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Table 2. Continued 

Mitigation 
oppor tunity 

Category Examples Mitigative effects Problems 

Manure 
management 

 -Cooling or covering the sources 
of  manure stored in lagoons or 
tanks 
-Manures digested anaerobically 
-Storing and handling manures 
in solid rather liquid form 

Reduced emissions 
of CH4 

Storing solid manure  may 
increase N20 formation. 

Bioenergy  -Agricultural crops and residues 
as sources of feedstocks for 
energy to displace fossil fuels 

The net benefit to 
atmospheric CO2 
depends on energy 
used in growing 
and processing the 
bioenergy 
feedstock 

 

Source: Smith et al. 2008. 

Figure 3. Global biophysical mitigation potential (MtCO2eq.yr-1) by 2030 of each agricultural 
management practice 

 
Source: Smith et al. 2008. 
Note: The figure shows the impacts of each practice on each GHG stacked to give the total for all GHGs combined (B1 scenario 
is shown3

                                                      
3 Projections of climate change are run against different scenarios that make assumptions about possible economic 

 ; the pattern is similar for all SRES scenarios). 
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Soil carbon sequestration is generally considered more viable than N2O reductions (USEPA 
2006b). Almost 90 percent of the mitigation potential presented in Table 1 is from reduced soil emissions 
of CO2, about 9 percent from mitigation of CH4, and about 2 percent from mitigation of soil N2O 
emissions (Smith et al. 2008). It is important to note that the estimates for the reduction of non-CO2 
gaseous emissions are highly uncertain: the 95 percent confidence interval around the mean of 5,800 
MtCO2eq obtained by Smith et al. (2008) is 300–11,400 MtCO2eq (Verchot 2007). Moreover, according 
to Kim and McCarl (2009), the effect of stochastic factors on soil carbon also makes the quantity of 
carbon generated under a sequestration project uncertain, so projects should have a discount rate for 
uncertainty. 

Figure 4 reports agricultural mitigation potential by location. Among all regions, Southeast Asia 
has the largest mitigation potential. 

Figure 4. Total technical mitigation potential (all practices, all GHGs: MtCO2eq/yr) for each region 
by 2030, showing mean estimates 

 
Source: Smith et al. 2007a. 
Note: based on the B2 scenario; the pattern is similar for all SRES scenarios. 
 

                                                                                                                                                                           
development paths, greenhouse gas emission level, technological development and others. The B1 scenarios assume an integrated 
and environmentally friendly world. 
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3.  OVERVIEW OF THE REGULATORY AND VOLUNTARY  
CARBON MARKETS 

Carbon markets can be divided into two categories: the regulatory (compliance) market and voluntary 
markets. The 2009 United Nations Climate Change Conference in Copenhagen left the regulatory market, 
which had been created under the auspices of the Kyoto Protocol, unaltered. Important promises of new 
funding—$30 billion a year for three years increasing to $100 billion a year by 2020 to help poorer 
countries mitigate and adapt to climate change—were made in the Copenhagen Accord (UNFCCC 
2009a). At this stage, it is unclear how these changes will affect the market mechanisms for helping poor 
countries and if the new monitoring, reporting, and verification actions agreed upon in the same Accord 
will actually help to build trust in the carbon markets. 

Currently, the only land use, land use change, and forestry (LULUCF) practices accepted by the 
regulatory market are afforestation and reforestation. Soil carbon sequestration projects and projects that 
reduce emissions from agricultural soils, such as changes in rice management practices, are excluded.  
However, other projects related to agriculture such as biogas digesters are allowed, and to date more than 
50 agricultural projects have been registered under the Clean Development Mechanism (CDM). In the 
voluntary market, where there are no legally binding agreements, agricultural soil projects represent a 
small share of the total volume of projects. As shown below, in 2008 such projects represented 15 percent 
of Chicago Climate Exchange (CCX) projects, but only 0.5 percent of the over-the-counter voluntary 
market. This might be due to problems related to permanence, monitoring, and other barriers presented in 
the section on ”Challenges for Smallholder Farmers in Accessing Carbon Markets,” below. 

The Regulatory Market 
The regulatory market was implemented under the Kyoto Protocol, which was adopted in 1997 and 
enforced in 2005. A main feature of the Kyoto Protocol is the commitment of industrialized countries 
(Annex I countries)4

• Emission Trading. This is a system that allows countries to buy carbon credits from other 
countries. The EU Emission Trading Scheme (EU ETS) is the largest market for GHG 
emission allowances. In 2008, the EU ETS market traded 3,093 MtCO2eq, and the market 
was valued at $91.910 billion (Capoor and Ambrosi 2009).  

  to reduce GHG emissions by an average 5.2 percent below their 1990 baseline over 
the five-year period 2008–2012 (UNFCCC 2009b). Three market-based mechanisms were offered by the 
Kyoto Protocol to help countries meet their emission targets: 

• Joint Implementation (JI). This mechanism allows Annex B emitters5

• Clean Development Mechanism (CDM). The CDM is also a project-based transaction system 
that allows Annex I parties to accumulate carbon credits by financing carbon reduction 
projects in Non–Annex I parties (Hamilton et al. 2009). Certified Emission Reduction (CER) 
credits are issued for CDM projects. 

  to purchase carbon 
credits from emission-reduction or emission-removal projects in another Annex B party. In 
2008, 20 MtCO2eq of ERUs (Emission Reduction Units) were transacted, valued at $294 
million, which represents a 50 percent decrease in volume compared to 2007 (Capoor and 
Ambrosi 2009).  

The CDM accounts for the vast majority of project-based transactions. In 2007, it accounted for 
87 percent of the volume of carbon transacted and 91 percent of its total value (Capoor and Ambrosi 
                                                      

4 Annex I countries are industrialized countries (members of OECD in 1992) and countries with economies in transition. 
Non–Annex I countries are developing countries 

5 Annex B countries are those included in Annex B in the Kyoto Protocol that have agreed to a target for their GHG 
emissions, including all the Annex I countries (as amended in 1998) with the exception of Turkey and Belarus (see 
Intergovernmental Panel on Climate Change glossary available at http://www.ipcc.ch/ipccreports/tar/wg3/454.htm). 
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2008). In 2008, the CDM market was valued at $6.519 billion, corresponding to a volume of 389 
MtCO2eq. Furthermore, the secondary market for CER was valued at $26.277 billion in 2008 (Capoor and 
Ambrosi 2009). In 2007, 73 percent of CDM projects (in terms of volume supplied) were located in 
China, followed at a distance by Brazil and India (6 percent each).  

Countries in Africa, such as Kenya, Uganda, and Nigeria, and other countries in Asia, such as 
Malaysia, Philippines, Thailand, and Uzbekistan, have also emerged in the carbon market and increased 
their transaction volumes. In 2007, buyers (in terms of volume supplied) were mainly from the United 
Kingdom (59 percent), followed by Europe–Baltic Sea (12 percent) and Japan (11 percent) (Capoor and 
Ambrosi 2008). 

Currently, the mitigation potential of the agricultural sector cannot be fully exploited under the 
CDM. Participation of agricultural projects has proven difficult due to the uncertainty present in 
measurements of carbon sequestration potential and reduction of GHG emissions. Furthermore, according 
to Capoor and Ambrosi (2009), the European Commissionintends to continue to exclude CDM credits 
from LULUCF from the EU ETS as a result of issues such as non-permanence, monitoring and reporting 
requirements (for more details on reasons for exclusion, see the next section).  

The CDM has approved only a few methodologies that are directly viable for the agricultural 
sector. All but one of the approved methodologies target methane emissions through improved manure 
and agricultural waste management. In addition, a methodology using an inoculant on legumes in a 
legume-grass rotation on acidic soils targets CO2 emissions via avoided production of nitrogen fertilizer. 

Voluntary Markets 
The voluntary carbon markets encompass all exchanges of carbon offsets that are not under regulation. A 
survey conducted by the Ecosystem Marketplace and New Carbon Finance assessed the state of the 
voluntary carbon markets in 2008 (Hamilton et al. 2009). This study broke down the carbon market into 
two categories: the CCX and the “over-the-counter” (OTC) market. The CCX is the world’s only 
voluntary cap-and-trade system, while the OTC market is the non-binding offset market. 

The unit of trade of the CCX is the Carbon Financial Instrument (CFI), which represents 100 
MtCO2eq. In order to comply with this market, participants acquire CFIs either as allowance-based credits 
or as offset-based credits from emission-reduction projects. However, only 4.5 percent of a member’s 
total emission-reduction requirement can be met through offset-based credits. Therefore, most of the 
credits traded are allowance-based credits (Hamilton et al. 2009). 

In the CCX market, registered projects in 2008 came mostly from coal mine, forestry, and 
renewable energy projects. The United States and Canada had most of the registered projects; however, 
their market share decreased from 79 percent in 2007 to 60 percent in 2008 while registered projects in 
Latin America and Asia increased. The CCX is the only market with a considerable share of agricultural 
soil projects. However, from 2007 to 2008, this share fell from 48 to 15 percent. According to Hamilton 
et al. (2009), the drop in agricultural soil projects was due in part to the growth of the program itself and 
in part to modifications made to the agricultural soil protocol, which has led to a slowdown of the 
verification process.  

Typical registered and verified agricultural soil carbon sequestration projects in the CCX include 
continuous conservation tillage, conversion to grassland, and sustainably managed rangeland. The 
baseline default rates are 0.12 to 1.0 MtCO2eq per acre per year, depending on location and project type 
(Michaelowa 2009).  

The vast majority of carbon credits in the OTC market come from emission-reduction projects. 
The unit of trade in this market is called Verified Emission Reductions (VERs), but CDM units can also 
be used for voluntary offsetting purposes (Hamilton et al. 2009). 

According to the results of the Hamilton et al. survey (2009), in 2008 the United States was the 
largest country supplying carbon credits in the OTC market, accounting for 28 percent of the total, while 
Asia was the region with the highest market share, supplying 45 percent of the transaction volume. In 
Africa, which accounts only for 1 percent of the OTC market, countries with the greatest OTC transaction 
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volume were Madagascar, Uganda, Mali, South Africa, Tanzania, and Eritrea. According to Hamilton et 
al. (2009), lack of capacity is one of the main reasons that project development is more difficult in Africa.  

In 2008, most projects in the OTC market were related to renewable energy (hydropower, wind 
energy, and biomass energy) and landfill gas capture, which had 51 percent and 16 percent of the market 
share, respectively. Just as in the regulatory market, land-based credits do not constitute a large share of 
the voluntary market. In 2004, the land-based share of the OTC market was 29 percent while in 2008 it 
fell to 11 percent (Hamilton et al. 2009). Projects based on agricultural soils had 1 percent of the 
voluntary market share in 2007 and 0.5 percent in 2008 (Table 3). 

For the voluntary carbon standard, two methodologies have been submitted: the “Adoption of 
Sustainable Agricultural Land Management (SALM)” methodology submitted by the World Bank (based 
on two carbon sequestration projects in Kenya) and a “General Methodology for Quantifying the 
Greenhouse Gas Emission Reductions from the Production and Incorporation into Soil of Biochar in 
Agricultural and Forest Management Systems.” Neither of these has been approved to date (Michaelowa 
2009). 

Table 3. Land-based credits sold in OTC market, 2007 vs. 2008 

Project Type Volume of land-based 
credits (ktCO2eq) 

Market share of land-based 
credits relative to the total 

(% ) 

2007 2008 2007 2008 

Aff./Reforestation Mix 673 646 2 1 

Aff./Reforestation Mono 2,157 3,399 8 7 

Avoided Deforestaion (REDD) 1,421 730 5 1 

Forestry Management - 431 - 1 

Agricultural Soil 820 267 1 0.5 

Other Land-based Projects - 130 - 0.3 

Total 5,071 5,603 16 11 

Source: Hamilton et al. 2009 

The Potential of Nationally Appropriate Mitigation Actions (NAMAs) 
Nationally Appropriate Mitigation Actions (NAMAs) were defined in the Bali Action Plan under the 
United Nations Framework Convention on Climate Change (UNFCCC)6

Since NAMAs are voluntary actions, there is no binding obligation for developing countries. 
However, NAMAs are commonly thought to have the potential to substantially increase carbon mitigation 
opportunities for developing countries, and several of the already submitted NAMAs

  as voluntary mitigation 
activities formulated and implemented in developing countries but enabled and supported through 
finance, technology, and capacity building from developed countries (UNFCCC 2009a). A three-page 
political agreement (the Copenhagen Accord), initially drafted by Brazil, China, India, South Africa, and 
the United States and endorsed by several other countries, reinforced the importance of financial, 
technological, and capacity-building support to enable the implementation of mitigation and adaptation 
actions in developing countries. The funding for mitigation actions is expected to come from public and 
private sources, bilateral and multilateral, including alternative sources of finance.  

7

                                                      
6 The Bali Action Plan established the Ad Hoc Working Group on Long-Term Cooperative Action under the Convention 

(AWG-LCA), which, among other things, defined the scope of NAMAs. 

  include plans to 

7 Submitted NAMAs are available on the UNFCCC website: http://unfccc.int/home/items/5265.php. 
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adopt actions in the agricultural sector, which confirms the potential role of agriculture in NAMAs (FAO 
2010). It is unclear at this stage what institutional mechanisms and government arrangements will be 
created to implement the NAMAs. It is essential, therefore, that a more clearly defined and structured 
document about NAMAs and potential funding be elaborated before the next Conference of the Parties of 
UNFCCC (COP16) takes place in November, 2010, in Mexico City. 

Given the lack of clarity on NAMAs, a debate is currently taking place in the international arena 
on the opportunity of broadening their definition and scope. Among the proposals discussed are Unilateral 
NAMAs, which are autonomous actions taken by developing countries with domestic funds and therefore 
no outside support (Levina and Helme 2009), and Credit-Generating NAMAs, which are actions that 
build on supported NAMAs and that—by exceeding an agreed-upon crediting baseline—produce offsets 
for sale in the global carbon market. The Conference of the Parties is responsible for developing the 
modalities and guidelines for participation in international emission trading (Levina and Helme 2009; 
UNFCCC 2009b). 
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4.  A BRIEF REVIEW OF THE ECONOMIC LITERATURE ON AGRICULTURE 
AND CLIMATE CHANGE MITIGATION ACTIVITIES 

While agriculture has been widely recognized as a fundamental force in the reduction of poverty, the 
active role of agriculture in slowing down or even reversing ecosystem degradation is a somewhat new 
idea. For many years, the problem was framed in terms of a tradeoff between development and 
environmental degradation. More recently, scientists from different disciplines have posited that the two 
objectives are not mutually exclusive and that agriculture has the potential to generate both poverty 
reduction and ecosystem services (Lipper et al. 2009). Economists have studied the use of market forces, 
as opposed to command-and-control policies, to obtain desirable environmental outcomes. While the 
literature about payment for environmental services was initially mostly focused on forest and water 
resources, more recently, attention turned to agricultural landscapes and the rural poor who live in 
environmentally degraded areas. Climate change mitigation activities are just one of the many 
environmental services that farmers can provide to the global community and, as such, they could be 
rewarded. In this section we briefly review the economic literature that focuses on climate change 
mitigation activities. There is a growing literature that analyzes the economics of farmers’ participation 
and possible involvement in regulatory and voluntary carbon markets. Most of the empirical literature 
concentrates on cases in the United States and Europe. However, some of the findings are general and 
potentially applicable to small farmers in developing countries. 

Conditions for Adoption of Mitigation Practices 
The literature that looks at the conditions for adoption of mitigation practices is relatively simple. Stavins 
(1999), Antle (2002), and Gonzáles-Estrada et al. (2008), among many, assume that a risk-neutral  farmer 
will try to maximize the present value  of net benefits deriving from farming land. Therefore, a farmer 
will adopt mitigation practices when the net present value of farming with these practices is greater than 
that of alternatives. Still, farmers might incur additional costs or there might be a temporary decrease in 
productivity when adopting mitigation practices. In these cases, some form of payment could be made 
available to farmers to overcome the reduction in profit. Even though a considerable amount of research 
has addressed the impact of risk, uncertainty, and risk aversion on farmers’ adoption of technology, 
particularly in developing countries (Sunding and Zilberman 2001), the literature that concentrates on 
climate change mitigation activities has so far ignored these issues. 

Costs of Adoption and Barriers 
Many studies have noted substantial barriers that hinder the adoption of climate change mitigation 
practices and sustainable land management practices in general—Otsuka and Place (2001), Barrett et al. 
(2002), and Nkonya et al. (2004), to name a few. These barriers may be due to lack of knowledge, 
imperfectly functioning markets and consequent lack of credit, or even a drop in yields during the first 
years of adoption. At the project level, there are important costs that need to be considered. Negotiation, 
organization, management, monitoring, and enforcement act as potential barriers to the implementation of 
projects. This is an area characterized by a considerable lack of data; the project-level data available show 
up-front costs that range from $12 to $600 per hectare (FAO 2009a). In a review of the literature that 
reports CDM transaction cost estimates, Cacho (2009) finds that ex-ante costs vary from $34,000 to 
$280,000 (negotiation and project approval) and that ex-post costs vary from some $6,000 to $280,000 
(project monitoring, verification, and insurance).  

From an economic standpoint, we can differentiate between two types of costs associated with the 
implementation of contracts for the provision of an environmental service: farm opportunity costs and 
transaction costs. Farm opportunity costs are the costs of resources used on the farm to provide the 
service. These include the forgone returns from possibly more profitable activities. Transaction costs are 
costs associated with negotiating and implementing contracts, which also include brokerage fees and 


