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Agriculture and the land uses associated with it are an enormous source of  greenhouse 
gas emissions, contributing about half  of  global methane emissions through livestock 
and rice production, and about 60 percent of  nitrous oxide emissions through fertiliz-
ers and the burning of  crop residues. At the same time, agriculture is the economic 
sector most susceptible to the effects of  climate change. And while agricultural devel-
opment is pressed between the dual imperatives of  feeding an expanding population 
and reducing its ecological footprint, the sector has at least one other unique char-
acteristic. It can be, and very often is, a net carbon sink—actively sequestering more 
carbon out of  the atmosphere than it releases into the environment. Agriculture is the 
only sector that does this, and it will need to do it more.

Climate-smart agriculture, which simultaneously intensifies production, improves 
resilience to climate change, and capitalizes to the fullest on its mitigation potential, 
is highly knowledge-intensive. The knowledge base needed to inform the planning 
and design of  climate-smart interventions will rely on well-designed and context- 
sensitive analysis to inform it. It will also interface directly with other sectors such as 
energy, for instance by transforming agricultural methane emissions into an energy 
source—one that offsets the need for fossil fuels. The knowledge base also requires an 
 understanding of  policy environments that enable and encourage investment, as well 
as an awareness of  the factors that constrain the uptake of  climate friendly practices 
and technologies. Most of  the opportunities for reducing agricultural emissions are in 
low- to middle-income countries, but these opportunities vary greatly between coun-
tries and their farming systems. Efforts to get the most out of  agriculture’s mitigation 
potential  therefore need to be tailored specifically to local conditions.

Capitalizing on opportunities to reduce agricultural greenhouse gas emissions while 
building resilience into production systems will entail changing the way that  producers, 
consumers, and investors behave—and changing what they base their production, con-
sumption, and investment decisions on. To implement successful strategies, political, 
institutional, and social barriers must be overcome. Nationally Determined Contribu-
tions, which set forth current emission levels, reduction targets, and strategic priori-
ties, will provide decision makers with a new and useful framework of  reference for 
this purpose. 

Developing a global food system that both achieves food security and reduces agricul-
tural greenhouse gas emissions is one of  the major challenges of  our time. This report 
serves as a catalyst to focus potential actions for addressing this challenge.

Juergen Voegele
Senior Director

FOREWORD
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EXECUTIVE SUMMARY

Agriculture, and the patterns of  land-use change that are associated 
with it, have a significant ecological footprint, including the effects it has 
on climate change, accounting for about one-quarter of  anthropogenic 
greenhouse gas (GHG) emissions globally. The scale of  global emissions from 
agriculture and land-use change is increasing as a result of  population growth, grow-
ing consumption of  meat and dairy products, and the rising use of  nitrogen fertiliz-
ers, among other factors. Projections indicate that emissions from human activities 
other than agriculture and land-use change could increase from 54 gigatons (Gt) 
of  carbon dioxide equivalent (CO2-eq) to roughly 70 Gt CO2-eq by 2050.  
To avoid dangerous global warming in which global temperature rises above 2°C  
relative to preindustrial eras, global GHG emissions by 2050 need to fall to roughly 
21–22 Gt CO2-eq. Under business-as-usual practices, agriculture would contribute 
roughly 70 percent of  these total emissions by mid-century. This implies that agricul-
ture will need to cut its current emissions by two-thirds while simultaneously increasing 
food production.

Yet agriculture is also the only economic sector in which opportunities 
are present to mitigate climate change, mainly by removing substantial 
volumes of  carbon from the atmosphere and sequestering them in soils 
and plant tissues. More broadly, its mitigation potential exists in the way that 
natural resources are managed—natural resources such as croplands, pastures, soils, 
and water. Opportunities also exist to transform sources of  emissions into sources of  
energy, particularly in the case of  methane with its high carbon equivalence. 

Together, these opportunities and the largely technical solutions that are 
entailed in capitalizing on them have become the focus of  a relatively new 
approach known as climate-smart agriculture (CSA), which relates to but 
expands on earlier approaches such as “integrated natural resources management” 
and “environmentally sustainable development.” 

 » CSA consists of  three broad pillars. The first is to sustainably increase agricul-
tural productivity to support equitable increases in incomes, food security, and 
economic development. The second is to adapt agriculture to the effects of  



xiv Greenhouse Gas Mitigation Opportunities In Agricultural Landscapes

 climate change, making it more resilient at the farm 
level and eventually scaling this up to the national 
level. The third is to reduce agricultural emissions 
themselves and to maximize agriculture’s role as a 
carbon sink.  

 » CSA is knowledge intensive. In addition to the 
technical fixes designed to transform agriculture’s 
interrelationship with the climate and broader 
natural resource base, it entails a comprehensive 
understanding of  the factors that constrain the 
adoption of  those fixes—including adverse policy 
environments, institutions with limited capacity, 
and lack of  financial resources. Developing strat-
egies to overcome these constraints is as much a 
part of  the CSA purview as the technical solutions 
themselves.

This report synthesizes information on the many 
areas in which agricultural GHG emissions can 
be reduced. Its focus is on mitigation, though many if  
not most of  the measures described address adaptation 
and resilience as well. The three pillars of  CSA serve 
two purposes in this respect, which is highly appropriate 
because we can never take our eyes off the imperative of  
increasing productivity and employing agriculture as an 
instrument for economic development. The report high-
lights the pattern of  emissions in agricultural landscapes 
and the primary sources of  these emissions. Thereafter, 
it reviews mitigation opportunities in croplands, pastures, 
livestock, soil management, biofuels, and elsewhere, fol-
lowed by case studies that illustrate practical examples. 
These practical lessons are useful in contributing to the 
knowledge base of  good practices. The report then turns 
to the factors that constrain or enable the uptake of  cli-
mate-smart solutions, such as those depicted in the case 
studies, and discusses ways to overcome the constraints 
and elements of  enabling environments in which miti-
gation alternatives become widely embraced. The final 
exercise feeding into the report is a review of  Nationally 
Determined Contributions (NDCs)—an outline of  coun-
try-level strategies to address climate change. This also 
presents recommendations for prioritizing World Bank 
(Bank) mitigation engagement in each region. Approaches 
to filling mitigation financing and knowledge gaps in 
country programs, boost the Bank’s mitigation investment 
portfolio, and create a cohesive strategy for implementing 

mitigation technologies and practices are discussed. A 
preview of  the report’s structure and sequence is in order. 

Patterns of  GHG emissions in agricultural 
landscapes
Global agricultural emissions increased from 4.656 Gt 
CO2-eq in 2000 to 5.382 Gt CO2-eq in 2012. Net emis-
sions from land-use change increased from 2.793 Gt 
 CO2-eq in 2000 to 3.219 Gt CO2-eq in 2005, but there-
after declined to 2.783 Gt CO2-eq in 2012. The increase 
in agricultural emissions occurred mainly in developing 
countries, as the result of  population growth, changes 
in consumers’ dietary preferences, and an expansion of  
total agricultural outputs. Three commodities, beef, dairy, 
and rice, account for 62 percent of  agricultural emission, 
whereas four countries, China, India, the United States, 
and Brazil, account for 43 percent of  global emissions 
from agriculture.

About 78 percent of  current agricultural emissions come 
from four main sources: enteric fermentation (39 percent), 
manure management (25 percent), synthetic fertilizers 
(14 percent), and rice cultivation (10 percent). Enteric fer-
mentation grew by 9.7 percent, from 1.896 Gt CO2-eq in 
2000 to 2.080 Gt CO2-eq in 2012. The regions with the 
highest enteric fermentation emissions in 2012 were Latin 
America and the Caribbean (0.522 Gt CO2-eq), South 
Asia (0.448 Gt CO2-eq), and East Asia and the Pacific 
(0.361 Gt CO2-eq). 

Fertilizer use is a major source of  nitrous oxide (N2O) emis-
sions from agricultural soils. Global fertilizer consumption 
grew by 24 percent from 0.133 Gt of  nutrients in 2002 
to 0.166 Gt of  nutrients in 2012. The highest increase in 
fertilizer consumption occurred in Latin America and the 
Caribbean (65 percent; from 0.013 Gt in 2002 to 0.021 
Gt in 2012), followed by Sub-Saharan Africa (57 percent, 
from 0.002 Gt in 2002 to 0.003 Gt in 2012), and South 
Asia (45 percent, from 0.0223 Gt in 2002 to 0.0323 Gt in 
2012). Although excessive nitrogen (N) fertilizer use con-
stitutes serious environmental threats in countries such as 
China and India, its use is grossly inadequate for sustain-
able crop production in Sub-Saharan Africa.

Mitigation opportunities and interventions
Mitigation of  agricultural greenhouse gas emissions can 
be significantly scaled up using a variety of  technologies, 
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most of  which will rely on well-formulated and adminis-
tered policies and enabling environments and investment 
climates. These include agroforestry involving integrating 
trees on cropland, silvopastoral systems, crop diversifica-
tion, pasture management, integrated pest management, 
and water and irrigation management. A shift from frag-
mented to systematic regional landscape projects will be 
required.

The mitigation potential of  the livestock sector in par-
ticular may represent up to 50 percent of  the mitigation 
potential of  global agriculture, forestry, and land use 
(Herreo et al. 2016). Most of  this potential has yet to be 
realized, owing to low rates of  adoption, uncertainties, and 
trade-offs. Mitigation opportunities in livestock manage-
ment include integrating trees into pastures and improved 
animal breeding, ruminant health care, and feeding prac-
tices. The feasibility of  these improved practices will be 
determined in large measure by the social and economic 
impacts they have in terms of  livelihoods, employment, 
and equity—including gender equity. The design of  Bank 
projects will need to very purposefully incorporate these 
factors in its assessments of  how more climate-friendly 
livestock husbandry can be promoted. 

Reductions in methane emissions from rice production 
is another very high-impact area in which the scope for 
mitigation is very great. Flooded rice fields generate about 
10 percent of  all human-induced methane emissions. 
Paddy rice also consumes nearly 40 percent of  all irriga-
tion water used globally. Here, alternate wetting and dry-
ing (AWD) is a particularly high-impact area for Bank 
operations, with the potential to reduce methane emis-
sions by an average of  48 percent compared with contin-
uous flooding without reducing yield (Intergovernmental 
Panel on Climate Change [IPCC] 2008). Periodic drying 
and reflooding of  rice paddy fields also reduces water use 
by up to 30 percent, saving farmers money on irrigation 
and pumping costs. AWD can also increase yields by pro-
moting stronger root growth in rice plants. Together, these 
advantages make AWD a potentially vital direction for 
Bank operations involving rice production. 

Adoption constraints and enabling environments
Although technical progress in the area of  integrated 
landscape approaches to managing natural and economic 

resources is very promising, the adoption of  these approaches 
still faces serious constraints in many developing countries. 
The primary constraints limiting adoption are the following: 

 » High costs of  adoption
Climate-smart technologies have the potential to 
improve yields and increase farmers’ income in 
the long term. In the short term, however, some 
losses in income can be expected while ecosys-
tems are in the process of  being restored. Some 
land management techniques, such as agrofor-
estry to restore degraded lands and integrated 
soil fertility management, often require significant 
up-front expenditure that poor farmers cannot 
afford. Maintenance costs can also be prohibitive 
for smallholder farmers.1 This indicates the impor-
tance of  verifying significant returns to ensure via-
bility. At the same time, there are practices with 
relatively low establishment costs, pointing to the 
feasibility of  climate-smart technologies even with 
limited financial resources.

 » Limited access to technologies and inputs
Access to climate-smart technologies are not only 
limited to affordability, but also include limita-
tions related to market access, education, and 
social norms. Limited or nonavailability of  inputs 
in the local markets can be a significant barrier in 
situations in which farmers might want to invest 
in a technology. Reversing land degradation and 
improving agricultural mitigation opportunities in 
Africa and South Asia will require increased but 
targeted use of  fertilizers and other inputs. This in 
turn will require building sustainable private sec-
tor–led input markets. But progress in improving 
input distribution systems is likely to be unsustain-
able without effective and sustained demand for 
the inputs.

 » Gap in knowledge and information
Lack of  information about the potential of  alter-
native farming techniques and limited capacity is a 
major constraint in developing countries. A num-
ber of  climate-smart technologies are knowledge 
intensive, and promoting their adoption will require 
well-designed, inclusive, and innovative knowledge 
management systems. Conservation agriculture, 

1 http://www.fao.org/3/a-i2575e.pdf.
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for instance, entails sophisticated combinations of  
no tillage, residue management, use of  cover crops, 
and other activities and practices with which many 
farmers have limited experience. The key priorities 
for effective knowledge management systems are 
to strengthen farmers’ inclusion and leadership in 
mitigation knowledge systems; raise the capacity of  
extension services to share mitigation knowledge; 
and provide the greatest support to local and indig-
enous knowledge systems (AGRA 2014).

 » Land tenure insecurity
Landownership inequalities and landlessness 
undermine shared growth and social cohesion. 
Women, in particular, who throughout most of  the 
developing world are the principal subsistence pro-
ducers, are ineligible for land ownership accord-
ing to customary laws in many settings. Efforts to 
improve land governance in developing countries 
face a number of  challenges, including land grabs 
by foreign investors. Other challenges of  land 
governance include corruption, inefficient land 
administration, and low capacity and demand for 
land administration professionals.

 » Trade-offs in climate mitigation
The global transition to a climate-smart world 
raises many challenges owing to competing pri-
orities among productivity, environmental sustain-
ability, and poverty reduction. Farming methods 
have impacts beyond forests and climate change: 
crops and livestock take up about 70 percent of  
freshwater withdrawals, even in very dry localities. 
The loss of  these global public goods and ecosys-
tem services highlights the trade-offs between the 
provisioning services utilized by local and national 
(and even international) stakeholders with the 
regulating and even supporting ecosystem services 
that are valued by the global populations. Interven-
tions at the landscape mosaic scale may provide a 
means of  reconciling some of  these trade-offs and 
conflicts.

Enabling environments provide the laws, regulations, and 
incentives that facilitate the adoption of  technologies and 
practices that lend themselves to mitigation. The follow-
ing elements are essential for implementing mitigation 
technologies at larger scales:

 » Policy engagement—Policy engagement aims to 
guide policies and remove or reduce any disin-
centives for adopting mitigation technologies. For 
widespread adoption, mitigation practices need to 
be mainstreamed into core government policies 
and programs, with priority assigned to appropri-
ate public support of  mitigation. To achieve policy 
engagement, there needs to be better coordination 
between different concerned agencies across differ-
ent sectors and levels and improved engagements 
between various stakeholder groups. It is important 
to bring together climate and food security goals to 
develop and institutionalize strategic planning and 
delivery frameworks.

 » Institutional arrangements—Institutions are very 
important to agricultural development and resil-
ient livelihoods because the incentives they create 
shape the actions of  public officials, making them 
fundamental for the implementation of  climate-
smart measures and interventions. To enable 
smallholders to adopt mitigation practices, strong 
institutional support is required to improve the dis-
semination of  information, provide technical and 
financial support and access to markets, and coor-
dinate the work of  a large number of  farmers over 
a wide area. It is important to focus institutions 
at three different levels of  scale, namely, (i) build-
ing local institutional frameworks, (ii) strengthen-
ing the key role of  meso-level institutions, and (iii) 
working to enhance national institutional capacity 
to implement policy decisions.

 » Finance—An increased level and quality of  
national investment is needed to boost climate-
smart practices. Improvements in agriculture can 
be a powerful engine for economic development, 
poverty reduction, and GHG mitigation. The 
estimated investment gap for food security and 
addressing climate change in developing countries 
amounts to US$320 to US$360 billion per year 
(United Nations Conference on Trade and Devel-
opment [UNCTAD] 2014). Considerable finance 
is needed for agricultural adaptation and mitiga-
tion by least developed countries (LDCs)—on the 
order of  US$3 billion annually for adaptation and 
US$2 billion annually for mitigation (Richards  
et al. 2015). One starting point at which to increase 
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mitigation investment is to realign subsidies to 
meet mitigation investment needs (Organisation 
for Economic Co-operation and Development 
[OECD] 2015a).

 » Agricultural subsidies and trade—Proper imple-
mentation of  mitigation practices requires realign-
ing policies and regulatory frameworks to enable 
an efficient and cost-effective transition. Existing 
subsidies should be redirected away from high-
emitting crops. Changing the incentive structure 
of  fertilizer and other agrochemical subsidies can 
increase the efficiency of  the use of  agricultural 
inputs and incentivize the adoption of  improved 
land management practices.

 » Trade policy reforms will be required to com-
pensate for decreases in domestic production 
through increased imports, and enable coun-
tries to exploit possible new comparative advan-
tages through export. In many countries, import 
tariffs exist for environmental goods, including 
those important for mitigation. Reducing these 
tariffs would help increase market access and 
promote the global transition to a low-carbon 
economy. In some cases, shift from import tar-
iffs to consumer or value added taxes may be 
appropriate.

 » Cultural and gender considerations—Implementing  
change is most successful if  the informal, social, 
and cultural arrangements in place are under-
stood, and activities and actions are channeled 
through the appropriate institutions, including 
faith groups, women’s groups, ethnic communities, 
or traditional leadership hierarchies. Getting the 
community involved in the design and decision-
making process can bring local knowledge, social 
legitimacy, and established networks to mitigation 
programs (FAO 2013).

Nationally Determined Contributions
Nationally Determined Contributions outline country-
level strategies to address climate change. An NDC is 
a statement of  a country’s current emissions, reduction 
targets, and adaptation priorities. It describes country-
level strategies to address climate change, and its articula-
tion provides decision makers—from  producers to policy 
makers—with a  useful framework of   reference. This is 

vitally important given that national climate change 
adaptation policies are often insufficiently informed by 
robust evidence and biophysical and regional climate 
modeling, leading to ill-equipped public institutions and 
a need for technical support. Although NDCs are a wel-
come first step, more explicit declarations will be needed 
to describe costs and pathways of  technology adoption 
that capitalize on the mitigation potential of  different 
countries. 

Recommendations
The NDCs provide opportunities to fill mitigation financ-
ing and knowledge gaps in country programs, expand 
the Bank’s mitigation-related investment portfolio, and 
formulate cohesive strategies for implementing mitiga-
tion technologies and practices. This can be achieved 
by channeling the International Development Associa-
tion (IDA)/International Bank for  Reconstruction and 
Development (IBRD) investments, Global Environ-
ment Facility (GEF), BioCarbon Fund and other grants, 
and technical assistance to country clients through 
an approach that is composed of  the following three 
 strategies:

1. Provide additional resources to scale up miti-
gation assistance to Bank agriculture projects by 
ensuring the immediate availability of  addi-
tional mitigation program funds.  

2. Improve mitigation programmatic align-
ment across the regions. A common platform with 
clear guidelines for channeling funds to projects 
with mitigation-related objectives will make for a 
more strategic approach to funding, one that pur-
posefully rewards interventions that are designed 
to achieve the triple win. This, in turn, will require 
a robust monitoring system for tracking results 
with common indicators across those projects. 
The results will be fed back into a common knowl-
edge platform that effectively documents practi-
cal lessons learned, providing an evidence-based 
framework of  reference for improving global 
donor alignment.

3. Provide technical assistance and capacity 
development to in-country counterparts that 
are complementary to those undertaken by other 
agencies, for example, Consultative Group on 
International Agricultural Research institutions, 
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the Food and Agriculture Organization (of  the 
UN) (FAO), and country client agencies. Techni-
cal assistance components may also be included 
in country investment proposals, or they can be 
stand-alone activities. 

Specific activities to be supported include (1) expand-
ing investment in proven mitigation technologies;  
(2) strengthening policies and institutions; and (3) building 
technical capacity and supporting knowledge manage-
ment systems.
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In 2013, the World Bank Group set out two goals: to end extreme poverty 
by 2030 and to promote shared prosperity. These goals are aligned to support 
the Sustainable Development Goals (SDGs). Yet the projected increase in extreme 
weather events will likely threaten the objective of  sustainably eradicating poverty. 
Although developing countries are most vulnerable to extreme climate-related shocks, 
adopting climate-smart practices, developing enabling polices and institutions, and 
mobilizing financing will enable countries to contribute to climate change mitigation.

Agriculture is the main driver of  the impacts that climate change has on 
poverty, but at the same time has great mitigation potential. The IPCC 
estimates that the global technical mitigation potential from agriculture could reach 
the equivalent of  7.18 to 10.6 Gt CO2-eq per year by 2030 (IPCC 2014). Mitiga-
tion efforts are consistent with carbon prices up to US$100/t CO2-eq (for example, 
restoration of  organic soils), and about a third of  those can be achieved at less than 
US$20/t CO2-eq (for example, through improved cropland and grazing land manage-
ment). Although there is less difference between measures at different carbon prices in 
forestry, there are significant differences between the forestry mitigation potential in 
different regions. The Latin American and Caribbean region has the largest potential 
in deforestation reduction.

Climate change is likely to result in significant decreases in both the effi-
ciency and the resilience of  agricultural production globally.2 The impacts 
of  climate change are already being felt in the form of  reduced yields and more fre-
quent extreme weather events. Cereal yields decline by 5 percent for every Celsius 
degree rise in global warming, and globally 40 million tons (Mt) of  crops were lost 
per year to a warmer climate between 1981 and 2002 (IPCC 2014). By 2050, nega-
tive impacts of  climate change on agricultural production will lead to a 16 percent 

2 Cf. Beddington et al. 2012; Gornall et al. 2010; IPCC 2007; Thornton and Cramer 2012.

CHAPTER ONE 
MITIGATION IN AGRICULTURAL 
LANDSCAPES
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decrease in the daily per capita calorie availability in 
developing countries.3 Expected yield losses are likely to 
cause an increase in food prices and a decrease in food 
security, especially in regions such as Sub-Saharan Africa 
and South Asia where many are subsistence farmers.

OVERVIEW OF AGRICULTURAL 
LANDSCAPE EMISSION 
PATTERNS
The Agriculture, Forestry and Other Land Use 
(AFOLU) sector is a major source of  anthropogenic 
greenhouse gas emissions. In 2012, emissions from 
agriculture and land use (including deforestation) accounted 
for 17 percent, or 8.164 Gt CO2-eq, of  total global anthro-
pogenic missions. Agriculture accounts for about half  of  
methane (CH4) emissions (cattle, rice plantations, and wet-
lands) and over 80 percent of  N2O emissions from fertilizer 
application. Nitrous oxide has a global warming potential 
296 times that of  CO2 and methane has a global warming 
potential 25 times that of  CO2. The scale of  global emis-
sions from agriculture and land-use change is increasing as a 
result of  population growth, growing consumption of  meat 
and dairy products, and the rising use of  nitrogen fertilizers.4 
Leveraging the mitigation potential in the AFOLU sector is 
therefore extremely important in meeting emission reduc-
tion targets (Working Group 3, IPCC 2014).

Agriculture must cut its current emissions by 
two-thirds to contribute to its fair share of  lim-
iting global warming to 2 degrees Celsius (World 
Resources Institute [WRI] 2014). Projections indicate that 
emissions from human activities other than agriculture and 
land-use change could increase from 54 Gt to roughly 70 Gt 
by 2050. To avoid dangerous global warming in which 
global temperature rises above 2 degrees Celsius relative to 
preindustrial times, global GHG emissions by 2050 need to 
fall to roughly 21–22 Gt CO2-eq. Under  business-as-usual 
practices, agriculture will contribute roughly 70 percent of  
these total emissions by mid-century.

3 Assuming average daily per capita calorie availability at 2,886 kcal/day in the 
scenario without climate change, whereas at 2,410 kcal/day (National Center 
for Atmospheric Research model) and 2,432 kcal/day (Commonwealth Scien-
tific and Industrial Research model) under climate change and without carbon 
fertilization.
4 Additional drivers of  land use change can be found in appendix B.

Globally, agricultural emissions increased annu-
ally by 1.21 percent, from 4.656 Gt CO2-eq (4,656 Mt 
CO2-eq) in 2000 to 5.382 Gt CO2-eq (5,382 Mt CO2-eq) 
in 2012 (Database of  the Food and Agricultural Organi-
zation of  the United Nations [FAOSTAT]). The increase 
occurred mainly in developing countries owing to popu-
lation growth, changes in dietary preferences, and an 
expansion of  total agricultural outputs (figure 1.1). A 
detailed breakdown of  agricultural emissions by region 
can be found in “Agricultural Emissions” in appendix A.

About 78 percent of  agricultural emissions 
come from four main sources: enteric fermentation 
(39 percent), manure management (25 percent), synthetic 
fertilizers (14 percent), and rice cultivation (10 percent) 
 (figure 1.2). Enteric fermentation is the release of  CH4 as 
a by-product of  ruminant digestion and is consistently the 
largest source of  agricultural emissions. Livestock manure 
causes both CH4 emissions through increased decomposi-
tion in wet storage systems and nitrous oxide emissions in 
dry storage systems. Large amounts of  nitrogen fertilizer 
are the cause of  N2O emissions on farmlands, whereas 
CH4 emissions occur from anaerobic decomposition on 
flooded rice fields. Manure is the second-largest source 
of  agricultural emissions, with the exception of  East Asia 
and Pacific (EAP), where fertilizers are the second-largest 
source. This is mainly due to China’s large consumption 
of  fertilizers. Global fertilizer consumption grew by 24 
percent from 133 Mt of  nutrients in 2002 to 166 Mt of  
nutrients in 2012. The highest increase in fertilizer con-
sumption occurred in LAC (65 percent, from 12.8 Mt in 
2002 to 21.2 Mt in 2012), followed by SSA (57 percent, 
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FIGURE 1.1.  AGRICULTURAL EMISSIONS BY 
REGION

Source: FAOSTAT.
Note: MENA = Middle East and North Africa; SSA = Sub-Saharan Africa; 
ECA = Europe and Central Asia; LAC = Latin America and the Caribbean; 
SA = South Asia; EAP = East Asia and the Pacific.
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from 2.0 Mt in 2002 to 3.1 Mt in 2012), and SA (45 per-
cent, from 22.3 Mt in 2002 to 32.3 Mt in 2012). See “Agri-
cultural Emissions” in appendix A for further analysis of  
enteric fermentation and fertilizer use.

Globally, agricultural CH4 and N2O emissions have 
increased nearly 17 percent from 1990 to 2005, an aver-
age annual emissions increase of  about 60 Mt CO2-eq/
yr. Three commodities, beef, dairy, and rice, account for 
62 percent of  agricultural emission, whereas four countries, 
China, India, the United States, and Brazil, account for 
43 percent of  global emissions from agriculture (“Agricul-
tural Emissions,” appendix A). About 88 percent of  Afri-
ca’s emissions come from beef, dairy, and other ruminants, 
whereas 60 percent of  China’s emissions and 79 percent 
of  India’s emissions come from beef, other ruminants, and 
rice. Some 75 percent of  Brazil’s emissions come from beef, 
whereas more than half  of  the European Union’s (EU) 
emissions come from beef  and dairy. Beef  is the major emit-
ting livestock, accounting for 35 percent of  global agricul-
tural emissions. Rice, the major emitting crop accounting 
for 15 percent of  global agricultural emissions, is respon-
sible for 4–16 times the emissions from wheat, maize, and 
soybeans.

Global net emissions from land-use change 
increased from 2.793 Gt CO2-eq (2,793 Mt CO2-eq) 
in 2000 to 3.219 Gt CO2-eq (3,219 Mt CO2-eq) in 2005. 
Thereafter, the net emissions declined to 2.783 Gt 
CO2-eq (2,783 Mt CO2-eq) in 2012 (FAOSTAT). This 
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FIGURE 1.2.  SOURCES OF AGRICULTURAL 
EMISSIONS BY REGION, 2012

Global emissions from enteric fermentation grew by 9.7 per-
cent, from 1,896 Mt CO2-eq in 2000 to 2,080 Mt CO2-eq 
in 2012. The regions with the highest enteric fermentation 
emissions in 2012 are LAC (522 Mt CO2-eq), SA (448 Mt 
CO2-eq), and EAP (361 Mt CO2-eq). From 2000 to 2010, 
cattle contributed the largest share (75 percent of  the total), 
followed by buffalo, sheep and goats (FAOSTAT).

In ruminant animals (principally cattle, buffalo, sheep, and 
goats), a significant amount of  fermentation takes place in 
the rumen, resulting in relatively large methane (CH4) emis-
sions per unit of  feed energy consumed. Ruminant animals 
with low levels of  production efficiency have relatively high 
methane emissions per unit of  product because they use 
of  a large fraction of  their feed intake for basic metabolic 
processes required to stay alive. Methane emissions associ-
ated with this “maintenance” feed intake are spread over a 
relatively small level of  production, resulting in a high level 
of  emissions per unit product. In animals with higher lev-
els of  production efficiency, the “maintenance emissions” 
are spread out over a larger amount of  production, thereby 
reducing methane emissions per unit product.

India is the largest contributor of  enteric fermenta-
tion emissions. India’s enteric fermentation emissions 
increased 25.2 percent, from 246 Mt CO2-eq in 1990 to 
308 Mt CO2-eq in 2012 (figure B1.1.1). In 2012, India had 
190.9 million cattle, 108.7 million buffaloes, 65.1 million 
sheep, and 135.2 million goats. The increase in livestock 
population from 1990 to 2012 is reported to be 34.9 per-
cent in buffaloes, 33.7 percent in sheep, and 19.4 percent 
in goats. During this period, cattle population decreased 
by 5.7 percent.

FIGURE B1.1.1.  HISTORICAL ENTERIC 
FERMENTATION EMISSIONS 
FOR THE TOP FOUR 
EMITTERS, 1990–2012
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BOX 1.1.  SPOTLIGHT: ENTERIC 
FERMENTATION

Source: FAOSTAT.

Source: FAOSTAT.



4 Greenhouse Gas Mitigation Opportunities In Agricultural Landscapes

Fertilizer is a major input for crop production and a major 
source of  N2O in agricultural soils. Global fertilizer consump-
tion grew by 24 percent, from 133 Mt of  nutrients in 2002 to 
166 Mt of  nutrients in 2012. China has been the largest con-
tributor of  fertilizer emissions since 1990, increasing its fertil-
izer emissions by 133 percent, from 124 Mt CO2-eq in 1990 
to 290 Mt CO2-eq in 2012 (figure B1.2.1). Over the years, its 
contribution to global fertilizer emissions has increased signifi-
cantly compared with other countries.

Recent studies indicate that each year Chinese farmers 
apply approximately 600 kilograms of  fertilizer per hectare 
compared with U.S. farmers, who use 100 kilograms per 
hectare on wheat, and Mexico where farmers use 250 kilo-
grams per hectare for intensive farming. Excessive fertilizer 
use does not necessarily translate to higher yields. In 2012, 
the United States consumed less than half  the amount of  
fertilizer compared with China but had higher paddy rice 
and maize yields. The consequences of  excessive fertilizer 
use in China include 20–50 percent of  nitrogen leaked into 
the air and groundwater, reducing air quality whereas the 
denitrification process lowers water quality (Chen et al. 
2011; Smith and Siciliano 2015; Vitousek et al. 2009).

Current fertilizer use is grossly inadequate for sustainable 
crop production in Sub-Saharan Africa. One of  the major 
issues in realizing Africa’s food production potential is the 
lack of  organic materials to adequately enrich the soils, mak-
ing mineral fertilizers crucial to replenishing soil fertility. 

More than 40 percent of  Africa’s 220 million ha of  farmland 
lose at least 30 kg per ha of  nutrients yearly, leading to annual 
losses of  more than US$4 billion. Sub-Saharan Africa is the 
only region in the world in which food production index per 
capita has decreased over the past 40 years. To meet the tar-
gets set in the 2006 Abuja Declaration on Fertilizer for an African 
Green Revolution and to accelerate food production, the use of  
fertilizer in Sub-Saharan Africa must increase fivefold from 
its current average rate of  10 kg per ha. Such increase in 
fertilizer use combined with organic inputs, such as crop resi-
due and manure, and improved varieties with high genetic 
yield potential and nutrient use efficiency could improve food 
security and minimize cropland expansion to forested areas.

FIGURE B1.2.1.  HISTORICAL FERTILIZER 
EMISSIONS FOR THE 
TOP FOUR EMITTERS, 
1990–2012
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FIGURE 1.3.  LAND-USE NET EMISSIONS/
REMOVALS BY REGION

In 2012, 86 percent of  global land-use change 
emissions came from two sources, forestland, net 
carbon stock change in the living biomass pool (59 per-
cent), and cropland, CO2 released following soil drain-
age resulting from the cultivation of  organic soils for crop 
production (27 percent). The current rate of  carbon loss 
due to land-use change (deforestation) and related land-
change processes (erosion, tillage operations, biomass 
burning, excessive fertilizers, residue removal, and drain-
age of  peat lands) is between 700 and 2,100 million tons 
of  carbon per year. Soil erosion is the major land deg-
radation process that emits soil carbon. This is because 
soil organic matter is concentrated on the soil surface, and 
accelerated soil erosion leads to progressive depletion of  
soil carbon. Further analysis of  land-use change emissions 
can be found in “Land-Use Net Emissions/Removals” in 
appendix A.

was the result of  reduced levels of  deforestation and increases 
in the amount of  atmospheric carbon being sequestered in 
many countries (FAO 2014). Regions with a net removal of  
GHG from the atmosphere are considered a net land-use 
sink rather than a source of  GHG (figure 1.3). In ECA, for-
est carbon sequestration increased 206 percent, from 168 Mt 
CO2-eq in 2000 to 515 Mt CO2-eq in 2012.

Source: FAOSTAT.

Source: FAOSTAT.
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Between 1990 and 2015, there was a 3.1 percent 
decrease in global forest area (FAO 2015). This is a 
change from 31.6 percent of  global land area in 1990 to 
30.6 percent in 2015. Global forest gains and losses occur 
continuously and can be difficult to monitor. There was a 
net loss of  some 129 million hectares (ha) of  natural and 
planted forest from 1990 to 2015, representing an annual 
rate of  −0.13 percent and a total area about the size of  
South Africa. However, during this time the net annual 
rate of  loss slowed from −0.18 percent during the 1990s 
to −0.08 over the past five-year period. Between 2010 and 
2015 there was an annual loss of  7.6 million ha and an 
annual gain of  4.3 million ha, resulting in a net annual 
decrease in forest area of  3.3 million ha.

CLIMATE-SMART 
AGRICULTURE
Unlike other sectors, the AFOLU sector not only gener-
ates GHG emissions but can also remove them from the 
atmosphere. Different ecosystems store different amounts 
of  carbon depending on their species compositions, soil 
types, climate, relief, and other biophysical features.

Climate-smart agriculture practices can enable 
farmers to mitigate negative climate impacts and 
to adapt to emerging climate trends. CSA is com-
posed of  three pillars: (1) sustainably increasing agricultural 
productivity to support equitable increases in incomes, food 
security, and development; (2) adapting and building resil-
ience to climate change from the farm to national levels; 
and (3) development opportunities to reduce greenhouse 
gas emissions from agriculture compared with past trends.

Sustainable landscape management (SLM), a key 
element of  CSA, involves land-use systems and 
management practices that enable humans to 
maximize the economic and social benefits from 
land. It provides three broad mechanisms for mitiga-
tion of  GHG in agricultural landscapes—conservation, 
sequestration, and reductions in GHG emissions.

1. Carbon conservation: CO2 emissions can be avoided 
and carbon can be conserved by agricultural man-
agement practices that anticipate the cultivation 
of  new lands under forest, grassland, or other 
nonagricultural vegetation (Foley et al. 2005).

2. Carbon sequestration:5 Soil organic matter can cap-
ture and hold large carbon reserves. Improved 
management practices involving agroforestry and 
the use of  perennials can actively promote this 
sequestration and storage of  atmospheric CO2 
(Albrecht and Kandji 2003).

3. Reducing emissions: Agriculture releases significant 
amounts of  CO2, CH4, and N2O into the atmo-
sphere (Cole et al. 1997; IPCC 2001a; Paustian et 
al. 2004). More efficient agricultural management 
practices of  carbon and nitrogen flows can help 
reduce these emissions. The options that can best 
reduce emissions vary from region to region.

Unlike conventional agricultural practices, SLM practices 
capitalize more purposefully on the positive impacts of  
conservation and sequestration while reversing agricul-
ture’s negative impacts.

OBJECTIVE AND FOCUS
This report focuses specifically on mitigation opportu-
nities to reduce GHG emissions from agriculture and 
land-use change while simultaneously improving food 
production and enhancing the resilience of  agricultural 
systems. Its objective is to provide agriculturalists and nat-
ural resource managers with a broad perspective of  ways 
to effectively scale up mitigation practices.

The findings reported are based on two related exercises. 
The first reviews agricultural mitigation opportunities and 
technology options to support climate-smart agriculture. 
The second exercise summarizes agricultural mitigation 
commitments that were submitted to the Conference of  
the Parties 21 (COP21) through countries’ NDCs.

5 Permanence and saturation are some of  the limitations of  carbon sequestra-
tion. Permanence refers to the secure retention of  newly sequestered carbon. 
Carbon sequestration only removes carbon from the atmosphere until the 
maximum capacity of  the ecosystem is reached. Storage of  carbon in soils is 
relatively volatile and subject to reemission into the atmosphere in a subsequent 
change in land management. Note that not all agricultural mitigation options 
are transient. Substitution of  fossil fuels by bioenergy is a permanent mitigation 
option, and reduction in nitrous oxide and methane emissions are nonsaturat-
ing. Increasing organic matter in soils has a major positive impact on soil health 
and water retention and thus enhances adaptation and resilience. Nonperma-
nence and saturation effects notwithstanding, soil carbon sequestration could 
be used to buy us time as a planet to develop carbon capture to limit global 
warming to the internationally agreed-upon 2 degrees Celsius.
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Total global GHG emissions are currently estimated at about 54,000 Mt of  CO2 
equivalent (Gt CO2-eq) per year. To avoid dangerous climate change, further emis-
sions reductions will need to close the “emissions gap”—the difference between 
what countries have already committed themselves to doing and what will be 
necessary to keep global temperature rise below 2 degrees Celsius above prein-
dustrial levels. In the absence of  sufficient emissions reductions before 2020, this 
gap will be 8,000—10,000 Mt CO2-eq in 2020 and 14,000—17,000 Mt CO2-eq 
in 2030 (United Nations Environment Programme [UNEP] 2014). Significantly 
scaled up highly effective agriculture and land-use technology could make this 
transition happen, and increase the likelihood of  substantially closing the emis-
sions gap.

The IPCC estimates the potential for climate mitigation from the land sector as 7,000 
Mt CO2-eq/year in 2030 at a nominal price of  $50/ton, and nearly 10,000 Mt at 
$100/ton (figure 2.1). The estimates do not include the effects of  demand-side meas-
ures such as shifting diet trends away from high-emissions foods and reducing food 
waste, with a total potential considered to be roughly similar to the supply side esti-
mates. This implies that the potential of  the land sector to closing the emissions gap 
can be quite considerable.

Mitigation actions in the land sector need to be increased, not only to help close the 
gap but also to avoid the substantial increases in emissions and global warming that 
would result from conventional practices. Agricultural GHG mitigation options are 
found to be cost competitive with nonagricultural options (for example, energy, trans-
portation, forestry) in achieving long-term climate objectives—that is, the climate 
objectives to 2100.

CHAPTER TWO 
MITIGATION OPPORTUNITIES 
AND INTERVENTIONS
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An understanding of  the driving factors of  agricultural 
land-use change is fundamental to the identification of  
viable mitigation opportunities.6 The drivers are catego-
rized as proximate causes and underlying drivers. Proxi-
mate causes are human activities that directly affect the 
environment. Underlying causes or processes are funda-
mental forces that underpin the proximate causes. They 
are generally a complex suite of  social, political,  economic, 

6 Land-cover and land-use change fall under two classes: conversion and modi-
fication. Land-cover conversion is the change from one land cover to another, 
for example, forest to cropland. Land-cover modification is the change in the 
condition within a land-cover category, for example, thinning of  forest, refor-
estation, change in forest composition, or agricultural intensification. Land-use 
conversion is the shift to a different use, for example, timber production to vil-
lage settlement. Land-use modification is the intensification of  existing one for 
example, use of  more fertilizer to produce more crops. Land-use change often 
leads to land-cover change.

technological, and cultural variables that lead to land deg-
radation and change. Figure 2.2 shows the relationship 
between proximate and underlying causes.

Proximate causes are grouped in three categories: agricul-
tural expansion (expansion of  cropped land and pasture), 
wood extraction (harvesting or extraction of  wood), and 
expansion of  infrastructure. Underlying causes operate 
directly at the local level or indirectly from the national 
or global level. These are economic factors (commer-
cialization, development, economic growth or change), 
technological factors (technological change or progress), 
policy and institutional factors (change or impact of  
political-economic institutional change), cultural factors 
(values, public attitudes, beliefs, and individual or house-
hold behavior), and demographic factors (human popula-
tion dynamics). In addition to proximate and underlying 

Given the emerging patterns of  drivers of  agricultural and 
land-use change, closing the emissions gap will be a huge 
challenge for the global community. Large-scale deployment 
of  effective land mitigation opportunities can, however, be 
instrumental in doing so. A recent study was designed to esti-
mate the extent to which emissions mitigations from the land 
sector could contribute to closing the emissions gap, based 
on the most recent scientific literature. The analysis was con-
ducted for the world’s largest eight emitters. Together, the 
United States, Indonesia, China, India, EU, Brazil, Mexico, 
and the Democratic Republic of  Congo account for 57 per-
cent of  global land emissions (see table B2.1.1). Three major 
land-based mitigation activities were considered: (i) reducing 
carbon emissions from deforestation, forest degradation, and 
the clearing of  peatlands; (ii) decreasing emissions from agri-
cultural sources such as methane from cattle and rice paddies, 
nitrous oxide from fertilizer and manure, and carbon from 
the soil; and (iii) carbon sequestration through reforestation 
and land rehabilitation. The results indicate that the largest 
potential is in the United States (2,000–3,000 Mt CO2eq). 
Indonesia, China, and India also have substantial potential 
(750–1,750 Mt); followed by Brazil and the EU (about 500 
Mt); and finally Mexico and the Democratic Republic of  
Congo have fairly low levels (less than 200 Mt).

However, the subsectors and approaches with the largest 
emissions-reduction potential vary quite widely by country. 
For instance, in the United States, the mitigation potential 
derives primarily from ruminant methane, soil nitrous oxide 

and carbon dioxide, and sequestration from regrowth. In 
Indonesia, the potential derives principally from reducing 
deforestation and restoring forests and peatlands. The sums 
of  the median potential represent 76 percent of  the estimated 
emissions gap for 2020 and 44 percent for 2030. Moreover, 
land mitigation by other countries not included in the analy-
sis would further reduce the emissions gap (Boucher and 
 Ferretti-Gallon 2015).

TABLE B2.1.1.  MEDIAN ESTIMATES OF 
POST-2020 LAND-BASED 
MITIGATION POTENTIAL  
(MT CO2-EQ)

2020 2030

United States 1,900 3,100
Indonesia 1,700 800
China 1,200 1,000
India 1,000 700
Brazil 500 500
EU 400 400
Mexico 200 200
Congo, Dem. Rep. 20 20
Total 6,920 6,720
Total as percentage of  emissions gap 76 44

BOX 2.1.  EIGHT OF THE WORLD’S LARGEST EMITTERS COULD CLOSE ABOUT 50 PERCENT 
OF THE EMISSION GAP BY 2030
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FIGURE 2.2.  PROXIMATE AND UNDERLYING DRIVERS OF AGRICULTURAL AND LAND-USE 
CHANGE
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causes, there are also biophysical and teleconnection fac-
tors that often work as catalysts that lead to sudden shifts 
in the human-environment condition. A detailed discus-
sion of  drivers of  agricultural landscapes change can be 
found in appendix B.

MITIGATION MEASURES AND 
INTERVENTIONS
A variety of  mitigation measures for agricultural land-
scapes exist and their mitigation potential has been 
widely discussed in the literature.7 This section provides 
a detailed overview of  mitigation options and of  environ-
mental cobenefits.

CROPLAND MANAGEMENT
Croplands offer many opportunities to impose practices 
that reduce net GHG emissions. Mitigation practices in 
cropland management include the following interventions:

 » Conservation agriculture (CA). Conservation 
agriculture is an approach to managing agroeco-
systems for improved and sustained productivity, 
increased profits, and food security while preserving 
and enhancing the resource base and the environ-
ment. The three key components of  conservation 
agriculture are (1) minimal mechanical soil dis-
turbance (that is, no tillage and direct seeding); 
(2) maintenance of  a mulch of  carbon-rich organic 
matter covering and feeding the soil (for example, 
straw or other crop residues including cover crops); 
and (3) rotations or sequences and associations of  
crops including trees that may include nitrogen- 
fixing legumes. CA promotes biodiversity and natu-
ral biological processes above and below the ground 
surface. Soil interventions such as mechanical soil 
disturbance are reduced to an absolute minimum 
or avoided altogether, and external inputs such as 
agrochemicals and plant nutrients of  mineral or 
organic origin are applied optimally and in ways 
and quantities that do not interfere with, or disrupt, 
biological processes. CA facilitates good agronomy, 
such as timely operations, and improves overall land 
husbandry for rain-fed and irrigated production. 
Complemented by other known good practices, 

7 See IPCC 2007; IPCC 2014; Dickie et al. 2014.

including the use of  quality seeds and integrated 
pest, nutrient, weed and water management, and 
so on, CA is a base for sustainable intensification. 
It opens up increased options for integration of  
production sectors, such as crop-livestock integra-
tion and the integration of  trees and pastures into 
agricultural landscapes. CA adoption levels are low 
across Africa and Asia, and farmers often use only 
some components selectively on small portions of  
land. Components of  CA that are often partially 
or incrementally adopted as a continuous learn-
ing process include mulching, cover cropping, crop 
rotation, and less invasive tillage.

 » Crop residue mulching. Mulching buffers soil 
temperature and helps the soil–crop system reduce 
evaporation and the mineralization of  organic mat-
ter. Crop residue mulching is a system of  maintain-
ing a protective cover of  vegetative residues such 
as straw, maize stalks, palm fronds, and stubble on 
the soil surface. The protective layer of  mulch or 
crop residues reduces weed growth, reduces mois-
ture loss, keeps the soil cooler, reduces erosion by 
water and wind, and restores soil carbon through 
decomposition. Mulching also counteracts nutrient 
loss. Crop residue mulching has numerous posi-
tive effects on crop production. However, it may 
require a change in existing cropping practices. For 
example, farmers may conventionally burn crop 
residues instead of  returning them to the soil. In 
situ mulching depends on the design of  appropri-
ate cropping systems and crop rotations, which 
have to be integrated with the farming system. The 
greater labor demands of  cut-and-carry systems 
represent a major constraint.

 » Cover cropping. Cover crops with strong roots 
such as radish or pigeon peas can be used to pen-
etrate and break up compacted soil layers. They 
also take up the nitrogen and reduce its loss from 
the soil.

 » Crop diversification. Diversification through 
varied crop associations or rotations (involving 
annual or perennial crops including trees) can 
increase and build up the soil’s resilience to climate 
change. Crop diversification is an important resil-
ience strategy for agroecosystems (Lin 2011). Crop 
diversification takes into account the economic 
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returns from different value-added crops. It is dif-
ferent from the concept of  multiple cropping or suc-
cession planting in which multiple crops are planted 
in succession over the course of  a growing session. 
Moreover, it implies the use of  environmental and 
human resources to grow a mix of  crops with com-
plementary marketing opportunities, and it implies 
a shifting of  resources from low-value crops to high-
value crops, usually intended for human consump-
tion such as fresh market fruits and vegetables. Crop 
diversification has potential as an economic driver 
in agricultural regions. It may prove to be of  para-
mount importance in meeting challenges that arise 
from a post–green revolution scenario (Singh 2011).

 » Genetic resources. Using high-quality seeds 
and planting materials of  adapted varieties can 
provide options for coping with climate change 
while improving agricultural production.

 » Less invasive tillage with residue manage-
ment. Soil management practices that limit soil 
compaction, reduce tillage, and retain crop resi-
dues lower the potential for N2O loss, increase soil 
carbon, and improve yields.

 » Improved rotations/deeper rooting cul-
tivars. These reduce soil erosions and improve 
nitrogen efficiency from minimum tillage. Higher 
yields and reduced yield variability can result from 
the improved soil fertility.

 » Promotion of  legumes in crop rotations. 
The inclusion of  legumes in crop rotations capital-
izes on symbiotic microbes that fix nitrogen, which 
is harvested in the crop and partly transferred to 
subsequent crops, increasing their yields. Introduc-
ing legumes can also lengthen the growing season 
and improve soil structure, fertility, and retention 
(FAO 2011). In forage legume/grass mixtures, 
nitrogen is also transferred from legume to grass, 
increasing pasture production. The protein con-
tent of  legumes makes them important from a 
nutritional point of  view. When included in live-
stock feed, legumes increase the food conversion 
ratio and decrease methane emissions from rumi-
nants, thus increasing efficiency and at the same 
time reducing GHG emissions.

 » Sustainable rice production systems. A 
number of  crop production and soil manage-

ment principles are essential for sustainable rice 
production. These include intermittent irrigation, 
reduced seed rate, early transplanting, wider spac-
ing of  seedlings, and applications of  organic fertil-
izer. Table 2.1 provides a comparison of  common 
rice production systems.

Paddy rice consumes nearly 40 percent of  all irrigation 
water used globally, and flooded rice fields also create 
about 10 percent of  all methane produced by human 
activities. The production of  rice in flooded paddies pro-
duces methane because the water blocks oxygen from 
penetrating the soil, creating conditions conducive for 
methane-producing bacteria. As freshwater resources are 
increasingly scarce, alternative sustainable practices must 
be applied to ensure that rice productivity will be able to 
meet future demands.

Alternate wetting and drying can help meet this goal 
while also reducing methane emissions from rice paddies. 
Rather than the traditional practice of  continuous flood-
ing of  the rice paddy fields, AWD calls for periodic drying 
and reflooding. This reduces water use by up to 30 per-
cent and can save farmers money on irrigation and pump-
ing costs. Allowing the soil to dry out intermittently lets air 
in, preventing buildup of  anaerobic bacteria responsible 
for CH4 production; this has been shown to reduce CH4 
emissions from rice paddies by an average of  48 percent 
(IPCC 2008). In addition, AWD can increase yields by 
promoting stronger root growth of  rice plants.

Combining AWD with efficient nitrogen use and appli-
cation of  organic inputs to dry soil can further reduce 
GHG emissions. This suite of  practices can be referred 
to as AWD+. The recurring shift between aerobic and 
anaerobic conditions favors bacterial conversion of  other 
nitrogen compounds to nitrous oxide and its release from 
soil. Thus, efficient nitrogen use helps control and reduce 
nitrous oxide emissions.

Incentives for adoption of  AWD are higher when farm-
ers pay for pump irrigation. For instance, canal-irrigated 
farms have little reduction in methane emissions. Because 
farmers pay a flat fee for their water, they don’t have an 
incentive to reduce irrigation and often leave fields drained 
incompletely. However, in pump-irrigated farms, farmers 
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TABLE 2.1. COMPARISON OF APPROACHES FOR SUSTAINABLE RICE PRODUCTION
Management Practices SRI SSIA 1M + 5R ICM Remarks

Core practices:
Intermittent irrigation/AWD x x x x The schedule of  drying and wetting depends 

on local conditions; control over the water 
source, or good cooperation among irrigation 
users is key.

Reduced seed rate/single 
seeding transplantation

x x x Usually adopted if  farmers are confident that 
water management is reliable and under their 
control.

Early transplanting x x x Avoids root competition and ensures strong 
plant establishment with multiple tillers and 
quick and early plant establishment.

Wider spacing of  seedlings x x Will be adopted if  farmers are confident that 
water management is reliable and under 
their control. Also depends on tilling of  the 
variety used. Spacing depends on soil quality. 
Encourages root and canopy growth.

Organic fertilizer 
application

x x x This is traditionally practiced for other crops, 
but not usually on rice.

Additional/optional practices:
Reduced N fertilizer 
application

x x If  enough organic fertilizer is applied, the 
application of  N can be reduced.

Use of  certified seeds/high 
yielding varieties

x x The principles have positive yield effects 
regardless whether local varieties or high-
yielding seed varieties are used. It depends on 
the characteristics of  the varieties currently 
used if  a change is beneficial (tilling, length of  
growth cycle).

IPM—reduced use of  
pesticides

x x Depending on the climate, cropping cycles, 
and predominant pest problems, this may be a 
priority.

Rotary weeding and 
mulching of  weeds

x x When fields are not continuously irrigated, 
more weeds grow that need to be controlled. 
Incorporating them into the soil acts like green 
manure and aerates the soil. Mechanization 
is still a challenge—labor demand may be an 
issue.

Source: Pape-Christiansen, A. and Braimoh, A. 2016. A Portfolio Review of  World Bank Rice Projects: Fiscal Years 1984-2011. WORLD BANK GROUP REPORT NUMBER 
102399-GLB.
Note: SRI = System of  Rice Intensification (http://info.worldbank.org/etools/docs/library/245848/); SSIA = Sustainable System of  Irrigated Agriculture. (http://
info.worldbank.org/etools/docs/library/245848/files/docs/topic05/Resources_SSIAPaperFinal.pdf); ICM = integrated crop management in rice cultivation (http://
www.fao.org/3/a-a0869t/a0869t04.pdf); 1M + 5R = “1 Must, 5 Reductions” approach to rice production—in which producers are encouraged to use certified 
seed (“1 must”), and achieve five reductions (seed rate, use of  fertilizer, water use through alternate wetting and drying of  the field, frequency of  pesticide applica-
tion, and postharvest losses)—as a means to improve the overall sustainability of  rice production (http://blogs.worldbank.org/voices/slogan-sustainable-agriculture- 
mot- phai-nam-giam-approach-rice-production-vietnam); IPM = integrated pest management.
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find the opportunity under AWD to reduce money spent 
on fuel for pumping because they have to buy the fuel.

 » Agroforestry. Trees in the farming system can 
help increase farm incomes and diversify produc-
tion, thus mitigating production and market risk 
associated with any one commodity. This will be 
increasingly important as impacts of  climate change 
become more pronounced. Trees and shrubs can 
diminish the effects of  extreme weather events 
such as heavy rains, droughts, and wind storms. 
They prevent erosion, stabilize soils, raise infiltra-
tion rates, and halt land degradation. They can 
enrich biodiversity in the landscape and increase 
ecosystem stability. Greater yields and reduced 
variability can be expected on adjacent croplands 
and better rainwater management in the medium 
to longer terms. Agroforestry is a major source of  
carbon sequestration in agricultural landscapes. 
Perennial crops and trees can sequester substantial 
amounts of  carbon and store it for longer periods 
than can annuals in the biomass of  roots, stems, 
and branches. One of  the most promising fertilizer 
tree species is Faidherbia albida, an Acacia species 
native to Africa and the Middle East. Faidherbia is 
widespread throughout Africa, thrives on a range 
of  soils, and occurs in different ecosystems rang-
ing from dry lands to wet tropical climates. It fixes 
nitrogen and has the special feature of  reversed 
leaf  phenology, a characteristic that causes it to 

become dormant and so shed its leaves during the 
early rainy season and then to leaf  out at the onset 
of  the dry season. This makes Faidherbia compatible 
with food crop production because it does not com-
pete for light, nutrients, and water. Farmers have 
frequently reported significant crop yield increases 
for maize, sorghum, millet, cotton, and groundnut 
when grown in proximity to Faidherbia.

Improved fallow is a form of  agroforestry involving the 
use of  fast-growing trees to accelerate the process of  soil 
rehabilitation and thereby shorten the length of  fallow 
sequestered carbon (about 2.5 t ha−1 yr−1). Nitrogen-
fixing plants are normally used because they are generally 
sturdy, easy to establish, deep rooted, and drought toler-
ant, and fix atmospheric nitrogen. The improved fallow 
trees and shrubs are left in the field for several months 
or years. During the fallow period, the plants accumulate 
nitrogen from the atmosphere and deep layers of  the soil, 
whereas leaf  litter protects the soil from erosion, enriches 
the soil with nutrients, and helps to conserve moisture. 
When the trees are removed after fallow, their roots that 
remain in the soil gradually decompose, releasing addi-
tional nutrients to the subsequent crops. Examples of  spe-
cies used for improved fallow include pigeon pea, sesban, 
sun hemp, Gliricidia sepium, and Tephrosia vogelii.

Intercropping relates to the effects of  crops on soils where 
there are trees, as opposed to the effects of  including trees 
where there are crops. Carbon sequestration over time 
varies in different studies and may be affected by biomass 
harvesting. Competition with crops is an important trade-
off. Although including the nitrogen-fixing tree Dalbergia 
sisso leads to more accumulation of  organic carbon in 
the soil, the incorporation of  more trees reduces spacing 
between crops, and shading of  crops by trees may reduce 
crop yields.

GRAZING LAND MANAGEMENT/
PASTURE IMPROVEMENT

 » Grazing intensity/management. This may 
involve reducing stocking rates, avoiding graz-
ing during drought periods, and improving the 
duration, timing, and frequency of  grazing. This 
increases the soil surface protection by living and 
decomposing vegetation, increases soil organic 

There is currently an estimated 100 ha of  eligible land 
available for irrigated rice. If  AWD is widely applied, there 
will be an overall increase in productivity and decrease in 
emissions.

Productivity Emissions

Adoption on 
50% of eligible
area can lead to 
an additional
32 million tons 
produced.

Adoption on
100% of eligible
area can lead to 
an additional
65 million tons 
produced.

Adoption on
50% of eligible
area can lead to
a decrease of
100 Mt CO2-eq/yr.

Adoption on 100%
of eligible area can 
lead to a decrease of
200 Mt CO2-eq/yr.

15%
increase in

yield 
estimated

> 2.5% of
global

direct ag.
emissions

Source: Richards and Sander 2014; Yan et al. 2009.

BOX 2.2.  GLOBAL APPLICATION OF AWD

FIGURE 2.2.1.  BENEFITS OF AWD
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carbon (SOC), and supports wider soil ecosystem 
services. Applying fertilizer or other inputs can also 
increase annual net primary productivity.

 » Pasture management. This includes sowing of  
improved varieties of  pasture, typically the replace-

ment of  native grasses with higher yielding and 
more digestible forages, including perennial fod-
ders, pastures, and legumes.

 » Optimized nutrient management. With 
agricultural intensification, organic fertilizers are 

The Sustainable Landscape Approach (SLA) is a key bridge 
connecting agriculture, livestock, forestry, and fisheries with 
constraints of  land, water, and other natural resources. SLA 
integrates spatial, ecological, and socioeconomic approaches 
to manage land, water, and forest resources. It focuses not 
only on food security but also on inclusive green growth in 
temporal and spatial dimensions. Management of  vari-
ous land-based ecosystem services is coordinated to prevent 
land fragmentation. The scaling up of  landscape approaches 
requires knowledge management and institutional capacity 
and must be backed up by an enabling policy and market 
environment.

Unsustainable land management practices have resulted in 
severe land degradation. An estimated 40 percent of  the 
world’s agriculture lands are seriously degraded, leading to 
decreases in productivity, declining resilience to extreme cli-
mate events such as droughts and floods, and increased green-
house gas emissions. Forestland has been converted  primarily 

to cropland and grazing lands to satisfy the growing demand 
for goods.

The good news is that more than 2 billion hectares of  the 
world’s cleared and degraded forestland offer opportunities 
for landscape restoration. This includes 700 million hectares 
in Africa, 400 million hectares in Asia, and 500 million hect-
ares in Latin America. Therefore, degraded lands should be 
viewed as an opportunity for delivering multiple development 
and climate benefits (figure B2.3.1).

Restoration of  degraded lands not only offers increased pro-
ductivity and income while enhancing resilience to climate 
change for farmers, but can also allow countries to target 
multiple SDGs: SDG 2, zero hunger; SDG 3, good health 
and well-being; SDG 6, clean water and sanitation; SDG 13, 
climate action; and SDG 15, life on land.

Source: World Bank 2016.

BOX 2.3. SUSTAINABLE LANDSCAPE APPROACH
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FIGURE B2.3.1.  OPPORTUNITIES FOR DEGRADED LANDS

Source: World Resource Institute.
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increasingly supplemented by inorganic or syn-
thetic fertilizers. Nitrogenous fertilizers are the 
most widely used fertilizers and deliver huge ben-
efits in terms of  productivity, especially in nutrient-
depleted soils. However, these fertilizers also have a 
high potential for environmental damage in terms 
of  GHG emission and nitrate pollution. The appro-
priate application and increased efficient use of  
synthetic and organic fertilizers can reduce GHG 
emissions and simultaneously increase  agricultural 
production. Optimized nutrient management pro-
motes good agricultural practices and technologies 
that maintain soil fertility.

 » Fire management. Periodic burns can promote 
the overall health and growth of  rangelands. For 
example, the increased plant productivity that is 
achieved after tall grass prairie has been burned 
more than compensates for the loss of  plant car-
bon by ignition. Use of  trees also increases produc-
tion and adaptation. However, fire management in 
rangelands is generally accepted to have a minimal 
to detrimental effect on GHG mitigation. Most 
studies found that SOC stays about the same or 
decreases following repeated burns. However, 
other negative coeffects (methane, smoke, aerosols) 
are also linked to climate change, making burning 
less attractive as a GHG mitigation option.

SOIL MANAGEMENT
 » Integrated nutrient and soil management. 

The availability of  nitrogen and other nutrients 
can be managed using composting manure and 
crop residues, more precise matching of  nutri-
ents with plant needs, controlled release and deep 
placement technologies, or legumes for natural 
nitrogen fixation. Methods and practices that 
increase organic nutrient inputs, retention, and use 
are therefore fundamental and reduce the need for 
synthetic fertilizers that, owing to cost and access, 
are often unavailable to smallholders, and through 
their production and transport contribute to GHG 
emissions.

 » Integrated soil fertility management 
(ISFM). ISFM is a set of  soil fertility management 
practices that involve combining improved germ-

plasm with judicious quantities of  mineral fertil-
izers and organic inputs. ISFM works best when 
adapted to local conditions to optimize agronomic 
nutrient use efficiency and improve productivity. 
Genetic resources are critical elements for increas-
ing the efficiency and resilience of  agricultural 
systems. Improved germplasm refers to seeds, seed-
lings, and other planting materials that have been 
bred to meet particular requirements of  the envi-
ronment in which they are to be grown, including 
high genetic yield potential, pest and disease resis-
tance, drought resistance, and nutrient and water 
use efficiency. Mineral fertilizers supply essential 
nutrients to plants in readily available form, but 
should be applied at the fastest crop growing stage 
at which they can provide the greatest benefits. 
Organic inputs (crop residues and manure) help to 
increase crop response to mineral fertilizer, replen-
ish soil organic matter, and improve soil moisture 
storage capacity, thereby increasing agroecosystem 
resilience. The goal of  ISFM is optimized crop 
productivity through maximizing interactions 
that occur when fertilizers, organic inputs, and 
improved germplasm and the required associated 
knowledge are integrated by farmers (Vanlauwe 
et al. 2012).

 » ISFM is a strategy used worldwide in intensified 
cropping systems to combine inputs of  organic 
matter (mulch, compost, crop residues, and green 
manure) with fertilizers to address or prevent 
macro- and micronutrient deficiencies. ISFM aims 
to maximize the use of  organic matter that pro-
vides nutrients, sequesters carbon, and enhances 
water storage and to minimize GHG emissions 
through reduced traffic and tillage and efficient use 
of  organic and inorganic fertilizers.

 » Wetlands management. Wetlands serve to store 
water and provide storm protection, flood mitiga-
tion, shoreline stabilization, and erosion control, 
and constitute a large carbon sink. Human-caused 
drainage of  coastal wetlands releases carbon from 
soils, turning them into a strong net source of  GHG 
emissions, regardless of  their GHG balance in the 
natural state. The most effective way to maintain 
wetland carbon pools and prevent emissions to the 
atmosphere is avoiding conversion and drainage 
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through protection and sustainable management. 
Restoration of  degraded ecosystems has a twofold 
benefit: reducing ongoing losses and rebuilding car-
bon stores (Crooks et al. 2011). In addition, moist 
soil management is one of  the most productive wet-
lands management methods because it duplicates 

functions of  the natural system. The method helps 
maintain the water level in wetlands at optimal levels 
throughout the year (Yarrow 2009).

 » Soil compaction management. Compac-
tion reduces airspaces in the soil and decreases the 
 penetration of  plant roots. Minimizing tillage and 

Climate-smart soil management practices can reduce 
greenhouse gas emissions and sequester carbon in soil 
organic matter. In addition, these practices can increase 
organic matter and tighten the soil nitrogen cycle, thereby 
enhancing fertility and productivity; increasing soil biodi-
versity; reducing erosion, runoff, and water pollution; and 
helping to improve climate resilience for crop and pasture 
systems.

There is currently up to 2.4 trillion metric tons of  carbon 
stored in soils. Substantial terrestrial carbon sinks will be 
needed to supplement large reductions in GHG emissions 
to achieve GHG stabilization levels of  450 parts per mil-
lion CO2-eq or below. If  all farmers are able to increase the 
amount of  carbon stored in their fields, then the impact of  the 
greenhouse gas emitted from burning fossil fuels annually will 
be reduced by between 50 and 80 percent.

To maximize soil potentials, polices that would encourage 
adoption of  climate-smart soil management must be put in 
place (figure B2.4.1). For example, in 2015 the French gov-
ernment has proposed to increase global soil carbon stocks 
by 0.4 percent per year, advocating that this would be 

enough to compensate for the global emissions of  green-
house gases.

It is important to note that this is not a silver bullet. The 
carbon sequestration potential varies widely, depending 
on characteristics such as soil composition, topography, 
climate, and existing grasses species. Although carbon 
sequestration can be large to begin with, the sinks decline 
as a maximum equilibrium is reached (World Bank 2012a). 
Empirical evidence suggests that these sinks saturate 
between 10 and 100 years, depending on practices applied, 
soil type, and climate zone (IPCC 2006). Also, although car-
bon sequestration in soils and biomass can lead to increased 
levels of  terrestrial carbon stocks (IPCC 2014), sinks are 
also reversible and require long-term maintenance. Seques-
tration practices must be maintained even when sinks are 
saturated.

However, these limitations to should not discount the fact 
that carbon sequestration can provide a “breathing space” 
as carbon capture technologies are being developed to keep 
global warming to the internationally agreed-upon limit of  
2 degrees Celsius.

BOX 2.4. CLIMATE-SMART SOILS

Source: Paustian et al. 2016.
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limiting traffic over soils will foster the biological-
tillage activity of  macrofauna that burrow and make 
channels for air and water. Soil compaction manage-
ment such as zero tillage will reduce GHG emissions 
by improving soil structure and soil biodiversity.

 » Organic agriculture. This is a holistic pro-
duction management system that promotes and 
enhances agroecosystem health, including biodi-
versity, biological cycles, and soil biological activity. 
Organic agriculture systems do not use inorganic 
fertilizers or pesticides but instead use crop  rotations 
and mixed farm strategies, with mulch/ composts/
animal manures/green manures to replenish soil 
carbon, improve nutrient cycling and use by plants, 
and suppress weeds. These contribute to reduction 
of  GHG emissions. Though yields could be lower 
under organic agriculture than conventional agri-
culture, diversification practices can narrow the 
yield gap between organic and conventional agri-
culture (Ponsio et al. 2014).

 » Biochar and other soil amendments. Bio-
char is charcoal used as a soil amendment. Bio-
char is being investigated as an approach to carbon 
sequestration to produce negative carbon dioxide 
emissions (Lean 2008). In addition, biochar can 
increase soil fertility of  acidic soils and agricultural 
productivity. Because biochar reduces pressure on 
forests and prevents the burning of  biomass, which 
adds large amounts of  CO2 to the atmosphere, it 
helps decrease GHG emissions. Biochar is stable, 
fixed, and “recalcitrant” carbon, thus storing large 
amounts of  GHGs in the ground for centuries. It 
may maximize the use of  organic matter that pro-
vides nutrients, sequesters carbon, and enhances 
water storage (for example, compost, animal 
manures, or green manures). Soil amendments 
in rice cropping systems for methane and nitrous 
oxide mitigation include the following:

• Fe(III) fertilizer (effects somewhat soil specific)
• Calcium carbide
• Calcium silicate
• Phosphogypsum
• Biochar (effects somewhat soil specific)

Fe(III) fertilizer application significantly decreased 
soil carbon emission without adverse effects on net 
primary productivity of  rice and winter wheat. 

Fe(III) fertilizer application decreased seasonal 
CH4 by 27–44 percent, but increased annual 
N2O by 65–100 percent. Overall, Fe(III) fertil-
izer application decreased the annual net green-
house gas balance and greenhouse gas intensity 
by 35–47 percent and 30–36 percent respectively 
(Liu et al. 2012). Phosphogypsum and silicate fertil-
izer, being a potential source of  electron acceptors, 
decreased maximum level of  seasonal CH4 flux by 
25–27 percent and 32–38 percent in continuous 
and intermittent irrigations, respectively. Biochar 
and calcium carbide amendments, acting as nitri-
fication inhibitors, decreased N2O emissions by 
36–40 percent and 26–30 percent under continu-
ous and intermittent irrigations, respectively. The 
total global warming potential of  CH4 and N2O 
gases decreased by 7–27 percent and 6–34 percent 
with calcium carbide, phosphogypsum, and silicate 
fertilizer amendments under continuous and inter-
mittent irrigations, respectively (Ali, Hoque, and 
Kim 2013). In spite of  its promise as an instrument 
for climate change mitigation, concerns are some-
times raised over the risk that biochar will compete 
with food production and, in so doing, undermine 
food security.

 » Erosion control. Runoff and resulting soil ero-
sion can be substantially reduced through the 
adoption of  minimum to no-tillage techniques 
combined with optimizing soil cover (cover crops, 
residues, mulch). Use of  graded terraces helps 
avoid leaching of  nutrients and soil erosion. This 
process leaves more time for infiltration into the 
soil, thus reducing the negative impact of  runoff 
through soil erosion. Cross-slope barriers are mea-
sures on sloping lands in the form of  earth or soil 
bunds, stone lines, or vegetative strips for reducing 
runoff velocity and soil loss, thereby contributing 
to soil, water, and nutrient conservation. This is 
achieved by reducing steepness or length of  slope 
(FAO 2011).

 » Integrated pest management. IPM is an eco-
system approach to crop production and protec-
tion that combines different management strategies 
and practices to grow healthy crops and minimize 
the use of  pesticides. Keeping soil covered with a 
protective layer of  mulch or crop residues reduces 
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weed growth, reduces moisture loss, keeps the soil 
cooler, reduces erosion by water and wind, and 
restores soil carbon. Additionally, although hoeing 
or plowing uproots weeds, it also disturbs microbes 
and destroys soil drainage created by soil fauna. 
Chemical herbicides may be considered as an 
alternative to weed control by tillage. IPM not only 
helps reduce GHG emissions and other ecological 
impacts but also can actually reduce herbicide cost 
despite its expense.

Figure 2.3 depicts how IPM operates in practice. 
As end users move away from the IPM foundation 
(biologically based IPM technologies), they will 
experience increasing costs and decreasing sustain-
ability and species diversity.

 » Restoration of  cultivated peaty soils and 
degraded soils. Peatlands are becoming dynamic 
sources of  CO2 and N2O as a result of  drained agri-
culture, drained forestry, and overgrazing. Rewet-
ting cultivated and drained peatlands through 
blocking canals and grids can reduce emissions. 
Rewetting peatlands can provide income and other 
benefits to people through agriculture, forestry, and 
cultivation under wet conditions, a practice known 
as paludiculture. Rewetting with paludiculture can 
not only reduce peatland emissions but also pro-
duce renewable biomass resources such as reed and 

jelutong. For peatlands that are used but cannot be 
rewetted, practices include the following:
• Minimize drainage
• Avoid plowing
• Avoid land clearing by fire
• Limit fertilization

Choose crops adapted to high soil moisture and crops that 
reduce surface temperatures.

LIVESTOCK MANAGEMENT
The mitigation potential of  the livestock sector could rep-
resent up to 50 percent of  the global mitigation potential 
of  the agriculture, forestry, and land-use sector (Herrero 
et al. 2016). However, most of  this potential has yet to be 
realized because of  to low adoption rates of  technologies 
and uncertainties and trade-offs. At the same time, estab-
lishing the societal impacts of  land-sparing opportunities, 
in terms of  livelihoods, employment, economics, gender, 
and equity, is essential for understanding their feasibility. 
Some of  the mitigation opportunities in livestock manage-
ment include integrating trees in pasture, animal breed-
ing, ruminant health care, and better feeding practices.

 » Silvopastoral systems. Integrating trees and 
shrubs in pastures with animals can effectively pro-
mote economic, ecological, and social sustainabil-
ity. Shade trees reduce heat stress on animals and 
help increase productivity. Trees improve the sup-
ply and quality of  forage, which can help reduce 
overgrazing and curb land degradation. Silvopas-
toral practices include (1) planting high densities 
of  trees and shrubs in pastures; (2) cut and carry 
systems, in which livestock is fed with the foliage 
of  specifically planted trees and shrubs (“fodder 
banks”); and (3) using fast-growing trees and shrubs 
for fencing and wind screens.

 » Animal breeding. Selecting more productive 
animals will enhance productivity and thereby 
lower CH4 emission intensities. Evidence shows 
that cross-breeding programs can deliver simulta-
neous adaption, food security and mitigation ben-
efits (Dinesh 2016). Adaptation to climate change 
can also be fostered by changing the species com-
position of  livestock animals.

 » Animal and herd management. Better nutri-
tion, improved animal husbandry, the regular 

Pesticides

Other Tools

Biological Control

Biologically based IPM technologies

Cultural controls (grazing, crop
rotations, tillage, cultivation,

reseeding, and so on); mechanical
controls (prescribed fire,

mowing/clipping, and so on);
genetics and host plant resistance;

pheromones; sterile-male
techniques; etc.

The use of natural enemies, such as parasites,
predators, and naturally occuring pathogens, to

reduce the competitive advantage of exotic invasive
weed and insect pests, nematodes and plant 

pathogens.

FIGURE 2.3.  INTEGRATED PEST 
MANAGEMENT IN PRACTICE

Source: USDA.



19Agriculture Global Practice Discussion Paper

maintenance of  animal health, and the responsible 
use of  antibiotics can improve reproduction rates, 
reduce mortality, and reduce the slaughter age. 
These measures will therefore increase the amount 
of  output produced for a given level of  emissions. 
The impacts of  these measures on adaptation are 
likely to be neutral.

 » Improved feeding practices. Imbalanced 
feeding leads to productivity losses and increases in 
emission of  greenhouse gases, either as CH4 from 
enteric fermentation in ruminants (between 2 and 
12 percent of  feed energy is lost in the form of  
methane) or as CH4 and N2O produced by manure. 
A balanced diet enhances animal  performance 
and reduces GHG emissions per unit of  animal 
 product.

 » Specific agents and dietary additives. Feed 
additives can be used either to improve the feed 
conversion ratio or to specifically reduce methane 
emission and nitrogen release into manure. Several 
chemical compounds, such as alternative electron 
receptors, ionophoric antibiotics, enzymes, and 
probiotic cultures, have been tested for their ability 
to decrease CH4 emissions, mainly in short-term 
experiments. Their effects are often much reduced 
in the long term owing to adaptation of  the rumen 
microbial ecosystem. In addition, there may be still 
unknown environmental concerns associated with 
some of  these compounds, and issues concerning 
acceptance by the public may severely constrain 
widespread adoption. Nevertheless, recent experi-
ments with new CH4 inhibitors show promise for 
the future.8

 » Vaccines against rumen Archaea. Because 
of  their wide applicability, even for very low-input 
extensive systems with little human intervention, 
vaccines against methanogens (microorganisms 
that produce methane as a metabolic by-product in 
low-oxygen conditions) in the rumen are a poten-
tially useful mitigation option for ruminants in 
land-based grazing systems.

 » Animal productivity and health. Improving 
the genetic potential of  animals for production 
and improving their reproductive performance, 

8 Herrero et al. 2016.

health, and weight gain rates are among the most 
effective approaches for reducing GHG emis-
sions per unit of  product. In subsistence agricul-
tural systems, reduction of  herd size by increased 
reproduction rates increases feed availability and 
the productivity of  individual animals and the 
total herd, thus lowering CH4 and overall GHG 
emissions per unit of  product. Reducing the age 
at slaughter by increasing weight gain rates signifi-
cantly decreases GHG emissions per unit of  prod-
uct in beef  and other meat production systems. 
Improved animal health and reduced mortality 
and morbidity can increase herd productivity and 
reduce emissions  intensity9 in all livestock systems. 
Adoption of  modern reproductive management 
technologies, targeting increased conception rates, 
increased fecundity (in swine and small rumi-
nants), and reduced embryo loss also provide a 
significant opportunity to reduce GHG emissions 
from the livestock sector, with appropriate atten-
tion to animal welfare considerations. We esti-
mated that these improved animal management 
practices could reduce emissions in the livestock 
sector by 200 Mt CO2-eq/yr−1 by 2050.

MANURE AND BIOSOLIDS MANAGEMENT
Decreasing N losses, for example, by storing manure or 
slurries appropriately, thereby minimizing losses due to 
volatilization or runoff can reduce emissions. Often sim-
ple measures can be taken to avoid nutrient losses to the 
environment such as compacting and covering farmyard 
manure.

 » Improved storage and handling. Capturing 
CH4 by covering manure storage facilities (biogas 
collectors) can be flared or used as a source of  
energy for electric generators, heating, or lighting. 
Energy generated in this way can offset CO2 emis-
sions from burning fossil fuels.

 » Anaerobic digestion. The use of  microorgan-
isms to break down organic matter, in the absence 
of  oxygen, into biogas and digestate.

 » More efficient use as nutrient source. When 
manure is used as organic fertilizer, it contributes 

9 Detailed breakdown of  emissions intensity can be found in “Emissions Inten-
sity” in appendix A.
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to the productivity and fertility of  the soil by add-
ing organic matter and nutrients, such as nitrogen, 
which are trapped by bacteria in the soil. It improves 
productivity and allows for reductions in the use 
of  synthetic fertilizers and the direct and indirect 
GHG emissions associated with them. Livestock 
production is often concentrated, and the manure 
produced exceeds the capacity of  the local area to 
absorb nitrogen. Improving the spatial distribution 
of  livestock production is a cost-effective way of  fos-
tering better manure management practices.

BIOENERGY
 » Energy crops, solid, liquid, biogas,  residues. 

Biofuels, especially small-scale production, can 
strengthen resilience to climate change and variabil-
ity. The sustainable production and use of  bioen-
ergy presents a major opportunity to address climate 
change by reducing carbon dioxide emissions.

WATER MANAGEMENT
 » Water and irrigation management. Water 

management, combined with other practices such 
as crop rotation and use of  cover crops, can opti-
mize soil respiration in addition to improving soil 
carbon, leading to the triple win of  enhanced agri-
cultural productivity, adaptation, and mitigation. 
Improved water management can be achieved 
through water harvesting, soil management prac-
tices, crop management innovations, and supple-
mental irrigation of  dry-land crops. Rainwater 
harvesting is particularly important for rain-fed 
agriculture in arid and semi-arid regions. It can 
also be applied on highly degraded soils. The prac-
tice aims at minimizing the effects of  seasonal vari-
ations in water availability as a result of  droughts 
and dry periods and enhancing the reliability of  
agricultural production. Rainwater harvesting 
reduces losses to runoff while enhancing water 
availability for productive uses. It has been shown 
to have implications for climate change adaptation 
and mitigation. In addition, small-scale irrigation 
(for example, hoses, nozzles, drip systems, solid 
set systems, and traveling gun systems) improves 
water-use efficiency for arid zones. Lastly, small-

holder irrigation management increases efficien-
cies of  water collection, storage, distribution, and 
application. It is most applicable to arid, semi-arid, 
and subhumid areas. It can enhance the resilience 
to droughts and temperature increase.

AQUACULTURE
 » Riparian habitat restoration or creation. 

Riparian habitats can help absorb carbon and 
 create sustainable environments for capture fish 
production.

 » Modernization of  fishing and aquaculture 
facilities. These contribute toward low-impact 
fuel-efficient systems that ensure fish are caught 
using the minimal possible amount of  fuel with 
minimal impact on the environment.

INNOVATIVE AND PROMISING 
IDEAS
Enteric fermentation is the largest source of  agricultural 
GHG emissions. Practices such as diet manipulation and 
feed additives are able to help mitigate enteric CH4 pro-
duction; however, further research is needed to develop 
practical and economically viable mitigation techniques 
that have a high potential (such as vaccines against rumen 
methanogenes) and to understand the interaction between 
practices (Gerber et al. 2013).

RUMEN MODIFICATION
In the rumen and reticulorumen, the largest parts of  the 
ruminant’s stomach, microorganisms ferment plant materi-
als and provide the animal with nutrition and energy. The 
microorganisms called methanogens produce methane. 
Rumen modification strategies focus on manipulating meth-
anogens and other microorganisms in the rumen involved 
in methane production. They include the following:

 » Inhibitors to reduce methane production. 
Chemical compounds can have an inhibitory effect 
on methane production. Under an experimental 
setting, they show a 100 percent success rate in 
reducing methane (Andeweg and Reisinger n.d.). 
Research is looking for natural and synthetic com-
pounds that inhibit methanogenesis and are viable. 
Typically, the strategies are not yet commercially 
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viable because of  food and animal safety concerns 
and high cost. For instance, bacteria that reduce 
sulphate were found to be successful inhibitors but 
can lead to toxic effects in the host. Other bacteria, 
which reduce nitrate and produce more NH3 and 
less toxic nitrite, have been examined and show 
promising results (Iwamoto et al. 2002; Sar et al. 
2005). However, once successful inhibitors have 
been identified, vetting by the regulatory review 
process could still take several years.

 » Vaccines to reduce methane production 
in the rumen. To inhibit the methanogenesis, 
researchers are developing immunizations against 
selected methanogens. A potentially effective option 
to reduce methane emissions is to modify the rumen 
microbial ecosystem via vaccines that stimulate the 
host animal to produce antibodies against methano-
gens. The aim is to develop cost-effective vaccines 
that reduce methane from enteric fermentation 
without reducing productivity. Wedlock et al. (2013) 
provide an overview of  developments in the metha-
nogen vaccinations. In the past, successful vacci-
nation strategies have been reported in sheep and 
cattle to reduce the activity of  the rumen-dwelling 
organisms Streptococcus bovis in sheep and S. bovis and 
Lactobacillus spp. in cattle. The vaccines induce anti-
bodies in saliva, which is meant to reduce metha-
nogen activity in the rumen. The vaccines need to 
be able to target a broad range of  methanogens 
that are commonly found in the rumen. Wright 
et al. (2004) show that in sheep, immunization can 
decrease methane production by up to 8 percent. 
Current research targets the identification of  key 
candidate antigens, stability of  the antibodies, and 
impact on the rumen microbial populations. In 
addition, there is a need to identify adjuvants that 
stimulate high levels of  salivary antibody and are 
suitable for formulating with protein antigens to 
produce a low-cost and effective vaccine (Wedlock 
et al. 2013). Although vaccinating an animal seems 
a practical solution, in particular suitable for exten-
sive ruminant systems because infrequent inocula-
tions and minimal management are required, many 
questions are unresolved and it is unlikely that it 
will be commercially available in the near future 
(Gerber et al. 2013).

 » Feed additives: Dietary lipid supplemen-
tation. Lipids as supplementary feed, for exam-
ple, linseed oil or cotton seed oil, are found to 
be a feasible, but expensive, mitigation strategy 
(Beauchemin et al. 2008). Dietary lipids, added in 
up to 8 percent of  the diet in dry feed, can result 
in enteric CH4 abatement of  10 to 30 percent 
(Nguyen 2012; Grainger and Beauchemin 2011; 
Rasmussen and Harrison 2011).10 Cost-effective 
sources of  lipids can be by-product feeds with high 
oil content such as distiller grains and meals from 
a biodiesel industry (Andeweg and Reisinger n.d.). 
Many studies have shown a positive impact on 
productivity; some lipids have also been reported 
as having a negative impact on dry matter intake 
and milk production. The mitigation potential of  
CH4 is assessed as medium, the practice is environ-
mentally and animal friendly, but the effectiveness 
depends on feed composition and more research 
has to be conducted to understand the long-term 
mitigation potential (Gerber et al. 2013).11

FROM METHANE EMISSION TO ENERGY 
SOURCE

 » Anaerobic biodigesters. These are widely con-
sidered to be the most effective and comprehen-
sive approach to reducing methane emissions from 
manure (Gerber et al. 2013).12 Anaerobic digesters 
break down biomass under anaerobic conditions, 
thereby generating biogas, as a combination of  
methane (~60 percent), carbon dioxide, and small 
volumes of  other gases such as hydrogen sulfide 
and ammonia. Captured biogas can be flared, 
injected into natural gas pipelines, or used to gen-
erate electricity, heat boilers, or produce vehicle 
fuel. The solids from the digested manure can be 
used as bedding for cows or as soil amendment. 
Further processing of  the solids allows the extrac-
tion of  nutrients (nitrogen and phosphorous), 
which can then be used on the farm (Sustainable 

10 Grainger and Beauchemin 2011; Rasmussen and Harrison 2011; Nguyen 
2012.
11 Chilliard and Ferlay 2004; Martin et al. 2008; Rabiee et al. 2012.
12 Safley and Westerman 1994; Masse et al. 2003; Masse, Masse, and Croteau 
2003.
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Conservation 2015). In North America, the wider 
use of  anaerobic digesters could lead to a 12.7 
percent reduction in emissions. Despite the large 
potential, anaerobic digesters are applied by only 
a small number of  producers (Gerber et al. 2013).

There are three main types of  digesters:
1. Covered lagoons: An impermeable cover is 

placed over a manure lagoon and biogas is col-
lected in the top of  the system. This system is the 
least costly, and operates best in warm tempera-
tures, but is also less efficient than other systems 
in terms of  biogas generation and pathogen 
reduction.

2. Complete mix: Complete mix digesters are 
closed tanks kept at a constant temperature and 
whose content is continually mixed. Although 
the investment costs are higher than they are 
for the covered lagoon, the biogas production is 
more constant and the system is more suitable for 
codigestion, accepting a broad range of  inputs.

3. Plug flows: Digesters are horizontal vessels in 
which low moisture plugs of  manure are pushed 
through the vessel. They are well suited for 
manure with solid content and can produce bio-
gas at a constant rate.

In the United States, about 90 percent of  digest-
ers are used for electricity consumption. Electricity 
generation provided the households with a stable 
source of  revenues. However, capital costs of  digest-
ers are high. A study in the United States conducted 
in 2014 found price ranges between US$373 per 
cow to US$1,259 per cow for dairy farms between 
1,000 and 5,000 head (Lee and Sumner, 2014). 
The cost could be higher because of  higher regula-
tory requirements up to US$2,200 per dairy cow. 
The profitability of  the digester through improved 
electricity consumption depends on the amount of  
electricity generated, which again depends on the 
type of  digester system, composition of  inputs, vol-
ume of  manure generated, incentives for electricity 
generation, time the digester is operational, and so 
on. A study found that two digesters in California 
were able to provide 1,500 kilowatt-hours (kWh) 
per dairy cow and per year. Other benefits stem 

from generation of  heat, which can reduce on-
farm fuel or electricity expenses; carbon offsetting 
credits; and solid by-products, which can be used 
as bedding or soil amendments and have economic 
value. The solid material can be processed into 
nutrients, which can be used as high-end fertilizers 
(Sustainable Conservation 2015).

United Nations Development Programme–Global 
Environment Facility suggests that in developing 
countries, 1–2 cows, 5–8 pigs, or 4 adult humans 
can supply adequate daily feedstock for a single-
household biodigester. The daily input of  dung 
and urine from a single cow produces 1–2 kWh of  
electricity or 8–9 kWh of  heat. Such a household 
biogas installation can provide sufficient energy 
for cooking and some lighting. The same report 
suggests the price of  a small-scale digester to be 
between US$100 and US$1,700. In developing 
countries, where indoor air pollution from combus-
tible biomass is a huge problem, biodigesters can 
have additional health benefits through avoiding 
several respiratory diseases (Brown 2006).

 » Methane backpack. In the past years, methane 
backpacks have been tested by Argentina’s National 
Institute of  Agricultural Technology. The procedure 
and first results have been reported as follows: The 
methane backpack captures and collects gases emit-
ted through the intestinal tract via a tube inserted 
through the cow’s skin or through the mouth. A 
2-millimeter-diameter tube is inserted through a 
cow’s skin and into the dorsal sac of  its rumen; the 
other end of  the tube is connected to a backpack that 
collects the gas, which is then condensed down into 
usable form. The gas is compressed into biofuels by 
using a low-tech methodology (bike pump, bike pis-
ton) and can be used to provide power to the farm. 
The tests showed that an average cow emits 300 liters 
of  methane per day, which is a sufficient amount 
to operate a fridge of  100 liters at a temperature 
between 2 and 6 degrees Celsius for a whole day. 
Apparently, the procedure is painless for the cow and 
the weight of  the backpack should not exceed the 
weight carried during pregnancy or in a rodeo.13

13 INTAinforma 2013;  Jonas 2014.
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CASE STUDIES AND BEST 
PRACTICES
To further explain how mitigation interventions may be 
applied, what follows is a collection of  case studies from 
around the world to showcase best practices in agricul-
tural mitigation projects.

REGIONAL INTEGRATED 
SILVOPASTORAL ECOSYSTEM 
MANAGEMENT PROJECT—COSTA RICA, 
MEXICO, AND COLOMBIA
Background: Cattle production has long been an impor-
tant cause of  the loss of  natural habitat and biodiversity 
in Latin America (Downing et al. 1992; Kaimowitz 1996; 
Murgueitio 2003). Moreover, traditional livestock produc-
tion practices based on extensive grazing are often unsus-
tainable. After an initial period of  high yields, soil fertility 
is depleted and grass cover diminishes, resulting in soil ero-
sion, contamination of  water supplies, air pollution, further 
loss of  biodiversity, and degradation of  landscapes. Lower 
income for producers results in continuing poverty and can 
lead to pressure to clear additional areas.

Solution: Silvopastoral practices combine trees with 
pasture (figure 2.4). They include (1) planting high den-
sities of  trees and shrubs in pastures; (2) cut and carry 
systems, in which livestock are fed with the foliage of  
specifically planted trees and shrubs (‘fodder banks’); and 
(3) using fast-growing trees and shrubs for fencing and 
wind screens. These practices provide deeply rooting per-
ennial vegetation that is persistently growing and has a 

dense but uneven canopy. Although silvopastoral practices 
offer numerous benefits, landholders will generally take 
into account only the on-site benefits. Biodiversity con-
servation, carbon sequestration, and watershed protection 
benefits are all experienced off site and therefore are not 
considered immediate benefits.

To improve the adoption of  silvopastoral practices, the 
project offered payments proportional to their expected 
biodiversity and carbon sequestration benefits (watershed 
benefits were not considered in this project). To do so, the 
project developed indexes of  the biodiversity conservation 
and carbon sequestration services associated with specific 
silvopastoral practice, then aggregated them into a single 
“environmental services index.” In recent years, payments 
for environmental services (PES) such as this one have 
seen a substantial growth, particularly in Latin America.

Impact: Short-term PES programs were able to achieve 
substantial and strongly statistically significant land-use 
change among recipients. The PES program induced 
substantial land-use change during its implementation: 
between 2003 and 2007, almost 44 percent of  total area 
experienced some form of  land-use change. A wide vari-
ety of  changes were observed, ranging from very small 
changes such as sowing improved grasses in degraded 
pastures to very substantial changes such as planting high-
density tree stands or establishing fodder banks. The area 
of  degraded and treeless pasture fell by over 90 percent of  
its original area and that of  natural pasture without trees 
by two-thirds of  its original area. After the PES program 
ended and the payments ceased, the beneficial land uses 
adopted under the PES program were retained. However, 
it was not evident that adoption of  these land uses con-
tinued spontaneously on any significant scale even in the 
absence of  payments.

ETHIOPIA’S SUSTAINABLE LAND 
MANAGEMENT PROJECT
Background: In the 1990s, Participatory Forest Man-
agement (PFM) was introduced in Ethiopia to tackle 
severe forest loss resulting from escalating demand for 
fuel wood and for land for crop production and graz-
ing. Considering that Ethiopia has lost large tracts of  its 
forest area starting in the 1950s, new and effective ways 
were urgently needed to manage the remaining forest 

FIGURE 2.4.  IMPACT OF SILVOPASTORAL 
PRACTICES IN THE PROJECT 
AREA

Source: World Bank.
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areas (where coffee originated) and to reduce the degra-
dation and loss of  fertile land.

Solution: The project will conserve forests, restore 
degraded lands, and enhance landscape productivity for 
multiple benefits. The grant will also further strengthen 
capacity for scaling up similar landscapewide initiatives in 
other parts of  Ethiopia. In addition, it will support finali-
zation of  the national strategy to reduce deforestation and 
forest degradation, also known as Reducing Emissions 
from Deforestation and Forest Degradation (REDD)+ 
Strategy, as well as support the identification of  options 
for benefits-sharing arrangements and participatory forest 
management approaches.

Impact: In areas where these innovations were intro-
duced, communities have experienced positive impacts, 
not only in terms of  increased prosperity but also in terms 
of  social empowerment. The key to success was the partic-
ipatory process where forest and land management plans 
were developed jointly by communities and local govern-
ments, spelling out rights and responsibilities for both 
sides. Ethiopia’s vision of  sustainable landscapes is well 
placed to integrate PFM with a range of  other techniques 
for land restoration, water retention, and promotion of  
new energy sources that can help reduce deforestation, 
improve land use, protect soil and water resources, and 
improve livelihoods.

ZAMBIA’S COMMUNITY MARKETS 
FOR CONSERVATION LANDSCAPE 
MANAGEMENT PROJECT
Background: Climate models predict increasing rates 
of  transpiration, rising temperatures of  a mean of  2 
degrees Celsius over the next 60 years (GRZ 2007), and 
greater variability in the pattern of  rainfall in Zambia 
over the next 40 years. Such trends will increase demands 
for crop diversification with varying tolerances for climate 
extremes and for more adaptive, labor-saving farming 
practices for water and nutrient retention in soils. Cur-
rent farming practices typically limit productivity, crop 
diversity, and incomes, and as a result increase risks of  
soil degradation, deforestation, high GHG emissions, and 
biodiversity loss as households seek ways to cope. Given 
the increasing climate uncertainty and poor yields, many 
farmers have turned to poaching as a means of  survival.

Solution: The Community Markets for Conservation 
Landscape Management project aims to increase small-
holder farmer crop yield from sustainable climate-smart 
agriculture, increase farmer income and welfare, reduce 
uncontrolled forest loss and degradation, and increase 
net forest cover of  the Luangwa Valley while being sup-
ported by carbon revenues from a significant increase 
in biocarbon sequestration across the project area. The 
project makes up an array of  specific interventions as 
part of  an integrated landscape management strategy 
to conserve biodiversity, improve food production per 
unit area of  cropland, and increase resilience to climate 
change in a landscape with a carefully designed, ecologi-
cally sensitive mosaic of  production and conservation 
functions

Impact: Since the initiation of  the project, the aver-
age maize yields almost doubled. Groundnut yields have 
increased by a third. Average household income has 
increased to US$350 and food security has risen from 34 
to 74 percent. In addition, 1,600 poachers were reformed 
and 2,070 firearms surrendered.

DIETARY CHANGES TO IMPROVE BEEF 
PRODUCTIVITY IN BANTUL, INDONESIA
Background: Smallholder farmers near Bantual in the 
province of  Yogyakarta raise beef  cattle as a secondary 
activity to paddy rice cultivation and the cattle are used 
mainly for local meat production. Each farmer owns about 
2–4 head each and house their animals in a communal 
facility owned by the Ngudi Mulyo Farmers Organization 
(which was founded in 2011). Animals are typically fed a 
diet of  rice straw and rice bran—by-products of  rice har-
vesting. However, feed supply is often less available during 
the dry season and feed quality (deteriorating as it dries 
out after harvest) severely affects animal productivity, with 
low fertility rates affecting the long-term sustainability of  
the herd.

Solution: Through training and assistance from research-
ers and extension staff at BPTP Yogyakarta (Assessment 
Institute for Agricultural Technology), farmers were 
introduced to a range of  different management practices 
and technologies. Farmers were taught new techniques 
for processing the rice straw and bran, and were taught 
how to use concentrates and additives to balance nutrient 
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levels. Four legume tree species were introduced as high-
protein feed supplements to the cattle’s diet (no more than 
50 percent of  the animal’s daily diet). These trees are local 
to the Bantul district but were traditionally used as living 
fencing around villages, animal housing, and paddy fields. 
They were not known as a fodder source until the BPTP 
training.

Impact: The intervention resulted in significant increases 
in fertility rates, birth weights, and overall animal health. 
This meant the village was not only self-sufficient in its 
own supply needs, but could also sell surplus calves at a 
higher price, thus increasing income for farmers. Reduc-
tions in emissions intensity can be inferred from improve-
ments in animal productivity.

USING FODDER TURNIPS AS A 
SUPPLEMENT FEED IN GRAZING 
SYSTEMS IN CHILE
Background: In southern Chile, dairy production is 
based on direct grazing of  permanent pastures. This sys-
tem is limited because the yield and quality of  the pasture 
vary greatly throughout the year. Owing to low rainfall, 
the summer months often do not provide enough yield for 
feed and pasture nutritional quality also decreases.

Solution: To overcome the yield deficiency of  perma-
nent pastures during in the summer months, farmers have 
supplemented pasture feed with fodder turnips. Fodder 
turnips are an ideal supplement because they are able to 
provide high yields (10–13 tons dry matter/ha) in a short 
time frame (70–80 days). Although fodder turnips yield a 
lower concentration of  dry matter (DM) (8–10 percent), 
they have high digestibility (88–93 percent) and metabo-
lizable energy values (2.9–3.03 megacalories/kg DM), of  
which 90 percent is available in the rumen.

Impact: The introduction of  fodder turnips as a sup-
plement feed has been used by Chilean farmers since the 
early 2000s. Dairy cows under this feed strategy saw a 
21 percent higher production rate over the two summer 
months than did dairy cows fed with traditional supple-
mentation concentrates. Fodder turnips as a supplement 

feed not only lead to higher dairy production, but the 
cost of  1 kg of  DM in the turnip crop was also 2.8 times 
lower than that of  the concentrate (9.1 and 26 cents US$/
kg DM). This new feed strategy, although not yet meas-
ured, is expected to decrease emissions intensity based 
on increased milk yield and improved ratio of  emissions 
related to milk production versus animal maintenance.

REDUCING THE GREENHOUSE GAS 
EMISSIONS INTENSITY OF IRISH BEEF 
CATTLE PRODUCTION
Background: Beef  production represents about 30 per-
cent of  total agricultural output. Although beef  farms 
are operated on a variety of  production systems, pasture-
based systems are the most prominent. Under the EU cli-
mate change “Effort Sharing Decision,” Ireland aims to 
reduce GHG emissions from the sectors outside of  the 
Emissions Trading Scheme by 20 percent by 2020. To 
achieve this target, reductions in agriculture are both criti-
cal and challenging.

Solution: A GHG assessment program was carried out 
on 45,000 cattle farms (accounting for 90 percent of  the 
beef  produced in Ireland) on an 18-month cycle. The 
program included an online knowledge transfer tool, the 
Beef  Carbon Navigator, which recommends mitigation 
strategies to beef  farmers and enables farmers to iden-
tify measures to reduce GHG emissions. The Navigator 
allows farmers to set targets for key aspects of  their farm-
ing systems, and provides farmers with an indication of  
how current and target levels of  GHG emissions relate 
to comparable farming systems. The program focuses on 
mitigation options, such as more efficient use of  nutrients 
and improvement of  animal performance. Options are 
cost effective and in most cases can also improve farm 
profitability.

Impact: Ireland saw a 7 percent decrease in absolute 
GHG emissions from agriculture in 2013 than what it saw 
in 1990. In terms of  GHG emissions intensity, Irish beef  
production systems have also ranked fifth lowest of  27 
EU member states. Improved production efficiency at the 
farm level has a large effect on emissions intensity.
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To successfully achieve these mitigation targets through climate-smart interventions (see 
“Mitigation Measures and Interventions” in chapter 2), specific adoption constraints 
must be overcome and specific enabling environments are needed. Common adop-
tion constraints are insufficient capital, limited access to technologies and inputs, lack 
of  information, general community acceptance of  change, land tenure insecurity, and 
trade-offs. To address these barriers and constraints, the following enabling means must 
be in place: policies, institutional arrangements, financing, and gender considerations.

This chapter provides an overview of  the common adoption constraints and describes how 
enabling environments can help ensure sustainable adoption of  mitigation interventions.

ADOPTION CONSTRAINTS
Despite the benefits provided by climate-smart interventions and technologies, their adop-
tion faces many economic and socioeconomic barriers. Factors affecting adoption tend 
to be specific to the different measures. Table 3.1 shows the relative costs, cobenefits, and 
constraints for implementing agricultural mitigation measures. Appendix C provides the 
relative importance of  different factors for adopting the mitigation interventions.

HIGH COSTS IN ADOPTION
Climate-smart technologies have the potential to improve yields and increase farmers’ 
income in the long term. In the short term, however, some losses in income can be 
expected while ecosystems are restored. Some land management techniques such as 
agroforestry to restore degraded lands and integrated soil fertility management often 
require significant up-front expenditure that poor farmers cannot afford. Maintenance 
costs can also be prohibitive for smallholder farmers (table 3.2).14 This indicates the 
importance of  verifying significant returns to ensure viability. At the same time, there 
are practices with relatively low establishment costs, pointing to the feasibility of  climate-
smart technologies even with limited financial resources.

14 http://www.fao.org/3/a-i2575e.pdf.

CHAPTER THREE 
ADOPTION CONSTRAINTS AND 
ENABLING ENVIRONMENTS
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TABLE 3.1.  RELATIVE COSTS, COBENEFITS, AND CONSTRAINTS FOR IMPLEMENTING 
AGRICULTURAL MITIGATIONS

Baseline 
Conditions

Recommended 
Mitigation 
Practices

Practice 
Cobenefits

Relative Cost

Constraints and Caveats
Developed 
Countries

Less-
Developed 
Countries

Degraded or 
marginal land

Convert to 
perennial 
vegetation

↓Soil erosion 
↑Biodiversity 
↑Water 
quality

$$ $$ Alternate land/livelihood for 
subsistence farmers; opportunity 
cost of  removing land base; 
potential for leakage (that is, land-
use change impact)

Drained, 
cropped 
organic soils

Restore to wetland ↑Biodiversity 
↑Water 
quality

$$$ $$$ High opportunity cost of  lost crop 
production; potential increase in 
CH4 emissions; potential for  
leakage (that is, land-use change 
impact)

Severe nutrient 
deficiency

Add nutrients; add 
lime; grow N-fixing 
species

↑Food 
security 
↑Water 
quality

$ $$ Availability or access to fertilizer; 
potential increase in N2O emissions

Extensive bare 
fallow

Grow cover crops; 
vegetate fallow 
fields

↓Soil erosion 
↑Water 
quality 
↑Soil health 
↑Food 
security

$ $$ Limited applicability in dry areas

Excess N 
fertilizer use

Reduce to 
economic-optimal 
rates

↑Water 
quality

$ $ Risk of  crop production loss

Intensive 
tillage

Reduce or halt 
tilling; implement 
crop residue 
retention

↓Soil erosion 
↑Water 
quality 
↑Soil health

$ $$ Limited applicability in cold 
climates; potential increased 
equipment cost; increased herbicide 
use

Suboptimal N 
management

Improve timing 
and placement; 
use enhanced 
efficiency fertilizer

↑Water 
quality

$$ $$$ Availability or access to enhanced 
efficiency fertilizer

Low residue 
crops

Rotate perennials; 
use agroforestry; 
use high carbon 
input species; grow 
cover crops

↑Biodiversity 
↑Water 
quality 
↑Soil health

$$$ $$ Less applicability in dry areas and 
shallow soils; potential opportunity 
costs of  lost crop production

Available 
exogenous 
organic 
amendments

Add amendments 
such as compost 
and biochar

↑Soil health 
↑Food 
security

$$$ $$ Dependent on life-cycle emissions 
of  producing the amendment

Source: Paustian et al. 2016
Note: $ = Low Cost; $$ = Moderate Cost; $$$ = High Cost.
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LIMITED ACCESS TO TECHNOLOGIES 
AND INPUTS
Access to climate-smart technologies is not only limited to 
affordability but also limitations related to market access, 
education, and social norms. Women in agriculture do not 
have the same access to technology, finance, and exten-
sion as men do, which results in lower yields and income.15

15 https://www.empowerwomen.org/en/circles/open-discussion-about-laws-and 
-policies-to-advance-womens-economic-empowerment/~/media/1c39debdcbfe
44dc95a0fd1875c5d649.ashx.

A lack or limited availability of inputs in 
local markets
Limited or nonavailability of  inputs in the local markets 
can be a significant barrier in situations in which farmers 
might want to invest in a technology. Reversing land deg-
radation and improving agricultural mitigation oppor-
tunities in Africa and South Asia will require increased 
but targeted use of  fertilizers and other inputs. This in 
turn will require building sustainable private sector–led 
input markets. But progress in improving input distribu-
tion systems is likely to be unsustainable without effective 

TABLE 3.2.  PROJECT-LEVEL ESTIMATES OF INVESTMENT AND MAINTENANCE COSTS OF 
SLM OPTIONS

Technology 
Options Practices Case Study

Establishment 
Costs

Average 
Maintenance 

Costs

US$/ha US$/ha/year

Agroforestry Various agroforestry practices GreviIlea agroforestry system, Kenya 160 90
Shelterbelts, Togo 376 162
Different agroforestry systems in 
Sumatra, Indonesia

1,159 80

Intensive agroforestry system (high 
input, grass barriers, contour 
ridging), Colombia

1,285 145

Soil and water 
conservation

Conservation agriculture Small-scale conservation tillage, 
Kenya

0 93

Minimum tillage and direct planting, 
Ghana

220 212

Medium-scale, no-tlll technology for 
wheat and barley farming, Morocco

600 400

Improved agronomic practices Natural vegetative strips,  
Philippines

84 36

Grassed Fanya juu terraces, Kenya 380 30
Konso bench terrace, Ethiopia 2,060 540

Integrated nutrient management Compost production and 
application, Burkina Faso

12 30

Tassa planting pits, Niger 160 33
Runoff and floodwater farming, 
Ethiopia

383 814

Improved pasture 
and grazing 
management

Improved pasture management Grassland restoration and 
conservation, Qinghai province, 
China

65 12

Improved grazing management Rotational grazing South Africa 105 27
Grazing land Improvement, Ethiopia 1,052 126

Sources: Liniger et al. 2007, Liniger et al. 2011, Mann et al. 2009, Cacho et al. 2003.
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and sustained demand for the inputs. Effective demand 
can be assured only if  farmers have access to reliable 
markets to sell their products at a profit (Agwe, Morris, 
and Fernandes 2007). Both demand- and supply-side 
interventions are therefore needed. Table 3.3 summa-
rizes possible demand- and supply-side interventions for 
facilitating the adoption of  inputs. It is unlikely that any 
of  these interventions alone will be effective in increasing 
input use. Careful selection of  combinations of  demand- 
and  supply-side measures will allow the demand and sup-
ply to grow, leading to the emergence of  viable private 
 sector–led input markets.

GAP IN KNOWLEDGE AND INFORMATION
Lack of  information about the potential of  alternative 
farming techniques and limited capacity is a major con-
straint in developing countries. A number of   climate-smart 
technologies are knowledge intensive, and promoting 
their adoption will require well-designed, inclusive, and 
innovative knowledge management systems. Conser-
vation agriculture, for instance, entails sophisticated 
combinations of  no-tillage, residue  management, use 
of  cover crops, and other activities and practices with 
which many farmers have limited experience. The key 
priorities for effective knowledge management systems 

are to strengthen farmers’ inclusion and leadership in 
mitigation knowledge systems; raise the capacity of  
extension services to share mitigation knowledge; and 
provide the greatest support to local and indigenous 
knowledge systems (AGRA 2014). Scientific experts and 
farmers working closely together to identify and imple-
ment appropriate mitigation technologies and practices 
will lead to mutual accountability. It will also result in 
more robust knowledge systems and farmer-led solutions 
being combined with supportive scientific knowledge. 
The use of  colearning and comanagement strategies 
involving scientists and farmers will improve knowledge 
quality, affect farmers’ adoption practices and behavior, 
and increase the application of  mitigation practices by 
farmers. The knowledge base of  local land management 
practices can also be improved through targeted capacity 
development programs. There is need for development 
of  reliable scientific evidence to inform policy on climate 
change adaptation and mitigation. There is also the need 
for institutionalizing effective dialogue between research-
ers and policy makers.

LAND TENURE INSECURITY
Land is a fixed stock of  natural capital with the demand for 
its products increasing. Often what drives land degradation 

TABLE 3.3. INTERVENTIONS AND FACILITATING INCREASED INPUT USE 
Demand-Side Interventions Supply-Side Interventions

Strengthen soil–crop research and extension
• Support to public agencies
• Public-private partnership
• On-farm trials and demonstrations

Reduce input sourcing costs
• Lowering trade barriers to increase national and regional 

market size

Improve farmers’ ability to purchase inputs
• Improve access to credits
• Phased and incremental use (for example, small bags for 

fertilizers)
• Implement laws that enables farmers to use  

risk-free collaterals for loans

Reduce distribution costs
• Improve road and rail infrastructure to lower transport costs

Provide farmers with risk management tools
• Improved weather forecasting, weather-indexed crop 

insurance

Strengthen business finance and risk management
• Use credit guarantee and innovative insurance schemes

Improve quality and dissemination of  market 
information
• Public and private sector information systems easily 

accessible to farmers

Improve supply-chain coordination mechanisms
• Establish product grades and standards
• Develop market information systems to reduce information 

costs

Source: Agwe, Morris, and Fernandes 2007.
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is the question of  social justice and the equitable distri-
bution of  resources. Poor land governance—the manner 
in which land rights are defined and  administered—is a 
major cause of  the disconnect between abundant land 
and development in many countries. This impoverishes 
small landholders and reinforces the vicious cycle of  land 
degradation and poverty. Rural poverty is often in part 
the result of  policies that discriminate against smallhold-
ers, forcing them off the land and creating suboptimal 
land-use outcomes. Landownership inequalities and land-
lessness undermine shared growth and social cohesion. 
Women, in particular, who throughout most of  the devel-
oping world are the principal subsistence producers, are 
ineligible for land ownership according to customary laws 
in many settings.

Efforts to improve land governance in developing coun-
tries face a number of  challenges, including land grabs 
by foreign investors. An estimated 63 million ha have 
been allotted in land deals or are under negotiation 
in 27 countries in Africa. This type of  large-scale land 
acquisition threatens to dispossess local communities of  
their livelihood sources and has become the focus of  the 
World Bank and its partners to articulate clear principles 
for responsible agroinvestment. Other challenges of  land 
governance include corruption, inefficient land adminis-
tration, and low capacity and demand for land adminis-
tration professionals.

Secure land rights are necessary for climate-smart agri-
culture, providing incentives for local communities to 
manage land more sustainably. Customary land rights 
and gender equality need to be recognized. Increasing 
investment in agriculture creates opportunities to docu-
ment land rights and reduce the risk of  dispossessing local 
communities. Fast, effective, and low-cost approaches 
involving the use of  satellite images, global positioning 
systems, and computerized data management technolo-
gies to access, register, and administer land rights are 
needed. Mexico’s successful registration of  communal 
lands (ejidos) during the 1990s (Byamugisha 2013) and 
Brazil’s successful model of  market-assisted land reform 
(Childress 2008) offer positive lessons for many coun-
tries. In Africa, Tanzania has surveyed almost all of  
its communal lands; about 60 percent have been regis-
tered, at an average cost of  about US$500 per village. 

Malawi successfully piloted a community-based willing-
seller willing-buyer approach to land reform, benefiting 
more than 15,000 poor farm families, raising agricul-
tural incomes by 40 percent a year, and attaining an 
economic internal rate of  return of  20 percent. Ghana 
reduced the number of  days to transfer property from 
169 in 2005 to 34 in 2011 and increased land-related 
revenue from US$12 million in 2003 to US$132 million 
in 2010 by decentralizing and computerizing its land 
registries, merging its land agencies, and strengthening 
property valuation. For countries to boost land govern-
ance, such improved approaches and comprehensive 
policy reforms will need to be scaled up. The estimated 
cost of  scaling up improved land governance in Sub-
Saharan Africa is US$4.5 billion over 10 years (Byamu-
gisha 2013).

TRADE-OFFS IN MITIGATION 
TECHNOLOGIES AND PRACTICES
The global transition to a climate-smart world raises 
many challenges because of  competing priorities among 
productivity, environmental sustainability, and poverty 
reduction. But there are also opportunities for achiev-
ing multiple objectives. Farming methods have impacts 
beyond forests and climate change: crops and livestock 
take up about 70 percent of  freshwater withdrawals, even 
in very dry localities. Conversely, perhaps even more 
important, the majority of  poor people in the world 
continue to depend on agriculture for their livelihoods. 
The aim for the next 30 years is to grow more food with 
less. However, meeting growing demands for food, fiber, 
and fuel with a much lighter environmental footprint is a 
challenge.

Many of  these changes in ecosystem services are impor-
tant globally, such as loss of  carbon stocks in vegetation 
and soils, with concomitant increases in atmospheric 
greenhouse gases. In addition, because biological diversity 
is high in these areas, deforestation is leading to high rates 
of  biodiversity loss. The loss of  these global public goods 
and ecosystem services highlights the trade-offs between 
the provisioning services utilized by local and national 
(and even international) stakeholders with the regulating 
and even supporting ecosystem services that are valued 
by the global populations. Interventions at the landscape 
mosaic scale may provide a means of  reconciling some of  
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these trade-offs and conflicts. Figure 3.1 depicts the trade-
offs between achieving food security and protecting eco-
system services.

The SDGs focus on sustainable production and consump-
tion. In the agriculture sector, this means making serious 
changes in food consumption and waste. Currently, about 
one-third of  all food produced is lost in the food supply 
chain. However, limits on consumption can be a significant 
challenge in the context of  global hunger, when nearly a 
billion people are food insecure. Therefore, achieving syn-
ergies between food production, consumption, and waste 
reduction is important and involves integrating multiple 
focal areas of  SDGs.

In 2003, the Alternative to Slash-and-Burn Programme 
(ASB) conducted an assessment of  “Forest and Agro-
ecosystem Tradeoffs in the Humid Topics” (known as 
“Tropical Forest Margins”). This was the only crosscut-
ting subglobal assessment approved by the Millennium 
Ecosystem Assessment (MA). The assessment synthesized 
estimates of  various indicators of  environmental and 
developmental objectives for ASB benchmark sites span-
ning the humid tropics, and will endeavor to place these 
results within the broader context of  relevant scientific 
evidence. The indicators have been used successfully to 
assess the degree of  trade-offs (and complementarities 
between global environmental objectives and national 
and local objectives), and also to assess the scope for 

policy effectively, efficiently, and equitably manage these 
trade-offs.

ASB brings to the MA proven methods and existing data-
bases for plot-level indicators; ongoing development of  
methods for landscape and watershed scale assessment; 
a pantropic analysis of  the nexus among tropical hydrol-
ogy, biodiversity, and poverty that is nearing comple-
tion; strong institutional links and long-term presence at 
benchmark sites in the humid topics; experience in capac-
ity building; and an established track record in multidis-
ciplinary, multi-institutional, and multiscale collaboration 
on integrated natural resource management.

ASB results show that striking an equitable balance 
between the legitimate interests of  development and 
equally legitimate global concerns over the environmental 
consequences of  tropical deforestation is difficult. Poverty 
reduction in most of  the tropics depends on finding ways 
to raise productivity of  labor and land through intensifi-
cation of  smallholder production systems. Although there 
may be opportunities to alleviate poverty while conserving 
tropical rainforests, it is naïve to expect that productivity 
increases necessarily slow forest conversion or improves 
the environment. Deforestation has no single cause but is 
the outcome of  a complex web of  factors whose mix var-
ies greatly in time and space. Understanding the factors 
at work in a given situation is a crucial first step if  policy 
makers are to introduce effective measures to curb defor-
estation, and to do so in ways that reduce poverty.

ENABLING ENVIRONMENTS
An enabling environment can provide the laws, regula-
tions, and incentives that facilitate and ensure that the 
adoption of  climate-smart agriculture proceeds effectively 
and sustainably. It helps build institutional capacity at all 
levels and reduces the risks that deter farmers from invest-
ing in new technologies and practices. Investing in the 
enabling environments is essential for implementing miti-
gation technologies and practices at larger scales.16 How-
ever, it should be understood that the enabling landscape 
for mitigation technologies and practices would look dif-
ferent from one country to the next depending on the 
existing policy landscape, socioeconomic conditions, level 

16 Taken from csa.guide.
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of  agricultural development, and the specific challenges 
that climate change presents.17

POLICY ENGAGEMENT
Policy engagement aims to guide policies and remove or 
reduce any disincentives for adopting mitigation tech-
nologies and practices. For widespread adoption, mitiga-
tion technologies and practices need to be mainstreamed 
into core government policies and programs, with prior-
ity assigned to appropriate public support of  mitigation 
interventions. The process should be developed consis-
tently with climate-resistant frameworks, such as National 
Climate Policies or Strategies, National Adaptation Plans 
(NAPs), and Nationally Appropriate Mitigation Actions 
(NAMAs). Mitigation policies must also contribute to 
broader economic growth, poverty reduction, and sus-
tainable development goals.18

To achieve mitigation policy engagement, there needs 
to be better coordination between different concerned 
agencies across different sectors and levels and improved 
engagements between various stakeholder groups. It is 
important to bring together climate and food security 
goals to develop and institutionalize strategic planning 
and delivery frameworks.

Policies should not be solely identified as “government 
policy” but must include the policies of  other actors such 
as the private sector, investors, regional and intergovern-
mental organizations, civil society organizations, farmer 
organizations, and others.

Policy tools and instruments, such as rural credit pro-
grams, input and output pricing policies, subsidies, sup-
port for investment with public-good benefits, property 
rights, research, and extension services, as well as safety 
net programs, can all be used to increase the incentives for 
the involved actors including farmers to modify produc-
tion systems and build capacities for mitigation technolo-
gies and practices (FAO 2013a).

Some key challenges can be identified in supporting the 
development of  policies and enabling environments:

17 CSA Indicators Report (forthcoming).
18 FAO CSA Sourcebook, Module 13.

 » Ensuring ownership by those responsible for defin-
ing and implementing policies and strategies, as 
well as by those whom a given policy might affect.

 » Creating intersectoral approaches and consistent 
policies across sectors that can help create greater 
integration and coordination between sectors and 
actors.

 » Ensuring effective implementation of  higher-level 
plans and strategies and inputs into national and 
regional planning by those operating at district or 
community levels, especially vulnerable groups.

 » Finally, most policy processes are highly multidi-
mensional, idiosyncratic, opaque, and, especially 
in contexts with relatively weak governments, 
rarely truly problem oriented but instead deeply 
rooted in politics.

INSTITUTIONAL ARRANGEMENTS
Institutions are the “rules of  the game” that emerge 
from formal laws, informal norms and practices, and 
organizational structures in a given setting.19 They are 
very important to agricultural development and resilient 
livelihoods because the incentives they create shape the 
actions of  public officials, making them fundamental for 
the implementation of  climate-smart measures and inter-
ventions. To enable smallholders to make the transition 
to mitigation technologies and practices, strong institu-
tional support is required to improve the dissemination 
of  information, provide technical and financial support 
and access to markets, and coordinate the work of  a large 
number of  farmers over a wide area.

Natural resource management and common property 
approaches often focus on informal institutions defined 
as local practices, rules, and norms. Informal institutions 
encompass moral norms, rules, and regulations, used 
both within and across organizations and communities 
(Ostrom et al. 2001).

It is important to focus on institutions at three differ-
ent levels of  scale, namely, (i) building local institutional 
frameworks, (ii) strengthening the key role of  meso-level 
institutions, and (iii) working to enhance national institu-
tional capacity to implement policy decisions.

19 http://www1.worldbank.org/publicsector/civilservice/Strategy.pdf.
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1. Building local institutional frameworks: Sup-
port for climate change adaptation and mitigation among 
smallholder farmers rarely works when it is directed from 
outside or focused only on direct technology transfer. Local 
institutional frameworks for the adoption of  climate-smart 
agricultural practices at district and community levels 
must be facilitative rather than directive. Therefore, insti-
tutional frameworks that support farmer-driven adoption 
and adaptation must be encouraged (Agrawal et al. 2009). 
Supporting such frameworks may involve developing new 
institutions but often the task involves creating connec-
tions between existing institutions to address uptake.

2. Strengthening the key role of  meso-level insti-
tutions: Meso-level institutions, such as local govern-
ments and local state agencies, are critical for generating 
and canalizing support from national institutions to com-
munities for climate change adaptation and mitigation. 
Yet, they often have limited authority and planning capac-
ity, which also tends to be centralized. Furthermore, they 
have limited access to funding, which is often monopo-
lized by national-level institutions or stuck in adminis-
trative bottlenecks (Christoplos et al. 2014). Therefore, 
a critical but often overlooked institutional entry point 
for supporting agricultural adaptation/mitigation is to 
enhance the mandate and access to funding of  local gov-
ernments, local state agencies, and other institutions at the 
meso-level.

3. Working to enhance national institutional 
frameworks: Efforts to support mitigation technolo-
gies and practices are constrained by a lack of  the right 
institutions, institutional capacity, and coordination at 
higher levels. Farmers need incentives and enabling con-
ditions to make transformations in the field, which must 
be facilitated by institutions and policies. State institutions 
are particularly important for the production and dis-
semination of  information related to technology options 
and management methods, climate variability, and value-
chain conditions. Moreover, national institutions are 
key to providing safety nets and insurance schemes for 
farmers. Some options for enhancing institutional effi-
ciency include building human knowledge and capaci-
ties, strengthening institutional procedures, integrating 
climate change and mitigation interventions into strategic 
plans and policies (for example, NAMAs, NAPAs, NDCs, 

national CSA plans, agricultural strategies), strengthen-
ing institutional and sector collaboration horizontally and 
vertically, and analyzing options to deconcentrate and 
decentralize (Agrawal, Kononen, and Perrin 2009).

FINANCE
An increased level and quality of  national investment is 
needed to boost climate-smart practices. Improvements in 
agriculture can be a powerful engine for economic devel-
opment, poverty reduction, and GHG mitigation. Invest-
ments made in the agricultural sector have traditionally 
been intended to achieve multiple objectives, such as 
agricultural growth for food security, poverty reduction, 
and economic development. However, climate change has 
significantly altered agricultural investment needs. The 
estimated investment gap for food security and address-
ing climate change in developing countries amounts to 
US$320 to $360 billion per year (UNCTAD 2014). Con-
siderable finance is needed for agricultural adaptation 
and mitigation by LDCs—on the order of  US$3 billion 
annually for adaptation and US$2 billion annually for 
mitigation (Richards et al. 2015). One starting point to 
increase mitigation investment is to realign subsidies to 
meet mitigation investment needs (OECD 2015a).

Public support that focuses on research, the development 
of  human capital, the sustainable management of  soil and 
land, social protection and safety nets, and the development 
of  technology and value chains is conducive to mitigation 
adoption. Whereas increasing national investment in miti-
gation might be a tall order in countries with severe budget 
constraints, finite public resources can be more selectively 
targeted by prioritizing mitigation approaches that gener-
ate the most short-term returns or by introducing incentives 
that encourage private sector investment. Public investment 
can also be used to leverage private investment in areas such 
as research and development and developing certification 
systems. Investments by farmers and other private entities 
can be boosted by government programs that create favora-
ble conditions for investments, or through direct financial 
incentives. Consumer and producer countries need to col-
laborate to promote government-facilitated commitments 
on sustainable commodities. Finance can play an impor-
tant role in meeting the mitigation investment gap, but to 
date, most public sector climate finance, as well as almost 
all private sector financing, flows into mitigation activities 
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in the industrial and energy sectors. Some emerging oppor-
tunities for mitigation financing include the Green Climate 
Fund, the Global Environment Facility GEF-6 strategy, 
and the Biocarbon Fund. Access to this finance will require 
building the mitigation evidence base and improved institu-
tional capacities will be needed to secure larger-scale miti-
gation investments.

AGRICULTURAL SUBSIDIES AND TRADE
Climate-smart agriculture is a transformative agenda that 
requires innovative policy, technology, and finance mech-
anisms. A three-pillar approach can be effective in reduc-
ing GHG emissions (OECD 2015a):

 » Clear and robust price signal to internalize the 
costs of  GHG emissions;

 » Smart regulations to remove market barriers to 
low-GHG alternatives; and

 » Support for scaling up climate-smart, low-carbon 
technologies.

Agriculture’s role in carbon markets has been limited for 
a number of  reasons (Murray 2015). First, there has been 
no real effort to directly cap agricultural GHGs and cre-
ate direct demand for mitigation. Second, most demands 
to date have been for agricultural offsets covering just 
a minority of  GHG emissions. Third, cost factors have 
reduced the attractiveness on the supply side, especially 
at the current and expected near-future carbon prices. 
Market uptake of  agricultural mitigation projects will 
require policies that will enhance demand enough to raise 
prices sufficiently to induce a mitigation supply response. 
Such complementary policies include policies that address 
cobenefits of  agricultural mitigation such as improved air 
and water quality and biodiversity conservation.

Proper implementation of  mitigation practices requires 
realigning policies and regulatory frameworks to enable 
an efficient and cost-effective transition. Mitigation prac-
tices—sustainable agricultural intensification, degraded 
land restoration, reduced deforestation, cropping system 
diversification through agroforestry and silvopasture, and 
improved livestock management—can make a substantial 
contribution to greenhouse gas emission reductions while 
simultaneously responding to growing food demands 
and enhancing agroecosystem resilience. This requires 
integrated food security, adaptation, mitigation, and 

environmental policies. This will ensure that synergies 
are captured, trade-offs minimized, and use of  natural 
resources and ecosystem services optimized. Nationally 
owned climate-smart agricultural policies and action 
frameworks tend to address barriers of  smallholder farm-
ers and increase the adoption of  mitigation technologies.

Government subsidies are the most common form of  
incentives in the agricultural sector, but only a small pro-
portion of  such subsidies are well aligned with climate 
goals. Estimates indicate that agricultural subsidies in 
the form of  producer support estimates of  OECD and 
emerging economies (accounting for 88 percent of  global 
agriculture value added) currently stand at US$601 bil-
lion per year, excluding an additional $135 billion on gen-
eral services that support the overall functioning of  the 
agricultural sector (OECD 2015b). The producer sup-
port making up market price support and other payments 
to agricultural producers nearly doubles the investment 
gap of  US$320 to US$360 billion per year required for 
addressing food security and climate change in develop-
ing countries (UNCTAD 2014). About 18 percent of  
gross farm receipts in 2014 stem from public policies that 
support farmers, implying that for every dollar’s worth of  
agriculture earned by OECD and emerging economies’ 
farms in 2014, 18 cents came from some kind of  govern-
ment subsidy. Figure 3.2 indicates that the most emitting 
agricultural commodities (beef, rice, wheat, and maize) 
receive $93 billion per year in government subsidies in 
OECD and emerging economies. By predominantly 

FIGURE 3.2.  TRANSFERS FROM 
CONSUMER TO PRODUCERS 
THROUGH MARKET PRICE 
SUPPORTS IN OECD AND 
EMERGING ECONOMIES 
(US$, BILLIONS)

Source: OECD 2013.
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funding a few staple crops for the largest farms, subsidies 
support industrial-scale operations that tend to lack crop 
diversity necessary to maintain agroecosystem resilience. 
In the process, more GHG emissions occur and soil nutri-
ents are mined, requiring substantial use of  chemical fer-
tilizers and pesticides on farmlands.

Reforming agricultural subsidies in OECD economies 
would be strategically important. Existing subsidies should 
be redirected away from high-emitting crops. Changing 
the incentive structure of  fertilizer and other agrochemi-
cal subsidies can increase the efficiency of  the use of  agri-
cultural inputs and incentivize the adoption of  improved 
land management practices. Payment for environmental 
services can be a more viable alternative for input subsi-
dies. Public support from climate-smart options such as 
soil health improvement, water-saving technologies, alter-
nate wetting and drying in rice, land reclamation, and 
watershed management are required. The use of  envi-
ronmental standards is required to spur judicious input 
use. For example, the European Union Nitrates Directive, 
limited farmers’ use of  manure, and the application of  
fertilizers on croplands have helped to reduce water con-
tamination while increasing nitrogen use efficiency (Van 
Grinsven et al. 2015).

The anthropogenic contribution to climate change is 
primarily the result of  a global externality—the rise of  
global GHG emissions, resulting from noninternalized 
carbon costs, through human activity. In a world that is 
interconnected via trade, a reduction in domestic emis-
sions will not necessarily guarantee a net reduction in 
global emissions. Assessing the full impact of  any set of  
domestic or international policies on global GHG reduc-
tion will require considerable attention on interlinkages 
through international trade. International trade will be 
increasingly important, especially for countries where 
domestic production is insufficient to meet national food 
demand. Trade policy reforms will be required to com-
pensate for decreases in domestic production through 
increased imports, and enable countries to exploit possi-
ble new comparative advantages through export. In many 
countries, import tariffs exist for environmental goods, 
including those important for mitigation. Reducing these 
tariffs would help increase market access and promote the 
global transition to a low-carbon economy. In some cases, 

shift from import tariffs to consumer or value added taxes 
may be appropriate.

CULTURAL AND GENDER 
CONSIDERATIONS
Climate-smart mitigation interventions often demand 
changes in traditional practices and habits. This may 
cause conflicts with local communities because they are 
often averse to change, especially if  there are cultural 
implications and preperceived risks.

Implementing change is most successful if  the informal, 
social, and cultural arrangements in place are under-
stood, and activities and actions are channeled through 
the appropriate institutions, including faith groups, wom-
en’s groups, ethnic communities, or traditional leadership 
hierarchies. Getting the community involved in the design 
and decision-making process can bring local knowledge, 
social legitimacy, and established networks to mitigation 
programs (CSA Sourcebook). 

It is important to acknowledge that women and margin-
alized groups can have different knowledge, skills, and 
 perceptions concerning climate adaptation and mitiga-
tion than men. Viewing women as passive victims to cli-
mate change is limiting and simplistic. It is estimated that 
if  women had the same access to resources as men do, 
then on-farm yield will increase 20–30 percent and the 
number of  people hungry will decrease 12–17 percent 
(FAO 2011).

The major constraints for women to adopt agricultural 
tools are access to finance, information, and workload. 
If  these constraints can be overcome, then women not 
only can adopt but also can design innovative tools and 
techniques.

As with institutional management, gender issues should 
be addressed at multiple levels: (i) policy level, (ii) commu-
nity level, and (iii) household level.

 » At the policy level: Gender-responsive and 
socially inclusive mitigation-related policies recog-
nize and address the specific needs and realities of  
women and men of  various backgrounds. Not all 
voices are evident in decision-making and policy 
processes in agriculture, including those of  women 
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and youths, as well as smallholders overall (Huyer 
et al. 2015).

 » At the community level: Community mitigation 
initiatives benefit from the ideas and perspectives 
of  different stakeholders in the community. Par-
ticipatory approaches encourage strong community 
commitment and strengthen the adoption of  miti-
gation practices. Gender-sensitive, socially inclusive 
community efforts provide greater opportunity for 
communities to build resilience from their existing 
strengths and to experience the ensuing benefits. 
However, care should be taken not to conceptualize 

women as one homogenously vulnerable group in 
such mitigation programs (Jost et al. 2016).

 » At the household/intrahousehold levels: 
Households are not unitary models; rather, they 
are a collection of  different people shaped by their 
relations and roles within the household, with the 
community and institutions beyond. Gender-sen-
sitive participatory tools such as those outlined by 
Jost et al. (2014) are useful for identifying the dif-
ferent knowledge, needs, and constraints that exist 
within households, which can then inform mitiga-
tion efforts.





39Agriculture Global Practice Discussion Paper

Nationally Determined Contributions outline country-level strategies to address cli-
mate change. An NDC is a statement of  a country’s current emissions, reduction tar-
gets, and adaptation priorities. It also provides an important baseline for prioritizing 
climate actions. Most parties describe policy dimensions that support their NDC, such as 
National Climate Policies or Strategies, National Adaptation Plans, low emissions devel-
opment strategies (LEDs), and Nationally Appropriate Mitigation Actions.

As of  February 24, 2016, 161 parties have submitted NDCs. This represents 188 coun-
tries because the European Union submitted one for 28 countries. These countries 
account for 98.7 percent of  global emissions.20 These NDCs are part of  the agreement 
signed at COP21 in Paris.21

NDCs offer opportunities for the World Bank to better understand our client coun-
tries’ plans for addressing climate change. At the same time, NDCs help us in identify-
ing the kind of  support that the client countries may need toward implementing the 
plans and transitioning to low-emission development pathways. This chapter describes 
the key features of  agricultural and land-use NDCs, and provides recommendations 
for prioritizing mitigation engagement in the region. It outlines an approach to filling 
mitigation financing and knowledge gaps in country programs, boosting the Bank’s 
CSA investment portfolio, exploring carbon finance, and creating a cohesive strat-
egy for mitigation implementation. This is achieved by channeling IDA/IBRD invest-
ments, GEF, BioCarbon Fund and other grants, and technical assistance to country 
clients with the greatest needs and potential to use the resources. Specific activities to 
be supported include expanding investment in proven mitigation technologies; build-
ing technical capacity and supporting a knowledge management system; and strength-
ening policies and institutions.

20 The percentage is based on the most recent estimates of  country emissions (including the land-use change and for-
estry sector) from the CAIT Climate Data Explorer.
21 COP21.

CHAPTER FOUR  
NATIONALLY DETERMINED  
CONTRIBUTIONS
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MITIGATION COMMITMENTS 
FROM NDCS
Although commitments may vary, agriculture appears 
in the majority of  the submissions. Based on the NDCs 
submitted, agriculture and land use are key strategies for 
climate change mitigation and adaptation in a majority 
of  countries. Agriculture is particularly important in the 
contributions of  African countries, which are counting on 
international assistance to meet their targets.

Of  the total submissions, 115 included agriculture miti-
gation targets and 125 have agriculture as an adaptation 
priority. Of  those countries with agriculture mitigation 
targets, 93 have indicated specific measures they hope to 
implement to achieve their mitigation goals (figure 4.1).

There are 106 countries that have provided overall miti-
gation targets in their NDCs; however, only nine countries 
further specified their quantitative estimates for agricul-
ture mitigation. This ranges from 5,000 t CO2-eq per year 
for Côte d’Ivoire to 90 Mt CO2-eq per year for Ethiopia.

A closer look, while focusing primarily on developing 
countries, shows that SSA and ECA are the top two 
regions with the largest number of  countries that have 
submitted agriculture-related mitigation measures in their 
NDCs. In comparison, SSA and LAC are the top two 
regions with the largest number of  countries that have 
land-use and energy-related mitigation measures in their 
NDCs (table 4.1).

When referring to particular agricultural measures, 
livestock and cropland are the most frequently cited by 
countries to enable their mitigation targets to be met. 
Examples of  livestock mitigation measures mentioned are 
animal management and enteric fermentation manage-
ment. However, there are no specifics on how mitigation 
will be achieved through better livestock management. 
This indicates a potential need for further technology and 
capacity development, especially in the area of  increasing 
livestock productivity and efficiency.

Countries plan to use mitigation measures in croplands, 
such as reduced tillage, mulching, cover crops, crop resi-
due management, or conservation agriculture combin-
ing these practices. Rice management, agroforestry, and 
grassland and manure management are the other fre-
quently cited mitigation measures. Although fertilizer 
was mentioned as a mitigation measure, it is most likely 
related to its use within the integrated soil fertility man-
agement technology package to improve soil health and 
boost productivity.

Forest management and reforestation were the most fre-
quently cited land-use mitigation measures by 87 coun-
tries; these are followed by deforestation and reforestation 
(75 countries), afforestation (47 countries), and restoration 
of  degraded lands by (26 countries). There are 62 coun-
tries that intend to shift to bioenergy, and 35 plan to use 
improved cook stoves to relieve pressures from natural for-
ests for fuel wood.

FINANCING MITIGATION 
MEASURES IN NDCS
Out of  115 parties whose GHG mitigation target includes 
agriculture, 17 parties stated explicitly costs of  agricul-
tural mitigation measures as of  February 24, 2016. In 
addition to Tunisia and Afghanistan, all other countries 
are from Sub-Saharan Africa, including the Central Afri-
can Republic, Cameroon, Somalia, Congo, Burkina Faso, 
Togo, Benin, Lesotho, Angola, Chad, Equatorial Guinea, 
Senegal, the Democratic Republic of  the Congo, Côte 
d’Ivoire, and Mali. The implementation period of  agri-
cultural mitigation measures ranges from 5 years (Côte 
d’Ivoire) to 35 years (Equatorial Guinea). The costs of  
agricultural mitigation measures vary significantly across 

FIGURE 4.1.  NUMBER OF AGRICULTURAL 
MITIGATION MEASURES 
MENTIONED IN NDCS (BY 
COUNTRY)

None or no NDCs 1–2 3–4 5–6 7–9

Source: Authors.
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countries, from US$0.17 million per year (the Central 
African Republic) to US$2,060 million per year (Mali). 
Similarly, the conditionality to reach mitigation targets 
differs in these countries. Only 1.2 percent of  emissions 
to be reduced are unconditional in Chad, whereas 100 
percent of  those are unconditional in the Central African 
Republic.

Assuming an average of  US$42 million for mitigation, 
the estimated financing requirements for 55 developing 
countries are US$2.3 billion per annum for mitigation. 
International finance is the most cited funding source for 
implementing NDC actions. The Green Climate Fund, 
GEF, and the Adaptation Fund were also mentioned by 
some countries, whereas others highlight the role of  the 
public-private partnership in helping to achieve mitiga-
tion and adaptation goals.

Global agriculture climate finance is provided through 
a variety of  mechanisms; however, specific financing for 
mitigation is low (figure 4.2). Adaptation funds have gen-
erally been increasing, whereas the Clean Development 
Mechanism saw a significant decrease in 2012, mainly 
induced by the carbon markets crash.22

In 2012, the majority of  climate finance had been allo-
cated for adaptation. There was an increase in the num-
ber of  African countries receiving agriculture climate 
finance. Ethiopia became the top recipient, receiving 
more than US$25 million of  agriculture climate change 
finance dedicated to agricultural adaptation (figure 4.3). 

22 http://www.climatefocus.com/sites/default/files/the_geographical_distribution 
_of_climate_finance_for_agriculture_0.pdf.

TABLE 4.1.  NUMBER OF COUNTRIES WITH SPECIFIC MITIGATION MEASURES IN NDCS 
(BY REGION)

Mitigation Measures

Number of  Countries (non-OECD)

TotalEAP ECA LAC MENA SA SSA

AGRICULTURE RELATED
Livestock 3 7 5 5 4 15 39
Croplands 3 7 4 3 1 13 31
Grasslands 4 8 2 2 1 10 27
Rice 3 6 2 2 2 11 26
Manure 2 8 2 5 1 7 25
Fertilizer 1 6 1 1 2 10 21
Agroforestry 3 0 3 1 0 14 21
Ag. residues 3 7 1 2 0 6 19
CSA 0 0 1 0 1 10 12
Soil carbon 1 1 1 0 0 4 7
Ag. intensification 0 0 1 0 0 5 6
LAND-USE RELATED
Forest mgmt. 8 11 14 4 4 23 64
Deforestation 9 6 15 2 1 21 54
Reforestation 1 8 11 5 2 27 54
Afforestation 4 6 9 4 4 19 46
Degraded lands 2 1 8 1 2 12 26
Coastlands 1 0 4 1 2 2 10
Peatlands 1 1 0 0 2 4 8
ENERGY RELATED
Bioenergy 9 2 12 5 5 29 62
Cook stoves 4 0 3 1 3 24 35

Source: Based on data compiled by Climate Change Agriculture and Food Security (CCAFS).
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FIGURE 4.2.  AGRICULTURE CLIMATE FINANCE MECHANISMS BY CONTINENT IN 
2010, 2011, AND 2012
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FIGURE 4.3.  CLIMATE FINANCE ALLOCATED FOR ADAPTATION BY COUNTRY, 2012
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Other African countries, such as Kenya and Ghana, also 
received adaptation finance.

A total of  US$383 million was available for climate 
finance in 2012. Of  this total, only 18 percent was dedi-
cated to agriculture mitigation (figure 4.4). This is clearly 
not enough to fund the estimated financing requirements 
for mitigation. To achieve the mitigation goals as pro-
posed in the NDCs, an increase in mitigation financing 
is required.

RECOMMENDATIONS
The proposed NDCs provide opportunities to fill mitiga-
tion financing and knowledge gaps in country programs, 
boost the Bank’s CSA investment portfolio, and create 
a cohesive strategy for mitigation implementation. This 
can be achieved by channeling IDA/IBRD investments, 
GEF, the BioCarbon Fund and other grants, and tech-
nical assistance to country clients through an approach 
targeted simultaneously at the greatest needs and poten-
tial to use those resources. The suggested approach could 
comprise three strategies:

1. Provide additional resources to scale up miti-
gation assistance to Bank CSA projects by ensur-
ing the immediate availability of  additional 
mitigation program funds. Support for agriculture 
and food security is often done within constrained 
resource envelopes with specific replenishment 

cycles. Providing additional resources for mitiga-
tion can ensure funds are more rapidly available 
than having to wait for the next replenishment 
cycle.

2. Improve mitigation programmatic align-
ment across the region. A common platform 
with clear guidelines for channeling funds to proj-
ects with mitigation-related objectives will make 
for a more strategic approach to funding—one 
that purposefully rewards interventions that are 
designed to achieve the triple wins. This, in turn, 
will require a robust monitoring framework for 
tracking results with common indicators across 
those projects. The results will be fed back into 
a common knowledge platform that effectively 
documents practical lessons learned, providing 
an evidence-based framework of  reference for 
improving global donor alignment.

3. Provide technical assistance and capacity 
development to capture the mitigation oppor-
tunities in CSA. Technical assistance components 
may also be included in country investment pro-
posals or it could be provided via stand-alone 
activities. As an example, technical assistance work 
could compile evidence and lessons in address-
ing the impacts of  agricultural commodity value 
chains on forests. A typological framework should 
be developed to assess opportunities for integrat-
ing trees into agriculture commodity value chains. 

FIGURE 4.4.  ADAPTATION FINANCE AND SECTORS OF 
AGRICULTURE MITIGATION FINANCE, 2012
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Finally, there is need to assess locations where cli-
mate change will affect the suitability of  commod-
ity crops and the scope for afforestation or mixed 
agroforestry in such areas (Fernandes and Jaffee 
2015). Lessons learned can then be mainstreamed 
in NAMAs and investment operations to support 
climate actions.

Specific activities that can be supported include the 
following:

1. Expand investment in proven mitigation 
technologies. Assist countries to adapt produc-
tion systems to climate variability and change, 
improve productivity, generate income and live-
lihoods, and secure global public goods: seques-
ter greenhouse gases, reduce GHG emissions, 
and reduce impacts from erosion, drought, and 
flooding. Emphasis should shift from fragmented 
national projects to systematic regional landscape 
projects.

2. Strengthen policies and institutions. Sup-
port policy development and recommend options 
to overcome adoption barriers to mitigation tech-
nologies and practices. Promote greater coher-
ence, coordination, and integration between sectors 

dealing with climate change, agricultural devel-
opment, and food security to create an enabling 
environment for the adoption of  mitigation tech-
nologies and practices. Promote the mainstream-
ing of  mitigation polices and support measures 
into broader public policy, expenditure, and plan-
ning frameworks at national, subnational, and 
local levels. Promote integrated public and private 
mitigation finance.

3. Build technical capacity and support a 
knowledge management system. Improve 
capacity to design to design and implement miti-
gation technologies and practices. Support coun-
try project efforts with pragmatic knowledge and 
monitoring and evaluation tools. Build or improve 
measurement, reporting, and verification capac-
ity. Strengthen national and subnational institu-
tional capacities in knowledge, monitoring, and 
implementation. Design inclusive and innovative 
knowledge management systems with priorities 
to strengthen farmers’ knowledge of  mitigation 
practices, facilitate sharing the techniques, support 
broader experiential learning, and provide the 
greatest support to local and indigenous knowl-
edge systems.
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APPENDIX A 
HISTORICAL AGRICULTURAL EMISSIONS 
AND LAND-USE NET EMISSIONS/REMOVALS

AGRICULTURAL EMISSIONS
Contribution to global agricultural emissions are highest in EAP (29 percent), SA  
(18 percent), and LAC (17 percent) (figure A.1). Between 2000 and 2012, global agri-
cultural emissions grew at a rate of  1.21 percent per year. Africa’s emissions grew the 
highest at a rate of  1.96 percent, and accounts for 15 percent of  global agricultural 
emissions in 2012. Agricultural emissions in EAP, SA, LAC, and MENA grew at rates 
of  1.73, 1.56, 1.38, and 1.04 percent annually, respectively. Only ECA experienced 
a decline in agricultural emissions at a rate of  0.48 percent per year. Agricultural 
emissions growth is expected to be the highest in Asia and Sub-Saharan Africa—two 
regions that will account for two-thirds of  the increase in overall food demand—by 
2050. The production of  vegetable oils and animal products—products with high 
GHG intensity—is expected to grow the most among total agricultural outputs. In 
2012, 43 percent of  global emissions from agriculture came from just four coun-
tries: China, India, Brazil, and the United States (table A.1). EAP was responsible for  
29 percent of  total agricultural emissions (figure A.2). Agricultural emissions make up 
more than 50 percent of  national emissions in 42 countries and more than 20 percent 
in 91 countries.

Agricultural contributions to national GHG emissions vary widely from 0.1 percent 
for Equatorial Guinea to 95.9 percent for Mali (figure A.3). Agricultural contributions 
to national GHG emissions are about 6 percent or less in one-fifth of  the countries, 
and about 16 percent in more than 50 percent of  the countries globally. Agricultural 
contributions to national GHG emissions are more than 42 percent in 25 percent of  
the countries. In Sub-Saharan Africa, agriculture contributes more than 30 percent to 
national GHG emissions in 33 countries, reflecting the dominance of  the sector in the 
economies of  the region.

In Latin America and the Caribbean, the percentage of  national emissions from agri-
culture is lowest for the Bahamas (0.6 percent) and highest for Uruguay (69 percent). 
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Agriculture contributes less than 30 percent to national 
GHG emissions in 23 countries in LAC. Countries with 
relatively high agricultural contributions to national GHG 
emissions in LAC include Argentina (32 percent), Brazil 
(44 percent), and Paraguay (69 percent).

In South Asia, the percentage of  national emissions from 
agriculture is lowest for Maldives (0.1 percent) and highest 
for Nepal (63 percent). With the exception of  Sri Lanka 
and India, where contributions of  national emissions from 
agriculture are 15 percent and 22 percent, respectively, 
other countries registered more than 40 percent.

Sources of agricultural emissions
Figure A.4 provides a breakdown of  the major sources of  
agricultural emissions.

FIGURE A.1.  AGRICULTURAL EMISSIONS BY 
REGION
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TABLE A.1.  TOP 10 AGRICULTURAL 
EMITTERS, 2012

Country Name
Total Emissions

(Mt CO2-eq)

1. China 835.3
2. India 658.8
3. Brazil 444.4
4. United States 353.9
5. Australia 190.6
6. Indonesia 163.2
7. Pakistan 139.4
8. Argentina 106.7
9. Sudan 106.4

10. Russia 92.9

Source: FAOSTAT.

FIGURE A.2.  AGRICULTURAL EMISSIONS 
BY REGION, 2012
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FIGURE A.4.  SOURCES OF GLOBAL 
AGRICULTURAL EMISSIONS, 2012
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Agricultural emissions are divided into 10 subcategories.23 
They typically include only nitrous oxide and CH4 emis-
sions. Both are potent GHGs: N2O has a global warming 
potential 296 times that of  CO2 and methane has a global 
warming potential 25 times that of  CO2. Sources of  agri-
cultural emissions are listed in Table A.2.

Enteric fermentation is currently the largest source of  
agricultural emission (38.6 percent), whereas burning 
crop residues and biomass in Savanna are the lowest  
(1 percent). Enteric fermentation occurs when methane 

23 The subcategories are part of  the Emissions-Agriculture domain of  the FAO-
STAT Emissions database.

is produced by livestock during digestion and released 
via belches. Figure A.5 shows that GHG emissions from 
ruminant systems are highest in India, LAC, China, 
and the United States. Manure sources account for 25 
percent, fertilizer emissions account for 14 percent, and 
rice production accounts for 10 percent. Forestland 
is consistently the largest source of  land-use emissions  
(59 percent), whereas grassland residues are the lowest 
(1 percent).

Table A.3 indicates that three commodities (beef, dairy, 
and rice) account for 62 percent of  agricultural emis-
sion, whereas four countries (China, India, the United 
States, and Brazil) account for 43 percent of  agricultural 

TABLE A.2. DEFINITION OF DIFFERENT SOURCES OF DIRECT AGRICULTURAL EMISSIONS
Sources of  Agricultural Emissions Percentage

Enteric fermentation
Ruminants (for example, cattle, sheep, goats, water buffalo) emit CH4 directly as a by-product of  digestion.

39

Manure

Stored manure
Livestock manure and urine cause both CH4 emissions through increased decomposition in wet storage systems and N2O emissions in 
dry storage systems.

15

Manure management 
Manure and urine that fall on grazing lands causes N2O emissions.

7

Manure deposited on croplands
Manure is another source of  nitrogen fertilizer for crops, resulting in N2O emissions.

3

Synthetic fertilizers 
N2O emissions from soils resulting from large amounts of  nitrogen fertilizer added to crops

14

Rice production 
Most rice production systems result in CH4 emissions from anaerobic decomposition on flooded fields. This percentage represents CH4 
emissions from rice only. N2O emissions from fertilizers are counted in “synthetic fertilizers.”

10

Other

Burning—Savanna  
CO4 and N2O gases produced from burning of  biomass vegetation in the following five land-cover types: savanna, woody savanna, 
open shrubland, closed shrubland, and grassland.

5

Crop residues 
Crop residues that remain on agricultural lands are a source of  N2O.

4

Cultivation of  organic soils
N2O emitted from drained organic soils.

2

Burning—Crop residues 
CH4 and N2O gases produced by the combustion of  crop residues burned on site, net of  removals for animal consumption, decay in the 
field, and use in other sectors (for example, biofuel, domestic livestock feed, building materials)

1

Total (Mt CO2-eq) 5,382

Source: FAO.
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emission. About 88 percent of  Africa’s emissions come 
from beef, dairy, and other ruminants, whereas 60 per-
cent of  China’s emissions and 79 percent of  India’s emis-
sions come from beef, other ruminants, and rice. Some 
75 percent of  Brazil’s emissions come from beef, whereas 
more than half  of  the EU’s emissions come from beef  
and dairy. Beef  is the major emitting livestock (35 per-
cent), whereas rice is the major emitting crop (15 percent). 
Rice is responsible for 4 times the emissions from wheat, 
5 times the emissions from maize, and 16 times the emis-
sions from soybeans, principally because of  the methane 

emitted from flooded paddy fields and the energy needed 
for pumping water.

Among the six regions, total agricultural emissions are 
smallest in MENA (259 Mt CO2-eq) and largest in EAP 
(1,585 Mt CO2-eq) (figure A.6). Enteric fermentation is 
consistently the largest source of  agricultural emissions. 
Manure is the second-largest source of  agricultural emis-
sions, with the exception of  EAP where fertilizers are the 
second-largest source. This is mainly due to China’s large 
consumption of  fertilizers (discussed further on page 62).

FIGURE A.5.  SPATIAL DISTRIBUTION OF GHG EMISSIONS IN GLOBAL RUMINANT SYSTEMS

Source: Herrero et al. 2015.
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TABLE A.3. AGRICULTURAL EMISSIONS BY COMMODITIES IN 2010, MT CO2-EQ
Livestock Crops

TotalBeef
Other

Ruminants Dairy Pigs Chickens
Other Non-
ruminants Rice Wheat Maize Soy

Other 
Cereals Palm

Other 
Crops

China 100 100 30 30 20 10 160 40 40 10 50 0 30 610
India 110 200 60 0 0 0 130 20 0 0 10 0 20 560
Africa 240 150 100 10 10 10 20 0 10 0 0 0 10 560
Brazil 300 10 40 10 10 0 10 0 10 10 0 0 10 400
European 
Union

110 30 90 50 10 0 0 30 10 0 20 0 30 390

United 
States

140 0 40 30 10 10 10 10 40 20 0 0 10 330

Indonesia 20 10 0 0 10 0 80 0 10 0 0 10 10 140
Rest of  
world

550 240 190 40 30 30 240 50 20 0 20 10 50 1,490

Total 1,570 730 550 170 110 60 650 160 130 40 110 20 170 4,470

Source: CEA 2014.
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Middle East and North Africa (MENA)—Total agri-
cultural emissions for MENA are 259 Mt CO2-eq. The 
top three emitters in MENA are Iran (41.2 Mt CO2-eq) 
(figure A.6A), Egypt (29 Mt CO2-eq) (figure A6.B), and 
Morocco (12.7 Mt CO2-eq) (figure A.6C). For these three 
countries, enteric fermentation is the largest source of  
agricultural emissions (Iran—18.1 Mt CO2-eq, Egypt—
10.4 Mt CO2-eq, Morocco—5.5 Mt CO2-eq), followed 
by manure. In Morocco, contributions to emissions from 
enteric fermentation and manure are comparable.

Sub-Saharan Africa (SSA)—Total agricultural emis-
sions for SSA are 632 Mt CO2-eq. The top three emit-
ters in SSA are former Sudan (106.4 Mt CO2-eq) 
(figure A.6D), Ethiopia (89.6 Mt CO2-eq) (figure A.6E), 
and Nigeria (59.2 Mt CO2-eq) (figure A.6F). Enteric fer-
mentation is the top source of  agricultural emissions in 
all three countries (former Sudan—47.1 Mt CO2-eq, 
Ethiopia—46.8 Mt CO2-eq, Nigeria 23.9 Mt CO2-eq). 
This is closely followed by manure emissions. The major-
ity of  manure emissions from all three countries are from 
manure left on pasture.

Europe and Central Asia (ECA)—Total agricultural 
emissions for ECA are 636 Mt CO2-eq. The top three emit-
ters in ECA are Russia (92.9 Mt CO2-eq)  (figure A.6G), 
France (68.5 Mt CO2-eq) (figure A.6H), and Germany 
(58.2 Mt CO2-eq) (figure A.6I). Within these three coun-
tries, enteric fermentation (Russia—36.3 Mt CO2-eq, 

FIGURE A.6.  SOURCES OF AGRICULTURAL 
EMISSIONS BY REGION, 2012
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FIGURE A.6A.  IRAN—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6B.  EGYPT—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012

10.42

5.52

7.78

3.65

1.65 Enteric 
fermentation

Manure

Fertilizers

Rice

Others

Source: FAOSTAT.

FIGURE A.6C.  MOROCCO—SOURCES 
OF AGRICULTURAL 
EMISSIONS (MTCO2-EQ), 2012
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FIGURE A.6D.  FORMER SUDAN—SOURCES 
OF AGRICULTURAL 
EMISSIONS (MTCO2-EQ), 2012
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FIGURE A.6E.  ETHIOPIA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6F.  NIGERIA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6G.  RUSSIA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6H.  FRANCE—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6I.  GERMANY—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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France—29.3 Mt CO2-eq, Germany—21.6 Mt CO2-eq) 
is the largest source of  agricultural  emissions, followed by 
manure. Fertilizers are the third-largest source of  emis-
sions for France and Germany. In  Russia, cultivation of  
organic soils is the third-largest source of  emissions.

Latin American and the Caribbean (LAC)—Total 
agricultural emissions for LAC are 903 Mt CO2-eq. The 
top three emitters in LAC are Brazil (444.4 Mt CO2-eq) 
(figure A.6J), Argentina (106.7 Mt CO2-eq) (figure A.6K), 
and Mexico (83.4 Mt CO2-eq) (figure A.6L). With pat-
terns similar to the regions previously discussed, enteric 
fermentation and manure are the leading sources of  agri-
cultural emissions from Brazil (263.5 Mt CO2-eq), Argen-
tina (62.5 Mt CO2-eq), and Mexico (44.3 Mt CO2-eq).

South Asia—Total agricultural emissions in SA are 
956 Mt CO2-eq. The top three emitters in SA are India 
(658.8 Mt CO2-eq) (figure A.6M), Pakistan (139.4 Mt 
CO2-eq) (figure A.6N), and Bangladesh (74.8 Mt CO2-eq) 
 (figure A.6O). For India and Pakistan, enteric fermenta-
tion is the largest source of  agricultural emissions (307.8 
Mt CO2-eq and 77.3 Mt CO2-eq, respectively). In Bangla-
desh, emissions from rice are the largest (23.8 Mt CO2-eq). 
Rice is the dominant crop in Bangladesh and accounts 
for 77 percent of  agricultural land use (IRRI).24 Over 
11.7 million ha of  land in Bangladesh are dedicated to 
rice production. Rice is also the staple food of  about 160 
million people in Bangladesh, which is among the highest 
per capita consumers of  rice (about 170 kg annually).

East Asia and the Pacific—Total agricultural emis-
sions in EAP are 1,585 Mt CO2-eq. The top three emit-
ters in EAP are China (831.6 Mt CO2-eq) (figure A.6P), 
Australia (190.6 Mt CO2-eq) (figure A.6Q), and Indone-
sia (163.2 Mt CO2-eq) (figure A.6R). Unlike all the other 
regions, enteric fermentation is not the largest source of  
agricultural emissions in the top three emitters in EAP. 
China’s large fertilizer consumption accounts for 290.3 
Mt CO2-eq emissions, being the largest source of  agri-
cultural emissions in China (see page 62). In Australia, 
biomass burning (92.8 Mt CO2-eq) is the largest source of  
agricultural emissions. In Indonesia, rice (59.7 Mt CO2-
eq) is the largest contributor to agricultural emissions.

24 http://irri.org/our-work/locations/Bangladesh.

FIGURE A.6J.  BRAZIL—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6K.  ARGENTINA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6L.  MEXICO—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6M.  INDIA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6P.  CHINA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6Q.  AUSTRALIA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012

49.97

35.92

7.090.68

96.90

Enteric 
fermentation

Manure

Fertilizers

Rice

Others

Source: FAOSTAT.

FIGURE A.6R.  INDONESIA—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6N.  PAKISTAN—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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FIGURE A.6O.  BANGLADESH—SOURCES OF 
AGRICULTURAL EMISSIONS 
(MTCO2-EQ), 2012
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ENTERIC FERMENTATION
Global emissions from enteric fermentation grew by  
9.7 percent, from 1,896 Mt CO2-eq in 2000 to 2,080 
Mt CO2-eq in 2012. The regions with the highest enteric 
fermentation emissions in 2012 are LAC (522 Mt CO2-eq), 
SA (448 Mt CO2-eq), and EAP (361 Mt CO2-eq).

India is the largest contributor of  enteric fermentation 
emissions (figure A.7). India’s enteric fermentation emis-
sions increased 25.2 percent, from 246 Mt CO2-eq in 1990 
to 308 Mt CO2-eq in 2012. In 2012, India had 190.9 mil-
lion cattle, 108.7 million buffaloes, 65.1 million sheep, and 
135.2 million goats. The increase in livestock population 
from 1990 to 2012 is reported to be 34.9 percent in buffa-
loes, 33.7 percent in sheep, and 19.4 percent in goats. Dur-
ing this period, cattle population decreased by 5.7 percent.

Enteric fermentation occurs in the digestive systems of  
livestock. In ruminant animals (principally cattle, buffalo, 
sheep, and goats), a significant amount of  fermentation 
takes place in the rumen, resulting in relatively large meth-
ane emissions per unit of  feed energy consumed. Pseudo-
ruminant animals (for example, horses) and monogastric 
animals (for example, pigs) do not support the same level of  
feed fermentation, and consequently emit lower amounts 
of  methane. Ruminant animals with low levels of  pro-
duction efficiency have relatively high methane emissions 
per unit of  product. This situation results because a large 
fraction of  their feed intake is used for basic metabolic 
processes required to stay alive. Methane emissions associ-
ated with this “maintenance” feed intake are spread over 

a relatively small level of  production, resulting in a high 
level of  emissions per unit product. In animals with higher 
levels of  production efficiency, the “maintenance emis-
sions” are spread out over a larger amount of  production, 
thereby reducing methane emissions per unit product.

FERTILIZER USE
Fertilizer is a major input for crop production. Global fer-
tilizer consumption grew by 24 percent, from 133 Mt of  
nutrients in 2002 to 166 Mt of  nutrients in 2012. The 
highest increase in fertilizer consumption occurred in 
LAC (65 percent. from 12.8 Mt in 2002 to 21.2 Mt in 
2012), followed by SSA (57 percent, from 2.0 Mt in 2002 
to 3.1 Mt in 2012), and SA (45 percent, from 22.3 Mt in 
2002 to 32.3 Mt in 2012). Application rates grew globally 
by 21 percent, from 87 NPK (nitrogen, phosphorous, and 
potash) kg/ha in 2002 to 105 NPK kg/ha in 2012. The 
highest increase in application rates per hectare occurred 
in SA (from 93 to 136 NPK kg/ha), LAC (from 78 to 112 
NPK kg/ha), and MENA (from 55 to 76 NPK kg/ha).

Brazil’s fertilizer consumption is driven by agricultural 
export commodities such as soybeans (FAO 2004).25 China 
has been the largest contributor of  fertilizer emissions 
since 1990 (figure A.8). China has increased its fertilizer 
emissions by 133 percent, from 124 Mt CO2-eq in 1990 to 
290 Mt CO2-eq in 2012. Over the years, its contribution 
to global fertilizer emissions has increased significantly 
compared with other countries.

25 ftp://ftp.fao.org/agl/agll/docs/fertusebrazil.pdf.

FIGURE A.7.  HISTORICAL FERMENTATION 
EMISSIONS FOR THE TOP FOUR 
COUNTRIES, 1990–2012
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FIGURE A.8.  HISTORICAL FERTILIZER 
EMISSIONS FOR THE TOP 
FOUR COUNTRIES, 1990–2012

Source: FAOSTAT.
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Fertilizer use is a major source of  N2O emissions from 
agricultural soils. The increased use of  synthetic fertiliz-
ers has been driven by the need for greater crop yields 
and more intensive farming practices. Judicious fertilizer 
use requires a precise amount of  nitrogen; less efficient 
nitrogen application can lead to higher N2O emissions. 
Figure A.9 indicates that China is the largest consumer 
of  synthetic fertilizer and the largest contributor to global 
warming from fertilizer (38 percent). China is geographi-
cally distant from the other nine countries and has the 
largest bubble size corresponding to GHG emissions of  
290 Mt in 2012. Application rates on farmlands in China 
are estimated at about 324 NPK kg per ha.

Nitrogen use efficiency—a measure of  the amount of  
nitrogen uptake by plant for growth relative to what is left 
behind as environmental pollution—has been a major 
problem in China for some time. In 1978, China con-
sumed 10 million tons of  NPK, about half  the amount 
of  that of  the United States (table A.4). The application 
rate on farmland was roughly the same for both countries 
(106 kg per ha). By 2012, China’s fertilizer consumption 
grew by about 400 percent to 53.4 million tons, whereas 
the application rate per ha increased by 200 percent to an 
average of  324 kg per ha. In the same period, the United 
States was able to decrease its total fertilizer consumption 
by 1 percent and its application rate per ha increased by 
only 17 percent. Although China has recorded higher per-
centage increases in cereal yields within the period, paddy 
rice and maize yields remain higher in the United States.

Recent studies indicate that each year Chinese farmers 
apply approximately 600 kilograms of  fertilizer per hec-
tare, compared with the United States, where farmers 
use 100 kilograms per hectare on wheat, and Mexico, 
where farmers use 250 kilograms per hectare for intensive 
farming. The consequences of  excessive fertilizer use in 
China and strategies to safeguard the environment have 
been documented in the literature and some of  them are 
summarized below (Chen et al. 2011; Smith and Siciliano 
2015; Vitousek et al. 2009):

 » There has been 20–50 percent of  N leached into 
the air and groundwater—although the main path-
way through which it was lost varied from crop to 

FIGURE A.9.  TOP 10 FERTILIZER CONSUMERS 
AND EMITTERS, 2012
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TABLE A.4.  A COMPARISON OF FERTILIZER CONSUMPTION AND CEREAL YIELDS IN CHINA 
AND THE UNITED STATES

Country 1978 2012 % Change

China Fertilizer consumption (NPK, Mt nutrients) 10.6 53.4 404
Fertilizer consumption (NPK, kg per ha) 106 324 206
Wheat yields, kg/ha 1,845 4,987 170
Paddy rice yields, kg/ha 3,981 6,775 70
Maize yields, kg/ha 2,803 5,870 109

United 
States

Fertilizer consumption (NPK, Mt nutrients) 20.36 20.12 −1
Fertilizer consumption (NPK, kg per ha) 106 124 17
Wheat yields, kg/ha 2,114 3,115 47
Paddy rice yields, kg/ha 5,026 8,349 66
Maize yields, kg/ha 6,342 7,744 22

Source: Authors.

Source: Compiled from FAOSTAT, and International Fertilizer Industry Association (IFADATA).
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crop. For example wheat and maize farmlands in 
the North China Plain lose 19 and 25 percent of  
applied nitrogen, respectively, as a result of  ammo-
nia evaporation or “volatilization.”

 » In the Tai Lake region, 36 percent of  fertilizer 
nitrogen is lost from rice fields and 44 percent from 
wheat fields through denitrification, a chemical 
process in which nitrate is converted to nitrogen 
gas. Nitrates also leached into groundwater and 
surface water in both regions, causing serious pol-
lution problems.

 » Fertilizer nitrogen is also lost as nitrous oxide, albeit 
at a much lower rate than through ammonia vola-
tilization, which reduces air quality, and denitrifi-
cation and leaching, which lower water quality.

 » Nitrogen fertilizer use could be cut by at least 
50 percent without loss of  yield or grain quality.

 » Timing of  N application to crop growth stage is key 
to reducing environmental impacts. Optimal yields 
are achieved when the majority of  fertilizer was 
applied later to seedlings, when growth is fastest.

Conversely, fertilizer use is grossly inadequate for sustain-
able crop production in Sub-Saharan Africa. One of  the 
major issues in realizing Africa’s food production poten-
tial is the lack of  organic materials to adequately enrich 
the soils, making mineral fertilizers most crucial to replen-
ishing soil fertility. More than 40 percent of  Africa’s 220 
million ha of  farmland are losing at least 30 kg per ha 
of  nutrients yearly, leading to annual losses of  more than 
US$4 billion. Sub-Saharan Africa is the only region in the 
world in which the food production index per capita has 
decreased over the past 40 years. Between 1970 and 2012, 
although the global food production index per capita grew 
by 54 percent, that of  Sub-Saharan Africa fell 3 percent, 
as population growth outstripped agricultural output. 
Restoring degraded lands in Africa by replenishing nutri-
ents, reducing soil erosion, and increasing water reten-
tion capacity will be critical in meeting escalating food 
demands. To meet the targets set in the 2006 Abuja Decla-
ration on Fertilizer for an African Green Revolution26 and acceler-
ate food production, the use of  fertilizer in Sub-Saharan 
Africa must increase fivefold from its current average  

26 http://www.afdb.org/en/topics-and-sectors/initiatives-partnerships/african 
-fertilizer-financing-mechanism/abuja-declaration/.

rate of  10 kg per ha. Such increase in fertilizer use com-
bined with organic inputs such as crop residue and manure 
and improved varieties with high genetic yield potential 
and nutrient use efficiency could improve food security and 
minimize cropland expansion to forested areas.

LAND-USE NET EMISSIONS/
REMOVALS
Between 1990 and 2015, there was a decrease in global 
forest area by 3.1 percent (FAO 2105).27 This is a change 
from 31.6 percent of  global land area in 1990 to 30.6 
percent in 2015. These numbers should be noted with 
consideration that global forest gains and losses occur 
continuously and are very difficult to monitor. There 
was a net loss of  some 129 million ha of  forest (natural 
and planted) from 1990 to 2015, representing an annual 
rate of  –0.13 percent and a total area about the size of  
South Africa. However, during this time the net annual 
rate of  loss has actually slowed from –0.18 percent in 
the 1990s to –0.08 over the past 5-year period. Between 
2010 and 2015 there was an annual loss of  7.6 million 
ha and an annual gain of  4.3 million ha per year, result-
ing in a net annual decrease in forest area of  3.3 million 
ha per year.

From 2000 to 2005, the gross forest cover loss was esti-
mated to be 10 million ha (1,011,000 km2), representing 
3.1 percent (0.6 percent per year) of  the year 2000’s esti-
mated total forest area of  3,268 million ha (32,688,000 
km2) (Hansen, Stehman, and Potapov 2010).28 Boreal 
biome experienced the largest area of  gross forest cover 
loss (350,000 km2), followed by the humid tropical 
(275,000 km2), dry tropical (200,000 km2), and temperate 
biomes (175,000 km2) (figure A.10). At the national scales, 
Brazil experienced the largest area of  gross forest cover 
loss (16.5 million ha or 165,000 km2), followed by Can-
ada at 16 million ha (160,000 km2). Of  the countries with 
less then 100 million ha (1,000,000 km2) of  forest cover, 
the United States exhibited the greatest proportional 
gross forest cover loss (120,000 km2) and the Democratic 
Republic of  Congo the least (10,000 km2).

27 http://www.fao.org/3/a-i4793e.pdf.
28 http://www.pnas.org/content/107/19/8650.long.
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FIGURE A.10.  ESTIMATED GROSS FOREST COVER LOSS BY BIOME, CONTINENT, AND 
COUNTRY (ERROR BARS REPRESENT 95% CONFIDENCE INTERVALS FOR AREA 
OF GROSS FOREST COVER LOSS)
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Carbon Stocks in Vegetation and Top 1 Meter of  Soils of  World Biomes
Different ecosystems store different amounts of  carbon 
depending on their species compositions, soil types, climate, 
relief, and other biophysical features. The amount of  carbon 
stored in plant biomass ranges from 3 Gt in croplands to 212 
Gt in tropical forests, whereas soil carbon stocks range from 
100 Gt for temperate forests to 471 Gt for boreal forests. The 
tundra biome covering less than a 10 million km2 area has the 
highest density of  carbon storage (13 Gt C per square km). 
Soils generally hold more carbon than vegetation across 

biomes and account for 81 percent of  terrestrial carbon stock 
at the global level (see table B.A.1.1). Boreal ecosystems cur-
rently experiencing the largest area of  forest cover loss are of  
particular concern. Because much of  the soil organic carbon 
stored there is permafrost and wetlands, any large-scale melt-
ing caused by global warming will release massive volumes 
of  carbon into the atmosphere. Conservation and protection 
are therefore widely recognized as major priorities, with the 
exception of  limited areas selected for forest management.

BOX A.1. CARBON STOCKS IN VEGETATION

TABLE B.A.1.1. CARBON STOCKS IN VEGETATION AND TOP 1 METER OF SOILS OF WORLD 
BIOMES

Biomes
Area

(million km2)

Carbon Stocks (Gt C) and Proportion in the Ecosystem (%)

Vegetation Proportion (%) Soils Proportion (%) Total

Tropical forests 17.6 212 49.5 216 50.5 428
Temperate forests 10.4 59 37.1 100 62.9 159
Boreal forests 13.7 88 15.7 471 84.3 559
Tropical savannas 22.5 66 20.0 264 80.0 330
Temperate grasslands 12.5 9 3.0 295 97.0 304
Deserts 45.5 8 4.0 191 96.0 199
Tundra 9.5 6 4.7 121 95.3 127
Wetlands 3.5 15 6.3 225 93.8 240
Croplands 16 3 2.3 128 97.7 131
Total 151.2 466 2,011 2,477
Proportion (%) 19  81 100

Source: Watson et al. 2000.
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Land-use net emissions are highest in LAC, EAP, and 
SSA (figure A.11). These are also the regions where the 
largest forest area loss occurred. Indonesia alone accounts 
for 43.8 percent of  land-use net emissions in 2012 (table 
A.5). ECA, SA, and MENA showed a net removal of  
GHG from the atmosphere than emissions (figure A.12). 
Therefore, these regions are considered a net land-use 
sink, rather than a source, of  GHG. In ECA, forest carbon 
sequestration increased 206 percent, from 168 Mt CO2-eq 
in 2000 to 515 Mt CO2-eq in 2012.

Between 2005 and 2012, LAC experienced a decrease in 
land-use net emissions. This was mainly due to reduced 
emissions from forest conversion. Mexico, Central Ameri-
ca’s largest emitter of  GHG from forest conversion, cut its 
emissions in this sector by half. Costa Rica has gone from 
net emitter to a net remover of  CO2 through forest conver-
sion (FAOSTAT 2012). Most recently, in 2014, countries and 

regional programs in LAC launched the Initiative 20x20, a 
country-led effort to bring 20 million hectares of  degraded 
land into restoration by 2020 (WRI 2014). The 20 million 
hectares committed through Initiative 20x20 will not be fully 
restored by 2020 because it takes many years for forests and 
ecosystems to redevelop, but will start their restoration pro-
cess by 2020.

Sources of net global land-use emissions
Land-use change emissions include deforestation, conver-
sion of  peatlands to agricultural lands, agricultural waste 
burning, and grassland and savanna burning  (figure A.13). 
This category emits 3,500 and 7,800 Mt CO2-eq/yr. 

FIGURE A.12.  LAND-USE EMISSIONS BY 
REGION, 2012

Source: FAOSTAT.
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FIGURE A.11.  LAND-USE NET EMISSIONS/
REMOVALS BY REGIONS

Source: FAOSTAT.
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TABLE A.5.  TOP 10 LAND-USE NET 
EMITTERS, 2012

Country
Total Emissions 

(Mt CO2-eq)

1. Indonesia 1,220.2
2. Brazil 810.6
3. Nigeria 178.2
4. Congo, Dem. Rep. 165.2
5. Malaysia 145.2
6. Canada 142.2
7. Venezuela 112.8
8. Cameroon 110.1
9. Tanzania 101.5
10. Bolivia 90.4

Source: FAOSTAT.

Source: FAOSTAT.

FIGURE A.13.  SOURCES OF GLOBAL LAND-
USE EMISSIONS, 2012
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Net emissions (or net removals) are also reported, being 
defined as emissions by sources minus removals by sink. 
Sources of  land-use net emissions are listed in table A6.

Net emissions/removals from land-use change activities 
include but not limited to:

1. Emissions and removals of  CO2 from decreases or 
increases in biomass stocks resulting from forest man-
agement, logging, fuel wood collection, and so on;

2. Conversion of  existing forests and natural grass-
lands to other land uses;

3. Removal of  CO2 from the abandonment of  for-
merly managed lands (for example, croplands and 
pastures); and

4. Emissions and removals of  CO2 in soil associated 
with land-use change and management.

EMISSIONS INTENSITY
Emissions can be described by an absolute number repre-
senting the quantity of  emissions or by intensity measured 
as quantity relative to some measure of  output, such as milk 
yield, meat production, or crop yield. This intensity limit can 
be imposed either directly as an emissions rate limit or an 
efficiency standard, or indirectly by means of  technology 
mandates that have the same effect. Intensity limits are by far 
the more common method of  limiting emissions in the field 
of  environmental regulation (Ellerman and Wing 2003).

When looking at the GHG emissions created by agricul-
ture, rather than simply looking at the absolute GHG 
emissions it is important to look at the GHG emissions per 
unit of  produce. As populations will continue to increase, 

so will the total amount of  food produced. An emissions-
intensity approach incentivizes improvements in agri-
cultural efficiency. It expands the toolkit for achieving 
reductions in agricultural emissions, rewards technologi-
cal advancement in both emission reductions and yields, 
and offers promise for addressing the problem of  account-
ing for leakage (Murray and Baker 2011).

There is a direct relationship between GHG emission 
intensities and the efficiency with which producers use 
natural resources, that is, the amount of  natural resources 
engaged in animal or crop production per unit of  edible 
or nonedible output. For livestock production systems, 
nitrous oxide, methane, and carbon dioxide emissions are 
losses of  nitrogen, energy, and organic matter that under-
mine efficiency and productivity. Possible interventions to 
reduce emissions are therefore based on technologies and 
practices that improve production efficiency at animal 
and herd levels (Gerber et al. 2013).

Example 1: Emissions from Paddy Rice 
Production
Global rice consumption has been rising steadily in the 
past few years. In the past two decades, GHG intensity for 
paddy rice declined in all regions. In SSA, rice consump-
tion per capita has increased by more than 50 percent. 
Even with this increase in consumption, figure A.14 shows 
that the GHG emission intensity for paddy rice has actu-
ally decreased between 2000 and 2012. This shows that 
although rice production has increased, improvements in 
technology has allowed for emissions per unit of  produce 

TABLE A.6.  DEFINITION OF DIFFERENT SOURCES OF LAND-USE EMISSIONS
Sources of  Land-Use Emissions Percentage

Forestland 
Annual emissions from forestland consist of  net carbon stock change in the living biomass pool (above-ground and below-ground biomass)

59

Cropland 
Emissions from cropland are associated with the CO2 following soil drainage resulting from the cultivation of  organic soils for crop production

27

Grassland 
Emissions from grassland are associated with the CO2 following soil drainage resulting from the cultivation of  organic soils for livestock 
production

13

Burning biomass 
CH4, N2O, and, only in the case of  organic soils, CO2 emissions emitted by the burning of  biomass

1

Total (Mt CO2-eq) 2,783

Source: FAO.
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to decrease. Most of  the rice cultivation in Europe is at 
the northern limit of  the natural rice cultivation zone 
and generally suffers from constraints such as a short cul-
tural season (May to September), low temperatures at the 
extremities of  the growing cycle, inadequate sunshine, 
and harvests frequently hindered by rain.

Example 2: Emissions from Chicken Meat 
Production
Chicken meat generally has lower emission intensities 
compared with other livestock products. There are three 
types of  chicken production systems: backyard layers 
and industrial layers, producing both meat and eggs, and 
industrial broilers, producing only meat (Gerber et al. 
2013). Between 2000 and 2012, all regions saw a decline 
in GHG intensity per unit of  chicken meat produced 
 (figure A.15). LAC has the lowest numbers because coun-
tries such as Brazil established a fully integrated and stan-
dardized poultry production system. That system provides 
chicks, a balanced diet, vaccines, veterinary control, and 
waste-processing plants. This means the poultry indus-
try has high quality and a risk control mechanism. Thus, 
they provided a great amount of  chicken meat without 
the creation of  too much manure as observed in EAP. 
In EAP and SA, poorer feed conversion ratios and more 
anaerobic storage of  manure explain the higher emissions 
compared with LAC. SSA has a predominantly backyard 
production system and recorded the highest emissions 
intensity in 2012. Backyard systems have poor feed con-
version ratios because of  the relatively low quality of  feed 
and large amount of  energy spent in scavenging for food. 

29 Emissions ignore fertilizer use because of  data availability.

Furthermore, backyard systems have a higher proportion 
of  unproductive animals because of  the prevalence of  
higher disease and mortality rates. Intermediate emission-
intensity levels for MENA indicate the increase in indus-
trial production relative to the reduction in production 
from grazing and mixed farming systems.

Example 3: Emissions from Milk Production
Although milk production has remained stable, GHG 
intensity per unit of  milk produced has declined steadily 
between 2000 and 2012 across all regions, with the excep-
tion of  SSA. In other regions, better animal feeding 
and nutrition led to reduction in methane and manure 
emissions. Higher milk yields imply a shift of  the cow’s 
metabolism in favor of  milk and reproduction compared 
with body maintenance, leading to lower emission intensi-
ties. SSA has the highest GHG intensity because of  lower 
milk productivity (figure A.16), mainly owing to the poor 
technology of  milk production and manure management 
for dairy cattle. In SSA, enteric fermentation is by far the 
main emission source. In higher productivity regions such 

FIGURE A.14.  GHG EMISSIONS INTENSITY 
FOR PADDY RICE, 2000–1229
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FIGURE A.15.  GHG EMISSIONS INTENSITY 
FOR CHICKEN MEAT, 2000–12

Source: FAOSTAT.
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FIGURE A.16.  GHG EMISSIONS INTENSITY 
FOR MILK, 2000–12
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as ECA, feed production and processing and manure are 
equally as enteric fermentation as sources of  emissions.

Example 4: Emissions from Beef Production
Emission intensity for beef  and buffalo meat production is 
the lowest and has been fairly constant for ECA between 

2000 and 2012 (figure A.17). The Common Agricultural 
Policy reform providing more incentives for greater effi-
ciencies in the livestock sector may be partly responsible. 
Furthermore, the highest emissions intensity for SA is 
explained by the relatively high livestock density (greater 
than 250 per km2) coupled with low inefficiencies in the 
livestock production systems in India. Emissions intensity 
in SA and SSA are about 5–7 times higher than that of  
ECA. Higher emissions in SA and SSA and are largely 
caused by low feed digestibility, poorer animal husbandry, 
and lower slaughter weights (slow growth rates leading 
to more emissions per kg of  meat produced), and higher 
age at slaughter, implying longer life, which would lead to 
more emissions (Gerber et al. 2013).

The spatial distribution of  emission intensity of  ruminant 
systems indicates that systems in Africa, Latin America, 
South Asia, and Mongolia emit some 10–50 times more 
GHG per kg of  protein than those in the United States or 
Europe (figure A.18). This suggests a great deal of  oppor-
tunity for reducing the efficiency of  the systems.

FIGURE A.17.  GHG EMISSIONS INTENSITY 
FOR BEEF, 2000–12

Source: FAOSTAT.
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An understanding of  the driving factors of  agricultural land-use change30 is fundamen-
tal to the identification of  viable mitigation opportunities. The drivers are categorized 
as proximate causes and underlying drivers. Proximate causes are human activities 
that directly affect the environment and thus constitute proximate sources of  change. 
Underlying causes or processes are fundamental forces that underpin the proximate 
causes. They are generally a complex suite of  social, political, economic, technological, 
and cultural variables that enable land degradation and change. Figure B.1 shows the 
relationship between proximate and underlying causes.

Proximate causes are more immediate and direct factors. They are grouped into three 
categories: agricultural expansion (expansion of  cropped land and pasture), wood 
extraction (harvesting or extraction of  wood), and expansion of  infrastructure. Under-
lying causes operate directly at the local level or indirectly from the national or global 
level. These are economic factors (commercialization, development, economic growth 
or change), technological factors (technological change or progress), policy and insti-
tutional factors (change or impact of  political-economic institutional change), cultural 
factors (values, public attitudes, beliefs, and individual or household behavior), and 
demographic factors (human population dynamics). In addition to proximate and 
underlying causes, there are also biophysical and teleconnection factors that often 
work as catalytic factors leading to sudden shifts in the human-environment condition.

Biophysical drivers (such as droughts, fires, and floods) operate at a local level (Geist 
and Lambin 2001). Some of  these drivers (for example, forest and savannah fires) 
can exert an immediate and direct impact on forest-cover change, and may thus be 

30 Land-cover and land-use change fall under two classes: conversion and modification. Land-cover conversion is the 
change from one land cover to another, for example, forest to cropland. Land-cover modification is the change in the 
condition within a land-cover category, for example, thinning of  forest, reforestation, change in forest composition, or 
agricultural intensification. Land-use conversion is the shift to a different use, for example, timber production to village 
settlement. Land-use modification is the intensification of  an existing condition, for example, use of  more fertilizer to 
produce more crops. Land-use change often leads to land-cover change.

APPENDIX B 
DRIVING FACTORS OF AGRICULTURAL 
LAND-USE CHANGE
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attributed to proximate causes of  change. Others may 
work as slow processes (for example, droughts and land 
degradation) and be attributed to underlying causes of  
change. An example of  this is long-term droughts leading 
to a migration shift, which in turn leads to fertile valley 
bottomland being deforested. Other biophysical drivers 
include soil fertility, topography, vegetation density, near-
ness to water resources, and other land characteristics that 
encourage smallholder farming.

Teleconnection refers to the virtual shrinking of  distances 
between places, strengthening connectivity between dis-
tant locations, and at the same time causing separation 
between places of  consumption and production (Yu, Feng, 
and Hubacek 2013). As consumption increases, espe-
cially in the wealthier countries, there is a greater pres-
sure imposed on domestic land resources. To overcome 
this, countries with high consumption levels and scarce 
land resources use farmland from foreign countries either 

through directly leasing or purchasing the rights to use 
farmland in other countries (sometimes also referred to as 
a “land grab”) or through importing food products from 
other countries (Görgen et al. 2009). Therefore, consump-
tion demand in one country may directly affect land use 
in others.

Population can affect land use through changes in the 
number of  rural families seeking land for cultivation, 
fuel wood, or timber; population’s indirect effects on 
labor markets; demand for agricultural and forest prod-
ucts; and induced technological or institutional change. 
Population growth and land change are closely related; 
however, rather than identifying population growth as a 
major cause, it should be seen instead as a catalyst of  land 
change. Recent studies reveal a shift in the major drivers 
of  land change. For many years, deforestation was attrib-
uted to expanding populations of  subsistence farmers and 
shifting cultivators’ land use. Currently, larger economic 

FIGURE B.1.  PROXIMATE AND UNDERLYING DRIVERS OF AGRICULTURAL AND  
LAND-USE CHANGE
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factors such as large-scale commercial agricultural and 
timber enterprises are the more prominent drivers. This is 
especially true in Latin America. Land change in Africa is 
still driven mainly by poverty.

Globally, an estimated 50–90 percent of  land-use change 
is driven by agriculture (Blaser and Robledo 2007; Kiss-
inger, Herold, and De Sy 2012). Agriculture’s role in land-
use change include the following:

 » Deforestation, the major land change process 
in many regions of  the world (agriculture drives 
70–80 percent of  global deforestation);

 » Grassland and savanna burning, usually associated 
with hunting, land clearing for creating new livestock 
forage, and other forms of  indigenous fire regimes;

 » Burning of  crop residues;
 » Forest fires as part of  land clearing; and
 » Peatland loss and degradation. An estimated  

50 percent of  global peat land loss is due to agri-
culture. In Southeast Asia, which is responsible for 
about half  of  global peat emissions, oil palm and 
pulpwood cultivation cause nearly all peat loss.

Both commercial and subsistence agriculture are impor-
tant drivers of  land change. Commercial agriculture in 
Latin America, especially beef  and soy in Brazil, has tra-
ditionally been a major driver of  deforestation. For dec-
ades, the common view was that growing populations of  
shifting cultivators and smallholders were the main drivers 
of  forest changes. More recently, it has been shown that 
commercial actors play a larger and increasing greater 
role in the expansion of  agriculture into forests. For many 
countries, commercial agriculture is dominant over sub-
sistence agriculture, especially in the Amazon region and 
Southeast Asia. In these regions, agribusinesses, targeting 
international markets (cattle ranching, soybean farming, 
coffee and oil palm plantations), are the main drivers of  
post-1990 deforestation (Boucher and Ferretti-Gallon 
2015).

Commercial and subsistence agriculture each account 
for about one-third of  the deforested area in Africa and 
tropical and subtropical Asia. Mining, infrastructure, and 
urban expansion collectively account for 5–25 percent of  
all deforestation, depending on region (figure B.2).

FIGURE B.2.  PROPORTION OF 
DEFORESTATION DRIVERS (%)
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Timber and logging activities account for more than  
70 percent of  total degradation in Latin America and 
tropical and subtropical Asia (figure B.3). Fuel wood col-
lection and charcoal production are the main degradation 
drivers in Africa, and are less prominent in tropical and 
subtropical Asia and Latin America.

Source: FAO.

FIGURE B.3.  PROPORTION OF FOREST 
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Source: FAO.
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TABLE B.1.  RELATIVE IMPORTANCE OF DRIVERS OF LAND CHANGE ACROSS REGIONS 

Drivers

Relevance in Region

Asia Africa Latin America

PROXIMATE CAUSES Agricultural expansion
Shifting cultivation ++ +++ +++
Permanent cultivation ++ ++ +++
Cattle ranching +++ ++ ++++
Colonization/resettlement ++ +++ ++

Wood extraction
Fuel wood extraction +++ ++++ ++
Commercial wood extraction +++ ++ ++++
Charcoal production ++ ++++ +++

Infrastructure extension
Roads and railroads ++ + +++
Hydropower development +++ + ++
Mining ++ +++ +

UNDERLYING DRIVERS Economic factors
Marketed commodities

Soybeans + + +++
Cattle + + +++
Timber and pulp ++ + +++
Palm oil +++ + +

Poverty +++ ++++ +++
Urbanization +++ ++ +

Technological factors
Agricultural extensification +++ +++ ++
Agricultural intensification    ++ +++ ++
Labor availability ++ ++++ ++

Policy and institutional factors
Subsidies ++++ ++ +++
Logging bans + ++ +++
Taxation and tariffs + ++ +++
Trade and investment ++ + ++++
Land tenure insecurity ++ ++++ ++

Cultural factors ++++ ++ +++
Changing dietary patterns ++ +++ ++
Rent seeking +++ +++ +++
Lack of  awareness +++ +++ ++
Frontier mentality + +++ +++

Demographic factors
Population growth ++ +++ ++
Population density +++ ++ ++
In-migration ++ ++ +

Source: Synthesized from Geist and Lambin 2001, and Kissinger 2012.
Note: + = Less Relevant; ++++ = Very Relevant.
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Policy effects can manifest in misdirected policies that 
result in unintended deforestation, inability to preclude 
preventable deforestation because of  weakness, or failure 
of  government institutions to function effectively. Per-
verse subsidies are also a leading cause of  low nitrogen 
use efficiency in countries such as China and India. Gov-
ernments spend billions of  dollars yearly on agricultural 
subsidies paid to farmers for production and agricultural 
inputs. These often lead to the overuse of  pesticides, ferti-
lizers, and fuel, and encourage land degradation. China’s 
fertilizer subsidies were estimated at $18 billion per year 
in 2010 (Li et al. 2013). Because fertilizer is far cheaper 
than crop produce, farmers tend to use excessive quanti-
ties to obtain higher crop yields. Rates of  N inputs have 
now reached levels of  diminishing returns for crop yield 
in China. China’s nitrogen use efficiency has been steadily 
decreasing and is currently among the lowest in the world 
(table B.2), with excess nitrogen leading to substantial air 
and water pollution (Zhang et al. 2015).

It is important to note that not all fertilizer subsidies are 
out of  place. More than 40 percent of  Africa’s 220 million 
ha of  farmland are losing at least 30 kg per ha of  nutri-
ents yearly, leading to annual losses of  more than US$4 
billion. Countering nutrient depletion, restoring degraded 
agricultural land, reducing deforestation, and boosting 
agricultural production in Africa will require increased 
fertilizer use, which is often prohibitively expensive for 
most farmers. A case for temporary fertilizer subsidy is jus-
tified under several conditions including compensating for 
missing market, stimulating input market development, 
offsetting domestic policy distortion, and creating a level 
playing field in world markets. In some instances, fertilizer 
subsidies can also be used to help poor households over-
come considerable hardships. Such subsidies are usually in 
the form of  emergency assistance for the temporarily poor 
or as income support for the chronic poor. Finally, fertilizer 
subsidies can be used to offset environmental externalities 
such as countering nutrient mining and preventing defor-
estation or agricultural extensification (Morris et al. 2007).

Expanding markets for large commercial agriculture and tim-
ber enterprises are the prominent underlying factors of  tropi-
cal deforestation.

 » Soybeans. Soybeans are one of  the world’s major 
crops. The United States, Brazil, and Argentina are 
responsible for over 80 percent of  the world’s total soy-
bean production. Historically, soybean cultivation in 
Latin America was primarily on natural grasslands or 
areas previously cleared for cattle pasture. However, as 
consumption demand for meat grew, so did the global 
demand for alternate sources of  protein meal to feed 
livestock, making soy a highly profitable crop in the 
global market. This led to large commercial farmers 
and rapid deforestation. In Brazil, soybean cultivation 
was one of  the main causes of  Amazon deforestation. 
In 2006, a voluntary moratorium on soy expansion into 
forests was able to reduce its role as a driver of  defor-
estation.

 » Cattle. About 70 percent of  the land used for agricul-
ture globally is pasture (Steinfeld et al. 2010). This is 
largely due to the low levels of  meat production per unit 
area. Pasture expansion is the largest driver of  defor-
estation in many Latin American countries. Three-
quarters of  the deforested area in Brazil is for pasture 

to produce beef  cattle. In 2009, similar to the soy mora-
torium, pressures from civil society led major slaughter-
houses and distributors to announce a moratorium on 
buying beef  from ranches that have cleared forests to 
create pasture.

 » Timber and pulp. The global demand for wood and 
wood products has led to the commercialization and 
growth of  timber markets in tropical countries. Logging 
in tropical forests is expected to continue as demand for 
wood products continues to increase. Compared with 
other regions, logging is a large driver of  deforestation 
in Southeast Asia because of  its high density of  com-
mercially valuable species, making wholesale logging 
much more profitable than in other parts of  the world.

 » Palm oil. In the past decade, palm oil production has 
doubled and it is currently the dominant vegetable oil 
in the global market (Boucher et al. 2011). It is currently 
the cheapest edible oil and is the primary cooking oil for 
many people in developing countries. Palm oil is gener-
ally produced in large industrial plantations, and is the 
major factor of  deforestation in Indonesia and Malaysia. 
In Indonesia, the area for palm oil production grew by 
15.8 percent annually from 2000 to 2007 (AOCS 2011). 
To a lesser extent, palm oil production also occurs in a few 
countries in South Asia, South America, and West Africa.

BOX B.1.  MARKETED COMMODITIES AND AGRICULTURAL LAND-USE CHANGE
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TABLE B.2. NITROGEN BUDGET AND NITROGEN USE EFFICIENCY

Countries/Regions
Input N 

(million tons)
Harvested N 
(million tons)

Nationally Averaged 
Nitrogen Use Efficiency 

(%)

China 51 13 25
India 25 8 30
United States and Canada 21 14 68
Europe 14 7 52
Former USSR 6 4 56
Brazil 11 6 53
Latin America (except Brazil) 12 7 52
Middle East and North Africa 5 3 48
Sub-Saharan Africa 5 4 72
Other OECD countries 2 1 52
Other Asian countries 19 8 41
World 174 74 42

Source: Adapted from Zhang et al. 2015.

Although traditional fertilizer subsidies are costly, inef-
ficient, and usually unsustainable, market-smart fertilizer 
subsidies—time-bound interventions implemented as 
part of  a comprehensive, long-term fertilizer promotion 
strategy that promote market development and encourage 
private investment—may be justifiable for pursuing some 
clearly defined objectives. Properly designed market-smart 
subsidies structured to build up the private fertilizer deliv-
ery network, and with a clear built-in exit strategy, can be 
instrumental in addressing nutrient mining, reducing defor-
estation, and improving agricultural productivity in Africa.

Weak governance and institutional mechanisms can lead 
to unfavorable outcomes in agricultural land change, as 
evidenced in 31 national REDD+ programs, although 
commercial motives, poverty, and land tenure insecurity 
are also playing a role (table B.3).

Causes and drivers of  agriculture and land-use change 
cannot be reduced to a single variable, or even to a few 
variables. Rather, the interplay of  several proximate as 
well as underlying factors drive land change synergistically. 
Among the most frequently found combination factors 

TABLE B.3. FREQUENCY OF UNDERLYING DRIVERS OF LAND-USE CHANGE
Underlying Drivers of  Agricultural Land Change Percentage

Weak land governance, including lack of  coordination between government agencies, lack of  enforcement of  
regulations, or conflicting policies 

93

Population growth especially in Sub-Saharan Africa. Although rural populations are declining as more people move 
to cities, population growth still underpins rising demand for agricultural and forestry products. 

51

Poverty is the major driver of  subsistence agriculture, logging, and other activities 48
Land tenure insecurity pressures land occupiers to unsustainable farming practices, making short-term trade-offs 
that compromise long-term gains.

48

International and market forces including commodity markets, prices, and foreign direct investments 41

Source: Synthesized from Kissinger 2012.
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are the agriculture-wood-road linkage (mainly driven by 
economic, policy, institutional, and cultural factors), the 
agriculture-wood linkage (mainly driven by technological 
factors), and population-driven agricultural expansion. 
There may, however, be considerable variation in regional 
patterns in synergistic connections, for instance, the road-
agriculture linkage in Latin America and the agriculture-
wood linkage in Asia.

Policies for Reversing Deforestation Drivers—Brazilian Example

The Brazilian Amazon has one of  the highest deforestation 
rates in the world (INPE 2014). Between 2000 and 2004, 
deforestation rates in the Amazon increased from 1.8 million 
ha/year (18,226 km2/year) to 2.8 million ha/year (27,772 
km2/year). However, after the implementation in 2004 of  
the action plan to prevent and control deforestation (Plano 
de Ação para a Prevenção e o Controle do Desmatamento 
na Amazonia Legal [PPCDAm]), deforestation rates in Bra-
zil have decreased significantly. In 2012, deforestation rates 
decreased to 0.4 million ha/year (4,571 km2/year).

Cattle ranching and soybean expansion are the major driv-
ers of  deforestation. However, these industries are driven by 
global demand. Brazil’s expansion of  soybeans and sugarcane 
was a response to the increased global and national demand 

for biofuel and animal fodder. This indirectly led to the dis-
placement of  cattle ranching from agricultural lands to the 
Amazon rainforest.

The PPCDAm focused on three areas: first, territorial manage-
ment and land use, for example, expansion of  the protected 
areas network (PPCDAm I 2004–2007); second, command 
and control, for example, improved monitoring, licensing, and 
enforcement of  environmental laws (PPCDAm II 2008–2011); 
and third, promotion of  sustainable practices, for example, by 
credit policies (PPCDAm III 2012–2015) (MMA 2013). In addi-
tion to the PPCDAm, there was the soy moratorium agreed on 
in 2006 and the cattle moratorium agreed on in 2009.

Source: Gollnow and Lakes 2014.

BOX B.2. POLICIES IN REVERSING DEFORESTATION DRIVERS—BRAZILIAN EXAMPLE 

Historical patterns of  agricultural and land-use change 
many not necessarily be repeated in the future. Major 
changes are occurring that could redefine pressures on 
land: global urbanization and industrialization patterns, 
increasingly meat-based diets, increasing developing 
country prosperity, and growth in developing country 
regional markets for key commodities.
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APPENDIX C  
RELATIVE IMPORTANCE OF DIFFERENT 
FACTORS FOR ADOPTING THE MITIGATION 
INTERVENTIONS

Land Management 
Technology

Inputs/
Credits

Market 
Access

Training/ 
Education

Land 
Tenure Research Infrastructure

CROPLAND MANAGEMENT
Conservation agriculture ** ** *** ** ** *
Crop residue mulching ** ** *** ** ** *
Crop diversification ** ** *** ** ** *
Genetic resources ** ** *** ** ** *
Less-invasive tillage with residue 
management

** ** *** ** ** *

Improved rotations/deeper rooting 
cultivars

** ** *** ** ** *

Promotion of  legumes in crop 
rotations

** ** *** ** ** *

System of  Rice Intensification ** ** *** ** ** *
Agroforestry ** ** *** ** ** *
Carbon sequestration ** ** *** ** ** *
GRAZING LAND MANAGEMENT/PASTURE IMPROVEMENT
Grazing intensity/management *** *** ** *** ** *
Pasture management *** *** ** *** ** *
Optimized nutrient management *** *** ** *** ** *
Fire management *** *** ** *** ** *
Species introduction (including 
legumes)

*** *** ** *** ** *

SOIL MANAGEMENT
Integrated nutrient and soil 
management

** ** * ** * **

Integrated soil fertility management ** ** * ** * **
Avoid drainage of  wetlands ** ** ** *** ** **

(continued )
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Land Management 
Technology

Inputs/
Credits

Market 
Access

Training/ 
Education

Land 
Tenure Research Infrastructure

Soil compaction management ** ** *** ** ** *
Organic agriculture ** ** * ** * **
Biochar for use as a soil amendment ** ** * ** * **
Erosion control ** ** *** ** ** *
Organic amendments ** ** * ** * **
Nutrient amendments *** ** ** ** * **
Integrated pest management *** ** ** ** * **
Integrated weed management *** ** ** ** * **
Landscape-level pollination 
management

** * * *** ** *

Landscape approach ** * * *** ** *
Restoration of  cultivated peaty soils 
and degraded soils

** * * *** ** *

Input management ** ** * ** * **
LIVESTOCK MANAGEMENT
Silvopastoral systems *** *** ** *** ** *
Animal breeding *** *** ** ** ** *
Animal and herd management *** ** ** *** ** *
Animal diseases and health *** *** ** ** ** *
Improved feeding practices *** *** ** ** ** *
Specific agents and dietary additives *** *** ** ** ** *
Vaccines against rumen Archaea *** *** ** *** ** *
Animal productivity and health *** ** *** ** ** *
MANURE/BIOSOLID MANAGEMENT
Improved storage and handling ** ** * ** * **
Anaerobic digestion ** ** * ** * **
More efficient use as nutrient source ** ** ** ** * **
BIOENERGY
Energy crops, solid, liquid, biogas, 
residues

** ** * ** * **

WATER MANAGEMENT
Water and irrigation management ** ** ** *** ** **
Alternate wetting and drying ** * *** * ** *
AQUACULTURE
Riparian habitat restoration or 
creation

** ** ** *** ** **

Modernization of  fishing and 
aquaculture facilities

** ** ** *** ** **

Source: Authors.
Note: * = Low Importance; ** = Moderate Importance; *** = High Importance. 





W O R L D  B A N K  G R O U P  R E P O R T  N U M B E R  106605-GLB

A G R I C U L T U R E  G L O B A L  P R A C T I C E

1818 H Street, NW
Washington, D.C. 20433 USA
Telephone: 202-473-1000
Internet: www.worldbank.org/agriculture
Twitter: @WBG_agriculture


	FC.pdf
	GGM_Opportunities_Agri_Landscapes_web.pdf
	BC.pdf

