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1 	 Background

1.1	 INTRODUCTION

Mangroves—and the ecosystem services they 

provide—are of critical importance on local and 

global scales for biodiversity and humanity (Leal 

& Spalding 2022; Bunting et al. 2022; Kauffman & 

Donato 2012; McLeod et al. 2011). Globally, they 

sustain 4.1 million small-scale fishers (Ermgassen 

et al. 2021), buffer coastlines against storm surge—

providing $65 billion per year in flood protection 

(Hagger et al. 2022), and mitigate climate change by 

storing an estimated 8.5 gigatons of carbon (Hagger 

et al. 2022; Richards et al. 2020). In turn, these 

services support coastal communities and boost 

economies (Hagger et al. 2022; Spalding et al. 2014).

Mangroves are recognized for their ability to store 

significant amounts of carbon despite their relatively 

small geographic extent compared with terrestrial 

ecosystems. As an ecosystem service, carbon storage 

can have profound impacts on local economies, both 

conservation and restoration efforts for mangroves, 

as well as other interconnected ecosystem services 

(Leal & Spalding 2022; Goldberg et al. 2020; Simard 

et al. 2019; McLeod et al. 2011; Donato et al. 2011). 

The carbon mangroves store is held within living 

biomass (roots, leaves, and branches), non-living 

biomass (leaf litter and dead wood), and soils. These 

three modes of storage are referred to as carbon 

pools, and the carbon within each pool constitutes 

the carbon stock. 

The soil holds most of the carbon stored by 

mangrove ecosystems. Under inundated conditions, 

oxygen is limited at and below the soil surface, and 

rates of organic matter decay and decomposition 

are extremely slow. Slow decomposition of dead 

roots and lack of oxygen limit loss of carbon to the 

atmosphere (as CO2) and deposition of sediment 

buries any carbon-rich material (such as dead 

leaves and wood) on the soil surface. Over time 

these processes can result in carbon stocks several 

meters deep and hundreds to thousands of years 

old, making mangroves some of the most carbon-

dense ecosystems in the world (Claes et al. 2022; 

Leal & Spalding 2022; McLeod et al. 2011; Donato 

et al. 2011).

During the late 20th century, mangroves came 

under increasing pressure from habitat destruction 

in the face of urban expansion (deforestation, 

coastal squeeze, and pollution; Goldberg et al. 2020; 

McLeod et al. 2011) and impacts from atmospheric 

and marine warming (erosion, drowning out, 

loss of nursery habitat; Claes et al. 2022; McLeod 

et al. 2011). Since 1980, around 20–35  percent 

of mangrove ecosystems have been lost, largely 

due to land clearing for agriculture and coastal 

development (Claes et al. 2022; Goldberg et al. 2020; 

Polidoro et al. 2010). These drivers of degradation 

jeopardize the ecological and economic benefits 

of mangroves, in turn decreasing the resilience 

of coastal communities. Continued degradation 

threatens existing and future carbon stocks and, 

if persistent, can transition mangroves from a 

carbon sink to a source. After many studies were 

published around 2010 documenting the loss, 

several countries began to establish protection 

measures for mangroves, leading to declining rates 

of loss (Friess et al. 2019).
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The climate mitigation potential of mangrove 

ecosystems through the removal and storage 

of carbon has prompted strong interest in the 

development of policies and tools to protect, restore, 

and even enhance mangroves’ natural carbon stocks 

(Friess et al. 2019; Sanderman et al. 2018; Howard et 

al. 2017). Developing such policies has increasingly 

become a political priority following calls for robust 

climate action through both emissions reductions 

and removals (Claes et al. 2022). If climate mitigation 

actions are to include mangroves, it is important 

for governments to understand the quantity and 

spatial variability of carbon stocks (Sanderman 

et al. 2018). Paired with better understanding of 

terrestrial carbon stocks, countries will be able to 

carry out necessary actions to safeguard these vital 

ecosystems for the myriad of services they provide. 

1.2	 REPORT OBJECTIVES AND  
	 OUTCOMES 

The objective of this report is to provide estimates 

of global carbon storage in mangrove ecosystems 

by developing a dataset of mangrove biomass and 

soil carbon stocks at a country level across six years 

between 1996 and 2020. This assessment is carried 

out in support of the World Bank’s new edition of 

its wealth report, The Changing Wealth of Nations 

(CWON). CWON 2024 will be the fifth report in a 

flagship series that has attracted global attention to 

wealth as a complementary metric to gross domestic 

product for assessing economic prosperity. The aim is 

to improve the measurement of nations’ wealth, with 

a focus on renewable natural capital; and enhance 

understanding of the role comprehensive wealth and 

especially natural capital play in ensuring growth, 

sustainability, and resilience to shocks and stressors 

such as climate change. 

The results of this assessment will inform the 

inclusion of mangrove carbon storage as a 

form of renewable natural capital and improve 

understanding of the broad range of mangrove 

ecosystem services. The assessment focuses on 

six years—1996, 2007, 2010, 2015, 2018, and 2020—

to align with a previously conducted assessment 

of the shoreline protection services of mangroves 

included in the previous edition of CWON (World 

Bank 2021). Assessment outcomes include estimates 

of global mangrove carbon stocks by country, 

region, and economic income group. A database 

of all developed spatial layers used to calculate 

carbon stock estimates, as well as maps and figures, 

are provided. Estimates of global carbon stock are 

reported as totals by carbon pool, which includes 

living aboveground biomass (AGB), belowground 

biomass (BGB), and soil stocks to 1 meter depth. For 

regional and economic income-based carbon stock 

estimates, countries were grouped using World 

Bank classifications guidelines. Results serve as 

initial estimates of global mangrove carbon storage 

and are not intended for use at a country level 

for calculating carbon credits or greenhouse gas 

inventories. Results are suitable as initial estimates 

for informing decisions on mangrove restoration 

and management efforts, steps for including 

mangroves in Nationally Determined Contributions 

(NDCs), and to guide future efforts aimed at fine-

scale estimates of mangrove carbon stocks (see 

section 4 for more information).



3ESTIMATING GLOBAL CARBON STORAGE OF MANGROVE ECOSYSTEMS

M E T H O D S  A N D  D A T A   l

Analyses were carried out in ESRI ArcGIS Pro 

software1 and Microsoft Excel. To allow for future 

updates and improvements to the assessment, the 

methodology was designed to be easily replicated 

across all countries, and for additional years. The 

ability to carry out portions of the assessment 

when new data become available means results 

can continue to inform future CWON editions. A 

global spatial dataset containing data on mangrove 

ecosystem extent and carbon stocks was compiled 

for the years 1996, 2007, 2010, 2015, 2018, and 

2020. Select global datasets for mangrove extent, 

biomass, and soil carbon were chosen based on data 

compatibility (data resolution, type, availability) and 

consistency across countries and for the timeseries.2 

Although more recent datasets providing country-

level estimates of carbon storage may be available 

for use in place of those selected, these studies 

will likely use different methods and approaches, 

resulting in inconsistencies when compared. Only 

global datasets were used to ensure comparable and 

consistent methods across countries.

2.1	 SELECTED GLOBAL DATASETS 

2.1.1		 Global Mangrove Watch 

Global Mangrove Watch (GMW) is an open access 

database3 and online platform4 providing data on 

mangrove extent and change at 11 yearly intervals 

between 1996 and 2020 (Bunting et al. 2018, 2022). 

The dataset was developed using synthetic aperture 

radar (SAR) imagery at 30m resolution and has an 

accuracy of 87.4 percent. GMW recently released a 

third version of its mangrove extent dataset, which 

provides refined data for all previously published 

layers in addition to new layers for 2017, 2018, 

2019, and 2020 extents (Bunting et al. 2022). The 

annualized layers can be used on an individual basis 

to assess mangrove area, or as part of a timeseries 

to observe mangrove area change over time (Figure 

1). The dataset will be updated to include additional 

years, enabling improved estimates of global 

mangrove carbon stock to inform future editions of 

CWON. GMW Version 3 mangrove extent layers for 

1996, 2007, 2010, 2015, 2018, and 2020 were used for 

this assessment and the vector files were converted 

to rasters for this analysis.

2.1.2		 Mangrove Biomass 

Simard et al. (2019) developed a global map of 

mangrove forest canopy height and AGB using a 

combination of remote-sensing techniques, satellite 

imagery, and in situ measurements. A global analysis 

was performed to determine the spatial patterns and 

variability in mangrove forest structure using in situ 

data on basal area weighted height—individual tree 

heights weighted in proportion to their basal area—

from field plots distributed across three continents 

to develop a regional and global AGB model. The 

resulting dataset provides the maximum and basal-

2		 Methods and Data

1	 Version 3.0.
2	 Selected datasets are described in detail in section 2.1 below.
3	 https://data.unep-wcmc.org/datasets/45
4	 https://www.globalmangrovewatch.org/
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FIGURE 2.1:  MANGROVE AREA CHANGE, 1996–2020

Source:  Silvestrum Climate Associates 2023 using data from Bunting et al. 2022.  

weighted area canopy height, along with estimates 

of global AGB carbon stocks and at the country 

level, and as vector and raster files.

While other datasets providing global AGB carbon 

stocks were considered for use in this study—namely 

Hutchison et al. (2014) and Rovai et al. (2021)—

the dataset produced by Simard et al. (2019) was a 

better fit. Hutchison et al. (2014) used field data to 

develop a model for estimating AGB, while Simard 

et al. (2019) utilized direct measurements of canopy 

height, which allowed for effective quantification 

of fine-scale variability within mangrove forests. 

Though estimates of global AGB from this study are 

lower than those reported in previous studies, the 

totals are close to the average total calculated from 

a synthesis of similar studies (Simard et al. 2019). 

The resulting dataset from the Rovai et al. (2021) 

study is currently under an embargo that will not be 

lifted within the timeframe of this assessment and, 

as such, is not available for use.

 l M E T H O D S  A N D  D A T A



5ESTIMATING GLOBAL CARBON STORAGE OF MANGROVE ECOSYSTEMS

M E T H O D S  A N D  D A T A   l

2.1.3		 Global Climate Zones 

The Food and Agriculture Organization (FAO) 

global climate zone spatial dataset5 was used 

in conjunction with GMW mangrove extent to 

determine the climate zone for a given mangrove 

area since mangrove morphology can be affected by 

climate (IPCC 2014).

One drawback associated with this dataset is that 

it provides climate zone data for regions within 

national boundaries up to the delineated coastline. 

This presented an issue for this assessment as 

mangrove extent often extends past the delineated 

coastline. To address this, the spatial boundaries of 

each country’s exclusive economic zone (EEZ)6 were 

joined to the FAO dataset to appropriately account 

for all mangroves. EEZ regions were manually 

assigned a neighboring climate zone. The resulting 

layer was then divided into individual climate zone 

layers for each country in the assessment. BGB 

was estimated from AGB values reported in Simard 

et al. (2019) using Tier 1 root to shoot ratios based 

on climate zones defined in the 2013 Wetlands 

Supplement (IPCC 2014) along with the ratio for arid 

mangroves defined in Comely & McGuiness (2005; 

Table 2.1). 

Source: Silvestrum Climate Associates 2023.

M E T H O D S  A N D  D A T A   l

TABLE 2.1:   LINKAGES BETWEEN IPCC REGIONS, FAO ECO ZONES, AND TIER 1 ROOT TO SHOOT RATIOS

IPCC REGION FAO CLIMATE ZONES
ROOT TO 
SHOOT RATIO

Tropical wet
Tropical moist deciduous forest, tropical rainforest, tropical moist 

deciduous forest
0.49

Tropical dry Tropical dry forest, tropical shrubland 0.29

Subtropical Subtropical humid forest, subtropical dry forest, subtropical steppe 0.96

Arid Tropical desert, subtropical desert 0.923

2.1.4		 Mangrove Soil Organic Carbon 

Sanderman et al. (2018) provide spatial data on the 

global distribution of mangrove soil organic carbon 

(SOC) stocks. The study ran a georeferenced dataset 

of mangrove SOC measurements through a machine 

learning-based statistical model that accounted for 

63 percent of the vertical and horizontal variability 

in SOC density within soil profiles. Influential 

variables on mangrove SOC stocks such as mangrove 

forest cover change and sediment supply were also 

reported. The dataset has a resolution of 30m—

5	  https://data.apps.fao.org/map/catalog/srv/eng/catalog.search#/metadata/baa463d0-88fd-11da-a88f-000d939bc5d8
6	  Flanders Marine Institute (2020). Union of the ESRI Country Shapefile and the Exclusive Economic Zones (version 3). Available online at  
	 https://www.marineregions.org/, https://doi.org/10.14284/403
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Source: Silvestrum Climate Associates 2023.

TABLE 2.2:   LIST OF DATASETS USED FOR ESTIMATING BIOMASS CARBON STOCK

AUTHOR(S) PUBLICATION / DATASET NAME DATA ATTRIBUTES

Bunting et al. 2022 Global Mangrove Watch
Mangrove distribution,  

land use and land cover 

FAO 2001 Global Ecological Zones Global climate zones

IPCC 2014 2013 IPCC Wetlands Supplement
Root to shoot ratios, litter,  

and dead wood Tier 1 values

Simard et al. 2019
Mangrove canopy height globally related to 

precipitation, temperature, and cyclone frequency
AGB estimates

consistent with the resolution of the Simard et al. 

(2019) dataset—and was used to develop the GMW 

dataset on SOC for the top 1 meter of mangrove 

soils (vertically within the soil profile) available on 

GMW’s online mapping platform. In regions where 

GMW extent is greater than that of Sanderman et al. 

(2018), an average SOC value derived from random 

sampling of the Sanderman dataset was applied (see 

details in section 2.3).

Studies by Rovai et al. (2018) and Jardine & Siikamäki 

(2014) were evaluated along with Sanderman 

et al. (2018). Most of the studies synthesized in 

both Rovai et al. (2018) and Sanderman et al. 

(2018) were conducted after 2014, and both Rovai 

and Sanderman included data from Jardine & 

Siikamäki (2014). Given the age of the publication 

and its inclusion in more recent studies, Jardine 

& Siikamäki (2014) were not considered further. 

Although Rovai et al. (2018) was published around 

the same time, the synthesized dataset that was run 

through their model included SOC data from fewer 

countries (43 as opposed to 47 in Sanderman), and 

the Sanderman dataset was already being utilized 

with GMW mangrove extent data.

2.2	 BIOMASS CARBON  
	 STOCK QUANTIFICATION

This assessment focused on living above (AGB) 

and belowground biomass (BGB), and in some 

cases dead/non-living organic matter (DOM), when 

estimating mangrove biomass carbon stocks. AGB 

includes living leaves, stems, and branches; BGB 

includes living roots; and DOM includes litter and 

dead wood. DOM was calculated only for tropical 

(wet and dry) and subtropical climate zones. The 

following method was applied to all countries (122 

total) and for each year of interest. Datasets used for 

the following method are listed below in Table 2.2.
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A country’s climate zone(s) was determined by 

clipping the climate zone layer (shapefile) to the 

country boundary layer (shapefile), adjusted to 

include the country’s EEZ. The mangrove extent 

layer (raster) for each year was then clipped to the 

climate zone layer(s) for the country The AGB raster 

with pixel values in units of tonnes dry mass ha-1 

was clipped to the climate zone(s) present in the 

country. The resulting AGB and mangrove extent 

rasters by climate zone were mosaicked, then 

clipped to the mangrove extent raster to produce 

mangrove extent with associated AGB values.

For those years where mangrove extent did not 

match that of the AGB raster—regions where 

mangroves were present, but AGB data was 

missing—the following steps were performed by 

climate zone. A random selection of 1,000 pixels 

with a minimum distance of 240m from the clipped 

AGB raster was made and the corresponding pixel 

values were extracted. The calculated average value 

was assigned as the AGB value for all pixels without 

a value in the mosaicked raster. AGB carbon stock 

per climate zone was calculated by multiplying 

each pixel-level AGB value by associated pixel 

count and then by pixel area (900m2/10,000 to yield 

area in hectares) to yield total AGB in tonnes of 

dry mass by climate zone. Results were summed 

by climate zone and converted to carbon stock by 

multiplying the sum by the IPCC Tier 1 carbon 

fraction conversion factor of 0.45 (IPCC 2014). 

BGB carbon stock per climate zone was calculated by 

multiplying total AGB by climate zone (calculated in 

earlier step) by IPCC Tier 1 default root to shoot ratios 

based on climate zones defined in the 2013 Wetlands 

Supplement (IPCC 2014) and Comely & McGuiness 

(2005; Table 2.1). Results were then summed by 

country and converted to carbon stock by multiplying 

the summed result by the default carbon fraction 

conversion factor of 0.39 (Kauffman & Donato 2012). 

Country-level biomass carbon stocks estimates were 

calculated as the sum of AGB and BGB carbon stocks. 

The resulting stock was converted from tonnes of 

carbon to million metric tonnes (MMT) of carbon. 

Country-level biomass carbon stock estimates were 

summed to produce an estimate for global biomass 

carbon stocks. 

The 2013 IPCC Wetlands Supplement provides a 

Tier 1 carbon stock for DOM in mature stands of 

tropical and subtropical mangroves combined. 

The value, however, does not differentiate across 

individual climate zones or account for arid regions 

(IPCC 2014). For mangroves that fall into tropical 

(wet and dry) and subtropical regions, DOM stocks 

were calculated using the default values for litter 

(0.7 t C ha-1) and standing dead wood (10.7 t C ha-1) 

across mangrove areas for each year of interest used 

above. The caveat for the provided DOM estimates 

is that arid ecosystems are not included in the 

Wetlands Supplement, and there is high variability 

in published datasets due to limited data availability.
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2.3	 SOIL ORGANIC CARBON  
	 STOCK QUANTIFICATION

This assessment focused on SOC stocks within 

the top meter (vertically within the soil profile) 

of mangrove soils globally. This approach is in 

keeping with Tier 1 IPCC methods outlined in the 

Wetlands Supplement (IPCC 2014) and Sanderman 

et al. (2018). Due to limited spatial data on mangrove 

SOC stocks deeper than 1 meter, this assessment 

likely presents conservative estimates of global 

mangrove SOC stocks. The following method was 

applied to all countries (122 total) and for each 

year of interest. Datasets used for the following 

methods are listed above (Table 2.3).

The Sanderman et al. (2018) dataset is provided 

as tiled rasters with SOC values reported at the 

pixel level (units of tonnes of carbon ha-1). Tiles 

were first mosaicked by region (Africa, Oceania, 

etc.). The same procedure as with the AGB rasters 

(section 2.2) was then followed. SOC stock per 

climate zone was calculated by multiplying pixel-

level SOC values by the associated pixel count, then 

pixel area (900m2/10,000 to yield area in ha); results 

were then summed by climate zone. SOC stock 

estimates by climate within a given country were 

summed to produce the country-level SOC stock. 

The resulting stock was converted from tonnes of 

carbon to MMT of carbon. Country-level SOC stock 

estimates were summed to produce an estimate for 

global SOC carbon stocks.

Source: Silvestrum Climate Associates 2023.

TABLE 2.3:   LIST OF DATASETS USED FOR ESTIMATING SOIL CARBON STOCK

AUTHOR(S) DATASET NAME DATA ATTRIBUTES

Bunting et al. 2022 Global Mangrove Watch
Mangrove distribution,  

land use and land cover 

Sanderman et al. 2018
A global map of mangrove forest soil carbon at 

30m spatial resolution
SOC estimates
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3 	 Results
3.1	 GLOBAL CARBON STOCK

Between 1996 and 2020, the 20 countries with the highest total carbon stock—the sum of all carbon pools 

used within this assessment—remained relatively consistent, with Indonesia consistently containing the 

greatest mangrove area and carbon stocks.

TABLE 3.1: 	TOTAL CARBON STOCK AND CHANGE IN STOCK (VALUE, %) IN MMT OF CARBON FOR THE  

		  TOP 20 COUNTRIES ACROSS SIX YEARS

Source: Silvestrum Climate Associates 2023.

COUNTRY 1996 2010 2015 2015 2018 2020 96–20
% 

Change

Indonesia 2,036 1,957 1,910 1,895 1,882 === -144 7%

Brazil 491 470 483 480 469 487 -4 1%

Nigeria 446 443 440 438 437 435 -11 2%

Australia 431 421 411 407 407 406 -26 6%

Mexico 353 344 334 332 338 334 -19 5%

Malaysia 324 323 322 320 319 319 -6 2%

Papua New Guinea 278 278 277 276 275 274 -4 1%

Myanmar 223 211 207 203 204 206 -17 8%

Cuba 214 204 199 194 194 194 -20 9%

Colombia 162 158 157 156 158 157 -5 3%

Philippines 161 157 153 153 155 156 -6 4%

Venezuela 148 148 147 147 148 148 0 0%

United States 140 139 136 133 133 135 -5 4%

Bangladesh 121 122 121 121 122 121 1 1%

India 117 106 114 115 108 115 -3 2%

Cameroon 107 109 108 108 109 107 0 0%

Gabon 108 108 108 107 107 107 -1 1%

Thailand 105 102 99 99 100 102 -4 3%

Madagascar 103 101 100 100 100 101 -2 2%

Guinea Bissau 102 102 101 101 100 100 -2 2%

Grand total 6,172 6,004 5,926 5,887 5,865 5,896 – –

0 500 1,000 1,500 2,000
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Mangrove ecosystems were present in 122 countries 

and across five continents between 1996 and 2020. 

Globally, and within the top 20 countries, total carbon 

stock was typically highest in the year 1996 and 

declined through 2020 (Table 3.1 and Figure 3.1a). 

The top 20 countries (by total carbon stock estimates) 

represent roughly 85  percent of global mangrove 

carbon storage for the years 1996 and 2020, and  

84 percent for 2007, 2010, 2015, and 2018. Twenty-

six countries saw increases in total carbon stock in 

2020 (from 1996 values) (Figure 3.1b). On average, 

these increases occurred after 2010, with drivers 

behind these increases varying significantly. 

While some gains can be attributed to expanded 

restoration and conservation efforts—one 

example is Bangladesh, with over 80  percent of its 

mangroves now protected—most gains are likely 

the result of natural processes (Bunting et al. 2022). 

Restoration efforts in Bangladesh have successfully 

regenerated roughly 315,000 mangroves across  

30 ha in the Sundarbans region as part of a joint 

effort between local communities, governments, 

and private landowners (Figure 2b; Bunting et al. 

2022). 

In certain cases, drivers of ecosystem degradation 

can have profound and often surprising effects on 

ecosystem extent, especially along coastlines or 

in deltas where human activities are transforming 

ecosystems (Bunting et al. 2022; Goldberg et al. 

2020). Venezuela—ranked in the top 20 countries 

globally for total carbon stock—experienced gains 

in 2020, particularly in the Amacuro Delta, where 

extensive inland deforestation has increased coastal 

sedimentation, providing a basis for mangrove 

colonization (Bunting et al. 2022). Despite mangrove 

protection efforts expanding between 1996 and 2020, 

presence within a protected area did not entirely 

prevent degradation (Goldberg et al. 2020). Between 

2007 and 2016, hotspots for mangrove loss due to 

conversion to agriculture or aquaculture occurred in 

partially or fully protected areas of several countries, 

including Indonesia, Pakistan, and French Guiana 

(Hagger et al. 2022). Despite mangrove losses, 

French Guiana had the greatest gain (7  percent) 

in total carbon stock, with steady increases across 

all years of this assessment. Nevertheless, a strong 

correlation between expanded protections and 

total carbon stock can be observed. Saudi Arabia, 

where only 12 percent of mangroves are protected, 

experienced a 28 percent loss in total carbon stock 

between 1996 and 2020, while Bangladesh, with over 

80 percent of its mangroves protected, experienced 

a gain of 1 percent. 

Economics play a role in mangrove losses and gains 

(mangrove area and total carbon stock), with high 

access to markets (agriculture, fisheries, lumber) 

acting as a strong driver of loss, often causing 

hotspots of loss in protected areas (Hagger et al. 

2022). Economic growth that supports investment 

in community management and enforcement of 

mangrove protected areas can in turn influence 

mangrove area and carbon stock gains over time 

(Hagger et al. 2022). Other prominent drivers 

influencing losses and gains between 1996 and 2020 

include proximity to larger cities, erosion from 

tropical storms, urban development, deforestation, 

and sediment availability (Hagger et al. 2022; 

Bunting et al. 2022; Goldberg et al. 2020).



11ESTIMATING GLOBAL CARBON STORAGE OF MANGROVE ECOSYSTEMS

R E S U L T S   l

FIGURE 3.1: 	 A) TOTAL CARBON STOCK IN MMT FOR ALL 122 COUNTRIES WITH MANGROVE EXTENT, 2020;  

	 B) PERCENT CHANGE IN TOTAL CARBON STOCK FOR ALL 122 COUNTRIES WITH MANGROVE  

	 EXTENT, 1996–2020

Source:  Silvestrum Climate Associates 2023 using data from Simard et al. 2019 and Sanderman et al. 2018.  
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Global carbon stock estimates for all 122 countries 

included in this assessment tracked the patterns 

observed in the top 20 countries. Estimates 

were greatest in 1996 with a total of 7,301 MMT 

of carbon, followed by 2010 with 7,016 MMT 

of carbon. Declines in carbon stock occurred 

between 1996 and 2015, with the greatest decline 

between 1996 and 2010 with a loss of 285 MMT 

of carbon. Estimates of carbon stock were lowest 

in 2015 with a total of 6,973 MMT of carbon, but 

increased by 1.09 MMT in 2020 to a total of 6,975 

MMT of carbon (Table 3.2). Estimated increases 

in global mangrove carbon stock could be the 

result of diminished rates of loss over the last 

decade—with average losses of 6,600 ha—paired 

with considerable gains in mangrove ecosystem 

extent within river mouths and deltas since 1996 

(Bunting et al. 2022). Across all countries, the SOC 

pool is the greatest contributor to global mangrove 

carbon storage—representing roughly 79 percent 

of the storage for all four years of this assessment. 

These results are expected given that mangrove 

ecosystems store most of their carbon in the soil 

carbon pool.

Source: Silvestrum Climate Associates 2023 .

TABLE 3.2:   CARBON STOCK ESTIMATES IN MMT BY CARBON POOL, 1996–2020

BIOMASS

Year AGB BGB DOM Total SOC Total carbon

1996 867.84 360.04 331.32 1,559.20 5,743.88 7,303.08

2007 844.09 350.33 324.06 1,518.47 5,598.48 7,116.95

2010 838.59 348.24 318.62 1,505.45 5,512.59 7,018.05

2015 834.43 346.55 316.70 1,497.68 5,477.44 6,975.12

2018 827.89 343.79 317.10 1,488.77 5,468.61 6,957.38

2020 834.48 346.56 316.82 1,497.86 5,478.33 6,976.19

2020-1996 -33.36 -13.48 -14.5 -61.34 -265.55 -326.89

% Change -4% -4% -4% -4% -5% -4%
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Source: Silvestrum Climate Associates 2023 using World Bank regional classifications.

3.2	 CARBON STOCK BY REGION

Between 1996 and 2020, total carbon stocks were 

highest for East Asia and Pacific followed closely by 

Latin America and the Caribbean (Table 3.3). Total 

carbon stock decreased for most regions between 

1996 and 2015 but increased slightly for some in 

2020. Sub-Saharan Africa and the Middle East and 

North Africa experienced a steady decline in total 

carbon stock between 1996 and 2020. Five of the 

six regional groups are represented in the top 20 

countries by total carbon stock, with East Asia and 

Pacific, Latin America and the Caribbean, and Sub-

Saharan Africa representing the top three regions 

by total carbon stock for roughly all years within this 

assessment. Of the 24 countries that saw increases 

in total carbon stock between 1996 and 2020, 17 are 

located in the regions of East Asia and Pacific, and 

Latin America and the Caribbean. The top three 

countries by total carbon stock in the East Asia 

and Pacific region account for 38 percent of global 

mangrove carbon storage for 1996, decreasing to 

35  percent in 2020. Indonesia alone accounts for 

27 percent of total global mangrove carbon stocks 

in 1996 and 25 percent in 2020. Detailed breakdowns 

can be found in Appendix 2.

TABLE 3.3: 	TOTAL CARBON STOCK AND CHANGE IN STOCK (VALUE, %) IN MMT BY REGION, 1996–2020

REGION 1996 2010 2015 2015 2018 2020 96–20
% 

Change

East Asia and Pacific 3,765 3,652 3,580 3,553 3,543 3,554 211.13 6%

Latin America and  
the Caribbean

1,834 1,779 1,765 1,754 1,755 1,767 66.86 4%

Middle East and  
North Africa

11 11 9 9 9 9 2.44 22%

North America 140 139 136 133 133 135 5.18 4%

South Asia 272 261 264 264 260 262 10.22 4%

Sub-Saharan Africa 1,281 1,275 1,264 1,262 1,258 1,250 31.06 2%

Total 7,303 7,117 7,018 6,975 6,957 6,976 - -

3.3	 CARBON STOCK BY  
	 INCOME GROUP

Between 1996 and 2020, total carbon stocks were 

highest in lower-middle-income economies followed 

by upper-middle-income economies. Total carbon 

stock decreased between 1996 and 2020 for most 

economies, with the greatest losses occurring 

between 1996 and 2010. Lower-middle-income 

economies constituted roughly 53  percent of total 

global mangrove carbon stocks in 1996 and roughly 

50  percent in 2020. At a country level, Indonesia 
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Source: Silvestrum Climate Associates 2023 using World Bank income classifications, FY2021–2022.

TABLE 3.4: 	 TOTAL CARBON STOCK AND CHANGE IN STOCK (VALUE, %) IN MMT BY INCOME GROUP, 1996–2020

INCOME GROUP 1996 2010 2015 2015 2018 2020 96-20
% 

Change

High-income 
economies

798 781 759 750 752 753 -45 6%

Low-income 
economies

2,136 2,084 2,072 2,061 2,061 2,073 -63 3%

Lower-middle-
income economies

3,880 3,767 3,708 3,684 3,667 3,677 -203 5%

Upper-middle-
income economies

463 460 454 453 451 446 -17 4%

Total 7,303 7,117 7,018 6,975 6,957 6,976 - -

0 1,000 2,000 3,000 4,000

3.4	 GLOBAL MANGROVE CHANGE

An analysis of mangrove area change over time was 

conducted for all countries containing mangroves 

for 1996, 2007, 2010, 2015, 2018, and 2020. Across the 

global extent of mangroves, 676,099 ha of mangroves 

were lost between 1996 and 2020. Most of the loss  

(338,319 ha) occurred between 1996 and 2007. A 

summary of the number of countries that have 

lost, gained, or remained constant in area is listed 

below in Table 3.5.

and Nigeria had the highest rates of total mangrove 

carbon storage. Economic growth had a negative 

impact on mangrove extent between 1996 and 2007, 

but recently has been associated with expansions 

in mangrove area. This reversal in trend is likely 

attributed to increases in wealth and education, and 

reduced development pressure thanks to advances in 

agricultural productivity (Hagger et al. 2022). Detailed 

breakdowns can be found in Appendix 3.

TOTAL AREA CHANGE 07-96 10-07 15-10 18-15 20-18 20-96

Loss 55 52 29 23 35 72

Neutral 46 57 75 77 63 37

Gain 21 13 18 22 24 13

Area change (ha) -338,319 -251,002 -85,989 25,640 -26,429 -676,099

TABLE 3.5: 	TOTAL MANGROVE AREA CHANGE, 1996–2020

Source: Silvestrum Climate Associates 2023.
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Between 1996 and 2010, the average rate of mangrove 

loss globally was estimated at 0.21 percent annually 

(Bunting et al. 2022), with a rate of net mangrove 

loss of 2.74  percent for the period between 1996 

and 2007 (Hagger et al. 2022). The rate of annual 

and net mangrove loss declined after 2007, at an 

annual rate of 0.04 percent and a net rate of loss of 

1.58  percent. The upward trend in mangrove area 

observed after 2007 could be due in part to increases 

in formal protections of mangrove ecosystems for 

conservation purposes (Bunting et al. 2022). Human 

activity—anthropogenic action—was the dominant 

driver of mangrove loss between 2000 and 2016, 

accounting for roughly 62  percent of total global 

mangrove loss (Bunting et al. 2022). Impacts of 

anthropogenic actions were unevenly distributed 

globally, with hotspots for anthropogenic-driven 

loss in South Asia. Nearly 80 percent of total global 

loss from anthropogenic drivers occurred in just 

six nations in South Asia: Indonesia, Myanmar, 

Malaysia, the Philippines, Thailand, and Vietnam 

(Goldberg et al. 2020). For these six nations, direct 

human-driven loss disproportionately drove loss, 

accounting for 82 percent of loss instead of the 

roughly 33 percent observed for all other nations. 

Globally between 2000 and 2016, the primary 

driver of mangrove loss was commodities (such as 

Source: Silvestrum Climate Associates 2023 using data from Simard et al. 2019 and Sanderman et al. 2018.  

FIGURE 3.2:   MANGROVE AREA CHANGE AND HOTSPOTS OF CHANGE, 1996–2020
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Source: Silvestrum Climate Associates 2023 using World Bank regional classifications.

agriculture, aquaculture, and timber), accounting 

for 47 percent of global losses between 2000 and 2016. 

Within the same period, natural causes accounted 

for 38 percent of total mangrove loss, with shoreline 

erosion (27 percent of losses) and extreme weather 

events (12 percent of losses) as the main drivers of 

natural loss (Goldberg et al. 2020). Commodities-

driven loss was highest in East Asia and Pacific and 

South Asia, where regular conversion of mangroves 

for agriculture and aquaculture remains high. 

Despite global declines in anthropogenic-driven 

losses between 2000 and 2016, rates of loss remained 

high and were concentrated in South Asia (Goldberg 

et al. 2020).

Latin America and the Caribbean experienced the 
greatest area loss between 1996 and 2020, with 

shoreline erosion and extreme weather events 
serving as the primary drivers of loss (Figure 3.3; 
Goldberg et al. 2020). At a country level, mangrove 
area losses were driven by Mexico, with a loss of 
59,000 ha, followed by Cuba and the Bahamas. 
Suriname and French Guiana experienced the 
greatest gains in mangrove area, with roughly 
4,500 ha gained for Suriname and roughly 3,900 ha 
for French Guiana. East Asia and Pacific and Sub-
Saharan Africa experienced roughly the same loss 
between 1996 and 2020, with commodities and non-
agricultural conversion as the primary drivers of 
loss (Goldberg et al. 2020). At a country level, losses 
in East Asia and Pacific were driven primarily by 
Indonesia, with a loss of 214,000 ha, while losses 
in Sub-Saharan Africa were driven almost equally 
by Mozambique and Nigeria. Detailed changes in 
mangrove extent are in Appendix 4.

East Asia and 
Pacific 

[32]

Latin America and 
the Caribbean 

[42]

Middle East and 
North Africa

[9]

North America
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3.5	 LIMITATIONS AND  
	 UNCERTAINTIES 

Uncertainty estimates for the GMW dataset and 

each carbon pool were calculated following methods 

outlined in the IPCC’s Good Practice Guidance and 

Uncertainty Management for combined uncertainty 

(IPCC 2000). The reported uncertainty in the GMW 

dataset is 12.6  percent (Bunting et al. 2022). Since 

no uncertainty estimates were provided for the 

Simard et al. (2019) AGB dataset, we calculated 

uncertainty for each country based on the mean and 

95 percent confidence interval. The uncertainty for 

each country’s AGB was calculated by dividing the 

95 percent confidence interval by half, dividing that 

by the country mean, and multiplying that by 100. 

To calculate the uncertainty for the root to shoot 

ratio and DOM, the mean and 95 percent confidence 

interval reported in Table 4.5 of the Wetlands 

Supplement (IPCC 2014) were used. Values for SOC 

uncertainty by Sanderman et al. (2018) are reported 

by country and were determined using a full quantile 

regression using approximately 15,000 points. 

Combined uncertainty was calculated by taking 

the square root of the sum of the square of each 

component’s percent uncertainty. For example, the 

uncertainty for total AGB carbon stock in Brazil 

includes the uncertainty for GMW and AGB:

The combined uncertainty for BGB for Brazil’s tropical 

wet region includes the uncertainties for GMW, AGB, 

and root to shoot ratio for tropical wet mangroves:

And the uncertainty for SOC in Brazil includes that 

from GMW and SOC:

Due to the nature of estimating blue carbon stocks 

and oftentimes small datasets, some carbon 

pools will carry higher levels of uncertainty. For 

example, calculated uncertainty of SOC by country 

ranges between 0  percent and 94 percent, while 

the highest uncertainty for AGB is 37  percent. 

Variables influencing higher uncertainty estimates 

include, but are not limited to, laboratory or field 

methodologies, use of global datasets, and a limited 

number of soil sample datasets. 

3.5.1		 Global Datasets

Selected datasets for AGB and SOC carry uncertainties 

and limitations of their own. Both the Simard et al. 

(2019) and Sanderman et al. (2018) datasets were 

developed using a synthesis of existing datasets and 

machine learning techniques. Machine learning 

techniques can be sensitive to outlier values and 
12.62   +  15.72  =  20.1%

12.62  +  15.72  +  4.072  =  20.5%

12.62   +  44.562  =  46.3%
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extrapolation because of described methods 

(Sanderman et al. 2018). Areas of uncertainty in these 

datasets also include the format and availability of 

synthesized datasets. For example, Sanderman et al. 

(2018) discuss limitations in the depth of available 

soil data (limited to 1 meter) and the way data was 

collected (lack of fine-scale depth measurements 

for bulk density). An area of uncertainty for both 

Simard and Sanderman data is extrapolation 

based on plot location. Many synthesized studies 

offer vague locations or lack GPS coordinates for 

collected data, making it difficult to determine 

the allocation of carbon stocks, particularly near 

country borders (Simard et al. 2019; Sanderman et 

al. 2018). The datasets selected for this analysis have 

comparable levels of uncertainty to other available 

and evaluated datasets. 

3.5.2		 Methodology 

A step taken for both AGB and SOC rasters was 

the application of an average pixel value based on 

random pixel selection to those pixels missing AGB 

and SOC values, respectively. This process inherently 

introduces uncertainty due to the application of 

an average. The methods employed in this step 

were carried out to reduce errors from spatial 

autocorrelation. Such errors would be introduced if 

the average pixel value were to be calculated using 

a nearest neighbor analysis of surrounding pixels. 

By randomly selecting a set number of pixels—with 

a minimum of 240m between selected pixels—any 

errors associated with spatial autocorrelation are 

prevented. The selection of 1,000 pixels at 240m 

distance was kept consistent when sampling both the 

AGB and SOC rasters, and across climate zones.
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4 	 Conclusions
As awareness and recognition of the value 

mangrove ecosystems play in climate mitigation 

and adaptation efforts increase, so too will 

commitments from national governments to 

protect mangroves. Many countries have included 

or are moving toward including mangrove carbon 

storage as a nature-based climate solution in their 

NDCs. By providing loss estimates for mangrove 

area and carbon stocks, along with the associated 

scale of emissions, results from this assessment 

can help inform and prioritize the support 

countries and non-governmental and private sector 

organizations can provide to reduce losses and 

improve inclusion of mangroves in NDCs. National 

policy makers can leverage carbon stock estimates 

from this assessment to report on their progress 

toward national and international mangrove 

targets and goals. For those countries moving to 

include mangroves in their NDCs, results from 

this assessment can be used to guide a blue carbon 

readiness assessment and identify the best starting 

point for including mangroves in NDCs. 

Although results from this assessment are not 

intended for direct use in national greenhouse 

gas (GHG) inventories, countries can leverage 

these data to guide improvements to existing 

inventories and GHG reporting nationally. For 

countries looking to develop a GHG inventory, 

carbon stock estimates by carbon pool can be used 

to inform sourcing of regional or national studies 

for country-level blue carbon stock estimates. 

Spatial layers developed through the course of this 

assessment combined with carbon stock estimates 

can help users assess the spatial variability in 

national carbon stocks, identify hotspot regions 

for mangrove carbon storage, and track losses or 

gains in mangrove extent over time. These data 

can be paired with studies on the drivers behind 

mangrove losses, as well as regional mangrove 

restoration potential to form a suite of actionable 

mangrove information. Due to the resolution of 

the dataset (30m), results are not recommended for 

community-level carbon stock analyses of a small 

geographic area. 

The nature of the dataset developed from this 

assessment allows for easy improvements and 

updates over time. As GMW releases mangrove 

extent for additional years past 2020, the data from 

Simard et al. (2019) and Sanderman et al. (2018) can 

be used to estimate mangrove carbon stocks for 

those years. If the publication of more recent global 

datasets for mangrove AGB or SOC occurs, these 

datasets can undergo an evaluation to determine if 

they should be substituted to provide more robust 

and relevant data. The methods employed in this 

assessment ensure this dataset can continue to 

inform new editions of CWON well into the future.
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Appendix 1
Mean values for countries missing AGB and/or SOC rasters  
Several countries were missing the AGB and/or SOC rasters necessary to carry out this assessment. 
Carbon stock estimates for these countries were calculated by taking an average carbon stock value 
for each carbon pool from a neighboring country with the same climate zone. Below are the countries 
missing these data, and the average value from the substitute country.

MISSING AGB RASTER MISSING SOC RASTER

Country Substitute country
Avg. AGB value 

(t C ha-1)
Substitute country

Avg. SOC value
(t C ha-1)

American Samoa Fiji 90 Fiji 443

Bermuda Bahamas 13 - -

Bonaire, Sint Eustatius, and Saba St Kitts & Nevis 35 - -

Cook Islands Fiji 90 Fiji 443

Curaçao Aruba 14 - -

Dominica Guadeloupe 33 Guadeloupe 494

French Polynesia - - Fiji 443

French Southern Territories - - Madagascar 239

Guam - - Micronesia 503

Kiribati Tuvalu 76 Tuvalu 472

Maldives Sri Lanka 57 - -

Marshall Islands Micronesia 181 Micronesia 503

Mauritius - - Madagascar 239

Republic of Congo North Angola 130 Northern Angola 366

Saint Martin Anguilla 188 - -

Samoa - - Fiji 443

São Tomé and Principe Gabon 242 Gabon 477

Seychelles - - Madagascar 239

Sint Maarten Anguilla 188 - -

Timor Leste [Trop. Wet] Timor Leste 337 Timor Leste 364

Tonga - - Fiji 443

Tuvalu - - Fiji 443

United States [Hawaii] - - Fiji 443

Wallis & Futuna - - Fiji 443
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Appendix 2
Regional mangrove carbon stock data, 1996–2020 
The table below shows regional mangrove carbon stocks in MMT by carbon pool. Countries were grouped 
based on World Bank regional classifications.

BIOMASS

Region AGB BGB DOM SOC Total carbon

East Asia and the Pacific 525.84 217.28 148.32 2874.03 3765.47

Latin America and the Caribbean 147.95 60.47 91.99 1533.18 1833.59

Middle East and North Africa 0.38 0.30 0.06 10.28 11.02

North America 3.91 1.83 5.74 128.45 139.95

South America 51.43 21.97 19.57 179.33 272.30

Sub-Saharan Africa 138.33 58.18 65.64 1018.62 1280.77

Grand total 867.84 360.04 331.32 5,743.88 7,303.08

East Asia and the Pacific 510.70 211.16 143.62 2786.43 3651.91

Latin America and the Caribbean 146.49 59.93 89.95 1482.81 1779.18

Middle East and North Africa 0.34 0.28 0.05 9.86 10.53

North America 3.91 1.83 5.71 127.78 139.22

South America 45.21 19.31 19.49 176.88 260.90

Sub-Saharan Africa 137.43 57.81 65.24 1014.72 1275.20

Grand total 844.09 350.33 324.06 5,598.48 7,116.95

East Asia and the Pacific 501.41 207.47 140.69 2730.61 3580.18

Latin America and the Caribbean 145.18 59.39 88.42 1472.48 1765.47

Middle East and North Africa 0.31 0.25 0.04 8.81 9.41

North America 3.79 1.78 5.56 124.44 135.57

South America 51.13 21.83 19.26 171.40 263.62

Sub-Saharan Africa 136.77 57.53 64.64 1004.86 1263.80

Grand total 838.59 348.24 318.62 5,512.59 7,018.05

East Asia and the Pacific 498.03 206.11 139.50 2709.80 3553.44

Latin America and the Caribbean 144.71 59.21 87.85 1462.23 1753.99

Middle East and North Africa 0.30 0.24 0.04 8.29 8.86

North America 3.73 1.74 5.45 122.16 133.08

South America 51.09 21.80 19.31 171.92 264.13

Sub-Saharan Africa 136.57 57.45 64.55 1003.05 1261.61

Grand total 834.43 346.55 316.70 5,477.44 6,975.12
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BIOMASS

Region AGB BGB DOM SOC Total carbon

East Asia and the Pacific 496.86 205.61 139.13 2701.14 3542.74

Latin America and the Caribbean 146.09 59.81 88.74 1460.19 1754.82

Middle East and North Africa 0.29 0.23 0.04 8.10 8.66

North America 3.74 1.74 5.44 122.08 133.01

South America 45.12 19.27 19.48 176.28 260.14

Sub-Saharan Africa 135.79 57.13 64.27 1000.83 1258.01

Grand total 827.89 343.79 317.10 5,468.61 6,957.38

East Asia and the Pacific 498.45 206.31 139.70 2709.86 3554.32

Latin America and the Caribbean 145.43 59.52 88.43 1473.34 1766.73

Middle East and North Africa 0.29 0.23 0.03 8.04 8.58

North America 3.78 1.77 5.52 123.70 134.77

South America 51.20 21.81 19.34 169.74 262.08

Sub-Saharan Africa 135.34 56.93 63.80 993.64 1249.71

Grand total 834.48 346.56 316.82 5,478.33 6,976.19
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Appendix 3
Income-based carbon stock data, 1996–2020
The table below shows income-based mangrove carbon stocks in MMT by carbon pool. Countries were 
grouped based on World Bank income classifications. Nine countries do not carry an income classification 
because they either have a population under 30,000 or do not report economic statistics separately from their 
overseas sovereign. As a result, they are omitted from the discussion of carbon stocks by income and from the 
table below. These countries include Anguilla, Bonaire, Sint Eustatius and Saba, Cook Islands, French Guiana, 
French Southern Territories, Guadeloupe, Martinique, Mayotte, and Wallis and Futuna.

BIOMASS

Region AGB BGB DOM SOC Total carbon

High-income economies 77.42 28.22 38.83 653.88 798.34

Upper-middle-income economies 203.08 84.59 101.32 1747.39 2136.37

Lower-middle-income economies 530.83 223.50 159.22 2966.42 3879.97

Low-income economies 52.44 22.02 30.51 358.43 463.39

No classification 4.07 1.72 1.45 17.77 25.01

Grand total 867.84 360.04 331.32 5,743.88 7,303.08

High-income economies 76.09 27.94 37.83 638.73 780.59

Upper-middle-income economies 201.18 83.87 99.34 1699.90 2084.30

Lower-middle-income economies 510.83 215.00 155.13 2886.06 3767.02

Low-income economies 51.85 21.77 30.34 356.30 460.26

No classification 4.13 1.74 1.42 17.49 24.78

Grand total 844.09 350.33 324.06 5,598.48 7,116.95

High-income economies 74.37 27.43 36.77 620.11 758.67

Upper-middle-income economies 199.07 83.00 97.89 1692.21 2072.18

Lower-middle-income economies 509.50 214.44 152.64 2831.44 3708.01

Low-income economies 51.47 21.61 29.86 350.92 453.86

No classification 4.19 1.77 1.46 17.92 25.33

Grand total 838.59 348.24 318.62 5,512.59 7,018.05

High-income economies 73.71 27.21 36.37 612.83 750.11

Upper-middle-income economies 198.46 82.76 97.38 1682.57 2061.16

Lower-middle -income economies 506.60 213.21 151.62 2813.01 3684.43

Low-income economies 51.41 21.58 29.83 350.59 453.42

No classification 4.26 1.79 1.50 18.45 26.00

Grand total 834.43 346.55 316.70 5,477.44 6,975.12
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BIOMASS

Region AGB BGB DOM SOC Total carbon

High-income economies 73.95 27.30 36.46 614.32 752.03

Upper-middle-income economies 200.07 83.45 98.19 1679.08 2060.79

Lower-middle-income economies 498.55 209.81 151.21 2807.22 3666.77

Low-income economies 51.01 21.42 29.70 349.15 451.28

No classification 4.31 1.82 1.53 18.85 26.51

Grand total 827.89 343.79 317.10 5,468.61 6,957.38

High-income economies 73.60 27.19 36.56 616.14 753.50

Upper-middle-income economies 199.49 83.17 97.96 1692.57 2073.20

Lower-middle-income economies 506.34 213.09 151.46 2806.03 3676.92

Low-income economies 50.78 21.31 29.29 344.74 446.12

No classification 4.27 1.80 1.53 18.84 26.45

Grand total 834.48 346.56 316.82 5,478.33 6,976.19
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Appendix 4

MANGROVE AREA (HA)

Country 1996 2007 2010 2015 2018 2020

American Samoa 31 31 30 31 31 30

Angola 28,029 27,600 27,433 27,367 26,822 26,828

Anguilla 5 3 4 5 4 4

Antigua and Barbuda 854 784 834 838 878 866

Aruba 54 45 41 42 39 42

Australia 1,045,872 1,020,137 995,676 985,075 987,490 984,170

Bahamas 176,219 165,354 152,204 149,340 151,038 156,239

Bahrain 67 91 89 62 62 61

Bangladesh 453,689 458,858 457,027 455,017 457,003 457,479

Barbados 10 11 11 10 10 11

Belize 54,131 52,578 50,957 50,620 51,415 51,510

Benin 2,827 2,172 2,546 2,744 2,842 2,764

Bermuda 23 23 23 23 23 23

Bonaire, Sint Eustatius, 
and Saba

242 208 187 182 178 179

Brazil 1,098,341 1,087,165 1,078,582 1,073,331 1,089,875 1,088,746

British Virgin Islands 92 84 90 94 99 99

Brunei 10,416 10,431 10,430 10,384 10,403 10,444

Cambodia 62,629 60,512 59,285 58,821 59,043 60,054

Cameroon 186,623 187,460 187,568 187,996 187,164 187,291

Cayman Islands 4,704 4,552 4,477 4,445 4,448 4,452

China 24,835 22,182 20,389 20,969 21,270 20,948

Colombia 274,556 264,093 264,403 263,178 264,143 265,304

Comoros 94 95 94 92 95 94

Cook Islands 4 4 4 4 4 4

Costa Rica 36,430 36,820 36,771 36,627 36,376 35,379

Côte d’Ivoire 5,504 5,509 5,479 5,227 5,038 5,086

Cuba 396,605 376,557 366,547 356,890 357,668 358,060

Curaçao 44 44 44 44 44 44

Mangrove area change, 1996–2020
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MANGROVE AREA (HA)

Country 1996 2007 2010 2015 2018 2020

Democratic Republic of 
the Congo

22,661 22,666 22,467 22,459 22,486 22,513

Djibouti 862 679 606 649 672 689

Dominica 1 1 1 1 1 1

Dominican Republic 19,692 19,653 19,208 18,999 18,957 19,095

Ecuador 151,191 145,312 141,248 142,130 142,551 143,761

Egypt 310 208 185 181 190 214

El Salvador 36,394 36,600 36,660 36,316 36,396 35,970

Equatorial Guinea 24,186 24,219 24,294 24,256 24,040 24,129

Eritrea 9,068 7,678 7,156 7,209 7,326 7,130

Fiji 47,415 48,002 47,620 47,864 48,247 47,661

French Guiana 56,555 55,379 57,008 59,000 60,425 60,478

French Polynesia 123 121 119 120 122 126

French Southern 
Territories

688 688 688 688 688 688

Gabon 166,668 166,355 166,176 165,840 165,462 165,123

Gambia 59,245 60,043 59,915 59,404 59,600 59,409

Ghana 17,195 13,824 16,530 17,379 16,948 16,930

Country 1996 2007 2010 2015 2018 2020

Grenada 185 186 186 185 183 185

Guadeloupe 3,363 3,370 3,381 3,374 3,383 3,366

Guam 48 48 48 48 48 49

Guatemala 24,376 23,800 23,990 23,969 24,314 24,291

Guinea 218,694 218,384 215,580 214,585 212,201 210,196

Guinea Bissau 265,844 266,521 261,494 261,960 259,947 258,812

Guyana 28,060 27,516 27,033 26,468 26,084 25,583

Haiti 16,699 15,656 15,192 14,835 14,937 15,055

Honduras 61,110 62,103 62,702 60,677 60,619 58,733

India 413,625 406,842 402,036 406,728 410,717 403,363

Indonesia 2,971,305 2,853,360 2,783,550 2,760,939 2,741,655 2,756,623

Iran 15,093 12,416 11,276 11,626 11,105 10,841

Jamaica 10,499 10,903 10,565 9,943 9,701 9,720

Japan 1,077 1,069 1,056 1,051 1,052 1,072
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MANGROVE AREA (HA)

Country 1996 2007 2010 2015 2018 2020

Kenya 52,180 51,424 51,422 51,088 51,316 51,417

Kiribati 4 4 4 4 4 4

Liberia 17,776 17,941 17,998 17,944 17,774 17,331

Madagascar 279,244 274,388 271,735 271,442 271,950 272,347

Malaysia 505,760 503,450 501,362 498,641 497,752 496,980

Maldives 94 94 94 94 94 94

Marshall Islands 31 31 31 31 31 31

Martinique 1,888 1,885 1,892 1,890 1,881 1,910

Mauritania 314 304 281 302 265 338

Mauritius 553 426 391 387 379 397

Mayotte 658 669 673 661 663 655

Mexico 1,060,978 1,030,822 999,487 993,549 1,011,253 1,001,686

Micronesia 8,670 8,347 8,586 8,651 8,651 8,312

Mozambique 317,503 314,667 306,371 306,144 305,497 296,742

Myanmar 573,699 540,412 529,443 515,348 515,474 523,396

New Caledonia 33,478 32,941 32,613 32,648 33,211 33,954

New Zealand 33,913 35,069 35,283 35,303 35,334 34,673

Nicaragua 74,389 75,192 75,729 74,116 74,081 72,334

Nigeria 818,290 811,657 805,897 803,313 799,541 798,107

Oman 175 145 140 141 128 140

Pakistan 103,802 95,176 89,856 88,786 94,002 80,739

Palau 5,418 5,455 5,462 5,462 5,509 5,444

Panama 149,236 149,979 149,642 149,274 148,487 146,350

Papua New Guinea 446,884 448,041 446,224 444,372 442,860 440,473

Peru 5,389 4,941 4,845 4,847 5,117 5,144

Philippines 282,169 274,115 267,576 267,671 270,048 271,781

Puerto Rico 8,536 8,857 8,603 8,530 8,549 8,184

Qatar 449 455 450 445 478 483

Republic of the Congo 1,968 1,968 1,960 1,946 1,944 1,955

Saint Kitts and Nevis 33 34 34 32 32 33

Saint Lucia 158 159 158 157 157 157

Saint Martin 1 1 1 1 1 1
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MANGROVE AREA (HA)

Country 1996 2007 2010 2015 2018 2020

Saint Vincent and the 
Grenadines 31 30 30 30 30 31

Samoa 227 230 233 229 222 224

São Tomé and Principe 46 46 46 46 46 46

Saudi Arabia 9,992 11,493 9,210 7,320 7,058 7,089

Senegal 123,059 125,636 124,564 124,009 123,455 123,372

Seychelles 365 366 365 365 364 365

Sierra Leone 153,140 152,635 151,021 151,409 150,098 144,318

Singapore 797 732 716 691 664 661

Sint Maarten 6 6 6 6 6 6

Solomon Islands 50,492 50,687 50,651 50,233 50,119 50,326

Somalia 3,482 3,387 3,339 3,325 3,321 3,272

South Africa 2,786 2,858 2,841 2,885 2,889 2,878

Sri Lanka 24,772 21,906 17,194 17,940 18,956 17,372

Sudan 1,422 987 784 705 699 636

Suriname 72,277 71,789 75,494 78,327 77,924 76,807

Taiwan 192 212 222 215 170 163

Tanzania 108,730 107,281 106,180 105,860 106,022 105,079

Thailand 249,497 240,966 234,657 234,842 236,236 240,579

Timor Leste 1,289 1,010 1,258 1,267 1,001 1,276

Togo 18 13 12 12 11 15

Tonga 1,066 1,054 1,081 1,098 1,085 1,052

Trinidad and Tobago 8,009 7,943 7,938 7,920 7,997 7,899

Turks and Caicos Islands 21,255 15,048 12,774 13,821 14,617 15,474

Tuvalu 9 9 9 9 9 9

United Arab Emirates 7,892 8,361 8,037 7,462 7,656 7,680

United States 251,924 250,247 243,846 239,129 238,635 242,125

United States Virgin 
Islands

263 250 254 264 261 257

Vanuatu 1,599 1,607 1,613 1,615 1,617 1,550

Venezuela 275,611 274,320 272,748 273,103 274,817 274,982

Vietnam 190,141 183,947 179,663 178,556 177,984 178,452

Wallis and Futuna 29 29 29 29 29 29

Yemen 2,025 1,787 1,671 1,652 1,552 1,513
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Appendix 5

MANGROVE AREA (HA)

Country 2007-1996 2010-2007 2015-2010 2018-2015 2020-2018 2020-1996

American Samoa -2.73 -1.42 -0.42 -0.12 -1.48 -6.03

Angola 0.14 -0.01 -0.44 0.18 0.39 0.27

Anguilla -0.19 -0.11 -0.20 -0.23 -0.20 -0.93

Antigua and Barbuda -19.60 19.57 5.14 -2.48 -0.11 -1.54

Aruba 0.26 -0.41 -0.42 -0.34 -0.54 -1.43

Australia -22.97 -8.22 -1.02 -2.07 4.75 -28.21

Bahamas 3.76 -2.87 -0.85 0.22 -4.27 -4.12

Bahrain -1.02 -0.79 -0.49 1.54 -0.10 -0.87

Bangladesh 0.00 0.00 0.00 0.00 0.00 0.00

Barbados -2.46 -2.40 -1.06 0.25 -0.34 -5.90

Belize -2.85 -2.39 0.04 0.89 0.64 -3.68

Benin 10.00 0.00 -9.09 0.00 10.00 10.00

Bermuda 1.06 -1.05 -2.13 3.26 -1.05 0.00

Bonaire, Sint Eustatius, 
and Saba

-3.89 -2.80 0.62 0.30 0.85 -4.91

Brazil 0.00 -3.23 3.33 0.00 -3.23 -3.23

British Virgin Islands 0.57 0.16 -0.94 0.22 -1.17 -1.17

Brunei -15.33 -6.80 0.74 1.62 -2.68 -21.37

Cambodia -14.05 -10.10 -2.67 -2.20 0.56 -26.03

Cameroon 2.58 -0.59 1.55 0.14 -0.38 3.30

Cayman Islands -0.14 -1.28 -0.46 -1.11 -0.94 -3.89

China -3.26 -2.33 -0.62 -0.32 0.26 -6.15

Colombia 0.50 0.37 0.12 0.12 -4.14 -3.06

Comoros 0.00 0.00 0.00 0.00 0.00 0.00

Cook Islands -40.00 33.33 25.00 -20.00 0.00 -20.00

Costa Rica -0.20 -2.26 -1.09 -0.22 0.73 -3.03

Côte d’Ivoire 0.00 0.00 0.00 0.00 0.00 0.00

Cuba -2.87 -3.08 -0.66 1.57 0.18 -4.84

Curaçao -1.74 -0.97 -0.11 0.19 0.15 -2.47

Percent area change, 1996–2020
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MANGROVE AREA (HA)

Country 2007-1996 2010-2007 2015-2010 2018-2015 2020-2018 2020-1996

Democratic Republic of 
the Congo

-0.16 0.37 -0.11 -0.48 1.54 1.17

Djibouti 0.14 0.31 -0.16 -0.89 0.37 -0.24

Dominica -0.81 -0.71 -0.32 -0.47 -0.18 -2.47

Dominican Republic -3.38 -2.03 -0.78 0.38 1.71 -4.11

Ecuador -1.45 0.00 -0.65 0.45 0.20 -1.46

Egypt 0.63 -0.63 -0.63 0.00 0.00 -0.63

El Salvador 1.62 0.96 -3.23 -0.10 -3.11 -3.89

Equatorial Guinea 0.68 0.13 0.00 0.86 -1.18 0.48

Eritrea -2.08 2.94 3.49 2.42 0.09 6.94

Fiji -5.80 -2.03 -2.66 0.02 1.54 -8.77

French Guiana -0.82 -0.06 -0.23 0.97 -1.23 -1.37

French Polynesia -3.97 -2.45 -0.81 -0.70 0.55 -7.23

French Southern 
Territories

0.00 0.00 0.00 0.00 2.08 2.08

Gabon 0.45 0.06 0.23 -0.44 0.07 0.36

Gambia 1.35 -0.21 -0.85 0.33 -0.32 0.28

Ghana -8.70 7.14 4.44 5.32 0.00 7.61

Grenada -1.33 -1.03 -0.30 0.15 -0.89 -3.36

Guadeloupe 5.94 -3.88 -7.15 2.60 0.31 -2.69

Guam -17.14 -3.45 0.71 -9.22 9.38 -20.00

Guatemala 0.93 0.32 -0.30 -0.95 -2.49 -2.50

Guinea 0.27 -0.27 0.00 -0.27 0.27 0.00

Guinea Bissau -1.63 -1.65 0.84 1.67 3.28 2.44

Guyana -3.73 2.86 0.76 0.00 -3.92 -4.13

Haiti -8.31 -1.94 0.04 5.57 0.53 -4.55

Honduras -3.23 -1.65 -0.71 0.07 0.09 -5.36

India 0.00 0.00 0.00 0.00 0.00 0.00

Indonesia -29.20 -15.11 8.20 5.76 5.86 -27.20

Iran 0.39 -0.07 -0.83 -0.23 0.41 -0.33

Jamaica -0.33 -1.06 0.26 -0.87 -3.85 -5.76

Japan -8.31 -5.59 -1.19 5.87 -14.11 -22.22

 l A P P E N D I X  5
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MANGROVE AREA (HA)

Country 2007-1996 2010-2007 2015-2010 2018-2015 2020-2018 2020-1996

Kenya 0.00 0.00 0.00 0.00 0.00 0.00

Kiribati 0.00 0.00 0.00 0.00 0.00 0.00

Liberia 2.09 -0.85 -0.45 -0.45 -0.07 0.25

Madagascar 1.24 -0.80 0.51 0.80 -1.21 0.52

Malaysia -16.67 -8.89 2.44 -7.14 7.69 -22.22

Maldives 0.00 0.00 0.00 0.00 0.00 0.00

Marshall Islands -8.16 -2.19 -3.49 -3.91 -0.45 -17.06

Martinique 0.25 -1.89 0.18 -0.77 -0.44 -2.65

Mauritania -3.18 -7.57 7.47 -12.25 27.55 7.64

Mauritius 0.00 0.00 0.00 0.00 0.00 0.00

Mayotte 0.00 0.00 0.00 0.00 0.00 0.00

Mexico -3.81 0.12 -0.46 0.37 0.44 -3.37

Micronesia 3.85 -3.10 -5.89 -2.43 0.20 -7.42

Mozambique 1.14 -0.40 -0.44 0.44 0.10 0.84

Myanmar -11.57 -21.51 4.34 5.66 -8.36 -29.87

New Caledonia 35.82 -2.20 -30.34 0.00 -1.61 -8.96

New Zealand -6.25 -2.96 -2.35 0.69 0.79 -9.84

Nicaragua -1.53 -0.61 -0.24 -1.99 0.02 -4.28

Nigeria -3.23 0.00 0.00 0.00 3.33 0.00

Oman -2.36 0.80 -0.09 1.44 -0.09 -0.35

Pakistan 0.00 0.00 0.00 0.00 0.00 0.00

Palau 10.42 4.72 -3.15 -20.93 -4.12 -15.10

Panama 1.07 -0.13 -0.39 -0.69 -2.74 -2.88

Papua New Guinea -21.23 -10.75 7.10 3.54 2.53 -20.07

Peru 0.50 -0.22 -0.25 -0.53 -1.44 -1.93

Philippines -6.17 -7.95 -1.88 1.14 3.44 -11.34

Puerto Rico -0.67 -2.56 -1.93 -0.21 1.46 -3.89

Qatar 1.67 0.60 -1.78 0.30 -1.21 -0.46

Republic of the Congo 0.00 0.00 0.00 0.00 0.00 0.00

Saint Kitts and Nevis -2.84 -3.04 -0.59 1.78 -0.95 -5.59

Saint Lucia -3.42 -2.62 0.08 0.59 1.84 -3.57

Saint Martin -4.94 1.60 3.94 -1.14 -1.53 -2.28

Saint Vincent and the 
Grenadines

-1.64 -1.18 1.17 0.98 -1.79 -2.48
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MANGROVE AREA (HA)

Country 2007-1996 2010-2007 2015-2010 2018-2015 2020-2018 2020-1996

Samoa 15.02 -19.86 -20.52 -3.58 0.44 -29.05

São Tomé and Principe 3.41 0.61 0.06 0.09 -1.87 2.24

Saudi Arabia 0.00 -0.41 -0.71 -0.10 0.57 -0.66

Senegal 0.54 0.00 -0.54 -1.08 1.09 0.00

Seychelles -1.60 -1.00 0.11 1.72 2.24 1.42

Sierra Leone -0.68 5.16 3.75 -0.51 -1.43 6.27

Singapore -30.59 -20.57 -10.08 -0.85 -9.01 -55.27

Sint Maarten -23.17 17.22 7.78 3.57 -2.74 -2.23

Solomon Islands -17.74 -9.18 3.10 -4.48 -2.38 -28.17

Somalia 3.03 0.00 -5.88 0.00 3.13 0.00

South Africa 1.34 -1.10 -1.11 7.42 1.05 7.57

Sri Lanka 0.00 0.00 0.00 0.00 0.00 0.00

Sudan 0.00 0.00 0.00 0.00 0.00 0.00

Suriname 1.32 1.30 -1.72 -3.06 0.90 -1.32

Taiwan -32.90 -11.06 -2.16 4.97 12.63 -30.97

Tanzania 0.21 0.33 -0.21 0.27 -0.50 0.09

Thailand -5.05 -2.66 -2.63 0.22 0.11 -9.72

Timor Leste 0.09 -0.54 -4.60 -3.62 0.95 -7.59

Togo -8.20 6.38 0.48 4.77 -1.37 1.41

Tonga -0.89 -2.64 -0.07 -0.21 -2.87 -6.54

Trinidad and Tobago 1.08 0.71 -2.13 -0.05 -2.36 -2.76

Turks and Caicos Islands -21.64 24.55 0.72 -20.99 27.47 -1.01

Tuvalu -27.78 -7.69 0.00 -8.33 36.36 -16.67

United Arab Emirates 0.02 -0.88 -0.04 0.12 0.12 -0.65

United States -0.47 -0.57 0.13 0.63 0.06 -0.23

United States Virgin 

Islands
-1.13 2.56 1.57 -1.18 -3.04 -1.31

Vanuatu -1.94 -1.76 -2.09 -1.45 -1.92 -8.83

Venezuela -0.46 -0.41 -0.54 -0.18 -0.16 -1.74

Vietnam -11.75 -6.49 -1.14 -6.05 -2.51 -25.28

Wallis and Futuna -10.68 -8.08 2.84 1.44 -1.51 -15.65

Yemen -0.74 -1.22 -0.47 0.10 1.90 -0.46
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