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Allocation The process of attributing input and output flows and the 
associated environmental burdens to each product within a 
system that produces multiple products.

Baseline A modeling scenario that includes initial practices which is 
used for comparisons with alternative scenarios.

Carbon dioxide 
equivalents 

CO₂-eq A measure used to compare the global warming potential 
of different greenhouse gases.

Cradle-to-gate A partial life cycle assessment where the system boundary 
starts with the extraction of raw materials and ends at the 
farm gate.

Crude protein CP A laboratory measure of the total nitrogen in feed or 
biological samples (e.g., milk or blood) that typically 
includes both true proteins and non-protein nitrogen sources.

Enteric methane Enteric 
CH₄

A gas that is an end-product of the fermentation process 
that takes place in the digestive system of animals, primarily 
herbivores and especially ruminants.

Fat and protein 
corrected milk

FPCM A unit that adjusts milk production values based on a 
defined percentage of fat and protein in milk. It is a widely 
used functional unit in milk production life cycle assessment 
studies that provides a common reference for comparisons.

Functional unit FU A measure to assess the impacts of a system that provides 
a common reference unit for comparison to relate all the 
inputs and outputs included in the boundary of the study 
(e.g., kilograms of fat and protein corrected milk) (ISO 2006).

Greenhouse gas GHG A gas in the atmosphere that absorbs and emits energy 
within the thermal infrared range (e.g., methane, carbon 
dioxide, nitrous oxide, chlorofluorocarbons).

Inventory data Inventory of input (e.g., water, energy, materials) and output 
flows (e.g., product(s), emissions to air, land, and water) from 
a system under study. 

Life cycle 
assessment 

LCA A method used to track and assess potential environmental 
impacts of a product or service throughout all stages of 
production, use, and final disposal.

Mineralization The conversion of organic nitrogen to inorganic plant available 
nitrogen.

Neutral  
detergent 
fiber

NDF A laboratory measure of fiber in animal feed measuring 
most structural components in plant cells (lignin, cellulose 
and hemicellulose) but not pectin.

Nitrification The microbially facilitated conversion of ammonium to nitrite 
and then to nitrate.

Ruminant Even-toed ungulate mammal that chews the cud regurgitated 
from its rumen. Ruminants, comprising cattle, deer, and sheep, 
are emitters of methane.

Whole farm The combined animal, manure management, crop, and land 
operations and practices of a livestock facility.
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Introduction 
Milk and dairy products constitute an important part 
of the human diet, providing essential nutrients and 
vitamins. Worldwide, the dairy industry supplies 242 ml 
(approximately one 8-ounce glass) of milk per person per 
day (Wattiaux 2017). With a fast-growing world population, 
milk demand is expected to increase by 23% from 2014-2024 
(OECD-FAO 2015). The production of dairy goods emits 
greenhouse gases (GHGs), which trap heat in the atmosphere 
resulting in a warmer climate. Dairy production represents 
nearly 4% of global man-made GHG emissions, highlighting 
the importance of implementing strategies to reduce the 
emissions associated with milk production (Gerber et al. 
2010). In the U.S., the dairy sector contributes nearly 2% of 
total GHG emissions with more than 75% of these emissions 
coming from on-farm activities (Thoma et al. 2013). Enteric 
methane is the largest single contributor to on-farm 
emissions, followed by manure management and feed 
production for dairy rations. 

The most important GHGs emitted from dairy farms are 
methane and nitrous oxide, which have a much larger global 
warming potential than carbon dioxide. On-farm methane 
emissions originate from two main processes. The first is 
the digestion of feed, which produces enteric methane 
(Aguirre-Villegas et al. 2017).  The second is the microbial 
decomposition of organic material in manure in the absence 
of oxygen (Aguirre-Villegas, Larson, and Ruark 2017a). 
Nitrous oxide is mostly emitted from cropland soil after the 
application of synthetic fertilizers and manure (Aguirre-
Villegas, Ruark, and Larson 2018). However, small amounts 
can also be emitted from manure storage when oxygen is 
available (Aguirre-Villegas, Larson, and Ruark 2018). 

Dairy manure also emits ammonia, which can have negative 
impacts on human health, air quality, and water quality. In 

addition, ammonia contributes indirectly to GHG emissions, 
as it can be deposited and emitted as nitrous oxide (N₂O). 
Ammonia can cause irritation of the eyes and respiratory 
tract at low concentrations. In the atmosphere, ammonia can 
lead to acid rain, which may destroy forests. Also, ammonia 
contributes to the formation of particulate matter, which 
could have detrimental effects on lung and heart functions. 
Being a dense compound, ammonia eventually moves from 
the atmosphere back to the land, affecting the balance of 
natural ecosystems and contaminating waterways. 

Different strategies have been evaluated to reduce GHG 
and ammonia emissions from the farm. Most of these 
strategies focus on individual activities such as varying the 
diet composition to reduce nitrogen losses (Agle et al. 2010) 
and implementing anaerobic digestion systems to reduce 
methane emissions from manure storage (Aguirre-Villegas, 
Larson, and Reinemann 2014). Analyzing farm components 
individually provides incomplete information. A strategy 
to reduce a gas on one part of the farm could increase 
gas release on another part of the farm. For example, diet 
variations that seek to reduce nitrogen excretion could 
increase enteric methane emissions, but more empirical 
evidence is still needed (Dijkstra, Oenema, and Bannink 
2011). It is therefore important to study different practices 
at the whole farm level to document their interaction and to 
come up with more comprehensive conclusions that guide 
producers and policymakers. 

This fact sheet builds on the results from a recent cradle-to-
gate life cycle assessment (LCA) study of two sizes of dairy 
farms (150-cow and 1,500-cow dairies) in the Great Lakes 
region (Aguirre-Villegas et al. 2018) and models different 
management practices with the objective of mitigating GHG 
emissions at the farm level. 

Description 150-cow farm 1,500-cow farm

Number of cows 150 milk cows; 130 replacement heifers 1,500 milk cows; 1,180 replacement heifers

Daily milk production 27.8 kg (61 lb) FPCM1 per cow 26.1 kg (57 lb) FPCM per cow

Produced feeds on-farm Alfalfa silage, corn silage, oat silage, 
high-moisture corn grain

Alfalfa silage, corn silage, dry corn grain

Purchased feeds Soybean meal and expeller soybean meal Soybean meal and expeller soybean meal

Housing system Milk cows: Free-stalls with sand bedding
Heifers: bedded packs with straw bedding

Whole herd: free stalls with straw bedding

Manure type Milk cows: slurry
Heifers: solid

Whole herd: slurry

Manure management Storage: 6 months (no-cover)
Land application: 100% of manure is surface 
applied on-farm

Storage: 6 months (no-cover)
Land application: 90% of manure is surface  
applied on-farm and 10% is exported to  
neighboring farms

1Fat and protein corrected milk. See p. 1 for more details. 

Table 1. Summary of the characteristics and management practices of baseline farms (Aguirre-Villegas et al. 2018)
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Defining Baseline Farms
Baseline GHG emissions have been estimated from two 
baseline farms of 150 and 1,500 cows, located in Wisconsin 
and New York, respectively, based on current farm 
management practices using LCA methodology. These 
farms are called “baselines” because they represent common 
characteristics and practices conducted by dairy producers 
in the Great Lakes region (Table 1). It is important to define 
these baselines to understand how alternative practices 
or changes in the farms may affect outcomes (e.g., milk 
production, GHG emission). From these baselines, alternative 
management practices are defined and analyzed based on 
their related GHG emissions. Any reductions in emissions 
highlight opportunities to implement effective GHG 
mitigation strategies.

Defining Alternative Management Practices 
From the modeled baseline farms, different management 
practices related to feed, manure, field, and a combination 
of management strategies have been modeled. In this study, 
the practices that increase milk production also reduce GHG 
emissions per kg of fat and protein corrected milk (FPCM) 
produced, as this is the defined functional unit. The details of 
each practice are described in Table 2. 

Feed management practices target increased milk 
production, reduced nitrogen excretion, and reduced 
enteric methane emissions. For example, diets with high 
starch content (e.g., diets high in corn grain) and low forage 
content have been shown to reduce the production of 
methane in the rumen (Knapp et al. 2014). Increasing forage 
digestibility is also a common recommended practice to 
increase milk production, resulting in a reduction of overall 
emissions per unit of milk produced (Knapp et al. 2014). 
Other recommended feeding strategies that reduce enteric 
methane emissions and nitrogen excretion include reducing 
excess dietary crude protein and improving feed conversion 
efficiency through breed selection, diet formulation, and 
improved feed digestibility.

Manure management practices to reduce GHGs mostly 
target methane emissions from manure storage. Research 
has shown that storage of manure is the major contributor 
to GHG emissions during manure management (Thoma et 
al. 2013). In this analysis, a manure cover with no biogas 
flare was implemented only in the 150-cow farm, as covers 
are known to reduce methane and ammonia emissions. 
Anaerobic digestion (Aguirre-Villegas, Larson, and Ruark 
2016) and solid-liquid separation (Aguirre-Villegas, Larson, 
and Ruark 2017b) were implemented only in the 1,500-cow 
farm, as these systems are more common to larger farms. 

Field practices modeled in this assessment target strategies 
to reduce soil erosion, nutrient losses, nitrous oxide and 
ammonia emissions, and to increase crop yields. Assessments 
were also made to determine the impact of a combination 
of strategies to reduce GHG emissions. On both farms, 
researchers assessed the effect of combining feed strategies 

(Feed 1, Feed 2, Feed 3 in Table 2). On the 1,500-cow farm, 
researchers assessed the effect of combining feed, manure, 
and field strategies (Whole Farm 1, Whole Farm 2, Whole 
Farm 3 in Table 2).  

Life Cycle Assessment (LCA) Methods 
Emission results are from cradle to farm gate, meaning 
that the analysis starts from the extraction of raw materials 
used in the dairy system and ends when the products, 
milk, and meat leave the farm. Inventory data are sourced 
from the Integrated Farm System Model (IFSM), which 
is a model specialized in animal agriculture (Rotz et al. 
2018). These data are used as inputs into the LCA software 
SimaPro® to simulate different management practices to 
estimate GHG emissions. Table 3 presents a summary of the 
methodological approaches used in the LCA (See Aguirre-
Villegas et al. 2018 for more details on LCA methods). 

Life Cycle GHG Emissions for Each Practice 
Scenario 
Baseline GHG emissions, or the total GHG emissions for the 
original practices selected, are 1.06 kg CO₂-eq/kg FPCM for 
the 150-cow farm and 0.92 kg CO₂-eq/kg FPCM for the 1,500-
cow farm. The carbon footprint of milk production is higher 
in the 150-cow farm, despite higher milk production per 
cow, due to higher emissions from feed production, enteric 
methane emissions, and higher nitrous oxide emissions from 
the manure bedded pack system (Aguirre-Villegas et  
al. 2018).

When analyzing all practices, GHG emissions range from 
0.93-1.12 kg CO2-eq/kg FPCM for the modeled 150-cow farm 
and from 0.70-0.95 kg CO2-eq/kg FPCM for the modeled 
1,500-cow farm. On average, most of the emissions for both 
farms occur in the form of methane, followed by nitrous 
oxide and carbon dioxide from fossil sources (Figure 1). The 
modeled practices reduce methane emissions more than 
other gases.

Figure 2 presents the GHG emission changes for each 
practice and farm process when compared to the baseline 
150- and 1,500-cow farms. Interestingly, the 1,500-cow farm 
can reduce a larger percentage of GHG emissions than the 
150-cow farm (24% vs. 12%, respectively) by implementing 
these practices. Also, some modeled practices can increase 
GHG emission from the 150-cow farm at a larger rate when 
compared to the 1,500-cow farm (5% vs. 2%, respectively). 
Table 4 presents a summary of the factors that influence GHG 
emission reductions and increases for all modeled practices.

Increasing the corn silage content in the diet increases GHG 
emissions on both farms. Reducing the forage content in the 
diet reduces enteric methane emissions on both farms even 
though there is a slight increase in crop production related 
emissions relative to the baselines. Manure management 
practices have the greatest potential to reduce GHG 
emissions per kg of FPCM. The scenario combining three feed 
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Practices Description of the alternative management practices and changes with respect to the  
practices of the baseline farms

Feed Practices

    High corn silage High corn silage (CS) rations where the ratio of CS:alfalfa/grass is increased from 1:1 in the  
baseline to 3:1

    Low forage Low forage rations where forage fed to lactating cows is reduced from 65% of dry matter intake 
(DMI) in the baseline to 50%

    High digestibility Digestibility of feeds increased by 2% from the baseline

    High efficiency Increased feed conversion ratio from 1.5 kg milk/kg feed DMI in the baseline to 1.65 kg milk/kg 
feed DMI, which leads to higher milk production  

    High fat Increased fat in the diet of lactating cows from 0.4 kg/day/cow in the baseline to 0.9 kg/day/cow

    Low protein Reduced protein in lactating cow diets from 17% in the baseline to 14% 

    Feed 1 Combination of feed practices with high corn silage, low forage, high digestibility, high efficiency, 
high fat, low protein 

    Feed 2 Combination of feed practices with high corn silage, same forage rations as baseline, high  
digestibility, high efficiency, high fat, low protein

    Feed 3 Feed 2 with rye silage double cropped after corn silage

Manure Practices

    Anaerobic digestion Anaerobic digestion (AD) on-farm is included to produce electricity and the remaining digestate  
is surface land applied (only for 1,500-cow farm)

    Flare A covered manure storage is used and captured methane is flared

    Covered tank An unsealed cover is used on the manure storage (only for 150-cow farm)

    Solid-liquid separation Solid-liquid separation (SLS) is included where manure solids are used for bedding and liquid  
manure is stored in an earthen basin and surface applied to cropland (only for 1,500-cow farm)

Anaerobic digestion + 
solid-liquid separation

Solid-liquid separation is applied after anaerobic digestion (only for 1,500-cow farm)

Field Practices

    Cover crop Annual grass cover crop grown following corn

No tillage No tillage establishment used for all crops with no incorporation of manure

    No tillage injection No tillage establishment used for all crops with manure applied through injection and no nitrogen 
fertilizer used

Same day incorporation Manure is incorporated into the soil the same day of application with nitrogen fertilizer reduced 
from the baseline to account for reduced losses 

Summer application 9-month manure storage is emptied in the spring and again in early summer with nitrogen  
fertilizer reduced from the baseline to account for reduced losses

Combined Whole Farm: Feed, Manure, and Field Practices

    Whole Farm 1 Combination of practices with high digestibility, high efficiency, low protein, anaerobic digestion 
+ solid-liquid separation (only for 1,500-cow farm)

    Whole Farm 2 Combination of practices with high digestibility, high efficiency, low protein, anaerobic digestion 
+ solid-liquid separation, no tillage injection (only for 1,500-cow farm)

    Whole Farm 3 Combination of practices with low forage, high digestibility, high efficiency, low protein,  
anaerobic digestion + solid-liquid separation, no tillage injection (only for 1,500-cow farm)

Table 2. Definition and description of the modeled management practices



Table 3. Methodological approaches used to estimate GHG emission results

Description Reference and characterization factors

GWP1 of methane 27.8 kg CO₂-eq (biogenic); 30.5 kg CO₂-eq (fossil)

GWP1 of nitrous oxide 265 kg CO2-eq

Functional unit 1 kg FPCM2

System boundaries Cradle to farm gate

Allocation3 of GHGs  
between milk and meat

Milk is assigned 84.5% of total GHG emissions
Meat is assigned 15.5% of total GHG emissions

Data sources Integrated Farm System Model (IFSM)

LCA software SimaPro® with IPCC GWP1 100-year

1 Global warming potential. Values of methane and nitrous oxide are from Myhre et al. 
(2013). 

2 Fat and protein corrected milk production standardized with 4% fat and 3.3% pro-
tein (IDF 2010)

3 A mass allocation approach was adopted for sold crops and co-products exported 
from the farm (i.e., cull cows and calves for  
meat production)

Figure 1. GHG emissions for each practice according to gas type for the 150-cow and 1,500-cow dairy farms. CO₂: carbon dioxide; 
CH₄: methane; N₂O: nitrous oxide; others: emissions from refrigerants.   
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practices and the scenarios combining the 
feed, manure, and field practices also achieve 
substantial emissions reductions. Overall, 
when averaging the potential reduction of 
all practices on the 1,500-cow farm, 54% of 
the farm emission reduction is achieved by 
manure management and 45% by reducing 
enteric methane. This shows the potential 
of manure management for GHG emission 
control. The remaining reduction potential 
comes from reducing resource use (e.g., water, 
electricity, natural gas, chemicals for cleaning 
the milking parlor, animal facilities, and 
machinery). 

Feed Practices

Most feed management practices reduce dairy 
farm GHG emissions compared to the baseline 
except for the high corn silage practice, which 
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increases emissions (Figure 2). Although high corn silage in 
the diet reduces enteric methane emissions, the reduction 
is offset by the increase in emissions from fossil fuels and 
fertilizers needed to produce additional feed. 

Within the feed practices, the low forage diet achieves 
greatest GHG emission reductions for both farms due to 
a significant decrease in enteric methane emissions. Low 
protein diets reduce both enteric methane emissions and 
the emissions associated with the production of protein 
sources. Increasing feed efficiency and digestibility also 
reduces enteric methane emissions and increases milk 
production. Finally, the benefits of higher milk production in 
high-fat diets are offset by the increase in emissions from the 
production of these fat sources.  

Manure Practices

Within manure practices, covering the manure storage 
and flaring methane show the greatest GHG reduction 
potential for both farms. This reduction is achieved mostly 
by reducing methane and nitrous oxide emissions during 
manure storage. Methane emissions are captured and flared, 
converting methane into carbon dioxide, which is a less 
potent GHG. Covering the manure storage reduces GHG 
emissions for the small farm because the conditions for 
nitrous oxide production and release from the formed crust 
are eliminated.  

Installing a digester also achieves GHG emission reductions 
for the large farm, but the reductions are not as significant 
as with methane capture and burning with a flare. This is 
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Figure 2. GHG emission change for each farm process and management practice relative to baseline emissions (0%) modeled 
for the 150-cow and 1,500-cow dairy farms, where negative numbers represent a reduction while positive numbers indicate an 
increase of GHG emissions. Resources are comprised by water, electricity, natural gas, chemicals for cleaning the milking parlor, 
animal facilities, and machinery.
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Management 
practice

Emission effect per kg 
FPCM

Explaining factor Overall  
change  
in GHGs

Change in emissions

Feed management practices 

High
corn
silage

Enteric CH₄ Digestibility of the diet is increased and dry 
matter intake is reduced 

150-cow: 5.6% increase
1,500-cow: 2.8% increaseFeed production

CO₂ 

Higher GHG emissions per kg of FPCM to 
produce corn silage compared to alfalfa and 
grass

Low forage Enteric CH₄ Reduce growth of rumen methane  
producing microorganisms

150-cow: 7.6% reduction
1,500-cow: 8.1% reduction

High 
digestibility

Overall GHG Increases milk production, which reduces 
overall GHG as milk is the functional unit 150-cow: 1.6% reduction

1,500-cow: 2.6% reductionFeed production
CO₂

Increases dry grain and associated  
emissions

High
efficiency Overall GHG Increases milk production by improving  

conversion of energy intake to milk
150-cow: 0.8% reduction
1,500-cow: 3.4% reduction

High fat
Overall GHG Increases milk production, which reduces 

overall GHG as milk is the functional unit 150-cow: 0.7% reduction
1,500-cow: 0.6% reductionFeed production  

CO₂
Increases purchased fat and associated  
emissions

Low  
protein

Enteric CH₄ Increased corn grain in the diet decreases 
methane formation 150-cow: 1.1% reduction

1,500-cow: 3.6% reductionFeed production  
CO₂

Reduction of purchased protein sources 
and associated emissions

Manure management practices

Covered  
storage Manure N₂O Cover eliminates conditions for nitrification 

and denitrification and thus N₂O emissions 150-cow: 7.1% reduction

Flare Manure CH₄ Flaring converts CH₄ to CO₂, which has a 
much lower global warming potential

150-cow: 12% reduction
1,500-cow: 18% reduction

Solid liquid 
separation

Manure CH₄ Less volatile solids are stored with liquid 
manure reducing CH₄

1,500-cow: 0.7% reduction

Manure N₂O
Nitrification and denitrification conditions 
are ideal during manure solids storage for 
N₂O to be emitted

Anaerobic 
digestion

Manure CH₄

Production of CH₄ is optimized and converted 
to CO₂ during the generation of electricity. 
Also, less CH₄ is emitted during manure 
storage

1,500-cow: 10% reduction

Manure NH₃

Nitrogen in manure becomes more available 
in the digester and is more prone to be lost 
as ammonia emissions from field application 
and storage when not covered

Table 4. Summary of the individual factors influencing GHG emissions for the 150-cow farm and the 1,500-cow farm 
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Anaerobic  
digestion + 
Solid liquid 
separation

Manure CH₄

Production of CH₄ is optimized and  
converted to CO₂ during the generation of 
electricity and less volatile solids are stored 
with liquid manure reducing CH₄ 1,500-cow: 9.7% reduction

Manure N₂O
Nitrification and denitrification conditions 
are ideal for N₂O to be emitted during  
manure solids storage

Field management practices

Cover crop Manure N₂O Reduced fertilizer requirements ≈ 150-cow: 0.1% reduction
1,500-cow: 0.9% reduction

Summer  
application

Manure N₂O 
and NH₃

More efficient plant uptake of nitrogen 
avoids nitrogen losses 150-cow: 3.5% reduction

1,500-cow: 4.3% reductionResource 
production CO₂ Less purchased nitrogen fertilizer is needed

No tillage No effect on GHG ≈ 150-cow: 0% reduction
1,500-cow: 0% reduction

No tillage 
injection

Manure N₂O
Nitrification and denitrification conditions 
are created when manure is injected to the 
soil

150-cow: 1.5% reduction
1,500-cow: 1.4% reductionManure NH₃ Nitrogen bonds to the soil particles  

reducing ammonia emission losses 

Resource 
production CO₂

Lower ammonia losses result in less  
purchased nitrogen fertilizer

Same day  
incorporation

Manure N₂O
Nitrification and denitrification conditions 
are created when manure is incorporated to 
the soil

≈
150-cow: 0.5% reduction
1,500-cow: 1.3% reduction

Manure NH₃ Nitrogen bonds to the soil particles  
reducing ammonia emission losses 

Resource 
production CO₂

Lower ammonia losses result in less  
purchased nitrogen fertilizer

because there are still methane and nitrous oxide emissions 
from the digested manure during storage post-digestion, 
as opposed to the covered tank where methane and nitrous 
oxide emissions are avoided. 

Results for the manure digestion practice and manure 
digestion with solid-liquid separation practice are 
comparable. Interestingly, however, adding a separator 
slightly increases GHG emissions when compared to 
anaerobic digestion with no separation. This result 
contradicts results from other studies that show reduction of 
emissions from solid-liquid separation of manure (Aguirre-
Villegas, Larson, and Reinemann 2014; Holly et al. 2017).This 
can be mostly attributed to the increase in nitrous oxide 
emissions from the storage of the separated solid manure 
fraction despite lower methane emissions from the liquid 
fraction storage. Also, the separated and digested liquid 
manure, if not covered, emits ammonia at a faster rate 
than undigested manure, increasing indirect nitrous oxide 
emissions. More ammonia is volatilized from stored manure 

because the digestion process increases the ammoniacal 
nitrogen content in the manure through mineralization. 
Ammonia losses could be minimized by covering the manure 
storage.   

Field Practices

In general, field practices have little effect on GHG emissions 
except for timing of manure application. Shifting the timing 
from a fall or spring application to a split application (spring 
and summer) has the greatest GHG emission reduction 
potential of any land management practice. This is because 
more of the nitrogen is applied while the crop is actively 
growing. As a result, the nutrients in manure are more 
efficiently used by the crops, reducing the additional 
application of inorganic nitrogen fertilizers. However, this 
practice requires a manure storage period of at least 9 
months, which increases the space required for storage.

Table 4 cont.
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Injecting and incorporating manure reduces ammonia 
emissions and thus indirect nitrous oxide formation. Less 
nitrogen lost to the atmosphere also lowers the requirement 
for inorganic nitrogen fertilizers. These benefits reduce 
overall emissions but are counterbalanced by an increase 
in nitrous oxide emissions that result from the conditions 
created when manure is injected into the soil.

Combined Feed, Manure, and Field Practices

Emission reductions are not additive when combining 
practices, hence it is important to evaluate specific scenarios 
when identifying the optimal combination of practices with 
the greatest emission reduction potential. 

The three practices that combine different feed strategies 
(i.e., Feed 1, Feed 2, Feed 3) are effective in reducing 
baseline GHG emissions, with Feed 1 achieving the greatest 
reductions. These reductions are achieved even when high 
amounts of corn silage (which has high GHG emissions from 
feed production) are included in all three feed combined 
practices. This suggests that even greater GHG reductions 
could be achieved by adopting diets that are not high in 
corn silage. The results of Feed 1, however, need to be taken 
with caution as the combination of high corn silage, low 
forage, and high digestibility could result in rumen acidosis. 
Interestingly, combining multiple feed practices achieves 
similar reductions as the single manure practice of covering 
the storage and flaring the produced methane, underscoring 
the potential of manure management to reduce GHG 
emissions. 

Significant GHG emission reductions occur for the 1,500-cow 
farm when feed, manure, and field management practices 
are combined (17-24% emission reductions). Of the three 
scenarios combining feed, manure, and field practices, Whole 
Farm 3 achieves the greatest GHG reduction compared 
to the baseline. This is achieved despite slightly larger 
amounts of feed consumption among herds in this scenario, 
which increases GHG emissions related to feed production. 
Interestingly, the combination of feeding strategies in this 
scenario—with no increase of corn silage in the feeding 
rations relative to the baseline—reduces enteric methane 
emissions without significantly increasing emissions related 
to feed production. 

A majority of the reductions in Whole Farm 3 are from 
manure management (52%), followed by enteric methane 
(48%). Feed and resource use slightly increase emissions 
by 1% in this scenario. When analyzing individual farm 
processes (e.g., feed, manure, field, resource use), manure 
related GHG emissions are reduced by 57%, whereas feed 
production related emissions are reduced by 24% and 
emissions associated with resource use are increased by 8% 
in Whole Farm 3. 

Summary 

The adoption of various feed, manure, and field management 
practices was analyzed for 150- and 1,500-cow dairy farms 
to determine the impact on GHG emissions. On average, 

baseline emissions were higher for the smaller farm than 
for the larger farm due to emissions from feed production, 
enteric methane emissions, and higher nitrous oxide from 
the manure bedded pack system. Some of these differences 
may also be explained by differences in climate conditions 
between Wisconsin and New York, where the smaller 
and larger modeled farms were located, respectively. The 
implementation of different management practices reduced 
baseline GHG emissions by up to 12% for the smaller farm 
and up to 24% for the larger farm. Altering feeding strategies, 
specifically the introduction of low-forage diets, significantly 
reduced enteric methane emissions for both farms, but the 
emissions associated with feed production diminished those 
benefits. With regard to manure management practices, 
covering the manure storage and flaring the produced 
methane had the largest GHG reduction potential followed 
by processing through anaerobic digestion and solid-liquid 
separation. Field practices had little effect on GHG emissions. 
When analyzing individual practices, manure management 
had the greatest potential for reducing farm GHG emissions. 
This highlights the potential of manure management as 
a strategy to mitigate GHG emissions. For the larger farm, 
major GHG emission reductions occurred when feed, 
manure, and field practices were combined, with most of 
the reductions coming from enteric methane and manure 
management.
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