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SUMMARY

Protected areas are widely used to stem biodiversity loss, with global conservation policy mandating their
use in meeting area-based conservation targets, such as the recent target to protect 30% of Earth’s surface
by 2030. Over the last two decades, the role of multiple-use and other protected areas in meeting conserva-
tion targets has increased, now representing 55% of terrestrial and 75% of marine protected areas globally.
Given their substantial contributions to meeting area-based targets, we review evidence of multiple-use pro-
tected areas in meeting global policy goals. We found that multiple-use protected areas can be effective in
conserving biodiversity and are more likely to be under equitable governance arrangements than their strict
counterparts. Our results show that multiple-use and other protected areas provide important environmental
and socio-economic benefits that are needed to achieve the 2030 target. Closing knowledge gaps around
when andwhere they aremost effective and equitable is needed to ensure that further growth in the protected
and conserved estate meets global policy goals.
INTRODUCTION

Protected areas are frequently called the ‘‘cornerstone’’ of global

biodiversity conservation strategies. These areas represent one

of themost significant resource use allocations on the planet and

the largest planned land uses,1,2 covering approximately 17% of

land mass and 9% of marine area.3 Over the last two decades,

there has been growth in global policy and commitments that

emphasize the role of area-based measures in achieving global

biodiversity targets. For example, the area-based targets for

2010, 2020, and 2030 have sought to expand conservation

extent as well as to recognize a larger set of governance mech-

anisms for area-based conservation including both IUCN-class

protected areas (termed protected) and other effective area-

based conservation measures (OECMs) (termed conserved).

Since 2000, the overall coverage in protected and conserved

areas has seen a 50% growth on land and more than a 10-fold

increase in the sea (Figure 1). Much of the growth in coverage

has come from multiple-use and other protected areas (those

without an assigned IUCN category); today, these categories

constitute 55% of protected and conserved areas on land and

75% in the oceans (Figure 1).

The push over the coming 8 years to meet the ‘‘303 30’’ target

to protect 30% of the planet by 2030, as set in the Kunming-

Montreal Global Biodiversity Framework (GBF),4 would result in
a further �50% growth of terrestrial protected and conserved

areas and further tripling of marine areas. Drawing from the stron-

gest published evidence (impact evaluations and surveillance

monitoring studies that endeavor to control for confounding fac-

tors), the published literature suggests that protected areas can

be effective in reducing threats5–7 and conserving biodiversity

within their boundaries.8 However, their ability to do so varies

significantly, and thus local variation in outcomes can be both

positive and negative for nature and people. Given this evidence

of variable outcomes, it remains unclear if protected areas are

fully delivering on their promises, let alone on the potential bene-

fits (or lack thereof) of such a speedy increase by 2030. Further-

more, evidence on the relative benefits of different protected

area types (i.e., strict IUCN I–IV vs. multiple-use IUCN V–VI) is

limited, with only a small number of studies designed to detect

relative impacts of each (e.g., Ferraro et al.,9 Gill et al.,10 and

Nelson and Chomitz11). To guide global conservation policy that

ensures that the growth of protected and conserved areas is

meaningful and delivers the desired outcomes, an understanding

of the relative effectiveness of protected area types as well as the

contexts in which they are most suitable is needed.

In this review, we take a data-driven approach to explore the

current role that strict (IUCN categories I–IV) and multiple-use

(IUCN V–VI) protected areas have played in terms of the growth

of the global protected area estate and the context in which
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Figure 1. Current global protected area
estate across terrestrial and marine realms
(A) Geographic distribution of protected areas by
IUCN category.
(B) Growth in terrestrial protected areas over time by
IUCN category displayed as cumulative percentage
protected.
(C) Growth in MPAs over time by IUCN category
displayed as cumulative percentage protected.
In general, IUCN I–IV are considered strict
protection, while V–VI are multiple-use zones.
‘‘Other’’ refers to protected areas without a
nominated IUCN category.
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benefits (or harms) have been delivered to both nature and peo-

ple. To this end, we synthesize key historical moments related to

global protected area policy (such as the 2010, 2020, and 2030

area-based targets and their contexts), explore the relationship

that global policy has had with shaping protected area

growth, and then analyze patterns of growth in protected areas

across IUCN categories and the evidence of impacts of these

on the environment and people. We draw upon the published

literature and supplement this with re-analysis of global data

to compare the overall performance of protected areas across

categories. We find that multiple-use (V–VI) and other (those

without an assigned category) protected areas have grown

substantially as a proportion of the global protected area estate.

Given their growing importance, in terms of meeting targets,

we further explore evidence of effectiveness and equity.

We find that multiple-use protected areas can deliver benefits

to nature and people hand in hand, rather than in trade-off,

but that the evidence points to local variation in the nature of

benefits and harms. Based on our findings, we look to the com-

ing decade and what additional evidence is required to

guide the proposed growth in global protected areas and

OECMs to ensure that they contribute to effective and equitable

conservation.

A SHORT HISTORY OF PROTECTED AREA DEBATES

The growth of protected areas has slowly gathered momentum

over the twentieth century.12 A focus on protected areas at the

global level accompanied the birth of the UN and helped give

rise to the IUCN in 1948.13 The centrality of protected areas as

a tool to address biodiversity loss (over the very many other

available tools) was formalized in global policy in the 2010 biodi-
1174 One Earth 6, September 15, 2023
versity target adopted by the 7th Confer-

ence of the Parties (COP) to the Conven-

tion on Biological Diversity (CBD) in 2002.

Specifically, goal 1 had associated targets

1.1 and 1.2 that read the following: ‘‘At

least 10%of each of the world’s ecological

regions effectively conserved; and Areas

of particular importance to biodiversity

protected.’’ This goal formalized and

extended the related aim in the Caracas

Action Plan, a key outcome of the 1992

World Parks Congress, which called for

the protected area network to cover at

least 10% of each major biome by 2000.
In the subsequent two decades, further iterations on these goals

and targets have occurred alongside other hallmark policies and

public debates. We highlight here a brief history of major mo-

ments in global protected area policy (see Table S1 for a more

comprehensive list). We emphasize those policies that relate to

the interplay between environmental and social outcomes

because these reflect current debates related to effective and

equitable conservation and the roles of multiple-use protected

areas, OECMs, and other alternatives to strict protected areas

(e.g., those that countries choose to not match to an IUCN

category).

The biodiversity target for 2010, adopted in 2002 at COP-7,

was ‘‘to achieve by 2010 a significant reduction of the current

rate of biodiversity loss at the global, regional and national level

as a contribution to poverty alleviation and to the benefit of all life

on Earth.’’ This target attempted to resolve heated debates over

the apparent trade-offs between development and conservation

through its coupled articulation to reduce biodiversity loss and

alleviate poverty.14 The following year, the 5th IUCNWorld Parks

Congress 2003 was held in Durban. This meeting was notable,

as it attracted an unprecedented attendance of Indigenous and

local community groups and representatives. The debate around

the role and types of protected areas was at the forefront of this

congress with a voiced concern that expansion of protected

areas would exacerbate harms to local livelihoods already in

play due to conservation.14

An important outcome from this public debate was the Durban

Accord, which put forward a number of goals and actions to in-

crease the benefits of protected areas to society and to ensure

they contribute significantly to global agendas on sustainable

development. Related to this, a resolution was passed asking

the IUCN to update the IUCN protected area categories.
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Published in 1994, the IUCN protected area category system has

been widely used to guide policy, planning, and reporting. The ty-

pology is based on protected area management objectives and

has six categories spanning a continuum of strictness in terms

of allowed resource extraction: strict nature reserves (Ia), wilder-

ness areas (Ib), national parks (II), natural monuments or features

(III), habitat/species management areas (IV), protected land-

scapes (V), and protected areas with sustainable use of natural

resources (VI). At the 2004 World Conservation Congress, the

conservation-poverty debate continued, and a resolution was

passed to undertake a 4-year consultation to identify points of

contention and possible changes in the categories system. The

definitions of, roles for, and management of IUCN categories V

and VI protected areas (i.e., multiple-use protected areas) were

at the center of continued debate during this consultation pro-

cess.1 The debate emerging from the Durban Accord was about

whether less strict forms of protection (i.e., multiple-use pro-

tected areas) deserved the term ‘‘protected area.’’ In the end,

the IUCN provided guidance stating that protected areas can

have multiple objectives but ‘‘in the case of conflict, nature con-

servation must be the priority.’’15

The 2020 and 2030 CBD area-based conservation targets,

Aichi target 1116,17 and GBF target 3,4 outline a role for both pro-

tected areas and OECMs in meeting expanded area-based con-

servation targets. Guidance for OECMs and their criteria were

adopted by CBD parties in 2018, and their contribution to targets

are now formally tracked alongside protected areas18,19 (see

Box 1 for a discussion on the role of OECMs and their key differ-

ences from protected areas). Additionally, GBF target 3 explicitly

recognizes the role of Indigenous and traditional territories in

meeting the target. This text was added during the 2022 COP

in Montreal in response to concerns about the implications of

the 303 30 for Indigenous peoples and local communities given

that some protected areas have perpetuated colonial ideologies

and resulted in injustices to these groups.20 Although the text

falls short of Indigenous representatives’ call for their territories

to be a distinct category separate from protected areas and

OECMs, the importance of recognizing these groups’ rights

and the role of their territories in meeting conservation outcomes

is clear in the target (representing a significant variation to previ-

ous iterations):

Ensure and enable that by 2030 at least 30% of terrestrial,

inland water, and coastal and marine areas, especially

areas of particular importance for biodiversity and

ecosystem functions and services, are effectively

conserved andmanaged through ecologically representa-

tive, well-connected, and equitably governed systems of

protected areas and other effective area-based conserva-

tion measures, recognizing Indigenous and traditional ter-

ritories where applicable, and integrated into wider land-

scapes, seascapes, and the ocean while ensuring that

any sustainable use, where appropriate in such areas, is

fully consistent with conservation outcomes, recognizing

and respecting the rights of Indigenous peoples and local

communities, including over their traditional territories.

Target 3 reflects the continued move by the conservation

community beyond a sole focus on strict protected areas toward

a range of complementary area-based protection measures that
can be implemented to suit diverse contexts (see Box 1 for

further discussion around complementarity of measures).

This short historical account of global protected area policy

emphasizes that area-based targets have accelerated over the

last two decades and that the types of area-based measures

have diversified. Have these changes in policies influenced the

rate at which countries are protecting land and sea or the types

of mechanisms they are using?Multiple-use and other protected

areas (those without an assigned IUCN category) have grown

substantially over the last two decades; today, these categories

constitute 55% of protected and conserved areas on land and

75% in the oceans (Figure 1; see Figure S1 for further details).

Using the concept of ‘‘hot moments,’’21 we explored the rate

of change of growth of protected areas and tested for hot mo-

ments (time periods above the mean rate of increase) around

key policy time periods (Box 2). We found that the global pro-

tected area has grown substantially since 2000, and the majority

of that growth has come from multiple-use and other protected

area categories over the last decade, with these forms of pro-

tected areas forming the largest proportion of protected areas

(Figure 1). There are significant differences in growth across

terrestrial and marine protected area estates, and so we further

consider these patterns specific to realm.

Within the terrestrial estate, considering cumulative growth by

IUCN category, the proportion of area in IUCN II has had a linear

rate of increase and in VI and other (those in theWDPA database

with no IUCN category recorded) have had larger growth rates,

and the remaining categories have been stable (Figure S1).

Considering annual rates of change within the growth curves

by category, we found limited evidence of hot moments around

global political landmarks, constrained primarily to IUCN V and

VI and other protected areas in the 2000–2005 period (indicated

by peaks in annual changes within shaded policy periods;

Figure 2; Box 2) and within IUCN II in the 2000–2005 and

2018–2020 periods.

Within the marine estate, the proportion of area protected as

IUCN category I and III has been stable over the last two de-

cades, but all other categories have had steep increases in

area, with the largest growth occurring in IV–VI and other areas

(Figure S1). Most IUCN categories also had some alignment

with peaks in annual growth rates within policy periods, with

the strongest evidence of hot moments being for Ib between

2018 and 2020 and for V and other peaking in 2008–2010, which

align with the lead up to meeting global target dates of 2010 and

2020 (Figure 2; Box 2).

Outside of the limited number of hot moments identified

above, rates of change were highly stochastic and thus do not

support consistent identification of global-policy-driven hot mo-

ments. This is consistent with findings from Radeloff et al.21 and

suggests that while there are certainly hot moments in protected

area growth, global targets are not a direct primary driver. There

is strong evidence in the literature of national priorities driving hot

moments12,21,22; however, the role of global targets in driving na-

tional priorities remains unclear.

PROGRESS TOWARD GLOBAL TARGETS

If achieved, GBF target 3 will see a speedy increase in the pro-

tection of 30% of land and sea by 2030. To draw lessons for
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Box 1. OECMs as area-based conservation policy tools

Other effective area-based conservation measures (OECMs) first appeared in CBD policy in 2010, with Aichi target 11 specifying

‘‘17 per cent of terrestrial and inland water, and 10 per cent of coastal and marine areas . are conserved through . protected

areas and other effective area-based conservation measures.’’ However, little attention was given to OECMs until 2018, when

CBD parties adopted a formal definition for the policy tool as

a geographically defined area other than a Protected Area, which is governed and managed in ways that achieve positive

and sustained long-term outcomes for the in situ conservation of biodiversity with associated ecosystem functions and ser-

vices and where applicable, cultural, spiritual, socio–economic, and other locally relevant values.

Unlike protected areas, which must be ‘‘dedicated’’ or ‘‘designated or regulated and managed to achieve specific conservation

objectives,’’ according to definitions provided by the IUCN and CBD, OECMs are defined by effectiveness in conserving biodiver-

sity rather than their objectives. The OECM policy tool thus provides opportunities to recognize or enhance existing or new

managed areas that sustain biodiversity, irrespective of their objectives.88 Managed areas that could be recognized as OECMs

are diverse and include lands and seas managed by Indigenous peoples and local communities, historic wreck reserves, sacred

sites, and areas managed by production sectors such as fisheries and forestry. Designation of these managed areas as OECMs

depends on the consent of relevant governing bodies and whether the area meets CBD’s definition for OECMs.89

The addition of OECMs to the conservation toolbox is suggested to advance two tenets for area-based conservation enshrined in

Aichi target 11: equitable governance and biodiversity conservation effectiveness.18 By enabling recognition of the value of

managed areas other than protected areas to sustaining biodiversity, the OECM tool enhances recognition equity, which relates

to respect for socio-cultural diversity, including identities, rights, and values. While IUCN V and VI protected areas allow multiple

uses, the IUCN guidelines for applying thesemanagement categories stipulate that ‘‘in the case of conflict, nature conservation will

be the priority.’’15 This primacy of nature conservation can alienate and disempower actors whomanage areas for other objectives

or where definitions of what constitutes ‘‘nature’’ andwhat constitutes ‘‘conservation’’ differ. For example, it is suggested that even

in the relatively successful case of Indigenous protected areas in Australia, misalignment of Indigenous values and those espoused

by the IUCN protected area definition can undermine Indigenous power and authority.90 Advancing recognition equity paves the

way for equity in distribution and procedure. Recognizing local governance via OECMs helps ensure that benefit-sharing mech-

anisms and decision-making processes are suited to the socio-cultural context and are perceived as fair by local actors.91 At the

level of the global conservation system, because the OECM policy can be used to recognize managed areas governed to meet

local needs and values, they can help alleviate distributional inequities related to the burdens of conservation being experienced

locally but the benefits shared globally. Further, OECMs can promote procedural equity by facilitating the participation of those

groups who are governing areas that sustain biodiversity but who are not currently involved in conservation decision-making.

Alongside protected areas, OECMs are expected to help bolster the effectiveness of the global conservation system in several

ways.18 The OECM tool provides ameans to support or developmanagement that is ‘‘fit’’ to the relevant social-ecological context,

fostering local support, leadership, and compliance.20 By facilitating institutional fit, OCEMs provide new opportunities to support

and incentivize management in working land and seascapes. Further, by increasing the coverage of managed areas delivering

biodiversity benefits, OECMs can collectively yield cumulative conservation benefits, including the underachieved qualitative el-

ements of Aichi target 11, for example, ecological connectivity and representativeness.

Ensuring that OECM policy tool delivers on its purported promise to advance equitable and effective conservation will require ad-

dressing several key concerns related to its implementation.18,92 In particular, these relate to misusing the tool to meet area-based

conservation commitments without actually stemming biodiversity loss and recognition processes substantially altering or dis-

placing existing governance, disempowering local actors. Addressing these concerns is of pressing importance as CBD parties

move swiftly to incorporate OECMs into their conservation portfolios, with 817 cases documented in the World Database on

OECMs as of November 2022.
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the coming decade, we review progress in meeting Aichi target

11, including its key subcomponents that persist in target 3

(namely coverage, representation, management effectiveness,

connectivity, and equitable management). Alongside the review

of available evidence, we re-analyze data to draw inferences for

each of the target subcomponents across land and sea. Consid-

ering the relative growth in multiple-use protected areas over the

past two decades, and the signals of hot moments within these

IUCN categories in the 2000–2005 policy period, we focus our

analysis on comparisons across strict and multiple-use pro-

tected areas. These can be difficult to make because what

different protected areas are trying to achieve can vary

greatly in different circumstances. The meanings of ‘‘success,’’
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‘‘equity,’’ or ‘‘well-being’’ can be highly context specific, both

for biodiversity and for people. Nevertheless, to the extent that

comparison is possible, we seek better to evidence the roles

that each type have played to date and might be expected to

play in meeting the 30 3 30 targets. Based on our analysis, we

discuss aspects that require further attention to create a

pathway for meeting target 3 and achieving broader desired out-

comes for biodiversity and people.

Coverage and representation
The area-based protection elements of the 2020 target have

been met for terrestrial targets and have been close to being

met for marine areas: 16.98% terrestrial and 8.65%marine areas



Box 2. Do protected area debates motivate growth in the protected and conserved estate?

The global discourse and policy settings for protected areas over the last two decades have emphasized protected areas as a

central conservation mechanism, with a particular focus on codifying increasing protected area targets. This emphasis on target

setting to achieve conservation activity leads to a natural question of have targets spurred the desired change in protected area

designation? Alongside the increased protected area targets, there has been an evolving debate and a set of associated area-

based mechanisms designed to address equitable management goals—in particular, the introduction of multiple-use IUCN cat-

egories and the term ‘‘conserved’’ areas alongside ‘‘protected’’ as equal tools for achieving protected area targets. A secondary

question is, then, has this period of debate resulted in greater support for, and thus an increase in, the declaration of multiple-use

protected areas and their overall contributions to meeting global targets? In other words—are there observable changes in the

rates of protected and conserved area growth and the type of areas declared that relate to these political debates and global

targets?

Our analysis of hot moments (based on slope of growth curves) finds that there is some evidence of hot moments for protected

areas around political landmarks; however, these signals are stochastic, and evidence of hot moments is strongest in MPAs

and in particular for categories V and VI and other protected areas (Figure 2). For example, IUCN V and VI and other protected

areas (those in the WDPA database with no IUCN category recorded or nominated as OECMs) all had maximum rates of change

for terrestrial protected areas in the 2000–2005 period and have had stochastic peaks and troughs in rates of change since then,

with nomajor peaks in the 2010 or 2020 target due dates, andMPAs within these classes had hot moments in, or very close to, the

2010 target due date (Figure 2). Other classes are highly stochastic, such as IUCN II and III, which display frequent rate changes for

terrestrial protected areas.

Thus, while there are certainly peaks and troughs in rates of protected area growth, hot moments are only sparsely timed alongside

global protected area policy periods. Our findings are consistent with, and confirm those of, Radeloff et al.,21 who also concluded

that global factors are likely to have a limited direct role in driving protected area growth. These results point to the question of ‘‘how

do global target-setting processes influence on-ground protected area activity, if at all?’’ The lack of direct influence of global tar-

gets on protected area growth found in our analysis suggests a hypothesis that the distance is quite large between negotiators

engaging in the global policy discussions, to policy makers aligning national policy with global obligations, and onward to the local

communities that must then confront changes in their rights structures to deliver on these targets. Thus, ultimately translating a

global target to a local action is not directly linked. This is particularly true for terrestrial protected areas. In the case of MPAs, often

established in exclusive economic zonesfurther offshore and with fewer rightsholders outside of national governments that must

be consulted or compensated, the distance from global target setting to local action is plausibly much shorter and hence why our

evidence of global-policy-driven hot moments is much stronger. These are hypotheses worth testing, as answers to these ques-

tions would highlight where conservation policy and practice can invest to truly influence growth of protected areas in effective and

equitable ways.

ll
Review
are currently protected and conserved3,23 (Figure 1A). However,

the overall representativeness of the protected area estate re-

mains low. At an ecoregion scale, only 44.5% terrestrial and

47.4% marine ecoregions have met their protection targets of

17% and 10%, respectively.3 Furthermore, some ecoregions

have been so seriously degraded that targets can only be met

through restoration.24,25

Considering the types of protected areas used across time,

growth in the global protected area estate has been substantial

over the last two decades, with particular growth in IUCN cate-

gory V and VI and other protected areas (Figures 1B and 1C).

The relative use of strict, multiple-use, and other protected areas

varies regionally, with multiple-use and other types being a

dominant portion of protected areas (>50% of total area) in Af-

rica, Europe, and Oceania (Figure 3). This increase in multiple-

use protected areas appears to accelerate around 2010.26

Outside the existing protected area estate, there is substantial

overlap between terrestrial areas important for biodiversity and

areas of human use,19 including Indigenous territories.27 Policy

makers may decide to meet conservation goals by expanding

the protected area estate in these places in order to meet area-

based targets and to fill gaps in representation across both

land and sea. If so, then this will require embracing management

approaches that do not exclude existing human uses and gover-
nance modes that recognize and support existing governing ac-

tors, especially rightsholders. This emphasizes the role that mul-

tiple-use protected areas andOECMs can play in regions such as

Africa, Asia, and Central America, where predicted overlap in

conservation priority areas and human populations are particu-

larly high.28 Considering these areas of high overlap, it is worth

noting that multiple-use and other types of protected areas are

already a dominant form of terrestrial governance in some re-

gions, such as Africa, and they are the dominant form of marine

governance in all regions (Figure 3). This suggests that further

emphasis on other approaches to conservation outside of area-

based mechanisms may be appropriate in these regions (e.g.,

fishing industry regulations).

Management effectiveness
Within the existing protected and conserved estate, effective

management of protected areas is critical for combatting threats

to biodiversity.5–7 Management effectiveness is generally under-

stood as whether protected and conserved areas make a posi-

tive difference on biodiversity or on some other metric of interest,

and several broad approaches have been employed to assess it.

The agreed-upon approach for tracking progress toward the

CBD area-based target at the global level is a protected area

management effectiveness (PAME) evaluation, which is aligned
One Earth 6, September 15, 2023 1177



Figure 2. Detecting hot moments based on
annual rates of change for protected area
growth
Proportional annual rate of change scaled from 0 to
1 by realm and IUCN category where 0 = no in-
crease in protected area for that year and max =
maximum rate of change. Peaks in rate of change
are relative growth periods, with peaks reaching
maximum being particularly hot moments. Policy
periods hypothesized to be hot moments are
shaded in gray and include 2000–2005 due to large
numbers of key events as discussed in the historical
narrative, 2008–2010 as the leadup to the first target
due date of 2010, and 2018–2020 as the leadup to
the second target due date of 2020.

ll
Review
with broader program evaluation, focusing on context, planning,

inputs, processes, outputs, and outcomes. Only 18.29% of pro-

tected areas have even completed management effectiveness

assessments according to the PAME database.3 The low rates

of management effectiveness assessment completion are dis-

heartening, as completing an assessment is a very basic indica-

tor of whether a protected area might be effectively managed.

The other two main approaches to assessing management

effectiveness are impact evaluation and surveillance monitoring,

applied either to biodiversity outcomes or to level of threats.29 An

impact evaluation approach involves estimating the impact of an

area in making a difference by comparing against a counterfac-

tual of an area with no protection or other types of protection

while controlling for confounding factors. While this approach

provides the highest quality evidence, counterfactual data are

often not available, especially at a global level. Surveillance

monitoring is a commonly employed method that examines the

outcomes of protected areas but without comparing them to

alternative governance forms. It involves examining a metric of

interest over time within a protected or conserved area. Broadly,

the literature employing these two approaches shows that pro-

tected areas can be effective in reducing threats5–7 and

conserving biodiversity within their boundaries8 but that their

ability to do so varies significantly, with important predictors

including the level of permitted extraction, sufficient funding, so-

cio-economic contextual characteristics, and good governance,

including the degree to which stakeholders are meaningfully

engaged.30 For example, a study of 447 terrestrial protected

areas using a surveillance monitoring approach found that pro-

tected areas were maintaining populations of monitored birds

and mammals within their boundaries, with trends being more

positive in countries with high development scores.8 In this

study, protected area design characteristics (size, shape, and

IUCN management category) were not significantly related to

bird or mammal populations in any of the models.
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In comparing the relative benefits to

biodiversity from different protected area

IUCN categories, our understanding of

the relative impact of multiple-use areas

is stymied by the lack of impact evaluation

studies.31 But the welcome exception to

this silence is the focus on studies of forest

and tree cover loss. Those studies that

have estimated the impact of different
sorts of protected areas have found that while relative impacts

vary by region, multiple-use protected areas can be more effec-

tive at stemming deforestation than their strict counter-

parts.9,11,32,33 This finding has been attributed in part to place-

ment—that multiple-use protected areas are more likely to be

placed in areas of higher deforestation pressure32—but also to

management capacity and the political will of stakeholders to

comply with and enforce rules.34,35 Importantly, in some of these

same protected areas, not only have the relative biodiversity

benefits (as measured by avoided deforestation) across IUCN

categories been measured but so too have the relative benefits

to humans (asmeasured by reduced poverty).9,36,37 This empha-

sizes that multiple-use protected areas can deliver benefits to

nature and people hand in hand rather than in trade-off.

An analog to tree cover in terrestrial parks is fish biomass in

marine protected areas. One study has conducted a compre-

hensive impact evaluation of 218 marine protected areas,10 tak-

ing into consideration counterfactuals including protection

versus no protection as well as multiple-use marine protected

areas (MPAs) versus strict (no take) MPAs. The study finds that

fish biomass was 1.6 times higher in MPAs than in matched

non-MPA areas but that fish biomass response to protection

was up to two times greater for strict protected areas relative

to multiple-use areas. Similar to the terrestrial finding that

management capacity strongly influences environmental out-

comes,32 this study linked management processes and ecolog-

ical outcomes (in 62MPAs) and found that adequate staff capac-

ity followed by adequate budgets were the most important

factors in explaining fish responses.10

A handful of studies have used a surveillance monitoring

approach to examine the relative effectiveness of different pro-

tected areas with different IUCN categories. For example, Jones

et al.38 examined how human impacts within different categories

of terrestrial protected areas changed over a single time step:

1993–2009. They found that for protected areas ratified before



Figure 3. Protected area growth by region
and realm
Breakdown of protected area growth by realm and
by region for strict (IUCN I–IV), multiple-use (IUCN V
and VI), and other (no IUCN category assigned)
protected areas.
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1992, more than half experienced increases in human pressure,

with lower increases in strict (defined by the authors as IUCN cat-

egories I and II) protected areas. Given the paucity of studies

examining the relative effectiveness of different categories of pro-

tected areas, we present a re-analysis of existing data to consider

the relative effectiveness of the various IUCN categories of pro-

tected areas across realms, in terms of reducing human impacts

within their boundaries (Box 3). We note that we do not expect

protected areas to eliminate human impacts, particularly where

human use is appropriate and consistent with conservation ob-

jectives. However, we do expect that human impacts would be

either stable or reduce over time within protected areas where

management is effective. Importantly, we extend existing ana-

lyses, including Jones et al.,38 by considering both terrestrial

andmarine areas (over the same period, treating available human

impact data similarly across both realms39,40) and by exploring

the variance in trends from 2009 to 2013 relative to the initial level

in 2009. These are important novelties in analyses that allow us to

further interpret the variable changes in protected areas across

realms, IUCN categories, and regions.

Across regions, in the marine estate, we found that at the start

of our analysis, in 2009, strict protected areas had higher cumula-

tive human impacts compared with multiple-use protected areas

(Figure 4; Box 3), while the opposite was found on land (Figure 5;

Box 3). Europe and Asia had the highest human impacts in pro-

tected areas in 2009 in both terrestrial and marine realms. When

considering changes in human impacts over 2009–2013, we

found that the trend was increasing in many areas but that this
pattern varies across regions, countries,

and realms. Where trends were decreasing

was primarily in multiple-use protected

areas; for example, in terrestrial protected

areas, the trend was decreasing for multi-

ple-use protected areas in all regions

except Asia and South America (where im-

pacts were increasing slightly on average).

In MPAs, the trend was close to 0 for

most regions and categories but was

slightly decreasing for multiple-use pro-

tected areas in Asia and Europe (Box 3;

Table S2). It is worth noting that we have

not estimated the impact of protected areas

on avoided human impacts (i.e., we have

not compared to the counterfactual of no

protection), and thus protected areas may

still be effective in terms of avoiding loss.

Connectivity and land and seascape
context
Connectivity is notoriously difficult to mea-

sure. In general, the application of connec-
tivity criteria is more advanced in land-based conservation41 rela-

tive to marine,42 but challenges still remain in bridging

implementationandhigh-level conservation targets.43As reported

in the Protected Planet Report, in 2020, 7.84% of the world’s

terrestrial surface was both protected and geographically con-

nected.3While this estimates geographic connectivity of terrestrial

protected areas, it does not consider connectivity outside and be-

tween protected areas or functional connectivity, all known to be

critical for overall landandseascapehealth.Brennanet al.44 inves-

tigated functional connectivity of global terrestrial protected areas

and found that themost important connectivity routesarecurrently

unprotectedand remain threatenedbyconversion. Formalprotec-

tion in these areas, to create connectivity, could be contested or

have adverse impacts on human populations. Therefore, alterna-

tive conservation strategies that incorporate working lands or

broader landscape management consistent with existing land

uses are recommended. Supporting this, studies have found

that private protected areas play an important role in improving

land-based connectivity of the protected and conserved estate.45

This emphasizes the relative importance of managing both within

and outside of protected and conserved areas.46

Where connected conservation plans have been implemented,

important ingredients of success include using a range of inter-

ventions tailored to the context (for example, protected areas,

wildlife tailored solutions, private land conservation), the exis-

tence of enabling legislation and policy, a transparent and repeat-

able scientific approach, adequate funding, and appropriate pub-

lic outreach.41 In particular, flexibility in governance and rapid
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Figure 4. Change in cumulative marine human impact (CHI) within strict, multiple-use, and other protected areas by region
Size of bar represents the mean CHI in 2009 within protected areas, and color is the trend in change in CHI over the time period 2009–2013.
(A) Positive changes over time (blue).
(B) Negative changes over time (red).
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deployment of new conservation strategies and resourcingwill be

critical in the face of climate change.47,48

In the marine realm, multiple-use and other protected areas

are the dominant IUCN categories currently employed, poten-

tially making MPAs more flexible forms of protection as climate

change warrants new and novel practices such as temporary

or dynamic arrangements to facilitate species migrations. In

Box 4, we find that many MPAs are exposed to high rates of

climate velocity, the speed and direction a species would need

to shift to maintain its environmental niche under climate

change.49 Species within smaller MPAs with faster climate ve-

locity are most exposed to these changes. Even if these species

can adapt, their range is more likely to shift outside of these

small, static MPAs, thus losing any benefits of protection. Most

of these highly vulnerable MPAs (smaller with faster velocity)

were found in the Mediterranean and tropics and in areas of

high endemicity for coral reefs (e.g., the coral triangle and the

Caribbean; Figure 6; Box 4). In these contexts, including connec-
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tivity to facilitate movement of species and flexible governance

to support moveable or temporary protected areas are needed.

While strict protection has been recognized as important for

climate resilience and is potentially easier to manage,50 multi-

ple-use MPAs (or OECMs, or temporary/dynamic sector clo-

sures) are likely to be deployed more quickly and to provide

more flexibility to be relocated as steppingstones between

strictly protected areas.48 Temporary or moveable (i.e., dynamic)

protected areas are already deployed in some regions where

customary approaches to sea country management include

resting of areas or use of traditional fishing grounds such as

Tabus in Fiji.51 Expanding our conservation toolbox to support

flexible governance arrangements through agile processes and

funding is needed.52,53

Equitable management and governance
While Aichi target 11 called for equitable management, this sub-

component has been poorly defined and received little attention,



Figure 5. Change in cumulative terrestrial human footprint (HFP) within strict, multiple-use, and other protected areas by region
Size bar represents the mean HFP in 2009 within protected areas, and color is the trend in change in HFP over the time period 2009–2013.
(A) Positive changes over time (blue).
(B) Negative changes over time (red).
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with no established global monitoring system. More emphasis

has been given to equity in the GBF, with target 3 calling for equi-

table governance, equity indicators for monitoring being speci-

fied for the first time, and equity considerations being evident

throughout, including in the implementation advice.20 Equity is

generally defined as what is right and fair and tends to be

conceptualized by the conservation community, including by

the CBD, as encompassing distribution of costs and benefits,

decision-making procedures, and recognition of socio-cultural

diversity (e.g., identities, rights, values).54 Given that studies

explicitly examining equity in area-based conservation are rare,

we focus on the outcomes for local actors, whether they be ben-

efits or harms.

Research examining the impacts of protected areas on human

well-being paint a mixed picture, with protected areas being

both beneficial and harmful across a range of human well-

being domains, including livelihoods, living standards, health,

education, social relations, safety, property rights, political
agency, food security, cultural identity, subjective well-be-

ing,55,56 and, more recently, mental health.57,58 The most severe

social impacts of protected areas tend to result from physical

displacement—eviction,59 which can cause multiple harms.54

Conversely, where people are part of the landscape, socio-eco-

nomic benefits have been found to be more likely to arise.60,61

Importantly, impacts have been shown to be heterogeneous

across well-being domains, time, social subgroups, and gover-

nance andmanagement approaches. For example, in Indonesia,

paired community comparisons of MPAs found that MPAs

generally appeared to contribute to the alleviation of multidimen-

sional poverty62 but that impacts were mixed according to

poverty domain (e.g., positive impacts on material wealth and

negative impacts on governance aspects such as marine

resource control). Benefits over time were also variable, with

most positive impacts occurring during the implementation

period, after which management activities all but ceased and re-

ductions in poverty did not continue to accrue. Impacts can also
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Box 3. Changes in cumulative human footprint within various categories of protected areas

The evidence around the effectiveness and impacts of protected areas aremixed and are focused primarily on terrestrial protected

areas. To complement the synthesis of the existing literature, we seek to answer the question: have protected areas been effective

at reducing human pressures, and what is the relative effectiveness of different types of protected areas? We sought to quantify

whether there are detectable changes in human pressures and, if so, how these compared across protected area types, with an

expectation that effective management would result in either a stable or declining level of human pressures within protected areas.

To address this, we use cumulative human impact data on land39 and in the sea40 to assess trends from 2009 to 2013 within es-

tablished protected areas (including only protected areas established on or before 2009 to isolate effects of existing protected

areas on changes). In analyzing existing data, we were able to complete this analysis for comparable time steps across both

land and sea to allow for the opportunity for comparisons across regions, realms, and types of protected areas. We note that

this is a key distinguishing feature of our analysis compared with other similar analyses38 that have summarized human impact

within and outside of protected areas.

In the marine realm, we found that the 2009 cumulative human footprint (which is primarily reflective of fishing pressures) was

higher in strict protected areas compared with multiple-use areas in most regions and that it continues to increase (across

2009–2013) in strict protected areas in Europe and North America, while in multiple-use protected areas, changes are primarily

neutral or slightly decreasing (Figure 4).

On land, we found (Figure 5) that the 2009 human footprint (which is an aggregate of a range of terrestrial human impacts) was

lower in strict protected areas compared with not strict and other protected areas. In contrast, strict protected areas had slightly

increasing human footprint from 2009 to 2013. Not strict and other protected areas had slightly decreasing trends.
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vary substantially by social subgroup,63 with studies that

examine the distribution of fortunes and misfortunes identifying

pockets of harm, often visited on already marginalized

peoples.64

Few studies have examined the relative impact of multiple-use

protected areas on people. A key exception is Naidoo et al.’s65

global-scale analysis that found that households living near

terrestrial multiple-use protected areas had a lower likelihood

of being poor (as measured by stunting in children under 5) as

compared with similar households living further than 10 km

away. The authors hypothesized that the pathway for this

observed positive impact on household poverty is that multi-

ple-use protected areas lead to improved environmental condi-

tions, and due to their accessibility (which is different from strict

protected areas), they allow people to benefit from this abun-

dance of plants and animals to take to market or to consume.

This global finding, comparing strict and multiple-use areas

quantitatively, supports the overall evidence that multiple-use

protected areas where management practices are more inclu-

sive tend to produce more benefits for people and nature.66

This understanding is supported by the results of a systematic

review by Dawson et al.26; the authors found that most studies

that document positive outcomes for both well-being and

conservation were cases where Indigenous people and local

communities played a central role, such as having substantial

influence over decision-making or a recognized role in the

governance of areas. Similarly, a review of MPAs found that

community-governed areas were more likely to yield positive

outcomes for people than those under other governance ar-

rangements, with 70% of documented impacts being positive

for community-governed areas and just 41% for areas governed

by states.56

Given the paucity of studies examining multiple-use protected

areas, we analyze the literature to identify the documented ben-

efits or harms that this type of protected areas have resulted in

for local actors. We draw upon a systematically compiled data-

base of existing literature on multiple-use protected areas.67
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We queried the database for those studies that have docu-

mented social impacts and further extracted studies that docu-

ment the ‘‘directionality’’ of outcomes, i.e., whether the authors

reported positive, negative, or neutral social impacts from the

studied activities. Outcomes were grouped by well-being

domain.56 This resulted in 53 articles from 26 countries for a total

of 106 studies globally (articles often presentedmultiple studies).

To visualize relationships between type of activity studied within

protected areas (e.g., agriculture, fishing, tourism) and impacts,

we plot the volume of studies for each activity-outcome pair and

the direction of outcome (positive, negative, neutral) (Figure 7).

Most activities led to a mix of outcomes in terms of positive,

negative, or neutral. The exception to this is health (encompass-

ing food security and treatment of ailments), whichwas uniformly

positive, and human-wildlife interactions (within the ecological

health category), which were uniformly negative. Food security

was shown to be improved by subsistence hunting within multi-

ple-use protected areas in three articles.68–70 In contrast, hu-

man-wildlife interactions were conflictual and therefore negative

regardless of type of activity being undertaken (Figure 7). This

may reflect the difficulties of using terms like positive and nega-

tive, as studies of human-wildlife coexistence often describe sit-

uations of sustainable conflict, which do not present major

threats to either human communities or valued wildlife but which

are also not harmonious.71,72

Tourism, recreation, agriculture, and forestry were the most

common activities studied. Most articles that focused on tourism

or recreational activities found that they brought about positive

outcomes such as on education and economic improvements

to communities73–76; however, negative impacts included visi-

tors creating waste and pollution and increased crime. Even

within single-protected areas, these outcomes can be mixed;

for example, an article in Belize found growth of ecotourism

within the multiple-use protected area to be associated with

higher environmental awareness and increased employment as

a positive outcome, but it also led to a loss of sense of empow-

erment and cultural values as a negative outcome.77 Forestry



Box 4. Patterns of climate velocity in MPAs

Connectivity is critical to sustain ecological processes, functions, and species movements, particularly in the face of climate

change. This requires considering the status of conservation values within and around protected areas and engaging a range

of stakeholders, which can be facilitated through a diverse set of conservation tools, governance approaches, and, ultimately, pro-

cedural flexibility.47,93 In the marine realm, flexible arrangements to the establishment, movement, and overall governance of pro-

tected areas may be more feasible due to use rights and overall management approaches. Temporary or moveable (i.e., dynamic)

protected areas are already deployed in some regionswhere customary approaches to sea countrymanagement include resting of

areas or use of traditional fishing grounds such as Tabus in Fiji.51 However, the extent to which these types of flexible or temporary

governance measures are needed will largely depend upon the extent to which climate change impacts existing protected areas.

To explore this, we quantified climate velocity within existing MPAs. We compared average climate velocity to the amount of area

protected under the assumption that slower climate velocities within larger protected areaswould allow for greater adaptation than

faster climate velocities within smaller protected areas. We found that the majority of MPAs are predicted to experience faster

climate velocity, in particular those near shore, while pelagic MPAs had on average lower velocity and were also larger and

thus more able to facilitate adaptation in the face of climate change (Figure 6).
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and agricultural activities were documented as leading to de-

creases in availability or use of resources, e.g., the availability

of non-timber forest products.78,79

While most of the studies in our database could make limited

inferences around the relative impacts of protected areas, due to

lack of baselines or paired control sites, we noted several exem-

plar studies whose study designs supported further causal infer-

ence, many of which happened to be located in Brazil. These

studies find that while development, such as trade in non-timber

forest products, can coexist alongside conservation, these can

have unforeseen impacts such as upon community resilience,

cooperation, and community perceptions.80,81

To complement this broad overview of the literature across all

countries, we consider whether patterns of outcomes remain

variable or become more consistent within a particular country

(where protected area context may become more uniform).
Figure 6. Climate velocity in MPAs
Size of MPA against speed of velocity is plotted for the centroid of all MPAs. Blue
velocity, purple indicates larger area and faster velocity, and mauve indicates sm
Therefore, we further analyze the evidence specific to Brazil

(Box 5). Brazil represents the country with the greatest number

of articles having studied the impacts of activities in multiple-

use protected areas on various socio-economic outcomes,

with 15 articles having been identified and several of these hav-

ing high-quality evidence-based results (as discussed above

and further described in Box 5).

Our analysis emphasizes that both benefits and harms have

eventuated from protected and conserved areas, across regions

and governance types. Even within relatively homogeneous con-

texts, within single countries and types of protected areas, our

analysis of the literature from multiple-use protected areas in

Brazil (Figure 8; Box 5) demonstrates that outcomes can be

heterogeneous, including positive outcomes in one domain of

well-being resulting in negative outcomes in another from sin-

gle-protected areas. Thus, while the evidence suggested that
indicates larger area and slower velocity, red indicates smaller area and faster
aller area and slower velocity.
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Figure 7. Documented relationships
between human well-being and allowed
activities in multiple-use protected areas
Activities, outcomes, and directionality of outcomes
of reviewed articles that examined the link between
human well-being and allowed activities in multiple-
use protected areas (53 articles). The y axis shows
the number of studied protected areas (n = 106;
some articles studied multiple protected areas,
outcomes, or activities). Activities and outcomes are
colored by direction of impact, where gray indicates
mixed directional outcomes. Outcomes are group-
ed by well-being domain, and activities and out-
comes are colored by direction of impact, where
gray indicates mixed directional outcomes. Note
that NTFP refers to harvesting of non-timber forestry
products.
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multiple-use protected areas are most appropriate for ensuring

equitable governance and social benefits to local actors, these

still require careful design to fully deliver on both conservation

and social outcomes.

CONCLUSIONS

Expansion of the global protected area system in recent de-

cades has seen a growth in multiple-use protected areas and

the introduction of OECMs. These areas collectively represent

an important set of tools in the protected and conserved toolbox

to not only increase area-based coverage but to contribute to the

improved status of biodiversity and deliver benefits to right-

sholders and stakeholders, such as communities, private land-

owners, and production industries. Our synthesis of available

analyses, as well as re-analysis of data, emphasizes that multi-

ple-use protected areas are effective at conserving biodiversity

(with many studies showing that they can have greater impact

than their strict counterparts) and have recorded benefits to peo-

ple in many contexts. However, we caution that these are not im-

mune to the recorded harms of protected areas and add our voi-

ces to increasing calls for growth in the global protected and

conserved estate to be underpinned by principles of equity

and justice (e.g., Gurney et al.20).

Lastly, given the prominence of protected areas in global con-

servation policy, we need to get serious about tracking perfor-

mance measures in terms of biodiversity outcomes82 as well as
1184 One Earth 6, September 15, 2023
impacts to well-being of local actors (both

benefits and harms) across diverse con-

texts,83 ideally through an integrated so-

cial-ecological systems approach (e.g.,

see Gurney et al.84 in regard to the moni-

toring of amulticountry coral reef conserva-

tion program). This may require regionally

contextualized approaches to tracking

progress that directly acknowledge

different forms of success and failures and

the ways these eventuate. For OECMs,

monitoring and evaluation approaches

could be codeveloped between governing

actors and conservation scientists, practi-

tioners, and/or policymakers to ensure

that all outcomes of interest and visions of
success are included. The rapid planned expansion of the pro-

tected estate to 30% of land and sea requires considering how

to manage the land and sea outside of the protected and

conserved areas to ensure that the matrix surrounding these

areas supports their overall management and effectiveness.46

Our analysis contrasts the ways in which the different types of

protected areas (strict, multiple use, other) have been used to

date and reveals the growing role of multiple-use protected

areas in meeting current and future targets. This evidence sug-

gests that further growth in the global conserved and protected

areas will benefit from continued use of multiple-use protected

areas or OECMs and their improved resourcing and political

and technical support.

EXPERIMENTAL PROCEDURES

Resource availability
Lead contact
The lead contact for our data and code is Caitlin D. Kuempel.
Materials availability
This study did not generate new unique materials.
Data and code availability
While we did not generate new data, we did synthesize existing data into new
datasets as described here. All synthesized data and code are available at
https://github.com/cdkuempel/Adams_multiple_use_PAs. We detail each
synthesized dataset here.
Our core data for all analyses was the cleaned WDPA data.85 Where ana-

lyses were completed by realm, we included only terrestrial protected areas
for terrestrial analyses and, similarly, only marine protected areas (MPAs) for
marine analyses.

https://github.com/cdkuempel/Adams_multiple_use_PAs


Box 5. Multiple-use protected areas in Brazil as a case study

The implementation of multiple-use protected areas has been geographically clustered, with some countries heavily contributing

to the overall growth of IUCN categories V and VI. In particular, Brazil has a large proportion of multiple-use protected areas

(Figure 1). To understand the types of socio-economic outcomes in a country-specific context, we therefore further analyzed

the literature specific for Brazil.

Overall, most articles found activities to result in positive outcomes (60% positive, 26.7% negative, and 13.4% neutral) (Figure 8).

The most frequently researched outcome related to the economic impact of sanctioned activities within protected areas, with all

activities being represented and all having found either a positive or neutral impact. Hunting was a dominant sanctioned activity,

consistent with the context of thesemultiple-use protected areaswithin Brazil, and the impacts of hunting on social outcomeswere

positive. Two articles found that subsistence hunting contributed to food security,68,69 and one of these also found that hunting for

medicinal resources plays an important role for communities.68 When looking at human interactions, hunting and related meat

sharing was found to strengthen social bonds in one article.94 The other dominant sanctioned activity studied was forestry, which,

in contrast to hunting, had predominantly negative or neutral impacts. For example, one article found logging to lower the avail-

ability of non-timber forest products as well as decrease hunting rates,79 and another found that participating in logging projects

was associated with lower levels of well-being.81

When considering those studies that met the highest quality standards, via study design such as employing before-after control-

impact (BACI) designs, these were primarily within Brazil. Rizek and Morsello’s80 article was interested in determining whether

trade in non-timber forest products affected cooperation among community households of Brazilian Amazon Caboclos. The au-

thors compared the frequency of cooperation within two communities, one engaging in non-timber forest product trade and the

other not. They used a variety of control variables including other forms of income, demographic factors such as household size,

years of residence, and time spent in collective activities. Their dependent variable was the amount of goods obtained through

household cooperation. The results showed that goods were acquired less frequently by cooperation in the community that

commercialized non-timber forest products, due to multiple factors including increased income inequality, population growth,

and a decrease in non-timber forest product transfers. The authors warn that conservation and development projects may reduce

community resilience by making certain households more vulnerable to food shortages.

Cooper et al.81 assessed the impact of timber commercialization within the Brazilian Reserva Extrativista Chico Mendes on well-

being through residents’ perspectives. The study considered household participation and perceptions of a logging project,

comparing participating and non-participating households, supporters and non-supporters, and men and women. The authors

conclude that although logging is often seen as a way to improve human well-being while meeting conservation targets within pro-

tected areas, their results showed that residents perceived the decision to log or not as a trade-off between conservation or well-

being (through income generation). However, logging was perceived as conflicting with non-timber forest product harvesting and

the ideology upon which the park was established.

Our focused analysis of the demonstrated social impacts of sanctioned activities within multiple-use protected areas in a single

country, Brazil, emphasizes that there are a range of variable outcomes depending on context as well as activities. This empha-

sizes the importance of context when designing and implementing protected areas and the potential for negative outcomes even

where ongoing use of areas is designed as part of a multiple-use designation.
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Figure 8. Documented relationships
between human well-being and allowed
activities in multiple-use protected areas in
Brazil
Activities, outcomes, and directionality of outcomes
of reviewed articles that examined the link between
human well-being and allowed activities in multiple-
use protected areas in Brazil (15 articles). The y axis
shows the number of protected areas studied (n =
24; some articles studied multiple protected areas,
outcomes, or activities). Outcomes are grouped by
well-being domain, and activities and outcomes are
colored by direction of impact, where gray indicates
mixed directional outcomes. Note that NTFP refers
to harvesting of non-timber forestry products.
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To consider changes in human influences within protected areas, we used
human footprint data for land and sea. On land, we used the terrestrial human
footprint dataset from Mu et al.39 that quantifies a cumulative pressure index
across eight variables (pasture, roads, railways, population density, navigable
waterways, night-time light, built environment, and cropland). We used the full
range of pressures in this analysis under the assumption that terrestrial pro-
tected areas could reduce intensity across all pressures.
Marine cumulative impacts were quantified using data from Halpern et al.40

that assessed the pace of change in human impacts of 14 human stressors
across 21 marine ecosystems. For our analysis, we only included marine hu-
man pressures that could be abated by MPAs, with a particular emphasis on
fishing as direct extraction from MPAs. This included all measures of fishing
pressure (6 pressures) and shipping (1 pressure) for a total of 7 pressures.
We excluded pressures related to climate change and land-based impacts.
To consider connectivity and relative influence of climate change, we calcu-

lated climate velocity for marine areas. Climate velocity is a metric that de-
scribes the ‘‘speed and direction that a species at a given point would need
to move to remain within its climatic niche.’’52 We calculated climate velocity
(km/year) within MPAs using the VoCCR package86 using sea surface temper-
ature data from 1901–2020.87

Protected area policies
We reviewed and compiled a list of key protected area policy dates and events
from 2000 to 2022 relating to conservation and development. The full list is
detailed in Table S1 and is the basis for the narrative of recent protected
area debates in this review. From this summary, we identify 2000–2005,
2008–2010, and 2018–2020 as key policy periods to expect hot moments in
protected area growth, in particular for multiple-use areas and OECMs. These
periods are further plotted against growth curves by IUCN category of pro-
tected area (Figure S1).

Hot moments
To test for hot moments in protected area growth related to global target pol-
icies, we plotted cumulative growth curves by IUCN category alongside key
policy time periods identified in the review: 2000–2005 due to large numbers
of key events as discussed in the historical narrative, 2008–2010 as the leadup
to the first target due date of 2010, and 2018–2020 as the leadup to the second
target due date of 2020. We then plotted changes in slope in the growth curves
to detect potential hot moments. Where there is a peak in annual rate of
change aligned within the noted policy periods, we infer a potential global
hot moment. Where there is a lack of peaks within policy periods, we identify
a lack of support for global hot moments, indicating that while there is certainly
global interest in setting targets, as evidenced by country investment in and
engagement with the CBD target setting process, this does not necessarily
translate to on-the-ground protected area declarations that are significantly
different from natural rates of protected area growth.

Trends in human impact
To provide a globally consistent approach to measuring effectiveness of pro-
tected areas in reducing human impacts across protected area types and
realms, we sought to answer the question ‘‘have protected areas been effec-
tive in reducing human pressures?’’ To answer this, we drew upon human foot-
print datamapped consistently across time steps andwithmethods specific to
land39 and sea.40 To harmonize the data approaches across land and sea, we
segmented the data to consider only human impacts that a protected area can
plausibly reduce (as detailed in data and code availability).
Our analysis differs from other surveillance monitoring studies using human

footprint data in protected areas, such as Jones et al.,38 in nuanced, but very
important, ways. Previous analyses have largely sought to answer the question
‘‘how does the human footprint vary inside protected areas compared with un-
protected areas and across IUCN categories?’’ This is answered by simply
comparing the average human footprint for various categories of the land-
scape. For our analysis, we wished to explore the changes in human footprint
relative to their starting condition across time. Therefore, our analyses are
quite different from those currently available in the literature. For example, a
protected area may be wrongly inferred as ineffective if we simply rely on a
data signal that says there are human impacts within its boundaries. However,
even where protected areas allow human use or have visible human impacts,
we do expect those impacts to be either stable or decreasing over time if pro-
tected area management is effective. Thus, we focused on the change in hu-
man footprint relative to initial conditions in 2009 and therefore included pro-
tected areas established on or before 2009 to align with human footprint
data. Second, we define strict as categories I–IV throughout our analysis, while
other analyses such as Jones et al.38 define strict as categories I and II
(rendering it impossible to draw upon their conclusions for the purposes of
1186 One Earth 6, September 15, 2023
our review, where we consider differences across I–IV, V–VI, other, and
OECMs). Third, previous analyses have used a human footprint dataset with
only two time steps (1993 and 2009) and inferred those changes as human
footprints within protected areas to be related to management effectiveness.
We felt that was not accurate given that many protected areas would have
been declared during that time frame. We chose human footprint datasets
for land and sea with further time steps and limited our change analysis to a
more contemporary time period, which allowed us to use the exact same
time frame across land and sea (2009–2013).39,40

Using our modified human footprint data, we calculated cumulative human
impact for the relevant subset of pressures across all years on land and sea.
The trend was estimated within each raster cell using linear regression across
all 5 years to determine the magnitude, direction, and significance of change
using themethods and code from Halpern et al.40 We averaged the cumulative
human impact and trend results across cells within protected area IUCN cat-
egories in each country. Strict protected areas were considered IUCN cate-
gories I–IV, non-strict was IUCN V–VI, and other for the remaining categories
(not reported, etc.). We plot variance in what happened from 2009 to 2013 rela-
tive to the initial level of human footprint in 2009. Results by realm, protected
area type, and country are presented in Box 3. Summaries by region are pre-
sented in Table S2.

Marine climate velocity and size of protected area
We set the minimum observations of climate velocity within MPAs to calculate
a trend to 10 and a lower threshold of 0.0001 for truncating the spatial gradient.
We compared average climate velocity to the amount of area protected within
each MPA under the assumption that slower climate velocities within larger
protected areas would allow for greater adaptation than faster climate veloc-
ities within smaller protected areas.
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