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Motivation 

§ Important recent developments: rising food prices, 
biofuels frenzy, greater public (and political) 
acceptance/interest of climate change and the role 
of greenhouse gases 

§ Need to revisit some of our initial work on the topic 

§ If we are going to inform policy on payments to the 
poor for environmental services, then we need the 
basic machinery of GHGs and climate change in 
agriculture built into our modeling framework 

§ Presenting draft material here… finalized baselines 
forthcoming shortly
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Breakdown of GHG emissions 
(from World Resources Institute) 

~14% 

CH 4 
+ 

N 2 O
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Initial Work with US Environmental 
Protection Agency and RTI International 

Marginal Abatement Curves 

http://www.epa.gov/climatechange/economics/downloads/GlobalMitigationFullReport.pdf
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Illustrative Results from IMPACT 

§ Decrease in prices 
§ Increase in production 
§ Increasing productivity 

very optimistic and 
requires strong 
investments…
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IMPACT Model ~ Basic Idea 

§ International Model for Policy Analysis of Agricultural 
Commodities and Trade (IMPACT) 

§ IMPACT is a partial equilibrium agricultural sector 
model designed to examine alternative futures for 
global food supply, demand, trade, prices, and food 
security. 

§ IMPACT allows IFPRI to provide both fundamental, 
global baseline projections of agricultural commodity 
production and trade and malnutrition outcomes 
along with cutting‐edge research results on quickly 
evolving topics such as bioenergy, climate change, 
changing diet/food preferences, and many other 
themes.
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IMPACT Model ~ Briefly 

§ Disaggregated agricultural commodities (32 commodity groups: 
including cereals, soybeans, roots & tubers, meats, milk, eggs, 
oils, oilcakes & meals, sugar & sweeteners, fruits & vegetables) 

§ Production driven by both economic and environmental factors 
and has both extensive (area) and intensive (yield) components 

§ Disaggregated spatial allocation of crop production at sub‐ 
national level (281 units) 

§ Details on physical use of land and water, exogenous 
technological change, trade policies, with resulting trade 

§ World food prices are determined annually at levels that clear 
international commodity markets è Iterative year‐by‐year 
demand and supply equilibration 

§ Output indicators – calorie availability, malnutrition measures, 
water consumption, yield growth and total production, area
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IMPACT Model ~ Food Side
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IMPACT è IMPACT‐WATER 

§ Separate area and yield functions for rainfed 
and irrigated crops 
§ Water allocation among crops 
§ Yield & area reductions from lack of water 
§ Water Demand from Different Sectors 

• Irrigation = f(Irrigated Area, ET, Irrigation Efficiency, Water 
Price) 

• Livestock = f(Livestock Population, Water Demand per 
Animal, Water Price) 

• Industrial = f(GDP, Water Use Intensity, Technological 
Change, Water Price) 

• Domestic = f(Income per Capita, Population, Technological 
Change, Water Price)
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IMPACT è IMPACT‐WATER
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IMPACT Spatial Resolution 

115 
Regions 

126 H 2 O 
Basins
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IMPACT Spatial Resolution 

115 Regions & 126 Basins è 

281 “Food Production Units”
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Including GHG accounting and mitigation 

Types of Mitigation/Abatement Options 

Manure 
Management 

No till 

Husbandry 
Practices (drugs) 

Changing Straw 
Management 

Nitrification 
Inhibitor 

Grazing 
Management 

Improved 
Fertilizer 

Fertilizer 
Reductions 

Feed 
Enhancement 

Drainage 
Management 

Fertilizer 
Applications 

Livestock Rice Cropland
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Including GHG accounting and mitigation 

§ Changes in yield 

§ Changes in costs of production (wages, other inputs) 

§ Technical coefficients 
• Inventories: IPCC, EPA 
• Process models: DAYCENT, DNDC 

§ Currently focused on: 
• Crops: Rice, Wheat, Maize, Soybean 
• Livestock: Beef, Dairy, Swine, Sheep‐goats
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Baseline Global Emissions 
Crops + Livestock 
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Draft results, not for citation
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Crop emissions 
by major developing region 
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Livestock emissions 
by major developing region 
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Shares of emissions through time 

2000 2050 

Rice 
29% 

Beef 
36% 

Swine 
7% 

Sheepgoat 
8% 

Dairy 
14% 

Maize 
2% 

Soybean 
1% 

Wheat 
3% 

Rice 
23% 

Beef 
44% 

Swine 
5% 

Sheepgoat 
11% 

Dairy 
11% 

Maize 
2% 

Wheat 
3% 

Soybean 
1% 

Changing diets, but some shares globally remarkably static 

Draft results, not for citation
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Potential of mitigation options 

§ VERY optimistic reduction of GHG emission 
from 7‐14%, depending on prices 
§ Path dependent, how motivated are policy‐ 

makers 
§ Shifts in production toward comparatively 

advantaged 
§ Trade‐offs from maintaining supply to meet 

future demands (intesification versus 
extensification)



Page 21 

Next steps 

§ More precise modeling of mitigation and 
abatement alternatives, especially with 
respect to adoption 

§ Broader set of technical coefficients 

§ Importance of designing and modeling 
schemes involving payment for environmental 
services: providing robust analysis of policy 
alternatives
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More documentation available via Internet 

http://www.ifpri.org/
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Some background slides…
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Cropland N2O and Soil Carbon Mitigation 

Soil carbon, 
some N2O 

Conversion from conventional tillage to no till, where soils 
are disturbed less and more crop residue is retained. 

No‐till 

N2O, some soil 
carbon 

Reduces conversion of ammonium to NO3, which slows the 
immediate availability of nitrate (nitrate is water 
soluble). The inhibition of nitrification reduces nitrogen 
loss and increases overall plant uptake. 

Nitrification inhibitor 

N2O, some soil 
carbon 

Reduction of nitrogen‐based fertilizer from one‐time 
baseline application of 30 percent. 

Simple fertilization 
reduction—30 
percent 

N2O, some soil 
carbon 

Reduction of nitrogen‐based fertilizer from one‐time 
baseline application of 20 percent. 

Simple fertilization 
reduction—20 
percent 

N2O, some soil 
carbon 

Reduction of nitrogen‐based fertilizer from one‐time 
baseline application of 10 percent. 

Simple fertilization 
reduction—10 
percent 

N2O, some soil 
carbon 

Application of same amount of nitrogen fertilizer as in 
baseline but divided into three smaller increments 
during crop uptake period to better match nitrogen 
application with crop demand and reduce nitrogen 
availability for leaching, nitrification, denitrification, 
and volatilization. 

Split fertilization 

Greenhouse 
Gas Effects 

Description Mitigation Option
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Rice CH4, N2O, and Soil Carbon Mitigation 

Same Assumes upland rice replaces existing paddy rice areas and 
that fields do not receive any flood water. 

Upland rice 

Same Nitrogen is slowly released from coated or tablet fertilizer 
over a 30‐day period following application. Applied in 
the same amount and at the same time as in baseline 
case. Increases fertilizer‐use efficiency. 

Slow‐release fertilizer 

Same Baseline fertilizers, urea, and ammonium bicarbonate, 
replaced with 140 kg/hectare of ammonium sulfate. 
Sulfate additions to soil can elevate reduction 
potential, which suppresses CH4 production. 

Ammonium sulfate 

Same Shifting straw amendment from in‐season to off‐season can 
reduce availability of dissolved organic carbon and; 
thus, methanogens. Assumes rice straw is applied 2 
months before rather than at beginning of rice‐growing 
season. 

Off‐season straw 

Same Assumes rice paddies are marginally covered by flood water, 
with the water table fluctuating 5 to 10 cm above and 
below soil surface. Not applied on rain‐fed areas. 

Shallow flooding 

CH4, N2O, soil 
carbon 

In China, shift from 80 percent to 100 percent adoption of 
midseason drainage. In rest of Asia, conversion from 0 
percent to 100 percent. Rice fields are dried three 
times within a growing season and surface water layer 
is 5 to 10 cm for remaining, flooded period. Not applied 
on rain‐fed areas. 

Full midseason drainage 

Greenhouse 
Gas Effects 

Description Mitigation Option
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Livestock Enteric Fermentation Mitigation 

CH4, some N2O Administer bST to dairy cattle to increase milk production. 
In many cases, this option increases CH4 emissions per 
animal but typically increases milk production 
sufficiently to lower emissions per kilogram of milk. 
Because of opposition to the use of bST in many 
countries, this option was only applied in selected 
countries that currently approve of the use of bST or 
are likely to approve its use by 2010. 

Bovine somatotropin 
(bST) 

CH4, some N2O Administer antibiotics (e.g., monensin) to beef cattle to 
promote faster weight gain, which reduces time to 
maturity and CH4 production per kilogram of weight 
gain. This option is applied in all regions. 

Antibiotics 

CH4, some N2O Increase the amount of grain fed to livestock to increase the 
proportion of feed energy being converted to milk, 
meat, or work instead of animal maintenance. This 
option tends to increase emissions per animal but 
reduce emissions per unit output. It is more effective in 
reducing emissions per unit of production in regions 
where baseline feed is of relatively low quality. This 
option is applied to both beef and dairy cattle in all 
regions, although it was excluded from the MACs for 
some developed regions where it resulted in slightly 
higher GHG emissions. 

Improved feed 
conversion 

Greenhouse 
Gas Effects 

Description Mitigation Option
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Livestock Enteric Fermentation Mitigation 

CH4, some N2O Moving to a more management‐intensive grazing system 
where cattle are frequently rotated between pastures to 
allow recently grazed pastures time to regrow and to 
provide cattle with more nutritious pasture grazing that will 
permit replacement of more feed grains. This option may 
actually reduce animal yields but will decrease emissions by 
an even larger percentage. This option is applied to beef 
and dairy cattle in developed regions and Latin America. 

Intensive grazing 

CH4, some N2O Vaccine in development by Commonwealth Scientific and 
Industrial Research Organization (CSIRO) that can be 
administered to animals and will suppress CH4 production in 
the rumen. This option is applied to beef and dairy cattle, 
sheep, and goats in all regions. 

Antimethanogen 

CH4, some N2O Involves administering propionate precursors to animals on a 
daily basis. Hydrogen produced in the rumen through 
fermentation can react to produce either CH4 or 
propionate. By adding propionate precursors to animal feed, 
more hydrogen is used to produce propionate and less CH4 
is produced. This option is applied to both beef and dairy 
cattle in all regions. 

Propionate precursors 

Greenhouse 
Gas Effects 

Description Mitigation Option
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Livestock Manure Management Mitigation 

CH4 This digester option may be appropriate where 
concentrations of solids are very low, such as in 
manure management situations where manure is very 
diluted with water. Fixed‐film digesters consist of a 
tank packed with inert media on which bacteria grow 
as a biofilm. 

Fixed‐film digester 

CH4 These digesters consist of long and relatively narrow heated 
tanks, often built below ground level, with gas‐tight 
covers. Plug‐flow digesters are only used for dairy 
manure because they require higher manure solids’ 
content, around 11 percent to 13 percent. As with 
complete‐mix digesters, they are maintained at 
constant temperatures throughout the year to maintain 
consistent gas production. 

Plug‐flow digester 

CH4 These digesters are more common in warmer climates, 
where manure is flushed out of barns or pens with 
water, lowering the solids’ concentration to a level 
generally between 3 percent and 10 percent. Often 
there is a mixing tank where the manure accumulates 
before entering the digester. These digesters make use 
of gravity and pumps to move the manure through the 
system. They are often in the shape of a vertical 
cylinder and made of steel or concrete with a gas‐tight 
cover. These digesters are typically heated to maintain 
a constant temperature and constant gas flow. 

Complete‐mix digester 

Greenhouse 
Gas Effects 

Description Mitigation Option
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Livestock Manure Management Mitigation 

CH4 This small‐scale unheated digester is in use in a variety of 
developing countries. The digester essentially consists of a 
hole dug in the ground and covered with a plastic bag, with 
an area for input of manure and a pipe with a valve for 
biogas produced. Biogas generated is typically used by the 
household for cooking and other household energy needs. 

Polyethylene bag 
digester, cooking fuel 
and light 

CH4 These are small‐scale, unheated digesters used in some 
developing nations, including China and India. A typical 
dome digester is a bricklined cylinder sunk in the ground 
with a wall dividing the cylinder in two with inlet and outlet 
ports connected to the bottom of the tank. Biogas generated 
is typically used by the household for cooking and other 
household energy needs. 

Dome digester, cooking 
fuel and light 

CH4 Covered earthen lagoons are the simplest of the systems 
used in developed countries and generally the least 
expensive, though there is quite a bit of variation in the 
systems that have been built. This system is used with low 
manure solids’ concentration (less than 3 percent) and can 
be used for swine or dairy cattle. CH4 is captured by 
covering the lagoon where manure is stored with a floating 
cover and piping the gas out to a flare or used on‐farm. 
Because these digesters are not generally heated, the 
available gas flow varies significantly over the course of the 
year. 

Covered lagoon 
digester, large‐scale 

Greenhouse 
Gas Effects 

Description Mitigation Option



Page 30 

Livestock Manure Management Mitigation 

CH4 This is another relatively simple and low‐cost unheated 
digester used in developing countries where the biogas is 
generated and collected within a plastic bag. 

Flexible‐bag digester, 
cooking fuel and light 

CH4 This is smaller‐scale and much cheaper version of the 
covered lagoon above, used to generate biogas for 
household use. Some of these digesters may produce enough 
energy for shaft power, in addition to household cooking 
and other uses. 

Covered lagoon, small‐ 
scale, for cooking fuel, 
light, shaft power 

Greenhouse 
Gas Effects 

Description Mitigation Option


