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Global patterns in mangrove soil carbon stocks
and losses
Trisha B. Atwood1,2*, Rod M. Connolly3, Hanan Almahasheer4, Paul E. Carnell5, Carlos M. Duarte6,
Carolyn J. Ewers Lewis5, Xabier Irigoien7,8, Je�rey J. Kelleway9, Paul S. Lavery10,11, Peter I. Macreadie5,
Oscar Serrano10,12, Christian J. Sanders13, Isaac Santos13, Andrew D. L. Steven14

and Catherine E. Lovelock1,15

Mangrove soils represent a large sink for otherwise rapidly recycled carbon (C). However, widespread deforestation threatens
the preservation of this important C stock. It is therefore imperative that global patterns in mangrove soil C stocks and their
susceptibility to remineralization are understood. Here, we present patterns in mangrove soil C stocks across hemispheres,
latitudes, countries and mangrove community compositions, and estimate potential annual CO2 emissions for countries
where mangroves occur. Global potential CO2 emissions from soils as a result of mangrove loss were estimated to be
�7.0 Tg CO2e yr�1. Countries with the highest potential CO2 emissions from soils are Indonesia (3,410 Gg CO2e yr�1) and
Malaysia (1,288 Gg CO2e yr�1). The patterns described serve as a baseline by which countries can assess their mangrove soil
C stocks and potential emissions from mangrove deforestation.

Mangroves cover just 0.1% of the Earth’s continental surface
(�81,485 km2) (ref. 1), but have been identified as some of
the most carbon (C)-rich forests on Earth2�4. Mangroves

di�er from terrestrial forests in their ability to store large amounts
of C in their soils over millenary timescales. Complex root
structures, high sedimentation rates, waterlogged soils free from
risk of fires, and anoxic soils in mangroves result in C burial
rates that are an order of magnitude greater and soil C turnover
rates a thousand times slower than those in terrestrial forests5,6.
The ability of mangrove ecosystems to store large amounts of
soil C (5�10.4 Pg globally)7,8 for millennia makes these ecosystems
important C sinks, and reducing or preventing greenhouse gas
(GHG) emissions from the loss of these soil C stocks is a low-
cost option for mitigating climate change9,10. However, we currently
lack robust global estimates for soil C stocks in mangroves, which
are required to assess the potential for habitat loss to contribute
to annual CO2 emissions and identify important blue C hotspots
requiring conservation.

Mangroves and their associated soil C face a multitude of
anthropogenic threats (for example, coastal development, drainage,
pollution), leading to large-scale global declines11,12. Overall, more
than one-third of the world’s mangroves have vanished over the
past 60 years1,11. Despite conservation measures being deployed
in many nations (for example, Australia), mangroves continue to

be lost at a global rate of about 0.2% per year1. Only Bangladesh
and Guinea-Bissau, out of the top 15 countries for mangrove
area, have experienced no net loss from 2000�20121,13. This global
decline in mangroves raises concerns about the fate of the large C
deposits stored within their soils. Several studies have suggested
that degradation and removal of vegetated coastal habitats have
the potential to disturb soil C down to depths of 1 m, leading to
its remineralization to CO2 (refs 14,15). Because mangrove soil C
deposits take thousands of years to form, once disrupted they cannot
be regained over meaningful human timescales by just restoring
the forest. As a result, the remineralization of mangrove soil C
may add significantly to the component of anthropogenic GHG
emissions designated as ‘land-use change’ still unaccounted for in
global C inventories16.

Estimates of potential GHG emissions associated with mangrove
loss thus far have been derived from global averages in soil C
stocks and the global area lost annually14. However, these estimates
assume losses are randomly distributed relative to soil C stocks,
which may not be the case. Moreover, such first-order global
estimates provide no guidance as to where mangrove conservation
will be most e�ective in avoiding GHG emissions. Here we provide
improved estimates of global soil C stocks underlying mangroves,
the susceptibility of these stocks to remineralization, and areas
where soil C data are deficient or missing. We resolve the regional
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