best practice is to develop scenarios for each cost value or adopt a 
con straint-based approach if appropriate.

Beyond technical limitations, composite costs can also overlook sectoral goals, vulnerabilities, 
historical rights, and capacities to adapt to spatial planning decisions. For example, creating 
a  single  fisheries cost layer can obscure impacts of planning processes on small-scale versus 
industrial operators, potentially leading to inequitable outcomes and reducing the legitimac y
of planning decisions. Accounting for stakeholder-specific objectives can improve equity
without compromising conservation efficiency [24]. Addressing these issues early in the 
planning process, when defining the objectives, can help ensure more equ itable and robust
outcomes.

Setting constraints for indiv idual uses
Constraints can also be set for multiple-use spatial optimization [18]. Constraints can represent 
user-defined budget limits such as the maximum lost revenu e or minimum area requirements
(Box 1; Figure 1B). In contrast to a single composite cost, constraints treat each cost metric 
separately, offering greater control and fl exibility over how individual uses are considered
[39,48]. 

Although constraints overcome some of the limitations associated with using composite costs, 
they share some limitations (Table 1). However, exploring different scenarios by including or 
excluding constraints can clarify the impact of each use on the resulting planning scenario, 
making this a better approach when the re quired sector-specific data (e.g., opportunity costs)
are available.

Using zones to incorporate multi ple uses explicitly
Zoning is one of the most accessible methods for allocating spatial management actions, and is
increasingly used in research [4,5,23,34] and practice (e.g., TunMustaphaMarine Park, Malaysia, 
[49] and the Essential Life Support Area framework [32] with preliminary results in [50]). Incorpo-
rating multiple uses through zoning helps to reduce potential conflicts among sectors and can 
maximize sectoral benefits by assigning tailored management actions in individual zones. By 
allocating features, costs and constra ints to specific zones, planners can introduce flexibility
into the optimization process and resulting scenarios (Figure 1C; [20,21]).
1130 Trends in Ecology & Evolution, November 2025, Vol. 40, No. 11
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objectives.
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However, this flexibility comes with trade-offs since zoning requires more data and greater 
expertise to capture the complex interactions among sectors and with biodiversity [51,52]. The 
limitation of summing costs still exists within zones and opportunities to account for synergies
across sectors remain limited [18,35]. For example, sectoral benefits of different zones can 
accrue in non-additive ways, but current optimization tools struggle to incor porate such inter-
actions, though [37] allows multiple actions to spatially overlap, capturing their combined 
effects. Additionally, it is impossible to use different objective functions for each use in each 
zone (e.g., simultaneously maximizing benefits for one use, while minimizing costs for another 
use). Best practice is to keep the numbe r of zones – and consequently, the complexity of the
plan – within a manageable range for communication, management and enforcement.

Multiple objectives in spatial optimization
Most decision-support tools supporting multiple-use spatial optimization share a limitation: they 
only consider a single mathematical objective in the problem definition that rela tes to the
sector-specific goals for minimization or maximization during optimization (Box 1) – although con-
straints can theoretically be viewed as types of objectives. In practice, planning processes often
Features

Costs

Objectives

Constraints

Solution

(A) Composite cost (B) Constraints

(       )min

Cost 1 Cost 2

Cost 3

(C) Zones

Zone 2Zone 1

Constraint 1 Constraint 2

<60% >10%

Linear Locked-ln

Cost 1 Cost 2 Cost 3

+ +

(       )min

Cost 1 Cost 2 Cost 3

(D) Multiple objectives

Objective 1

Objective 2

Objective 3

(       )(       )min

(       )(       )max

(       )(       )min

(       )(       )min (       )(       )min

Zone 1

Zone 2

Cost 1

TrendsTrends inin EcologyEcology & EvolutionEvolution 

Figure 1. Approaches for incorporating multiple uses in spatial optimization. (A) Composite cost. Incorporating different uses by aggregating them in a combined 
cost layer. (B) Constraints. Constraining the solution with either budgets for different uses (linear constraints) or by locking-in areas for existing uses (locked-in constraint). 
(C) Zones. Formulating and solving a zoning problem, where each zone has distinct features and associated costs to be minimized, resulting in a single solution with
different management zones. (D) Multiple objectives. Including multiple uses through multi-objective optimization by setting a different objective for each use.
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have multiple objectives [28,29,53] which can be simultaneously addressed using multi-objective
optimization (Figure 1D), a well-studied concept in computer science and engineering [54]. 

Multiple-objective optimization approaches can broadly be classified as a  priori  or a posteriori
[53]. A priori approaches incorporate priorities pre-optimization by specifying the relative impor-
tance of different objectives [53]. For example, the hierarchical method optimizes each objective 
sequentially, only allowing for a pre-specified level of reduction in quality between subsequent
objectives [55]. Another a  priori  approach, which is more common in ecology [53,56], is the 
weighted-sum method that involves using a linear combination of multiple objective functions 
based on user-defined weights. A posteriori approaches create a set of solutions to choose 
from based on stakeholder preferences post-optimization, thus requiring knowledge about the
particular trade-offs [53]. 

Multi-objective optimization offers the most flexible approach to multiple-use spatial planning, 
allowing more nuanced evaluation of competing objectives and trade-off analyses across sec-
tors than single-objective methods. While some accessible tools exist [56], current applications 
rely on custom algorithms, such as using genetic algorithms in specific case studies [57,58], lim-
iting their accessibility and adoption by non-specialists. Thus, custommulti-objective optimization 
algorithms within a SCP framework have not yet been subject to the rigorous testing in common
software tools for spatial optimization such as Marxan [16], prioritizr [18], and Zonatio n [17]. 

Multi-objective optimization works best with well-defined and conflicting objectives. However, it is 
time-consuming and data-hungry, requiring greater mathematical and programming expertise to
Box 2. Differences among realms in multiple -use spatial planning

Terrestrial, marine, and freshwater realms face similar threats, including habitat degradation and biodiversity loss driven by 
extractive activities and unsustainable development [1]. While the number of protected areas is i ncreasing globally
(Figure I), all realms remain behind in meeting international conservation targets. However, research within each realm often 
operates in isolation, leading to methodological differences shaped by their unique characteristics.

A key difference in spatial optimization across realms lies in how each integrates multiple sectors. Marine research pre-
dominantly employs multiple-use planning, using zoning approach es to minimize conflicts and promote coexistence
[4,20,27]. While there is multiple-use planning in terrestrial and freshwater realms [5,33], it focuses on integrating multiple 
objectives, particularly prioritizing ecosystem services such as carbon storage and flood retention [21,22,57]. Terrestrial 
planning frequently employs trade-offs to balance conservation with competing land uses, such as biodiversity recovery
and renewable energy expansion [5]. It also more commonly employs custom optimizationmethods to handlemultiple ob-
jectives, including hierarchical frameworks [55] and genetic algorithms [57], especially in urban contexts. Freshwater re-
search, by contrast, often employs spatial action mapping and prioritizes actions for threat ab atement, allocating
space to combat invasive species, weeds, and unsustainable agriculture [89]. This has driven the development of optimi-
zation tools for cost-effective multi-threat management [37]. 

Many methodological differences among realms stem from their physical properties and history. The three-dimensional 
structure of marine environments complicates connectivity but offers co-location opportunities, whereas terrestrial sys-
tems are largely constrained to two dimensions, limiting overlapping uses. On land, a long history of single-use allocation, 
such as for protected areas, necessitates trade-off manage ment rather than multiple-use integration. By contrast, the
marine realm –with a more recent history of economic and protected area expansion (Figure I) – still suffers from a ‘Tragedy 
of the Commons’. With many resources still openly accessible and space often not yet allocated to a single use, traditional 
and emerging sectors are expanding rapidly, accelerated by advancing technology enabling access to previously unex-
ploited regions such as the deep sea and the high seas [2]. While this expansion represents a risk to biodiversity, it also 
affords novel zoning opportunities compared with on land where property ownership is common. Freshwater systems, 
though often smaller and more vulnerable to localized threats, also include large and complex systems such as
transboundary river basins experiencing cumulative pressures at broad spatial scales [90]. A persistent challenge in fresh-
water multiple-use spatial optimization is accounting for off-site impacts, such as upstream–downstream interac tions,
which requires incorporating hydrological connectivity and cross-boundary effects [90,91]. These challenges are not only 
technical but also institutional, requiring coordination across jurisdictions, sectors, and governance levels.
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Figure I. Global marine and terrestrial multiple-use and single-use protected areas. (A) Geographic distribution 
of protected areas classified by the International Union for Conservation of Nature (IUCN) categories. Single-use categories 
(shades of red/orange; I–IV) include Ia, strict nature reserve; Ib, wilderness area; II, national park; III, national monument; 
and IV, habitat/species management. Multiple-use categories (shades of blue/green; V–VI) include V, protected 
landscape/seascape ; and VI, protected area with sustainable use. Areas not assigned an IUCN category are shown as
‘Other.’ (B) Number of protected areas by IUCN category over time. Figure adapted and updated from [92].
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Box 3. Tools in spat ial planning
Within spatial planning, a range of tools are available for distinct purposes and spatial analyses. These can be catego-
rized into tools for assessing spatial interactions, evaluating cumulative effects, and supporting decision-making [10], al-
though more detailed classifications have been proposed based on specific use cases [93]. 

Tools that assess spatial interactions among activities help identify synergies and conflicts among sectors by taking into 
account the characteristics of an area, vested interests, and existing sectoral activities [10]. Multi-criteria analysis is widely 
used for assessing spatial interactions, integrating various criteria to evaluate trade-offs [94,95]. Specialized software, such 
as Seaner gy [96], provide workflows to analyze spatial overlaps and dependencies among activities, offeri ng insights into
potential conflicts or co-benefits.

Cumulative-effect assessment (CEA) tools evaluate combined impacts of human activities and their pressures on ecosys-
tem components and functions [97]. CEAs often entail scoring cumulative impacts based on intensity of pressures, 
ecosystem sensitivity and recovery potential, and the distribution of uses [97]. Effective CEA should incorporate direct, 
indirect, and interactive effects, reflecting nonlinear and compounding impacts [98]. This is particularly relevant in marine 
planning where multiple stressors interact in complex ways [97], and in freshwater planning where multiple, interacting 
on-and off-site stressors can produce nonlinear and compounding impacts across catchments [99]. 

Decision-support tools translate analytical outputs into actionable planning strategies. They focus on data, analysis, 
forecasting, and stakeholder engagement [10]. Data tools support data collection, sharing, validation, and integratio n
across stakeholder and rightsholder groupsv , but can also serve as ‘geoportals’, improving discoverability, docum enta-
tion, and appropriate use of spatial datavi . Systematic conservation planning is an example of an analysis tool to identify 
cost-effective planning solutions that balance ecological and socioeconomic objectives (e.g., [16]). Forecasting tools, in-
cluding ecosystem modeling frameworks [77], simulate future scenarios to predict consequences of different manage-
ment strategies. Engagement tools, such as participatory planning software and web-based platforms, facilitate 
inclusive and equitable planning processes by visualizing planning alte rnatives, co-designing scenarios, and gathering
feedback [50]. 

While each tool has a specific purpose, they are complementary and can be integrated into comprehensive planning 
frameworks. For instance, outputs frommulti-criteria analyses can inform spatial optimization [94], and spatial optimization 
outputs can feed into forecasting models to assess economic and ecological consequences of impleme nting specific
planning solutions [74]. Some tools are multifunctional, supporting visualization, modeling, and participatory planningvii , 
and can interoperate with others (e.g., Marxan) to support integrated workflows.
formulate sector-specific objectives. Moreover, the challenge of engaging stakeholders in multi-
objective optimization remains unclear. To make multi-objective optimization techniques more 
accessible to a wider audience and support a more comprehensive approach to multiple-use 
spatial planning, future research could focus on integrating them into existing or new software
tools for spatial planning.

Choosing an optimization approach based on planning goals, data availability and technical capacity 
Selecting an appropriate optimization approach requires understanding the governance, and 
public-private engagement context to ensure that resulting spatial prioritizations align with institu-
tional mandates, legal frameworks, jurisdictional overlaps, and management capacity within the 
planning region. T hese factors, typically identified early in the planning process, will influence
whether approaches like zoning or multi-objective optimization will be viable.

Once using an optimizing decision-support tool is deemed appropriate, and sufficiently intro-
duced to stakeholders, rightsholders and other interested parties, the choice of approach should 
be guided by the overall goals of the plan. This involves balancing the desired level of detail in the 
planning scenario with available data, domain-specific expertise and technical skills (Table 1). 
While composite costs and constraint-based approaches are more accessible, zoning and 
multi-objective optimization offer greater flexibility and precision but require more data and spec-
ificity in the decision context. In data-limited regions – where information about sectoral activities,
ecological and socioeconomic data are limited – composite costs or constraint-based
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approaches may be the only feasible option to include multiple sectors. However, plan-
ners can leverage global datasets and proxy indicators (applied with caution to ensure 
contextual relevance) or adopt participatory mapping approachesviii to help address information 
gaps. Where data remain insufficient for a given approach, planners may need to consider alterna-
tives with lower data requirements. Given all this, we recommend revising the optimization ap-
proach during planning exercises as new information on data quality and availability 
emerges. Even the most sophisticated approaches can be ineffective or misleading if not sup-
ported by adequate data. Still, this should not preclude initial planning efforts as transparent
communication about data limitations can help to build trust, and over time, improved
engagement and data contributions often emerge as stakeholders gain confidence in the
tools and process.

Identifying and addressing research gaps
Quantifying benefits and costs
Evaluating benefits and costs is key for allocatingmanagement actions, yet efforts to quantify their 
full scope remain limited. This is particularly important in multiple-use spatial planning, where 
many costs and benefits – including those beyond market benefits [23] – must be assessed to 
ensure equity and efficiency across sectors [25] and to avoid favoring high-revenue industries 
while undervaluing conservation and small-scale resource use [24,59]. 

While some studies now incorporate indirect benefits such as ecosystem services [22,43,60] 
through valuation frameworks such as InVESTi ,  non-market  benefits reflecting societal prior-
ities, such as cultural significance [61], remain underrepresented. Although difficult to quan-
tify, these benefits can be included through stated preference methods (e.g., contingent 
valuation and choice experiments) that estimate willingness to pay [62]. However, these 
methods face challenges, such as sensitivity to survey design and spatial heterogeneity in
responses [63]. 

Although spatial planning scenarios commonly minimize opportunity costs such as lost pro fits in
fisheries or agriculture [48], efficient multiple-use spatial planning needs to consider downstream 
sectoral costs. These include establishment, maintenance, management and compliance costs
[61], as well as accounting for collaboration costs, including negotiation, coordin ation, and con-
flict resolution across sectors.

To ensure fairness and efficiency, defining and valuing costs and benefits should be a participa-
tory process, co-developed with stakeholders and rightshold ers to support procedural equity
[64]. Additionally, distributional equity – how benefits and costs are shared across different 
groups – and recognitional equity – acknowledging the rights and knowledge systems of margin-
alized groups – requires attention to avoid reinforcing existing inequalities and strengthen social
legitimacy of planning processes [64]. 

Future research could identify frameworks for quantifying spatial benefits and costs across 
sectors and novel methods for embedding them into optimization problems. Where sufficient 
data exists, multi-objective optimization can help maximize sectoral benefits while minimizing 
costs. Improving the accessibility of these methods for planners will require better visualization 
of trade-offs and user-friendly, open-source tools. In data-limited regions [59,65], proxies such 
as area-based costs can provide initial estimates [23], but overlook sectoral differences, and 
indirect and non-market benefits. Since spatial optimization outcomes are driven by benefit 
and cost data, ensuring their accuracy and relevance is critical for effective multiple-use
planning.
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Problem definition and inter pretation
A challenge in spatial planning is to formulate the problem effectively. Designing planning scenarios 
requires clearly defining objectives, identifying actions, understanding system behaviors following 
management decisions, and accounting for constraints such as resource availability and prior
commitments [66]. This is more complex in multiple-use spatial planning where trade-offs 
among sectors must be considered. Poorly formulated problems can lead to inefficient outcomes, 
missed opportunities to balance competing uses, and inequities among sectors. This challenge is 
compounded by a disconnect between planners and decision-makers. Planners commonly rely on 
decision-makers to articulate objectives and potential actions, whereas decision-makers might 
lack t he technical and scientific expertise to define effective objectives in planning processes.

Bridging this gap requires building capacity, not only in technical skills to allow for mutual dis-
course about problem formulation and decision-support tools, but in fostering collaboration 
among planners, stakeholders, and policymakers. Engaging decision-makers th roughout the
process ensures that objectives reflect real-world scenarios and stakeholder values, making
plans more actionable and effective [50]. In resource-limited regions, capacity-building initiatives 
could support training in decision science principles, decision-support to ols, and participatory
approaches [6]. National working groups or interministerial commissions that represent the 
interests of different sectors may help establish a common language and understanding of the 
planning process. The development of interactive platforms and software tools that allow stake-
holders to engage directly in the planning process (e.g., [50]ii–iv ) will also foster the effective com-
munication of planni ng approaches, outcomes, and trade-offs.

Scheduling actions over time
Most spatial optimization assumes management actions are implemented simultaneously. In re-
ality, implementation is often incremental, with dynamic change s in costs, ecological conditions,
and stakeholder and government priorities [65,67,68]. This is even more complex in multiple-use 
spatial planning, where different sectors follow their own timelines and funding sch edules. Still,
limited information exists on multiple-use spatial planning over time [69]. 

Studies that consider time mostly focus on ecological priorities, such as conserving highly vulner-
able and irreplaceable areas [70] and accounting for climate change [23] or other future impacts
[71]. Spatial optimization processes rarely consider how costs and benefits evolve dynamically 
throughout the implementation phase, despite spatial plans commonly undergoing periodic
reviews to allow for adaptive management [72]. Conservation strategies should also undergo reg-
ular reviews to evaluate their effectiveness and support adaptive management to r espond to
changing environmental conditions [67]. 

Addressing this gap requires developing approaches that integrate temporal dimensions into 
multiple-use spatial planning. This would enable planners to prioritize actions over time, enhanc-
ing realism, adaptability and efficient resource allocation [73]. For countries struggling to meet 
targets, a phased implementation strategy could align with changing national budgets. Still, 
developing tools that can schedule actions over time could require significant technical advances 
in the underlying optimization techniques (e.g., stochastic dynamic programming). However, 
even technically advanced approaches must consider real-world political and societal dynamics, 
including election cycles and shifting societal and political priorities [68]. These dynamics can 
accelerate or delay planning and implementation, and failing to account for them can result in 
scenarios that are well designed in theory but difficult to deliver. Future efforts could therefore 
consider strategies such as scenario-based phasing, institutional risk assessments, and align-
ment with national development planning processes.
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Ensuring that multiple-use spatial plans have economic impact
A key gap in multiple-use spatial planning is its limited ability to capture broader socioeconomic 
impacts of planning decisions measured using economic indicators, including national GDP,
sector-specific revenue, or implementation and enforcement costs [61]. Without these insights, 
decision-makers lack a clear understanding of economic trade-offs, which can hinder adoption 
of plans, broader community support, and alignment with SDGs. This gap is especially pertinent
where achieving global policies requires reconciling conservation with national economic priori-
ties.

Bridging this gap involves integrating multiple-use spatial planning with bioeconomic modeling 
and economic forecasting to evaluate economic impacts of planning decisions [74,75]. Models 
such as GLOBIOM [76] can help to assess land-use competition among agriculture, bioenergy, 
and forestry, evaluating impacts of land-use change on greenhouse gas emissions and food se-
curity. In marine environments, bioeconomic models such as BOATS [77] can explore effects of 
protected area expansion on fisheries revenues [74,75]. Across realms, GTAP-InVEST assesses 
the impact of land-use changes by estimating economic returns of conserving biodiversity 
through protecting ecosystem services compared to exploiting natural resources in agriculture
and fisheries [78]. Comprehensive frameworks and tools that integrate spatial optimization with 
bioeconomic modeling, economic forecasting, and scenario analysis are needed to s upport
decision-makers in balancing trade-offs between the economy and the environment [79]. 

Aligning SCP with broader develop ment priorities
Conservation scientists often prioritize biodiversity conservation without considering sustain-
able development, while policymakers frequently view conservation as secondary to economic 
growth – a key driver of national and regional planning decisions [80]. This disconnect is prob-
lematic because many international targets are framed at the national level, requiring govern-
ments to balance conservation with other priorities. Elevating the importance of conservation 
in national decision-making will require a deeper understanding of interc onnections among bio-
diversity, the economy, and human wellbeing [81], and their integration into spatial pl anning
processes.

This involves a shift from focusing on actions to reduce economic losses associated with desig-
nating protected areas [59] toward proactively addressing economic and societal consequences 
of biodiversity loss and unsustainable economic trajectories [82]. It requires recognizing the 
economic and social benefits of conservation, and ensuring that planning explicitly incorporates 
ecosystem services and their role in supporting key economic sectors [83,84]. 

However, aligning conservation with development goals also involves managing real and 
contentious trade-offs with powerful economic and political interests. Conflict-sensitive 
approaches – such as conflict mapping and stak eholder negotiation within spatial planning
processes [85,86] – can help to manage these tensions and ensure equitable and politically sus-
tainable planning outcomes [87]. Participatory approaches – where stakeholders co-develop 
planning scenarios – can further ensure that conservation and economic activities are interdepen-
dent components of long-term sustainability [32]. 

While such processes also face challenges, including time, cost, and risks of procedural partici-
pation reinforcing existing power dynamics [88], some countries are beginning to address these 
issues through legal reforms aimed at strengthening representation in line with GBF targets and
SDGs [68]. Achieving this vision requires uniting conservation scientists, policymakers, and rele-
vant stakeholders, beyond their sectoral boundaries.
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Outstanding questions 
Despite multi-objective optimization 
providing a comprehensive way to bal-
ance competing priorities, it remains 
technically complex. How can multi-
objective optimizat ion approaches be
made more accessible to spatial plan-
ners?

Effective multiple-use spatial planning 
– especially multi-objective optimiza-
tion – requires acknowledging and 
managing trade-offs, which can be 
challenging in practice. How can we 
better integrate trade-off discussions 
into spatial planning to ensure mean-
ingful and practical optimization out-
comes?

Spatial plans often  assume  static  
conditions, yet economic, ecological, 
and social factors evolve over time 
and are not reflected in planning 
scena rios. What methods can
address the temporal dimension of
multiple-use spatial planning?

Enhancing tools with new 
functionalities to reflect complex 
planning problems can improve 
decision-making but increases com-
plexity, making them more difficult to 
use and their outputs challeng ing to
communicate. Can we develop spatial
planning tools that better balance func-
tionality, usability and communication?

The coexistence of multiple uses 
presents both conflicts and 
Concluding remarks 
Multiple-use spatial planning offers a promising pathway for achieving the ecological, economic, 
and social goals outlined in the GBF and SDGs. Despite the complexities of integrating multiple 
sectors – due to a wide range of methods and sometimes inconsistent terminology – a suite of 
approaches ex ists to facilitate systematic, effective and transparent multiple-use planning.
These approaches differ in data requirements, complexity, and specificity in integrating sectoral
objectives.

Future research could focus on improving the accessibility of multiple-use spatial pla nning
approaches (see Outstanding questio ns), alongside developing methods for quantifying costs 
and benefits of multiple uses. Expanding the scope of multiple-use spatial planning to include 
economic and social impacts will increase its relevance to stakeholders and policymakers. Ulti-
mately, collaborative efforts are essential to ensure that advances in multiple-use spatial planning
align with real-world decision-making.
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