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1. Introduction

Forests are a critical component of the global carbon (C) cycle, storing over 400 Gt
carbon in plant biomass and over 1000 Gt carbon within the soil (Hengl et al., 2017,
Ruesch and Gibbs, 2008). It is estimated that the degradation of tropical ecosystems may
have contributed up to 100 Gt carbon of anthropogenic carbon emissions over the last
century (Erb et al., 2018). Given the considerable role of these natural ecosystems in
governing the global carbon cycle, protecting these ecosystems is the highest priority,
with the potential to directly limit greenhouse gas emissions (Griscom et al., 2017), and
the recovery of natural forests can also contribute to capturing up to 30% of the excess
carbon that exists in the atmosphere as a result of human activity, if the trees can recover

to full maturity (Bastin et al., 2020).

Tropical forests are the most productive components of the global forest system, as warm,
moist conditions promote the rapid growth of large trees (See Figure 1). As a result,
tropical forests are the largest repository of carbon and biodiversity within the terrestrial
biosphere. The conservation and protection of tropical ecosystems represents one of the
most critical components in the fight against biodiversity loss and rising atmospheric
carbon concentrations (Griscom et al., 2017). Given that diverse mixtures of species have
consistently been found to capture the largest proportion of carbon (Liang et al., 2016),

the protection of existing, healthy forest is a top climate change priority.
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Figure 1. Relativized map of net primary productivity estimated from the MODIS satellite
cluster, showing the regions of highest plant productivity in darker green colours, with less
productive regions in white.

Given the importance of tropical forests in the fight against, various international
initiatives have been established to promote the promote forest conservation within
tropical regions. In particular, the Bonn Challenge has set ambitious targets for the
conservation of 350 million hectares of tropical forest. However, forest carbon storage
varies drastically across tropical ecosystems (Ruesch and Gibbs, 2008), and so the
impacts of this effort will vary depending on the areas that are selected for conservation.
Evaluating the impacts of forest conservation on terrestrial carbon storage requires
information about the carbon that exists in those regions, that would otherwise be

vulnerable to degradation.
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2. Approach

In this report, we use a combination of modeling products to explore the carbon storage
within 350 million hectares of tropical forest in Africa, Asia and America. For estimating
aboveground forest biomass, we compiled a range of global biomass products. There
have been several efforts to map forest carbon storage — using process-based models
(Ruesch and Gibbs, 2008), satellite data (GlobBiomass), and compilations of ground
sourced forest inventory data (Pan et al., 2011) — over the last decade (see Table 1 for list
of existing global products). Although there are some clear consistencies across these
products (e.g. all show the largest carbon storage exists within the tropics), none of them
agree entirely on the exact distribution of this carbon storage at the fine scale. As such,
we used direct ground-sourced measurements of forest biomass estimates from the
Global Forest Biodiversity initiative (Steidinger et al., 2019) to evaluate and validate the
existing biomass products. Explaining over 84% of the variation in biomass estimates
across 1.2 million forest inventory observations, the GlobBiomass product was by far the
best predictor of forest biomass variation across the tropical forest regions (estimated
using the RESOLVE biome map (Dinerstein et al., 2017) — see Supplementary
information). As such, we use this satellite-derived product to estimate mean

aboveground forest biomass across the different tropical biomes in each continent.

For belowground carbon storage, we used the global SoilGrids carbon storage layer,
which includes estimates of percentage carbon and bulk density at the 250m spatial
resolution, and until a depth of 2m below the soil surface. By scaling the percentage of
carbon by the bulk density of the soil at each location (total carbon = proportion carbon
* bulk density), it was possible to estimate belowground carbon storage at each location
across the Tropics. Using this spatially-explicit map of soil carbon, we calculated the

mean soil carbon storage across the tropical forest biomes in each continent.
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Band Name Spatial Resolution = DOI
GlobBiomass - Aboveground

Biomass ~100m https://doi.org/10.5194/essd-2020-148
IPCC - Global Biomass ~1km None

SpawnEtAl - Harmonized

Aboveground Biomass ~300m https://doi.org/10.1038/s41597-020-0444-4
SpawnEtAl - Harmonized

Belowground Biomass ~300m https://doi.org/10.1038/s41597-020-0444-4
UNEP WCMC - Global Biomass 300m https://doi.org/10.1098/rstb.2019.0128
SoilGrids250m - Soil Organic

Carbon Stocks ~250m https://doi.org/10.1371/journal.pone.0169748
SandermanEtAl - Soil Organic

Carbon Stocks ~10km https://doi.org/10.1073/pnas.1706103114

Table 1: List of existing global forest biomass products used.

3. Results and implications

There was considerable variation in forest carbon storage across tropical regions. This
variation is likely to be driven by a wide range of abiotic factors (including climate, soil
and topographic variation), ecological factors (the identity and diversity of tree species)
well as considerable variation in human disturbance. According to our harmonized
carbon map, America currently stores the largest proportion of aboveground tropical
forest carbon, with an average of 58.8 tonnes per hectare (t/ha), with Asian and African
forests storing 38.4 t/ha and 29.0 t/ha, respectively. This large proportion of carbon stored
within American tropical forests is likely due to the relative proportion of tropical wet
forests vs tropical dry forests. A larger proportion of tropical forests in Africa and Asia
are dry forests, where annual dry seasons considerably limit the growth and carbon

storage of trees, relative to tropical rainforests (see Table 2).

In contrast to the aboveground carbon storage, the density of belowground carbon storage
(including soil and root carbon to a depth of 2 meters) was highest in Asian forests, with
an average of 233 t/ha, followed by American and African forests, which store 187.1 t/ha
and 111 t/ha, respectively. It is likely that this high mean soil carbon storage in Asian

forests is due to the large proportion of wetlands and peatlands. For example, large
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regions of Indonesia are covered by waterlogged soil, where anaerobic conditions can
limit decomposition within the soil, driving the vast accumulation of carbon within the

soil (see Table 2).

Summing these aboveground and belowground estimates of carbon storage suggests that
African forests currently store an average of 140 t/ha. As such, the protection of 350
million hectares of African forest could ensure the protection of 49 Gt carbon. Asian
forests store an average of 267.4 t/ha, so 350 million hectares contain 95 Gt carbon.
Within the Americas, the average tropical forest stores 245.9 t/ha, and so 350 million
hectares currently store 86 Gt carbon. Given that humans have increased the atmospheric
carbon burden by almost 300 Gt over the last century, these results clearly highlight that
the conservation of 350 million hectares of tropical forest would be a considerable

contribution to carbon storage on land (see Table 2).

African tropics Asian tropics American tropics
Average aboveground C 29.0 t/ha 38.4 t/ha 58.8 t/ha
(CO2 equivalent)* (106.33 t/ha) (140.8 t/ha) (215.6 t/ha)
Average belowground C 111.0 t/ha 233 t/ha 187.1 t/ha
(CO2 equivalent) (407 t/ha) (854.33 t/ha) (686.03 t/ha)
Average ecosystem C 140.0 t/ha 271.4 t/ha 245.9 t/ha
(CO2 equivalent) (513.33 t/ha) (995.13 t/ha) (901.63 t/ha)
Total C within 350 mha 49 Gt 94.9 Gt 86 Gt
(CO2 equivalent) (179.67 t/ha) (347.97 t/ha) (315.33 t/ha)

*Note: one tonne of carbon equals 44/12 (3.67) tonnes of CO2.

Table 2: Estimated mean carbon storage within tropical forests of different continents.

Of course, the implications of this work depend directly on the duration of conservation

efforts. Globally, forests are getting younger over time, as increasing human disturbance
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continues to limit the capacity of these ecosystems to reach maturity (McDowell et al.,
2020). These young trees capture carbon at a faster rate than old trees relative to their
size, but they are limited in their carbon storage potential relative to old trees old trees.
One mature tree will store tens of thousands of times more carbon than saplings of the
same species. As such, mature forests store vastly more carbon both in the soil and
vegetation, and they support vastly more biodiversity than young, developing forests
(McDowell et al., 2020). Protecting these ecosystems in the long term (70-100 years) is

absolutely critical if we are going to achieve the carbon storage potential.

4. Limitations and Considerations

As mentioned above, there are a wide variety of factors influencing the spatial patterns
of carbon storage across tropical forests. As such, coarse continent-scale average values
cannot highlight specific regions to focus on. In addition, they cannot reflect the range of
carbon storage values across the region, so they do not necessarily reflect the full
potential for carbon storage in the respective areas. For example, tropical moist and dry
forests store substantially different amounts of carbon both aboveground and
belowground. Splitting out these two distinct ecosystem types might be necessary to
identify where the highest potential for carbon storage truly exists within tropical regions.
However, these broad average values can provide robust insights into the full global

potential of forest conservation.

It is important to consider that these values simply represent the total estimated amount
of carbon in these forests at the present day. Degrading these ecosystems would not
necessarily remove all of the carbon from the system, as converted land can still store a
considerable amount of carbon, depending on the resulting land use. However, the
degradation of ecosystems generally causes considerable declines in forest carbon, and

so the values we present highlight the amount of carbon that would be vulnerable to
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degradation. As such, conserving these areas effectively would be likely to guarantee the

protection of this much carbon in the long term.

5. Conclusions

Tropical forests are essential repositories of biodiversity and carbon. The scale of carbon
storage in these regions highlights that protecting 350 million hectares of tropical would
directly limit a considerable proportion (up to 30%) of anthropogenic greenhouse gas
emissions in the long term. In addition, restoring additional land may have the potential
to act as an additional carbon drawdown mechanism. Our estimates were generated from
average carbon stocks of existing mature forests, so it is reasonable to assume that
restored forests might ultimately reach this level of carbon capture if they are allowed to
reach full maturity, with the natural diversity of native species. It remains unclear how
long this would take for restored ecosystems to capture their maximum carbon
sequestration potential, especially in the soil, but none of those ecosystems would be
likely to reach maturity unless they could be protected for over 70-100 years. As such, it
is absolutely critical that investment in conservation or restoration are long-term
commitments, as the full carbon storage potential of these ecosystems is only reached by
the next century. The selection of the optimal 350 million hectares of land should not
only be optimized for carbon, but it is essential that restoration efforts are also for the
biodiversity and human livelihoods that depend on these healthy forests. Given many of
the synergies between carbon storage, diverse ecosystems and human livelihoods, this
may not be a challenge, but the trade-offs between these attributes require careful
consideration at local scales. Yet, our analysis provides some initial insights to help
establishing meaningful carbon targets that may be achievable if massive-scale

conservation efforts were achieved.
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7. Supplementary Information

To select Tropical forest regions, we used the RESOLVE biomes map (Dinerstein et al., 2017).
This map is presented below, highlighting only the tropical forest regions.
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