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FOREWORD 

 This report provides an overview of agricultural practices used in OECD Member countries to 
reduce the emission of greenhouse gases, and indicates some of the policies in place which encourage 
uptake of these practices. Finally, it examines some of the trade-offs and barriers to the further use of the 
practices, including trade-offs with other environmental criteria or in terms of economic or social costs, 
and barriers such as lack of available information. The information presented in the paper has been drawn 
from questionnaire responses provided by 19 OECD Member countries over the period 1999-2001, 
supported by information available in National Communications to the UN Framework Convention on 
Climate Change.  

 The report was produced under the oversight of the OECD Joint Working Party on Agriculture 
and the Environment, and was drafted by Pia Kohler (consultant) and Helen Mountford (OECD 
Environment Directorate), based on a first draft provided by Merritt Hughes (consultant). The report is 
released under the responsibility of the Secretary-General of the OECD with the aim of bringing this 
information and the experiences learned to the attention of a wider audience. 
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 AGRICULTURAL PRACTICES THAT REDUCE GREENHOUSE GAS EMISSIONS: 
OVERVIEW AND RESULTS OF SURVEY INSTRUMENT 

EXECUTIVE SUMMARY 

 Approximately 8% (in CO2 equivalents) of total anthropogenic greenhouse gas emissions from 
OECD countries arise from agricultural activities, although the significance of agricultural emissions varies 
amongst OECD countries. While there is still considerable uncertainty and paucity of data in this area, it is 
generally accepted that agriculture is an important contributor of emissions of three greenhouse gases: 
carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4). Carbon dioxide emissions from agriculture 
occur primarily where there are land use changes or fuel use, nitrous oxide where there is crop cultivation 
using manure and synthetic fertilisers, while methane emissions are generally related to livestock and rice 
production. While agriculture is only responsible for about 1% of CO2 emissions, it accounts for roughly 
60% of N2O emissions and 40% of CH4 emissions.  

 There are indications that greenhouse gas (GHG) emissions from agriculture are rising rapidly, 
and will continue to do so unless action is taken urgently. Thus, the Intergovernmental Panel on Climate 
Change (IPCC) has estimated that agriculture alone will account for 20% of the projected increase in 
anthropogenic radiative-forcing between 1990 and 2020-2050 if no change from the current trend occurs. 
Clearly there is significant potential to use changes in agricultural production to help to realise net 
reductions in GHG emissions and to meet Kyoto Protocol commitments. 

 There are a variety of common agricultural practices which, if used more extensively, can 
contribute to the reduction of greenhouse gases. These include practices which increase the efficiency of 
livestock production or the use of fertilisers, reduce methane emissions from rice production, enhance land 
use sinks, reduce energy consumption, etc. While some of the practices listed can be expensive to 
implement, others are virtually costless. For example, reduced or better targeted fertiliser use, increased 
feed conversion in livestock, use of manure fertiliser rather than synthetic fertilisers, reduced energy use or 
use of bio-fuel, and various other practices are already undertaken by many farmers for purely financial 
reasons. But they can also help to significantly reduce GHG emissions from the sector. Often, all that is 
required to encourage their use is information dissemination about the new practices or technologies and 
the provision of relevant training. The adoption of the Kyoto Protocol of the United Nations Framework 
Convention on Climate Change will provide further incentives for the adoption of greenhouse gas reducing 
agricultural practices. For example, the Bonn Agreement of the Kyoto Protocol allows changes in GHG 
emissions from a country’s cropland management and grazing land management to be included their 
national emissions inventory.  

 When a particular GHG mitigation practice is not economically beneficial to the farmer, then 
incentives may be required to facilitate its application. For example, while techniques exist that can help 
farmers to target fertiliser use to specific crop needs, and thus reduce nitrogen run-off and nitrous oxide 
emissions, the economic costs of the necessary equipment and time to undertake the analyses are often 
prohibitive. Several practices of this type (i.e. environmentally beneficial but not economically viable for 
individual farmers) are already actively encouraged by OECD countries. These are encouraged primarily 
for other environmental reasons, rather than to their GHG-reducing benefits, however. For example, in 
many countries, government authorities already discourage (e.g. through regulations, nitrogen taxes or 
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other incentives) the overuse of fertilisers in order to reduce water pollution, or may ban or restrict crop 
residue burning because of its impact on air pollution. Thus, many of the policies to encourage better 
manure management systems were originally put in place in OECD countries as a means of reducing 
odours, nutrient losses, and protecting water supplies. In many cases, the reduction in methane emissions 
from these systems is itself an ancillary benefit of a policy primarily designed to achieve these other 
environmental objectives. With increasing understanding of the GHG benefits of such practices, however, 
in a few cases the practices are now starting to be encouraged for the explicit purpose of reducing GHG 
emissions.  

 In countries where such practices are not already encouraged, they are often under active 
research. Indeed, many of the practices mentioned are still under development, and further research is 
needed to understand their full potential and applicability. In some cases, it is clear that there will be 
economic, environmental or social tradeoffs associated with the adoption of a particular practice. For 
example, while the use of feed additives or Production Enhancing Agents can help to improve feed 
digestibility and feed conversion efficiency in livestock, and thus reduce methane emissions from 
rumination, various social concerns regarding their use have been raised in a number of OECD countries. 
For example, the use of rbST (recombinant bovine somatotropin, also known as Bovine Growth Hormone), 
can help dairy cattle to produce higher volumes of milk, but causes health risks to the cows, such as 
increased risks of mastitis, infertility and lameness, and there has been widespread media coverage of 
potential risks to humans as well. There are sometimes also environmental trade-offs for the practices 
described. For example, some practices may result in reduced emissions of one GHG, but increased 
emissions of others. An example is the practice of leaving stored liquid manure undisturbed in order that it 
might develop a crust. While the crust may help to reduce associated methane emissions, it may lead to 
increased nitrous oxide emissions. 

 There is little consolidated information available internationally on the extent to which GHG 
reducing agricultural practices are being used, or on their potential to reduce GHG emissions. 
Internationally consolidated data on costs to agricultural producers of implementing the practices is 
likewise sparse. In order to evaluate the economic efficiency of such practices in reducing agricultural 
GHG emissions, one would ideally like to know the cost, per unit of agricultural product, of the emission 
reductions. Lack of available information, however, makes such an evaluation difficult. It is also hampered 
by the fact that some of the GHG reducing effects of the practices may vary by geographical or climatic 
differences, i.e. they may be site specific. 

 A major step in moving towards better internationally consolidated information on available 
practices to reduce GHG emissions from agriculture and their use is the sharing of information in a 
systematic fashion on programmes and initiatives already in existence that encourage GHG reductions 
from agriculture. While some general information has been provided by country National Communications 
to the UNFCCC, there is no complete database at an international level of the specific activities currently 
in use. This paper collects the available information on some of the practices in place in OECD Member 
countries, the policies in place to encourage their implementation, and – where available – some of the 
costs of their implementation and the political and social barriers to their adoption. As such, it constitutes a 
first step towards an overview of existing programmes and initiatives designed (at least in part) to 
encourage agricultural practices that reduce GHG emissions. In addition to providing the initial basis for a 
more systematic assessment of policies which could encourage the adoption of such practices, the paper 
also provides a platform to facilitate Member countries in learning from each other’s experiences.  
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INTRODUCTION 

 This paper presents a preliminary exploration of how changes to agricultural practices can 
contribute to the achievement of reductions in greenhouse gas emissions in OECD countries, and an 
examination of some of the policies in place that encourage these practices. The practices examined are 
those identified by the United Nations Framework Convention on Climate Change (UNFCCC) as activities 
that, if more extensively used by the agricultural community, would realise a reduction in greenhouse gas 
emissions for comparable levels of output. The report is intended to contribute to the work on agricultural 
practices and greenhouse gas emissions under the Kyoto Protocol (Article 3.4), as well as the work of the 
OECD Joint Working Party of the Environment Policy Committee and the Committee for Agriculture. 
Under the Bonn Agreement of the 1997 Kyoto Protocol, changes in GHG emissions from a country’s 
cropland management and grazing land management can be included their national emissions inventory, 
while under the Marrakech Accords, land use and land use change and forestry (LULUCF) principles can 
be considered in national reporting. With such political impetus, increasing interest is being directed 
towards practices that can help to reduce greenhouse gas emissions from agriculture. 

 For many of the practices discussed, the understanding of their greenhouse gas abatement 
potential is incomplete, as is the data regarding their current adoption. This paper attempts to collect some 
of this information, where available. The information provided in the report is based on responses1 
provided by nineteen Member countries to an OECD questionnaire and on information obtained from 
National Communications to the UNFCCC for those countries that did not submit a questionnaire 
response. The report does not present a comprehensive overview of the agricultural practices in use to 
reduce greenhouse gas emissions or the policies employed to encourage such practices, even for the 
countries from which questionnaire responses were received. Due to the difficulty of gathering the 
necessary information at the national level when many of the practices or policies are applied at the local 
or regional level, most of the questionnaire responses were only partial. Instead, the report presents a first 
overview of available information on the use and encouragement of  such practices in OECD countries.  

 Table 1 provides an indication of some of the practices identified as taking place in OECD 
countries or where research on the practice is being conducted. Not all practices cited in the table are 
equally valuable as greenhouse gas reduction options across Member countries. Adaptation options and net 
benefits are situation specific. Numerous factors influence the potential greenhouse gas reduction benefits 
to be gained from extended use of any of the practices mentioned in this report, including geography, 
population patterns, and farm structure.  

 Section 1 of the report provides general information on agricultural greenhouse gas emissions in 
OECD countries, and how they relate to the Kyoto Protocol emission targets. Section 2 outlines the 
practices that can be used to reduce greenhouse gas emissions from agriculture, indicating the prevalence 
of their use in OECD countries. Section 3 discusses some of the policies in place in OECD countries which 
directly or indirectly to promote the use of the agricultural practices identified. The technical, economic, 
and political trade-offs associated with each of the practices, as well as their ancillary benefits, should be 
considered in decisions about their use. These are outlined in Section 4.  

                                                      
1. A copy of the questionnaire can be found in Annex 1. The countries that submitted questionnaire responses 

are Australia, Austria, Canada, Finland, France, Greece, Hungary, Italy, Japan, Korea, the Netherlands, 
New Zealand, Poland, Portugal, Sweden, Switzerland, Turkey, the UK, and the US. 
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1. GREENHOUSE GAS EMISSIONS FROM AGRICULTURE IN OECD COUNTRIES  

 The anthropogenic emissions of a number of “greenhouse gases” have been identified as 
contributing to alterations of the earth’s climate. Although there is still considerable uncertainty and 
paucity of data in this area, it is generally accepted that agriculture is an important contributor of emissions 
of three greenhouse gases: carbon dioxide (CO2), nitrous oxide (N2O), and methane (CH4). Carbon dioxide 
emissions from agriculture occur primarily where there are land use changes or fuel use, nitrous oxide 
where there is crop cultivation using manure and synthetic fertilisers, while methane emissions are 
generally related to livestock and rice production.  

 Greenhouse gases (GHG) differ in their radiative-forcing effect.2 Using CO2 equivalents, CO2 
emissions contribute about 82%, methane emissions about 10% and nitrous oxide emissions about 7% of 
the global warming potential of greenhouse gas emissions in OECD countries (see Table 2).  

 

Table 2. Greenhouse gas emissions in carbon dioxide equivalent, 1995-97 

 OECD total 
emissions 

Share of each 
gas in OECD 

total 

Emissions from 
agriculture 

Share of each 
gas in agriculture 

Share of 
agriculture in 

total of each gas 

Type of GHG 
million tonnes % million tonnes % % 

Carbon dioxide  
(CO2) 

11 552 82 59 5 1 

Methane  
(CH4) 

1 437 10 557 47 39 

Nitrous oxide  
(N2O) 

929 7 560 48 60 

Others  
(HFCs, PFCs, SF6) 

224 2 0 0 0 

TOTAL 14 142 100 1 176 100 8 

Source:   OECD (2000a). 

 The share of agriculture in total GHG emissions from OECD countries in CO2 equivalents is less 
about 8%, although for methane and nitrous oxide emissions, agriculture contributes about 40 and 60% 
respectively. Carbon dioxide emissions from on-farm fuel combustion constitute a relatively minor 
contribution of emissions, but are thought to be slightly higher than the world average due to relatively 

                                                      
2 . Over a 100-year time horizon, N2O is estimated to have approximately 310 times the effect on climate as 

CO2, and methane roughly 21 times the effect of CO2. When comparing the impact of GHG emissions, 
emissions of different gases are translated into CO2 equivalents. 
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high mechanisation in the agricultural sector of OECD countries. These emissions are often not included in 
emission reports by the agricultural sector (e.g. Canada). For a few OECD countries, the contribution of 
agriculture to national total GHG emissions is above 20%, largely reflecting the importance of the 
agricultural sector in the economies of these countries (OECD, 2000a). Agriculture also influences the 
creation of net sources and sinks of greenhouse gases under the category “land use change and forestry” 
(see Box 1).  

 Significant uncertainty exists on 
emission levels, not only because not all 
OECD countries report emission 
inventories, but also because measurement 
protocols and reporting sources vary 
considerably between countries. For 
example, countries report different subsets 
of their total anthropogenic emissions. 
Furthermore, emissions are dependent on 
geographic and climatic conditions in 
addition to production activity and minor 
weather variations. Notable variations 
occur from year to year within a given 
region due to the latter two factors alone. 
Some of the data presented was obtained 
from the database managed by UNFCCC 
which makes accessible the numbers 
submitted by Parties in their annual 
Greenhouse Gas Inventories. These 
numbers are based on IPCC emission 
factors, which are designed to have broad 
applicability and therefore have a variety 
of ranges associated with them.3 Finally, 
comparing country level data on yearly changes in emissions is difficult in that a number of countries have 
changed their reporting protocols from one year to the next.  

 Despite these uncertainties, greenhouse gas emissions from agriculture appear to be rising 
rapidly. The IPCC has estimated that, for the world as a whole, agriculture will account for 20% of the 
projected increase in anthropogenic radiative-forcing between 1990 and 2020-2050, if no change from the 
current trend occurs (IPCC, 1996a). There exist, however, a number of practices whose use by agricultural 
producers can reduce GHG emissions, frequently at relatively low cost. A number of them are already 
being promoted or undertaken for reasons other than climate change. For example, reduced fertiliser use, 
increased feed conversion, reduced energy use, and various other practices are already undertaken by many 
farmers for purely financial reasons. Similarly, in many countries, government authorities discourage over-
use of nitrogen fertilisers in order to reduce water pollution and ban or restrict crop residue burning 
because of its impact on air pollution.  

 Under the Kyoto Protocol, all OECD countries (with the exceptions of Korea, Mexico, and 
Turkey) have committed themselves to limitations of overall carbon dioxide equivalents of some 

                                                      
3.  For example, the IPCC gives a range of two orders of magnitude on the nitrous oxide emissions from 

agricultural soils. Nitrous oxide emissions from biomass burning carries an overall uncertainty of 100%. 
Methane is relatively well characterised, having overall uncertainties of 25% and 20%, respectively, for 
animals and animal waste. Data for rice cultivation is subject to larger ranges of uncertainty. 

Box 1.  Agriculture: both a source and a sink of  
greenhouse gases 

 Work to date on agricultural GHG indicators has 
focused on emissions, because as yet there are no systematic 
estimates of agriculture's role as a sink for GHGs across OECD 
countries. Agriculture's capacity as a GHG sink is enhanced by 
improvements in management practices, such as tillage 
practices, crop cover and residue management.  

 The development of a comprehensive net GHG 
balance indicator would address both GHG emissions and 
removals. A number of OECD countries have begun to measure 
soil carbon fluxes and agriculture's capacity to act as a GHG 
sink. Research in Canada, for example, shows that net CO2 
emissions from agricultural soils in Canada have been 
considerably reduced by converting from conventional tillage to 
no-till systems, increasing cover cropping and improving crop 
residue management practices. A study in France calculated net 
CO2 emissions from changes in agricultural land use. Overall 
the French research showed emissions exceeded removals, 
with an increase in CO2 by converting grassland to other uses 
and clearing forests, while agricultural land left uncultivated 
acted as a CO2 sink. 
 
Source: OECD (2001). 
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combination of the six principal greenhouse gases, and considerably more actions will need to be taken to 
achieve these commitments. Average emissions in the period 2008–2012 are to be reduced relative to the 
base year 1990. Pledged reductions by OECD Member countries are listed in Table 3.4  

 

Table 3.  Greenhouse gas emission reduction and stabilisation pledges by OECD countries  
under the Kyoto Protocol 

Australia +8 New Zealand +/- 0 

Canada -6 Norway +1 

Czech Republic -8 Poland -6 

Hungary -6 Switzerland -8 

Iceland +10 US -7 

Japan -6 EU overall -8 

EU country commitments under the EU Burden Sharing Agreement* 

Austria -13 Italy -6.5 

Belgium -7.5 Luxembourg -28 

Denmark -21 Netherlands -6 

Finland 0 Portugal +27 

France 0 Spain +15 

Germany  -21 Sweden +4 

Greece +25 UK -12.5 

Ireland +13   

* While EU member countries have agreed to an 8% reduction overall from 1990 levels, they have put in place a 
system of burden sharing between countries which affects their individual targets. 
 

1.1 Nitrous oxide emissions 

 Figure 1 indicates that agricultureal activities form the largest contribution to nitrous oxide (N2O) 
emissions in OECD countries. Table 4 presents the percentage of total N20 emissions from agricultural 
activities as reported by OECD countries for the latest year available and shows the average annual change 
in these emissions since 1990. Nitrous oxide emissions from agricultural activities are primarily related to 
agricultural soil management, with the second most important source being manure management. Data on 
N2O emissions from manure management often appear lower than they actually are, as only a limited 
number of countries report the data to the UNFCCC Secretariat. 

                                                      
4. The Kyoto Protocol becomes legally binding when at least 55 countries, representing at least 55% of world 

anthropogenic GHG emissions, have signed the agreement. 
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Figure 1. Main sources of OECD nitrous oxide emissions: 1995-97(1) 
 

Other agr. (2)
1%

Livestock waste
4%

Industrial process
20%

Fuel combustion & 
fugitive emissions

18%

Other non-
agricultural sources

4%

Agricultural soil
53%  

Source:   OECD (2001).  
Notes:   (1) Korea and Mexico are not included. 1996-97 average for Poland and Sweden; average of 1995 and 1997 

for Turkey; 1994-1996 average for Australia, Belgium, Greece, Hungary, Ireland and the Netherlands; 1994-
1995 average for Italy, Luxembourg, Iceland and Spain; 1993-94 average for Portugal. 
(2) "Other agriculture" consists of rice cultivation, grassland and crop residue burning. 

 
 

Table 4.  N2O emissions from agriculture in OECD countries, 1998 

 
 
Country 

% of total N20 
emissions  

from agriculture 

annual % 
change since 

1990 

 
 
Country 

% of total N20 
emissions  

from agriculture 

annual % 
change since 

1990 
Australia 79% 1.9% Korea n.a. n.a. 
Austria 44% -0.1% Luxembourg* 69%. 0.0% 
Belgium 32% -0.1% Mexico n.a. n.a. 
Canada 70% 1.6% Netherlands 36% 1.9% 
Czech Republic 64% 28.8% New Zealand 97% 0.2% 
Denmark 91% -2.2% Norway 51% -0.2% 
Finland 50% -2.2% Poland 61% -3.3% 
France 65% -0.3% Portugal 36% -1.2% 
Germany 53% -1.7% Spain 80% 0.6% 
Greece 65% -0.9% Sweden 61% -0.8% 
Hungary 99% 30.5% Switzerland 72% -1.3% 
Iceland* 47% -2.8% United Kingdom 53% -0.6% 
Ireland 78% 1.3% United States 74% 1.4% 
Italy 65% 0.6% OECD Average 62% n.a. 
Japan* 10% -4.9%    
Source:  UNFCCC (2001). 
Notes:   * 1997 data for Japan; 1995 data for Iceland and Luxembourg. 
 

1.2 Methane emissions 

 Methane (CH4) emissions from agricultural activities stem mainly from livestock production, 
particularly of ruminant animals (e.g. cattle, swine, sheep, goats, horses, buffalo). Thus, over 50% of total 
national methane emissions in approximately one-third of the countries listed arise from livestock 
production. For Iceland and New Zealand, this figure was over 75%. Even where ruminant production, 
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with the associated enteric fermentation, are not the main source of total methane emissions, it is still a 
major source of the agricultural emissions of methane. Figure 2 shows the main sources of methane 
emissions in OECD countries in total, while Table 5 shows the proportion of methane emitted in OECD 
countries from agricultural sources and the annual change in these emissions since 1990.  

 

Figure 2. Main sources of OECD methane emissions: 1995-97(1) 
 

Source:   OECD (2001). 
Notes:   (1) Korea and Mexico are not included. 1996-97 average for Poland and Sweden; average of 1995 and 

1997 for Turkey; 1994-1996 average for Australia, Belgium, Greece, Hungary, Ireland and the 
Netherlands; 1994-1995 average for Italy, Luxembourg, Iceland and Spain; 1993-94 average for 
Portugal. 
(2) Livestock enteric fermentation for Turkey includes livestock waste. 
(3) "Other agriculture" consists of rice cultivation, grassland and crop residue burning and for 
agricultural soils. 

 

1.3 Carbon dioxide emissions 

 The other major greenhouse gas is carbon dioxide. Agriculture as defined by the IPCC is not a 
major source of anthropogenic CO2 emissions in most countries. An estimated 59 million tonnes of CO2 
emissions were released as a result of OECD agricultural activities per year in the late 1990s, representing 
only 1% of total OECD CO2 emissions (OECD, 2000a). However, a related category, “land use change and 
forestry” provides a reporting category for significant CO2 removal, or sink potential, in a number of 
OECD countries.  

 

Other agriculture (3)
2% Other non-

agricultural sources
1%

Urban and industrial 
w aste
31%

Fuel combustion & 
fugitive emissions

28%

Livestock w aste
9%

Livestock enteric 
fermentation(2) 

29%
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Table 5.  CH4 emissions from agriculture in OECD countries, 1998 

 
 
Country 

% of total CH4 
emissions  

from agriculture 

annual % 
change since 

1990 

 
 
Country 

% of total CH4 
emissions  

from agriculture 

annual % 
change since 

1990 
Australia 60% -0.3% Korea n.a. n.a. 
Austria 42% -1.5% Luxembourg* 77% -0.8% 
Belgium 60% -1.0% Mexico n.a. n.a. 
Canada 26% 1.4% Netherlands 41% -1.8% 
Czech Republic 23% -6.3% New Zealand 88% -0.7% 
Denmark 64% -0.6% Norway 32% 1.1% 
Finland 41% -1.6% Poland 25% -4.6% 
France 59% -0.8% Portugal 40% -1.2% 
Germany 45% -2.5% Spain 48% 0.8% 
Greece 55% 0.4% Sweden 62% 0.0% 
Hungary 17% -4.8% Switzerland 62% -1.2% 
Iceland* 81% -1.4% United Kingdom 38% -0.5% 
Ireland 87% 1.2% United States 33% 2.1% 
Italy 45% -0.2% OECD Average 50% n.a. 
Japan* 57% -0.9%    
Source:  UNFCCC (2001). 
Notes:   *1997 data for Japan; 1995 data for Iceland and Luxembourg. 
 
 

1.4 Land use change and forestry 

 The land use, land use change and forestry management category (LULUCF) includes activities 
such as forestry management, abandonment of managed lands, conversion of forest and natural grasslands 
to other uses, or other similar activities associated with land use changes. These activities are consolidated 
into a separate category from that of agriculture, although they include some agricultural activities (e.g. 
cropland management) but not others (e.g. afforestation). National inventories of greenhouse gas emissions 
in the land use and forestry management category generally describe large carbon sinks. With the increased 
interest in LULUCF arising from the Bonn and Marrakech discussions on the Kyoto Protocol, greater 
attention is likely to be paid towards practices that can help to reduce greenhouse gas emissions and 
increase greenhouse gas sinks through these activities. 

 While this category is particularly problematic in terms of data reliability, of the 23 OECD 
countries reporting 1995 data, 12 countries reduced their total national CO2 emission levels by 8% or more 
through the inclusion of carbon sinks reported in the land use and forestry category. Sweden reported an 
offset of 30 000 Gigagrams or 54% of total national CO2 emissions through land use change and forestry; 
New Zealand likewise reduced its national CO2 emission level by 13 487 Gigagrams or 49%. 

 Methane emissions were also reported in the land use change and forestry category by seven 
countries. These values tend to be less than 3% of each country’s total CH4 emissions, except for Austria. 
Austria reported CH4 emissions in the land use and forestry category for the first time in 1995, with the 
emissions contributing 22% of Austria’s total national CH4 emissions. 

 The next two sections describe agricultural practices which are capable of reducing the emissions 
of each of the greenhouse gases discussed from agriculture, and the policies which are in place in OECD 
countries which encourage these practices. Section 4 then discusses the cost implications of the adoption of 
these practices, and the trade-offs and the other benefits associated with them. 
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2. AGRICULTURAL PRACTICES CONDUCIVE TO GHG REDUCTION 

 This section provides descriptions of the agricultural practices whose use can lead to reductions 
in greenhouse gas emissions, and some information on the extent of their use in OECD countries. As many 
of these practices can affect emissions of more than one of the greenhouse gases being considered, the 
practices have been grouped according to the type of activity carried out by the farmer. The broad 
categories are: 

•  livestock production; 
•  manure/fertiliser treatment and use; 
•  crop production (including rice and other crops); and 
•  production and use of energy. 
 
 For each of these categories, a number of specific practices are identified, the existing 
understanding of their effects on greenhouse gas emissions outlined, and their use in OECD countries – as 
indicated in the questionnaire responses – summarised. Some of the research activities taking place in 
OECD countries to improve understanding of the effects of the practices or to facilitate their use are then 
described.  

2.1  Livestock production 

 Livestock production in OECD countries emits significant amounts of methane, but also some  
nitrous oxide and carbon dioxide emissions. Table 6 shows the proportion of agricultural methane 
emissions, ranging from 42% to 99% (of total reported CH4 emissions), which can be attributed to enteric 
fermentation in OECD Member countries. Livestock generate methane as a normal by-product of their 
digestive process. Microbial fermentation of food in the digestive track produces the gas, which is then 
emitted by the animal. The amount of methane produced through enteric fermentation by an individual 
animal depends on:  

•  its digestive system — which is itself dependant on the type, age, weight and activity level of the 
animal; and  

•  the amount and type of feed it consumes.  

 

 Ruminant animals (e.g. cattle, sheep, goats, and buffalo) tend to produce more methane than 
other livestock. They have rumens and their digestion depends mostly on enteric (microbial) fermentation. 
The rumen is a section of gut where microbes live and ferment the coarse plant material, breaking it down 
into more soluble components that are further processed by later sections. Enteric fermentation also takes 
place in the large intestine of non-ruminant animals (e.g. pigs, horses, mules and rabbits). Table 7 indicates 
generic emission factors for various livestock animals. 
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Table 6.  Methane (CH4) emissions from agriculture in OECD Member countries due to enteric 
fermentation, 1998 

Country 
% of CH4 from 

agriculture due to  
enteric fermentation 

Country 
% of CH4 from 

agriculture due to  
enteric fermentation 

Australia 86% Japan* 42% 
Austria 68% Korea n.a. 
Belgium 59% Luxembourg* 94% 
Canada 78% Mexico n.a. 
Czech Republic 71% Netherlands 78% 
Denmark 75% New Zealand 99% 
Finland 88% Norway 86% 
France 87% Poland 92% 
Germany 65% Portugal 43% 
Greece 51% Spain 62% 
Hungary 69% Sweden 90% 
Iceland* 92% Switzerland 86% 
Ireland 87% United Kingdom 89% 
Italy 70% United States 57% 

Source:  UNFCCC (2001) 
Notes:   * 1997 data for Japan; 1995 data for Iceland and Luxembourg. 
 
 
 
 
 

Table 7.  Estimated average CH4 emissions from livestock (enteric fermentation only), 
Kg/head/year 

Dairy cows 68-118 
Non-dairy cows 47-56 
Buffalo 55 
Swine 1.5 
Sheep 8 
Horses 18 
Goats 5 
Mules/ asses 10 

All estimates +/- 20%. 
Adapted from:  IPCC (1996b). 
 
 
 As can be seen from this Table, buffalo are thought to produce methane at a rate comparable to 
that of (non-dairy) cows. However, emission factors for cattle vary significantly by region and type of 
cattle (dairy or non-dairy). While a North American dairy cow produces approximately four times as much 
milk as an Asian dairy cow, its emission factor is only twice as great (Table 8).  
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Table 8.  Enteric fermentation emission factors for cattle, by type and region 

Region Cattle type Average milk production 
(kg/head/yr) 

Emission factor 
(kg CH4/head/year) 

North America Dairy 
Non-dairy 

6700 
NA 

118 
47 

Western Europe 
 
Dairy 
Non-dairy 

4200 
NA 

100 
48 

Eastern Europe 
 
Dairy 
Non-dairy 

2550 
NA 

81 
56 

Oceania 
 
Dairy 
Non-dairy 

1700 
NA 

68 
53 

Asia 
 
Dairy 
Non-dairy 

1650 
NA 

56 
44 

Adapted from:  IPCC (1996b). 
 
 
 The levels of methane produced from enteric fermentation can be reduced through manipulating 
the animals’ digestive process at the input level (e.g. by increasing feed digestibility or feed conversion 
efficiency) or by manipulating the digestive system directly (e.g. by increasing animal size or 
productivity). Reducing the total number of animals reared can also reduce the level of GHG emissions. 

Practice 1: Increasing feed digestibility/ feed conversion efficiency (CH4, N2O) 

 The proportion of energy in the feed not excreted through the faeces is known as feed 
digestibility (also referred to as feed conversion efficiency), commonly expressed as a percentage of the 
dry feed metabolised by the cattle (IPCC, 2000). For cattle, feed digestibility typically ranges from roughly 
50% for beef cattle grazing on dry range, to 75% for dairy cattle and beef cattle in feedlots. IPCC research 
suggests that raising feed digestibility from 50% to 75% could significantly reduce manure excretion. 
Using equations provided by the IPCC, the emission factors for exhaled methane from beef cattle fed on 
50% digestibility feed is roughly 130 kg per year, approximately five times that of beef cattle fed on 75% 
digestibility feed (IPCC, 1996b). The amount of feed consumed by an animal also plays a role in methane 
emissions. Methane emissions vary according to what use the animal is being put to, and therefore how 
much food it requires. Variables influencing how much food an animal needs are: how fast it is growing, 
its productive activity (i.e. milk production, wool growth, etc.), and how large it is. 

 In general terms, feed digestibility can be improved through diet manipulation, the use of feed 
additives and physiological alterations/manipulations. Practices involving feed digestibility or improving 
food conversion through feed manipulation are taking place in a number of OECD Member countries, 
including Australia, Canada, Denmark, Italy, Ireland, Norway, Portugal, Spain, the UK, and the US.  

 Diet manipulation to improve feed digestibility has been approached from numerous and varied 
means in a number of OECD countries. Some countries (Australia, Canada, Italy, Portugal, the UK, and 
the US) noted in their questionnaire responses the use of the practice of changing feed rations as a means 
of reducing digestion time, for instance by using easily digestible feed grains, legumes and silage. Another 
approach used is to ensure a balance in the nitrogenous components both in total and in combination with 
other components which can affect their efficient absorption and thus the resulting emissions. This practice 
is used in Italy and Canada. In the latter it was found that, for pigs, the use of specific low-nitrogen diets 
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can reduce total nitrogen excretions by more than 50%. Excluding or reducing to a minimum the anti-
nutritional factors (which affect the assimilation of foods) which can worsen digestibility is also practised 
(e.g. in Italy). Feed digestibility can also be improved by chopping the feed to increase its surface area and 
reduce the digestion time. Finally, increasing the percentage of dry matter in feed can decrease emissions 
by reducing the amount of liquid manure, which tends to produce more methane than dry manure.  

 Some OECD Member countries, including Canada and the US, have reduced the extent to which 
backgrounding feeding is used in the beef production system and increased grain feeding in feedlots. 
However, in 1999, the majority of steers and heifers destined for slaughter in Canada were still 
backgrounded. Other OECD countries have taken action through supplementary feeding and the sowing of 
improved pastures (e.g. Australia). 

 The use of feed additives can also bring about reductions in greenhouse gas emissions, as was 
mentioned by Canada, Portugal, and the US. Some OECD countries use concentrated supplements to 
achieve a more balanced diet, while it is also possible to add edible oils (e.g. canola, coconut oil) to feed to 
facilitate digestion. Feed additives containing enzymes (e.g. phytase) which improve feed conversion 
efficiency and reduce organic matter in effluents have been used in hog and poultry production in some 
countries, such as Canada and Portugal. Yet other additives (e.g. ionophores) have been used in Canada 
and the US to increase overall productivity and thus feed conversion efficiency (see also Practice 2).  

 According to national communications to the UNFCCC, other OECD countries also alter the 
composition of animal fodder (e.g. Norway, Spain) as a means of reducing manure production, increasing 
feed efficiency and reducing methane emissions. Practices used include increasing the amount of fat or the 
use of other additives. In countries such as Denmark, Hungary and Switzerland, it is considered that the 
possibilities for reducing methane emissions through adjusting animal feed have been exhausted and no 
further opportunities have been identified. UNFCCC National Communications indicate that this is also the 
case in other OECD countries, for example Italy. 

 The practice of physiological alterations/manipulations to livestock have been used in several 
countries, including Australia and Canada, to directly affect the bacteria in the rumen which lead to 
enteric fermentation. For instance, certain micro-organisms (e.g. probiotics) can act as rumen stabilisers 
following a meal rich in readily fermentable carbohydrates, and thus increase feed assimilation efficiency 
and decrease methane emissions. Probiotics are currently available commercially. In some OECD 
countries, such as Australia, the type of bacteria in the rumen are also altered (see also Practice 2). One of 
the aims of livestock breeding programmes in some countries has been to increase feed digestibility and 
feed conversion efficiency.  

Practice 2: Increasing animal size or improving productivity (CH4, N20) 

 Animal size is perhaps the most tractable variable in terms of how much food an animal needs. 
Ideally, one would like to be able to calculate how much methane is emitted per unit of product (e.g. per 
kilogram of beef or litre of milk produced) for different size heads of cattle. Calculating this type of data is 
complicated, however, because   among other reasons   each cow produces a variety of co-products. 
However, in general it can be said that larger cows are more efficient in terms of maintaining their mass 
than smaller cows.5 In some OECD countries, practices to increase animal productivity involve cross-

                                                      
5.  Thus, in OECD countries, the standard size of adult beef cattle ranges from 450 kg to 800 kg. While the 

larger cow weighs 78% more, it only emits about 54% more methane, assuming the only difference in diet 
is the caloric intake needed to maintain mass equilibrium. 
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breeding, selective breeding and culling programmes (e.g. Australia, Hungary, Japan, Switzerland, and 
the UK). In other countries (e.g. Canada, Italy), this is also achieved through genetic engineering.  

 In Canada, the UK, and the US, use is made of production enhancing agents as a means of 
improving productivity. These may include recombinant bovine somatotropin (rbST), also known as 
Bovine Growth Hormone (BGH); anabolic agents or steroids (which increase the rate of weight gain and 
feed intake); and ionophores (antibiotics which improve feed digestibility). As of 1999, 60-70% of 
Canada’s feedlots used ionophores. Cows with higher levels of bST – a natural protein hormone produced 
in the pituitary glands of cattle that promotes growth in calves and milk production in mature cows – have 
been shown to produce higher volumes of milk. RbST is a veterinary drug produced using genetic 
engineering to increase bST levels in cattle. While it has been approved for use by the US Food and Drug 
Administration, it has yet to be approved for use in Canada. Probiotics (a microbial additive) are 
incorporated into feed in the UK, improving the utilisation of the feed and resulting in improved 
productivity in dairy and beef cattle. Ionophores (a chemical additive) have a similar result but can only be 
used in beef production. The use of these practices in the UK is not specifically aimed at reducing 
greenhouse gas emissions.  

 In a number of countries, reduced greenhouse gas emissions from livestock may be an ancillary 
benefit of general attempts to improve nutritional balance and improve livestock efficiency. In Portugal, 
for example, determining the best use of local resources to develop the most efficient diet (and any needed 
additives) for ruminants has been deemed a priority for achieving an improved nutritional balance and 
increased productivity, even in extensive rearing settings. This effort involves determining the nutritional 
value of local and regional grazing resources as well as the nutritional needs of those local breeds. This 
information can then be used to achieve increased efficiency of production. UNFCCC National 
Communications indicate that a number of other OECD Member countries are also making efforts to 
increase productivity and reduce the amount of methane emitted per quantity of meat or milk produced 
(e.g. Sweden).  

Practice 3:  Reducing livestock numbers (CH4, CO2, N2O) 

 Reducing total livestock numbers also contributes to reductions in methane emissions from 
livestock production. Reducing livestock numbers can also reduce pressures on the land, particularly in 
over-grazed areas and on marginal lands, thus increasing carbon fixation functions of the soils and 
reducing soil erosion. A number of OECD countries, including Austria, Denmark, Hungary, Ireland the 
Netherlands, New Zealand, Poland, Portugal, Sweden, Switzerland, and the UK, have reported reduced 
livestock numbers in recent years. 

 Thus, in Austria, between 1990-98 cattle numbers decreased by 15.9% and dairy cows by about 
30%, with the latter accompanied by higher milk yields per cow, while suckler cows increased in number. 
The net overall result is fewer livestock-related methane emissions. In Denmark, the number of cattle has 
been reduced by 24% over the last 10 years and a further reduction is expected. In the Netherlands, there 
has been a reduction in dairy cattle livestock and this is expected to continue. Similar trends have also been 
observed in Switzerland. In the latter, there has been an estimated 20% reduction in livestock between 
1989 and 1995. Poland also saw a 30% reduction in total cattle numbers between 1990 and 1998. Although 
in Hungary livestock numbers have dramatically decreased since 1990, these numbers are expected to 
increase in the future. In the UK, the use of livestock and milk production quotas together with the 
outbreak of Bovine Spongiform Encephalopathy (BSE) have contributed to a reduction of dairy stock 
numbers by about 1 million between 1990 and 2000. Sheep numbers declined by approximately 2 million 
over the same period due to difficult economic conditions for upland farming.  
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Research 

 Practices 1 and 2, which draw upon the use of genetic engineering and feed additives, are areas in 
which much of the ongoing research into agriculture and GHG emissions is concentrated. Some of these 
efforts involve improving many of the techniques presented above. Research is being undertaken in 
Australia, Canada, France, Ireland, Japan, Korea, the Netherlands, New Zealand, Portugal, 
Switzerland, the UK, and the US.  

 In Canada, the AAFC is promoting research efforts exploring the use of micro-organisms which 
act as rumen stabilisers, increase feed assimilation efficiency and decrease methane emissions, and these 
efforts have already led to the commercial availability of probiotics. In Switzerland, an ongoing research 
project is examining the influence of feed on gas emissions during the storage of farm slurry and fertiliser. 
In Portugal, research has been or is being carried out at the National Institute of Agronomy and at the 
National Zootechnical Station on the use of processed hay, additional fibres and the use of enzymes in hog 
feed. In Korea, the National Livestock Research Institute under the Rural Development Administration is 
studying the increased feed digestibility through the quality improvement of roughage with physio-
chemical treatments and quality roughage. The UK’s Ministry of Agriculture Food and Fisheries (MAFF) 
are funding research to investigate livestock diets to reduce methane emissions. Research is underway to 
compare the practicality and cost-effectiveness of a full-range of agricultural measures for reducing non-
CO2 greenhouse gas emissions, including evaluation of the methane emission potential of different diets. 
MAFF is also investigating the effects of livestock feed additives, such as propionate precursors and 
microbial additives (acetogenic and methane oxidising bacteria) for reducing methane production in the gut 
and in vitro. 

 In terms of research into practices regarding increasing animal size or improving productivity, 
research is underway in Canada, Ireland, and Korea. The AAFC in Canada has funded research to develop 
breeds that have a high productivity, including research to evaluate the GHG impacts of this practice. In 
Ireland, a research programme is planned to identify feeding regimes, appropriate to Irish conditions, that 
reduce CH4 emissions from individual animals. Research in Korea is also looking into increased animal 
size for fattening cattle and increased milk production for dairy cattle through selection and breeding. 

 A different approach involves the permanent alteration of physiological aspects. This has been 
investigated by Australia's Commonwealth Scientific and Industrial Research Organisation (CSIRO) which 
is developing an anti-methanogen vaccine. It will be suitable for sheep and cattle, and could achieve an 
18% reduction in emissions with some significant productivity gains. Similarly, Canadian scientists have 
recently developed genetically modified pigs that produce phytase in their salivary glands. Further 
scientific research on them is currently being undertaken and food safety issues, consumer acceptance, and 
other related issues will of course need to be addressed.  

2.2  Manure/fertiliser treatment and use  

 Methane emissions from livestock manure vary significantly in North America and Western 
Europe, primarily depending on the characteristics of the manure itself, the manure management system, 
and the climate (see Table 9). There is less variation in manure methane emissions between climatic zones 
in Oceania, probably due to the fact that almost all livestock manure is deposited as solid material on 
pastures and ranges there, a system which is generally low-emitting. Most livestock manure in Asia is 
managed as solid, with the exception of a significant portion (perhaps 40%) of swine manure.  
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Table 9.  CH4 emissions from livestock manure, selected regions and livestock types 
(kg/head/year) 

 Dairy cattle Non-dairy cattle Swine 

North America 36-76 1-3 10-18 
Western Europe  14-81 6-38 3-19 
Oceania 31-33 5-7 n.a. 
Asia 7-27 n.a. 1-7 

Source:  IPCC (1996b). 
 
 
 As indicated in Table 10, methane emission rates vary dramatically between manure management 
systems. Manure management systems can be adopted in many situations which could result in reduced 
methane emissions. Methane is mainly emitted from manure during anaerobic decomposition. This Table 
shows the rate of methane emissions as a percentage of the methane producing potential of the manure 
itself for seven different manure management systems for cattle. Percentages range from 0.1% for daily 
spread in cool climates to 90% for lagoons in all climates. It should be noted that although lagoon systems 
generate methane at a greater rate than other systems, they also provide an opportunity to capture the 
methane and use it as a substitute for fossil fuel (see Practice 17).  

 

Table 10.  Percentage of the methane producing potential achieved by various manure 
management systems for cattle (%) 

 
Manure Management System 

 

Climate 

Anaerobic 
lagoon 

Liquid 
slurry 

Solid 
storage 

Dry lot Pasture 
range 

Daily 
spread 

Anaerobic 
digester 

Cool 90% 10% 1% 1% 1% 0.1% 5-15% 

Temperate 90% 35% 1.5% 1.5% 1.5% 0.5% 5-15% 

Warm 90% 65 2% 5% 2% 1% 5-15% 

Source:   IPCC (1996b). 
 
 
 Ambient temperatures also play an important role in determining the emission rate of most 
manure systems. Warm temperatures raise the emission rate for all systems except lagoons and digesters, 
which are unaffected by temperature levels. IPCC data suggests that methane emission rates from dairy 
cattle manure in warm areas of North America may be double that of cool areas in North America (IPCC, 
1996b). In Western Europe, seasonal variation is even greater because less cropland is available for 
spreading manure, and most animal waste is kept in pits for a relatively long time. In warm weather, CH4 
emissions per kg/head/year is almost six times that produced during cold weather in Western Europe. 
Producers in warmer climates thus have a greater potential for reducing methane emissions by switching 
from high- to low-emission systems.  

 The majority of manure is handled in ways that generate little or no methane. These systems 
include dry processing methods such as depositing on pastures and range lands, or stacked or consolidated 
in piles. Table 11 presents the distribution of different cattle management systems in selected regions. 
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Table 11.  Cattle manure management system usage 
(% by region as defined by IPCC) 

 Lagoon Liquid 
Slurry 

Solid 
Storage Dry lot Pasture 

Range 
Daily 

Spread Digester Burned 
for Fuel Other 

N. America 10 23 18 5 0 37 0 0 7 

W. Europe 0 40 18 0 19 20 0 2 1 

E. Europe 0 18 68 0 13 1 0 0 0 

Oceania 16 1 0 0 76 8 0 0 0 

Asia 4 38 0 0 20 29 2 7 0 

Source:   IPCC (1996b). 
 
 
 There is a trend, especially for dairy and swine producers, to increasingly use liquid systems such 
as lagoons, ponds, lakes, or pits. These are often used to reduce ammonia emissions, and can also reduce 
nitrate leaching when applied at the right time and with the appropriate technology. Liquid systems have 
the highest methane emission rates, however, because they promote anaerobic conditions, leading to 
increased microbial activity that in turn produces methane. Reducing the use of liquid management 
systems that do not include a systematic method of methane capture would decrease methane emissions.  

 Each type of manure management system produces different amounts of nitrous oxide emissions 
as well. Daily spread and liquid systems induce the lowest direct N2O emission rates among manure 
management systems (although higher levels of methane). Anaerobic lagoons and liquid systems emit 
roughly 0.1% of the nitrogen in the manure as N2O gas. Nitrous oxide emissions from daily spread systems 
and manure used as fuel rather than fertiliser produce virtually no N2O emissions. Solid storage and dry lot 
systems emit about 2% of total nitrogen content as N2O gas, as does manure left as solid in pasture, range, 
or paddocks. Direct emissions from manure fertiliser also depend in part on the type of manure. Dairy 
cattle tend to excrete more nitrogen in their manure than other types of livestock. IPCC research suggests 
that dairy cattle produce roughly 100 kg N/head/year, while non-dairy cattle produce approximately 70 kg 
N/head/year.  

 Three factors relevant to N2O emission levels from any type of fertiliser (manure or synthetic) 
are: (a) direct emissions from N applied to soils; (b) N2O leaching; and (c) atmospheric deposition of 
ammonia (NH3) and nitrogen oxides (NOx), leading indirectly to N2O emissions. Nitrous oxide emissions 
are caused by the transformation of the nitrogen component of fertilisers as it is leached out of the soil. In 
general, animal waste fertiliser has twice the indirect emission rate of N2O from atmospheric deposition as 
synthetic fertilisers.  

 In general, an average of 30% of the nitrogen content of each kilogram of fertiliser or manure is 
expected to be lost through leaching, although this value can range from 10-80%. For each kilogram of 
nitrogen lost through leaching, between 0.002 and 0.12 kg N2O-N is emitted. A calculation of the 
chemistry involved, and including the weight conversion factor from N to N2O of 44/28, indicates that 
reducing leaching from the maximum amount down to the minimum can reduce N2O emissions by about 
150 Mg N2O for each Gg of nitrogen applied to the soil.  

Practice 4: Using low-emission manure management systems (CH4, N2O) 

 A number of OECD countries implement practices that lead to lowered emissions through 
manure management, including Australia, Austria, Canada, Finland, France, Ireland, Italy, Japan, Korea, 
the Netherlands, Poland, Portugal, Sweden, Switzerland, the UK, and the US. These are often used 
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primarily to reduce odour, to protect riparian watercourses or to get lower ammonia emissions from the 
storage and application of manure. 

 Emissions resulting from manure management can be reduced by modifying housing and other 
aspects of the livestock rearing. OECD countries that mentioned the use of such practices in their 
questionnaire responses include France, Italy, Korea, Poland, and Switzerland. For example, in Poland, 
reduced nitrogen losses were achieved through equipping farms with appropriate dunging gutters that 
allow for the cleaning of housing while retaining the manure in its solid form. A similar practice involves 
the use of sawdust-based livestock barns which also retain the manure in a solid form (e.g. in Korea). In 
France, the use of straw bedding is encouraged, as is the composting of the animal effluent. Programmes in 
Switzerland emphasising the extensification of farming, open-air livestock rearing and loose stabling were 
also found to result in fewer nitrous oxide emissions.  

 The use of a number of practices affecting the storage of liquid effluents can also help to reduce 
emissions. Such practices have been applied in numerous OECD countries, including Canada, Finland, 
Italy, Korea, the Netherlands, and Sweden. They include the use of artificial or natural covers on liquid 
storage facilities (e.g. Sweden, Finland), the cooling of liquid manure storage tanks (e.g. Canada), the use 
of anaerobic storage systems for slurry for methane production (e.g. Korea), and ensuring the appropriate 
length and method of storage based on local conditions (e.g. Italy, Netherlands). Practices affecting the 
storage of solid manure can also lead to reduced emissions, and have been applied in Canada, Italy, Korea, 
Poland, and the UK. These methods involve ensuring the aerobic decomposition of the manure, either 
through composting (Canada, Korea), aeration (Italy, Poland), or avoiding the landfilling of manure 
(anaerobic conditions). In the UK, capital investments in manure storage facilities in nitrogen vulnerable 
zones are supported. According to UNFCCC National Communications, the extensive pastoral system in 
place in some OECD countries allows for the majority of animal waste to be decomposed aerobically, 
thereby leading to a reduction in methane emissions (e.g. New Zealand).  

 A practice common in a number of countries is the use of methane emissions from livestock 
manure to produce biogas, thereby turning the methane into carbon dioxide and reducing the overall 
greenhouse effect (e.g. the US). The methane recovered (biogas) can be used for heat, hot water, 
electricity, and refrigeration. Burning the gas converts it to CO2, which has a much lower warming 
potential. These efforts are discussed in more detail under Practice 17. 

Practice 5: Reducing/ adapting organic fertiliser use in flooded rice fields (CH4) 

 Reducing organic fertiliser use in flooded rice fields reduces methane emissions. The IPCC 
suggests that rice fields with organic amendments such as fertilisers can be considered as emitting roughly 
twice as much methane as, ceteris paribus, a field without organic amendments.  

 While no questionnaire responses confirmed the use of practices which reduce the use of organic 
fertilisers in flooded rice fields, some OECD countries, such as Japan and Korea, mentioned the potential 
of using composted organic material as a fertiliser to reduce methane emissions. In Japan, farmers are 
guided to apply organic fertilisers in rice fields, but are recommended to use well-treated and qualified 
organic material because experimental results indicate that such compost can reduce GHG emissions 
compared with the application of raw or immature compost. In Korea, field experiments have indicated 
that the addition of rice straw compost reduces methane emissions by 11.4% compared with the already 
reduced emissions that result from autumn incorporation or raw rice residue. These results suggest that 
there is a strong possibility of reducing methane emissions while still maintaining soil fertility.  
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Practice 6: Reducing nitrate leaching through reduced use and improvements in the use of fertilisers 
(N2O) 

 Nitrous oxide emissions can be minimised not only through the application of the right quantities 
of nitrogen, but also through timing these applications to when the crop requires it and the careful 
placement of the fertiliser. Available techniques to better match the timing of nitrogen availability to crop 
requirements include the use of controlled release fertilisers or nitrification inhibitors in fertilisers or 
applied manure (e.g. dicyandiamide – DCD). Special fertiliser application equipment can also be used to 
place fertiliser in close proximity of plant roots, improving the efficiency of nutrient use and allowing the 
farmer to achieve high yields with lower rates of application. 

 Adapting fertiliser applications to crop needs is a common practice in a range of OECD 
countries, including Australia, Austria, Canada, Denmark, Finland, France, Hungary, Italy, Korea, the 
Netherlands, Poland, Portugal, Sweden, Switzerland, the UK, and the US. This practice involves 
providing the amount of nitrogen required by the crop, with the appropriate amount often determined 
through soil testing. In some OECD countries, computer software programmes have been developed to 
help in the analysis of soils and the recommendation of appropriate fertilisation levels (e.g. Australia, 
Poland, Portugal). Such analysis can also take into account predicted weather patterns (e.g. Poland, 
Australia). A variation on this practice is restricting fertiliser use in certain areas to specified levels, as is 
done in Austria and Denmark among others. The US Department of Agriculture (USDA) is conducting 
research, implementing demonstration projects, and conducting an outreach effort to improve the 
efficiency of fertiliser management. The program is exploring alternative nitrogen management systems for 
corn, cotton, potatoes and rice. The UK produces advisory literature and funds a series of farmer 
roadshows and demonstration projects to encourage farmers to better target fertiliser use to specific crop 
requirements. In Switzerland, farmers draw-up manuring plans in co-operation with advisory centres, in 
order to give crops the nutrients then need without excessive manure fertiliser use.  

 The strategic application of fertilisers can also lead to reduced GHG emissions. This involves 
ensuring that fertilisers are applied at the right time and using the appropriate technology and methods to 
carefully place the applications. Canada, Denmark, Finland, France, Greece, Ireland, Italy, Korea, the 
Netherlands, Norway, Poland, Sweden and the UK mentioned the use of such practices in their 
questionnaire responses. Indeed, some of the specific provisions to this effect in Finland include forbidding 
the spreading of manure on frozen land or snow and limiting the spreading of manure in autumn. Similarly, 
the immediate incorporation of manure after spreading in the field can aid in reducing nitrogen losses, a 
practice in use in Sweden and Poland. In Italy, as in other OECD countries, many technologies are 
available for the careful application of fertilisers, including controlled release fertilisers, nitrification 
inhibitors, split application and fert-irrigation. Under the EC Nitrates Directive, a measure implemented in 
1998 to protect vulnerable drinking water sources and waters at risk of eutrophication limits the application 
of fertilisers and organic matter and the timing of applications in areas designated as nitrogen vulnerable. 
In Greece, participation in voluntary programmes to reduce fertiliser use and nitrate leaching have been 
increasing, in part because of increased fertiliser costs. According to UNFCCC National Communications, 
other OECD countries (e.g. Norway) also practice the careful spreading of fertiliser at specific times during 
the growing season, and promote specific methods for irrigating and preparing the soil as a means of 
reducing N2O emissions.  

Research 

 Additional research is needed in order to determine the optimal means of storing and managing 
manure to minimise the related GHG emissions (see Section 4). A number of OECD Member countries, 
including Austria, Canada, France, the Netherlands, Poland, and the UK are conducting research on the 
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GHG implications of manure management. For example, in Poland, the IBMER is preparing a report on 
the potential for the fermentation of manure as a means of producing biogas. In Austria, research funded by 
the Federal Ministry of Agriculture and Forestry is currently being conducted regarding GHG emissions 
released during the storage and treatment of sludge and solid manure in order to find the optimal method to 
use for reducing emissions. In the UK, farm-scale research has been carried out into the nature and extent 
of the methane losses from anaerobic digestion.  

 Research has also being undertaken in OECD countries to develop methods of improving 
fertiliser uses. Indeed, a number of fertiliser advisory programs have been set up in OECD countries (see 
Practice 6). Research is underway in some countries (e.g. the Netherlands, France) to gather additional 
information on the effect of specific measures on the reduction of N2O in order to target fertiliser use 
better. Research into the improved efficiency of fertiliser applications is being conducted in a number of 
countries, including Canada, Japan, and Korea.  

2.3 Crop production 

2.3.1  Rice 

 Several OECD countries produce rice in sizeable quantities, as can be seen from Table 12, which 
provides acreage under rice cultivation in 12 OECD countries for 1998. While rice production was once 
thought to represent a large source of methane emissions, scientific consensus now considers it a much 
smaller source than previously believed. Indeed, while methane emissions from rice cultivation represent 
25% and 30% of the methane emitted from all sources in Japan and Korea respectively, on average in 
OECD rice producing countries, methane from rice represents less than 5% of agricultural methane 
emissions.  

 

Table 12.  Rice production in significant rice-producing OECD countries, 1998 

 
 
OECD Country 

Rice production 
(1000 Ha) 

Rice production 
(1000 Mt)  

CH4 emissions from 
rice cultivation (Gg of 

CO2 equiv.) 

% of agricultural CH4 
emissions from Rice 

cultivation 
Australia 140 1390 721 1.0% 
France 18 107 174 0.5% 
Greece 26 209 159 2.7% 
Hungary 3 8 12 0.5% 
Italy 223 1393 1697 9.0% 
Japan* 1953 12531 7240 43.7% 
Korea* 1056 6779 8694 69.1% 
Mexico 101 458 n.a. n.a. 
Portugal 27 162 169 2.9% 
Spain 113 796 265 1.3% 
Turkey 60 317 n.a. n.a. 
US 1318 8366 9989 4.6% 

Source:   FAO (2001) and UNFCCC (2001). 
Note:  * 1997 data for Japan CH4 emissions, 1990 data for Korea. 
 
 
 In general, emission data on rice cultivation is still poor. Data on methane emissions show 
substantial variations year to year for geographically close areas and for different rice varieties. Precise 
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estimates for any given field are therefore uncertain, and results from aggregation to regional or country 
levels are likewise problematic. 

 Practices that can reduce methane emissions from rice cultivation include adjusting water depth, 
increasing field draining and reducing the period of flooding, reducing the amount of organic fertiliser 
used, reducing the amount of crop residue left in the paddy, and potentially increasing the use of low 
methane emission rice varieties. Most rice in OECD countries is grown on flooded fields. Long periods of 
submersion promote aerobic decomposition of organic material and reduce soil oxygen. As oxygen is 
depleted, anaerobic decomposition by methanogenic bacteria occurs. The resulting methane is partially 
released into the air through evaporation of water and transpiration of the rice plants. Consequently, the 
water management system used for rice cultivation is believed to be the most important factor influencing 
methane emissions from this type of agriculture. 

Practice 7: Avoiding shallow flooding of rice fields (CH4) 

 In fields flooded to depths greater than one metre, the lower stems and roots of rice plants die. 
Although deep-water fields produce some methane due to water evaporation, in general the rice plants are 
unable to transport the methane of the soil to the air. Shallow flooding induces more emissions than any 
other water management system. Evidence for some rice crops indicate that maintaining a water depth of 
between 50 cm and 100 cm can reduce methane emissions by up to 40% compared with lower depths.6  
Water depths of greater than one metre are expected, in general, to reduce emissions by 20-50%.  

 While deep-water fields generally produce less methane, deep-water flooding is not universally 
applicable. Indeed, in a number of OECD countries, including Japan and Portugal, rice fields have not been 
developed to be flooded to such depths. Dykes in Japanese rice fields are under 30 cm deep, and all the 
commercial rice varieties have been developed to suit this type of system. Similarly, Portuguese rice 
paddies are generally flooded to a depth of only 15 cm. This is done as a means of preventing temperature 
fluctuations and accumulating heat so that the necessary temperature for optimum rice growth is achieved.  

 It is likely that rice fields that are never flooded (e.g. some upland rice fields) do not produce 
methane since anaerobic soil conditions do not develop. However, the avoidance of shallow flooding 
through upland rice field usage is also not universally applicable.  

Practice 8: Increasing rice field draining and reducing flooding periods (CH4) 

 The less time the rice field remains flooded, the lower the emissions will be. Flooding seasons 
vary in length, depending on geological, climatic, and weather conditions. The planting system and cultivar 
type influence the number of days that a rice field remains flooded.  

 Many fields are drained periodically during the growing season. If the soil dries sufficiently, it is 
re-aerated, oxidising soil methane and inhibiting further methane production. Emissions from irrigated, 
shallow fields are thought to be roughly halved by a single draining and reduced to up to one-fifth through 
multiple aerations. Since 1993, three research institutes in Korea have been conducting field experiments 
on the effects of intermittent flooding on methane emissions. The results indicate that this practice can 
contribute to a reduction in methane emissions of over 26% when compared with conventional flooding 

                                                      
6.  The relevant depth level will vary by rice variety and other local environmental and geographical 

circumstances. 
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techniques. Korean research has also shown that the practice of direct seeding on dry paddies reduces 
emissions even further. 

 Among OECD rice producing countries, France, Korea, Portugal and Turkey mentioned in their 
responses the use of intermittent flooding and draining on rice fields. In Korea, this practice is 
recommended in 91% of the country’s rice fields, with the area under intermittent flooding extending to 
1 065 000 ha in 1996/1997. For the rice fields where water management is possible, rice fields are flooded 
until 30 days after transplanting, after which water management is maintained by intermittent flooding 
until the water is drained 15 to 20 days before harvest. In Portugal, the rice fields are usually drained 2 
weeks after sowing to improve the rooting process, during each herbicide application, and one week before 
harvesting the rice. In Turkey, intermittent irrigation must be used in paddy planting areas. Under this 
method, the planted area is exposed to 2 dry days for each 30 days of irrigation during production. As a 
result, methane emissions from rice production in Turkey have been reduced.  

Practice 9: Reducing rice straw residue (CH4) 

 Reducing rice straw residue can lead to reduced methane emissions from flooded rice paddies. 
Research in Japan and Korea has shown that changing the timing of rice straw use and composting can 
reduce emissions. Thus, the practice of plowing into the soil straw residue and organic fertilisers just after 
harvest has resulted in considerably reduced methane emissions for the next crop in Japanese tests. Field 
experiments conducted in Korea also show that the incorporation of rice straw in the autumn after harvest 
reduced methane emission by 36.8% compared with incorporation of rice straw just before transplanting. 

 In a number of OECD countries, including Korea, Japan, and Portugal, efforts are undertaken to 
reduce rice straw residue. In Korea, it is strongly recommended that farmers do not apply rice straw in 
poorly-drained rice fields (9% of rice fields) and those with no water management, but to instead use only 
chemical fertilisers. In Japan, farmers are guided to not use raw straw residue but instead to apply 
composted residue. In Portugal, packing or burning rice straw residue is a common practice, and only the 
remaining stubble is then buried back into the ground.   

Practice 10: Increasing the use of low methane emission rice varieties (CH4) 

 Different rice varieties have different methane-emitting potentials. Currently, there is little 
understanding as to why or how this occurs, but further research into the issue is being undertaken.7 Since 
1997, research in Korea has been focussed on comparing the methane emission potential of 8 selected rice 
varieties, and it is intended that this project will be expanded to the major recommended rice varieties.  

 The ability to select or breed low-methane emission rice varieties could significantly reduce 
methane emissions from rice paddy fields. While the initial research and selection phase requires 
significant time and financial resources, once the breeds are selected there will be no additional costs faced 
by the farmers for implementing this practice. 

                                                      
7.  Considerable research on the differences in methane emissions amongst indica rice varieties already exists, 

but there is little on the japonica rice varieties commonly used in Japan and Korea. 
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Research 

 There is significant potential for reducing GHG emissions from rice cultivation in those OECD 
countries which are important rice producers, including Japan, Korea and Portugal. In addiiton to the 
research mentioned above, in Japan research is focused on methane emissions from rice cultivation, and 
the effects of different irrigation and drainage patterns on emission levels. Thus far, field experiments have 
indicated that some amount of methane emission reduction can be achieved through mid-summer drainage. 
Portugal has participated in joint research projects with the European Community on the constitution, 
description and dynamic description of genetic rice resources for Europe and on the biology and integrated 
control of red rice.  

2.3.2. Other crops  

 Crop production affects GHG emissions in a multitude of ways. Indeed, the fate of crop residues, 
tillage methods, soil protection, crop timing and rotation, crop selection and land use all can play a role in 
the emissions and stocking of the three GHGs being investigated in this paper. For example, crop practices 
often affect the carbon content in the soils. Extreme differences can be found between wetlands and sandy 
soils. Wetlands can contain far more carbon than other types of soils. Wetland soils in warm moist 
temperate regions have roughly 230 Mg C/ha; soil carbon in wetland soils in cool moist temperate regions 
roughly 180 Mg C/ha. Sandy soils tend to have the least carbon content. In temperate zones, sandy soils are 
thought to contain between 10 to 25 Mg C/ha.  

 Most cultivation takes place on less extreme soils. Soil carbon content in high activity soils in 
temperate regions tends to range from 50 to 110 Mg C/ha; for comparable low activity soils the range is 
from 40 to 70 Mg C/ha. High activity soils in tropical regions have carbon contents of between 60 and 180 
Mg C/ha, while tropical low activity soils, like their temperate counter-parts, range from 40 to 70 Mg C/ha. 
Organic soils, by contrast, are net emitters of carbon dioxide when put to agricultural use, even in low-
tillage systems. The rate at which they emit CO2 is approximately 1 Mg C/ha/year in cool temperate 
regions and 10 Mg C/ha/year in warm temperate regions. Upland crops in organic soils in tropical regions 
emit carbon at a rate of approximately 20 Mg C/ha/year. 

Practice 11: Restricting burning of crop residue and increasing crop residue use (N2O, CO2) 

 Nitrous oxide (N2O) is emitted when crop residue is burned. Crop residue burning of nitrogen 
fixing crops induces emissions of roughly 360 Mg N2O per Gg of above ground crop biomass, double the 
rate of non-nitrogen-fixing crops. Emissions are generally calculated as percentages of total nitrogen 
released. Possible emission factor values range from 0.005 to 0.009 for N2O as a fraction of total nitrogen 
released. The nitrogen content of crop residue is calculated as a percentage of total carbon content, and the 
ratio of nitrogen release to carbon release is thought to be the same as the ratio of nitrogen to carbon in the 
crop residue before it is burned.8  

 Precise calculations of N2O emission rates from crop burning vary widely depending on the crop. 
To calculate N2O emissions due to the burning of specific crops, the residue to crop ratio and amount of 
water in the residue must be taken into account. Residue to crop ratios for common crops range from 0.2 
for sugar beets to 2.1 for beans and pulses. The dry matter fraction can range from 0.1 for sugar or feed 

                                                      
8. Approximately 1 240 Mg NOx  (nitrogen oxide) is also emitted per Gg of above ground crop biomass, 

some of which is later converted to N2O. 
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beets to between 0.78 and 0.88 for wheat, barley, or rice residue. Carbon fractions and nitrogen to carbon 
ratios vary by type of crop and have not been estimated for all common crops.  

 According to currently available information, it may be said that the carbon fraction is generally 
between 40 and 50%, and the nitrogen to carbon ratio is between 0.02 and 0.016 for common agricultural 
crops. It is recognised in Korea that crop burning not only emits methane, carbon dioxide, and nitrous 
oxide, but also consumes a potentially valuable organic addition to the soil. Research findings in Australia 
indicate that carbon losses from stubble burning are similar to soil carbon losses from conventional tillage 
systems (i.e. 3 cultivations), with a combination of conventional tillage and stubble burning leading to the 
largest soil carbon losses. The amount of carbon released from burning crop stubble is dependent on the 
crop and the timing of burning. 

 Crop residue will generate nitrogen emissions regardless of whether it is burned. However, when 
the residue is not burned, it can substitute for fertiliser, reducing N2O emissions below what would have 
occurred if the residue had been burned and fertiliser had been applied. Total direct N2O emissions from 
soil are determined in part by nitrogen put into the soil from the cultivation of nitrogen-fixing crops such as 
beans and pulses. The nitrogen returned to the soil from crops per se is a function of the nitrogen content of 
the vegetation, the fraction of crop biomass left in the field and, of this, the portion that is not burned. 

 Reducing crop residue burning has become an issue of significant interest for many OECD 
countries, primarily because of local air quality regulations, and has been dealt with through different 
means. In a number of OECD countries, including Austria, Denmark, the Netherlands, Switzerland9, the 
UK, and some areas of Finland, the burning of crop residue has been banned, and it is controlled or 
restricted in other countries (e.g. Poland). In Sweden, the municipal authorities can prohibit the burning of 
crop residues. This has been facilitated by the use of technological equipment which enables the processing 
of these residues, for instance the chopping of straw which allows the incorporation of the residues into the 
soil. Other OECD countries, including Japan and Korea have also taken steps to reduce the burning of 
crop residue, for example by guiding their farmers to avoid this practice.  

 Although some legal measures have been taken in Turkey against stubble burning, most farmers 
there still use this practice. In Portugal, farmers pack and sell part of the crop residue, and the crop residue 
which remains is cut along with the stubble and buried. Portuguese farmers are aware that burning the 
residue should be avoided due to the associated CO2 emissions, but when the residue is not marketable, it is 
burned or buried with the stubble.  

 When crop residues are removed or burned, or a bare fallow practice is followed, (see Practices 
10, 14, and 15) an estimated 10% less soil carbon is retained than in areas where a standard amount of crop 
residue remains. When crop residue is left and further enhanced with mulches, green manure, or additional 
crop residue, soil carbon is augmented by roughly 10%. In the case of the regular addition of a significant 
amount of animal manure, soil carbon may increase 20% above normal. While crop residue left over in the 
field is beneficial as a carbon sink, there is a trade-off as it may cause nitrogen deficiency in the process of 
decomposition when both the microbes and crops demand nitrogen, and thus would require nitrogen 
fertiliser application. As such, for agricultural purposes, the timing of crop residue incorporation should be 
carefully gauged so as not to hamper crop growth.  

 A range of OECD countries encourages the use of crop residue, including Canada, Denmark, 
Portugal, Switzerland, and the UK. In some of these, crop residue is retained as a means of preventing 
erosion by wind, water or mechanical removal (e.g. Switzerland), while in others, farmers are strongly 

                                                      
9.  While crop residue burning is in theory prohibited in Switzerland, in practice the local communes may 

waive this rule if the situation warrants it (although this is very rarely done). 
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encouraged to incorporate crop residue with a high C/N ratio into the soil, especially in the fall so that 
micro-organisms in the soil can then use some of the nitrates, reducing leaching into groundwater 
(e.g. Portugal). Conservation tillage (see Practice 14), which leaves crop residue on the soil surface, is also 
encouraged in some OECD Member countries (e.g. Canada). 

Practice 12: Increasing the use of nitrogen-fixing crops (N2O)  

 Each crop type contains a different fraction of nitrogen. The fraction of nitrogen in an N-fixing 
crop is 0.03 kg N/kg of dry biomass, roughly double the fraction of nitrogen in non-N-fixing crops. Total 
biomass of a crop is assumed to be roughly twice the crop production, and it is assumed that 65% is left in 
the field. These values are very rough calculations, but based on them, one can estimate that the amount of 
nitrogen that nitrogen-fixing crops put into the soil is 19.5 Mg N per Gg of crop production. 

 In a number of OECD Member countries, including Canada, Finland, France, Greece, Italy, 
Korea, Portugal, Switzerland, and the UK, the use of nitrogen-fixing crops is encouraged. Thus, the 
European Union’s Organic Farming Regulation, as well as policies in Canada, Finland and other OECD 
countries, particularly encourage this practice in the context of organic farming. In other countries, (e.g. 
Portugal), legumes are also injected with a Rhizobium bacteria which increases nitrogen fixing. In the UK, 
conventional breeding and biotechnology are used to produce improved crop varieties that utilise nutrients 
more efficiently. For example, newly bred varieties of red clover are available to increase nitrogen fixation 
in conventional grassland.   

Practice 13: Applying practices designed to protect humic soils (N2O) 

 Various practices can be utilised to protect humic soils, which may also reduce nitrous oxide 
emissions. For example, the denitrification of soils   and thus increased nitrous oxide emissions   is 
favoured by the low oxygen levels that are usually present in saturated soils. As with rice production (see 
Practices 7 and 8), the water management applied to a field will affect N2O emissions. Farmers can reduce 
N2O emissions by managing soil water content to improve soil aeration, for example through draining soils 
that are prone to water-logging and avoiding over-application of irrigation water.  

 A number of OECD Member countries, including France, Hungary, Japan, the Netherlands, 
and Poland, promote the protection of humic soils. The 1995 Act in Poland concerning soil protection 
introduced many restrictions relating to transferring humic soil (peat, bog and marshland) to non-
agricultural and non-woodland uses, except for natural ecological applications 

Practice 14: Reducing tillage (CO2) 

 Increased tillage, along with a lack of soil cover, speeds the oxidation of organic carbon. Thus, 
carbon sequestration can be increased through conservation tillage practices. Conservation tillage refers to 
any tillage and planting system which retains most of the crop residue on the soil surface. Farmers can also 
omit tillage altogether before seeding: the new crop is planted directly into the previous crop's stubble with 
minimum soil disturbance. Residue is maintained and there are fewer disturbances to the soil when 
preparing seedbeds, controlling weeds, and applying fertiliser. Tillage operations are replaced by 
anthropogenic controls such as herbicides and crop rotations 

 No-tillage agricultural systems are thought to raise the carbon content of agricultural soils by 
10% as compared with full tillage systems in temperate systems (IPCC, 1996b). The effect on soil carbon 
from reduced tillage is assumed to be between no-tillage and full tillage systems, and hence the IPCC 
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recommends a sink factor for reduced tillage of 5 % more than full tillage. Lowering tillage on high carbon 
soils is particularly effective. The native carbon content of soils influences the efficiency of improved land 
management techniques. For example, high activity soil in a warm moist temperate region is estimated to 
have approximately 110 Mg C/ha in the topsoil, to a depth of 30 cm. However, switching to a no-tillage 
practice from full tillage on low activity soils in a warm, day temperate region (with a soil carbon content 
of 60 Mg C/ha) would only increase soil carbon by 6 Mg C/ha, or 45% less than on high carbon soil.  

 A range of OECD countries mentioned the practice of reducing tillage in their questionnaire 
responses, including Australia, Canada, Finland, Greece, Ireland, Italy, Portugal, Spain, Switzerland, 
and the US. This has been facilitated by improved machinery design, improvements in residue 
management, and a greater availability of non-selective herbicides and reductions in recommended rates of 
herbicide application (e.g. Canada). Tilling the soil only when necessary, taking into account soil 
characteristics, and the use of technology, such as seed drills which can help avoid tilling, was also 
identified as a means of achieving reduced tillage (e.g. in Italy). In Portugal, a support programme to 
farmers is used to encourage minimum tillage and direct seeding of crops. They recommend replacing 
tillage to control weeds by weeding operations carried out ahead of sowing and with products which have 
proven to cause no harm to the environment. In the US, farmers are encouraged to use conservation tillage, 
plant cover crops, and install vegetated buffers such as windbreaks and grass waterways. US rates of 
conservation tillage increased from 10.5 million hectares in 1990 to 14.9 million hectares in 1997. 

 Some countries are encouraging increased tillage instead. For example, in the Netherlands 
policies have been successfully used to encourage increased tillage for the production of bio-energy by 
removing all residue in the ground for burning, thereby reducing CO2 emissions. 

Practice 15: Natural regeneration on fallow land and reducing bare fallow (CO2) 

 Natural regeneration on fallow land involves the conversion from unused agricultural land to 
pasture or forest land through allowing the area to revegetate. Reducing bare fallow means that ground 
cover is maintained while land is kept in fallow, even as it is destined for further agricultural production. 
Keeping land in bare fallow where the soil is prepared for crops but nothing is sown that particular year 
increases humus mineralisation and GHG emissions. Natural regeneration is a method of increasing the 
carbon sink capacity of land no longer needed for food production. The amount of carbon sequestered in 
land left to naturally regenerate, however, will depend on a variety of factors. Some types of degraded 
lands will not spontaneously regenerate. Indeed, they may degenerate even further without intervention. 

 For lands which do naturally regenerate, the rate at which carbon will be sequestered rises and 
then, as the newly established vegetation reaches maturity, falls over time. As a result, the IPCC 
recommends evaluating sequestration for two time periods, lands abandoned less than 20 years prior to the 
inventory calculations in the base year (i.e. 1970); and lands abandoned less than 100 years but more than 
20 years prior to the base year. As the IPCC cautions, regeneration of the vegetation on abandoned lands is 
sensitive to the natural ecosystem of the locality. Carbon accumulation will vary depending on the type of 
vegetative growth. For example, grasslands sequester less carbon than forests.  

 Data is sparse on average above ground biomass growth by natural regeneration, and hence on 
the carbon sequestration potential. Because of the strong dependence on local conditions, broad averages 
can be misleading. Nonetheless, the IPCC has developed some general biomass growth rates for certain 
regions. For the US, for example, six geographic/climatic prototypes have been developed (see Table 13).  
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Table 13. Annual average carbon sequestration by natural region in the US  
(Mg per 1 000 ha) 

 Wet Moist with 
short dry 
season 

Moist with 
long dry 
season 

Dry Mountain 
moist 

Mountain 
dry 

< 20 years 675       n.a. 2 700 2 700 337 121 

> 20 years 175 n.a. 675 675 945 270 

Note:  Assumed that two-thirds of vegetative growth is above-ground and that the carbon fraction of the 
biomass is 45%, from 135-137 Mg per 100 ha for forest tundra/conifer to potentially over 4000 Mg per 
100 ha for mixed conifer/broad leaf. 

 

 

 The carbon content of soils left uncultivated and allowed to return to native vegetation could 
eventually reach close to pre-cultivation levels. Globally, a permanent set-aside of 15% of marginal 
agricultural land has the potential to sequester 1.5-3 Gt of carbon. This technique conserves soil, protects 
watersheds, and provides habitat for wildlife. 

 Several OECD Member countries are encouraging a decrease in bare fallow and the regeneration 
of fallow land, including Austria, Canada, Finland, Greece, Portugal and Sweden. In other OECD 
countries, poor quality land is taken out of production and revegetates naturally (e.g. Poland). In many 
countries, regulation has been put in place to control the amount of land which can be left as bare fallow. 
For example, in Sweden, at most 50% of the land on a farm is allowed to be bare fallow, except in Skånes 
län and Hallands län where only 40% can be bare fallow. Under the set-aside measures of the EC agri-
environmental programme (see Section 3.4), a number of countries, including Greece and Portugal, are 
taking a percentage of their fields out of production and allowing them, in many cases, to revegetate. 

Practice 16:  Increasing carbon sinks or increasing crop nitrogen uptake (CO2, N2O) 

 Agricultural practices can be modified to increase the amount of carbon and nitrogen being 
stocked in the biomass and in the soil. By growing more than one crop each year on a particular plot of 
land, through crop rotations and double cropping, it is possible to increase the nitrogen and carbon content 
in the soil and this effectively reduces GHG emissions. A number of OECD countries mentioned the use of 
such practices in their questionnaire responses, including France, Italy, Korea, Poland, Portugal, 
Switzerland, and the US.  

 Double cropping is the planting of a second crop (when the land would otherwise be bare fallow) 
which in many cases is a nitrogen-fixing crop (see Practice 12). For example, in Korea the cultivation of 
barley after rice cultivation (double cropping) has been found to be useful in winter. The cultivated area of 
barley was 41 500 ha in 1996/1997, but there is significant potential for expanding this cultivation (it 
amounted to 730 000 ha in 1970). This practice can contribute to increasing carbon sinks and fixing carbon 
dioxide in the winter when green plants are scarce. For the purpose of this project, the Rural Development 
Administration bred Chalbori (sticky barley), which also has ideal traits for cooking.  

 In some situations the second addition crop is not used, but is ploughed into the ground so that 
the carbon and nitrogen fixed by the plant is retained by the soil — referred to as green manure. In some 
countries, the crop nitrogen uptake is increased through the use of green manure which helps to increase 
the soil nitrogen content. Another approach is the use of crop rotation (e.g. in Italy) which also increases 
the amount of nitrogen fixed into the soil.  
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 There are a number of other practices relating to land use changes which can help to reduce GHG 
emissions. Some of these include protecting peat from degradation or loss; preventing the cultivation of 
natural or semi-natural areas or pastures; preventing urbanisation of natural or agricultural lands; and 
providing woody shelter belts and buffer strips (which also reduce erosion). 

 Afforestation efforts on agricultural lands are underway in many OECD Member countries, 
including Australia, Canada, Denmark, Finland, Greece, the Netherlands, Portugal, and the US. Various 
programmes also encourage agroforestry   the combined production of trees and shrubs with agricultural 
plants and animals, such as through orchards, intercropping for erosion control, pastro-silvicultural 
systems, or non-timber tree farms for the production of commodities such as nuts or tannins (e.g. Canada). 
These practices have the potential to increase GHG stocks in biomass and in the soil.  

Research 

 Research continues in several OECD Member countries on viable alternative disposal methods 
for crop residues, specifically for the purpose of reducing GHG emissions. Thus, in Australia, the potential 
for increasing soil carbon through improved stubble management is being considered in the development 
of the country’s GHG emission reduction strategies. To date, however, there has been relatively little 
research into the impact of stubble burning on the release of carbon, with the focus of most experiments on 
quantifying the benefits of stubble and tillage management on soil carbon. Research in France has 
emphasised the importance of not burning crop residue. 

 Further research into the use of nitrogen-fixing crop practices is underway in some OECD 
countries, including Canada, France, the Netherlands, Portugal, Switzerland, and the US. The research 
programme in the Netherlands (see Practice 11) covers a range of issues relating to GHG emissions in 
agriculture, including better crop nitrogen uptake and the fixing of nitrogen during the winter period. In 
Portugal, research institutes are studying, among other issues, the use of legumes injected with Rhizobium 
bacteria which increase nitrogen-fixing.   

 A number of OECD countries encourage or are conducting further research into low-tillage 
agriculture in order to increase the carbon sink potential of these lands. These include Australia, Canada, 
France, Korea, Sweden, the UK, and the US. In the UK, research has estimated that up to 37% of arable 
land could practice no-till cultivation, increasing the organic carbon storage in the surface soil and 
decreasing fossil fuel usage.  

 Research is also ongoing on increasing carbon sinks through reducing bare fallow or 
afforestation, including in France, Switzerland, and the UK. An agricultural research institute in 
Switzerland will be carrying out a study on the carbon-fixing potential of turning cultivated land into 
grassland and reafforestation. In the UK, research is being carried out into the environmentally beneficial 
effects of cover crops, such as reduced leaching and improved habitat diversity. 

2.4.  Production and use of energy 

Practice 17: Using biomass as an alternative to fossil fuel (CO2, CH4) 

 Substituting biomass fuels for fossil fuels can reduce total carbon dioxide emissions from energy 
use, assuming that the biogenic carbon produced is in turn offset by new biomass growth. Several total fuel 
cycle analyses have been performed which suggest that even when one considers the amount of carbon 
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dioxide generated by the use of fossil fuels in the production of bio-energy (including liquid transportation 
fuels), bio-energy produces less GHG emissions than fossil fuels.  

 The use of biomass for power generation and transportation has become a more common practice 
over the past few years. The vast majority of the biomass used is waste material. There is still considerable 
potential, however, to reduce carbon dioxide emissions by producing biomass specifically for the purpose 
of fuel (e.g. for electricity generation). These practices are being explored in many EC countries and are 
discussed further under Section 3.4. 

 The production of dedicated biomass could be used advantageously both by the energy sector, as 
a substitute for fossil fuel, and by the agricultural sector, for which it could substitute or complement the 
production of food crops as a source of revenue. Of course, to be useful in an environmental sense, 
cultivation of dedicated biomass crops need to be carried out in an environmentally friendly manner.10 A 
number of OECD countries, including Australia, Austria, Canada, Czech Republic, Denmark, Finland, 
France, Greece, Ireland, Korea, the Netherlands, Poland, Portugal, Sweden, Switzerland, the UK, and 
the US, have been promoting the use of biomass as an alternative to fossil fuel production, and some 
recognise this as part of their national greenhouse gas mitigation strategies (e.g. Australia and Austria). An 
initiative in the Netherlands uses produced wood for the combined production of electricity and heating 
and in Denmark community size biogas plants have been built to produce electricity and heat for villages. 
In 1997, 19% of the total energy used in Finland was produced by biomass, mainly wood.  

 In some situations, the use of biomass involves the cultivation of oil-seed crops for the 
production of bio-diesel or ethanol. This practice is used in a number of OECD Member countries, 
including Austria, Canada, France, Italy, Poland, and Spain. For example, in Austria, cultivating oil seed 
crops for biogenic fuels that substitute for fossil fuels has an estimated CO2 reduction possibility of 0.3 
million tons CO2/ year. In Italy, bio-diesel is produced from oil-seed crops, bio-ethanol is produced from 
starch or sugar crops, bioelectricity from residual biomass and cultivated biomass and biogas is produced 
through anerobic digestion from livestock effluents.  

 A related use of biomass is through the use of the methane obtained from manure management 
systems. Among others, Portugal, Switzerland, and the US, have facilities where the methane from 
manure is burned as a substitute for fossil fuels. In some countries, special programmes are in place to 
ensure farms have the appropriate equipment to capture the methane from manure management. (e.g. US).  

 Based on UNFCCC National Communications, many other countries are also applying these 
practices, including an increase in the cultivation of crops specifically for energy purposes (e.g. Sweden) or 
the production of biodiesel (e.g. Italy).  

Practice 18:  Reducing fossil fuel use in agricultural production and encouraging the use of renewable 
energy (CO2, CH4) 

 Reducing fossil fuel use in agricultural production can be achieved both through a reduction in 
energy use or by switching to non-fossil fuels. A number of OECD countries are encouraging such a 
transition, including Canada, France, Korea, the Netherlands, Portugal, Switzerland, and the UK. In 
some countries, improved energy efficiency is encouraged and subsidised (e.g. insulation of farm buildings 
in Canada), while other approaches include a reduced use of fertilisers and pesticides which incur fossil 
fuel use both through their production and application (e.g. Korea), or the creation of new technologies, 
such as the potential to dry hay by means of solar panels (e.g. Switzerland).  

                                                      
10.  See also OECD (2000b). 
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 According to UNFCCC National Communications, other countries are also finding opportunities 
for increasing energy efficiency on farms, sometimes through the use of renewable energy sources (e.g. 
Finland, France, and Japan).  

Research 

 A number of OECD countries have been promoting the use of biomass as an alternative to fossil 
fuel production and research is continuing into bio-fuels, including in Japan and Finland. In the US, this 
includes research on biomass production methods and conversion technologies as well as incentives to 
accelerate commercial investment.  
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3. POLICIES WHICH ENCOURAGE AGRICULTURAL PRACTICES CONDUCIVE TO 
GHG REDUCTIONS 

 Agricultural practices which are conducive to GHG emission reductions are encouraged by many 
different types of policies in OECD Member countries. The main types of policies which affect GHG 
emissions from agriculture are: 

•  fees, charges and environmental taxes; 

•  reform or removal of adverse incentives;  

•  standards and requirements;  

•  public financing and environmental payments;  

•  information provision and recommendations; and 

•  institution building, capacity building and stakeholder involvement 

This section presents experiences in OECD countries with the use of policies which encourage 
agricultural practices that lead to reduced GHG emissions. The information is grouped by the type of 
instrument in use and its main impact on agricultural production, namely: livestock production, 
manure/fertiliser management and use, crop production or energy issues.  

 Many of the policies in place in OECD countries which lead to reduced GHG emissions from 
agriculture have been introduced for other purposes, with the GHG emission reductions simply an ancillary 
benefit. For example, there are many policies in place in OECD Member countries which affect manure 
and fertiliser treatment and use, and effectively reduce GHG emissions, but most of these were put in place 
to control other effects such as odour and water safety. Similarly, a number of OECD countries reported 
reduced livestock numbers in recent years, but most attributed these to changes in the economic and social 
situation, rather than deliberate policies to reduce GHG emissions.  

3.1  Fees, charges, environmental taxes 

Policies specific to manure/fertiliser treatment and use 

 One way of reducing fertiliser use is to apply taxes on farm-level fertiliser use. In Italy, the 1997 
Document for Economic and Financial Planning (DPEF) harmonised VAT rates with those currently 
existing in the EU and raised the rate for fertilisers from 4 to 10%.11 Fertiliser taxes are also used in the 

                                                      
11. Italy, Second National Communication to the UNFCCC, 1997  
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Swedish programme to reduce nutrient leakage from agriculture. A tax on the excess use of nitrogen in 
agriculture is in the planning stage in France.   

Policies specific to energy 

 While no specific economic instruments are in use in Switzerland at the moment for reducing 
fossil fuel use in agriculture, there is a possibility that a tax on energy use or CO2 emissions may be levied 
as part of future energy policy. Other European countries have been introducing or discussing the possible 
introduction of energy taxes as well, though typically selected energy users (particularly farmers and large 
industries) are exempt from these taxes. 

3.2  Reform or removal of adverse incentives 

 A number of agricultural support measures may indirectly encourage increased agricultural 
emissions of GHGs, for example through encouraging increased livestock production or supporting the use 
of nitrogenous fertiliser inputs, etc. As such, the reform of these subsidies (to de-couple them from 
production or input use) or their removal can help to reduce agricultural GHG emissions. 

Policies specific to livestock production 

 In a number of OECD Member countries, milk quotas have been put in place to limit milk 
production. These production controls effectively counter the incentives to increase milk production which 
arise from market price support schemes in place in those countries. These quotas, along with trends 
towards increased milk production per milking cow, has led to net decreases in livestock populations.    

 The policies and measures that have reduced methane and nitrous oxide emissions from 
agricultural sources in New Zealand include the removal of agricultural production subsidies. This policy 
has resulted in decreased total livestock numbers in that country.12 

Policies specific to manure/fertiliser treatment and use 

 The Swiss Federal Law of Agriculture was revised in 1992 to introduce a legal basis for product-
independent direct payments whereby financial compensation is granted for agricultural services which are 
of public interest. This has led to more sustainable practices (including reduced use of fertilisers) in the 
agriculture sector.13 In Ireland, a reduction in N2O emissions based on reduced fertiliser use will be 
supplemented by a number of measures, including adjustments to the requirements of support schemes. In 
New Zealand’s Second National Communication to the UNFCCC, the removal of subsidies as a means of 
encouraging efficient production and of removing incentives to use excessive amounts of fertilisers is 
mentioned. 

                                                      
12. New Zealand, Second National Communication to the UNFCCC, 1997 

13. Switzerland, Second National Communication to the UNFCCC, 1997 
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3.3  Standards and requirements 

Policies specific to livestock production 

 In some OECD Member countries, standards and requirements have been put in place to ensure 
the practices described in Section 2 are put in place. In Portugal, the government is considering setting up 
a quality control (“appellation of origin”) system which would apply to local breeds of cattle. It would help 
in determining the best use of local resources to develop the most efficient diet (and any needed additives) 
for ruminants to achieve an improved nutritional balance and increased productivity, even in extensive 
rearing settings, a means of reducing methane emissions.  

 In Switzerland, stocking densities are controlled by setting their limit to 3 cattle manure units per 
hectare14. The number of animals per hectare is also limited across Sweden.15  

 While increasing animal productivity through antibitotics, hormones or biotechnology can lead to 
reduced GHG emissions, a number of countries have put in place laws which restrict their use. Indeed, in 
Switzerland, animals can not be given antibiotics or hormones unless they are sick, so animal productivity 
increases can only be realised by means of natural selection and cross-breeding trials, with the main 
objective being to optimise yields.  

Policies specific to manure/fertiliser treatment and use 

 In a number of OECD Member countries, regulations are in place to specify technical 
requirements for the storing and spreading of manure. Thus, in Sweden, legislation is in place concerning 
manure management systems, primarily incorporated in the environmental code and in the law regulating 
the taxation of fertilisers. Legislation in the south of Sweden regulates the covering of slurry and urine 
storage tanks in order to minimise the evaporation of ammonia from the tanks, as well as legislation 
regarding the immediate incorporation of manure after spreading it in the field. The Swedish ordinance 
(1998:915) on environmental concerns in agriculture and the Swedish Board of Agriculture regulation 
(1999:79) on environmental concerns in agriculture require 8-10 months storage capacity for manure in 
certain regions and bans manure spreading during December-February in the whole country. Manure 
spreading in southern Sweden and in the coastal zone from the Norwegian border up to and including the 
Stockholm archipelago is also restricted during August-November.16  

 Under the EC Nitrates Directive, a 1998 measure implemented to protect vulnerable drinking 
water sources and waters at risk of eutrophication regulates the application of fertilisers and organic 
matters, and the timing of their application, in nitrogen vulnerable zones. In the UK, 60 nitrogen vulnerable 
zones have already been designated, covering 68 000 ha of agricultural land. In 1997, Portugal adopted a 
“Good Agricultural Practices Code” as part of a law aimed at the protection of water sources from nitrate 
leaching. The recommendations it contains are mandatory in areas designated as “vulnerable zones” and 
voluntary in the rest of the country. This code includes guidelines for the storing and handling of effluents 
from animal exploitations. In this Code, the sustainable use of mineral and organic nitrogen is encouraged 
for fall/winter and spring/summer crops, as well as for permanent crops. Similarly, in Italy the Code of 
Good Agricultural Practice (GCAP) is mandatory in areas vulnerable to nitrates from agricultural sources.  

                                                      
14. Switzerland, Second National Communication to the UNFCCC, 1997. 

15. Sweden, Second National Communication to the UNFCCC, 1997. 

16. Sweden, Second National Communication to the UNFCCC, 1997.  
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 Finland has a range of policies that encourage better fertiliser and manure management. Some of 
the specific provisions include forbidding the spreading of manure on frozen land or snow, discouraging 
and limiting the spreading of manure in autumn, requiring 5-yearly manure nitrogen content analyses, 
regulating manure storage, indicating when and where manure should be used, etc. Similarly, there are a 
number of regulations in Finland that govern the use of fertilisers and nitrate leaching. In particular, the 
Nitrate Directive established in April 1998 requires comprehensive calculations of soil nitrogen 
requirements before application; the recording of the amounts of nitrogen used and the yield amounts; and 
specifies the maximum allowable amounts of nitrogen application according to crop type.  

 In Poland, the Polish Code of Good Farming Practice obliges farmers to mix organic fertilisers 
with the soil as soon as possible after it is spread on the field. Recommendations are also given for the 
weather conditions that should be present when using fertilisers, in order to minimise nitrogen losses as 
much as possible. The Netherlands also has a policy in place to reduce the use of animal manure, 
specifying times of use, storage, and injection techniques. 

 In Austria, an environmental programme in agriculture (ÖPUL) was established in 1995, with 
one of the main objectives being a reduction in nitrogen fertiliser and manure input on arable lands and 
grasslands. As a result of this programme, no mineral nitrogen fertilisers are used at all on 21.6% of 
agricultural lands (not including mountain areas), the nitrogen input is limited to cereal production on 
17.5% of arable lands, and on 48.5% of the vegetable production area nitrogen application depends on 
plant requirements, including as determined by soil testing. Furthermore, under the Water Act, the nitrogen 
input from fertilisers and manure is restricted to 175 kg/ha on arable land and 210 kg/ha on grassland. As a 
result of the incentives embodied in the environmental programme, real nitrogen input has effectively 
stabilised at about 100 kg/ha on agricultural land (not including mountain areas). 

 In Denmark, several measures have been taken to improve the handling and utilisation of animal 
fertiliser and to decrease the total nitrogen input to the soil. The measures include compulsory crop rotation 
and fertilisation planning at each farm, limits on the amount of animal fertiliser applied per hectare and 
improved utilisation of its nitrogen content. Nitrogen requirement norms for the different crops have been 
defined and the total application of nitrogen is not allowed to exceed the calculated requirement based on 
these norms. France is planning to introduce a voluntary certification programme for farmers applying 
good practices in their production.   

Policies specific to crop production 

 There is a range of standards and requirements relating to crop production that are enforced in 
OECD countries which affect the practices discussed in Section 2.3. Thus, in Turkey, under the Paddy 
Planting Act put in place in 1936 (Law no. 3039), intermittent irrigation must be used in paddy planting 
areas. A number of OECD countries (Austria, Denmark, the Netherlands, Switzerland, the UK, and some 
areas of Finland) ban crop residue burning, while others restrict it or advise against it (Japan, Korea, 
Sweden, Poland).  

 The protection of humic soils is promoted in France, Hungary, Japan, the Netherlands, and 
Poland as part of good agricultural practice to improve soil stability and structure, but also contributes to 
reduced N2O emissions. In Poland, the 1995 act concerning soil protection introduced many restrictions 
relating to transferring humic soil to non-agricultural and non-woodland uses, except for natural ecological 
applications. In Sweden, at most 50% of the land on a farm is allowed to be bare fallow, except in Skånes 
län and Hallands län where only 40% can be bare fallow. The Swedish regulations governing arable lands 
and set-aside also include rules about the use of crop residue on set-aside. Since 1990, there has been a 
systematic increase in the area of land excluded from production (set-aside) in Poland, for which farmers 
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do not benefit from any grants. In France, 25% of marshes and peat bogs of national interest are protected, 
and in some situations fallow land is not allowed to be left bare. 

 The majority of forests in Denmark are reserved for multiple use forestry and are protected 
against deforestation by the Forest Act (revised in May 1996). In Greece and Portugal, there has been an 
acceleration of the reforestation programmes as well as afforestation of agricultural lands. In Portugal, 
national forest programmes encourage the natural regeneration of forested areas. 

Policies specific to energy 

 In Denmark, the growth of non-food crops is encouraged and these can be used for biofuels as an 
alternative to fossil fuels. The Danish Government’s Action Plan for Waste and Recycling aims to 
incinerate all combustible waste which is not recycled, and which does not present particular incineration 
problems, with use being made of the energy produced. Landfilling of combustible waste has also been 
prohibited in Denmark from January 1997 in order to reduce landfill gas emissions (CH4). In Italy, the 
National Program for the Valorization of Agricultural and Forestry Biomasses aims to reduce CO2 
emissions through the production of biodiesel from oil-seed crops, the production of bioethanol from starch 
or sugar crops, the production of bioelectricity from residual biomass and cultivated biomass, and the 
production of biogas from different types of effluents.  

3.4  Public financing and environmental payments  

Policies specific to manure/fertiliser treatment and use 

 In Finland, the General Agricultural Environment Protection Scheme (GAEPS) and the 
Supplementary Protection Scheme reinforce the improved use of fertilisers by offering aid partly on the 
basis of compliance with the fertiliser management programme. In 1995-1999, about 90% of Finnish farms 
participated in the GAEPS. 

 In Greece, the best agricultural practices (BAP) code encourages the reduced and improved use 
of fertilisers. There are also subsidised programs which encourage voluntary action by farmers to reduce 
and improve their fertiliser use. Other regulations in Greece affect nitrate leaching, such as Regulation 
(EEC) No. 2078/92, a pilot program which aims to reduce groundwater nitrate pollution and which affects 
25 000 Ha in Thessaly (one of the most intensively cultivated areas in Greece). Under this regulation, 
20 000 Ha are subsidised for the introduction of organic farming, through which nitrate leaching is reduced 
and which encourages the use of nitrogen-fixing crops. Farmers receive subsidies for growing some 
legumes and their cultivation is increasing. This Regulation is also used in the long-term protection of 
20 000 of agricultural land where no fertilisation or grazing is allowed. This latter program affects all 
farmers, and most specifically those near sites of the Natura 2000 Network.  

 In Korea, sawdust-based livestock barns, and composting through aerobic processes, are 
recommended practices. An anaerobic storage system for slurry is used for methane production. Funding 
and subsidies from the government were provided to 4 980 animal waste processing facilities in 1999. 
Under the Sustainable Management Fund (SMF) established in New Zealand in 1995, over NZ$ 1.5 
million was allocated to waste management projects in 1996/97, including dairy shed wastewater treatment 
and effluent management projects.17  

                                                      
17. New Zealand, Second National Communication to the UNFCCC, 1997. 
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 In Switzerland, one of the key requirements for obtaining direct payments for environmental 
services in agriculture is balanced manure usage. Soil analysis is carried out on farms on a regular basis, 
and should help to ensure that farmers fertilise their fields in an optimal manner. Farmers must not put 
back into the soil more nitrogen than is lost in the previous growing period. The Swedish programme to 
reduce nutrient leakage from agriculture also provides financial aid for environmentally friendly 
management. In Ireland, state grants are available to assist farmers to provide appropriate storage 
facilities.18 Similarly, in France, the government can help farmers with a series of investments at the farm 
level in order to increase storage of animal waste (of around +30 to +50%) to better manage spreading. The 
UK’s MAFF provides support for capital investments in manure storage facilities within nitrogen 
vulnerable zones through a targeted Farm Waste Management Grant Scheme, up to 25% of the total cost, 
with this figure set to increase to 40% in the future.   

Policies specific to crop production 

 Under the set-aside measures of the EC agri-environmental programme, a number of European 
countries are taking a percentage of their fields out of production in exchange for payments (land set-
aside), which in fact reduces tillage. In Greece, approximately 500 000 Ha are set-aside under the EU 
Common Market Organisation scheme, and about 20 000 under the EC agri-environmental scheme. In 
Finland, payments for land under bare fallow are limited to less favourable areas, Common Agricultural 
Policy (CAP) based premiums, and aid for young farmers. The GAEPS premiums referred to above are not 
paid for land under bare fallow. Under the Swedish agri-environmental programme, cultivation of cash 
crops during the period 1 August to 15 February in Sweden is eligible for a payment of SKR 900. There is 
also a promotion of cash crops for crop residue generation. In France, financial assistance is available to 
encourage natural regeneration on fallow land to provide faunal habitat.  

 According to the Law on Agriculture in Switzerland, soil protection is an essential prerequisite 
for the granting of direct payments. A special mulching index is applied with the objective of preventing 
erosion by wind, water, or mechanical removal. The residue that remains in place has the additional effect 
of fixing carbon, although this is not the objective of this practice. Environmentally friendly production 
methods, such as organic farming, are supported economically in order to increase the application of 
ecological principles in agriculture.19  

 The US Conservation Reserve Program takes cropland out of production and allows farmers to 
plant grasses and trees. The Program provides annual payments for conservation set asides, with 1.4 
million Ha of afforestation having taken place in the US under the CRP. The Stewardship Incentives 
Program also provides cost-sharing for afforestation actions Cross compliance provisions of US 
agricultural policy serve to protect highly erodible lands, by linking their protection to eligibility for other 
farm payments.  

 According to the latest revision (1996) of the Forest Act in Denmark, new and improved 
incentive structures will be put in place to promote private afforestation on agricultural lands. It is 
estimated that these new incentives will ensure a rate of afforestation sufficient to meet the Danish 
Parliament’s decision to double the forest area over the next 80-100 years. Achievement of this objective 
necessitates an afforestation rate of 40 km2 per year through public and private initiatives.20 Finland is not 
implementing new measures concerning afforestation of arable land in the period 2000-2006, but the 

                                                      
18. Ireland, Second National Communication to the UNFCCC, 1997.  

19. Switzerland, Second National Communication on Climate Change 

20  Denmark, Second National Communication on Climate Change. 
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undertakings given in the previous programming period will remain effective until the end of the 
commitment. 

Policies specific to energy 

 All EU member states have the option of cultivating biomass for energy use on set-aside land 
(EC regulation 1586/97). Similarly, the board of agriculture in Sweden is responsible for set aside 
regulations for non-food use under EEC 1586/97. There is also financial aid provided in Sweden for 
planting short rotation forests for energy purposes. 

 In the Netherlands, there is a general policy directed towards increasing energy efficiency in all 
economic sectors, but especially with regard to horticultural production under glass. Under this 
programme, subsidies are offered and convenants between the government and the respective sectors are 
negotiated with legally binding instruments to encourage energy saving or more efficient energy use. The 
Power Shift scheme in the UK provides grants of up to £600 to convert vehicles to gas power, although this 
is a general scheme not targeted specifically at farmers. In Canada the prices of energy efficient equipment 
have been subsidised at times. 

 In Denmark, existing policies have secured the construction of 20 large community size biogas 
plants that produce electricity and heat for villages or towns, thereby simultaneously reducing CH4 
emissions and emissions from fossil fuel. 

 In Austria, the government supports the construction of biogas fermentation plant equipment 
because biogas reactors are efficient techniques for reducing methane from manure. Co-fermentation of 
manure, slurry, and other organic waste is a more common practice because of the higher efficiency. The 
main purpose of these practices is not to reduce GHG emissions, however, but to reuse waste in an orderly 
way and to gain additional income from the production of electric power through biogas plants. There are 
currently about 80 biogas facilities managed by farmers in Austria, although it is estimated that there will 
be only 500 facilities in 5-10 years if electricity prices continue to be low.21 It is believed that more biogas 
facilities might be developed if the energy they produce could be classified as “green electricity”. 

 Australia supports a number of grants programmes22 for renewable energy. While these are not 
specifically geared towards biomass production for fuels, they can include bio-fuels. The production of 
biofuels in Italy is encouraged through the use of incentives, such as total relief of excise duty within an 
annual production of 120 000 tonnes23. 

 Many of the necessary structures are already in place in Austria for the extensive use of bio-
diesel from oil-seed crops, especially from rape. Agricultural subsidies are necessary for encouraging the 
extension of rape cultivation. In Greece, support for the utilisation of agricultural by-products and for the 
promotion of energy plantations is scheduled to be implemented in the next regional development plan 

                                                      
21.  An Austrian study on fermentable materials estimated that there is a potential for 10 000 biogas plants. 

22  These programmes are the AUS$ 10 million Renewable Energy Showcase Program which supports and 
promotes a few leading edge and strategically important renewable energy projects; the Renewable Energy 
Commercialisation Program, a 5 year AUS$ 30 million competitive grants programme, that supports the 
demonstration and commercialisation of innovative renewable energy equipment, technologies, systems 
and processes, thus fostering the development of the Australian renewable energy industry; and the 
Renewable Energy Equity Fund which provides venture capital for small innovative renewable energy 
companies. 

23  Italy, Second National Communication to the UNFCCC, 1997. 
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(2000-2006) with a total budget of 10 million EURO. The US has a co-ordinated effort to increase the use 
of bio-based products and bio-energy. This effort includes incentives to accelerate commercial investment.  

3.5  Information provision and recommendations 

Policies specific to livestock production 

 In some OECD countries, infrastructure is in place to provide information and capacity building 
to farmers. Agriculture and Agri-Food Canada (AAFC) have encouraged practices to reduce digestion 
time (see Practice 1) through research activities, information provision, provision of scientific and 
administrative expertise, and workshop funding. In Italy, farmers can call upon the Regional Services for 
Technical Assistance or make use of the results of research carried out and co-ordinated by the Public 
Administration to assist them in deriving the correct diet for their animals.  

 In Portugal, determining the best use of local resources to develop the most efficient diet (and 
any needed additives) for ruminants has been deemed a priority to achieve an improved nutritional balance 
and an increased productivity, even in extensive rearing settings. This is particularly targeted at farmers 
raising local breeds of cattle and may be associated with a quality control system (labelling/ certification). 
This effort involves determining the nutritional value of local and regional grazing resources as well as the 
nutritional needs of those local breeds. When information is provided to consumers, changes in consumer 
preferences can lead to changes in agricultural practices.  

 In Hungary, it seems unlikely that further methane reductions will be possible by increasing 
animal productivity through antibiotics, hormones, or biotechnology. While antibiotics and hormones are 
currently used extensively in Hungary, it is believed that their use will decrease in the future as bio-
production and eco-labelling gain in importance. 

Policies specific to manure/fertiliser treatment and use 

 Canada encourages avoiding manure landfilling, as manure decomposition in landfills is usually 
oxygen-starved so large amounts of methane can be emitted. Agriculture and Agri-Food Canada (AAFC) 
has promoted the use of manure to fertilise soils rather than its disposal. In response to the limited manure 
storage capacity on many farms in Nova Scotia, the Nova Scotia Department of Agriculture and Marketing 
(NSDAM) is also promoting the timely application of manure to fields to limit its storage time. AAFC and 
the NSDAM in Nova Scotia promote nutrient management plans for Canadian farmers. The AAFC 
provides a range of funding and information dissemination activities to encourage these practices. 

 In France, advice on manure storage practices is disseminated through various national institutes 
and departments. Improving manure management is also important in Japan and is supported by a 
programme for encouraging the construction of appropriate facilities to treat manure to reduce methane 
emissions. Farmers are recommended to apply the most advanced technologies. The Project for Promoting 
the Application of Slow-Release Fertilizer, which is intended to reduce the work force of fertilisation, had 
been implemented in 29 districts in 13 prefectures as of fiscal year 1995.24  

 Agricultural production in Switzerland is generally becoming more sustainable, with 
programmes emphasising the extensification of farming, open air livestock rearing, and loose stabling. 

                                                      
24. Japan, Second National Communication to the UNFCCC, 1997. 
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Efforts are also underway to optimise the input of nitrogen fertilisers. In co-operation with advisory 
centres, farms draw up a manure application plan which gives crops the nutrients they need and stops 
nutrient leaching. Sweden also has a programme to reduce nutrient leakage from agriculture. The 
programme employs various policy instruments, including advisory services.  

 The Australian Fertiliser Services Association (a private body that represents parties involved in 
all aspects of fertiliser production and use) has developed a Code of Practice and accreditation programme 
which includes a component on fertiliser spreading. Similarly, the New Zealand fertiliser industry is 
currently preparing a Code of Good Practice for the use of fertilisers which will guide users in their 
efficient use.25  

 In Portugal, while few N2O fertilisers are used, some intensive crops, such as corn and intensive 
horticulture, use excessive quantities of nitrates. Actions are in place to raise farmer awareness so that they 
can reduce their consumption. In Italy, other measures to reduce fertiliser use are accompanied by a 
continuous information campaign for rational use.26 Korea promotes the use of nitrogen-fixing crops with 
the purpose of reducing chemical inputs. Soil testing before fertilisation is also strongly encouraged in 
Korea, including by local agricultural extension programmes, and by provincial and national agricultural 
research institutes. The use of slow release fertiliser and split application is now being encouraged. In 
Austria, different practices are encouraged in different regions and depending on the farm structure. 

 In the UK, measures to improve fertiliser use include advice and the publication of advisory 
literature, such as the RB209 Fertiliser Recommendations Manual on matching fertiliser use to crop 
requirement and a manual on “Opportunities for Saving Money by Reducing Waste on Our Farm”, which 
addresses inappropriate fertiliser use amongst other concerns. The RB209 manual was updated in 2000 to 
include more information, notably advice on manure applications. MAFF are funding a series of farmer 
roadshows to publicise the new information and stress the importance of matching fertiliser application to 
crop requirements. 

 The US Department of Agriculture is conducting research, implementing demonstration projects, 
and undertaking outreach efforts to improve the efficiency of fertiliser management. The programme is 
exploring alternative nitrogen management systems for corn, cotton, potatoes, and rice. 

 In Poland, practices aimed at reducing nitrogen losses during litter storage and when it is on 
fields are being introduced and promoted. For example, the ‘Act concerning fertilisers and fertilisation’ 
under preparation in 2000, recommends equipping farms with appropriate dunging gutters. Computerised 
fertiliser advisory systems in Poland (the NAW-1, and, later, the NAW-2) set fertiliser quantities on the 
basis of: anticipated yields, organic fertilisers, crop-rotation, winter weather, the species selected and the 
agrotechnical methods used.  

Policies specific to crop production 

 In Korea, programmes are in place to disseminate information on the importance of water 
management for methane emission reduction through technical training and extension services. 
Information on the importance of reducing rice straw residue for methane emission reduction is 
disseminated to farmers in a similar manner. Intermittent flooding is also recognised as a useful practice 
for reducing methane emissions, and this practice is recommended in 91% of Korea’s rice fields. It is 

                                                      
25. New Zealand, Second National Communication to the UNFCCC, 1997. 

26. Italy, National Communication to the UNFCCC, 1997. 
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strongly recommended that farmers do not apply rice straw in poorly-drained rice fields (9% of rice fields) 
and those with no water management, but to instead use chemical fertilisers.  

 In the US, the Environmental Quality Incentives Program and conservation technical assistance 
provides farmers with incentives and technical guidance to implement conservation tillage, plant cover 
crops, improve nutrient management, and install vegetated buffers such as windbreaks and grass 
waterways.  

 In Spain, there are frequent information campaigns to diminish, as much as possible, the burning 
of crop residue.27 In Portugal, farmers are strongly encouraged to incorporate crop residue with a high C/N 
ratio into the soil. It is recommended that this occur in the fall so that micro-organisms in the soil can then 
use some of the nitrates and reduce its leaching into the groundwater. Crop residue with a low C/N ratio is 
only tilled into the soil if it is rapidly followed by the sowing of a crop capable of taking advantage of the 
nitrates produced by the residue decomposition. The use of N-fixing crops and intercropping is encouraged 
in France through various development organisations, while acknowledging the risk of an increased 
incidence of pests and weeds. 

 Australia’s National Greenhouse Strategy also identifies reduced tillage as part of a measure to 
promote the consideration of greenhouse issues in agricultural management practices. Policy and 
legislation aiming to reduce the risk and incidence of wind and water erosion have been significant in 
reducing tillage. The practice of increasing carbon sinks by increasing organic matter levels in soils 
currently used for cropping, and by changing land use to permanent pasture of perennial woody species 
culture, is also being encouraged. Other programmes also promote this practice, notably those encouraging 
revegetation, or addressing salinity management.  

 The use of conservation tillage has increased in recent years in Canada. AAFC has promoted the 
adoption of conservation tillage and other practices which use crop residue as soil cover though 
information dissemination and outreach programmes. In Nova Scotia, the NSDAM has been implementing 
a large extension effort to promote reduced tillage systems. The NSDAM also promotes the benefits of 
increasing crop residue on the land and reducing the amount of bare fallow land. Preventing the use of 
previously untilled soils for arable farming is estimated to reduce the loss of up to 40% of soil carbon in 
Canada.  

 In Switzerland, integrated production programmes are aimed at minimising the use of the soil, 
with the required environmental services including elements that help reduce soil erosion. Currently, 
advisory services to farmers are devoting substantial attention to this issue.  

 In Greece and Portugal, there has been an acceleration of the reforestation programme as well as 
afforestation of agricultural lands. In Portugal, national forest programmes encourage the natural 
regeneration of forested areas. 

Policies specific to energy 

 The Austrian Second National Climate Report lists both the cultivation of oil-seed crops and the 
utilisation of energy derived from surplus straw as measures in the country’s GHG reduction strategy. In 
addition to the financial support given for the construction of biogas plants by the Federal Ministry of 
Agriculture and Forestry, OEKL (Austrian Association for agricultural engineering and landscape) has 
prepared some leaflets and guidelines for the installation of the facilities. In Australia, manure 

                                                      
27. Spain, Second National Communication to the UNFCCC, 1997. 
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management and the use of biogas were identified in the country’s National Greenhouse Strategy as part of 
a measure to promote the consideration of greenhouse issues in agricultural management practices.  

 MAFF in the UK have published a manual on “Opportunities for Saving Money by Reducing 
Waste on Our Farm”, which addresses inappropriate fertiliser use, and ways of reducing on-farm energy 
consumption and packaging. In Canada, educational campaigns have been launched to educate Canadians 
about the benefits of energy efficiency, and demonstration projects on eco-efficient farms have been 
funded. Canada also produces bio-diesel (from oilseed crops) and ethanol (from cereal grains and crop 
residues and wastes) on a small scale. While bio-diesel is not sold commercially in Canada, it has been 
introduced in buses used for public transportation — a means of educating the public about the potential of 
biogas. 

 In other countries, the use of other agricultural practices may reduce fossil fuel use as well. For 
example, Korea has identified the reduced use of fertilisers (through use of soil testing) and pesticides 
(through use of integrated pest management) as reducing the total chemical application and the use of 
fossil fuels to achieve this application. 

3.6  Institution building, capacity building and stakeholder involvement 

Policies specific to livestock production 

 In the US, the Ruminant Livestock Efficiency Program, a collaborative effort between the US 
Department of Agriculture (USDA) and the Environmental Protection Agency (EPA) encourages livestock 
producers to increase the efficiency of their animals and reduce methane emissions by improving grazing 
management, providing strategic feed supplementation through the use of production-enhancing agents, 
improving genetic characteristics and reproduction and controlling disease.28 

Policies specific to crop production 

 In Canada, the AAFC’s Shelterbelt Program has been successful in distributing trees and shrubs 
to agricultural producers and Conservation Boards for planting on farms and in fields, for the creation of 
wildlife habitat and for agri-forestry initiatives. The Prairie Farm Rehabilitation Administration Shelterbelt 
Centre produces 29 hardy tree and shrub species and annually distributes over 5 million trees and shrubs to 
10 000 prairie clients for agroforestry. The trees and shrubs are distributed free of charge, but the 
applicants are responsible for transportation costs, and the planting and maintenance of the shelterbelts.  

 The Austrian environmental programme in agriculture (ÖPUL) promotes a number of practices 
to farmers, one of which is the enrichment of crop rotation practices, which promotes green manure 
cropping and cash crops to reduce bare fallow periods in autumn and winter. The main purpose of the 
activities are to stabilise or improve surface and groundwater quality. 

Policies specific to energy 

 While there is no governmental programme in place for the production of biomass to replace 
fossil fuels in Portugal, there is a Centre of Biomass for Energy, a private non-profit scientific research 

                                                      
28. US, Second National Communication to the UNFCCC, 1997 
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and technology transfer association. It aims to co-ordinate efforts, provide technical support and training, 
promote technology transfer and development, and conduct research for the improved use of biomass as a 
fossil fuel alternative. 

 Through the AgSTAR Program, a voluntary pollution-prevention programme launched in 1994 in 
the US, the EPA and the USDA are working with livestock producers to capture the methane released from 
manure management systems. The captured methane is an on-farm energy resource that can offset energy 
costs and leads to reduced GHG emissions from fossil fuels.29  

 In Austria a special programme is in place to calculate the economic effects of the investment 
into biogas plants. Local power plants using straw as fuel for room heating purposes have also been 
established, especially in Lower Austria. In Korea, technical assistance is provided for the production of 
methane from biomass for use as a fuel gas or electricity. In Poland, the Foundation for Assistance 
Programmes in Agriculture supports activities aimed at the wider use of straw fired boilers.30 

 

                                                      
29. US, Second National Communication to the UNFCCC, 1997. 

30. Poland, Second National Communication to the UNFCCC, 1998. 
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4. AGRICULTURAL PRACTICES TO REDUCE GHG EMISSIONS: ANALYSIS OF 
COSTS, BENEFITS AND TRADE-OFFS 

 The adoption of new agricultural practices will generally not be without costs – economic and 
other – as well as benefits. The practices and policies described above often involve trade-offs which have 
to be weighed in deciding on their implementation. In some situations, a given action may lead to 
reductions in emissions of more than one GHG, while, in other cases, emissions of one gas will decrease 
and another will increase [give an example]. There may be other environmental, social or economic costs 
or benefits involved [be more specific]. The costs and benefits may also be different at the local, national 
and global levels. For instance, the improvement in air quality which arises from reduced crop residue 
burning is a benefit which is incurred by inhabitants living within the area where the practice is applied, 
but global populations also benefit from the reduction in GHG emissions.  

 An evaluation of the full costs and benefits of adopting the practices described, and determining 
who bears the costs and who receives the benefits, can help determine the most appropriate and cost-
effective practices to be used. It can also facilitate the identification of whether additional incentives are 
needed to encourage the practices, and if so which policies might provide the most appropriate incentives. 
If a practice is found to generate significant benefits at the farm level (e.g. if it leads to increased farm 
income or reduced expenditures), then no additional incentives – except perhaps information provision or 
training – may be needed to encourage its use. Where the benefits are primarily global (e.g. a reduction in 
GHG emissions), on the other hand, it may be in the nation’s interest to set up specific policies which 
encourage that practice. 

 In some countries, local studies have begun to identify both the costs of and barriers to 
implementing some of the GHG mitigation practices examined here. Currently, however, there is a deficit 
of information regarding costs and benefits, both in terms of those that accrue to the individual farmer 
through adopting a given practice and those to the national economy or globally.31 As such, the research 
that has been conducted to date is particularly important, but it needs to be expanded and the results 
consolidated for international comparisons. This Section contains a discussion of the types of information 
that would be necessary for a thorough cost-benefit analysis, and then provides a qualitative evaluation of 
the current understanding of some of the trade-offs and benefits associated with the practices presented in 
Section 2.  

4.1 Cost-benefit analysis: what would be needed? 

 The information required for a cost-benefit analysis of adopting one of the agricultural practices 
described above for reducing GHG emissions includes: details on the financial costs incurred in 

                                                      
31  National costs include more than the simple sum of the individual farm-level costs of adopting greenhouse 

gas emission-reducing practices. National benefits include contributing to the fulfilment of the Kyoto 
commitment, while global benefits include reducing global warming impacts through greenhouse gas 
emissions. In addition, the adoption of new practices can lead to structural changes whose consequences 
are difficult to predict. The adoption of practices can have health or non-GHG environmental impacts, 
relative price changes can lead to changes in the distribution of farm incomes, etc.  
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implementing the practice; any trade-offs which might occur as a result of the practice; and an evaluation 
of the ancillary benefits generated. Such information can be used to judge what practices will achieve the 
most GHG emission reduction for the least cost, and hence which ones should be prioritised under 
government policies. Of course, the costs or local benefits of a given practice may vary both within a 
country and between countries, as the fixed and variable capital (equipment, chemical inputs, etc.) costs 
associated with the practice may vary. Included in the calculation of direct costs or benefits should be any 
support grants or assistance offered by the government, and any penalties applied for not adopting the 
practice (i.e. continuing to use conventional methods). 

 The following discussion briefly outlines the types of information which are, or – as is more 
frequently the case – are not, available for performing a thorough cost-benefit analysis of the agricultural 
practices discussed above. The first part of this section discusses the type of farm-level pecuniary cost data 
that might be calculated with currently available data, and provides some examples from the information 
included in the country responses to the Questionnaire. The second part discusses limitations using those 
calculations to build a national marginal cost curve to assess economy-wide costs and benefits. The third 
part presents additional issues that need to be considered in the practical estimation of such costs. 

Farm-level pecuniary cost data 

 As far as the individual farmer is concerned, it is necessary to calculate the costs of implementing 
the practice in direct financial terms as compared with not implementing it, and also to estimate any 
ancillary benefits or costs its implementation may impose. For example, utilising manure on farm as 
fertiliser may lead to both expenses and savings: expenses in the form of new manure application 
equipment, and savings in the form of reduced fertiliser costs and manure disposal expenses. For some 
practices, such as the use of feed enhancers or changes to fertiliser use, the direct costs of implementing the 
practice can be readily calculated. For others, the costs and benefits to the farm may be more difficult to 
calculate. 

 Additional factors complicate the assessment of the full costs of adoption beyond the incremental 
costs, such as the transition costs. The disruption of the normal patterns of production in adopting a new 
practice can be quite large. Transition costs for the system may include changes at the community, state, or 
federal levels, such as developing or enhancing outreach programmes. Subjective factors such as risk 
aversion can also play an important role, particularly in certain segments of the agricultural sector, and 
such a “cultural inertia factor” can be difficult to overcome.  

Limitations in using these calculations to build a national marginal cost curve 

 Given current information constraints, it is extremely difficult to calculate even simple marginal 
cost curves for individual farmers for the majority of the practices presented in Section 2. The result of the 
calculations suggested above for an individual farm could be applied across a large number of farms, thus 
facilitating an understanding of the average farm costs of adopting a practice or the possibility to aggregate 
costs across farms to aid in identifying cost-effective practices and appropriate policies to encourage them. 
However, there is often cost heterogeneity among producers. Farm management plans, the specific 
institutional and cultural context, as well as geographic and meteorological conditions vary between farms, 
thus different farms will often face different costs in adopting or switching to a given practice. Moreover, 
there is generally a range of modifications, with differing associated costs, which could be adopted by the 
individual producer within a practice type. The data collection necessary to perform cost-benefit analyses 
of these practices is further complicated by the fact that there may be significant local variations in GHG 
emissions, as seen by the variations in UNFCCC estimates for emission of GHGs from rice production and 
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animal production for different regions. Finally, farms with a lower cost of adoption for a given practice 
are most likely to change earlier than farms with a higher cost. This means that average farm-level costs of 
adopting a given practice are likely to rise over time.  

 In some cases, a portion of the necessary information to make such calculations is available, 
either on the physical effect of the practice on specific agricultural variables (e.g. Austria, Canada) or on 
the greenhouse gas mitigation potential of the practice (e.g. Korea), or on the direct financial costs of 
implementing the practice. However, it is only rarely that all of this information is available, and 
sufficiently accurate for a large enough number of farms, so that adequate calculations of the full costs of a 
practice can be established.  

 Some isolated examples of such calculations do exist, such as the current UK Ministry of 
Agriculture, Fisheries and Food project to construct cost curves for options to reduce agricultural methane 
and nitrous oxide. Such a calculation can also be found in Canada, where research indicates that the use of 
floating straw to cover large swine lagoons could save 3 600 Gg of CO2 at an approximate cost of $0.006 
per kg of CO2 reduced. Unfortunately, however, such estimates are the exception rather than the rule, and 
policy decisions regarding the use or encouragement of specific practices generally need to be taken 
without such an analysis. 

Additional issues for consideration in the estimation of such costs 

 Even where such estimations for farm-level costs and benefits can be undertaken, these will not 
cover the full impact of the changes associated with increased adoption of the practice. Thus, a significant 
issue at the national level is that the adoption of specific practices can lead to structural changes. They may 
affect the mix of agricultural outputs, the income distribution in the agricultural sector, or create new kinds 
of social costs and benefits. The adoption of a practice can also lead to modifications in the product as 
well, and/or the public perception of the product. Even when adoption of the practice at the farm level may 
be inexpensive, it may be expensive for a nation as a whole if its use is judged socially undesirable. For 
example, the addition of oils to livestock feed (see Practice 1) can increase productivity and thus the farmer 
can generate more profits. Society also benefits from the reduction in GHG emissions. However, in most 
countries, the alteration to the meat and the potential health risks to the consumer associated with this 
practice have been identified as social costs which overshadow any benefits, and so this practice is rarely 
applied.   

 There also remain important questions regarding the appropriateness of the data that is available 
for national-level policy analysis. The best available general data for considering the GHG reduction 
benefit of modifications in agricultural practices is the IPCC emission factor data. This data set provides 
detailed information on how modifications in activities change emission rates by emitting source unit. In 
considering the implications of modifying agricultural practices to reduce greenhouse gas emissions for the 
national economy, one would ideally hold agricultural output constant and have emission data on practice 
variations per unit of marketable output. While the IPCC data does provide information per emitting unit 
(e.g. per head of cattle) what is really needed for economic analysis is per unit product (e.g. per kilogram 
of grade A beef) by different production practices. Difficulties lie not so much in deriving the number of 
kilograms of beef per cow, but in taking into consideration the fact that both the quantity and quality of the 
product may change with a change in the production process. 

 Because of these issues, the economy-wide costs and benefits of the adoption of agricultural 
practices that reduce GHG emissions cannot, at the current time, be assessed in any comprehensive way. 
Thus, the discussion that follows is primarily qualitative. In order to gauge which practices will be most 
cost-effective in reducing GHG emissions, and what incentives will need to be provided to ensure the 
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adoption of such practices are profitable to farmers, further information on the costs of implementing 
practices, their potential ancillary costs and benefits, and their GHG emission reduction potential is needed. 
Further progress in this area is dependent on the dedication of additional resources for advancing 
knowledge of farm-level costs. 

4.2  Trade-offs and barriers 

Economic trade-offs 

 In the case of some of the practices presented in Section 2, their implementation has been 
hindered by the cost they represent to the farmer. In certain situations, this cost is high in the short term but 
will be amortised over the long term. In other situations, incentives may be necessary to encourage 
implementation. Market-based incentives can be used to make up price differences to farmers or activities 
can be regulated to ensure appropriate practices are applied. Some of the practices also represent economic 
trade-offs to society as a whole. It would be necessary to evaluate the extent of these costs in relation to the 
benefits attributed to the associated reduction in GHG emissions.  

 Most of the costs of implementing these practices, however, will be borne by the farmer and may 
be a strong disincentive to adopt the practice. For example, probiotics and other additives to improve 
digestibility are often not used because the costs of implementation for the farmer can be prohibitive. The 
use of the probiotics may be more expensive than the profits brought about by the associated increase in 
productivity, resulting in reduced farm income in the long term. Similarly, while farmers benefit 
financially if feed digestion time is decreased, the financial costs of some of the practices that can bring 
this about may act as a barrier to their adoption, as can the need to have extensive knowledge of grazing 
management strategies in order to implement such practices. One of the practices discussed as a means of 
improving digestibility is the decreasing of backgrounding. On the downside, however, this would require 
the cattle to be kept in feedlots rather than being put out to pasture, reducing the economic benefits of 
allowing cattle to eat forage.  

 In terms of manure management practices that can reduce GHG emissions, a project in the UK 
found that anaerobic digestion plants had to be managed carefully to generate, contain and utilise the 
methane, a process which was both time consuming and expensive. These operational difficulties, added to 
the potential methane leakage from the process if it is not managed closely, may limit the potential for this 
practice as a GHG abatement measure. 

 The improved use of fertilisers through a modification of manure spreading practices can also 
help to reduce GHG emissions, but may hold economic barriers for farmers, especially in the short term, as 
the equipment needed for manure application is often expensive. However, in the long term, reduced 
fertiliser purchase costs and reduced manure disposal expenses may offset these costs. While soil testing 
can also help to ensure more accurate manure and other fertiliser application, the additional equipment and 
time costs associated with this practice may not be fully compensated by the savings in fertiliser expenses 
realised through reduced application, particularly for crops that already require very little nitrogen.  

 Removing rice straw residue was also identified as a means of reducing GHG emissions, but 
some questionnaire responses pointed to potential economic incentives for leaving the rice straw stubble in 
the field. Climatic conditions in some areas allow for a second, or ratoon, rice crop. This second crop is 
produced from re-growth of the stubble left after the harvest of the first crop. Rice straw left over from the 
first harvest dramatically increases the rate of methane emission during the flooding period of the second 
crop, although the flooding period of the ratoon crop is usually shorter than that of the first crop. 
Consensus has not yet been reached on whether the methane reduction from the shorter flooding period is 
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greater or less than the increase in methane from rice straw decay during the ratoon crop (see also 
Environmental trade-offs below). Again, country specific conditions may lead to very different 
assessments of the net costs or benefits of such practices.  

 Reducing organic fertiliser use in rice fields can also help to reduce methane gas emissions. 
However, in many cases it may not be realistic to reduce the amount of organic matter applied to paddy 
fields because organic matter is the main (and the cheapest) source of nutrients for rice plants and soil 
conditioners in many areas. In such cases, composting organic matter may be the most viable option to 
optimise organic matter use while keeping methane emissions as low as possible. 

 Reducing crop residue burning can improve air quality and the reduce GHG emissions. It may, 
however, be hard to implement from a farmer’s perspective as it requires relatively sophisticated (and 
expensive) farm machinery technology for managing crop residues without burning them. The costs of 
collecting and burning the straw to the farmer may be greater than the benefits obtained to the farm from 
the energy generated. Similarly, while production and use of bio-diesel is a means of reducing GHG 
emissions, the cost of producing bio-diesel is much higher than that of producing conventional diesel. In 
addition to the relatively high cost of producing ethanol (compared with conventional gasoline), most 
vehicles can burn gasoline with only a maximum of 10% ethanol content, limiting the potential for 
reducing the price of bio-diesel through mass production. Finally, energy efficiency improvements are best 
viewed as long-term practices, but often their initial costs are prohibitive despite longer-term net benefits. 
They usually require the expensive (in the short-term) replacement or improvement of building or capital 
equipment – for example through the use of building insulation, floor insulation, vapour barriers, rodent 
control, heat recovery systems, fans, heat exchangers, or temperature and air controllers – while the 
benefits in cost savings from reduced energy use accrue over the longer term of their operational life.  

 A number of barriers to implementing low tillage practices to reduce GHG emissions have also 
been identified. These include perceptions of technical inadequacy of low tillage systems; costs of 
investing in more sophisticated equipment needed for low tillage practices; and some problems with pest 
and root disease management, particularly in the early stages of adoption. 

Environmental trade-offs 

 Some of the practices discussed may also have detrimental environmental effects. While the 
adoption of these practices may lead to reductions in the emissions of some GHGs, their environmental 
side-effects (including potential GHG emission trade-offs), should be considered in deciding whether to 
implement the practice. For example, reducing backgrounding of cattle may not only reduce the economic 
benefits of allowing cattle to eat forage, but it may also have a GHG emission trade-off, as grain 
production (a likely alternative use of the land) releases more N2O and CO2 emissions than does pasture.  

 Similarly, there is evidence that one of the manure management systems discussed, that of 
leaving stored liquid manure undisturbed so it can develop a crust as a natural barrier to releases of CH4 
emissions, may lead to increased N2O emissions. This is of potentially significant environmental 
consequence, given that nitrous oxide’s global warming potential is about 15 times greater than those of 
methane emissions. Another manure management system for reducing N2O emissions, daily spread of 
manure, can also lead to serious environmental problems. Indeed, it may force farmers spread manure on 
the land at times of the year when soils are unsuitable for traffic, there is no crop demand for N, and the 
risk of nitrate leaching is high which, in the end, could even lead to higher nitrous oxide emissions.  

 Reducing tillage on rice fields can also lead to negative effects on other GHG emissions. As 
mentioned above, it can cause the slow decomposition of rice straw, thus potentially increasing CH4 
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emissions. Similarly, reduced tillage on non-rice fields may lead to increased N2O emissions, off-setting in 
part the benefits from reduced CO2 emissions. 

 While reducing crop residue burning reduces GHG emissions, some of the reasons farmers 
continue to burn stubble include the difficulties they face in undertaking the mechanical seed bed and seed 
sowing activities if plant remnants remain from the previous season. Furthermore, leaving hard remnants 
under the soil surface can create unstable and coarse soil structure. While this may make some farming 
practices more difficult, it may hold other benefits in that it can increase the number of animals in the soil 
and aerate it. As an indication of just how complex these trade-offs are, this same potential benefit can also 
in fact be an environmental and economic drawback in some cases, as increased animals in the soil can 
mean more pests and therefore lead to increased pesticide use. 

Social trade-offs 

 While a number of the practices discussed may make economic and/or environmental sense, there 
are also social factors which may affect their applicability. This may be due to concerns on the part of the 
farmers, market changes, or consumer concerns. As farmers generally depend on sales of the goods they 
produce, they need to consider the manner in which their production processes and final products are 
viewed by society at large. One of the practices which may present a number of trade-offs, and which, as a 
result, has generated considerable debate, is the use of feed additives and Production Enhancing Agents 
(see Practices 1 and 2) as a means of improving feed digestibility and feed conversion efficiency. This 
practice leads to a reduction in GHG emissions, and is often also highly cost-effective to individual farmers 
since less feed is required for the same amount of final product. However, there are environmental and 
social trade-offs associated with such practices. As mentioned above, the use of edible oils has not been 
widespread as it may be detrimental to human health. Furthermore, rbST causes numerous health risks to 
cows (e.g. increased risks of mastitis, infertility, and lameness), and there has been extensive media 
coverage of the potential human health risks as well. 

 Similarly, some of the practices in Section 2 involve methods whose social costs may be deemed 
too high by consumers or citizens, and thus their use will not be economical to the farmer due to market 
demands. In some cases, these concerns may lead to regulations governing the use of the practices. For 
example, in Switzerland, animals can only be given antibiotics or hormones if they are sick, and so 
increasing their use in an effort to reduce GHG emissions is not possible. Changing the feed of beef cattle 
may impact on consumer demand for the beef, as it will produce a different quality beef. This can affect 
not only the market value of the product, but can also lead to changes in the structure of the beef market 
which in turn could have social, environmental and economic consequences. 

 Another social barrier is present within the farming community itself. In many cases, education 
and training of farmers will be necessary to highlight the economic, political and environmental benefits 
that can be brought about by the implementation of a new practice.  

4.3 Benefits  

 Certain practices discussed in Section 2 would lead to benefits beyond reductions in GHG 
emissions. Some of these benefits may be economic, as the practice might lead to on-farm cost savings, or 
environmental benefits, for example where controlling GHG emissions will also limit other harmful 
effects, e.g. offensive odours.  
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Economic benefits 

 A number of the practices mentioned are also economically efficient, either for the farmer or for 
the nation as a whole. [Such as - which practices, which gases, which agricultural sub-sectors? ]When the 
benefit is incurred directly by the farmer, then it may already be in the farmer’s interest that it be 
implemented.32 If, on the other hand, the economic benefit accrues at a national or global scale, then 
incentives will often have to be put in place for the farmer to adopt that practice. 

 A number of the practices presented in Section 2 are related to each other, and can jointly 
contribute to reductions in GHG emissions. For example, many of the practices that require improved or 
modified farm machinery can also contribute to a reduction in fossil fuel use where the new technologies 
are more fuel-efficient. Similarly, while the targeted application of manure to crop may require expensive 
equipment, these costs may be offset by reduced fertiliser purchase costs and reduced manure disposal 
expenses. Questionnaire responses indicate that in OECD countries this practice is already becoming more 
widespread as farmers realise the economic value of manure. Economic benefits may also be realised by 
society at large as lower production costs are reflected in lower costs to the consumers. 

Environmental benefits 

 Many of the policies in use regarding better manure management systems were originally put in 
place in OECD countries as a means of reducing odours, nutrient losses, and protecting water supplies. In 
many cases, the reduction in methane emissions from these systems is itself an ancillary benefit of a policy 
primarily designed to achieve these other environmental objectives. For example, the general greening of 
agriculture and increased animal protection in Switzerland have led to systems whereby livestock graze 
more extensively, with ancillary benefits of methane emission reductions resulting because manure is 
spread over a larger area. 

 A number of OECD countries actively promote reductions in the use of nitrogen fertilisers and 
their strategic use. In fact, in many countries controls have been put in place that effectively reduce N2O 
emissions from fertiliser use, but which were initiated for other reasons (e.g. reducing water pollution in 
riparian ecosystems). Other environmental programmes also encourage (albeit slightly inadvertently) some 
of the practices mentioned which can reduce GHG emissions from agriculture, notably those targeting 
revegetation, or salinity management programmes for which an outcome might be partial retirement of 
cropping land to perennials or permanent pasture. Extensive livestock rearing can also lead to ecosystem 
preservation and to reductions in fossil fuel use.  

4.4 Uncertainty 

 From this overview it is clear that there are a number of issues for which a fair amount of 
uncertainty remains. For a number of the practices described in Section 2, there are issues which are yet to 
be resolved. While in some cases it is a question of country specificity (what is possible in one country is 
not applicable across all regions), for most there is simply a need for further research. From the 
questionnaire responses, it is clear that the experts have conflicting views on the effects of some of the 
practices described, as well as which practices will generate the most GHG emission reductions. Thus, 
according to one of the questionnaire responses (Korea), the use of nitrogen-fixing crops as a means of 
mitigating nitrous oxide emissions may be counter productive as there is a possibility that these crops 

                                                      
32.  Even in such cases, information and training may be necessary to ensure farmers are aware of the potential 

reduction in GHG emissions and cost savings benefits. 
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actually emit nitrous oxide emissions. Similarly, while the IPCC designates solid manure storage as 
achieving much smaller methane producing potential than liquid storage (see Table 12), the Canadian 
questionnaire response questioned whether solid or liquid manure systems are in fact better at containing 
GHG emissions. Finally, while reduced tillage (Practice 14) was identified as a means of reducing GHG 
emissions, some countries (e.g. the Netherlands) are instead encouraging increased tillage and collecting 
the crop residue for burning as a means of producing biomass. It is not clear whether the GHG emissions 
saved from the use of biomass are greater than those incurred through increasing tillage. 
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ANNEX 1 
OECD QUESTIONNAIRE ON AGRICULTURAL PRACTICE TO REDUCE  

GREENHOUSE GAS EMISSIONS  
 

INTRODUCTION 

 Following the discussion of the paper "Agricultural Practices to Reduce Greenhouse Gas 
Emissions: Overview and Survey Instrument" [COM/ENV/EPOC/AGR/CA(98)149], presented at 
the Joint Working Party (JWP) on Agriculture and the Environment, 14-16 December 1998, the 
JWP requested further development of a process to collect information concerning agricultural 
practices to limit the emission of greenhouse gases. 
 
 In response to this request, the Secretariat commissioned the present questionnaire. 
 
 A variety of established agricultural practices exist which, if used more extensively, could 
potentially contribute to the reduction of greenhouse gases (GHG). These practices can be 
inexpensive to implement; some are virtually costless. Several of these practices are already 
actively encouraged by OECD Member countries, albeit mainly for other environmental reasons. 
In a few cases, these practices are already being encouraged for the purpose of reducing GHG 
emissions. Obviously, not all practices are equally relevant for all countries. 
 
 There is little consolidated information at the international level on the diffusion of these 
practices. Internationally consolidated data on the costs borne by agricultural producers in 
implementing the practices is likewise sparse. This greatly limits the scope for technical and 
economic evaluation of their potential to contribute to national strategies to lower GHG emissions. 
 
 As a result, this survey is intended not only to collect information on the variety and the 
extent of use of greenhouse gas reducing agricultural practices in OECD countries, but also to 
collate information on (a) the research efforts and existing databases regarding such practices; 
(b) the government programmes in place which encourage the adoption of these practices; and 
(c) the barriers to the implementation of such practices. The data is not collected with the 
intention of developing a comprehensive scientific database of practices, but rather to gather 
information and experiences to facilitate a process through which Member countries can learn 
from each other, and help to identify appropriate areas for policy action.  
 
 The information collected through the questionnaire will be synthesised, and the results 
incorporated into a revised version of the paper on "Agricultural Practices to Reduce Greenhouse 
Gas Emissions". The revised paper will be presented to the next JWP meeting, 11-13 October 
1999. 
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SCOPE OF THE SURVEY 

 This questionnaire is designed to facilitate the sharing of information among Member 
countries, and between them and other relevant parties, on the topic of agricultural practices that 
can be used to reduce greenhouse gas emissions. As such, its primary purpose is to consolidate 
existing information in order to make it more accessible at the international level.  
 
 Specific agricultural practices are the primary focus of this survey. The practices that 
appear in this survey are those identified in the paper "Agricultural Practices to Reduce 
Greenhouse Gas Emissions: Overview and Survey Instrument" 
[COM/ENV/EPOC/AGR/CA(98)149]. These practices correspond closely to the activities 
described in the Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories: 
Reference Manual.  
 
 The practices listed in the survey are not an exhaustive list. Accordingly, the survey is 
designed to be open-ended and to encourage Member governments to add to the list. Practices 
can be added either as a variant of one of the general practices already listed, or as a completely 
separate entry.  
 
 It is in no way the intent of this survey to imply any recommendation on the use of 
practices. The use of any particular practice has technical, economic, and political tradeoffs that 
can only be adequately evaluated in the context of specific systems. The effectiveness of any 
given practice for reducing GHG emissions obviously depends on the system of which it is a part.  
 
 Instead, the survey seeks to gather information on the use of practices that have been 
identified as potentially useful in reducing GHG emissions. Included in this objective is collection 
of information on trade-offs, whether technical, economic or political, between GHG reduction and 
other concerns, including other environmental concerns. Information about technical research 
that supports or rejects the possible GHG reduction potential of practices is also requested. 

ORGANISATION OF THE SURVEY 

 The survey is organised into two parts. Part One contains the list of practices; Part Two 
contains the list of questions. The list of practices is divided into three main sections, 
corresponding to each of the three main greenhouse gases (CO2, N2O, and CH4). For each 
practice, the respondent is invited to answer all of the questions provided in Part Two. Thus, the 
same questions are asked for each practice listed. At the end of each section, the responding 
officials are invited to describe additional related practices believed to be of potential importance. 
 
 Since the primary goal of the survey is to facilitate a more systematic compilation of 
information about the listed agricultural practices, the first three questions inquire about the 
practice and its "importance" in terms of current and potential use. The fourth question asks 
about programmes used to encoruage adoption of the practice, and the fifth question serves to 
identify where, within each country, relevant information is kept. The sixth question invites 
Member countries to share lessons learned concerning the practice, while the seventh, and final, 
question asks about ongoing research and development in the field. 
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QUESTIONNAIRE 

INSTRUCTIONS: 

This questionnaire is divided into two parts. Part One lists a series of practices, with examples of 
practices provided where appropriate. Part Two contains the questions to be answered. For each 
of the practices listed in Part One that are utilised in your country, please provide the information 
requested by the questions listed in Part Two of this questionnaire.  
 

PART ONE: LIST OF PRACTICES 

1. AGRICULTURAL PRACTICES TO REDUCE METHANE EMISSIONS 

1.1 Increasing feed digestibility/ feed conversion efficiency 

 Practices may include but are not limited to; replacing roughage with 
concentrates, changing composition of concentrates, treatment 
(alkali/ammonia/urea) of low quality roughage, chopping of low quality crop by-
products. Raising feed digestibility can also contribute to reduced methane 
emission from manure. 

1.2 Increasing animal productivity 

 Practices may include, but are not limited to the use of chemical compounds (antibiotics, hormones) or bio-
technology. 

1.3 Using low-emission manure management systems 

 Manure stored under aerobic conditions will generate lower levels of methane, and stores which are 
covered, e.g., to control odour may reduce emission levels. Practices may include, but are not limited to; 
prevention of fermentation during stabling of livestock e.g. through rinsing or mechanical removal, controlled 
fermentation digesters and combined manure agri-organic fermentation. 

1.4 Avoiding shallow flooding (less than 50 cm) of rice fields 

1.5 Increasing rice field draining and reducing the flooding period of rice fields 

 Practices may include, but are not limited to alternative planting systems and cultivar types. 

1.6 Reducing rice straw residue 

 Practices may include, but are not limited to, reducing the amount of straw left over after the first crop when 
planting a ratoon crop. 

1.7 Reducing organic fertiliser use in flooded rice fields 
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1.8 Increasing use of low methane emission rice varieties made by selection or  
breeding techniques 

1.9 Restricting burning of crop residue  

1.10 Reducing livestock numbers 

1.11 Other practices to reduce CH4 emissions that were not mentioned here? 

2 AGRICULTURAL PRACTICES TO REDUCE NITROUS OXIDE EMISSIONS  

2.1 Reducing nitrate leaching through reduced use and improvement in the use of  
fertilisers 

 Practices may include, but are not limited to; better calibration of N applications to plant utilisation 

requirements including soil testing, nutrient accounting and realistic yield targets. 

2.2 Choosing low-emission manure management systems/ improving manure 
management 

 Manure stored under aerobic conditions will generate lower levels of methane, and stores which are 
covered, e.g., to control odour may reduce emission levels. Practices may include, but are not limited to; 
prevention of fermentation during stabling of livestock e.g. through rinsing or mechanical removal, controlled 
fermentation digesters and combined manure agri-organic fermentation. 

2.3 Increasing the use of nitrogen-fixing crops/ increasing the efficiency of crop N 
uptake  

2.4 Reducing crop residue and burning of forest materials 

 Practices may include, but are not limited to, alternative disposal methods, including disposal of forest 
residue and its use as an alternative to fossil fuel.  

2.5 Applying practices designed to protect humic soils 

2.6 Other practices to reduce N2O emissions that were not mentioned here? 
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3 AGRICULTURAL PRACTICES TO REDUCE CARBON DIOXIDE EMISSIONS 
AND CREATE SINKS  

3.1 Reducing tillage 

3.2 Increasing crop residue use on the land and reducing bare fallow 

3.3 Increasing carbon sinks through natural regeneration on fallow land or use of 
double cropping systems on currently productive land 

3.4 Producing biomass as an alternative to fossil fuel 

3.5 Reducing fossil fuel use in agricultural production 

3.6 Other practices to reduce CO2 emissions that were not mentioned here? 

 

PART TWO: LIST OF QUESTIONS 

Please fill in questions separately for each practice mentioned. 
 
1 Name and brief description of the practice 
 
 
2 Has this practice been officially recognised in your country as a useful component, or 

potential component, in GHG limitation strategies? 

a. If "yes" please explain the importance of this practice within the overall programme to reduce 
GHG emissions, both in terms of reducing GHG emissions and the adoption rate of the practice, 
and indicate the extent to which this potential has been subject to systematic evaluation. 

b. If  "no" indicate whether: 
b.1 initial evaluation suggests that this practice is potentially important but it has not yet been 

incorporated into official GHG policy;  or 
b.2 technical, economic, political, or environmental tradeoffs have been identified which indicate 

this practice has limited or no potential value;  or  
b.3 no systematic evaluation of this practice has taken place. 

 
 
3 Concerning the extent of current use of this practice: 
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a. Define the group of potential users, how large it is, and the most extensively utilised applications. 

b. Indicate the incidence of use within this group, and how certain this data is (please specify dates 
of data); 
b.1 with respect to number of farms or farmers;   
b.2 with respect to land area or livestock headage; and 
b.3 provide any available data on trends in the use of the practice.. 

 
 
4 What programmes exist in your country (not necessarily for GHG emission reduction) 

which encourage producers to adopt this practice?  For each programme identified, 
please attach: 

a. A short description of the programme and its goals; 

b. The target group to whom it applies; and 

c. A contact office and/or web site. 

 
 
5 Identify and briefly describe any consolidated databases that your country has 

concerning the cost and/or GHG emission reduction potential of extended adoption of 
this practice. Please specify who owns the data and whether it is freely available. 

 
 
6 Thinking specifically about the following items, are there any experiences with the 

practice in your country that would be particularly useful to share with other countries ?  
(Please describe.) 

a. effective policies to extend use,  

b. barriers to extended use,  

c. new applications of this general practice, and 

d. technical, economic, political, or environmental trade-offs.  
 
 
7 Is there research and development work intended to improve current practices and to 

build and apply new tools for GHG mitigation and abatement in your country that would 
be particularly useful to share with other countries?  (Please describe.) 
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