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Executive Summary 
The atmospheric concentration of methane is increasing faster now than at any time since the 
1980s, and if emissions continue to grow at current rates or even remain stable, keeping global 
warming to no more than 1.5 degrees Celsius will be practically impossible.i In fact, scenarios 
analyzed by the IPCC suggest that, to achieve least cost-pathways that limit global warming to 
1.5° C this century, global methane emissions need to fall by 40-45% by 2030.ii Notably, these 
figures significantly exceed the target agreed to by participants in the Methane Pledge, an 
initiative to keep the goal of limiting warming to 1.5 degrees Celsius within reach by reducing 
global methane emissions 30% by 2030. 

Over 90% of anthropogenic methane emissions come from just three sources: agriculture, fossil 
fuels, and waste, in that order.iii Because the food and agriculture sector straddles the 
categories of agriculture and waste, food and agriculture are together responsible for the 
majority of anthropogenic methane emissions, dwarfing those produced by the other main 
source of methane, fossil fuels. Within food and agriculture, the largest contributions are made 
by livestock production, food loss and waste, and rice production.  The table below summarizes 
the most important emissions reduction strategies, priority actions or focus areas, and key 
regions for each of the three main sources of methane emissions in food and agriculture. 

TABLE 1. KEY STRATEGIES, ACTIONS, AND REGIONS FOR FOOD AND AGRICULTURE 
METHANE MITIGATION 

Emissions Source Mitigation Strategy Priority Action(s) or 
Focus Areas 

Key Region(s) 

Livestock Increase the GHG-
efficiency of 
production 

Better feed and 
healthcare, selective 
breeding 

Sub-Saharan Africa 
and parts of Latin 
America 

Reduce emissions 
from enteric 
fermentation 

Focus on ruminants 
that feed in 
concentrated areas, 
such as dairy cows, and 
find ways to administer 
feed additives to 
grazing animals. 

Worldwide 

Improve manure 
management 

Focus on pig and dairy 
operations where 
manure is managed in 
wet systems. 

Hot climates 
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Invest in low-
methane protein 
innovation 

Improve the taste and 
texture and reduce the 
costs of alternative 
proteins. 

Wealthier countries 
that can afford to 
effectively subsidize 
the industry globally 

Food loss and 
waste 

Reduce food waste Multiple Developed countries 
Reduce food loss Multiple Developing countries 

Rice Decrease the 
greenhouse gas 
intensity of rice 
cultivation 

Breed lower methane 
rice 

Asia, where 90% of 
rice is grown 

Increase yields  
Remove rice straw 
Reduce flooding periods 

 
The United States has already established its credentials as a leader in international methane 
mitigation efforts by working with the European Union in 2021 to organize the Methane Pledge. 
At the time of writing, 122 countries representing more than half of global methane emissions 
and more than two thirds of global GDP have signed on to the Pledge. This brief explains the 
main strategies for reducing methane emissions from its three main sources in food and 
agriculture and makes the following five recommendations to the Biden administration 
regarding ways the United States could further advance methane mitigation efforts in this key 
sector at the international level: 
 

1. Seek to forge an international consensus on the need for national methane targets and 
implementation strategies. 
 

2. Work with other industrialized countries to increase government research and 
development work focused on innovative food and agriculture methane mitigation 
technologies and research. 
 

3. Leverage the private sector to drive key changes, including by de-risking private 
investment, requiring publicly traded companies to disclose their methane emissions, 
helping farmers and ranchers to identify opportunities to reduce methane emissions, 
incubating key technologies, and publicizing promising emissions reduction 
opportunities. 
 

4. Create an international consensus on the need to repurpose agricultural subsidies so 
that they incentivize methane mitigation instead of supporting harmful activities. 
 

5. Work with the G7 to agree to establish collective donor country goals for increasing 
foreign aid to developing countries to tackle the food and ag component of methane and 
to reach a consensus on priorities for donor funding. 
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Introduction 
Methane is a colorless, odorless, and flammable gas composed of hydrogen and carbon. 
Methane is also a highly potent greenhouse gas, second only to carbon dioxide in fueling climate 
change.iv The amount of methane in the atmosphere has more than doubled since pre-industrial 
times, largely due to increased use of fossil fuels but also, in large part, from growth in the food 
and agriculture sector, where the moist conditions that allow methane-producing 
microorganisms called archaea to proliferate abound.v If emissions continue to grow at current 
rates or even remain stable, it will be practically impossible to keep global warming at 
internationally agreed levels (no more than 1.5 degrees Celsius).vi Methane also contributes to 
the formation of ground-level ozone, a dangerous air pollutant that harms people, crops, and 
ecosystems.vii Fortunately, methane is also relatively short-lived, lasting only about a decade 
in the atmosphere once emitted.viii This means that the beneficial effects of reducing methane 
emissions materialize much faster than with carbon dioxide, which lasts far longer. In addition 
to delivering important health and economic benefits, therefore, tackling methane emissions 
now could help avoid dangerous climate feedback loops, like those associated with methane 
pulses from melting permafrost.ix If sufficiently ambitious, near-term methane emissions 
mitigation efforts could prevent as much as half a degree Celsius of warming by the end of the 
century.x In short, reducing methane emissions is one of the most important climate solutions 
available today.  

Around 60% of global methane emissions are anthropogenic, and over 90% of anthropogenic 
emissions come from just three sources: agriculture, fossil fuels, and waste (such as food and 
agricultural waste, landfills, and wastewater), in that order.xi Because the global food system 
straddles the categories of agriculture and waste, food and agriculture are together responsible 
for the majority of anthropogenic methane emissions, dwarfing those produced by the other 
main source of anthropogenic methane, fossil fuels. See Figure 1 below. 
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FIGURE 1. ANTHROPOGENIC METHANE EMISSIONS BY SOURCE. 

Figures are approximate and are derived from GMA, pp. 27-28, 114. 

Within food and agriculture, the largest contributions are made by livestock production, food 
loss and waste, and rice production. See Table 1 below.xii 

TABLE 2. MAJOR SOURCES OF METHANE WITHIN FOOD AND AGRICULTURE 

Sector 
Contribution to Global 
Anthropogenic Methane 
Emissions 

Livestock 32% 
Food loss and waste 14% 
Rice Production 8% 

Despite its global importance, food and agriculture have received relatively little attention in 
climate change public policy circles to date. This is likely due, at least in part, to how much 
more complicated the sector is compared to the other main source of methane emissions, fossil 
fuels. There, both the problem and the solutions are straightforward: the problem is that the 
extraction, processing, and combustion of fossil fuels produces methane, and the solutions are 
to transition to renewables and electrify end uses such as vehicles and HVAC units. In food and 
agriculture, by contrast, the solutions are myriad, and many of them only tackle a small fraction 
of the sector’s emissions. Even so, given the sector’s enormous contribution to anthropogenic 

Food & 
Agriculture

54%
Fossil Fuels

35%

Non-Food Waste
6%

Other
5%
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emissions, the climate community must rise to the challenge posed by methane emissions from 
food and agriculture to avoid unacceptable risks of catastrophic global warming. 

This policy brief focuses on ways to reduce global methane emissions from food and agriculture 
and identifies opportunities for U.S. international leadership. Sections I-III examine the various 
strategies for reducing methane emissions from livestock, food loss and waste, and rice 
production, respectively. Section IV includes concrete recommendations for how the United 
States could lead internationally on methane mitigation efforts in food and agriculture. 

I. Reducing Methane Emissions from
Livestock
Around 90% of methane emissions from livestock come from enteric fermentation, a process 
that releases methane as a natural byproduct of digestion in ruminant animals such as cows, 
goats, and sheep; the remaining 10% comes almost exclusively from manure.xiii This section 
discusses the four most promising strategies for reducing methane emissions in this sector: (1) 
increasing the greenhouse gas efficiency of livestock production, (2) using technology to reduce 
emissions from enteric fermentation, (3) investing in low-methane protein innovation, and (4) 
improving manure management.  

Strategy 1: Increase the Greenhouse Gas Efficiency of Ruminant Meat 
and Dairy Production 

One promising way to reduce methane emissions from livestock is to reduce the methane 
intensity of ruminant meat and dairy production, or in other words, to reduce the amount of 
methane produced per kilogram of ruminant meat or milk. Right now, the greenhouse gas 
efficiency of ruminant meat and dairy production varies widely across the world, with the least 
efficient production in developing countries, especially parts of Sub-Saharan Africa and Asia, 
as shown in Figure 2 below. Assuming continued reliance on ruminant animals, the efficiency 
of ruminant milk and meat production in these areas must increase if we are to feed a growing 
population without increasing methane emissions. 
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FIGURE 2. SPATIAL DISTRIBUTION OF NON-CO2 GREENHOUSE EMISSIONS FROM 
RUMINANTS (KG CO2 EQ PER KILOGRAM EDIBLE ANIMAL PROTEIN).  

Source: Herrero, et al., “Biomass use, production, feed efficiencies, and greenhouse gas emissions from global livestock systems,” 
PNAS 10, no. 52 (December 2013): 20888–20893. 

Two excellent, low-tech strategies for increasing the efficiency of livestock production in 
developing countries are feeding animals better food and providing them better healthcare.xiv 
Improving the least efficient livestock production systems leads to the highest reductions in 
emissions (see Figure 3 below).xv However, the absolute emissions reductions achievable 
through efficiency improvements are limited by the fact that the number of animals in the least 
efficient systems is relatively low. In addition, some of these systems—for instance, those of 
pastoralists in Northern Kenya—are difficult to reach and develop. 

FIGURE 3. IMPROVEMENTS IN THE LEAST EFFICIENT MILK PRODUCTION SYSTEMS 
DRAMATICALLY REDUCE GREENHOUSE GAS EMISSIONS.  

Note: dots represent country averages. Source: Searchinger, et al., Creating a Sustainable Food Future, p. 170. 
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These two solutions are important because they make it possible for animals to devote more 
energy to growing bigger and producing milk. Animals have to spend a certain amount of energy 
maintaining themselves in a healthy state, so when they eat poor quality food that provides 
them little energy, little is left over for growth and milk production. Similarly, when they are not 
provided basic healthcare such as vaccines and tick control, they have to devote more energy 
than they would otherwise to warding off infections and maintaining their health. Combined 
with feed improvements, providing animals these basic health services can significantly 
increase the amount of milk or meat they produce without increasing their methane emissions.xvi 

Of these two solutions, improving animal healthcare is likely easier, since donor countries can 
facilitate this through funding for veterinary extension services. Donor funding can also help to 
address one challenge with improving feed: many farmers and ranchers in developing countries 
currently feed animals either by allowing them to graze in pastures or using crop residues from 
their farms, so if they were to supplement animals’ diets using store-bought feed, their costs 
would go up. However, several other obstacles stand in the way of farmers feeding their animals 
higher quality feeds. For one thing, farmers may not be able to procure high quality feed 
without travelling unreasonable distances, and if they can, it might not be available in quantities 
practical for smallholders. In addition, the potential productivity gains associated with better 
feed are not fully achievable with all breeds; if the gains achievable with the breeds farmers are 
using are not large enough, the marginal increase in profits will not be worth the cost for 
farmers. Finally, in some areas, farmers are resistant to using store-bought feed because of an 
ingrained belief that cows should only eat green grass. Overcoming all these obstacles to 
increased productivity will require a comprehensive approach to rural development. 

As the previous paragraph already suggests, a third solution for improving productivity—
selective breeding—also merits serious consideration. In developed countries, years of 
selective breeding have produced ruminant animal breeds that produce far more meat and milk 
per animal than the breeds present in developing countries. One option is to use the more 
efficient breeds in developing countries too. However, since native breeds sometimes do better 
in developing countries than more modern breeds (for which the climate and lower-quality feed 
may not be suitable), using more efficient breeds in developing countries makes most sense 
when paired with improvements in feed quality. Alternatively, provided they have access to 
relevant resources and technology, farmers in developing countries could use the same 
breeding techniques used in developed nations to create new, more efficient breeds suitable 
for developing countries.xvii  

Strategy 2: Use Technology to Reduce Emissions from Enteric 
Fermentation 

Another promising strategy for reducing emissions from livestock production is using 
technology to reduce emissions from enteric fermentation, the process by which ruminant 
animals like cows and sheep digest cellulose using a specialized organ called a “rumen.” 
Solutions being explored now fall into four categories: vaccines, selective breeding, dietary 
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supplements or special feeds, and drugs. All of these strategies aim to manipulate the micro-
organisms in animals’ rumens that produce methane as a by-product of digestion, known as 
archaea. Though some solutions have been shown to reduce emissions to a greater or lesser 
degree, none are without their problems. Breeding efforts have yet to produce animal breeds 
that consistently produce lower levels of methane, and both vaccines and many feed additives 
have proven to be only temporarily effective. Some drugs have proven effective at reducing 
emissions; however, researchers are concerned about their effects on animal health and the 
environment and are divided about whether to continue research. Finally, some feed additives 
such as vegetable oils and nitrate have also shown promise and do not adversely affect animal 
health, but most of these are cost-prohibitive given the relatively modest effects on 
emissions.xviii 
 
An important exception to this general picture is a chemical feed additive called 3-
nitrooxypropan or 3-NOP. So far, studies have shown that adding 3-NOP to animal feed 
reduces methane emissions by 30 percent or more, an effect that persists for at least several 
weeks and is not associated with any adverse effects on animals’ health. Right now, the problem 
with 3-NOP is that, in order to work, animals need to ingest it at least once per day and ideally 
even more frequently. This makes it impractical to give to most grazing animals. The exception 
is animals (mainly cattle) that spend part of their life in concentrated feeding operations, where 
3-NOP could be administered more easily. However, these animals spend most of their lives 
on pasture, so at least for now, it is not practical to use 3-NOP to reduce most of the methane 
emissions a given animal produces.xix   
 
Strategy 3: Low-Methane Protein Innovation 
 
As important as these first two strategies are, recent research suggests that these strategies 
will not be enough on their own to keep warming to less than 1.5C.xx Because both population 
and demand for meat and dairy are projected to increase significantly in the coming decades, 
emissions from livestock are likely to increase even with widespread implementation of 
efficiency measures and large-scale use of compounds that reduce emissions from enteric 
fermentation. The only way to prevent that emissions increase is to limit demand growth, and 
the best way to do that is to offer consumers appealing, affordable, low-methane alternatives 
to animal protein. 
 
At present, demand for low-methane sources of protein pales in comparison to demand for 
animal products; in the United States, for instance, plant-based meat currently makes up just 
over 1% of meat sales.xxi In large measure this is because many people simply prefer animal 
products to lower-methane alternatives. To some degree, enhancing awareness of health and 
environmental benefits and offering more good, low-methane protein options (ones that taste 
good and are not expensive) in cafeterias and restaurants can help here. There is also some 
potential here for so-called “nudges,” such as offering vegetarian or vegan options by default 
and requiring consumers to specifically request animal products, or positioning vegetables 
before meat in cafeteria serving lines.xxii The potential of these strategies is limited, however, 
since many people simply prefer the taste and texture of animal foods to that of nuts, beans, 
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and traditional plant-based meat and milk alternatives like tofu, seitan, and soy, oat, or almond 
milk.  

For these people, the likeliest path to behavior change is via technology, specifically a new 
generation of novel, environmentally friendly proteins that mimic the taste and texture of 
animal-based proteins but are not made from animals. These novel, sustainable proteins fall 
into two categories, plant-based and cultivated meat. Plant-based meat, seafood, eggs, and 
dairy are made from novel use of proteins found in soy, peas, nuts, grains, and other plants. 
Cultivated meat and seafood, by contrast, is real animal meat cultivated directly from animal 
cells. Because they mimic animal products, these foods require less behavior change on the 
part of consumers provided they taste good and are cost effective. And because sustainable 
proteins produce just a fraction of emissions associated with the production of traditional 
animal protein, replacing animal products with sustainable alternatives has the potential to 
deliver a striking 14 to 20 percent of the emissions mitigation the world needs by 2050 to keep 
warming to no more than 1.5° C.xxiii These figures suggest that alternative protein innovation is 
the most powerful livestock methane mitigation strategy by far. 

Today, the main obstacles to wider uptake of these climate-friendly alternative proteins is that 
plant-based and cultivated meats are currently more expensive than and do not taste as good 
as conventional animal foods.xxiv In the near future, however, innovation in fermentation and 
food processing technologies could make sustainable proteins cheaper than traditional, animal 
proteins and just as appealing to consumers.xxv In addition to providing consumers all over the 
world with affordable, climate-friendly protein options they currently lack, researchers have 
found that lower prices would increase consumption of these foods.xxvi That is why investing in 
these technologies is such an important climate solution: these investments will pave the way 
to wider uptake of low-methane protein by making them more affordable and appealing to 
consumers. Wealthier countries should lead these efforts as they have more resources to 
devote to boosting this fledgling industry. 

Because the emissions produced by ruminant meat production are so much higher than from 
any other animal product, reducing ruminant meat consumption is far more important than any 
other dietary change, at least from a climate standpoint. In fact, World Resources Institute 
modelling found that, if the world replaced half of its ruminant meat consumption with pork or 
poultry, emissions would decline almost as much as if half of the ruminant meat consumed were 
replaced with legumes.xxvii From a methane mitigation standpoint, therefore, the most important 
low-methane proteins to invest in are those that mimic beef and other ruminant meats.  

Strategy 4: Improve Manure Management 

The fourth strategy for reducing emissions from livestock production is improving manure 
management. Though there is some potential here to reduce emissions, it is important to note 
that, overall, the achievable methane emissions reductions from existing manure management 
technologies and practices are relatively small. The World Resources Institute estimates 
possible greenhouse gas reductions from managed manure of around 13 to 37 percent relative 
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to their 2050 baseline.xxviii Since manure management only accounts for around 3% of 
anthropogenic methane emissions in the first place, that translates into at most about a 1% 
reduction in anthropogenic methane. All of the other livestock methane mitigation strategies 
discussed here are likely to pay higher dividends. 

Improving manure management is more important in some systems and climates than in others, 
since not all manure produces the same amount of methane, and some animal types are 
responsible for a larger share of methane emissions from manure than others. The majority of 
the world’s manure is managed in “dry” systems, where urine is allowed to evaporate before 
the manure is scooped and stored. In “wet” systems, farmers collect manure before the urine 
has dried and sometimes even add water to help flush manure into storage areas. Despite being 
the main way manure is managed, dry systems account for only 40 percent of methane emitted 
by manure, since the main greenhouse gas emitted from dry systems is nitrous oxide, itself a 
powerful short-lived climate pollutant.xxix By contrast, wet systems create ideal conditions for 
archaea to generate methane; as a result, they produce about twenty times more methane than 
dry systems per ton of manure.xxx Pigs are the primary source of methane emissions from 
manure, followed by dairy cows.xxxi In addition, manure stored in hotter climates tends to 
generate more methane.xxxii From a methane mitigation standpoint, therefore, the key area to 
focus on is pig and dairy operations in hot climates where manure is managed in wet systems.  

Three approaches to managing manure in wet systems are particularly promising: separating 
liquids and solids, using sophisticated wastewater treatment technology, and digesters that 
allow capture and use of the methane as an energy source.xxxiii Other strategies include 
decreasing storage time, improved housing and bedding for animals, and using acids and other 
additives in liquid manure.xxxiv 

II. Reducing Emissions from Food Loss and
Waste
Accounting for about 14 percent of all anthropogenic methane emissions, food loss and waste 
is the second largest source of methane in food and agriculture. As such, reducing emissions 
from food loss and waste is key reducing emissions from this sector. According to one estimate, 
annual global methane emissions could be reduced by as much as 20Mt by reducing food loss 
and waste, a figure equal to about 5% of current anthropogenic emissions.xxxv  

“Food loss” typically refers to what occurs between the farm and the retail store, while “food 
waste” refers to what occurs from the retail store through the point of intended consumption. 
Both food loss and food waste occur throughout the world, but the proportion of food that is 
lost or wasted differs between developed and developing countries. In developed countries, 
relatively little food is lost, while significant waste occurs at the consumer level. In developing 
countries, by contrast, very little food is wasted at the consumption stage, but significant losses 
occur during the first two segments of the supply chain. See Figure 4 below. 
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FIGURE 4. WHERE IN THE SUPPLY CHAIN FOOD LOSS AND WASTE OCCUR IN DIFFERENT 
PARTS OF THE WORLD.  

Source: Searchinger, Creating a Sustainable Food Future, p. 55. 
 
These figures make clear that it is possible for both developed and developing countries to 
significantly decrease the amount of food they lose or waste. To do so, consumers and retailers 
in developed countries would need to behave more like their developing country counterparts, 
while production, handling, transport, and other pre-retail stages of food production in 
developing countries need to become more like these processes are in developed countries.xxxvi  
 
The emissions impact of food loss and waste reduction measures will be higher for high-
emitting foods, such as beef, dairy, and rice. In general, however, there is no single best 
strategy for reducing food loss and waste. In fact, the character and causes of food loss and 
waste are so varied that the strategies for reducing loss and waste are far too numerous to 
discuss in any detail here. A selection of these strategies is shown in Figure 5 below. 
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FIGURE 5. A SELECTION OF APPROACHES TO REDUCING FOOD LOSS AND WASTE (NOT 
EXHAUSTIVE).  

Source: Craig Hanson and Peter Mitchell, The Business Case for Reducing Food Loss and Waste, (Washington, DC: Champions 
12.3, 2017), p. 20. 

In developed countries, one of the most promising strategies is to nudge consumers to change 
behavior. For instance, cafeterias could replace trays with plates, which hold less food, and 
restaurants could offer small portions as the default with larger portions as an optional 
alternative.xxxvii There are also significant gains to be made through changes in labelling, 
specifically by eliminating or clarifying “use by”, “best by”, and/or “sell by” dates on food.xxxviii 
In New York city, for example, removing sell by dates for milk reduced food waste by 10% but 
also decreased costs for consumers.xxxix Other options worth considering include changing 
restrictive cosmetic requirements for produce in grocery stores and finding ways to facilitate 
and encourage donation of excess food and ensure that donated food gets to people in need.xl 

In developing countries, key strategies include improved harvesting practices, better storage 
technology, changes in production processes, improved forecasting and responses to changes 
in orders, and techniques and technologies to prevent food spoilage, such as lipid coatings on 
fruits and vegetables and ethylene detectors in apple warehouses.xli One particularly promising 
strategy in developing countries revolves around cold storage technology. Cold storage is 
already projected to grow in developing countries on account of its food security and other 
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benefits, and with that growth, we can expect both food loss and the associated methane 
emissions to decrease. However, unless refrigerators use climate-friendly refrigerants, a 
buildout of refrigeration capacity could also mean a significant increase in emissions of 
powerful, short-lived climate pollutants known as F-gases. In addition, there is a risk growth in 
cold storage could increase electricity demand faster than renewable generation capacity, 
creating demand for new fossil fuel infrastructure that would lock in higher emissions for 
decades. The international community has agreed to phase-down the most harmful F-gases 
used in refrigeration. Because the new generation of refrigeration equipment designed use 
climate-friendly refrigerants is generally far more efficient and cost effective than old 
refrigerators, accelerating the implementation of this agreement by installing new, high-
efficiency refrigerators across the developing world would result in both lower F-gas emissions 
and less food loss and waste without derailing the transition to clean energy by increasing 
electricity demand too quickly. Ensuring that developing countries are able to leapfrog to cold 
storage technology compatible with a net-zero future—so-called net-zero cold chains—is thus 
a major opportunity and a triple win for climate action.xlii 
 

III. Reducing Emissions from Rice 
Production 
 
Rice produces methane when methane-producing archaea proliferate in the flooded rice 
paddies. Not all varieties of rice require flooding to grow, but the highest-yielding varieties do. 
Feeding the world’s growing population without increasing emissions will require finding ways 
to reduce emissions from these higher-yielding varieties. World Resources Institute modelling 
suggests it is possible to reduce rice methane emission by as much as half by mid-century.xliii 
 
There are four promising strategies for reducing methane emissions from rice production: 
increasing yields, breeding lower methane rice, removing rice straw, and reducing flooding. 
 
Strategy 1: Increase Yields 
 
The amount of methane produced by rice is proportional to the cultivated area rather than to 
the amount of rice produced. Increasing yields is therefore a powerful strategy for reducing 
methane emissions from rice. If yields could be increased enough, both the total land area 
devoted to rice production and the associated methane emissions could stay the same or even 
decrease even as the population grows. Some experts believe this is possible.xliv  
 
Strategy 2: Breed Lower Methane Rice 
 
Another exciting possibility is to develop new breeds of rice that emit less methane. While 
researchers have long known that some breeds emit less methane than others, to date little 
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effort has been devoted to efforts to produce lower-emitting breeds. Research suggests this is 
possible, though there may be tradeoffs with yields, emissions, and marketability.xlv 

Strategy 3: Remove Rice Straw 

Rice straw is the nongrain portion of rice. When left on fields during flooding or when farmers 
add non-composted straw to flooded fields, methane emissions increase. Emissions can be 
reduced by plowing straw back into the fields well before flooding. This can be done before or 
after straw is removed for composting offsite. Another strategy is to remove the straw and use 
it for something else, such as growing mushrooms or making biochar. However, continually 
removing straw without returning it to the soil may decrease yields.xlvi 

Strategy 4: Reduce Flooding Period 

The longer rice remains flooded, the more methane-producing archaea grow, so practically any 
means of reducing or interrupting flooding reduces methane emissions. There are four ways to 
reduce flooding and emissions from rice: direct dry seeding, a single mid-season drawdown of 
water, alternate wetting and drying (AWD), and aerobic or upland rice. Each of these 
techniques is defined below.  

Direct dry seeding. This strategy involves planting seedlings directly into dry fields. This 
technique is widely used in the United States because it requires less labor, but it is not 
widespread in Asia, where 90% of the world’s rice is grown.xlvii This is mainly because, unless 
carefully managed, yields are generally lower with direct dry seeding than with traditional 
planting methods.xlviii Dry seeding could reduce methane emissions from rice production by 30% 
or more.xlix 

Single mid-season water drawdown. A single drawdown of water during the crop production 
season can lower methane emissions from rice production by about 40%.l Many farmers in 
China, Japan, and South Korea already practice this form of drawdown as a way of increasing 
yields. Two important obstacles to increased uptake of this practice are field topography and 
communal management of water resources. If fields are not level, water pools in low spots, 
making complete drawdowns difficult. And since water is communally managed in many rice-
growing areas, it can be difficult for a single or even a small number of farmers to reduce 
flooding. Laser levelling of fields can help with the first issue; water management reforms could 
help with the second. 

Alternate wetting and drying (AWD). This practice involves repeatedly flooding a farm field, 
typically to water depths of around 5cm, allowing the field to dry until the upper soil layer starts 
to dry out, and then flooding the field again. The cycle continues from 20 days after sowing 
until two weeks before flowering of rice. Each drying cycle sets back the generation of methane-
producing bacteria, so AWD reduces methane emissions more than a single drawdown. 
Drawdowns can be more or less frequent. As with a single drawdown, field topography and 
communal water management are potential obstacles.  
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Aerobic rice cultivation. This cultivation technique involves growing rice on ridges with water in 
furrows between the ridges. There is no flooding involved, so this way of growing rice produces 
far less methane. The problem with this mitigation strategy is that yields are typically much 
lower. Some farmers in China seem to have found a way to increase yields substantially, but 
their techniques may not be applicable in other rice-growing areas.li  
 

IV. Recommendations for U.S. 
International Leadership 
 
The preceding sections of this policy brief have highlighted that while much is known about the 
sources of methane emissions, reducing methane emissions from food and agriculture is not a 
simple task. While new technologies, improved farming practices, better science, and much 
more will be needed to make deep cuts in methane emissions, a number of promising solutions 
exist today that must be pursued vigorously. This final section highlights five recommendations 
for the United States to pursue at the international level to reduce methane emissions from food 
and agriculture. 
 
Recommendation 1: The United States should seek to forge an 
international consensus on the need for all major methane emitters to 
have national methane targets and implementation strategies 
 
Several of the national emissions mitigation goals set by countries under the 2015 Paris 
agreement, known as Nationally Determined Contributions (NDCs) to climate action, include 
actions related to methane.lii However, very few NDCs include quantitative, methane-specific 
emissions reduction targets, as Figure 6 below makes clear. 
 
 
FIGURE 6. COVERAGE OF METHANE IN FIRST ROUND OF NDCS.  

Source: Katherine Ross, Thomas Damassa, Eliza Northrop, David Waskow, Andrew Light, Taryn Fransen, and Alexander Tankou, 
“Strengthening Nationally Determined Contributions to Catalyze Actions that Reduce Short-Lived Climate Pollutants,” (Washington, 
D.C.: World Resources Institute, 2018), available online at www.wri.org/publications/reducing-SLCPs, p. 16. 
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Some countries have added such targets in the years since the report from which this graphic 
is taken was published (Iraq, for instance), but fundamentally, the picture has not changed. 
Because countries have just submitted updated NDCs, it may not be realistic to expect that they 
will be willing to revise them again this year or next. However, that need not stop countries from 
developing quantitative methane mitigation targets and implementation plans now. Given their 
pre-existing commitment to reducing methane emissions, the natural leaders in this effort are 
the countries that have signed onto the global Methane Pledge. As one of the architects of the 
Pledge, the United States should lead the way, seeking to rally Methane Pledge participants 
around this goal. Recall that participants in the Methane Pledge made a collective commitment 
to contribute to at least a 30% reduction in methane from 2020 levels by 2030. What’s needed 
now is for participating nations in a position to do so to clarify their own contributions to this 
collective goal by elaborating national methane emission reduction targets. If there is an 
appetite among participants to go further, the United States should also work with other nations 
to develop sector-specific methane targets and strategies for food and agriculture specifically 
since the sector is the largest single source of methane pollution. In addition, the United States 
should urge developing country participants to include in their methane mitigation strategies 
both cost estimates of various mitigation measures and priority areas for international 
assistance. This would give donor countries and charitable foundations a better sense of how 
they could help developing nations reach their food and agriculture methane mitigation goals. 
Finally, the United States should outline a model approach to target setting and encourage 
other countries to use it as a guideline in setting their own targets. This would help to ensure a 
level of consistency between countries’ approaches that would facilitate fair comparisons. 
 
Recommendation 2: The United States should work with other 
industrialized countries to increase government research and 
development work focused on innovative food and agriculture 
methane mitigation technologies and research. 
 
As the previous sections have made clear, developing and deploying innovative new 
technologies is key to reducing methane emissions from food and agriculture. In this area, as 
elsewhere, climate solutions need to outperform traditional technologies and deliver broad 
societal benefits. In addition, more research is essential. Understanding of many key issues 
remains limited, and further research is necessary to develop new insights and solutions. 
Additional funding for research and development (R&D)—directed specifically toward the areas 
where technology and a better understanding of relevant issues is most likely to help—will be 
necessary to fully realize the potential benefits of innovation. At the international level, nations 
should set collective and national goals for funding methane solutions in the food and 
agriculture sector. A variety of high-level government forums already exist to coordinate this 
work, including the Methane Pledge and Agriculture Innovation Mission for Climate (AIM4C), a 
climate initiative chaired by the United Arab Emirates and the United States that has identified 
innovation for climate in the agricultural sector as a top priority. Bilateral agreements between 
major food importing nations and major food producing countries, moreover, provide other 
potential vehicles for innovation funding. High-level policy dialogue at the international level to 
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accelerate and align R&D designed to reduce methane emissions from the global food system 
is urgently needed.  
 
Potential focus areas for innovation funding include the following: 
 
Livestock: 
 

• Novel technologies to reduce emissions from enteric fermentation and manure.  
• Novel, low-methane proteins, including plant-based and cultivated meat, especially 

those intended to mimic ruminant meat.  
• Demonstration projects on 3-NOP and other anti-methanogen feed additives 
• Methods for administering anti-methanogen feed additives to grazing animals. 
• Lower-emissions cattle breeds. 
• Social science to better understand consumer choices and behavioral nudges that 

encourage more sustainable livestock product consumption. 
 

Food loss and waste: 
 

• Research on novel technologies to reduce food loss and waste. 
• Research on technologies to recycle unavoidable food loss and waste to increase carbon 

sequestration and productivity of soils while avoiding increased methane emissions. 
 
Rice: 
 

• Development of low-methane rice varieties.  
• Development of higher-yielding rice varieties. 
• Agronomic research on direct dry seeding 
• Research on the impact of novel cultivation practices on methane and nitrous oxide 

emissions. 
 
Promising strategies for channeling funding to key technologies include loan guarantees, grants, 
demonstration projects, public procurement, and prizes for innovation in key areas, such as 
low-methane rice or a system for administering anti-methanogen feed additives to grazing 
cattle. In addition, there is an important role for private capital and public-private partnerships, 
as discussed in Recommendation 5 below.   
 
Recommendation 3: The United States should work to leverage the 
private sector to reduce methane emissions from food and 
agriculture. 
 
Because public money alone is unlikely to be adequate, one major goal of public policy needs 
to be to leverage far larger sums of private capital. To do so, the Biden administration should 
take a whole-of-government approach, partnering with the private sector to de-risk private 
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investments, creating strong local enabling environments for investment and business, 
incubating technologies, and co-developing viable projects and financial mechanisms. A variety 
of US agencies have important roles to play in this process, including as described below. 

1) Use the Development Finance Corporation (DFC) to de-risk private investment and drive key
changes. DFC has already committed to increasing climate-focused investment to 33
percent of new investments beginning in FY 2023, including investments in climate
mitigation, adaptation, and resilience in developing countries.liii A natural next step would
be for the Biden administration to direct DFC to channel a certain percentage of this
climate-focused investment toward projects that reduce methane emissions from food and
agriculture.

2) Ensure that new U.S. Securities and Exchange Commission (SEC) regulations and similar
regulations elsewhere require methane disclosures by companies. As it completes the
process of finalizing new climate-related regulations, the SEC should acknowledge the
extraordinarily harmful role that methane plays in driving global warming and require
companies to consider any connection to substantial methane emissions as “material” to
investor decisions, and thereby requiring public disclosure and active risk management. In
addition, the United States should urge leaders in Europe and other financial markets to
ensure that regulatory actions there likewise promote methane disclosure. By making public
information about companies’ emissions, disclosure requirements will increase pressure on
companies to reduce them and motivate them to finance emissions reduction measures.

3) Develop decision support tools to allow farmers and ranchers to quantify their farm/ranch
greenhouse gas emissions, and to develop ways to reduce them.liv This would be a natural
role for the United States Department of Agriculture (USDA). Tools of this sort would make
it easier for methane credit suppliers to work with farmers and ranchers to identify the
highest impact mitigation opportunities for the voluntary market.

4) Work with allies to develop an incubator for key technologies. The Biden administration
should work to rally countries committed to climate action (especially Methane Pledge
participants) to fund a facility that would undertake the initial steps to develop key
mitigation technologies before handing them off to private actors to take to them to scale.
Promising possibilities include drugs and feed additives to reduce emissions from enteric
fermentation, higher-yielding varieties of rice, and alternative proteins.

5) Create a public database of emissions reduction opportunities ready for private investment.
Like the tools for farmers and ranchers to identify emissions reduction opportunities in their
own operations described above, such a database could help to direct private finance
through the voluntary methane credit market. Funds could go toward increasing the
greenhouse gas efficiency of ruminant meat and dairy production in inefficient areas,
helping farmers in developing countries to access equipment needed for more efficient
harvesting techniques that reduce food losses, and net zero cold chains.
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Recommendation 4: The United States should secure an international 
consensus on the need to repurpose agricultural subsidies so that they 
incentivize methane mitigation instead of supporting harmful 
activities. 

A series of recent reports from the World Bank, United Nations Development Programme, 
United Nations Environment Programme (UNEP), the United Nations Food and Agriculture 
Organization (FAO), and others have made clear that agricultural subsidies are making it harder 
to achieve climate and development goals.lv Some of the findings of these reports are quite 
striking. For instance, one prepared by researchers at the World Bank and the International 
Food Policy Research Institute finds that emissions from agriculture “could be cut by as much 
as 40 per cent with ‘smart repurposing’ that would shift resources towards R&D and incentives 
for the widespread adoption of productivity-enhancing and climate-resilient production 
practices.”lvi For instance, the United States, European Union, UK, Israel, and other countries 
are already funding alternative protein science. More of that would be valuable.  

To reduce methane emissions, countries may not need to completely eliminate agricultural 
subsidies (which are political and culturally entrenched in many nations); in some cases, they 
may be able to simply redesign them so that they require that recipients adopt key emissions-
reducing technologies and practices as a condition of receipt. In other cases, however, reducing 
emissions may require that subsidies be eliminated entirely, particularly in cases where 
subsidies are driving high-emitting behaviors.  

As a first step, the United States could drive action in this area by organizing a statement by G7 
or G20 agricultural ministers recognizing the ways subsidies are hindering achievement of 
climate and development goals. Assuming there is an appetite for more ambitious action in this 
area, the United States could press G7 or G20 members to commit to directing their agricultural 
ministries or other relevant government agencies to develop a plan for redirecting subsidies so 
that they promote climate and development goals, including methane mitigation. The G20 
should also ask the UNEP and FAO to support a working group to identify the most promising 
policies and programs to produce results. 

Recommendation 5: The United States should work with the G7 to 
agree to establish collective donor country goals for increasing foreign 
aid to developing countries to tackle the food and ag component of 
methane and to reach a consensus on priorities for donor funding. 

Japan hosts the 2023 G7 summit and has already identified global green transformation as a 
priority. The United States should work with Japan and other G7 countries to draw attention to 
the importance of reducing methane emissions from the global food system. The G7 should 
invite the Organization for Economic Cooperation and Development (OECD) to facilitate 
discussions among donor nations on possible collective funding goals for food and agricultural 
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methane reductions. In addition, the G7 should invite the World Bank to come forward with 
projects, funds or mechanisms that would accelerate action in this area while at the same time 
contributing to poverty alleviation and broader sustainable development goals. G7 nations 
should work with other nations on a possible announcement at the next global climate summit 
on priority areas for international aid within food and agriculture methane reduction strategies. 
In addition, the administration should seek to rally support for a South Africa-style fund-the-
gap arrangement for methane, where donor countries would provide the funds necessary for a 
developing country to achieve its emissions mitigation goals.lvii Arrangements of this sort are 
already being considered with Indonesia and Vietnam, both of which are major rice producers. 
These multi-donor climate finance arrangements would be an excellent vehicle for driving 
methane mitigation in rice production. 
 
International climate finance (public and private) for developing nations via these multi-donor 
arrangements could be used in a variety of productive ways. Potential targets for each of the 
three top-priority methane emissions sources in the food and agriculture sector include the 
following: 
 
Livestock: 
 

• Support for farmers willing to implement practices that increase productivity in livestock 
operations (such as vaccines and using higher-quality feed), particularly in Sub-Saharan 
Africa and other areas where the greenhouse gas efficiency of livestock production is 
especially low. Access to feed and guidance for selective breeding efforts are 
particularly important. 

• Implementation of better manure management practices (e.g. separating liquids from 
solids, or fixing digester leaks). 

 
Food loss and waste: 
 

• Better harvesting practices to reduce food loss. 
• Better recycling of food loss and waste to improve soils without increasing methane 

emissions (through composting, anaerobic digestion, and pyrolysis). 
• Energy efficient refrigeration technology that uses climate-friendly refrigerants (net-

zero cold chains). 
 
Rice:  
 

• Emissions mitigation projects that focus on synergies with water saving and yield 
improvements (since water is scarce in some rice growing regions).lviii  

• Technical support for farmers wishing to implement AWD, direct dry seeding, or other 
emissions reduction measures. 
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Finally, a collaborative, international technical team that could provide coordinated technical 
support, research, and assessment of potential projects would be a useful resource for projects 
targeting any of these emissions sources.lix  
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