
Food and Agriculture 
Emissions

Problems and opportunities in agriculture



Assignments

Brightspace discussion question:

“Would you consider making changes to your diet based on its impact on climate? 
Why or why not?”

Due this Friday by 5pm. 

Second programming assignment on predicting building energy use

Due Friday the 17th by midnight. 



Climate change in the news



Climate change in the news



Recap





Understanding planet biomass

Biomass is measured in 
terms of the amount of 
carbon in a group of 
living things. 

https://www.visualcapitalist.com/all-the-biomass-of-earth-in-one-graphic/



Agriculture has a 
large impact on 
the planet
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Per capita emissions per country

Food emissions don’t 
exactly follow the 
normal trend of 
wealthier nation = 
higher emissions



Agriculture accounted for 10% of the EU’s total greenhouse-gas emissions in 2012. A significant 
decline in livestock numbers, more efficient application of fertilisers, and better manure 
management reduced the EU’s emissions from agriculture by 24% between 1990 and 2012.

However, agriculture in the rest of the world is moving in the opposite direction. Between 2001 
and 2011, global emissions from crop and livestock production grew by 14%. The increase 
occurred mainly in developing countries, due to a rise in total agricultural output. This was driven 
by increased global food demand and changes in food-consumption patterns due to rising 
incomes in some developing countries. Emissions from enteric fermentation increased 11% in 
this period and accounted for 39% of the sector's total greenhouse-gas outputs in 2011.



Agriculture: sources and sinks

● Farming of plants and animals can capture as well as release CO2. 
● Farming requires land that may have been used for other purposes
● Modern farming practices lead to far more emissions than reductions in GHGs



Emissions (direct) from agriculture

Carbon dioxide makes up only a small 
fraction of emissions from the 
agriculture industry.

https://extension.missouri.edu/publications/g310



Crop and Soil Management

Soils store and release carbon through 
interaction with plants, animals, and 
microbes



Crop and Soil Management

Modern fertilizer production and use 
causes a variety of emissions, as well 
as other environmental problems. 

https://insideclimatenews.org/news/24102018/infographic-far
m-soil-carbon-cycle-climate-change-solution-agriculture/



Crop and Soil Management

Better agricultural practices 
(sometimes called regenerative 
farming) can help soil sequester more 
carbon.

Because of the large amount of land 
dedicated to farming, small changes 
can have big impacts.

https://insideclimatenews.org/news/24102018/infographic-far
m-soil-carbon-cycle-climate-change-solution-agriculture/



Crop and Soil Management

Rice paddies and their flooding is 
responsible for 10% of global methane 
release.

https://insideclimatenews.org/news/24102018/infographic-far
m-soil-carbon-cycle-climate-change-solution-agriculture/



Enteric Fermentation and Manure 

Digestive processes in 
ruminant animals such as 
cattle, sheep, goats, and 
buffalo, cause methane 
release.



Enteric Fermentation and Manure 

Manure from large 
numbers of animals 
stored in piles creates 
anaerobic conditions and 
the release of methane 
and nitrous oxide.



Indirect emissions from agriculture

Electricity

Burning of biomass

Land use changes



Indirect emissions from agriculture

Electricity

Burning of biomass

Land use changes

downtoearth.org



Emissions from specific foods



Emissions per 100g of protein

Emissions estimates have wide 
variability due to different 
farming practices.



Significant changes to agriculture are necessary to avoid unsustainable warming



What needs to be done, according to the IPCC

A change in diets (and culture)

Shifting consumption towards plant-based diets has “high mitigation potential”, says the report. There is robust evidence that “diets high 
in plant protein and low in meat and dairy” make for lower GHG emissions.

IPCC estimates with high confidence that shifts to sustainable healthy diets have a “technical potential” to reduce emissions by 
3.6GtCO2e, with a range of 0.5 to 8GtCO2e.

Key enablers for these shifts could include creating “novel narratives” in the media and entertainment industry to “help to break away 
from the established values, discourses and the status quo”. These might portray plant-based diets as healthy and natural, for 
example.

The IPCC report explores other measures that could be used to influence choices in the food sector, including taxes or carbon pricing 
on food, both of which it says would be “regressive”, meaning they disproportionately burden poorer members of society. Instead, it 
points to options including marketing regulations, procurement policies, dietary guidelines, labelling and “nudges”.

https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/



What needs to be done, according to the IPCC

New technologies

Beyond dietary changes, the report says there is limited evidence – but high agreement – that a suite of “emerging technologies” could 
bring “substantial reduction in direct GHG emissions from food production”. These include plant-based alternatives to animal products, 
cultured meat, and “controlled environment agriculture”, which it describes as ”hydroponic or aquaponic cultivation systems that do not 
require soil”.

These technologies typically have lower water, land and nutrient footprints, but as some of them are energy-intensive, they need to 
have access to low-carbon energy.

https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/



What needs to be done, according to the IPCC

Focus on highest emitters globally

Global food supply chains have a strong influence on per-capita food consumption emissions, particularly for red meat and dairy, the 
report notes, such that the highest per-capita food-related emissions “do not correlate perfectly with the income status of countries”. In 
other words, even relatively poorer countries may have a high per-capita food footprint.

As a result, the report says “it is crucial to focus on high-emitting individuals and groups within countries, rather than only those who 
live in high-emitting countries, since the top 10% of emitters live on all continents and one third of them are from the developing world”.

https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/





Opportunities for ML in sustainable agriculture



Opportunities for ML in sustainable agriculture

Monitoring land change to 
estimate emissions 



Opportunities for ML in sustainable agriculture

Tracking and predicting 
different types of emissions 
from soils



Opportunities for ML in sustainable agriculture

Tracking and predicting 
emissions from animals



Opportunities for ML in sustainable agriculture

Monitoring crops in order to 
increase yield and estimate 
emissions.  



Opportunities for ML in sustainable agriculture

“We propose a path towards more sustainable 
agriculture, considering plant development an 
optimization problem with respect to certain 
parameters, such as yield and environmental impact, 
which can be optimized in an automated way. 
Specifically, we propose to use reinforcement learning 
to autonomously explore and learn ways of influencing 
the development of certain types of plants, controlling 
environmental parameters, such as irrigation or 
nutrient supply, and receiving sensory feedback, such 
as camera images, humidity, and moisture 
measurements. The trained system will thus be able to 
provide instructions for optimal treatment of a local 
population of plants, based on non-invasive 
measurements, such as imaging”

Precision agriculture



Opportunities for ML in sustainable agriculture

Paper topics
In general, approaches that 
increase efficiency on farms 
may help reduce emissions 
(but may not!)



Paper Deep Dive

https://www.mdpi.com/2072-4292/12/14/2234 

Goal: Predict the amount 
carbon stored in soil based 
on other factors of the land 
that normally correlate with it.

https://www.mdpi.com/2072-4292/12/14/2234


Brainstorm

What kind of data would you want to have to be able to approach this problem?

What kind of methods would you apply?

How would you measure success?

If successful, how could this system be useful?



Data: Target variable

Northern region of Iran where some 
on-the-ground tests of soil carbon 
have been made

Dataset contains 1879 composite surface soil samples from 
two main sources (Figure 1). More than half of the data 
(1055 samples) were derived from five Master of Science 
(M.Sc.) research projects in the soil science department at 
Sari Agricultural Sciences and Natural Resources University 
(SANRU) [60,61,62,63,64]. These samples were collected 
using a simple random sampling scheme mostly in 
uncultivated areas. The rest of the dataset comes from soil 
surveys performed by the Agricultural Research Education 
and Extension Organization (AREEO) and the Ministry of 
Jahad-e-Keshvarzi in Sari, Northern Iran. These samples 
were mostly collected in cultivated areas spread across the 
province using a grid sampling scheme with a 2000 m grid 
interval. 

https://www.mdpi.com/2072-4292/12/14/2234#fig_body_display_remotesensing-12-02234-f001
https://www.mdpi.com/2072-4292/12/14/2234#B60-remotesensing-12-02234
https://www.mdpi.com/2072-4292/12/14/2234#B61-remotesensing-12-02234
https://www.mdpi.com/2072-4292/12/14/2234#B62-remotesensing-12-02234
https://www.mdpi.com/2072-4292/12/14/2234#B63-remotesensing-12-02234
https://www.mdpi.com/2072-4292/12/14/2234#B64-remotesensing-12-02234


Data: Predictors

The authors collected a wide range of 
data that could be predictive of soil 
carbon.

Regressors included variables derived from remotely sensed 
imagery (60 variables from Landsat 8 and 
MODerate-resolution Imaging Spectroradiometer, MODIS), 
terrain attributes (30 variables), climatic data (10 variables), 
and five categorical data (e.g., soil map and land use map).

valley bottom
flatness index

vegetation 
index



Methods: Feature selection

Schroeders et al, 2016

Genetic algorithm is used to pare down the list of 
predictors. 



Methods: Feature selection

GA selected 35 predictors out of 105 environmental 
variables.



Methods: Models

The study compares a variety of regression techniques:

support vector machines (SVM), artificial neural networks (ANN), regression 
tree, random forest (RF), extreme gradient boosting (XGBoost), and 
conventional deep neural network (DNN) 



Evaluation

R2

Lin’s concordance correlation coefficient 

Mean absolute error

Root mean square error



Results



Results

The DNN model outperforms other models by delivering 
65% of the SOC variability. The DNN algorithm showed 
the lowest mean MAE value (0.59) of the six studied ML 
algorithms. The DNN outperformed with the lowest mean 
RMSE value (0.75).



Application of the model

“The predicted SOC map could be 
used as a base-line for further 
studies and projects related to the 
C sequestration development both 
locally in soils of the Mazandaran 
province and globally at the 
worldwide scale.” 



Further Resources

Overviews of emissions from agriculture: 

https://www.wri.org/insights/everything-you-need-know-about-agricultural-emissions 

https://ourworldindata.org/environmental-impacts-of-food 

IPCC recommendations for the food system: 
https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-cli
mate-change/ (item 6)

Scientific review of GHG sources and opportunities for change in food production and 
consumption https://www.science.org/doi/full/10.1126/science.aaq0216 

“Future cookbook” article: 
https://grist.org/fix/food-farming/climate-cookbook-sustainable-recipes/ 

https://www.wri.org/insights/everything-you-need-know-about-agricultural-emissions
https://ourworldindata.org/environmental-impacts-of-food
https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/
https://www.carbonbrief.org/in-depth-qa-the-ipccs-sixth-assessment-on-how-to-tackle-climate-change/
https://www.science.org/doi/full/10.1126/science.aaq0216
https://grist.org/fix/food-farming/climate-cookbook-sustainable-recipes/


Summary


