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 Policy brief 
 
Incentives for soil carbon management: 
how can they impact biodiversity and 
food production?  
 
 

Globally, soil carbon stocks are greater than those held in 
either vegetation or the atmosphere, but their management 
has been largely overlooked. The Global Soil Partnership 
launched by the UN Food and Agriculture Organisation (FAO) 
in 2011 provides a welcome opportunity to consider the 
multiple benefits that soils can generate for people. The so-
called ecosystem services that soils provide include: enhanced 
soil fertility and improved food production; flood reduction; 
mitigation of greenhouse gas emissions; and, maintenance of 
biodiversity.   
 
Given the large stocks of soil carbon, it is important to 
consider how their management in production landscapes can 
minimize carbon emissions while maintaining provision of 
other ecosystem services and how such management can be 
incentivised through payments for ecosystem services (PES).  
Equally, it is also important to understand how incentives for 
soil management can impact food production and 
maintenance of biodiversity. Consequently, this policy brief 
examines how payments for soil carbon management can 
influence biodiversity and food production in production 
landscapes and non-forested areas, while drawing attention to 
recommendations to safeguard biodiversity. 

 
                   Figure 1. The distribution of soil carbon stocks. 

Agriculture, carbon emissions and 

soils: 

 Soils are rich in carbon. Current 

estimates of carbon stocks in 

different pools vary, but indicate 

that soils hold some three times 

more carbon than is held in the 

atmosphere and four times more 

than is held in plants.  

 Agriculture accounts for some 

30% of greenhouse gas emissions 

through land clearance and 

current agricultural practice. 

 Some 40% of the world’s land  

surface is degraded. In some 

areas, annual soil losses are 

around 100 times faster than the 

rate of soil formation.  

 Soil degradation occurs across 

different farming systems and 

contributes to carbon emissions.  

 Degraded soils lack sufficient 

organic carbon to support soil 

biodiversity, and soil productivity 

and water holding capacity 

become sub-optimal.   

 The growth of voluntary carbon 

markets is stimulating interest in 

the potential of payments for 

ecosystem services for soil carbon.  

 Payments for soil carbon services 

could encourage  carbon 

sequestration,  and contribute to 

improved food production whilst 

helping to maintain biodiversity. 
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Biodiversity, food production, soil carbon and land management 
 
Managing production landscapes to increase soil carbon can have different impacts on 
biodiversity, depending on the prevailing farming systems, the geographic and temporal 
scales of assessment and the aspects of biodiversity under consideration. Three types of 
biodiversity are of interest: on-farm agro-biodiversity; wider biodiversity that may be 
supported through heterogeneous on-farm habitats as part of a landscape mosaic and global 
biodiversity of natural ecosystems that may be distant from the farms where land 
management is incentivised.  
 
The impacts on biodiversity of managing for soil carbon will depend on the associated 
changes in management intensity and crop yield. Where local crop yields are reduced to 
increase soil carbon stocks this can result in land conversion elsewhere to make-up the yield 
shortfall and potential negative impacts on global biodiversity as well as further carbon 
emissions from land clearance.  In contrast, increasing local production through improved 
soil carbon management may benefit both local agro-biodiversity and global biodiversity.  
 
Different land management scenarios will have different biodiversity impacts as outlined:  
 

 Restoring degraded systems for agriculture and encouraging maintenance of soil 
carbon through addition of organic matter generally benefits both local agro-
biodiversity and crop production. This practice is also likely to benefit wider 
biodiversity, except where these so-called “marginal” degraded areas provide a 
refuge for biodiversity. 
 

 Extensification practices that encourage maintenance and sequestration of soil 
carbon can support both agro-biodiversity and wider-biodiversity, provided that 
overall crop yields are maintained.  Retention of buffer strips, shade trees, and 
reduced stocking rates in natural grasslands, can all result in greater habitat 
heterogeneity and connectivity which is beneficial to both on and off-farm 
biodiversity.  If such management occurs in areas both important for soil carbon and 
of high priority for biodiversity then, win-wins are likely.  However, the benefits to 
wider biodiversity of extensification approaches over the long-term will depend on 
the relative productivity per hectare of such systems and factors such as human 
population density and land availability1. 

 

 Sustainable intensification practices can reduce soil carbon emissions and benefit 
global biodiversity. By increasing yield per hectare, sustainable intensification 
reduces the need for further land conversion and thus reduces the need to convert 
areas high in biodiversity2; 3; 4. This approach requires care to ensure that  soil carbon 
stocks are retained within production areas. Even where land sparing is intended, 
market and other external forces can result in further unintended land conversion5; 6.  
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 Conservation agriculture (CA), can benefit biodiversity by striving to achieve high and 
sustained production levels that deliver acceptable profits while concurrently 
conserving the environment. CA is based on enhancing natural biological processes 
above and below the ground7. Interventions such as mechanical soil tillage are 
reduced to an absolute minimum, reducing carbon emissions from fossil fuel 
consumption. External inputs such as agrochemicals and nutrients of mineral or 
organic origin are applied selectively in relation to crop conditions where they will 
have most impact in a way that does not interfere with, or disrupt, the soil biological 
processes, thereby encouraging enhancement of carbon reserves in soil organic 
matter and soil biota and reducing nutrient run-off and soil erosion. CA is 
characterized by three principles which are linked in a mutually reinforcing manner, 
namely:  
 

 Continuous no- or minimal mechanical soil disturbance;  

 Permanent organic-matter soil cover, especially by crop residues and cover 
crops; 

 Diversified crop rotations in the case of annual crops or plant associations in 
case of perennial crops, including legumes.  

 

Conservation agriculture can result in clear benefits for local agrobiodiversity and for 
wider biodiversity as it encourages various habitats and niches for species; but in 
some instances there may be declines in wider biodiversity where rare biodiversity is 
not able to adapt to changes in the farming regime. 

 

 
Benefits of soil carbon incentives for non-forest regions 
 
Measures to incentivise retention and management of soil carbon in non-forested areas 
have great potential for generating biodiversity co-benefits. The rates of land use change in 
such areas can be high, and tropical savannas are being converted at twice the rate of rain 
forest8. Globally, non-forest regions cover a large area and encompass significant carbon 
stocks9. For example, drylands cover some 40% of the terrestrial land surface, account for 
27% of soil organic carbon stores and experience high levels of land degradation10. Taken 
together, these factors indicate significant potential for carbon restoration in areas not 
already targeted by the UN Framework Convention on Climate Change11.  
 
These non-forest areas are also likely to suffer from the displacement, or leakage of land 
clearance from forest regions protected by provsions for Reduced Emissions from 
Deforestation and Forest Degradation (REDD+)12. Many of these regions have important 
biodiversity13; 14 that may potentially benefit from synergies with incentives for soil carbon 
management.   
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Recommendations to safeguard biodiversity 
 
Improvements in soil carbon management could provide 
benefits for wider-biodiversity if:  

i) incentives for extensification approaches to support 
biodiversity do not displace production and   

ii) these management changes also occur in areas where 
underlying patterns of soil carbon co-incide with 
biodiversity; or  

iii) the need for further land conversion is reduced by 
restoring carbon to degraded soils so as to increase 
productivity and generate biodiversity benefits via 
sustainable intensification. 

 
Development of a decision support tool is needed to help 

policy-makers develop targeted incentive programmes by 

bringing together  a range of different information on:  

a. existing soil carbon stocks associated with different 

habitats and agro-ecosystems,  

b. the impacts of different farming interventions on soil 

carbon stocks and agricultural yields,  

c. the spatial distribution of biodiversity and ecosystem 

services. 
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Recommendations for Developing 
PES for Soil Carbon: 
 

 Feasibility: PES schemes for soil carbon 

are feasible as organic matter can be 

maintained or increased through 

modified land-management. 

 Where biodiversity co-benefits are 

provided by incentive schemes, such 

programmes should be prioritized. 

 Safeguards for biodiversity are needed to 
prevent perverse incentives for land 
conversion e.g. 

 a positive effect on agricultural 
yield should be considered as a 
pre-requisite in PES schemes;  

 in high biodiversity conservation 
value areas incentives should 
reward provision of multiple 
benefits. 
 

 Appropriate institutional arrangements 

are necessary to support development of 

PES schemes.  These include: security of 

expectation/ tenure; community 

governance; provision of extension 

services and development of carbon 

markets. 

 The cost-effectivness of PES for soil 

organic matter  is likely to be high, due to 

higher crop yields; but effective 

enforcement will be necessary. Changes 

in soil carbon need to be maintained 

long-term. 

 Monitoring, reporting and verification 

(MRV) will mostly rely on activity-based 

measures with some independant 

monitoring of representative sites. 

Effective regulation will be required. 

 Life cycle yield assessment  should be  

implemented with local risk management 

frameworks.  

 Development of a decision support tool 

is needed to help policy-makers develop 

targeted incentive programmes that 

benefit biodiversity, food production and 

incentivise soil carbon management. 
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