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PROJECT OBJECTIVE 

 Quantify the extent of blue carbon ecosystems in ~70 atolls around the world 
 Estimate potential carbon stocks in these atolls by leveraging > 30 publications 

on carbon sequestration in coastal ecosystems 

PROJECT RATIONALE 

Land use changes and energy demands have resulted in ~2,400 Gt CO2 of net 
cumulative CO2 emissions between 1850-2019 (Lee et al., 2023). As nations seek to 
mitigate the effects of climate change on decadal to centennial time scales, interest 
in natural carbon sinks has become an increasingly important focus of research in 
ecosystem management and climate policy. Several coastal ecosystems, including 
mangrove forests, salt marshes, and seagrass meadows, are considered natural 
carbon sinks and widely thought to disproportionately sequester carbon per unit area 
(Mcleod et al., 2011). Quantitative understanding of the amount of carbon stored in 
blue carbon ecosystems is currently an area of active research, but global mapping 
efforts suggest they 
extend over 
approximately 2.3 – 7.0 
million km2 (Duarte et 
al., 2013) and tens to 
hundreds of Tg C can be 
buried in these 
ecosystems annually 
(Mcleod et al., 2011).  
Carbon sequestration 

by blue carbon 
ecosystems has been 
proposed to play a 
significant role in 
offsetting national CO2 
emissions in some island 
nations, like in the 
Republic of Kiribati and 
the Bahamas, where 
carbon-neutrality may 
be possible (Friess, 

 
Figure 1: Mapped extent of coastal habitats, including 
established and proposed blue carbon ecosystems, in the Gizo 
atoll of the Solomon Islands.  
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2023). Nature-based strategies for carbon dioxide removal may be particularly 
important for small island developing states, since they often contain 
disproportionately high densities of blue carbon ecosystems (Friess, 2023). To 
properly evaluate carbon dioxide removal by blue carbon ecosystems in these often 
remote settings, accurate and consistent measurements of carbon sequestration 
must be conducted globally. Problematically, spatial variability in ecosystem 
characteristics, insufficient sample sizes, and inconsistent methodology between 
studies is known to produce significant ranges in potential carbon stocks (Fest et al., 
2022) and mapping of small habitat patches on global satellite datasets can be 
exceedingly challenging (Friess, 2023).  

APPROACH 

To assess blue carbon sequestration in Earth’s remotest atolls, we reanalyzed the 
high-resolution, globally-resolved, ground-truthed dataset of coastal habitats 
produced by the Khaled bin Sultan Living Oceans Foundation Global Reef Expedition 
(Purkis et al., 2019) to generate 69 new maps of blue carbon ecosystem extent. 
Habitat fragmentation will be assessed on these new maps to support the 
development of targeted management plans. Leveraging regional and global carbon 
sequestration rates reported in more than 30 journal articles, we will estimate the 
potential range of carbon sequestered in these ecosystems, many of which for the 
first time. 

SIGNIFICANCE 

The results of this study are anticipated to provide a comprehensive overview of 
habitat composition, spatial distribution, and associated organic carbon stocks in 
atolls mapped by the Global Reef Expedition. Of the ~70 atolls investigated, several 
have never been considered in prior blue carbon budgets, particularly in the Pacific 
Ocean. Thus, new results will contribute to a more robust baseline understanding of 
the carbon stocks in blue carbon ecosystems around the world. 
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