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EXECUTIVE SUMMARY 
• Land-based approaches to climate mitigation, especially avoided conversion of forests and 

reforestation, have the potential to meet Madagascar’s emissions reduction targets set under its 
nationally-determined contribution (NDC) several times over.  

• Avoided forest conversion has the largest overall potential for climate mitigation. Because of large 
differences in carbon density among Madagascar’s different forest types, the potential for emissions 
mitigation from avoided forest conversion is concentrated in the eastern rainforest – particularly at 
higher elevations – and in small pockets of conversion of highly carbon-dense mangrove systems 
along the country’s west coast.  

• Madagascar’s forests are very fragmented with relatively small parts of the country’s remaining 
forests designated as Intact Forest Landscapes. These remaining landscapes are generally in the 
higher elevation parts of the eastern rainforests where carbon density is highest, indicating a strong 
overlap of biodiversity priorities with climate priorities in those ecosystems.  

• In the years since the present drought began, deforestation rates have increased in many parts of 
the country; however, patterns have been mixed. Deforestation has generally increased in most of 
the eastern rainforest. In the southwest, forest clearing seems to have slowed since 2018. In the 
center-west region of Menabe, deforestation trends are very dynamic with some areas having seen 
rapid increases in deforestation while adjacent areas have seen significant decreases.  

• Reforestation has been prioritized by the Ministry of Environment and Sustainable Development 
(MEDD) in six regions of the country: three in the central dry forests and three in areas of 
significant mangroves. Because of the ecosystem type present, natural forest regeneration in the 
central dry forests may not have large carbon benefits per unit area. Mangrove restoration may 
result in significantly higher carbon benefits; however, because so much of mangrove carbon storage 
is below ground, there is a high level of uncertainty regarding the time frame of the climate benefits 
that result from mangrove restoration and regarding the scale of the benefits that would accrue in 
the short- to medium-term.  

• Mangrove loss has been uneven throughout the country. The mangrove area that currently has the 
largest extent, Mahajamba Bay, saw only modest loss of 0.33% per year between 2000 and 2010. 
However, other areas saw much faster rates of loss with several mangrove areas being lost at rates 
higher than 2% per year. One medium-sized area in the Melaky Region declined at a rate of more 
than 4% per year between 2000 and 2010.    

• Promoting agroforestry practices in crops such as vanilla and cacao can lead to carbon benefits 
relative to more intensive approaches. This study was not able to identify Madagascar-specific 
carbon density estimates for these systems; however, experience in other countries has reliably 
shown positive climate benefits of agroforestry. There is potential for agroforestry systems to 
generate carbon credits under at least one verified methodology that has been designed with 
smallholder farmers in mind. Carbon crediting could improve the financial sustainability of efforts to 
promote agroforestry production systems.  
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INTRODUCTION 

The United States Agency for International Development’s (USAID’s) sustainable landscapes (SL) 
programs (also known as natural climate solutions) promote and enable activities that lead to reductions 
in land-based greenhouse gas (GHG) emissions. To support those efforts, the Productive Landscapes 
(ProLand) project is developing a series of Sustainable Landscapes Opportunities Analyses (SLOAs) for 
several countries, including Madagascar.  

Our approach to prioritization of opportunities was to evaluate a given activity with respect to four 
fundamental components:  

1. Magnitude of potential emissions reduction or sequestration enhancement; 

2. Likelihood of success;  

3. Cost per unit of emissions reduction/sequestration; and 

4. Non-GHG effects of the activity. 

There is no single best way to prioritize SL investments. Prioritization exercises will differ depending on 
the specific goals of the decision-makers undertaking the exercise. Some questions that may help frame 
how best to approach prioritization are:  

• Is the goal of the program to maximize climate mitigation for a given level of investment? Should the 
program also prioritize other goals, such as livelihood benefits or biodiversity conservation?  

• Are there specific geographies that a program should target or avoid, for reasons of feasibility or 
compatibility with other programs?  

• Are there other existing or planned investments that an SL program should be designed to 
complement?  

The goals of the present report are to familiarize the reader with possible SL interventions in 
Madagascar; to evaluate the magnitude of the climate mitigation potential of each of those interventions; 
to gather spatially-explicit data showing what parts of the country could be prioritized for different 
interventions; and to identify gaps and limitations in the existing data.   
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NATIONAL POTENTIAL FOR NATURAL 
CLIMATE SOLUTIONS IN MADAGASCAR 
Greenhouse gas (GHG) emissions in Madagascar come predominantly from the land-based sectors: 
agriculture, forestry, and land use change. These sectors, often collectively referred to as Agriculture, 
Forestry, and Other Land Use (AFOLU), represent 80.5% of Madagascar’s national emissions. The 
majority of this is from the agriculture sector, which is responsible for 22.67 million metric tons (Mt) of 
carbon dioxide equivalent (CO2e) per year, or 54.7% of the national total. Land use, land cover change, 
and forestry are together responsible for 10.72 MtCO2e or 25.9% of the national total (Table 1; WRI, 
2021).  

Table 1: Greenhouse gas emissions in Madagascar by sector (WRI, 2021).  

Emissions sector 

Greenhouse Gas Emissions 
in 2018 

Emissions 
(MtCO2e) 

Percentage of 
National Total 

Agriculture 22.67 54.7% 

Land Use and Forestry 10.72 25.9% 

Energy 5.93 14.3% 

Industrial Processes 1.06 2.6% 

Waste 0.91 2.2% 

Bunker Fuels 0.17 0.4% 

 

Values in Table 1 are based on emissions sectors as defined by the Intergovernmental Panel on Climate 
Change (IPCC). The agriculture sector includes emissions from agricultural lands such as enteric 
fermentation from livestock, emissions from manure management, methane from rice cultivation, 
emissions from agricultural soils, and emissions resulting from fertilizer application. The emissions that 
result from fossil fuel use by farm equipment are not counted in the agriculture sector but rather in the 
energy sector. The energy sector includes all processes that similarly result in direct fuel combustion as 
well as electricity production and other forms of energy production. The land use and forestry category 
includes land clearing for permanent croplands or pastures, shifting cultivation, abandonment of 
agricultural land and associated vegetation regrowth, and wood harvest (including charcoal production).  

It is also important to note that the land use and forestry category includes estimates for net forest 
conversion but does not disaggregate between emissions and sequestration. This means that the gross 
emissions in the land use and forestry category are much higher than the net figure suggests on its own. 
The WRI dataset is also significantly more conservative than some other estimates, particularly those 
made by Global Forest Watch (GFW; 2021). GFW estimates that between 2001 and 2020, forest 
change in Madagascar resulted in emissions that averaged 101.0 MtCO2e per year while forest growth 
resulted in sequestration of 70.6 MtCO2e per year. Together these resulted in net annual emissions of 
30.4 MtCO2e. Most of Madagascar’s closest neighbors on the African continent in fact saw net annual 
removals resulting from forest change – i.e. sequestration resulting from forest growth was greater than 
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emissions resulting from forest loss. In Mozambique, net GHG removals resulting from forest change 
were -20.7 MtCO2e per year; in Zambia -15.6 MtCO2e per year; Tanzania -28.3 MtCO2e per year; and 
Malawi -1.1 MtCO2e per year 

Land-based climate mitigation approaches, referred to as Natural Climate Solutions (NCS) by Griscom 
et al. (2018; 2020) and others, have significant potential to reduce Madagascar’s GHG emissions. 
Madagascar could reach the entirety of its nationally determined contribution (NDC)1 annual target of a 
30 MtCO2e reduction in emissions in the land sector alone (Nogueira et al. 2020).  

Griscom et al. (2018; 2020) assessed the potential of NCS pathways both globally and for individual 
countries, including Madagascar. These two papers assessed both the maximum mitigation for these 
pathways (with safeguards for food and fiber preduction and biodiversity protection) as well as the 
mitigation potential that is cost effective. Griscom et al. (2018; 2020) define cost effectiveness by 
assuming that the social cost of carbon – i.e., the economic damage that would result from emitting 
carbon dioxide – will be $100 US per ton in 2030. They then define any emissions reductions that can 
be accomplished at a lower cost to be cost effective. Figure 1 below shows the cost-effective potential 
of NCS pathways in Madagascar while Table 2 shows both the maximum potential as well as the cost-
effective potential (the latter being a subset of the former). 

 

Figure 1: Annual cost-effective mitigation potential of 12 Natural Climate Solutions in Madagascar. 

More than three quarters of the cost-effective mitigation potential of NCS assessed in Madagascar sits in 
two categories (Figure 1). Avoided forest conversion represents 55.8 MtCO2e of cost-effective 

 

1 Madagascar’s NDC is in the process of being updated at the time of writing of this report. A revised version 
will be presented at the UNFCCC Conference of the Parties in November 2021.  
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mitigation potential nationally (55.7% of assessed total nationally) and reforestation represents 21.4 
MtCO2e of cost-effective potential (21.4% of assessed total). Both of these values also represent 
mitigation potential that would respect safeguards for biodiversity and for maintaining supply of food and 
fiber.    

The estimates by Griscom et al. (2018) indicate that mangrove conservation and restoration in 
Madagascar has a relatively low potential at national scale for climate mitigation (Table 1). This is a result 
of mangroves covering a relatively small area compared to other land cover types. Mangroves can have a 
very important climate mitigation potential when assessed on a per-unit-area basis, however, in addition 
to playing an important role in mitigating coastal degradation. This is discussed further in the section on 
mangroves, below.   

Note, three of the pathways evaluated at national scales by Griscom et al. (2018; 2020) – integrating 
legumes into grazing systems; improving fire management in savannas; and improving crop nutrient 
management – were not assessed for Madagascar and are not included in Table 1. Emissions from 
synthetic fertilizer use in Madagascar are relatively low (0.12 MtCO2e per year in 2019 per FAOSTAT), 
suggesting that the opportunities for emissions reduction by improving crop nutrient management are 
likely to be low. However, emissions from enteric fermentation are 9.8 MtCO2e per year while 
emissions from savanna fires are 2.2 MtCO2e per year (data from 2019; FAOSTAT 2021). Emissions 
from savanna fires are generally linked to grazing for zebu (Malagasy beef) and contribute to soil 
degradation in addition to GHG emissions. These substantial emissions suggest that there may in fact be 
significant opportunities for climate mitigation through legume integration into grazing and by improving 
savanna fire management. However, we do not have data to estimate the scale of that potential.  

Table 2: National annual potential for land-based climate mitigation pathways (Natural Climate Solutions) showing both 
maximum total potential as well as the cost-effective potential assuming a social cost of carbon of $100 per ton CO2 
equivalent. Values from Griscom et al. 2018 and 2020.  

Pathway 

Mitigation potential (with 
safeguards) in MtCO2e 

Maximum 
potential 

Cost-effective 
potential 

Avoided forest conversion 69.7 55.8 

Reforestation No estimate 21.4 

Trees in agricultural lands 30.0 17.4 

Improved rice cultivation No estimate 1.66 

Optimal grazing intensity 1.78 1.07 

Reduced woodfuel harvest 3.15 0.95 

Avoided peat impacts 0.94 0.85 
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Pathway 

Mitigation potential (with 
safeguards) in MtCO2e 

Maximum 
potential 

Cost-effective 
potential 

Peat restoration 1.78 0.85 

Improved natural forest management 0.87 0.67 

Avoided mangrove loss 0.61 0.55 

Mangrove restoration 0.19 0.06 
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FOREST COVER CHANGE AND EMISSIONS 
FROM FOREST LOSS 
Forest loss in Madagascar has several direct drivers, the most important of which is conversion to 
agriculture (USAID, 2019). Forest loss also results from fuel wood and charcoal extraction, timber 
harvest, fire, and mining. Fuel wood, charcoal, and timber harvest generally lead to forest degradation 
rather than deforestation, although they can contribute to deforestation by increasing the economic 
incentive to clear land for agriculture.  

The National REDD+ Strategy (NRS; MEEF, 2018) assumes rates of forest loss that average 121,692 ha 
per year for the years 2005 to 2013 (the most recent data included in the NRS). This is generally 
consistent with estimates by Global Forest Watch (GFW, 2021) that indicate an average of 146k 
hectares lost per year over the 2005 – 2013 period. Of that 146k tree cover lost between 2005 and 
2013, 34.9k ha was humid primary forest. In the years since, the rate of loss of humid primary forest 
more than doubled to an average of 75.4k hectares per year between 2014 and 2020.    

 

Figure 2: Total area of loss of humid primary forest in each year from 2002 to 2020 as estimated by Global Forest Watch 
(2021) based on methodology from Hansen et al. (2013).   

As noted in USAID’s recent 118/119 report (USAID, 2019), deforestation rates have historically been 
highest in the eastern rainforest; however, in recent years, parts of the western and southwestern 
regions of Madagascar have seen the highest deforestation rates nationally (Figure 3). Data from GFW 
(Figure 2) show that rates of loss of humid primary forest Madagascar generally increased from 2001 to 
2017 when they peaked at 98,100 hectares. Deforestation rates have since declined from that 2017 peak 
with the 2020 rate of forest clearing being 52,800 hectares. As of 2020, it is estimated that only 81.2% of 
the primary forest that existed in 2001 is still standing (GFW).  

Forest loss is a pressing threat to landscapes surrounding Madagascar’s protected areas and in some 
cases within protected areas. A visual assessment of data from GFW (Figure 3) shows that several 
protected areas were essentially surrounded by recent (2018-2020) forest loss; this included 
Ranomafana National Park, Mantadia National Park, Mangerivola Special Reserve, and Ambatovaky 
Special Reserve. There is also extensive forest loss along most of the eastern and northern borders of 
one of Madagascar’s largest protected areas: Masaola National Park. In some cases, protected areas 
appear to have had significant forest loss even within their borders in recent years (2018-2020). 
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Protected areas where internal forest loss was observed include Befotaka Midongy National Park, 
Ankarafantsika National Park, and Andranomena Special Reserve. 

 

Figure 3: Deforestation pattern in 2001-2017 (left panel) and 2018-2020 (right panel).  

The location of forest loss (Figure 3) has important implications for GHG emissions resulting from that 
loss. Figure 4 shows tree cover (left panel) as well as total aboveground carbon (right panel). It is 
apparent that areas of high carbon density are much less extensive than areas of elevated tree cover. 
From an emissions perspective, the humid forests at higher elevations store significantly more carbon 
per area than the humid forests at lower elevations (presumably because of more advanced degradation 
at lower elevations). All humid forests store significantly more carbon than either the dry forests that 
predominate in most of Madagascar or the spiny forests in the south. The difference in carbon density 
between the humid forests and the dry forests is about four-fold, on average, while the average gap 
between humid forests and spiny forests is more than ten-fold (MEEF, 2017). In addition to storing far 
more carbon, the humid forests are the location of nearly all of Madagascar’s intact forest landscapes 
(IFL) as assessed by the World Wildlife Fund (Figure 5).  
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Figure 4: Comparison mapping of tree cover (left panel) versus carbon stored in aboveground biomass (right panel).  

Comparing the forest loss map (Figure 3) with the forest carbon map (Figure 4; right panel) provides 
some clear takeaways: 

• The forests of central Sofia region represent a center of deforestation; however, lower carbon 
density in that region means that deforestation has less of a climate impact than deforestation in the 
eastern rainforest.  

• Forest clearing has a relatively diffuse pattern throughout the eastern rainforest; however, higher 
carbon density at higher elevations mean that the greatest climate impact by far is in the high 
elevation forests.  

• Patterns of forest clearing in Menabe tend to be more intensive but localized (as opposed to the 
more diffuse pattern in the eastern rainforest). As a result, some of the areas of greatest forest 
carbon loss per area are found in Menabe; however, these areas have a limited total extent.  
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Figure 5: Intact Forest Landscapes (IFL) indicating areas of loss of IFL between 2000 and 2013 (orange), areas of loss 
between 2013 and 2016 (pink), and areas that remained IFL in 2016 (green). Data from Intact Forest Landscapes (2018). 

CHANGES IN DEFORESTATION PATTERNS SINCE THE BEGINNING OF THE 
DROUGHT 

Figure 3 shows rates of tree cover loss in the 2001-2017 time period (left) and the 2018-2020 time 
period (right). Although the years 2018-2020 all showed lower rates of deforestation than the peak year 
in 2017, when looking at national totals, for the most part, the areas of greatest forest loss were similar 
between the two periods: specifically, the most important areas of forest loss were throughout the 
lowland humid forests on the east coast with secondary hotspots of loss on the west side of the island, 
particularly in Diana and Menabe regions (Figure 3). Despite these general similarities, however, there 
are some areas of the country where deforestation rates were significantly greater in 2018-2020 than 
they were in the 2001-2017 period (Figure 6). The unprecedented and ongoing drought in southern 
Madagascar has been suggested anecdotally to have increased deforestation rates in some parts of the 
country, and there are indeed areas where forest clearing has accelerated in recent years.   

Figure 6 presents an analysis that compares deforestation rates in 2001-2017 with rates in 2018-2020. 
Areas shaded blue show where annual rates of tree clearing were lower in 2018-2020 than they had 
been in 2001-2017. Areas shaded red show where rates of tree clearing increased in 2018-2020. 
Patterns of deforestation change show an across-the-board increase in loss of tree cover throughout 
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most of the eastern rainforest. The pattern in the dry forest in the west and southwest is somewhat 
different – there, there are pronounced patches of change where either deforestation rates have 
increased sharply or have decreased sharply (see the number of patches of dark red adjacent to dark 
blue).      

Other areas where the rate of deforestation appears to have increased significantly since 2018 are in the 
dry forests of central Sofia and the humid forests of central Sava. There are patches of intensifying 
deforestation throughout the humid forest in the east, particularly in a narrow band at the upper 
elevations. This is particularly visible in the center-east and the southeast (Figure 6).   
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Figure 6: Change in average annual deforestation rate from the 2001-2017 period to the 2018-2020 period. Shades of red 
indicate that deforestation was higher in the three most recent years than in the 2001-2017 period, while shades of blue 
indicate that deforestation was lower in the recent years. Darker color in either red or blue indicates a more pronounced 
change between the periods.  
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Figure 7: GLAD Alerts for the first half of 2021 (January 1 – August 5) aggregated to 1200m pixels to illustrate areas with 
more or less predicted forest disturbance.  

GLAD alerts provide an indication of probable deforestation events in near-real time. We analyzed 
GLAD alerts for the first half of 2021 to provide the most up-to-date picture of deforestation trends 
possible. Figure 7 is a map that shows the density of GLAD alerts across the country between January 
2021 and the beginning of August 2021. Patterns are generally consistent with the tree cover loss 
detected from 2018-2020 that is shown in Figure 5, with the potentially notable absence of much forest 
clearing in central Sofia Region in 2021.  
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ASSESSMENT OF RESTORATION 
POTENTIAL  
Reforestation and assisted natural regeneration (ANR) both have significant potential for climate 
mitigation in Madagascar. According to global estimates by Griscom et al. 2020, the cost-effective 
potential2 for reforestation in Madagascar, while respecting safeguards for food and fiber production, is 
21.4 MtCO2e per year – roughly comparable to emissions from the entire agriculture sector.  

The government of Madagascar has identified 15 regions as priority areas for activities under the 
national REDD+ program (MEEF, 2018; Figure 8). They identify areas of priority for forest conservation 
(pink and red in the map below with the four regions in red being the areas of highest priority for 
conservation) as well as six regions that are the highest priority for reforestation. Three of the regions 
that the government prioritizes for reforestation are the three northwest coastal regions of Diana, 
Melaky, and Boeny where the MEDD’s priority is reforestation of mangrove ecosystems. The other 
three regions prioritized for reforestation are in the central dry forests in the regions of Itasy, 
Vakinankaratra, and Haute Matsiatra.  

Data on ANR is much more limited, and we do not believe there is a national-scale estimate we can 
point to for the overall potential of ANR. However, we do have estimates of post-forest clearing 
biomass carbon that can be an indicator of the potential for ANR. In the dry forests that are the 
dominant forest type across the majority of the country’s area – and that are the predominant forest 
type in all six of the GoM’s priority regions for reforestation – the emissions impact of ANR is likely 
quite limited. Raharimalala et al. 2012 found that post-deforestation plots in the dry forests of central 
Menabe had only sequestered about 4.3 tons CO2e total per hectare after ten years in the trees and 
shrubs that had regrown. That total sequestration was 30.0 tons after 20 years and 115.3 tons after 40 
years – a rate of sequestration of about 2.9 tons per hectare per year over the 40-year time horizon. 
This 2.9 tCO2e of sequestration per year in regenerating dry forest can be compared to the emissions of 
532.6 tCO2e per hectare – 184 times greater – that would be expected to result from the clearing of 
one hectare of Madagascar’s humid forests.  

In the humid tropical forests that store the majority of Madgascar’s forest carbon, we have not been 
able to find a similar study showing the rate of carbon sequestration during natural regeneration. 
Research by Andriamananjara et al. (2016) on land cover post-deforestation in humid forests in 
Madagascar found that post-deforestation carbon stocks ranged from 8.3 tC/ha on degraded lands, to 
10.8 tC/ha on tree fallow, to 10.9 tC/ha on shrub fallow. Estimates are that the average humid forest in 
mature state in Madagascar stores 127.7 tC/ha. We have not been able to identify studies that show the 
rate of regrowth over time in Madagascar; i.e. how many years it takes for the stand to recover from 
the 10.8 tons of carbon to the 127.7 tons.  

The Verra3 carbon project registry, formerly the Voluntary Carbon Standard, includes one registered 
reforestation project in Madagascar. That project is operated by EcoFormation and is located in 
Bekoratsaka District in the Sofia region. That project has reforested 6,000 hectares with a combination 
of fast-growing exotic species as well as slower-growing indigenous species. The estimated annual 

 

2 Griscom et al. 2020 did not calculate maximum potential for reforestation, only the cost-effective potential. 

3 http://verra.org 
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emissions reductions from that project are 94,452 tons CO2 per year, which is slightly more than 15 
tons per hectare that has been reforested (note, these are annual reductions, not total reductions).  

 

Figure 8: Priority regions for forest conservation and reforestation identified by the national REDD+ program.  

In addition to the one Verra-registered reforestation project in Madagascar, there are four registered 
REDD+ or avoided deforestation projects. Those are summarised in Table 3 below. Forest Trends’ 
State of the Voluntary Carbon Market 2021 (Forest Trends, 2021) reported that the average credit 
price for forest-based emissions reductions (REDD+ or otherwise) was $5.59 per ton in 2020. This was 
a record high price and can be compared to average prices in 2018 and 2019 of $3.40 and $4.33, 
respectively. Table 3 below in the right-most column reports the potential revenue that these projects 
might be able to generate if they were able to sell all of their credits at the relatively high 2020 price. It 
is important to note that this is a hypothetical; we do not have access to information on the actual 
revenue of each of these projects. The largest REDD+ project in the country, the Makira Forest Project, 
is estimated to generate 1,267,231 tons of CO2 emissions reductions per year. At 2020 prices, this 
could equate to revenue of more than $7 million US.  
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Table 3: Registered REDD+ or avoided deforestation projects in Madagascar. Project information from Verra project 
database (2021).   

Project Proponent Estimated 
annual 
emissions 
reductions 
(credits; tons 
CO2e) 

Project 
area 
(hectares) 

Potential annual 
revenue at 2020 
average carbon 
price for 
forestry projects 
(USD) 

Makira Forest REDD+ 
Project 

Wildlife Conservation 
Society 

1,267,231 372,471 7,083,821 

Ankeniheny-Zahamena 
Corridor 

Direction Generale des 
Forets 

1,011,973 370,032 5,656,929 

Forest corridor 
Ambositra-Vondrozo 

Direction Generale des 
Forets 

220,965 285,000 1,235,194 

Beampingaratsy REDD 
Project 

BNC REDD+ 19,867 1,000 111,057 

RESTORATION SUITABILITY ANALYSES 

We were not able to identify spatially explicit data sources for restoration suitability in Madagascar. 
However, case studies from different parts of the country provide lessons learned from which we can 
draw general conclusions.  

Forest restoration with native species can effectively re-establish the species composition of surrounding 
forests. However, direct planting of native species is frequently expensive on a per-area basis because of 
the large number of species required to recreate the composition of a natural forest, the slower growth 
rates of species, and the unique germination requirements of different species. Manjaribe and colleagues 
(2013) investigated reforestation efforts in Kianjavato Commune in Vatovavy Region that used 38 native 
species. They collected seeds from fecal samples of black and white ruffed lemurs in the area and treated 
the seeds prior to germination with combinations of scarifying, soaking, and washing. The authors were 
able to achieve greater than 70% germination success in 21 out of 38 species under different seed 
treatments; however, different species performed better under different treatments, which hints to the 
challenge and expense of direct planting of a highly diverse set of native species.  

A more economical approach to restoration is described by Lamb and colleagues (2009). This approach 
is to first plant fast-growing pioneer species in order to establish a canopy and thus limit colonization by 
competing vegetation. This allows for natural dispersal of seeds and colonization by nearby native 
forests. Seed dispersal is generally by fruit-eating animals; in the case of Madagascar, lemurs are the 
primary seed dispersers (Steffens, 2020). While the pioneer species used for this method are generally 
fast-growing non-native species, Manjaribe et al. (2013) note that in Madagascar there are four species 
that are potentially good candidates to play this role of canopy establishment: Streblus mauritianus, 
Syzygium bernieriI, Treculia madagascariensis, and Uapaca thouarsii.  

From 2005 until 2017, WWF-Madagascar implemented a forest landscape restoration (FLR) program in 
the Fandriana-Marolambo landscape in the moist forest in Amoron’i Mania region (Mansourian et al., 
2018). Over the course of 13 years, 1,625,881 Euros (USD 1.88m), was invested in the landscape. 
Results include the planting of nearly 1 million saplings in the landscape of 100 different indigenous 
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species, establishment of community-managed protected areas of 51,743 hectares, active restoration of 
500ha, and active or passive restoration of 6,786ha (Mansourian et al., 2018). 

The Fandriana-Marolambo project showed the importance of long-term engagement for successful FLR 
as well as the importance of a focus on capacity building and strengthening of local governance 
structures (Mansourian et al., 2018). The project also showed the potential for synergies between forest 
restoration and protection of natural forests in cases where restoration efforts can both enhance the 
value of protected areas and improving connectivity between natural forests.   
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MANGROVES 
The potential climate impact of mangroves in Madagascar is limited by the relatively small areal extent of 
mangrove ecosystems overall. This is consistent with the situation in many countries: wetland 
ecosystems of all types, mangroves included, tend to cover small areas relative to many terrestrial 
ecosystems. The total area of mangroves in Madagascar has been estimated as 167k ha in 2013 (MEEF, 
2018) and as 200k ha in 2010 (Jones et al., 2016). By either of these estimates, mangroves represent a 
very small percentage of the total area of forests in Madagascar – just less than two percent following 
the estimate from the NRS (MEEF, 2018). Despite the small areal extent, however, these ecosystems 
often play a disproportionate role in the provision of ecosystem services, including carbon 
sequestration, and Madagascar is no exception to this.  

Mangroves are one of the most carbon dense forest types in Madagascar, particularly because of the 
large amount of carbon they store belowground in root systems and in soil organic carbon (SOC). Jones 
et al. (2014) is the reference that the Madagascar Forest Reference Emission Level (FREL; MEEF, 2017) 
relies on for its estimates for forest carbon density. The authors of that study estimate carbon densities 
for three mangrove types: closed canopy; mid-height open canopy with 30-60% coverage (‘open canopy 
I’); and open canopy composed of low stature or stunted trees that is mostly open soil and mud (‘open 
canopy II’). In all three mangrove types, Jones et al. find that belowground carbon represented more 
than 75% of the total carbon stored in the ecosystems.  

Jones et al. (2014) estimate that closed canopy mangrove ecosystems store on average 146.8 tC/ha 
aboveground and 446.2 tC/ha belowground; open canopy I store an average of 42.9 tC/ha aboveground 
and 324.4 tC/ha belowground; and open canopy II store 20.9 tC/ha aboveground and 517.1 tC/ha 
belowground. However, the authors caution that the belowground value for open canopy II should be 
treated with caution as this was based on a very small sample size, and they believe it unlikely that the 
mangrove type with the smallest aboveground pool would have the largest belowground pool. They 
have greater confidence in their estimates for the closed canopy and open canopy I mangrove types. Soil 
carbon in mangrove ecosystems, as shown by the Jones (2014) values above, represents a very large 
proportion of total carbon in mangroves; however, uncertainty in soil carbon is generally much higher 
than the uncertainty in aboveground carbon (Arias-Ortiz, 2020). Evidence from Madagascar shows that 
soil carbon loss continues in the ten years following disturbance and that rates of soil carbon recovery 
with restoration can be difficult to predict (Arias-Ortiz, 2020). Given uncertainty around soil carbon 
dynamics following disturbance – even with reforestation – mangrove conservation should remain a 
priority.  

In our review of these documents, we believe we have found an important error in the Madagascar 
FREL (MEEF, 2017) relating to the carbon stocks of mangroves. The FREL uses the Jones et al. (2014) 
values, but it uses the aboveground carbon values as if they represented both aboveground and 
belowground carbon (Table 19 in FREL). As discussed above, aboveground carbon generally represents 
less than 25% of the total store of carbon, so taking that value alone would under-represent the carbon 
stock by a factor of four or more. These mistaken values seem to carry through from Table 19 of the 
FREL to Tables 24, 26, and 27 and eventually into the final values calculated for the emissions factors 
resulting from the clearing of mangrove forests. This would mean that the carbon accounting taking 
place under the national REDD+ system could be under-reporting the total emissions resulting from 
mangrove loss by the same factor of four or more. The result is that at present, the FREL presents the 
eastern humid forests as the forest type where clearance results in the greatest climate impact per 
hectare. Adjusting to use the Jones et al. (2014) figures appropriately would mean that mangroves would 
become the forest type with the greatest impact per hectare.   
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Figure 9: Mangrove extent in Madagascar as estimated by two different data sources: an analysis completed by SERVIR 
(left) and data by Global Mangrove Watch (right). Global Mangrove Watch includes data from multiple years allowing a 
comparison to be made between mangrove coverage in 1996 and 2016; red pixels on the right-hand map represent areas 
of mangrove that were lost between 1996 and 2016.  

Mangrove loss is a significant issue in Madagascar. Various estimates of the rate of loss state that 9.2% of 
mangroves were lost between 2000 and 2010 (Jones et al. 2016); 0.8% lost between 2010-2013 (MEEF, 
2017); and 3.2% lost between 2002 and 2014 (Benson et al. 2017). Jones et al. (2016) estimated change 
in mangrove area for 30 different mangrove ecosystems from 1990 to 2000 and to 2010. Table 4 
provides an excerpt of the Jones et al. (2016) data and shows the 13 ecosystems that are either among 
the ten largest in the country by area or else were among the ten that lost the most total area of 
mangrove between 2000 and 2010.  

Different mangrove areas were affected very differently by change. As an example of these differences, 
the Mahajamba Bay ecosystem at the border between the Boeny and Sofia regions in Madgascar’s 
Northwest had the largest total extent of mangroves in the country in 2010, meaning it potentially 
represented the largest stock of mangrove carbon in the country. However, the area fortunately had a 
relatively low deforestation rate of 0.33% from 2000-2010 which means it was only 8th in the country 
with respect to area of mangrove lost and by extension with respect to emissions from mangrove 
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conversion. One reason for this low rate of loss may be the relatively low population density relative to 
the large mangrove area: while there are more than 26,000 hectares of mangroves in the Mahajamba Bay 
area, there are only about 19,000 people living along the adjacent coast (Jones et al., 2015). Mahajamba 
Bay is the more southern of the two zoomed-in insets in Figure 9.  

The mangrove ecosystem that lost the greatest total amount of mangrove area between 2000 and 2010 
was the Ambaro-Ambanja Bays area in the Diana Region. That area is the more northern of the insets in 
Figure 9. The Ambaro-Ambanja Bays lost 6.7kha of mangrove area between 2000-2010, representing an 
average annual rate of loss of 1.65%.     

The Mangoky River delta, at the border between Menabe and Atsimo-Andrefana Regions, is an area that 
is not as large as the two discussed above, but where the intensity of mangrove conversion is worth 
noting. Mangrove cover in that area is not as large as in many others (9th-largest area in the country) but 
its rate of loss is very high (3rd-most total loss). The decline in the Mangoky River delta from 12.2k ha in 
2000 to 9.4k ha in 2010 represented a rapid 2.6% annual rate of loss.  

Table 4: Total Area and Change Over Time of Important Mangrove Ecosystems in Madagascar (Based on Jones et al. 2016) 

Mangrove Ecosystem 

Extent in given year 
(hectares) 

Change in extent over 
indicated time-period 

(hectares) Annual 
rate of 
change 
2000-
2010 1990 2000 2010 1990-

2000 
2000-
2010 

1990-
2010 

Mahajamba Bay (MHJ) 27,778 27,577 26,677 -201 -900 -1,101 -0.33 

Ambaro-Ambanja Bays (AAB) 32,328 30,321 25,664 -2,007 -4,657 -6,664 -1.65 
Tsiribihina and Manambolo Deltas 
(TMD) 32,854 24,651 20,242 -8,203 -4,409 -12,612 -1.95 

Antsohihy 17,081 16,065 13,838 -1,016 -2,227 -3,243 -1.48 

Tambohorano 21,140 12,781 13,418 -8,359 637 -7,722 0.49 

Sahamalaza 12,107 11,063 10,956 -1,044 -107 -1,151 -0.10 

Mahavavy Sud 10,615 10,870 10,654 255 -216 39 -0.20 

Mahajanga 12,375 11,814 9,574 -561 -2,240 -2,801 -2.08 

Mangoky 14,684 12,247 9,431 -2,437 -2,816 -5,253 -2.58 

Morondava-Bosy 8,743 7,500 6,123 -1,243 -1,377 -2,620 -2.01 

Besalampy 6,247 5,097 3,287 -1,150 -1,810 -2,960 -4.29 

Belo sur Merin  2,603 2,387 1,917 -216 -470 -686 -2.17 
 

The Menabe region is where several of Madagascar’s important mangrove areas can be found, including 
several of those with the highest rates of loss. The Tsiribihina and Manambolo Deltas mangrove 
ecosystem – to the north of Menabe National Park – is the third-largest area of mangroves in the 
country with more than 20,000ha (Jones et al. 2016). It also had the highest rate of loss of any mangrove 
ecosystem in Madagascar larger than 10,000ha with an annual rate of loss of 1.95% between 2000 and 
2010 (Jones et al. 2016). Other mangrove areas in Menabe saw high rates of loss between 2000 and 
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2010 including Mangoky (2.58% lost per year), Morondava-Bosy (2.01%) and Belo sur Mer (2.17%). 
Figure 10 shows mangrove extent in the Menabe Region.  

 

Figure 10: Mangrove extent in Menabe Region (1996 and 2016).  

The maps in Figure 9 represent two different data sources. The left panel is based on data produced by 
the SERVIR project (RCMRD-SERVIR, 2020); it is an analysis focused specifically on Madagascar. It does 
not specify the year that the data represents; however, based on the imagery used (Landsat 8) it is 
between 2013 and 2020. The right panel is a global dataset produced by Global Mangrove Watch 
(GMW; Bunting et al. 2018). The GMW dataset has the advantage of being produced for multiple years 
between 1996 and 2016 and as such can display change in mangrove cover. It is also available as an 
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interactive web map that is more convenient for the user4. Our visual inspection of the two datasets 
suggests that they are quite consistent with each other in terms of overall mangrove extent, meaning 
that for most users, the benefits of the convenience and larger time range of the GMW data might 
outweigh the Madagascar-specificity of the SERVIR data.  

 

  

 

4 Global Mangrove Watch data is viewable at https://data.unep-wcmc.org/datasets/45 and at 
https://www.arcgis.com/home/webmap/viewer.html?webmap=cc7b73b3ca264768ac769fb75755ffe5 

https://data.unep-wcmc.org/datasets/45


PROLAND: PRIORITIZING INVESTMENTS IN LAND-BASED CLIMATE MITIGATION IN MADAGASCAR            22 

CARBON FOOTPRINT ASSESSMENT AND 
CARBON CREDITING IN COMMODITIES OF 
INTEREST 
Understanding the total carbon footprint of different agricultural commodities requires understanding 
the full commodity life cycle from land cover change, to agricultural production systems, local transport, 
processing, and transport to global markets. There are global databases that have done this assessment 
for many products and locations globally, for example the Trase database5 (Trase, 2018). Unfortunately, 
Trase does not have any information on carbon footprinting of commodities produced in Madagascar.    

Completing a novel life cycle analysis (LCA) for a commodity is a relatively straightforward task 
conceptually but would likely require a significant investment of time and resources. It requires 
collecting information on land cover change, on production techniques across a range of farm types in 
the value chain, on transport networks and transport modes, on industrial processing, on international 
transport, and on distribution and use in the country of import. A good example of a complete LCA of 
an agricultural commodity can be seen in the assessment of carbon emissions embodied in Brazil’s soy 
exports that was completed by Escobar et al. (2020).  

Although many of the emissions that result from internationally traded commodities do result from 
transport and processing, it may be reasonable to assume that those transport and processing emissions 
remain relatively constant regardless of what on-farm production systems are used. As such, efforts that 
focus on farm-located emissions will likely capture most of the climate benefit that results from 
improving production systems of commodities such as vanilla and cacao.  

CARBON CREDITING POTENTIAL FOR AGROFORESTRY SYSTEMS 

Promoting agroforestry practices in commodity crops in Madagascar, particularly with vanilla and cacao, 
has the potential to improve carbon storage as well as to improve farmer incomes if crops are 
intercropped with tree crops or valuable timber trees. We have not found Madagascar-specific 
estimates of the carbon benefit of shifting farms to agroforestry systems (AFS). AFS are incredibly 
diverse globally, so it is difficult to generalize a ‘typical’ carbon stock or sequestration rate under AFS. 
However, we can provide some illustrative examples:  

• Agroforestry systems in Malawi were estimated to sequester 3.9 to 4.2 tC/ha per year (Thangata & 
Hildebrand, 2012). 

• Cacao agroforestry systems in southern Cameroon store 37 tC/ha with about 15% of that carbon 
being stored in high value timber trees (Sonwa et al. 2009).  

• Degraded agricultural areas in drylands in Ethiopia can sequester about 0.4 tC/ha per year when 
intensively cultivated land is converted to AFS (Chiemela et al. 2018).  

USAID/Madagascar has promoted AFS with farmers producing cacao and vanilla and this has led to 
increased carbon sequestration on participating farms. If that increased carbon sequestration could be 
converted into marketable carbon credits, that would increase the financial sustainability of the model 
and would potentially allow it to be adopted more broadly. The question has therefore been posed 

 

5 https://supplychains.trase.earth/explore 
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whether or not there are viable mechanisms under which carbon credits could be generated by this 
transition to agroforestry.   

While encouraging a shift of farming systems to AFS certainly leads to carbon benefits, few AFS projects 
have generated verified carbon credits for the agroforestry itself (more often, REDD-oriented projects 
may include agroforestry as part of associated alternative-livelihoods activities). A large majority of 
carbon credit projects in the AFOLU sector generate their carbon credits in forests. Of 68 projects 
with verified emissions reductions under the Climate, Community, and Biodiversity (CCB) Standard, all 
but two of the projects were in one of three categories: Reduced Emissions from Deforestation and 
Degradation; Afforestation, Reforestation, and Revegetation; and Improved Forest Management. The 
two non-forest projects are a wetland rewetting project in Indonesia and an agricultural land 
management project in Kenya – the Northern Kenya Grasslands Project.6  

The Sustainable Agricultural Land Management (SALM) Methodology may be the most appropriate 
verified carbon accounting methodology to apply to agroforestry that exists at present (Verra, 2011). It 
was developed by the World Bank’s BioCarbon Fund and is registered under the Verified Carbon 
Standard (VCS) as methodology VM0017. It was specifically designed to address the challenges of 
working in smallholder cultivation systems where the complexity of most existing crediting standards 
had been an insurmountable barrier to entry for small land holders. The SALM methodology is 
applicable on land that is either cropland or grassland at the start of the project, does not occur on 
wetlands, is in a degraded condition or in a state of losing soil carbon in the absence of the project, and 
forest area in the region is either constant or decreasing over time (Hooda & Reddy, 2016). Many 
different agricultural practices can be eligible as long as they serve to improve the on-farm carbon stock; 
agroforestry – for example in the case of vanilla or cacao – is a particularly appropriate technology.  

Under the Verified Carbon Standard (VCS) there is a small number of projects applying the SALM 
Methodology. As with the CCB standard, the number is small relative to the total number of projects: of 
1,725 VCS projects currently registered, only two use the SALM. Another six projects that intend to 
apply the SALM are in the process of registration. Of the eight projects applying SALM, the most 
relevant comparison for activities in Madagascar may be the Kenya Agricultural Carbon Project 
(KACP),7 which is already registered. The KACP is being developed by Vi Agroforestry and is using 
extension efforts to promote climate smart agricultural techniques, including cover cropping, 
composting, and agroforestry. The initial KACP activity is intended to reach 660 farmer groups and 
more than 10,000 farmers on more than 12,000 hectares of land. All of the project documentation is 
available on the Verra registry website at the footnote below.  

 

6 https://registry.verra.org/app/projectDetail/CCB/1468 

7 https://registry.verra.org/app/projectDetail/VCS/1225 
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CONCLUSION 
A large majority – more than 80% – of Madagascar’s GHG emissions come from the agriculture, 
forestry, and land use sectors (AFOLU). There is an accordingly large potential for emissions mitigation 
in the AFOLU sectors; Griscom et al. (2018; 2020) estimate that natural climate solutions (NCS) in 
Madagascar could eliminate emissions of 99.5 million tons CO2e per year if using a ceiling price of $100 
US per ton. Most of these potential emissions reductions are found in three pathways: avoiding forest 
conversion, reforestation, and increasing the number of trees in agricultural land. Together, these three 
pathways contribute more than 90% of the total mitigation potential of NCS in Madagascar.   

Avoiding forest loss is the single largest potential pathway for emissions reduction in Madagascar. The 
majority of the forest loss in the country takes place in the eastern forests, particularly in the regions of 
Sava, Analanjirofo, and Atsinanana. The amount of biomass and carbon stored in these forests can be 
extremely high with carbon densities reaching above 190 tons of carbon per hectare of forest 
(equivalent to 697 tons CO2e). Several REDD+ or other avoided deforestation projects exist in 
Madagascar and four have been registered under the Verra carbon registry. Although prices for REDD+ 
credits have been very low in past years, they have increased recently with 2020 seeing a record high 
price of $5.59 per ton. If this trend continues, REDD+ crediting may represent a viable funding stream 
to support sustainable financing of forest conservation more broadly in the country. 

Mangrove forests play an extremely important role in Madagascar in preventing coastal degradation and 
improving resilience to climate change. In some parts of the country, particularly those with lower 
population densities, Madagascar’s mangrove cover is relatively stable; however, in some areas it has 
declined rapidly. While the small total area of mangroves means that their total contribution to GHG 
emissions mitigation potential country-wide is relatively modest, mangroves have the highest carbon 
density of any forest type in Madagascar. This means that on a hectare-by-hectare basis, mangrove 
conservation is likely one of the most effective investments in combating climate change that is available 
in Madagascar.  

Restoring degraded forests and reforesting deforested areas is a priority of the government of 
Madagascar. These interventions have large potential nationally for climate mitigation that is estimated to 
be more than 20 million tons CO2e per year. Approaches to reforestation and forest restoration vary 
greatly; planting fast-growing exotic species sequesters carbon quickly but provides fewer benefits to 
native biodiversity than would the re-establishment of native species. However, planting mixed native 
species at scale can often be limited by cost. Hybrid approaches may be the most promising where 
faster-growing pioneer species (either native or not) are planted as a means of facilitating later 
colonization by native species from nearby forest patches.  

Key lessons learned from previous forest restoration projects in Madagascar have been the importance 
of maintaining long-term engagement, taking a landscape approach that considers local context while 
reconciling that approach with a broader plan, having a clear understanding of local land tenure 
dynamics, and investing in capacity building and local governance strengthening.   
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