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Abstract 

Nature conservation is increasingly focused on recovering depleted populations and ecosystems. The United Nations General Assembly 
has proclaimed 2021–2030 the UN Decade on Ecosystem Restoration, and global commitments to ecosystem restoration in response to 
biodiversity, climate, and sustainable development targets are now considerable, with over 100 nations committed to halting and revers- 
ing forest loss and land degradation by 2030. The impacts of these resources on nature recovery will depend on how actions are identified 
and implemented. Systematic conservation planning has historically been used to prioritize areas for protection but has shown great 
potential to guide nature recovery actions that are underpinned by principles of spatial conservation planning. In the present article, 
we advocate for systematic conservation planning to target resources for nature recovery and show how well-established systematic 
conservation planning frameworks can be developed appropriately, particularly by integrating models for forecasting ecological, social, 
and economic conditions with spatial prioritization methods designed to target nature recovery resources. 
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ecosystems and the creation of new habitat for species on con- 
verted lands (Anderson 1995 , Possingham et al. 2015 , Leclère et al.
2020 , Garibaldi et al. 2021 ). This objective can be broadly termed 
nature recovery . Although there is a degree of ambiguity associated 
with the meaning of nature recovery and similar terms, we de- 
fine it in line with the International Principles and Standards for 
the Practice of Ecological Restoration, which reserves “the term 

restoration for the activity undertaken and recovery for the out- 
come sought or achieved” (Gann et al. 2019 ). Nature recovery is 
not defined or measured simply in terms of coverage targets for 
revegetation (e.g., afforestation) but rather in terms of the quan- 
tifiable outcomes for specific species (e.g., population size or area 
occupied), vegetation types (e.g., coverage and quality), or pro- 
cesses (e.g., through restoring ecological functions, such as seed 
dispersal by frugivores). We use nature recovery rather than biodi- 
versity recovery to reflect that targeted outcomes may be broader 
than biodiversity, although species conservation is often a ma- 
jor focus of nature recovery efforts. The focus of and specific ob- 
jectives for nature recovery, such as when a population or eco- 
logical process is deemed to have recovered, are context specific 
and will often be influenced by regional, national, and global con- 
texts, but targets and action plans for nature recovery are now 

widely incorporated into policy (e.g., EU Biodiversity Strategy for 
2030; EC 2020 ). 

Although the opportunities for nature recovery are promising, 
too often, resources designated for ecosystem restoration result in 
on-the-ground actions that do not contribute adequately toward 
nature recovery, such as planting monocultures of nonnative 
trees (Seddon et al. 2019 ), afforestation of land best suited to other 
vegetation types (Bond et al. 2019 ), or restoration of vegetation 
vulnerable to climate change (e.g., Harris et al. 2006). This raises 
concerns that the resources pledged to ecosystem restoration 
will be less effective at delivering nature recovery outcomes than 
they might have been (Hua et al. 2022 ) and will miss potential 
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he United Nations General Assembly has proclaimed 2021–2030
s the UN Decade on Ecosystem Restoration (Resolution 73/284),
ith the objective to prevent, halt, and reverse the degradation of
cosystems worldwide: The decade is underway, and the stakes
re high for global biodiversity (WWF 2022 ). The targets agreed
n at the 15th United Nations Biodiversity Conference recog-
ize the importance of restoration in “substantially increasing
he area of natural ecosystems by 2050” (CBD 2022 ). The Glas-
ow Leaders’ Declaration on Forests and Land Use, established
uring the 26th United Nations Climate Change Conference, com-
its over 100 nations to collaborate in halting and reversing for-
st loss and land degradation by 2030. Furthermore, additional
fforts to restore ecosystems have been set forth through na-
ional commitments within the Paris Climate Agreement, aimed
t limiting global warming to 2 degrees Celsius, and the 2030
genda for Sustainable Development, which seeks to halt and
everse land degradation. These commitments build on work
ndertaken in response to the Bonn Challenge, which has re-
eived pledges from over 60 countries to deliver collectively more
han 200 million hectares of restoration on degraded and de-
orested land and aims to reach 350 million hectares by 2030
Dave et al. 2018 ). 
Biodiversity losses in most biomes have been substantial (WWF

022 ), which has driven breakdowns in ecological processes
nd associated ecosystem services (IPBES 2019 ). Land- and sea-
se change, the major direct driver of recent biodiversity loss
Jaureguiberry et al. 2022 ), is ongoing, with a 9% increase in global
roplands between 2000–2019—half this area replacing natural
egetation (Potapov et al. 2022 )—and approximately 5 million
ectares per year of forest loss over the same period (FAO 2021 ).
lthough this emphasizes the need to protect the remaining ar-
as of natural vegetation, reversing declines in biodiversity and
estoring ecological processes requires not only the prevention
f further losses but, where possible, the restoration of degraded
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Table 1. Glossary of key systematic conservation planning terms. 

Term Definition 

Planning region Spatially defined area within which conservation actions are designed and implemented. A region might be 
defined, for example, by management or political boundaries or by biogeographic characteristics. 

Planning unit The spatial unit serving as the basic building block for designing and implementing conservation strategies and 
prioritizing conservation actions within a planning region. 

Conservation features A specific element of biodiversity or an ecological attribute for which actions are targeted in conservation 
planning processes. Features may be species, but also vegetation or assemblage types or even geographic 
features and processes. 

Surrogates An ecological feature used as a replacement for a more intricate or challenging to measure target, enabling 
conservation planners to make informed decisions when direct assessment or monitoring of specific 
biodiversity elements is impractical or challenging. 

Goals A vision statement that steers the development of conservation plans and strategies, typically focused the desired 
effect on biodiversity, or ecosystem function or services, inclusive of human health and wellbeing. 

Targets Specific, quantifiable objectives for conservation features, likely set to ensure persistence of the feature in the 
planning region (e.g., ensure minimum viable population sizes). Typically, proxies for actual population 
estimates are used, such as area weighted number of planning units in which the feature occurs, because they 
are easier to quantify. 

Representation The extent to which a comprehensive set of conservation features is adequately included within a conservation 
plan or network. It ensures that a range of conservation features are sufficiently covered to maintain the overall 
biodiversity and ecological integrity of the planning region. 

Complementarity The principle of selecting conservation actions or areas that contribute unrepresented features to a portfolio of 
sites. The objective is to maximize the effectiveness and efficiency of conservation efforts within a designated 
planning region. 

Efficiency The optimization of resource allocation to achieve conservation goals with minimal resources and effort, 
maximizing benefits while minimizing negative impacts or trade-offs, thereby ensuring the effective use of 
limited resources and time. 

Conservation assessment The process of prioritizing new conservation actions. This is typically achieved using mathematical 
decision-theory methods that seek efficient solutions to prioritization problems. 

Minimum set problem The computational challenge of identifying the smallest set of areas needed to achieve the specified conservation 
goals, aiming to meet all biodiversity targets, where possible, while minimizing costs and trade-offs. 

Maximal coverage problem The computational challenge of selecting areas that collectively provide the highest representation of biodiversity 
features within budget and spatial constraints of the planning activity. 

Costs Costs encompass various expenses, trade-offs, or negative impacts associated with conservation actions, 
including financial expenditures, opportunity costs, and environmental and social impacts. 

Restoration gaps The disparity or deficiency in the representation and protection of degraded biodiversity features, including 
temporal gaps in feature representation caused by time lags in habitat maturation after conservation action. 
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ynergies between actions taken toward nature recovery objec-
ives and those primarily targeting particular ecosystem services
e.g., nature-based solutions), such as the increasing demand
or afforestation to sequester carbon (Carwardine et al. 2015 ,
trassburg et al. 2019 , Aguirre-Gutiérrez et al. 2023 ). Although
pportunities are being missed, decades of systematic conserva-
ion planning experience could be drawn on to target available
esources more effectively toward delivering nature recovery
utcomes, inclusive of protecting, restoring, and creating new
igh-value nature areas, especially in working landscapes with
ultiple, competing demands on land (Garibaldi et al. 2021 ). 
Systematic conservation planning emerged as a structured,

articipatory approach for guiding objective and evidence-based
ecisions about the types and locations of conservation action
Margules and Pressey 2000 , Knight et al. 2006 , McIntosh et al.
017 ). It is most strongly associated with protected area network
esign, where the objective is to establish or expand networks
cross areas of natural vegetation to support the long-term per-
istence of conservation features (e.g., species or vegetation com-
unities) in landscapes (see table 1 for glossary of key system-
tic conservation planning terms; Fernandes et al. 2005 ). System-
tic conservation planning is target driven, informed by spatial
nformation on conservation features, with targets representing
spects of population viability (e.g., the minimum area of occu-
ancy) or the amount of each vegetation or habitat type required
o ensure a desirable fraction of each species’ occupied range or
opulation is protected. Systematic conservation planning then
elies on selection processes or algorithms that typically exploit
ifferences in species composition between sites (i.e., comple-
entarity) and account for between site measures of connectivity
nd economic costs of protecting or managing land (Kukkala and
oilanen 2013 ) to find subsets of locations that collectively sat-

sfy conservation goals (Margules and Pressey 2000 , Kukkala and
oilanen 2013 , McIntosh et al. 2017 ). Despite some debate about

he realized impacts (McIntosh et al. 2017 , 2018 ), systematic con-
ervation planning has had a strong influence on terrestrial and
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arine protected area network design globally (Fernandes et al.
005 , Álvarez-Romero et al. 2018 ). Nevertheless, the influence of
ystematic conservation planning on the targeting of nature re-
overy opportunities appears limited in practice across much of
he globe, despite evidence for large increases in the cost effec-
iveness when resources are allocated strategically (Strassburg
t al. 2019 , 2020 ). 
Although the basic structure of systematic conservation plan-

ing is not changed when used in a nature recovery context, many
spects of the problem framing are fundamentally altered, which
as important consequences for each systematic conservation
lanning stage (box 1 ) and affects the information requirements
or conducting spatial prioritizations (figure 1 ). This can be un-
erstood by considering that nature recovery is by necessity fo-
used on land that is considered to be no longer contributing to-
ard valued outcomes for nature (e.g., intensively managed agri-
ultural land). In these areas, the historical abiotic conditions,
egetation types, species assemblages, and ecological processes
nce present are often uncertain or unknown or may no longer
e relevant. By introducing a range of choices for what action
o take, the complexity of the spatial prioritization process in-
reases greatly, which would conventionally just be limited to a bi-
ary choice (protect or not). Furthermore, the difference between
he initial state and the target state of the land will typically be
reater for actions focused on habitat creation, resulting in sub-
tantial time lags between interventions and targeted outcomes,
long with less certainty about achieving those outcomes. Empha-
is therefore must be placed on anticipating the effects of signif-
cant changes in the amount, type, and spatial arrangement of
esources and conditions in the landscape on nature recovery out-
omes, and prioritizing decisions against outcomes that may take
ecades to be realized. 
In this article, we propose that achieving the objectives of

he UN Decade on Ecosystem Restoration requires building on
essons learned through systematic conservation planning to
uide nature recovery. Systematic conservation planning has un-
ergone extensive development over many decades, with well-
stablished frameworks offering opportunities to guide nature
ecovery projects from conception to implementation. In the
resent article, we discuss how these frameworks can be devel-
ped in a nature recovery context to incorporate principles and
ata unique to the challenges of delivering nature recovery in
omplex and dynamic anthropogenic landscapes. We draw atten-
ion to the anticipatory nature of systematic conservation plan-
ing for nature recovery, where conservation decisions must be
ased on predicted responses of biodiversity features to manage-
ent actions, including creation of habitat for species on con-
erted land. We discuss approaches for solving problems in spatial
rioritization and optimization in a nature recovery context and
iscuss the potential for adapting and developing spatial prioriti-
ation methods tailored to specific needs of nature recovery found
n varying landscape contexts across the globe. Finally, we high-
ight several key challenges to adopting systematic conservation
lanning as best practice for targeting resources toward deliver-
ng ambitious global ecosystem restoration and nature recovery
argets. 

he process of systematic conservation 

lanning 

ystematic conservation planning is traditionally divided into
tages, each with a distinct purpose. Although the exact struc-
ture of systematic conservation planning varies depending on the
planning scenario, the 11-stage systematic conservation planning
framework from Pressey and Bottrill (2009 ) encompasses the core
stages traditionally included in the process. This framework ex-
pands earlier versions (e.g., Margules and Pressey 2000 ) to increase
the emphasis placed on the social and economic elements that
are integral to successful conservation planning in anthropogenic
landscapes, elements that are also critical to the effective deliv-
ery of actions targeting nature recovery. The major focus of tradi-
tional systematic conservation planning has been on prioritizing
areas of existing habitats or vegetation types in the process of cre-
ating or expanding protected area networks, where the process is
targeting the protection of conservation features (species or vege-
tation types) in areas of the landscape that they currently occupy.
Throughout, we label this context nature protection . 

Systematic conservation planning starts by defining the conser-
vation planning problem, including the geographic scope of the
planning region and the overall goals of the conservation plan-
ning activity. The planning region is often defined by geopoliti-
cal boundaries, but other strategies include defining the region
on the basis of environmental (e.g., hydrological catchments) or
biogeographic characteristics. The overall goals of the conserva-
tion planning activity are defined as broad, qualitative statements
about the biodiversity and societal objectives (Pressey and Bottrill
2009 ). These goals should be aligned with policy and stakeholder
input, representing a range of community voices and shared val-
ues and may encompass diverse ways of valuing nature and its
impact on society (Knight et al. 2006 ). At this initial stage, avail-
able financial resources and the required practitioner skills are
identified (Watson et al. 2011 ). Stakeholder engagement from the
start is important to understand the socioeconomic conditions
of a planning region, which strongly affect conservation actions
and priorities (Naidoo et al. 2006 , Pressey and Bottrill 2009 ). Con-
ditions encompass local livelihoods, economic reliance on natu-
ral resources, cultural values, and legal factors affecting planning
decisions (Ban et al. 2013 ). When used in a nature protection con-
text, key conditions are those that affect the protection of land
that has existing or potential high value for nature, including the
cost of acquiring and managing land. Integrating socioeconomic
data into systematic conservation planning helps balance con-
servation objectives with stakeholders’ concerns, leading to more
feasible, sustainable, and equitable outcomes (Knight et al. 2006 ,
Ban et al. 2013 , McIntosh et al. 2017 ). 

The next major stage of systematic conservation planning in-
volves gathering information on the current spatial distribution of
conservation features, which is crucial for quantifying the contri-
bution of planning units to conservation goals. Where species are
the conservation features, distribution mapping is usually highly
incomplete, particularly at high spatial resolutions, and relying
solely on known occurrences is undesirable because of major data
gaps and uncertainties associated with the presence and absence
of species across planning units (Baker et al. 2021 ). To overcome
data gaps, outputs from species distribution models are com-
monly used in systematic conservation planning (Thomson et al.
2009 ), but alternatively, broadscale surrogates of species distribu-
tion, such as vegetation types or landscape structural complex-
ity, can be used to capture the distribution of biodiversity on the
basis that representing a given proportion of vegetation or struc-
ture types will protect a percentage of species (e.g., defined by
species–area relationships; Desmet and Cowling 2004 ). Ultimately,
data must be identified to serve as surrogates for the broader suite
of conservation features in the landscape (Rodrigues and Brooks
2007 , Hanson et al. 2017 ). 
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Box 1. Stages in systematic conse

Adapting the 11 stages from Pressey and Bottrill (2009 ) to a nat
building from Margules and Pressey (2000 ). 

Stage 1: Define the scope and cost the nature recovery activit
Define boundaries of planning region. Determine the budget, in
Identify skills required by the systematic conservation plannin

Stage 2: Identify and involve stakeholders 
Identify key stakeholders and engage disengaged individuals o
nature recovery activities may require major changes in land use or 
reintroductions) . 

Stage 3: Describe the socioeconomic–cultural context for natu
Describe the social, economic, and political setting. Consider stak
anisms (e.g., environmental subsidies and credit markets), with emph

Stage 4: Identify nature recovery goals 
Create a vision statement, capturing broad representative value
These may capture ecological (e.g., stable populations) and eco
on ambitious visions for building back resilient ecosystems . 

Stage 5: Compile data on socioeconomic variables, threats, an
Data on costs of activities (e.g., opportunity/management cost
with nature recovery . Continuing and potential threats to biodiv
for nature recovery, quantifying site condition, potential target states
scenarios . 

Stage 6: Compile data on the conservation features of the pla
Review existing data, identify features where data quality is su
sponses to nature recovery action can be forecast with some confiden
nature recovery actions shown to facilitate recovery of target feature
nature recovery activity (e.g., habitat suitability models) . 

Stage 7: Set quantitative targets for nature recovery within th
Set quantitative targets for conservation features to be achieved
the basis of functional or historical reference points, often linked to pol
quantity, quality, or connectivity to be achieved in the future throu

Stage 8: Review existing conservation areas 
Estimate the extent to which quantitative targets have been a
Identify emerging threats to existing areas, including climate cha

Stage 9: Select new nature recovery areas and actions (conser
Select new areas and specific nature recovery actions in those
toward nature recovery targets, with this contribution identified throug
temporal scheduling of activities and trajectories toward targe
stakeholders, evaluating trade-offs between different choices. 

Stage 10: Implement nature recovery management actions in
Engage with land managers to determine appropriate form of
munity) to facilitate joined up nature recovery activity. Build com
affect (positively and negatively) some existing activities (e.g., farming
in place to buffer nature recovery from external conditions (e.g
recovery outcomes to be realized. 

Stage 11: Maintain the required value of conservation and na
Set nature recovery monitoring targets that recognize realistic ti
progress at earlier time points . Design monitoring protocols for me
ment to ensure targets are met. Periodically evaluate overall pe
opportunities for improvement. 
ion planning for nature recovery.

ecovery context where text in italics indicates key differences, 

ng sources of long-term funding to support nature recovery activities . 
m. 

mmunities. Identify contentious activities, particularly where 
cteristics, including species composition (e.g., species eradications or 

covery 
er attitudes to nature recovery, legal frameworks, and financial mech- 
n securing long-term investments . 

uding statutory nature recovery goals and regional and local priorities . 
m services (e.g., flooding, human well-being). Emphasis is placed 

tential areas for nature recovery 
ta on social or political opportunities and barriers to engagement 
y, including forecasts of emerging threats. Identify areas available 
the likelihood of achieving these states under relevant socioeconomic 

g region 

ent to inform systematic conservation planning and where re- 
entify surrogates for features without sufficient data. Identify 
velop quantitative information to anticipate responses of features to 

nning region 

 future time point as the outcome of nature recovery actions, likely on 
rgets . Set quantitative targets for minimum habitat patch size, 
rgeting of nature recovery opportunities . 

ved by existing protected areas and areas of natural habitat. 
nvasive species, and socioeconomic trends . 

n assessment) 
s (e.g., woodland creation, wetland restoration) that contribute 
ecasted responses of features to nature recovery actions . Identify the 
nsidering restoration gaps. Agree nature recovery actions with 

cted areas 
agement. Build stakeholder networks (e.g., landowners, com- 
ity support for nature recovery recognizing that large changes might 
eation) . Ensure legal protections and management solutions are 
rket forces, social trends) over sufficient time scales for nature 

recovery areas 
les for reaching targets, incorporate intermediate objectives to assess 
ing the progress toward targets. Conduct appropriate manage- 
ance of nature recovery activities, identifying weaknesses and 
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Figure 1. Systematic conservation planning in a nature recovery context requires substantial information on current and future conditions in each 
planning unit, particularly in multifunctional and highly modified landscapes. Information is required on potential nature recovery actions permissible 
in each planning unit (in the present figure, a field parcel) on the basis of edaphic, hydrological, and climate conditions. Conservation features must be 
mapped and potential responses to specific actions anticipated, accounting for population processes that affect colonization likelihood from source 
populations. Information on threats, costs, and potential synergies and trade-offs with ecosystem services—such as flood risk reduction, carbon 
sequestration, pollination—are among the additional information required to prioritize nature recovery actions in complex socioecological landscapes. 
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Setting quantitative targets for conservation features involves
onverting broad goals into objective criteria that can be evalu-
ted quantitatively. In a nature protection context, targets typ-
cally aim for continued feature persistence (e.g., stable popu-
ations) in the planning region while ensuring representation of
ll features across a portfolio of protected areas. The targets are
ften defined by the minimum number of sites or area each
eature should constitute (e.g., vegetation types) or occupy (e.g.,
pecies) across the planning region. Ideally, the targets would
e set on the basis of detailed ecological analysis—for example,
o establish minimum viable population sizes and estimates of
abitat-specific population densities. Rarely are these data avail-
ble, and targets are often set without a strong ecological ratio-
ale, typically on the basis of heuristic rules (e.g., expert opin-
on) or policy objectives (e.g., protecting a percentage of the area
f a species’ habitat). Approaches linking habitat area targets to
pecies traits, such as using allometric scaling relationships be-
ween body size and population density to estimate the habitat
rea requirements for a species, have been used as more eco-
ogically grounded alternatives to heuristic methods (Pressey et
l. 2003 ). The targets might also consider characteristics of patch
ize and quality that affect occupancy, including setting a min-
mum patch size (Smith et al. 2010 ), demographic connectivity
uch that selected areas form viable metapopulations (Daigle
t al. 2020 ), or being weighted on the basis of species- or trait-
pecific threats or the rarity of conservation features (Chan et al.
006 , Gordon et al. 2009 ). Some conservation features may not
eet the identified targets (i.e., they are not present in a suf-
ficiently high number of protected sites), requiring the addition
of new sites to the protected area portfolio to meet shortfalls.
Target setting has significant consequences for planning, which
places great importance on understanding the consequence of
using any particular strategy (Pressey et al. 2003 , Rondinini and
Chiozza 2010 ). 

Conservation assessment, the process of prioritizing new con-
servation actions, comprises its own distinct steps, including di-
viding a planning region into planning units, quantifying the
amount of each conservation feature and the socioeconomic costs
of protection per planning unit, assigning targets and weights to
features that reflect priorities, and then running a spatial prior-
itization analysis to meet specified targets. Setting the planning
unit size can have important effects on spatial prioritizations and
therefore requires careful consideration. Conservation features
are mapped to planning units, and therefore, changing the size of
the unit can alter the apparent spatial distribution of the feature
(Nhancale and Smith 2011 ). The planning unit size should reflect
the confidence in the accuracy of conservation feature data while
also recognizing that smaller planning units are likely to better
capture areas of habitat in fragmented landscapes and barriers
to species movements between patches, and they generally re-
sult in more efficient solutions because each unit contains fewer
nontarget areas (Nhancale and Smith 2011 ). Several computa-
tional or decision support tools are available to solve prioritiza-
tion problems, although the precise framing of the problem differs
among those tools. The most common and widely used heuris-
tic approaches for identifying priorities are Marxan and Zonation.
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arxan aims to meet specified targets while minimizing costs
minimum set problem; Ball et al. 2009 ), whereas Zonation aims to
aximize biodiversity gains for a given cost (the maximal cover-
ge problem). Although these two widely used tools can only find
ear optimal solutions, mixed integer linear programming (e.g.,
rioritizr; Hanson et al. 2024 ) can find optimal solutions and in-
orporate different management actions or zones. Each of these
ools has been used in systematic conservation planning, with
ach having different strengths and weaknesses, and most can ac-
ommodate core conservation principles by emphasizing to some
egree the importance of, for example, patch size and connectiv-
ty, and the incorporation of information on threats, costs, and op-
ortunities. The principal choice of prioritization algorithms cen-
ers on the framing of the prioritization problem, whether the
lgorithm is guaranteed to find efficient solutions, and the com-
utational resources required to solve the prioritization problem
Delavenne et al. 2012 , Beyer et al. 2016 ). 
The outputs from conservation assessment are designed to

uide decisions about which new areas to add to an existing pro-
ected area portfolio rather than to be definitive. A key step in-
olves stakeholder evaluation, which can take a wealth of ap-
roaches, but key is highlighting trade-offs of adopting differ-
nt strategies to identify outcomes that better balance conser-
ation objectives and stakeholder interests and reconciling dis-
greement between prioritization outputs and on-the-ground per-
pectives (Klein et al. 2010 , Metcalfe et al. 2015 ). The scheduling
f implementation is agreed, informed by data on site irreplace-
bility and risks of delaying action (e.g., potential for logging). Fi-
ally, to accrue benefits from systematic conservation planning
equires effective management that relies on robust monitoring
trategies and the development of socioecological performance
ndicators to evaluate changes over time relative to established
enchmarks. 

dapting systematic conservation planning 

o a nature recovery context 
n this section, we highlight key conceptual and methodological
lements relevant to each systematic conservation planning stage
hen applied to nature recovery. These are discussed with refer-
nce to box 1 , which reframes the 11 stage systematic conserva-
ion planning framework presented by Pressey and Bottrill (2009 )
n a nature recovery context. Many elements are relevant for both
ature protection and recovery context, but the contexts can have
mportant effects on the types of information required and how
his is used within systematic conservation planning, and we draw
ut these distinctions throughout. We also highlight the diverse
ange of information and potentially complex spatial prioritiza-
ion process of nature recovery systematic conservation planning
figure 1 ) and reflect on existing examples of systematic conserva-
ion planning applied to problems with nature recovery objectives
table 2 ). These examples are used to highlight the limitations
ith existing approaches and to identify key advances needed to
vercome these challenges. 

etting nature recovery goals and targets in 

ystematic conservation planning 

he first major challenge of implementing systematic conserva-
ion planning in a nature recovery context is setting the goals and
argets (box 1 , stages 4 and 7). Broad nature recovery goals re-
ect the ambitions and vision of society and must capture both
uman and nonhuman requirements of landscapes, which will
ary in their degree of alignment and will often necessitate resolv-
ng strong trade-offs. Achieving many goals will require substan-
ial landscape alteration (e.g., on agricultural land), potentially
ffecting established human–landscape relationships, especially
n areas influenced strongly by social or cultural relationships to
and (e.g., Iversen et al. 2022 ). Because nature recovery can be dis-
uptive and contentious (Wynne-Jones et al. 2018 ); for example,
here changes in farming practices or species reintroductions or
emovals are involved, early identification and mediation of issues
hrough stakeholder engagement are crucial to developing nature
ecovery goals (box 1 , stage 2). The goals must consider potentially
iverse stakeholder perspectives, such as varying perceptions of
he need for and effectiveness of nature recovery actions (Mikoła-
czak et al. 2022 , Dunn-Capper et al. 2023 ), and must identify op-
ortunities to cooperate effectively to improve overall nature re-
overy outcomes (e.g., O’Bryan et al. 2023 ). These disparities in val-
es and priorities are not only natural but also central elements of
he planning process. Systematic conservation planning can have
n important role in finding solutions where differences in stake-
older priorities may require trade-offs (e.g., nature recovery ver-
us carbon sequestration; Strassburg et al. 2019 , 2020 ), but it is
mperative to address these differences from the outset and work
oward synthesizing them into a unified vision for nature recov-
ry that spans the entire planning region. Crafting a shared vision
or nature recovery that accommodates and reconciles these di-
ergent perspectives is critical for delivering successful and sus-
ainable nature recovery. 
A critical stage of systematic conservation planning is convert-

ng broad nature recovery goals into quantitative targets for con-
ervation features that will be a target of optimization in the con-
ervation assessment stage (box 1 , stage 7). The targets for na-
ure recovery are often less clearly defined than those for na-
ure protection (Grace et al. 2019 ), but recent efforts have begun
o be focused on quantitative definitions, such as “a fully recov-
red species being viable and ecologically functional across their
ndigenous range” (Akçakaya et al. 2018 ). Initiatives such as the
nternational Union for Conservation of Nature’s (IUCN) Green
ist propose fixed recovery benchmarks on the basis of histori-
al population status, and several dates have been suggested to
efine a species as “fully” recovered (e.g., from 1750 to the start
f the Industrial Revolution; Grace et al. 2019 ). Benchmarking na-
ure recovery against historical populations sets aspirational tar-
ets but requires caution because of uncertainties in historical
opulation sizes and their attainability given modern constraints
n land availability and future climate conditions (Grace et al.
019 ). Nature recovery targets should at a minimum support the
ersistence of species but, where possible, should be more am-
itious, acknowledging the scale of historical losses, the perilous
tate of many species, including the likelihood that extinction
ebt is highly prevalent in many populations (figure 2 a), and the
mpacts on ecological processes of failing to recover populations
figure 2 b). Focusing solely on persistence and threatened species
ay overlook opportunities to restore ecological functions linked

o declines in nonthreatened species (Winfree et al. 2015 , Baker
t al. 2019 ). Recovery targets should ideally be informed by knowl-
dge of abundance–function relationships, which may indicate
hat targets for conservation features need to be set higher to
estore ecological function than to ensure persistence (figure 2 b;
aker et al. 2019 ). 
Species often have the least predictable response to nature

ecovery because of nonequilibrium community dynamics and
ysteresis effects (Cava et al. 2018 ). Predictability hierarchies
enerally follow from vegetation structure to taxonomic diversity
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Figure 2. Identifying nature recovery targets on the basis of (a) 
populations and (b) function and services, and (c) recognizing 
restoration gaps. Population targets (a) can be benchmarked against 
historical population sizes (the solid line) or aim to ensure persistence of 
the species (the lower dashed line). These targets are likely to differ and 
reaching those targets may need to account for extinction debts that 
result in continued decline of populations after nature recovery activity 
is implemented (the dotted line). Ecosystem function or service targets 
(b) linked to, for example, abundance or species richness depend on 
these functional relationships (e.g., linear, threshold, logistic). Targets 
will differ for the same function or service outputs (e.g., restore 50% of 
historical levels, as pictured) with different functional relationships and 
understanding these relationships will be important in setting targets. 
Restoration gaps (c) describe the delay in restored habitat reaching the 
same quality as habitat in a natural state and, therefore, targets require 
either more time or a larger area (the dashed double-headed arrow) to 
support the same amount of conservation features as the natural state 
habitat. 
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hen functional diversity and, finally, taxonomic composition
Laughlin et al. 2017 ). Shifting focus up this hierarchy toward
reater predictability might be beneficial when there is high
ncertainty in species outcomes and when restoring ecosystem
rocesses or services is required. Areas that are of particular
mportance for “the continued provision of ecosystem func-
ions and services” are emphasized alongside biodiversity in the
unming–Montreal Global Biodiversity Framework (CBD 2022 ),
nd considerable progress has been made in integrating these
aspects of biodiversity into systematic conservation planning
(Strassburg et al. 2019 , Villarreal-Rosas et al. 2020 , Mu et al. 2022 ).
Trait-based approaches informed by community assembly theory
are increasingly being used to target species groups to recover
particular ecosystem processes or services (Carlucci et al. 2020 ).
The targets can be selected on the basis of traits and considering
functionally or genetically complementary or redundant species
(Noss et al. 2009 , Laughlin et al. 2018 , Nielsen et al. 2023 ) and
informed by the functional relationships between specific aspects
of biodiversity and function or service outputs (figure 2 b). 

It is important to be clear about what is being targeted in na-
ture recovery systematic conservation planning. Where species
are the conservation feature for which targets are set, prioriti-
zation problems are typically aiming to protect, restore, or cre-
ate habitat sufficient to meet targets. Habitat refers to the natu-
ral environment where species live and is a species-specific con-
cept that encompasses biotic and abiotic conditions. Creating a
particular type of vegetation structure or community does not
necessarily equate to creating habitat for a particular species,
where critical resources or conditions may be absent (e.g., ther-
mal conditions), nor does it equate to particular ecosystem pro-
cesses or services. Therefore, there is a clear distinction between
prioritizing for species- or process-specific targets and, for exam-
ple, broad vegetation types (e.g., deciduous woodland), and it is
important to be specific about the conservation features being
assessed. 

The targets should also recognize restoration gaps (i.e., a dis-
parity or deficiency in the representation and protection of de-
graded biodiversity features), where some environments need ex-
tended time for recovery, and, therefore, larger spatial extents
need to be restored to have the same function as “pristine” ar-
eas (figure 2 c). The size of the restoration gap will in part reflect
the duration of the time lag in achieving the required habitat
state after conservation action, as well as the time taken for tar-
get conservation features to respond (e.g., based on life-history
traits), which might be affected by the spatial configuration of
habitat patches through effects on colonization rates (Kapás et al.
2023 ) or the likelihood of achieving a successful outcome (McBride
et al. 2010 ). Measuring restoration gaps might require empirical
data on the differences in species’ abundances across areas of
differing restoration states, and this may only be available for a
subset of species. Consultation with species experts can be valu-
able in obtaining qualitative data on potential restoration gaps
that could then be used to scale targets for conservation features
accordingly. 

Accounting for the socioeconomic context to 

nature recovery in systematic conservation 

planning 

Changing land use to deliver nature recovery is inextricably linked
to socioeconomic factors affecting land value, inclusive of eco-
nomic (e.g., food production), recreational, and cultural value
(Brown et al. 2022 ). This is the second major challenge of imple-
menting systematic conservation planning in a nature recovery
context. Predicted patterns of land-use change, and therefore op-
portunities for nature recovery, differ substantially depending on
assumptions about socioeconomic and climatic conditions and
lead to very different outcomes for biodiversity in the absence
of directed nature recovery activity (Brown et al. 2022 ). A major
challenge is securing long-term restoration commitments, partic-
ularly where external factors can rapidly shift the demands on
land (e.g., the Russia–Ukraine war; Strange et al. 2022 , Chai et al.
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024 ). Integrating scenario-based land-use change from paired cli-
ate and socioeconomic models into nature recovery systematic
onservation planning will be necessary to capture such socioe-
onomic drivers of land-use changes and ensure nature recovery
lans reflect real-world opportunities. The key constraint is the
vailability of spatial socioeconomic data that reflect appropriate
and-use costs (Ban et al. 2013 ), but open-source land-use models
re now widely available that can be parameterized for a given
lanning region and a range of economic and climate scenarios
Murray-Rust et al. 2014 ). Nature recovery takes time and there-
ore considering land value over longer timescales under a range
f scenarios is critical for targeting nature recovery in areas that
ave long-term security. 
A major challenge to delivering effective nature recovery is

unding the on-the-ground activity, with most landowners requir-
ng at least some level of financial incentive for participation in a
ature recovery activity, covering not only payments for operat-
ng costs related to nature recovery but also the net income fore-
one (i.e., opportunity costs associated with loss of agricultural
roduction). This can affect, for example, a landowner’s willing-
ess to lease or sell land (Knight et al. 2011 ) or to engage with na-
ure recovery financing schemes (Reimer and Prokopy 2014 ). Un-
erstanding the funding landscape and budgets for a planning re-
ion is crucial at the outset of systematic conservation planning,
ecause they affect the scope of the the conservation goals and
he ambition of the targets. Funding for ecosystem restoration
ctivity is increasing globally through a range of initiatives (e.g.,
eddon et al. 2021 ), including payments for ecosystem services
rograms that offer scalable financial incentives for restoration,
acilitated by governments or voluntary markets (United Nations
nd World Bank 2022 ). Increasing interest from corporations in
eveloping sustainable supply chains and offsetting the impacts
rom operations offers a further mechanism to support funding
cosystem restoration activity (United Nations and World Bank
022 ). 
Information on funding and costs can be incorporated directly

nto most spatial prioritization algorithms in the conservation as-
essment stage (box 1 , stage 9) but ideally requires quantitative
nformation on funds tied to particular nature recovery activities
e.g., payment per hectare of woodland creation; figure 1 ). This is
asier to implement when funding schemes are well established,
efined by a clear set of rules, and where funding is secured and
redictable on at least decadal time scales. Unreliable funding
ffectively expands the restoration gap because areas would be
xpected to be lost as financial support is removed and alterna-
ive land uses are sought to fill the economic gap (figure 2 c). Spa-
ial prioritizations must evaluate the consequence of such uncer-
ainty where possible, exploring outcomes across a range of long-
erm funding scenarios to identify the risk of falling short on tar-
ets because of the emergence of funding gaps (e.g., McBride et al.
007 ). 

nticipating responses of conservation features 
o nature recovery actions 
n a nature recovery context, systematic conservation planning
s fundamentally about planning for a future state of biodiver-
ity, with solutions depending on the anticipated consequences
f nature recovery activity on conservation features. This places
onsiderable importance on understanding and predicting how
pecies or other conservation features are likely to respond to spe-
ific nature recovery actions. 
Anticipating responses of conservation features to nature
ecovery actions first requires understanding the types of restora-
ion or creation activity possible at a location (figure 1 ), with
his information necessary to the secondary step of predicting
he responses of conservation features to these changes (box 1 ,
tage 5). Potential target and locations for nature recovery actions
an be identified most simply using information on historical
istributions of natural vegetation under the assumption that
ppropriate management will restore vegetation to its natural
tate, and this will provide habitat for historically occurring
pecies (e.g., Westphal et al. 2007 , Thomson et al. 2009 , Strass-
urg et al. 2019 , Smith et al. 2022 ). This approach provides a
traightforward means of mapping habitat potential across the
andscape assuming historical data are available, although it
oes not consider potential alternative scenarios that might now
e favored because of environmental changes that cannot easily
e managed (e.g., climate, hydrological flows). Alternatively, ap-
roaches that predict the potential to create particular habitats
r vegetation types on the basis of current or projected future
daphic and climate conditions (figure 1 ), including accounting
or land use demands under a range of socioeconomic–climate
cenarios (Murray-Rust et al. 2014 ), might be more valuable in
andscapes dominated by converted land (e.g., agricultural land-
capes of Western Europe) and in still changing environments
e.g., high exposure to climate change). Such information would
llow planners to consider scenarios for vegetation or habitat
hanges that are optimal for meeting the nature recovery targets,
eviating from historical baselines where appropriate, and more
iable long term (Cordell et al. 2017 , Sylvester et al. 2020 ). 
Data on the likely distributional changes of conservation fea-

ures in response to newly restored or created habitats are a fun-
amental component of nature recovery systematic conservation
lanning, being required to determine future priority areas in the
onservation assessment stage (box 1 , stage 6; figure 1 ). A range
f approaches have been used to date to develop this informa-
ion for the conservation assessment stage of systematic con-
ervation planning in a nature recovery context, as is illustrated
n the examples presented in table 2 . Mapping species’ distribu-
ions as a function of habitat condition after land-use change re-
uires establishing these functional relationships. The simplest
ssumption is that species will occupy particular patches of nat-
ral vegetation if it is available, accessible, and of sufficient size
Crouzeilles et al. 2015 ). This may be convenient where current
pecies distributions and species–habitat associations are well
nown and likely to stay constant under future climate change.
lternatively, predictive models, including correlative species dis-
ribution models, can be used to anticipate species’ responses
o land-use change (table 2 ; Thomson et al. 2009 , Kujala et al.
015 , Strassburg et al. 2019 ). A concern is where there is a mis-
atch between the spatial grain of information required and

he spatial grain at which species occurrence data have been
ampled. At high spatial resolutions, patterns of species occu-
ancy are driven increasingly by metapopulation dynamics and
tochastic processes that are not captured by static correlative
pecies distribution models. Models considering demographic and
patial and temporal processes (Bonnot et al. 2017 ) and species
nteractions (McAlpine et al. 2016 ) are likely to be better than
tatic species distribution models at prediction under novel condi-
ions (Higgins et al. 2020 ). This may affect prioritization patterns,
articularly where restoration gaps are not correctly identified
ue, for example, to unaccounted for demographic or dispersal
onstraints. 
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Following the hierarchy of predictability and the challenges
f developing species-specific predictions, some studies have
voided a species-focused approach entirely (table 2 ), consider-
ng species distribution models too uncertain to provide reliable
nformation on the effects of nature recovery actions (Smith et al.
022 ). For example, Gilby and colleagues (2021) modeled the rela-
ionship between species abundance and the extent of several key
nvironmental features to forecast the effects of restoration. Oth-
rs have entirely avoided empirical approaches for anticipating
esponses to nature recovery actions, instead developing scenar-
os from expert opinion, often linked to vegetation types as the
onservation feature (Smith et al. 2022 ) and assuming different
iodiversity benefits of transitioning from one vegetation state to
nother (Shoo et al. 2021 ). The choice of approach will depend on
he sensitivity of spatial prioritizations to uncertainties in species
r vegetation responses, as well as the ecological context (e.g.,
abitat specificity of focal species, the degree of habitat fragmen-
ation), availability of information to parameterize models (e.g.,
pecies occurrence data), along with computational complexity,
xpertise, and resources. 
Planning for nature recovery occurs against the backdrop of on-

oing climate change, which is beginning to exert a significant in-
uence on biodiversity, affecting both the value of existing pro-
ected area sites and the potential value of new sites for nature
ecovery (Reside et al. 2018 ). Existing conservation areas that are
nown to be effectively managed (e.g., defined through the IUCN
anagement Effectiveness Tracking Tool; Stolton et al. 2021 ) and
ontain high quality environments, would typically provide the
ore areas from which nature recovery can be built. These ar-
as would be locked into the spatial prioritization at the con-
ervation assessment stage, whereas conservation areas that are
ot effectively managed or in good condition might be consid-
red among the opportunities for delivering nature recovery in
he landscape (i.e., through habitat restoration). Even where con-
ervation areas are currently high quality, climate change im-
acts to core sites could alter decisions about nature recovery ac-
ivity and therefore robust analysis of climate change resilience
cross existing conservation areas is crucial (Baker et al. 2015 ).
ovel approaches to climate modeling are now able to capture
hanges in species distributions at scales experienced by indi-
iduals, such as near the ground or below the canopy (Maclean
nd Klinges 2021 ), providing more accurate assessments of cli-
ate change exposure and effects on species’ persistence within
onservation areas (Maclean and Early 2023 ). Considering cli-
ate change effects in the responses of species to nature recov-
ry activity may be crucial for maximizing the likelihood that
ature recovery solutions are robust under a range of climate
hange scenarios, particularly given recent insights into the im-
ortance of fine-scale habitat management for mitigating the ef-
ects of climate change on species (Maclean and Early 2023 ). Ac-
ounting for climate change in systematic conservation planning
lso enables the assessment of the long-term viability of exist-
ng sites because of climate change exposure, which is essen-
ial for identifying coverage gaps that may emerge (Reside et al.
018 , Critchlow et al. 2022 ). This can be used to designate the im-
ortance of existing conservation areas in the conservation as-
essment stage by, for example, down weighting the contribution
f the most climate change exposed conservation areas to fu-
ure conservation feature targets (i.e., requiring the solution to
ompensate for the potential loss of these sites in future with
dditional sites). 
Conservation assessment for nature recovery 

Selecting nature recovery areas requires setting up and solving
prioritization problems not dissimilar to those found in priori-
tizing nature protection. The prioritization for nature recovery
must, however, be based on anticipated responses of conserva-
tion features to nature recovery activity. This includes predicting
the amount of each conservation feature in each planning unit
for future time points under a range of nature recovery scenarios,
reflecting the likely suitability and availability of land for habitat
restoration or creation, ideally capturing temporal changes in veg-
etation states and habitat quality that reflect restoration gaps, ac-
counting for accessibility on the basis of species’ dispersal traits,
and accommodating socioeconomic costs and benefits of nature
recovery action in a particular location (figure 1 ). This creates a
number of challenges not encountered when prioritizing for na-
ture protection (box 1 , stage 9). 

A basic spatial prioritization problem for nature recovery might
involve restoring degraded natural vegetation to a known histor-
ical state. Because the prioritization problem is simply a binary
decision, to restore or not, the problem is somewhat analogous
to that encountered in a nature protection context—to protect or
not—and this type of problem has been addressed using existing
spatial prioritization algorithms with simple modifications to
the conservation feature input data (e.g., Westphal et al. 2007 ,
Lethbridge et al. 2010 , Carwardine et al. 2015 ). For example, Thom-
son and colleagues (2009) used Zonation to target revegetation,
including temporal scheduling, by incorporating predicted distri-
bution layers for conservation features at multiple future time
points for a given revegetation scenario (table 2 ). Strassburg and
colleagues (2019 ) extended this problem by exploring how much
forest to restore per planning unit in order to maximize ecosystem
service benefits while also considering costs, assuming diminish-
ing returns for biodiversity following a species–area relationship.
This approach was based on the potential distribution of species
as the conservation features, assuming restoration had occurred.
McBride and colleagues (2010 ) showed how the basic Marxan op-
timization problem could be extended mathematically to include
multiple restoration facets, including transitions from different
degradation states, spatial dependencies between adjacent sites
and incorporating stochastic events (e.g., fire) that might alter
outcomes. These extensions do not seem to have been widely
adopted for prioritizing restoration, which suggest that although
they are mathematically tractable, there are barriers to adoption.

Nature recovery spatial prioritization problems are often
more complex than these basic scenarios. For instance, in highly
modified landscapes where there is uncertainty about historical
environmental states (e.g., much of Western Europe), multiple
actions may be possible to implement on a given land parcel de-
pendent on current edaphic, hydrological, and climatic conditions
(figure 1 ). For example, it may be possible to convert the same
arable field to species rich grassland, woodland, or wetland, with
each potential action benefiting a very different set of species or
ecosystem processes and contributing differently toward targets.
Marxan with Zones (Watts et al. 2009 ) extends the Marxan func-
tionality to consider the problem of apportioning the landscape
into different conservation zones, therefore optimizing for both
the type and spatial distribution of management. Although
typically used to assign planning units to particular management
strategies given the current distribution of conservation features
(e.g., strict, partial, or no protection), the approach can be used to
prioritize management actions (or zones). This can be achieved
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Figure 3. Two examples of important conditional spatial effects to consider in a nature recovery spatial prioritization problem. In panels (a) and (b), 
the contribution of nature recovery actions at planning unit A to a species’ conservation target is conditional on nature recovery actions occurring in 
unit B. In panel (a) this is due to dispersal constraints that are resolved in panel (b) through nature recovery actions creating appropriate habitat 
through which the species can disperse to site A, and regardless of whether B contributes directly to the species’ target. In panels (c) and (d), the 
contribution of actions at a single planning unit may facilitate occupancy at neighboring sites (e.g., via patch size, connectivity effects) increasing the 
value of nature recovery actions at a focal site. In panel (c), the hatched planning units are suitable targets for nature recovery actions to benefit a 
target species, whereas solid planning units have suitable habitat but are currently unoccupied because of patch size or connectivity constraints. In 
panel (d), nature recovery actions at units A and B permit occupancy of not only A but the surrounding planning units. In a, b, and d, the solid 
planning units indicate suitable habitat patches, which are occupied or not depending on patch size and connectivity constraints. The unfilled 
planning units are unsuitable for the species without appropriate nature recovery action, whereas the hatched planning units indicate nature 
recovery actions to create suitable habitat. 
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y assigning weights to each conservation feature that represent
he contribution of each planning unit to the feature target
onditional on the type of habitat created (e.g., which zone the
lanning unit is assigned to). This type of approach is marginally
ore complex to setup than a binary restoration problem, requir-

ng additional inputs for each potential nature recovery action
e.g., conservation feature responses to and costs of each action).
owever, the approach has also not been widely implemented
n a nature recovery context (e.g., Smith et al. 2022 ). Multiaction
lgorithms have been developed for prioritizing conservation
ctions aimed at increasing the probability of species persistence,
nabling decisions to be made about which suite of actions
hould be targeted and where to reduce pressures on species
cross their current range accounting for costs (table 2 ; Cattarino
t al. 2015 , Salgado-Rojas et al. 2023 ). 
Although these approaches provide a means of spatially priori-

izing simple nature recovery scenarios using existing spatial pri-
ritization algorithms, made easier by modern software packages
e.g., Hanson et al. 2024 ), the use of methods devised for priori-
izing nature protection potentially omit important facets of the
ature recovery process that could have major consequences for
rioritization. For example, although most existing examples pri-
ritize conservation features on the basis of anticipated responses
o nature recovery actions, these responses are often static and
herefore cannot account for the value of a nature recovery action
eing conditional on actions conducted elsewhere in the planning
egion. Figure 3 a illustrates this concept, showing that the contri-
ution of nature recovery actions at one planning unit to a species’
onservation target is conditional on nature recovery actions oc-
urring in another unit. This is due to dispersal constraints that
re resolved in figure 3 b through nature recovery actions creating
ppropriate habitat through which the species can disperse. Fur-
hermore, nature recovery actions in a planning unit may also fa-
ilitate occupancy in neighboring units through effects on patch
ize or connectivity, therefore multiplying the contribution of a
ingle action to feature targets. Figures 3 c and 3d illustrate this
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oncept, showing that nature recovery actions at units A and B
ermit occupancy of not only A but the surrounding planning
nits through both patch size and connectivity effects. Recogniz-
ng these multiplier effects is important for ensuring that nature
ecovery actions result in a distribution of patch sizes that allow
he persistence of species that are highly sensitive to patch area
hresholds. The importance of accounting for such processes in
ature recovery spatial prioritization needs to be investigated and
ay require the continued development of spatial prioritization
ethods to accommodate additional processes. 
The temporal scheduling of nature recovery activities is critical

or delivering nature recovery objectives and must consider not
nly the time scales required for habitat to reach a target state, for
arget species to colonize these sites, and how suitability might
hange under climate change (Reside et al. 2018 , Dupont-Doare
nd Alagador 2021 ) but also the temporal availability of funds re-
uired to support nature recovery actions and costs of manage-
ent (McBride et al. 2010 ). Temporal scheduling of nature recov-
ry actions has been analyzed by adjusting the feature contribu-
ion to a planning unit conditional on when those planning units
ere restored (e.g., table 2 ; Shoo et al. 2021 ) and prioritizing mul-
iple temporal slices simultaneously (Thomson et al. 2009 ). More
omplex models that can calculate the value of a nature recovery
ction conditional on other activities occurring elsewhere in the
andscape might have enormous value, shedding light on these
patial and temporal dependencies and their effects on the or-
ering of interventions (e.g., where occupancy of a site is depen-
ent on the maturation of adjacent habitat). Incorporating tem-
orally varying costs is critical to understand how nature recovery
argets will be reached given the sustainability of funding for in-
erventions over decadal timescales (Thomson et al. 2009 , Shoo
t al. 2021 ). Temporal scheduling should be considered as part of
he post hoc analysis of spatial prioritizations prior to implementa-
ion, but information to inform decisions must be generated dur-
ng spatial prioritization and likely calls for novel approaches that
an better incorporate the spatial and temporal dynamics of na-
ure recovery. 
In this stage, it is important to carefully consider the size of a

lanning unit and the trade-off between the unit’s size and the
ccuracy and precision of suggested actions. In a nature protec-
ion context, evidence suggests that by including costs and con-
ectivity penalties in the conservation assessment stage, spatial
rioritization outputs are less sensitive to the planning unit’s size
nd shape (Nhancale and Smith 2011 ). These results may trans-
ate to simple nature recovery planning problems, such as binary
estoration action problems, but it is not clear how sensitive more
omplex spatial prioritization problems are to the scale and shape
f planning units. An important challenge is where environmental
onditions (e.g., soil, microclimate, hydrology) vary over short dis-
ances affecting the types of habitat creation opportunities avail-
ble. Larger planning units are computationally more feasible and
ay often reflect more accurate knowledge about the distribu-

ions of conservation features and costs but may create an im-
lementation challenge where prioritized actions only apply to
 fraction of the planning unit. Smaller planning units help link
ctions more directly to the specific conditions of land parcels
nd are likely to reflect connectivity barriers for poorly dispers-
ng species better but may add uncertainty where information on
onservation features, including anticipated responses to nature
ecovery actions, must be downscaled to fine resolutions. There-
ore, the planning unit size will always involve trade-offs between
ata uncertainty, computational time, and the degree to which
andscapes and ecological processes are sufficiently resolved, and
the choice of the planning unit’s size and shape must be tailored
to each planning problem. 

Conservation assessment in nature recovery systematic con-
servation planning could become complex, incorporating species’
responses to multiple scenarios for habitat restoration and cre-
ation within different socioeconomic–climate contexts while also
addressing a range of uncertainties (figure 1 ). Spatial prioritiza-
tion algorithms have received considerable attention throughout
the development of systematic conservation planning and mathe-
matical optimization tools are well developed. Although it is likely
that novel mathematical approaches will continue to help reduce
the time taken for algorithms to converge on optimal or near op-
timal solutions, several other strategies could be considered to re-
duce complexity. Refining input data is critical, including improv-
ing information on the nature recovery potential of land parcels
and eliminating socially or economically unfeasible options prior
to analysis (Delavenne et al. 2012 ). The development of region-
ally specific socioeconomic scenarios for nature recovery (box 1 ,
stage 5) could narrow the range of plausible future conditions to
consider. To generate potential rules of thumb for targeting na-
ture recovery actions, lessons from similar landscapes should be
examined, and, to achieve this, systematic conservation planning
processes and outcomes should be clearly documented and made
publicly accessible (McIntosh et al. 2017 , Álvarez-Romero et al.
2018 , Wintle et al. 2019 , Metcalfe et al. 2022 ). 

Finally, the challenge of spatial prioritization for nature recov-
ery has many unique elements, and it is important that mathe-
matical approaches to solving these problems address these ele-
ments specifically and are not constrained by existing approaches
designed to solve a related but often distinct problem. 

Implementation and monitoring nature recovery 

actions 
The initial decisions on nature recovery priorities, along with
the temporal scheduling of interventions and monitoring of
nature recovery actions, continue the process of nature recovery
systematic conservation planning (box 1 , stages 10 and 11). The
implementation of nature recovery actions resulting from the
conservation assessment stage will encounter legislative, social,
and economic barriers that are likely to alter the ultimate real-
ization of the delivery on the ground (Knight et al. 2011 , Franks
and Emery 2013 , Foster and Bell-James 2024 ). It is important
to reiterate that the outputs from conservation assessment are
not intended to be prescriptive but are used in the final stage of
conservation assessment—stakeholder evaluation—to guide de-
cisions toward effective outcomes. However, the barriers to imple-
mentation will inevitably still arise. Most barriers to restoration-
type activity occur in the socioeconomic domain and typically
relate to insufficient funding, differing priorities of stakeholders,
and low political priority, where the time horizons are short but
the impacts are realized over longer timescales (Cortina-Segarra
et al. 2021 ). For example, in the United Kingdom’s heavily nature
depleted farmed landscapes the highly fragmented nature of land
tenue and cultural practices that typically emphasize working in-
dependently has proved a barrier to nature recovery despite huge
investment in habitat creation because resources have not been
effectively targeted (Baker et al. 2012 , Baker et al. 2025 ). Improving
nature recovery outcomes requires more effective integration
of nature recovery planning with participatory approaches to
landscape decisions (e.g., the formation of farmer groups to
facilitate joined up decision-making) and legislation and funding
mechanisms that facilitate collaboration and cooperation across
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Figure 4. The analytical workflow of systematic conservation planning 
should be viewed as cyclical and iterative, involving feedback between 
stages such that monitoring of nature recovery actions implemented on 
the ground can inform future spatial prioritizations of nature recovery 
actions and using anticipated responses and counterfactuals to assess 
progress toward targets. 
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andscapes (Franks and Emery 2013 , Foster and Bell-James 2024 ,
aker et al. 2025 ). Decisions must also be made about the degree
f intervention required to obtain specific outcomes (i.e., along
n active–passive continuum; Chazdon et al. 2024). 
The long time scales required for nature recovery goals to be

ealized and the potential variability in the success of nature re-
overy actions require constant monitoring and periodic reassess-
ent, which may require updating the nature recovery planning

hrough conservation assessment with new input data. The sys-
ematic conservation planning steps presented in box 1 could in
act be represented in a circle with feedback occurring between
tages to ensure that planning over time reflects outcomes on
he ground and is responsive to changes in policy and legisla-
ion; this is illustrated in figure 4 . Adaptation would also be re-
uired to allow for changes in management because of climate
hange, which requires flexibility in restoration-focused legisla-
ion (Foster and Bell-James 2024 ). Monitoring and active manage-
ent are vital to ensure targets are achieved, but monitoring must
ccount for time lags in the responses of conservation features to
ature recovery actions. Predictive modeling could offer insights
nto trajectories toward target states enabling in situ monitoring to
e benchmarked against explicit expectations to track progress
nd accommodate unsuccessful outcomes (figure 4 ; Prach et al.
019 ). Modeling also provides counterfactuals for assessing na-
ure recovery success (Grace et al. 2021 ), which is important when
here are time lags in meeting targets and ongoing biodiversity
eclines because of extinction debts and continued species re-
ponses to environmental change (figure 2 a). Innovations in bio-
iversity monitoring (e.g., remote audiovisual recorders, satellite
emote sensing) are necessary to track progress across vast areas
nder active nature recovery management with limited monitor-
ng resources. During these environmental transitions, even with
ufficient protection of existing populations, extinction debts may
educe source populations of target species, affecting the value
f newly created habitat. Understanding the expected temporal
ynamics of responses to nature recovery action will be crucial
or identifying additional supporting actions that might be re-
uired, such as managing existing populations and identifying
here assisted colonization of sites might be required in future.
eedback on outcomes is also important for motivating landown-
rs to engage in high-quality environmental management and fa-
ilitate a sense of shared responsibility for achieving environmen-
al objectives (Emery and Franks 2012 ), which is critical, given
 deficit in social knowledge about nature recovery is consis-
ently recognized as a major barrier to implementation (Mañas-
avarro et al. 2023 ). Finally, ensuring that biodiversity metrics
sed to monitor progress are linked to nature recovery targets
rom the outset is critical and should be considered in the design
f targets as part of the systematic conservation planning process
figure 4 ). 

onclusions 

andscape-scale conservation planning principles and decades
f systematic conservation planning experience must underpin
cosystem restoration activities if we are to prevent, halt, and re-
erse the degradation of ecosystems and provide the space for na-
ure to recover and thrive. We propose that systematic conserva-
ion planning should be incorporated into policy and guidelines as
est practice for targeting resources toward nature recovery. We
dentify several key challenges to making this an effective strategy
or improving the targeting of nature recovery resources: 
First, the knowledge and technical skills necessary to use sys-

ematic conservation planning must be widely disseminated, en-
uring the availability of resources and training to empower lo-
al actors in adopting these practices (e.g., Botts et al. 2019 ).
his might involve developing accessible training programs, creat-
ng resource hubs, and establishing partnerships to facilitate the
ransfer of expertise and support to communities engaged in na-
ure recovery initiatives. 
Second, Major global data gaps must be addressed, including

ata on conservation features, habitat restoration and creation
pportunities, economic costs, and socioeconomic–climate sce-
arios. This may be achieved through strategic targeting of in situ
ata collection or through exploiting modeling approaches using
xisting data to infer, for example, species occurrence across land-
capes. Globally, data gaps are likely to be biased toward areas
here ecosystem restoration resources are currently needed most
nd, therefore, resources will require shifting to fill these priority
aps effectively. 
Third, Spatial prioritization algorithms are required that are

ailored to the unique challenges of prioritizing management ac-
ions for nature recovery, where often multiple potential man-
gement choices are available within a planning unit and where
pecies responses to nature recovery actions are conditional on
ctions occurring elsewhere in the landscape that, for example,
ffect connectivity and patch size. These models should be tem-
orally explicit to account for varied response times of conser-
ation feature to nature recovery actions to guide the temporal
cheduling of nature recovery actions and to provide benchmarks
nd counterfactuals for monitoring progress toward targets. 
Fourth, Computational resources needed for systematic con-

ervation planning can be substantial but must become widely
vailable to enable the application of methods in any region of the
orld. This may involve reducing the computational demands of
ystematic conservation planning, leveraging innovative compu-
ational tools or employing approximate solutions (e.g., via model
mulation) derived from the analysis of portfolios of systematic
onservation planning solutions and providing access to cloud
omputing facilities (e.g., Marxan is available in the cloud). 
Finally, the monitoring of nature recovery actions must be

caled to provide the data necessary to understand progress
oward targets across a representative range of nature recovery
rojects and locations. This will likely be achieved by taking
dvantage of developments in remote sensing (e.g., changes in
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egetation cover or condition) combined with targeted in situ
udio and camera trap technology to obtain feature specific infor-
ation (e.g., changes in taxonomic or functional characteristics).
Achieving ambitious global nature recovery targets requires

estoring the fundamental processes supporting biodiversity. Al-
hough complete restoration of historical conditions will be
nattainable because of modern land use constraints and climate
hange, strategic targeting of nature recovery actions within spa-
ial and cost limitations are essential. The principles of spatial
cology and decades of systematic conservation planning experi-
nce in nature protection highlight the value of strategically pri-
ritizing conservation resource allocation, and now these lessons
ust be routinely adopted to deliver effective nature recovery. 
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