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Overview

• Examples of mitigation measures 
• Climate risks in vulnerable areas - adaptation
• Process-based models: estimating impact of agricultural 

management on GHG emissions under a changing 
climate 

• Coping with Climate Change in Agriculture



Anthropogenic GHG emissions from agriculture

• Agriculture accounts for about 10-13% of 
total global anthropogenic emissions of 
GHGs. (5.1 to 6.1 Gt CO2-eq/yr in 2005) 

• Most net emissions are in the form of CH4
and N2O. CO2 flux is approximately in 
balance (large annual exchanges between 
atmosphere and agricultural land).  

• Globally, agricultural CH4 and N2O 
emissions have increased by nearly 17% 
from 1990 to 2005

Working group III Contribution to the 
Fourth Assessment of the IPCC. Climate 
Change 2007. Mitigation of Climate Change



• Need to maintain soil carbon and soil fertility 
• Need to increase food production
• Need for a source of energy (energy security) 
• Need to adapt to maintain productivity in some areas
• Need to mitigate GHG emissions

Increased stress on Agriculture
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GHG Mitigation: Cropland Management
Tillage/residue management
•Reduced tillage often increases carbon sequestration by lowering rate of 
decomposition of organic matter reducing soil erosion. 
•Sensitive to climate change. Higher temperatures could lower soil carbon 
sequestration potential. Warmer, wetter climates can increase risk of crop 
pests and diseases associated with reduced till practices.

+ / -

+ / -

+ / -
+ / -

N2O

IPCC document indicates that the 
overall tradeoff between N2O and 
CO2 emissions may result in little 
net change.

Implication for GHG emissions 
of Adaptation actions

+
Avoid burning residues (use 
for biofuels)

+Retain crop residues
+ / -No tillage
+ / -Reduction in tillage

CH4CO2Mitigation Practice
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Jacob W. Elder, Rattan Lal, Tillage effects on gaseous emissions from an intensively farmed organic soil in 
North Central Ohio, Soil and Tillage ResearchVolume 98, Issue 1, , January 2008, Pages 45-55. 



GHG Mitigation: Cropland Management
Land cover/Land use change
•Change of cropland to another land cover, particularly one similar to native 
vegetation will usually sequester carbon
•May need to use set-aside land to offset loss of productivity on other
lands.

+ / -

+

+ 

+ / -

N2O

To adapt to climate stresses we 
would need to keep production 
high on non-set-aside
land, which could increase GHG 
emissions, or return some set-
asides to production which could 
potentially increase GHG 
emissions back to the level they 
were previously before 
conversion.

Implication for GHG emissions 
of Adaptation actions

+ / -
Reduce reliance on 
fertilizer/pesticide inputs (Change 
crop system, Organic)

++Grassed waterways, field margins 
and shelterbelts

++ Cropland to permanent 
grassland/forest

+ / -Planting trees (this can absorb more 
radiation due to decreased albedo)

CH4CO2Mitigation Practice
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Mitigation: Bioenergy
Bioenergy
•Some bioenergy crops are potentially sensitive to climate change, either 
positively or negatively. Areas devoted to bioenergy could be under 
increasing competition with the needs for food or the conservation of the 
environment.

+ / -

+/ -

+

+ / -

N2O

Generally, results in net CO2 uptake 
on land. N2O emissions would 
increase if N turnover rates were 
greater than under previous land 
uses. Possible positive and 
negative impacts on net GHG 
emissions at various stages of the 
energy chain must be managed. 
(cultivation, harvesting, transport, 
conversion) .

Implication for GHG emissions of 
Adaptation actions

+ Lignocellulosic crops

+ / -Biofuel production from crop 
residues 

+Bioheat from grasses and 
shrubs

+ / -Biofuel production from 
common crop cultivars

CH4CO2Mitigation Practice



• More heat/ 
drought tolerant 
crop varieties in 
moisture 
stressed areas. 
• More disease 
and pest 
tolerant crops.
• Increase the 
cultivation of 
bioenergy crops.
• Erosion control 
and soil 
protection.

• More heat/ 
drought tolerant 
crop varieties in 
moisture 
stressed areas. 
• More disease 
and pest 
tolerant crops.
• Increase the 
cultivation of 
bioenergy crops.
• Use of salt 
tolerant crop 
varieties
• Introduce 
higher yielding, 
earlier maturing 
crop varieties in 
cold regions
• Introduce 
nitrogen fixing 
crops for 
improved N 
availability
• Erosion control 
and soil 
protection.

• More heat/ 
drought tolerant 
crop varieties in 
moisture 
stressed areas. 
• More disease 
and pest 
tolerant crops.
• Increase the 
cultivation of 
bioenergy crops.
• Use of salt 
tolerant crop 
varieties. 
• Earlier/later 
scheduling with 
changed 
growing season
• Introduce 
nitrogen fixing 
crops for 
improved N 
availability
• Erosion control 
and soil 
protection.
• Thin crop in 
dry years to 
reduce 
competition for 
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with spring 
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• More heat/
drought tolerant 
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moisture 
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and pest 
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• Increase the 
cultivation of 
bioenergy crops.
• Introduce 
higher yielding, 
earlier maturing 
crop varieties in 
cold regions

AustraliaAsiaAfricaEuropeSouth
America

North
America

Agricultural Adaptations in 

response to Climate Risks 

Crops and Cultivars
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• Breeding 
livestock for 
greater 
tolerance and 
productivity. 

•Adjust stocking 
rates/grazing 
regimes. 

• Change to 
more resilient 
species of 
pasture.

• Increase use 
of feed/health 
regime at 
national scale 
supplements

• Breeding 
livestock for 
greater 
tolerance and 
productivity. 

• Increase 
stocks of forages 
for unfavorable 
time periods. 
• Improve 
management of 
stocking rates 
and rotation of 
pastures
• Altered 
application of 
nutrient/fertilize
rs/pesticide. 
• Change 
planting date to 
effectively use 
the prolonged 
growing season 
and irrigation. 
• Develop 
adaptive 
management 
strategy at farm 
level. 

• Breeding 
livestock for 
greater 
tolerance and 
productivity

• Increase 
stocks of 
forages for 
unfavorable 
time periods. 

• Moisture 
management 
(irrigation, 
conservation, 
fallowing).Soil
management 
(tillage, crop 
rotation, land 
drainage).

•Implementatio
n of water-
harvesting 
systems in 
semi-arid 
regions. 

• Breeding 
livestock for 
greater 
tolerance and 
productivity

•Adjust stocking 
rates/grazing 
regimes. 

• Change to 
more resilient 
species of 
pasture. 

• Breeding 
livestock for 
greater 
tolerance and 
productivity

• Altered 
application of 
nutrient/fertilize
rs/pesticide.

• Production of 
vegetable oils 
from native 
plants to supply 
bio-diesel 
industry.

• Recyling of 
wastewater and 
land allocation 
to increase 
cultivable area.

•Installation of 
irrigation 
systems. 

• Breeding 
livestock for 
greater 
tolerance and 
productivity

• Change 
planting date to 
effectively use 
the prolonged 
growing season 
and irrigation.

• Improve 
management of 
crop residues for 
use with 
bioenergy 
technologies
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Agricultural Adaptations in 

response to Climate Risks

Livestock and Farm Management
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Process-based models: 
estimating impact of agricultural 
management on GHG emissions 

under a changing climate



Process-based models: estimating impact of agricultural 
management on GHG emissions under a changing climate

• Predict change in GHG emissions over space 
and time (Can be difficult or impossible to 
extrapolate from empirical data) 

• Simulate a wide range of agricultural 
management and climate change scenarios  

• Examine interactions between C change and 
N2O emissions

Development of reliable C and N dynamic models are 
needed to:



Smith, P., D. Martino, Z. Cai, D. Gwary, H. Janzen, P. Kumar, B. McCarl, S. Ogle, F. O’Mara, C. Rice, B. Scholes, O. Sirotenko,
2007: Agriculture. In Climate Change 2007: Mitigation. Contribution of Working Group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA.

Estimating emissions factors using 
Daycent and DNDC models



Total technical mitigation potential
(all practices, all GHG’s: MtCO2-eq/yr)

Smith et al. 2007. Greenhouse gas mitigation in agriculture. Philosophical Transactions of 
The Royal Society, B., 363. doi:10.1098/rstb.2007.2184.



Premise: Adaptation methods and sometimes even mitigation 
measures may change with time as the climate changes and areas 
become warmer, more arid, or more inconsistent in weather 
patterns

Objectives:

•Examine the effect that climate change might have on 
GHG emissions in some areas

•Access the impact that mitigation and adaptation 
measures might have on GHG emissions under a changing 
climate

Modeling approach to access impact of climate change on 
GHG emissions



Maximum grain production
Grain fraction of total biomass

Leaf/stem fraction of total 
biomass

Root fraction of total biomass
C:N ratios of grain/stem/root

Water requirement
Maximum LAI

Maximum height
Accumulative degree days for 

crop maturity

Initial photosynthesis efficiency 
rate

Maximum photosynthesis rate
N fixation rate

Growth rate in vegetative and 
reproductive stages

Soil Texture

Bulk Density

pH

Clay fraction

Porosity

Wilting point

Field Capacity

Organic C
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Soil 
Characteristics Crop Parameters Climatic Drivers

Maximum Daily 
Temperature
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Temperature

Daily Precipitation

Daily Wind speed

Daily solar radiation

Farming 
Practices

Fertilizer 
Application

Tillage

Irrigation

Weeding
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DNDC Input ParametersDNDC Input Parameters



Estimating the effect of climate on crop biomass 
production and net GHG emission



Estimating the effect of climate on crop biomass 
production and net GHG emission



DNDC: Estimated vs measured wheat yields 
45 kg/ha N, 20 kg/ha P fertilizer treatment in western Canada
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Estimated percent change in grain yield using DNDC for wheat-fallow 
rotation, Australia  (2000-2100)
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Coping with Climate Change in Agriculture

• Most agricultural systems are in some capacity capable of mitigating 
GHG emissions, however the extent to which mitigation will occur is 
limited by policy, economics and a need for more food production. 

• We need to access long-term consequences of our mitigation and 
adaptation strategies and determine how these actions are affected by 
climate.  This will to some extent require simulation modeling. 

• Gaps in our research limit the ability to accurately estimate the mitigation 
potential of certain scenarios and limits the performance of simulation 
models. 

• Generally there is a positive interaction between mitigation, adaptation 
and sustainable agricultural.  

• Biofuel production will be a very important component of agricultural 
production in the future and we should promote measures which reduce 
GHG emissions.  


