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Denmark aims to reduce GHG emissions by -70% by 2030

• Climate Act: -70% emissions by 2030 compared to 1990 (2020: -40%)

• In Denmark agriculture accounts for:

• 27 % of Greenhouse Gas (GHG) emissions in 2020 (in CO2 equivalents)

• 90% of nitrous oxide and methane emissions

• Major part is related to livestock production (cattle and swine)
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2020 Greenhouse gas emission in agricultural sector (IPCC Denmark)



IPCC Guidelines: Three tiers of methodologies based on their 
complexity and data requirements
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Tier 1: Simple, emission factor-based approach: 
international defaults

Tier 2: Region-specific emission factors or more 
refined empirical estimation methodologies

Tier 3: Dynamic bio-geophysical simulation models 
using multi-year time series and context-specific 
parameterization



Approaches

1. Field measurements

2. Emissions factors

3.  Empirical or process-
oriented Models

Guidelines

Experimental guidelines

IPCC Tier 1 and 2

IPCC Tier 1, 2, 3

Example of outcomes

Emission factor of manure

National inventories

Model comparing various 
factors (e.g. organic vs 

conventional)

Various approaches exist to measuring/calculating GHG 
emissions
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Farra et al. 2024



Emissions models for farm are varied and complex

• Farm-level models for dairy which include multiple emission sources

• 25’000 potential studies identified

• 35 after title and abstract screening 

• Extracting information about:

• Modelled emission sources

• Purpose

• Tier level

• Boundaries 

• Units
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• Carbon sequestration
• Land Use Change
• Uncertainty estimation
• Open access
• Transparency of used methods
• Non-GHG impacts



Literature review showed that most papers are from Europe

• 35 papers published between 2000 and 2023

• 25 different countries
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Models were including similar emission sources, with few 
exceptions

Boundaries

• 25/35 included pre-chain emissions

• 1/35 model included slaughter after the 
farm gate

Carbon sequestration

• 6/35 models included carbon 
sequestration

• Justification for not including was that the 
carbon soil was at a balance
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Agricultural crops are mainly used for animal feed production

Land-Use Change (LUC)

• The EU integrated Land-Use change 
in their Green Strategy 2020-2030

• 4 models out of 35 included 
measurement of LUC impact

• 1 model included LUC of farm feed 
import

• Justification: Model is a snapshot 
over a short time and does not 
include longer changes
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Samuelson et al. 2021



There is a lot of uncertainty surrounding emission factor-
based estimations 

Uncertainty

• 4 out of 35 included some type of uncertainty

• Uncertainty is represented in many ways
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Bonesmo et al 2013



Choice of unit affects results

Hutchings et al. 2018
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Agriculture has an impact on many planetary boundaries

Other non-greenhouse gas 
impacts

• The models mostly focus on 
greenhouse gas

• 3/35 measure other impacts: 
On biodiversity, 
eutrophication of soils, etc
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Campbell et al. 2017



Developing countries lack in quality and quantity of data

Data burden

• Fine balance between accurate models and data 
needed

• Variation of the availability of data between 
countries

• The new Farm Sustainability Data Network 
(FSDN) should increase data availability and 
quality for the EU

• Not only data but also region-specific models 
and emission factors!
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• High variability in methods used and 
data input

• Comparison of results between models 
is challenging

• Formulas used should be transparent
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Conclusions



Next step: Stress-tests 

• GHG emissions reduction strategies 
on the livestock sector 

• Maintaining supply to the population 
and remaining economically viable

• Stress-tests with three scenarios: 

1. Removal scenarios

2. Structural of production system

3. Changes in Land-Use

• Systemic risk index
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Erisman et al 2012



Thank you for your attention!

Questions?
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