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Pivotal Soil Carbon

Environmental change and carbon are 

intrinsically linked. When contained in 

greenhouse gases, carbon is a part of the 

problem. But in its organic form in the soil, 

carbon represents a major part of the solution. 

twice the amount of carbon than the amount 

in the atmosphere, and about three times the 

amount that resides in the world’s vegetation. 

Increasing soil carbon builds a precious 

reservoir and helps to offset greenhouse gas 

emissions. It also contributes to the fertility 

of the soil, the foundation for all land-based 

natural and agricultural ecosystems which 

provide a major part of the world’s food 

supply, natural resources and biodiversity. 

Moreover, ecological and societal resilience – 

the capacity to bounce back after disruptive 

change – is greater when and where soils 

are productive. This is a one-to-many 

relationship: the same molecule of carbon 

maintained or added to the soil leads to all of 

as mulching, zero tillage, green manuring 

and water harvesting, enhance soil carbon 

levels. Maximizing the potential return on 

strategic, integrative approach across the 

efforts to respond to the grand environmental 

challenges of our time: climate change, land 

degradation and biodiversity loss. With 

carefully integrated policies, we have an 

extraordinary opportunity to help those 

using and managing land across the globe to 

optimize soil organic carbon, not only for their 

own well-being, but to that of the entire planet.

Building soil carbon through soil 

management is the most viable option 

for carbon sequestration  

in the biosphere

Nowhere else in the biosphere do we have 
greater potential to effect substantive, positive 
change than in our soils because policies that 
support sustainable land management (SLM) 
practices focused on both maintaining (pre-
venting loss) and increasing (storing even more) 
soil organic carbon produce far greater econo-
mic, social and environmental impact than the  
absolute amount of carbon sequestered.

The act of maintaining and increasing 

soil organic carbon provides multiple 

global benefits simultaneously

Preventing soil loss (preventing and com-
) 

means less carbon escaping into the atmo-

emissions gap in order to achieve the 2 °C target 
(mitigating climate change). 

Increasing soil organic carbon increases soil 

of the soil, leading to better returns on agricul-
improving human 

well-being).

 
residues decompose (mitigating climate 
change).  

pressure for land conversion, protecting the  
carbon stock (mitigating climate change), the 
services of the surrounding environment (an 

) and the natural 
habitat ( ).

Taken together, all of this leads to the  

meaning reduced vulnerability to the impact of 
environmental change (a climate change adap-

).

Ensuring full accounting of soil organic 

carbon as a terrestrial carbon sink 

under a future climate agreement  

is both essential and feasible 

Soil organic carbon as an indicator contri-
butes an essential but elusive component to the 
measurement of progress towards the imple-
mentation of all three Rio conventions as well 
as meeting the Sustainable Development Goals 

climate change.

soil organic carbon assessment methods and  

be implemented in a coordinated, harmonized 
fashion, and contributing data collection, anal-

-
lished. 

Even though the approaches to monitoring 
and assessment of each of the three Rio conven-
tions differ, the integrative potential of soil organ-
ic carbon has been demonstrated, and achieving 
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How important are soils for storing carbon  
and what is the contribution of drylands?
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The integrative potential  

of monitoring trends  

in soil carbon stocks

Changes in carbon stocks in biomass and soil 

plant growth and losses from terrestrial organic 

well as land use and management. This helps 
detect trends in the processes leading to and the 

use change, and management practices that 

organic carbon is an indicator of overall soil 

role of both a source and a sink of carbon and 
thus is relevant to the estimation of the carbon 

between organic matter inputs (dependent 

decomposition through action of soil organisms 

erosion. On seasonal timescales, carbon stocks 

(known as a “fast variable”), but over several 

become a more relevant indicator of the 

and resilience to perturbations (e.g. drought), 

goods and services in the long term.

Soils represent the largest  
organic carbon pool of the biosphere.2
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Sustainable Land Management (SLM) can both reduce emissions  
and help us store more carbon in future. 
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                            Inorganic carbon, commonly present as carbonate in dryland soils, is relatively stable carbon reserve,  
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What can policy makers  
do right now?

Capitalize on land-based 

approaches to climate change  

mitigation and adaptation

global and national levels, that promote the 
adoption of sustainable land management 
(SLM) as well as restoration / rehabilitation 
practices that preserve or maximize soil organic 

facilitate the adaptation to climate change.

Incentivize SLM

Encourage the development of incentives 
for the awareness, acceptance and adoption 
of SLM practices at different scales and that 
include the local knowledge of land users.

Ensure a full and integrated 

accounting of soil carbon

Realize the integrative potential of soil 
carbon as an indicator within the combined 
contexts of the monitoring and reporting 
approaches of the three Rio conventions. This 
will require assembling a small team of experts 
in monitoring and assessment that represent 

Rio conventions, as well as representatives 

working to make datasets and methodologies 
behind terrestrial observations and land-based 
indicators both accessible and applicable.

Encourage an integrated and harmonized 
approach to local, national and global monitoring 
of trends in soil carbon stocks, as well as the 
development of contributing networks for 

should build on the momentum of each of the 
Rio conventions, and leverage the capabilities 
of relevant global observatories (for example the 

The cost of inaction  

is significant: 

 
Recent estimates of the global loss of 
ecosystem service values (ESV) due to 

estimated at USD 6.3 - 10.6 trillion annually. 

On the ground, the potential 

economic returns of SLM  

are promising:  

For example, economic rates of return 
from 12 to 40% have been found for a 
number of projects including soil and 
water conservation (Niger), farmer-
managed irrigation (Mali), forest 
management (Tanzania), farmer-to-
farmer extension (Ethiopia) and valley-
bottom irrigation (northern Nigeria and 
Niger). Returns of over 40% are on record 
for small-scale, valley bottom irrigation.

The economic incentives  

for taking action  

are very strong: 

The adoption of sustainable land 
management practices could contribute 
to closing yield-potential gaps. Reaching 
95% of potential maximum crop yields 
could create an additional 2.3 billion 
tonnes of crop production per year, 
equivalent to a potential gain of USD 1.4 
trillion.3 

Without sustainable land management, nega-
tive ‘feedback loops’ can develop through land 

and vegetation increases greenhouse gas emis-

-

can lead to increased pressure on the natural  

environment and land conversion, a nega-
tive self-enhancing feedback with respect 
to the well-being of those using the land,  

What are the consequences of inaction? 
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Building soil carbon can help to mitigate 
climate change while increasing agro-

of those dependent on the land to adapt to 
environmental change4. Mitigation occurs as 
plants sequester atmospheric carbon, captured 

material decomposes through the action of soil 
macrofauna and microorganisms, becoming 
soil organic matter. Soil microorganisms break 
down this organic matter, respiring carbon to 
the atmosphere. To build soil carbon, organic 

matter must be added at a faster rate than 
decomposition. Higher soil carbon leads to 

of organic matter in increasing the soil water 

climate change. 

Facts and figures: 
The link between soil carbon and climate change

 The atmosphere constantly exchanges carbon with the biosphere. Globally, soils capture (via organic matter inputs 

2

5

change.

 

5, 6. 

 

2 2 2

7, 5. 

 

organic carbon pool, depending on climate, soil type, and historic management 9, 

.  

 This loss provides an opportunity: the recoverable carbon reserve capacity of the world’s agricultural and degraded 

9.

  

the challenge can be met through sustainable land management practices which can improve agricultural yields and 

increase soil carbon .

 

2
 during the growing season . 

 Recommended management practices designed to increase the soil carbon pool in the world’s agricultural soils 

 

.

 
2
 atmospheric 

2
 emissions from 

fossil fuel burning.  

 

global organic carbon stores and nearly all the inorganic carbon6. 

 The economics of taking action are very encouraging: the adoption of sustainable land management practices could 

.
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from the soil. Sustainable land management 
that helps maintain or increase soil organic 

These in turn make possible the supporting 

vegetation cover and habitat, but also the 

products of economic value that provide both 

Facts and figures: 
The link between soil carbon and biodiversity

 Human activities, especially the conversion and degradation of natural habitats, are causing 

extinctions in the geological record . 

 

 

. 

 

 

. 

 

6. 

 Dryland ecosystems have plant diversity which in some cases is higher than more humid 

biomes , and are also characterized by highly diverse soil microbial communities . 

 This biodiversity is fundamental to vital ecosystem functions such as nutrient cycling and 

the production of soil organic matter, which is essential to both productivity and carbon 

22. 

 Plant diversity in drylands has been found to be positively correlated with the ability of 

dryland ecosystems to maintain multiple functions and services simultaneously, or their 

multifunctionality . 

 

soil management practices (fertiliser application, zero tillage, cultivation, fallowing and crop 

ecosystem services underpinned by these microbes . 

 

.
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