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Abstract Generic global conservation targets lack the

ambition required for certain habitats of critical value for

biodiversity and human well-being. Developing more

challenging targets for such habitats may offer a solution.

Mangrove forests provide an example: any and all future

loss will have negative repercussions, while many impacts

could be reversed through extensive restoration. The

Global Mangrove Alliance, an international grouping of

100 civil society and academic partners, has set goals to

halt anthropogenic losses, accelerate restoration and greatly

enhance protection by 2030. Using global-scale data, we

estimate that achieving these goals will avoid losses of

some 1500 km2; restore some 4000 km2; and secure an

additional 36 000 km2 of mangroves under effective and

equitable protection. Multiple benefits will follow, and we

present values for carbon storage gains and avoided losses.

Global datasets can guide broad approaches, while

quantifying the challenges and benefits provides

inspiration and impetus for change.

Keywords Biodiversity targets � Blue carbon � Fisheries �
Mangrove forest � Protected areas � Restoration

INTRODUCTION

Under the Kunming-Montreal Global Biodiversity Frame-

work (GBF), member states ratified two broad, temporally-

bound challenges to conserve biodiversity. The first long-

term goal is ensuring that ‘‘the integrity, connectivity, and

resilience of all ecosystems are maintained, enhanced, or

restored, substantially increasing the area of natural
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ecosystems’’ by 2050. The second shorter-term goal is

ensuring, as a 2030 waypoint, that ‘‘at least 30 percent of

terrestrial, inland water, and of coastal and marine areas,

especially areas of particular importance for biodiversity

and ecosystem functions and services, are effectively

conserved and managed’’, and ‘‘at least 30 percent of

degraded … ecosystems are under effective restoration, in

order to enhance biodiversity and ecosystem functions and

services, ecological integrity and connectivity’’ (Conven-

tion on Biological Diversity 2022).

While such goals are valuable as a general ambition,

they lack specificity. There are many locations, indeed

entire ecosystems, for which almost any loss at this stage in

the Anthropocene is simply too much. Spatially limited

coastal ecosystems are a case in point: ecosystems such as

mangrove forests, coral reefs, tidal marshes and seagrasses

are not only diverse, but also play a critical role in human

survival and well-being. Allowing continued losses, with

the protection of only 30%, and the restoration of only 30%

of what is degraded will come at massive cost both to

nature and to people.

Straddling land, sea and freshwater, mangroves are

globally distributed from tropical to temperate zones, but

occupy only 147 000 km2, an area approximately the size

of Bangladesh (Bunting et al. 2022). They are of global

importance for their high levels of productivity and bio-

diversity (Yeo et al. 2021; Adame et al. 2024). There is a

growing awareness of their role in carbon sequestration,

climate change mitigation and adaptation (Howard et al.

2023); in coastal protection by means of wave attenuation,

slowing storm surge inundation and binding coastal sedi-

ments (del Valle et al. 2020; van Wesenbeeck et al. 2022);

and in supporting high productivity of key fisheries species

contributing to food security and livelihoods (Zu Erm-

gassen et al. 2020; Mallick et al. 2021; Zu Ermgassen et al.

2025). There is also some evidence of their tolerance to

rising temperatures (Naseef et al. 2024) and of at least a

partial ability to maintain elevation to match sea-level rise

(Saintilan et al. 2020). Additional ecosystem services,

many of which are vital for local communities, include the

provision of timber, fuelwood, tannins, salt, edible plants,

honey, animal feed, medicines, nature-based tourism

activities, groundwater protection, nutrient cycling, pollu-

tion reduction, as well as many cultural, educational,

recreational, and existence values (Ruslan et al. 2022).

Despite these values, mangrove losses have historically

been considerable, exacerbated by their often close prox-

imity to human populations, bringing conflicting pressures

of economic development, basic human needs, and ensur-

ing environmental integrity (Thomas et al. 2017; Goldberg

et al. 2020; FAO 2023). While conversion to aquaculture,

agriculture or urban space dominate the drivers of loss,

timber and fuelwood extraction, pollution and interruptions

to hydrology and sediment flows are also key threats (FAO

2023). Uncertain land tenure and fragmented or overlap-

ping regulatory regimes frequently compound these chal-

lenges (Mursyid et al. 2021; Arifanti et al. 2022). With a

current estimated extent of 147 000 km2 in 2020 (Bunting

et al. 2022), annual losses during the 1980s and 1990s

ranged from 0.7 to 1% of global mangrove coverage (FAO

2023). These declines have now largely stabilised, with

some datasets suggesting a reversal in the second decade of

the 21st century, although with more pronounced losses

remaining in parts of Asia and the Caribbean (Bunting

et al. 2022; Zhang et al. 2026).

In 2018 the Global Mangrove Alliance (GMA) was

formed as a unique consortium of partners, largely from

civil society and academic organisations, working in con-

cert towards mangrove conservation. To set a framework

for their efforts, the GMA devised a series of global goals

for mangrove conservation. Such an ecosystem-centric

approach, with large-scale buy-in from multiple partners,

presents an interesting model for wider conservation tar-

gets and approaches. In this perspective, we first describe

the role of target-based policies in mangroves and the

formation of the GMA. We then look at the three goals

defined by the GMA and (i) explore and further define the

scope of each goal; (ii) discuss the challenges faced in

achieving each goal; and (iii) analyze some of the benefits

(climate change mitigation and fisheries) provided by

achieving each goal.

Target-based ambitions

The GBF highlights the need to focus conservation and

restoration efforts on ‘‘areas of particular importance for

biodiversity and ecosystem functions and services’’; how-

ever, it sets no higher target for such areas. Protected area

coverage surpassed 30% for both coral reefs and man-

groves over ten years ago (Spalding and Hale 2016). Not

all protected areas are effective, but this still leaves such

ecosystems looking vulnerable to the complacency of

success, when in fact the need for both effective and more

extensive conservation is considerable.

For mangroves, some countries have already made bold

commitments, setting national targets for both protection

and restoration (Friess et al. 2022). These commitments

have been bolstered by international agreements such as

the Paris Agreement overseen by the United Nations

Framework Convention on Climate Change (UNFCCC),

the GBF, the Convention on Wetlands of International

Importance (Ramsar Convention), the Sustainable Devel-

opment Goals, and the United Nations Decade on

Ecosystem Restoration. In addition to protected areas,

other national policies and laws, including restrictions on

use or removal, help to maintain mangrove forests in many
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countries (Slobodian et al. 2025, see Goal 3: Double pro-

tection). Restoration presents an important opportunity to

further expand current mangrove area, although caution is

needed: Hastily conceived and poorly planned mangrove

restoration often has low success (Kodikara et al. 2017;

Rodrı́guez-Rodrı́guez et al. 2021; Zimmer et al. 2022), and

area metrics alone do not signify the ecological quality of

the restored area.

Despite progress, more could be done to capitalise on

the momentum provided by international agreements

(Gajre et al. 2025). It remains essential that further man-

grove deforestation is halted, that protections are both

increased and better enforced, and that restoration efforts

follow evidence-based approaches that are scaled up to

reverse decades of degradation and conversion (Buelow

et al. 2022). One such initiative has been led by the GMA,

a consortium of mostly non-governmental organisations

and academic institutions1. The GMA was formed in 2018

by five organisations, and by late 2025 membership had

grown to over 100 organisations in 30 countries, actively

supporting participation in mangrove conservation and

restoration worldwide. Members include local non-profit

organisations, scientific institutions, and major conserva-

tion organisations. Paralleling the general membership, the

GMA has established national chapters in 15 countries with

several more under development. The national chap-

ters provide a conduit for the GMA’s global membership to

support and learn from on-the-ground actions more adapted

to national and local priorities.

In 2022, GMA members devised a series of global goals

for the conservation and sustainable use of the world’s

mangroves. These were intended to present a profound, yet

achievable, short-term challenge to complement the aims

of the GBF. Those goals sought, by 2030, to:

• Halt loss. Reduce mangrove losses driven by direct

human actions to zero;

• Restore half. Restore mangroves to cover at least half

of all recent loss; and to

• Double protection. Ensure long-term secure protection

of mangroves, doubling where feasible, with a mini-

mum of 30% in all countries (Leal and Spalding 2022).

A key resource both for developing these goals and for

ongoing assessment and prioritisation is the Global Man-

grove Watch (GMW), a data and mapping platform linked

to the GMA, which hosts extensive science and policy-

relevant data2.

In the sections that follow we explore these broad goals,

providing nuance and detail, considering the challenges

and the benefits that could accrue from their

implementation.

Goal 1: Halt loss

Rates of mangrove loss have slowed considerably in recent

decades (Bunting et al. 2022), presenting an opportunity to

meet the challenge of halting anthropogenic loss world-

wide. This goal aligns with Target 1 of the GBF, which

calls for ‘‘halting the loss of areas of high biodiversity

importance…close to zero by 2030’’ (Convention on Bio-

logical Diversity 2022). Halting avoidable losses is of

particular importance for emissions reductions, as man-

groves have been identified as an ecosystem rich in ‘‘ir-

recoverable carbon’’ that may not be returned even

following effective restoration (Goldstein et al. 2020).

Clearly there may be circumstances in which some limited

mangrove clearance is deemed critical; however these

should be exceptional and where possible they should be

offset by additional conservation and restoration measures.

Differentiating between diverse drivers of change in

mangrove cover will be key to assess progress towards this

goal. Mangroves are dynamic ecosystems (Murray et al.

2022), substantial areas of both loss and gain are driven by

natural coastal processes (inundation, erosion and sedi-

mentation). These dynamics may be further influenced by

indirect human agency—climate-related sea level rise and

storms, groundwater extraction, alteration of riverine flows

and sediment supplies—although apportioning anthro-

pogenic links to such observed changes is challenging.

Nonetheless, direct human actions, including conversion to

agriculture, aquaculture, urban growth and infrastructure

development, remain the dominant drivers of change,

estimated as accounting for 56–68% of losses in the 2010s

(Goldberg et al. 2020; FAO 2023). Other drivers such as

unsustainable harvesting, pollution, invasive species and

impacts on hydrology, freshwater and sediment flows are

locally important in many areas and also need to be fac-

tored into efforts to halt loss.

The Global Mangrove Watch (GMW) time series esti-

mates an annual gross loss of approximately 548 km2 in

mangrove area between 2010 and 2020, though these losses

are not evenly distributed. At the regional level, human-

driven losses account for just 5% of these gross losses in

the Pacific Islands and 18% in Australia and New Zealand,

but exceed 80% in East and South-East Asia where coastal

development pressures are highest. Halting anthropogenic

loss therefore presents a geographically variable challenge

across diverse socio-ecological contexts (Fig. 1). The

countries with the highest anthropogenic losses during this

period were Indonesia, Myanmar, Mexico and Malaysia,

making up half of the global total. Although absolute losses

are lower elsewhere, several countries show particularly

1 https://www.mangrovealliance.org/.
2 https://www.globalmangrovewatch.org/.
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high proportional losses. Saudi Arabia, Sri Lanka, China

and Ghana, for instance, each recorded average gross loss

rates of over 1% per year over this decade (global average:

0.04% per year). Such countries could be prioritised for

protection and policy actions that can halt loss, encourag-

ing and facilitating the development of country-specific

targets and plans with clear monitoring protocols and

enforcement mechanisms.

While Goal 1 focuses on halting anthropogenic losses, it

is important to note that natural dynamics will continue,

and may even accelerate with climate change, leading to

both losses and gains in different areas (Lagomasino et al.

2019; Saintilan et al. 2020; Murray et al. 2022). Although

not factored into Goal 1, the natural gains in areas beyond

the recent footprint of mangroves, such as the landward and

poleward expansion of mangroves with rising and warming

seas, or the colonisation of new sediment deposits in

Fig. 1 Projected avoidance of loss if anthropogenic losses can be halted between 2020 and 2030 per country (A) and per region (B) versus the
proportion of gross losses from direct human drivers. Insert in panel A shows an enlargement of the Caribbean. Supplementary Table S1 provides

numerical estimates of projected avoided loss statistics for major mangrove countries

Goal 1 Halt loss

Reduce mangrove losses driven by direct human actions to zero

Technical definition: Reduce avoidable mangrove loss from direct

human activities to close to zero by 2030

Methodology: The total area of loss (i.e., gross losses) is calculated

from reductions in mangrove extent from 2010 to 2020. This

metric does not allow mangrove expansion to novel areas to

offset ongoing loss. Within these gross losses, our current

estimation of the proportion attributable to direct human impacts

is assigned using data from Goldberg et al. (2020). Assessments

of avoided loss of mangroves associated with this metric are

based on an assumed linear decline from this gross loss rate

(2010–2020) to close to zero loss in 2030 (see Supplementary

Information S1 for full details)

Objective: Avoid losses of approximately 1500 km2 of mangroves

Underlying global datasets: Mangrove cover from Global

Mangrove Watch, and drivers of loss from Goldberg et al. (2020)
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prograding deltas will be important to counter the impacts

of natural losses which are likewise not included in our

calculations.

Goal 2: Restore half

Efforts to restore mangroves date back to the beginning of

the 20th century (Saunders et al. 2020), with project

implementation increasing in both number and scale in the

past few decades in response to multiple motives including

coastal defence, fisheries enhancement, biodiversity bene-

fits and carbon sequestration (Gatt et al. 2024). While

historical mangrove extent and distribution remains deba-

ted, remote sensing shows total mangrove losses of over

11 325 km2 since 1996 (Bunting et al. 2022), providing a

footprint within which to consider restoration activities.

Within the extent of recent loss are also areas where

restoration is no longer realistic. This includes locations

where mangroves have been replaced by permanent open

water linked to erosion, subsidence, isostatic change, or

dredging. Likewise, where mangroves have been replaced

by infrastructure such as roads, ports and buildings, the

high value of the current land use typically precludes

restoration. When such areas are removed from consider-

ation, an estimated 7939 km2 of former mangrove area

remains viable for restoration efforts (Worthington et al.

2020). Restoring half of these losses, or approximately

4000 km2, by 2030, is highly ambitious. It links closely

with existing global targets, such as the GBF call for ‘‘ef-

fective restoration’’ of ‘‘30 percent of areas of degraded

terrestrial, inland water, and coastal and marine ecosys-

tems’’ by 2030 (Convention on Biological Diversity 2022),

but sets a higher bar, appropriate for such an important

ecosystem. It also links with the Sustainable Development

Goal 15; the UN Decade on Restoration; and the Bonn

Challenge.

The largest extents for possible restoration are found, as

might be expected, in the countries with the largest man-

grove area. Within the global context, Indonesia stands out

with a potential restoration extent of over 1000 km2, three

times more than any other country (Worthington et al.

2020). It is noteworthy that our estimate of restoration

extent for Indonesia is broadly comparable, but perhaps

more attainable, than other estimates of restoration poten-

tial (Sasmito et al. 2023). The remaining restorable area is

more evenly distributed between regions, and lowest in the

Pacific Islands (Fig. 2). Although the restoration goal is

also low for the Middle East, it is notable that the proposed

target of 61.4 km2 represents a very high proportion (16%)

of the total 2020 mangrove area (Fig. 2), with highest

regional targets being in Saudi Arabia, Iran and the United

Arab Emirates.

Headline spatial goals for restoration extents are valu-

able for communicating the challenge and aligning with

current global biodiversity frameworks, but it is critical to

set more detailed ecological and socio-economic criteria

for ensuring success. Restoration must be effective,

stable over the long term, equitable and ecologically pos-

itive (Beeston et al. 2023). It is important to communicate

best practices approaches alongside these goals and to

discourage efforts that have led many restoration efforts to

fail, such as the mass planting of one or two species, often

in the wrong locations. The selection and prioritisation of

restoration efforts can be considered at several scales. The

research of Worthington et al. (2020) provides insights into

the biophysical potential for restoration at broad landscape

scales, but site-scale information on topography, ecology

and hydrological connectivity will underpin restoration

feasibility (Twomey et al. 2024). Equally critical, restora-

tion potential needs to be informed by cultural, legal and

economic information (e.g., Grimm et al. 2024), including

understanding of the original drivers of loss, the degree of

engagement by local communities, and information on land

tenure, local livelihoods, economic opportunities and

pressures which will determine long-term viability (Love-

lock and Brown 2019; Mursyid et al. 2021; Tinh et al.

2022; Sasmito et al. 2023). Enhancing governance to

support fair and equitable restoration will aid in achieving

Goal 2 (Dencer-Brown et al. 2022).

Goal 3: Double protection

Some 40% of the 2020 extent of mangroves are located

within protected areas or recognised as OECMs. This

represents a considerable advance from 2010, when the

value was 25% (Spalding et al. 2010). Despite the positive

trajectory, more can be achieved. Conservation-centred

protection (i.e., preserving the ecological value), which is

effective and equitable, is critical for securing biodiversity

and the diverse benefits mangroves provide to people.

Although protected areas are used here as a metric for

effective conservation, legal designation does not always

guarantee that places are ‘‘effectively conserved and

managed’’ (Convention on Biological Diversity 2022).

GMW data shows that mangrove losses still occur within

protected areas, albeit at slower rates than outside their

boundaries. Some of these losses are from natural man-

grove dynamics (e.g., from storm impacts), which are not

expected to change based on conservation interventions,

while other losses may be linked to insufficient enforce-

ment, limited resources, or conflicting management

objectives (Heck et al. 2024). Effective protection should

ensure that direct anthropogenic losses are prevented and

thus form an important component of achieving Goal 1.
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While ‘‘double protection’’ provides a valuable head-

line, the details on how to implement it are critical. Among

the 50 countries where more than half of their mangroves

are already under protection, area limitations will clearly

prevent fully doubling the area protected. However, these

nations can still expand protected areas and enhance the

effectiveness of existing conservation efforts. Conversely,

countries with very low levels of protection would find that

simply doubling their coverage remains insufficient.

Therefore, while we propose doubling protection as a

general guideline, we recommend a minimum protection

target of 30%, in alignment with the GBF 2030 goals, for

all countries where current protection is below 15%. For

nations with 45% or more mangrove coverage already

protected, achieving 90% protection would be ambitious

yet attainable (Fig. 3). Using those guidelines, the overall

outcome of achieving Goal 3 would be an additional

36 000 km2 under effective conservation measures, giving

Fig. 2 Proposed restoration goal per country (A) and per region (B) assuming restoration of half of the biophysically restorable area. Plotted in

panel B as a proportion of the area of mangroves in each region in 2020. Insert in panel A shows an enlargement of the Caribbean.

Supplementary Table S1 provides numerical estimates of restoration goals for major mangrove countries

Goal 2 Restore half

Restore mangroves to cover at least half of all recent loss

Technical definition: Recent mangrove loss covers the mapped and

measured period from 1996 to 2020. Recent losses are considered

restorable by 2030 if they have not been lost to erosion or

converted to high-value land uses such as urban areas or

infrastructure. The goal is to restore half of these restorable areas

Methodology: Restorable areas are determined from Worthington

et al. (2020), which summarises mangrove extent at the level of

broad typological units (Worthington et al. 2020), rather than

specific locations (see Supplementary Information S1 for further

details). Progress is to be determined from a combination of

GMW cover change 2010–2020 and available monitoring and

reporting from multiple data sources

Objective: Effective restoration of approximately 4000 km2 of

mangroves by 2030

Underlying global datasets: GMW and global restoration potential

map to define the objective. GMW change data, Mangrove

Restoration Tracker Tool, and GMA member data will be used

for tracking global restoration progress
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a total of 97 000 km2 (two-thirds of global mangrove cover,

Table S1).

There is a strong overlap between Goal 3 Double Pro-

tection and Goal 1 Halting Loss. Where they differ is that,

in calling for active protection, this goal looks beyond

simple loss prevention. Conservation-centred protection

with the participation of local communities and other actors

would secure areas where degradation of ecosystem

structure and integrity would also be avoided. It is also

important that restored areas benefit from management and

protection: where this occurs, actions in Goal 2 Restore

Half could therefore further contribute to this goal.

Alongside traditional protected areas, OECMs are

receiving increasing attention (IUCN-WCPA Task Force

on OECMs 2019). These include lands used by Indigenous

and local communities, and areas of sustainable use where

mangroves are protected from conversion or unsustainable

use (Jonas et al. 2023). While some such sites are already

included in protection statistics, others likely exist that

have not been recorded, including municipal or urban

mangroves that often benefit from protection.

It is also the case that, aside from specific site-level

protections, many countries designate varying degrees of

protection through national restrictions on cutting or

clearing mangroves; integration of mangroves into envi-

ronmental impact assessment or coastal zone planning

regulations; and mangrove-specific national policies (Canty

et al. 2018; Slobodian et al. 2025). Such national-level

Fig. 3 The potential targets in terms of additional mangrove protection for different countries (A); and the additional protection per region if

each country meets these targets (B). In Panel A these targets are set at 30% for all countries where current protection is below 15%; double for

countries with a current protection level between 15 and 45%; 90% for any country already above 45% protection; and maintain for countries

already over 90%. In Panel B, the bars represent the additional protected area in km2 for the countries meeting the targets across the three

proposed pathways. The circles represent the percentage of mangrove area in 2020 protected per region, with the triangles the percentage that

would be reached if the potential targets were achieved. The insert in panel A shows an enlargement of the Caribbean. Supplementary Table S1

provides estimates of suggested protection goals for major mangrove countries
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protections are present in 75 countries and territories and

include over 80% of the world’s mangroves, though the

strength of this protection varies widely and in many cases

implementation of these more generic forms of protection

is poor (Slobodian et al. 2025). Thus, while protected areas

and OECMs are widely considered to be central to

assessing protection, there may be some merit in assessing

some of these other protection metrics for tracking pro-

gress, provided the protection provided is long-term

effective and equitable.

While encouraging the expansion of protection, it is

important to emphasise the need to go beyond simple

expansion of extent. IUCN guidelines highlight the key

components of protected areas—protection must target

areas of importance for biodiversity and ecosystem ser-

vices (Dabalà et al. 2023); and it must be effective, equi-

table, and representative, with positive conservation

outcomes that are secured over the long-term (Spalding and

Hale 2016). Ensuring effectiveness and equity needs to be

considered not as a filter for assessing progress but as part

of the goal itself, encouraging improvements in existing

protection efforts and best standards in new protections.

Considerable challenges remain in defining effectiveness

and equity; however tools have been developed such as the

Management Effectiveness Tracker Tool (METT, Stolton

et al. 2021) and the Site-level Assessment of Governance

and Equity (SAGE, Legh-Smith et al. 2026) which provide

standardised approaches and key metrics including critical

social, legal and economic settings as well as ecological

and social outcomes. Selecting and applying these at the

country site level will help to ensure appropriate and reli-

able indicators can be assessed in the highly variable set-

tings of mangroves worldwide.

In areas where mangroves are integral to extractive

activities such as fisheries, timber and fuelwood, it remains

important to recognise the need for long-term sustainability

and biodiversity protection, as highlighted in GBF Target

10 (Enhance Biodiversity and Sustainability in Agriculture,

Aquaculture, Fisheries, and Forestry). In many cases, the

incorporation of adjacent and connected ecosystems such

as estuaries, tidal marshes or offshore coral reefs may be a

critical component of effective conservation.

More effort will also be required to track progress

towards this goal to ensure that diverse forms of protection

are counted, all species and ecological processes are

incorporated in protection regimes, and ecological and

social benefits of protection are evaluated, while attempt-

ing to exclude ineffective areas from any inventories.

Prioritising sites and considering returns

The adoption and implementation of global goals and tar-

gets at national scales can generate a range of diverse

challenges for countries (see Supplementary Material S1

for an interpretation of goals at national scales for larger

mangrove nations). Patterns of mangrove loss and gain, and

current progress in restoration and conservation are highly

variable (Buelow et al. 2022). Furthermore, the associated

costs of conservation and restoration vary based on local

biophysical conditions, site-specific threats and variation in

community engagement (Bayraktarov et al. 2016). Even

where natural colonisation is sufficient and actual planting

of mangroves is not required, hydrological restoration often

adds considerable expenses. Unclear or conflicting policies,

regulations, or institutional responsibilities relating to

activities connected to mangroves bring further challenges

(Friess et al. 2016; Rog and Cook 2017).

Given the complex realities that underlie the GMA

goals, an improved understanding of the value of benefits

associated with achieving the goals is important (Su et al.

2021). This may help motivate actions and develop eco-

nomic models and funding streams. Such understanding

may also help in prioritising the placement of protection

and/or restoration interventions (Dabalà et al. 2023). While

such details may be best developed at national or site

levels, large-scale models of ecosystem service benefits are

improving. Here we present additional information about

potential benefits relating to carbon and fisheries.

Goal 3 Double protection

Ensure long-term secure protection of mangroves, doubling where

feasible, with a minimum of 30% in all countries

Technical definition: Increase effective and equitable protection of

mangroves by 2030, with nationally determined targets setting a

minimum of 30% for all countries. This includes a doubling of

protection for any countries with more than 15% current

protection, but with a suggested target of 90% for any country

already above 45% protection. Protection should achieve

conservation benefits for mangrove ecosystems, through

protected areas or other effective area-based conservation

measures (OECMs), recognising Indigenous and customary

tenure where applicable.

Methodology: Protection is here measured based on inclusion in

the World Database of Protected Areas (WDPA) which includes

the World Database of OECMs (see Supplementary Information

S1 for further details). Future assessments should attempt to

incorporate equity and effectiveness, utilising existing data or

developing new metrics where available. In some cases,

national-level legal protection to mangroves may give equiva-

lent levels of conservation benefits as protected areas, and could

also be included.

Objective: Approximately an additional 36 000 km2, to reach a

total of 97 000 km2 of mangroves under protection.

Underlying datasets: GMW mangrove cover and the WDPA. With

additional sources needed to ascertain conservation

effectiveness and equity.
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Benefits of achieving conservation and restoration

goals

Carbon

Mangroves contain rich carbon stores, and in most cases

provide continuous net carbon sequestration, due to the

long-term accumulation of soil carbon. When lost or

degraded, much, but not all, of the carbon stock can be

released back into the atmosphere. Likewise, in the short

term, not all biomass or soil carbon will be returned with

restoration (Sasmito et al. 2019; Bourgeois et al. 2024).

Rates of carbon loss or gain will vary with location, cli-

mate, coastal stability, mangrove species composition and

land use pre-restoration or post-conversion (Song et al.

2023).

Here, for Goals 1 (Halt loss) and 3 (Double protection),

we highlight ‘‘secured’’ carbon: The current fixed carbon

stocks that will remain or be secured by meeting these

goals. For restoration (Goal 2), we differentiate the ‘‘se-

cured carbon’’ from ‘‘restored carbon’’, which is the

potential gain in carbon biomass and soil stocks as a result

of restoration (see Supplementary Information S1 for more

information). Assuming national average values, the avoi-

ded loss of 1534 km2 by 2030 from Goal 1 will secure over

27.4 Mt (9.6–53.2 Mt) of carbon from soil and biomass that

might otherwise be lost by 2030 (Table 1). As carbon

emissions following conversion are a gradual process,

further avoided losses would accrue beyond this timeframe.

Based on the assumption that not all carbon is lost under

land use conversion and that the amount lost varies

between different land use types, restoration of the 3970

km2 from Goal 2 would secure some 71.3 Mt (71.2–71.5

Mt) of the remaining carbon that might otherwise be lost.

Further, that same restoration should, over time, lead to the

additional sequestration of 23.2 Mt (14.8–32.3 Mt) of

carbon in biomass and the soil. This additional carbon

value is calculated based on the same assumption that not

all carbon is lost under land use conversion, but also that,

even after 40-years, the carbon stored in restored mangrove

forests does not reach full equivalence with natural stands

(Bourgeois et al. 2024). Improved protection to 61 000 km2

from Goal 3 will further secure some 1196.1 Mt

(354.2–2370.0 Mt) of biomass and soil carbon. While this

does not represent avoided losses, avoided degradation as a

result of protection would reduce carbon losses.

It should be noted that values generated here for secured

carbon through both avoided loss and protection focus on

stocks secured by 2030. An additional carbon value arises

from ongoing sequestration in areas of both avoided loss

and improved protection. Over decadal timescales this will

represent an important additional contribution to stocks,

with one estimate suggesting a global rate of accrual of

1.5 Mg C ha-1 year-1 (Adame et al. 2021). Finally, while

the carbon mitigation benefits of the goals are real and

measurable, it should be noted that these values may not

easily be incorporated into carbon market values.

Fisheries

There are an estimated 4.1 million small-scale fishers who

rely on mangrove-associated fisheries (Zu Ermgassen et al.

2020). The total dependency of those whose food security

or livelihoods rely on mangrove fisheries is likely to be

several times this value. These fishers and fisheries benefit

from the abundance of fish and invertebrates that rely on

mangroves, often as juveniles, to complete their life his-

tory. For a subset of the species, it has been estimated that

mangroves support the annual recruitment of nearly 735

billion individual commercially important young-of-year

fish and invertebrates worldwide (Zu Ermgassen et al.

2025). Halting loss and improving protection will help to

secure this productivity and the associated benefits to

employment and food security. Notably, many of the

restorable areas are located in areas of potentially high fish

production such as Southeast Asia and therefore the pro-

jected benefits from fish production are higher than might

be expected from global average figures.

These fisheries and carbon benefits are only part of the

story. For example, one study estimated that mangroves

worldwide provide flood risk reduction to 15 million people

and over US$65 billion worth of property (Menéndez et al.

2020). Furthermore, mangroves are known to provide food

and habitat for many terrestrial and marine fauna species

(Rog et al. 2017; Sievers et al. 2023). These and many other

benefits to people and biodiversity will arise as the goals for

mangrove protection and restoration are pursued.

DISCUSSION

Ambitious targets set under the framework of international

conventions and agreements are powerful tools to drive

change: Governments use them to signal intent, and many

national policies and efforts are justified by such targets. At

the same time, these targets are often not met. The Aichi

Biodiversity Targets for marine protection, for example,

were widely missed, and this may in turn have had some

role in the long delay in setting new targets under the GBF.

The three goals described here, however, are different.

Firstly, they focus on a particular ecosystem. Mangroves

are clearly ‘‘ecosystems of particular importance’’ as

described under the GBF, and should be prioritised in

protection and restoration efforts. Compared to many other

coastal and marine ecosystems they are also well

www.kva.se/en 123

Ambio

http://dx.doi.org/10.1007/s13280-026-02481-0


documented and monitored, which enables the ability to

accurately quantify achievable targets using ecosystem-

specific data, and to identify where actions might best

succeed (e.g., Worthington et al. 2020). Since the estab-

lishment of these three Goals, the value of an ecosystem-

centric approach has also been recognised by the

UNFCCC’s High-Level Climate Champions, who have

adopted these same Goals as part of a ‘‘Mangrove Break-

through’’ (Climate High Level Champions 2025). Fur-

thermore, similar approaches are being endorsed for other

critical ecosystems, for example, for coral reefs3.

Although framed and clearly linked to the Convention

on Biological Diversity, and with reference to UNFCCC,

another unique facet of these goals is that they have been

developed by a large and rapidly growing community of

non-governmental organisations and partners, backed not

only by science, but also by important local knowledge.

The prominent role of civil society in developing these

recommendations has the potential to foster heightened

commitment and command greater scrutiny.

While this work has highlighted ecosystem service

benefits from mangrove conservation and restoration, their

importance for biodiversity should also be considered.

Although mangroves contain a relatively small number of

constituent tree species (68 full species listed in Duke and

Lee 2024), other terrestrial and marine fauna species are

abundant and diverse, and often have tight ecological

linkages to adjacent ecosystems (Rog et al. 2017; Yeo et al.

2021). To maximise biodiversity gains from conservation

and restoration efforts, the principles of ‘‘representative

protection’’ should be encouraged—this might include

using wider biogeographic classifications (Spalding et al.

2007) and more refined typological classes (Worthington

et al. 2020) as a guide to further prioritise site selection.

Furthermore, while the Goals in this paper target a single

ecosystem, it is critical to encourage the protection of

adjacent ecosystems in a holistic approach, and to avoid

any restoration efforts that may damage other habitats.

As with any global targets, the challenges of imple-

mentation vary enormously across a highly diverse suite of

political, social and economic settings. In many countries,

mangrove cover has already stabilised or may be increasing

(Zhang et al. 2026); restoration projects may be increasing,

Table 1 Estimated potential ‘‘secured’’ or ‘‘restored’’ total mangrove ecosystem carbon stock at the regional scale assuming success of the three

described Goals. Restored carbon gains are estimated totals 40 years after successful restoration with lower and upper 95% probabilities in

parentheses (further details in Supplementary Information)

Region Halt loss–secured

carbon (Mt)

Restore half–secured

carbon (Mt)

Restore half–restored

carbon (Mt)

Double protection–secured

carbon (Mt)

Australia & New Zealand 0.47

(0.23–0.78)

6.70

(6.68–6.72)

0.29

(0.09–0.73)

115.48

(41.98–209.4)

Eastern Africa 0.63

(0.25–1.21)

3.51

(3.50–3.52)

0.43

(0.16–0.75)

55.03

(15.19–120)

Middle East 0.05

(0.02–0.09)

0.61

(0.60–0.62)

0.03

(0.01–0.06)

0.90

(0.35–1.56)

North & Central America &

Caribbean

3.50

(0.96–6.54)

12.89

(12.87–12.91)

1.99

(0.93–3.03)

143.27

(31.97–283.83)

Pacific Islands 0.06

(0.03–0.12)

1.26

(1.26–1.27)

0.14

(0.06–0.27)

58.96

(16.95–122.14)

South America 1.32

(0.36–2.67)

9.80

(9.79–9.81)

2.11

(1.29–3.07)

125.40

(26.92–262.8)

South Asia 0.31

(0.18–0.46)

3.32

(3.31–3.32)

0.44

(0.21–0.71)

25.14

(12.16–39.77)

Southeast & East Asia 18.62

(6.29–37.69)

27.37

(27.31–27.42)

16.72

(11.68–22)

481.89

(117.67–1035.23)

West & Central Africa 2.45

(1.33–3.64)

5.88

(5.88–5.89)

1.04

(0.41–1.71)

190.00

(91.04–295.33)

Grand total 27.42

(9.65–53.20)

71.33

(71.19–71.47)

23.2

(14.83–32.34)

1196.07

(354.22–2370.05)

3 The Ocean Breakthroughs, emerging from the Marrakech

Partnership for Global Climate Action, define five pivotal targets

for 2030 across marine conservation, ocean renewable energy,

shipping, aquatic food, and coastal tourism, to ensure a healthy

ocean by 2050. These science-based targets aim to enhance climate

mitigation and adaptation, supporting global campaigns like the Race

to Resilience and Race to Zero.
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and protected areas may be extensive. But for others, deep-

seated challenges remain. Authority over, or legal tenure

of, mangrove and former mangrove areas can be highly

complex (Lovelock and Brown 2019; Mursyid, et al. 2021).

Powerful interests may oppose interventions. Integrating

these targets into national policy, and making use of

international frameworks such as Nationally Determined

Contributions under the UNFCC, or National Biodiversity

Strategies and Action Plans under the CBD, may help to

incentivise future efforts (Gajre et al. 2025). A growing

array of financial mechanisms are also available which may

support conservation interventions and even lead to

stable financial flows: These may include risk-transfer

instruments such as parametric insurance; debt for nature

swaps; and market instruments such as carbon and resi-

lience credits (Bill-Weilandt, et al. 2026).

A further challenge for consideration in conservation

and restoration planning is the naturally dynamic nature of

coastal sediments, compounded by the influence of climate

change and sea level rise (Lagomasino et al. 2019). Neither

the colonisation of new sediments, nor the landward and

poleward expansion by mangroves are formally included in

these Goals, and yet these will have important implications

on mangrove extent, biodiversity, and ecosystem service

benefits. A particular concern is coastal squeeze, which

occurs where human or topographic barriers constrain

wetland lateral movement in response to sea level rise

(Schuerch et al. 2018). Future iterations of these Goals may

need to consider natural mangrove expansion into new

areas, and potentially set targets to encourage such

expansion if required, through processes of managed

retreat. It may further include approaches already used in

some restoration work, such as the enabling of appropriate

hydrological and sediment flows. More immediately,

knowledge of these risks and of the potential management

approaches to reduce their impact should be encouraged,

and the engagement of civil society groups such as the

Global Mangrove Alliance may be critical to draw atten-

tion to such measures.

Challenges will arise in tracking progress towards these

goals; however these are already being actively consid-

ered. Extent change is being monitored at the global scale

through the work of Global Mangrove Watch and should

be of sufficient resolution to assess efforts towards ‘‘Halt

Loss’’. The World Database on Protected Areas is under

constant refinement and it should enable improved

tracking of protected areas and OECMs, although there

can be challenges in obtaining timely reporting and in

assessing efficacy of protection. Since 2020, there have

already been considerable restoration efforts, but there is

no single repository of efforts. Much information is held

by GMA members, and the Mangrove Restoration

Tracker Tool may lead to further enhanced reporting

(Gatt et al. 2024). Successful restoration cannot simply be

measured in terms of extent of restoration attempted, but

must consider ecological and hydrological recovery and

resilience. This may take years to ascertain, leading to a

lag in tracking progress.

The most influential sources of uncertainty impacting

our results are the future trajectory of human-driven man-

grove loss; the long-term effectiveness of mangrove

restoration; and the identification of degraded mangroves.

More recent estimates of global mangrove area than used in

this study provide different absolute global and regional

numbers although they are converging on similar trajec-

tories (Bunting 2022; Zhang et al. 2026), these may pro-

vide an opportunity to update our analysis and track

progress towards the midway point. Unfortunately, our

knowledge of the specific drivers of mangrove loss often

represents a single time point or is limited to a few broad

categories (Goldberg et al. 2020; FAO 2023).

Mangrove restoration success is difficult to quantify. It

can only be assessed over time-periods of years and varies

widely across different regions. It is also unknown how

improvements in technology may change success rates

(Saunders et al. 2020).

Limited global data on mangrove condition presents

another challenge, as mangrove degradation—from timber

harvest, pollution, defaunation or storm damage—may be

increasing even where total extent remains (Adame et al.

2024; Zhang et al. 2026). In a similar way, restoration

targets under the current framework focus on the

restoration of lost mangroves, although the halting of

degradation in, and the restoration of, degraded man-

groves could be built into future iterations of these global

goals.

While this work focuses on global-scale goal setting

and assessment, it is critical to consider local and national

data, which are likely to provide greater detail and

accuracy than global datasets. Assuming consistent and

equitable approaches can be verified, such data sources

should be encouraged and incorporated into future

assessments. They may indeed be critical for determining

aspects of success that cannot be easily determined from

global datasets, including tracking social equity and

benefit sharing across management interventions, assess-

ing management effectiveness and reviewing restoration

success, biodiversity condition and ecological outcomes.

Further thought needs to be given to connecting infor-

mation across scales, and to considering options for using

local datasets to set local goals and/or to verify goals

driven by global datasets. A growing number of tools are

greatly simplifying such data generation at local scales

(e.g., Yancho et al. 2020); however the development of

maps and statistics using diverse methodologies often

creates challenges of compatibility.
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Timely information on small-scale change, including

datasets such as mangrove loss alerts (Bunting et al. 2023),

provided by the GMW platform, can also be powerful tools

for management. Even with the availability of good data,

however, challenges remain. Actions on such alerts are

likely to be time sensitive, but can be limited by resources,

governance structures or low motivation.

Interest in mangrove conservation and restoration has

never been higher, yet significant challenges remain.

Despite considerable engagement from government and

civil society, large funding gaps remain. The Mangrove

Breakthrough Financial Roadmap estimates a US$4 billion

investment is needed to reach 2030 goals. Traditional

conservation funding will be an important component of

such funding; however novel financing mechanisms will be

critical, including green bonds, carbon markets, payments

for ecosystem services, debt conversions, corporate and

impact investments, as well as the growing array of inter-

national and multi-partner trust funds (Flammer et al. 2025;

Bill-Weilandt et al. 2026). Even if raising the financial

capital is achieved, aligning the technical capacity, skills

and political will to directly match locations or activities in

greatest need of attention will be challenging. Mangrove

protection and conservation, typically, depends on small-

scale actions at local scales. As such it is often initiated by

local communities and the engagement of, or indeed

leadership by, such communities is paramount to success.

Further challenges in the targeting of effort may arise,

notably around competing interests for land use, and

around tenure and permitting (Rog and Cook 2017;

Lovelock and Brown 2019).

While the goals explored in this paper are challenging,

we believe they are realistic and measurable, and their

implementation will be highly effective in safeguarding a

globally important, yet spatially restricted ecosystem.

Similar approaches are being considered for other spatially

restricted but highly important marine ecosystems such as

coral reefs, seagrass beds and saltmarshes (Coral Break-

through 2023; Brook et al. 2025; Seagrass Breakthrough

2025). Success will depend on engagement by national

governments, as well as the bottom-up support of civil

society and by growing calls for such action at the highest

possible levels of international policy and agreements. The

partnership behind the GMA has a unique role to play in

bridging across these scales, being deeply connected to

mangrove communities around the world, but also having

the reach to influence governments and the international

community.
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Dabalà, A., F. Dahdouh-Guebas, D.C. Dunn, J.D. Everett, C.E.

Lovelock, J.O. Hanson, K.C.V. Buenafe, S. Neubert, et al. 2023.

Priority areas to protect mangroves and maximise ecosystem

services. Nature Communications 14: 5863. https://doi.org/10.

1038/s41467-023-41333-3.

del Valle, A., M. Eriksson, O.A. Ishizawa, and J.J. Miranda. 2020.

Mangroves protect coastal economic activity from hurricanes.

Proceedings of the National Academy of Sciences 117: 265–270.
https://doi.org/10.1073/pnas.1911617116.

Dencer-Brown, A.M., R. Shilland, D. Friess, D. Herr, L. Benson, N.J.

Berry, M. Cifuentes-Jara, P. Colas, et al. 2022. Integrating blue:

How do we make nationally determined contributions work for

both blue carbon and local coastal communities? Ambio 51:

1978–1993. https://doi.org/10.1007/s13280-022-01723-1.

Duke, N.C., and S.Y. Lee. 2024. 2.4 The diversity of mangroves. In

The State of the World’s Mangroves 2024, eds. M. Leal and

M.D. Spalding, 32–36. Global Mangrove Alliance. https://

repository.si.edu/handle/10088/119867.

FAO. 2023. The world’s mangroves 2000–2020. Food and Agricul-

ture Organization of the United Nations.

Flammer, C., T. Giroux, and G.M. Heal. 2025. Biodiversity finance.

Journal of Financial Economics 164: 103987. https://doi.org/10.
1016/j.jfineco.2024.103987.

Franks, P. 2023. Site-level assessment of governance and equity

(SAGE) for protected and conserved areas: Manual for SAGE

facilitators. London.

Friess, D.A., B.S. Thompson, B. Brown, A.A. Amir, C. Cameron, H.J.

Koldewey, S.D. Sasmito, and F. Sidik. 2016. Policy challenges

and approaches for the conservation of mangrove forests in

Southeast Asia. Conservation Biology 30: 933–949. https://doi.

org/10.1111/cobi.12784.

Friess, D.A., Y.M. Gatt, R. Ahmad, B.M. Brown, F. Sidik, and D.

Wodehouse. 2022. Achieving ambitious mangrove restoration

targets will need a transdisciplinary and evidence-informed

approach. One Earth 5: 456–460. https://doi.org/10.1016/j.

oneear.2022.04.013.

Gajre, R.B., S. Barchiesi, D.A. Friess, D. Lang, Y.K. Lee, H.K. Lim,

M. Nasry, K.G. Ochavo, et al. 2025. Bridging conservation and

policy: Evaluating national targets to reduce mangrove loss

under the Kunming-Montreal biodiversity framework. Environ-
mental Research Letters 20: 114044. https://doi.org/10.1088/

1748-9326/ae1150.

Gatt, Y.M., R.W. Walton, D.A. Andradi-Brown, M.D. Spalding, J.

Acosta-Velázquez, M.F. Adame, F. Barros, M.A. Beeston, et al.

2024. The mangrove restoration tracker tool: Meeting local

practitioner needs and tracking progress toward global targets.

One Earth. https://doi.org/10.1016/j.oneear.2024.09.004.
Goldberg, L., D. Lagomasino, N. Thomas, and T. Fatoyinbo. 2020.

Global declines in human-driven mangrove loss. Global Change
Biology 26: 5844–5855. https://doi.org/10.1111/gcb.15275.

Goldstein, A., W.R. Turner, S.A. Spawn, K.J. Anderson-Teixeira, S.

Cook-Patton, J. Fargione, H.K. Gibbs, B. Griscom, et al. 2020.

Protecting irrecoverable carbon in Earth’s ecosystems. Nature
Climate Change 10: 287–295. https://doi.org/10.1038/s41558-

020-0738-8.

Grimm, K., M. Spalding, M. Leal, K. Kincaid, L. Aigrette, P. Amoah-

Quiminee, L. Amoras, D. Amouine et al. 2024. Including local

ecological knowledge (LEK) in Mangrove conservation and

restoration. A best-practice guide for practitioners and research-

ers. Global Mangrove Alliance.

Heck, N., L. Goldberg, D.A. Andradi-Brown, A. Campbell, S.

Narayan, G.N. Ahmadia, and D. Lagomasino. 2024. Global

drivers of mangrove loss in protected areas. Conservation
Biology. https://doi.org/10.1111/cobi.14293.

Howard, J., A.E. Sutton-Grier, L.S. Smart, C.C. Lopes, J. Hamilton, J.

Kleypas, S. Simpson, J. McGowan, et al. 2023. Blue carbon

pathways for climate mitigation: Known, emerging and unlike-

ly.Marine Policy 156: 105788. https://doi.org/10.1016/j.marpol.

2023.105788.

IUCN-WCPA Task Force on OECMs. 2019. Recognising and
reporting other effective area-based conservation measures.
Gland, Switzerland: IUCN, International Union for Conservation

www.kva.se/en 123

Ambio

https://doi.org/10.1016/j.biocon.2024.110775
https://doi.org/10.1890/15-1077
https://doi.org/10.1038/s43247-026-03388-0
https://doi.org/10.1038/s43247-026-03388-0
https://doi.org/10.1126/sciadv.adk5430
https://doi.org/10.1126/sciadv.adk5430
https://doi.org/10.1016/j.cub.2022.02.013
https://doi.org/10.1016/j.cub.2022.02.013
https://doi.org/10.3390/rs14153657
https://doi.org/10.3390/rs14153657
https://doi.org/10.1016/j.ocecoaman.2018.02.011
https://www.climatechampions.net/playground/frameworks/breakthroughs/
https://www.climatechampions.net/playground/frameworks/breakthroughs/
https://icriforum.org/documents/coral-breakthrough/
https://doi.org/10.1038/s41467-023-41333-3
https://doi.org/10.1038/s41467-023-41333-3
https://doi.org/10.1073/pnas.1911617116
https://doi.org/10.1007/s13280-022-01723-1
https://repository.si.edu/handle/10088/119867
https://repository.si.edu/handle/10088/119867
https://doi.org/10.1016/j.jfineco.2024.103987
https://doi.org/10.1016/j.jfineco.2024.103987
https://doi.org/10.1111/cobi.12784
https://doi.org/10.1111/cobi.12784
https://doi.org/10.1016/j.oneear.2022.04.013
https://doi.org/10.1016/j.oneear.2022.04.013
https://doi.org/10.1088/1748-9326/ae1150
https://doi.org/10.1088/1748-9326/ae1150
https://doi.org/10.1016/j.oneear.2024.09.004
https://doi.org/10.1111/gcb.15275
https://doi.org/10.1038/s41558-020-0738-8
https://doi.org/10.1038/s41558-020-0738-8
https://doi.org/10.1111/cobi.14293
https://doi.org/10.1016/j.marpol.2023.105788
https://doi.org/10.1016/j.marpol.2023.105788


of Nature and Natural Resources. https://doi.org/10.2305/IUCN.

CH.2019.PATRS.3.en.

Jonas, H. D., K. MacKinnon, D. Marnewick, and P. Wood. 2023. Site-
level tool for identifying other effective area-based conservation
measures (OECMs). IUCN.

Kodikara, K.A.S., N. Mukherjee, L.P. Jayatissa, F. Dahdouh-Guebas,

and N. Koedam. 2017. Have mangrove restoration projects

worked? An in-depth study in Sri Lanka. Restoration Ecology
25: 705–716. https://doi.org/10.1111/rec.12492.

Lagomasino, D., T. Fatoyinbo, S. Lee, E. Feliciano, C. Trettin, A.

Shapiro, and M.M. Mangora. 2019. Measuring mangrove carbon

loss and gain in deltas. Environmental Research Letters 14:

025002. https://doi.org/10.1088/1748-9326/aaf0de.

Leal, M., and M. D. Spalding, Eds. 2022. The state of the world’s
Mangroves 2022. Global Mangrove Alliance.

Legh-Smith, C., J. Davis, P. Franks, and N. Dehmel. 2026. From

assessment to action: How SAGE enables local solutions for

equitable governance in conservation. IIED, London. https://

www.iied.org/22710iied.

Lovelock, C.E., and B.M. Brown. 2019. Land tenure considerations

are key to successful mangrove restoration. Nature Ecology &
Evolution 3: 1135–1135. https://doi.org/10.1038/s41559-019-

0942-y.

Mallick, B., R. Priodarshini, J.N. Kimengsi, B. Biswas, A.E.

Hausmann, S. Islam, S. Huq, and J. Vogt. 2021. Livelihoods

dependence on mangrove ecosystems: Empirical evidence from

the Sundarbans. Current Research in Environmental Sustain-
ability 3: 100077. https://doi.org/10.1016/j.crsust.2021.100077.

Menéndez, P., I.J.Losada, S.Torres-Ortega, S.Narayan, andM.W.Beck.

2020. The global flood protection benefits of mangroves. Scientific
Reports 10: 4404. https://doi.org/10.1038/s41598-020-61136-6.

Murray, N.J., T.A. Worthington, P. Bunting, S. Duce, V. Hagger, C.E.

Lovelock, R. Lucas, M. Saunders, et al. 2022. High-resolution

mapping of losses and gains of Earth’s tidal wetlands. Science
376: 744–749. https://doi.org/10.1126/science.abm9583.

Mursyid, H., M.H. Daulay, A.A. Pratama, D. Laraswati, N. Novita, A.

Malik, and A. Maryudi. 2021. Governance issues related to the

management and conservation of mangrove ecosystems to

support climate change mitigation actions in Indonesia. Forest
Policy and Economics 133: 102622. https://doi.org/10.1016/j.

forpol.2021.102622.

Naseef, A., A. Javad, A.K. Kausal, D. Barua, and S.K. Ashtamoorthy.

2024. High heat tolerance and thermal safety margins in

mangroves from the southwestern coast of India. Science of
the Total Environment 954: 176366. https://doi.org/10.1016/j.

scitotenv.2024.176366.

Rodrı́guez-Rodrı́guez, J.A., J.E. Mancera-Pineda, and H. Tavera.

2021. Mangrove restoration in Colombia: Trends and lessons

learned. Forest Ecology and Management 496: 119414. https://
doi.org/10.1016/j.foreco.2021.119414.

Rog, S.M., and C.N. Cook. 2017. Strengthening governance for

intertidal ecosystems requires a consistent definition of boundaries

between land and sea. Journal of Environmental Management
197: 694–705. https://doi.org/10.1016/j.jenvman.2017.04.052.

Rog, S.M., R.H. Clarke, and C.N. Cook. 2017. More than marine:

Revealing the critical importance of mangrove ecosystems for

terrestrial vertebrates. Diversity and Distributions 23: 221–230.

https://doi.org/10.1111/ddi.12514.

Ruslan, N.F.N., H.C. Goh, C. Hattam, A. Edwards-Jones, and H.H.Moh.

2022.Mangrove ecosystem services:Contribution to thewell-being

of the coastal communities in Klang Islands. Marine Policy 144:

105222. https://doi.org/10.1016/j.marpol.2022.105222.

Saintilan, N., N.S. Khan, E. Ashe, J.J. Kelleway, K. Rogers, C.D.

Woodroffe, and B.P. Horton. 2020. Thresholds of mangrove

survival under rapid sea level rise. Science 368: 1118–1121.

https://doi.org/10.1126/science.aba2656.

Sasmito, S.D., P. Taillardat, J.N. Clendenning, C. Cameron, D.A.

Friess, D. Murdiyarso, and L.B. Hutley. 2019. Effect of land-use

and land-cover change on mangrove blue carbon: A systematic

review. Global Change Biology 25: 4291–4302. https://doi.org/

10.1111/gcb.14774.

Sasmito, S.D., M. Basyuni, A. Kridalaksana, M.F. Saragi-Sasmito,

C.E. Lovelock, and D. Murdiyarso. 2023. Challenges and

opportunities for achieving sustainable development goals

through restoration of Indonesia’s mangroves. Nature Ecology
& Evolution 7: 62–70. https://doi.org/10.1038/s41559-022-

01926-5.

Saunders, M.I., C. Doropoulos, E. Bayraktarov, R.C. Babcock, D.

Gorman, A.M. Eger, M.L. Vozzo, C.L. Gillies, et al. 2020.

Bright spots in coastal marine ecosystem restoration. Current
Biology 30: R1500–R1510. https://doi.org/10.1016/j.cub.2020.

10.056.

Schuerch, M., T. Spencer, S. Temmerman, M.L. Kirwan, C. Wolff, D.

Lincke, C.J. McOwen, M.D. Pickering, et al. 2018. Future

response of global coastal wetlands to sea-level rise. Nature 561:

231–234. https://doi.org/10.1038/s41586-018-0476-5.

Seagrass Breakthrough. 2025. The 2030 seagrass breakthrough.

https://www.dugongseagrass.org/projects/seagrass-

breakthrough-2024-2030/.

Sievers, M., C.J. Brown, J. McGowan, M.P. Turschwell, C.A.

Buelow, B. Holgate, R.M. Pearson, M.F. Adame, et al. 2023. Co-

occurrence of biodiversity, carbon storage, coastal protection,

and fish and invertebrate production to inform global mangrove

conservation planning. Science of the Total Environment 904:

166357. https://doi.org/10.1016/j.scitotenv.2023.166357.

Slobodian, L., C.A. Buelow, S.C. Baker, S. Alvarez, K.C. Wood, J.

Villarreal-Rosas, C.J. Brown, M.F. Adame, et al. 2025. Quan-

tifying the presence and potential of national legal frameworks

for global mangrove protection. Cell Reports Sustainability.
https://doi.org/10.1016/j.crsus.2025.100430.

Song, S., Y. Ding, W. Li, Y. Meng, J. Zhou, R. Gou, C. Zhang, S. Ye,

et al. 2023. Mangrove reforestation provides greater blue carbon

benefit than afforestation for mitigating global climate change.

Nature Communications 14: 756. https://doi.org/10.1038/

s41467-023-36477-1.

Spalding, M.D., and L.Z. Hale. 2016. Marine protected areas: Past,

present and future—a global perspective. In Big, bold and blue:
Lessons from Australia’s marine protected areas, ed. J. Fitzsi-
mons and G. Wescott, 9–28. Victoria: CSIRO Publishing.

Spalding, M.D., H.E. Fox, G.R. Allen, N. Davidson, Z.A. Ferdaña, M.

Finlayson, B.S. Halpern, M.A. Jorge, et al. 2007. Marine

Ecoregions of the World: A bioregionalization of coast and

shelf areas. BioScience 57: 573–583.

Spalding, M.D., M. Kainuma, and L. Collins. 2010. World Atlas of
Mangroves. London, Earthscan, with International Society for

Mangrove Ecosystems, Food and Agriculture Organization of

the United Nations, The Nature Conservancy, UNEP World

Conservation Monitoring Centre, United Nations Scientific and

Cultural Organisation, United Nations University.

Stolton, S., N. Dudley, and M. W. Hockings. 2021. METT handbook:

A guide to using the management effectiveness tracking tool

(METT). Second edition guidance for using METT-4. WWF,

Gland.

Su, J., D.A. Friess, and A. Gasparatos. 2021. A meta-analysis of the

ecological and economic outcomes of mangrove restoration.

Nature Communications 12: 5050. https://doi.org/10.1038/

s41467-021-25349-1.

Thomas, N., R. Lucas, P. Bunting, A. Hardy, A. Rosenqvist, and M.

Simard. 2017. Distribution and drivers of global mangrove forest

change, 1996–2010. PLoS ONE 12: e0179302. https://doi.org/10.

1371/journal.pone.0179302.

123 www.kva.se/en

Ambio

https://doi.org/10.2305/IUCN.CH.2019.PATRS.3.en
https://doi.org/10.2305/IUCN.CH.2019.PATRS.3.en
https://doi.org/10.1111/rec.12492
https://doi.org/10.1088/1748-9326/aaf0de
https://www.iied.org/22710iied
https://www.iied.org/22710iied
https://doi.org/10.1038/s41559-019-0942-y
https://doi.org/10.1038/s41559-019-0942-y
https://doi.org/10.1016/j.crsust.2021.100077
https://doi.org/10.1038/s41598-020-61136-6
https://doi.org/10.1126/science.abm9583
https://doi.org/10.1016/j.forpol.2021.102622
https://doi.org/10.1016/j.forpol.2021.102622
https://doi.org/10.1016/j.scitotenv.2024.176366
https://doi.org/10.1016/j.scitotenv.2024.176366
https://doi.org/10.1016/j.foreco.2021.119414
https://doi.org/10.1016/j.foreco.2021.119414
https://doi.org/10.1016/j.jenvman.2017.04.052
https://doi.org/10.1111/ddi.12514
https://doi.org/10.1016/j.marpol.2022.105222
https://doi.org/10.1126/science.aba2656
https://doi.org/10.1111/gcb.14774
https://doi.org/10.1111/gcb.14774
https://doi.org/10.1038/s41559-022-01926-5
https://doi.org/10.1038/s41559-022-01926-5
https://doi.org/10.1016/j.cub.2020.10.056
https://doi.org/10.1016/j.cub.2020.10.056
https://doi.org/10.1038/s41586-018-0476-5
https://www.dugongseagrass.org/projects/seagrass-breakthrough-2024-2030/
https://www.dugongseagrass.org/projects/seagrass-breakthrough-2024-2030/
https://doi.org/10.1016/j.scitotenv.2023.166357
https://doi.org/10.1016/j.crsus.2025.100430
https://doi.org/10.1038/s41467-023-36477-1
https://doi.org/10.1038/s41467-023-36477-1
https://doi.org/10.1038/s41467-021-25349-1
https://doi.org/10.1038/s41467-021-25349-1
https://doi.org/10.1371/journal.pone.0179302
https://doi.org/10.1371/journal.pone.0179302


Tinh, P.H., R.A. MacKenzie, T.D. Hung, T.V. Vinh, H.T. Ha, M.H.

Lam, N.T.H. Hanh, N.X. Tung, et al. 2022. Mangrove restoration

in Vietnamese Mekong delta during 2015–2020: Achievements

and challenges. Frontiers in Marine Science. https://doi.org/10.
3389/fmars.2022.1043943.

Twomey, A.J., K. Nunez, J.A. Carr, S. Crooks, D.A. Friess, W.

Glamore, M. Orr, R. Reef, et al. 2024. Planning hydrological

restoration of coastal wetlands: Key model considerations and

solutions. Science of the Total Environment 915: 169881. https://
doi.org/10.1016/j.scitotenv.2024.169881.

van Wesenbeeck, B.K., G. Wolters, J.A.A. Antolı́nez, S.A. Kalloe, B.
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