
Mini Case Studies for Climate Detectives – 
Agriculture and Climate Change  
 

NOTE: Teachers / mentors will use the case studies to help identify the topic their Climate Detectives team 
will investigate and to guide them during the different phases of the project.  In the template teachers will 
find some questions as suggestions to be asked to the students!  The questions are not exhaustive, and the 
teachers may decide on their own specific focus within a given research area.  The mini case study should 
be used in conjunction with the teacher guide and not as a standalone document. 

 
A - Introduction and background research to the topic to be investigated (PHASE 1) 

 
Topic: 
Unprotected urea and Calcium Ammonium Nitrate (CAN) fertilisers release the greenhouse gas nitrous 
oxide which contributes to climate change and is one of the main sources of nitrogen pollution. They also 
release ammonia which can indirectly contribute to emissions of greenhouse gases. Ammonia volatilises 
from the soil, moves through the air and is redeposited on other areas. This ammonia then acts as a 
substrate for nitrous oxide (Teagasc, 2019).  Ammonia is oxidised to nitrite by bacteria and archaea, which 
are produced from urea, CAN or unprotected urea fertiliser. as can be seen in figure 1.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Nitrogen losses to the environment       (Gouldings.ie)  

Table 1 from Teagasc, summarises the nitrogen (N) lost from the three N fertiliser products as ammonia 
and nitrous oxide nitrogen gases.  The Environmental Protection Agency (EPA) estimates that ammonia 
loss from urea is 15.5% on average.  Both protected urea and CAN have lower rates of N loss (79% 
reduction for protected urea = 3.3% loss; 85% reduction for CAN = 2.3% loss).  

 

 



 

Table 1: Percentage N lost from three N fertiliser products through two loss pathways 

 % N Lost 

N loss pathway Urea 
Protected 

Urea 
CAN 

Ammonia 15.5 3.30 2.30 

Nitrous oxide 0.25 0.40 1.49 

 (Adapted from Teagasc.ie) 

In summary, protected urea decreases N losses by reducing: 

(1)  Ammonia N emissions compared with standard urea due to the urease inhibitor blocking the 
site of the urease enzyme 

(2) Nitrous oxide N emissions compared to CAN. This would make protected urea more cost 
effective than both urea and CAN.  

 
By protecting the urea farmers can produce the same amount of grass to feed their animals while reducing 
the greenhouse gas emissions, therefore reducing climate change.  
 
Research question:  
Does using protected urea produce as much grass as CAN or unprotected urea while reducing 
ammonia levels, with subsequent reduction in greenhouse gas emissions? 
 
 
How does this meet the criteria for a good research question?  
 
• Does the question fit the theme of climate? 
Yes.  It examines the release of ammonia gas, which is a substrate for the greenhouse gas nitrous oxide, a 
contributor to climate change.   
 
• Is the question focused on a single problem or issue?  
Yes.  It is focussed on nitrogen fertilisers producing ammonia gas which affects our climate and looks at 
ways of reducing this gas without affecting the growth of the grass. This allows for extended grazing while  
the sustainability of farms.  
 
• Is the question too broad or too narrow?  
No.  It identifies a local (on farm) scale problem but establishes links to a wider global issue.  Students can 
look at ammonia gas emissions using the air quality platforms from their own / adopted farm / garden or 
can expand it out to farm studies nationally / globally.  
 
•  Is the question clear and concise?  
Yes.  It is clearly defined and testable in school / garden / farm. 
 
• Is the answer to the question too readily available?  
No.  It involves some research in school / at home and gathering of primary data as well as desk research 
and gathering information from secondary sources. 
 



• Is the question feasible (consider timeframe, access to resources, student capability)? 
Yes.  The data on national and global greenhouse gas emissions and effects caused by nitrogen fertilisers 
are freely available and there are a number of options for gathering primary data depending on time and 
resources. 
 
 

A - Introduction to the topic to be investigated (PHASE 1) 
• What do you know about the topic to be investigated? 
• What would you like to know about the topic that you will investigate? 
• How does the topic that you selected affects/relates with you, your community or local 

environment? 
• What do you think you will discover as a conclusion of your investigation? 
• Describe how you plan to investigate the climate problem and which data you plan to analyse 

(For the Investigation Plan) 
 
Background information:  
 
Before we investigate the links between nitrogen fertilisers and climate change, we need to understand 
what we mean by climate change.  
 
The video link here can help: 
What is Climate and Climate Change? 
 
Teagasc article on effects of greenhouses how protecting urea can reduce these emissions.  
 
Nitrogen fertilisers are major sources of greenhouse gases and 98% of ammonia produced coming from 
agriculture (Teagasc, 2019). Improved nitrogen fertiliser usage. 
 
 
Greenhouse Gases 
During the day, the sun shines through the atmosphere, 
warming the earth’s surface. At night, earth's surface cools, 
releasing heat back into the air. But some of the heat is trapped 
by the greenhouse gases in the atmosphere. That's what keeps 
the earth’s temperature at an average 14˚C (57˚F). 
  
The gases act like the glass walls of a greenhouse – hence the 
name, greenhouse gases. Without this greenhouse effect, 
temperatures would drop to as low as -18˚C (-0.4˚F); too cold 
to sustain life on earth. 

But human activities are changing earth's natural greenhouse effect with a dramatic increase in the release of 
greenhouse gases. Scientists agree greenhouse gases are the cause of global warming and climate change. 

Since the Industrial Revolution, humans have been releasing larger quantities of greenhouse gases into the 
atmosphere. In the past century that amount has increased dramatically, with the knock-on effect of global 
warming. Global temperatures have accelerated in the past 30 years and are now the highest since records 
began (nationalgrid.com, 2022). 

Greenhouse gases are responsible for changes in the climate.  Since pre-industrial times, the mean 
temperature at the surface of the Earth has risen approximately 10C leading to climate change (epa.ie, 
2022). 

https://climatekids.nasa.gov/climate-change-meaning/
https://www.teagasc.ie/media/website/environment/climate-change/Andy-Boland--Patrick-Forrestal-Protected-Urea-April-2019-resized.pdf
https://agriculture.vic.gov.au/climate-and-weather/understanding-carbon-and-emissions/nitrogen-fertilisers-improving-efficiency-and-saving-money
https://www.nationalgrid.com/stories/journey-to-net-zero-stories/6-myths-about-climate-change-busted


 
Ireland has a very favourable climate for growing its 
largest crop, grass. To achieve grass growth potential, 
fertiliser nitrogen (N) is a key input. However, 
fertiliser nitrogen also plays a role in gaseous N losses 
and deterioration of water quality. The Irish 
government has committed to reducing national 
losses of both ammonia and the potent greenhouse 
gas nitrous oxide (Figure 2) while achieving good 
status for all waters. In relation to gaseous emissions 
agriculture accounts for 33% of national GHG 
emission and 98% of ammonia emissions and as a consequence is under the spotlight to reduce emissions. 
The use of protected urea nitrogen fertiliser is the largest single avenue currently open to Irish agriculture 
to meet these commitments to reduce GHG and ammonia emissions (Teagasc, 2019, 2022). 
 
B – Data collection and analysis (PHASE 2) 

Investigation Plan 

Now that you have decided on your topic and your research question, it is time to plan which data your team 
need to collect. The final step in Phase 1 of your project is the submission of an investigation plan. You can 
find ideas for data collection in section B, which may help you with submitting your investigation plan.  

• What is your hypothesis and prediction? 

• What are the variables in you investigation? 

• What equipment do you require to carry out the investigation? 

• What health and safety considerations do you need to take into account? 

• Describe step by step how you would carry out the investigation (method / procedure) 

• Include labelled diagrams and/or photographs of the investigation  
 
Data to be analysed: 
 

• To connect the local issue of using unprotected urea to the global issue of climate change, students 
can collect and analyse data from a number of sources.  

• Present data in a clear way which is easy to interpret (tables / graphs) and interpret what is 
happening in the data (put your graph into words).  

• Can you find secondary data to support your findings from your background research?  

• Based on your data, will you accept or reject your hypothesis?  

• Make a conclusion based on your data and discuss your findings.  
 

Fig. 2 



Primary Data: 
Collection of primary data can be achieved in 
your garden / school / farm.  
 
Measure ammonia gas using ammonia sensors 
(fig. 6 AQP) – which can be borrowed from 
ESERO. 
 
Other examples of collection of primary data 
include:  
Grass growth stick (fig. 4) / brush handle with 
graduations / Dry Matter readings (fig. 5) 
 
*Ensure you keep accurate measurements 
when recording primary data and record all 
information regarding data so you can explain 
what happened in your data analysis (e.g. 
excess rainfall at a particular time). 
 
*Top tip – you may collect your field data in a 
notebook, but ensure you regularly input this data into a database (e.g. excel, google sheets) to ensure 
your data is not lost.  
 
 
Sensors 
ESA is supporting the use of an AQP based on the Raspberry Pi 3B+ Computer and equipped with a set of 
sensors that measure different characteristics.  The ESERO office in each country has a set of these sensors 
that can be borrowed by schools to measure NH3 emissions and a variety of air pollutants in the school 
environment. https://aqp.eo.esa.int/ 

 
Particulate Matter (PM) Investigation 
 
Students can further their investigation and collect their own information on PM in different areas of the 
school grounds / garden / farm as atmospheric ammonia (NH3) plays a key role in the formation of fine 
particulate matter. This can also be measured using the AQP. 
https://sciencesiaparticulatematter.weebly.com/experiment-2.html 
 
Global Satellite Data: 
 
Global data on greenhouse gas emissions and air pollutants can give an overall picture of global problems 
and how both air pollution levels and greenhouse gas emissions have changed over time. 
 

o https://climate.esa.int/en/explore/climate-from-space/ - CO2 data 2003-2018; CH4 data 2003-
2018)  

o http://globalcarbonatlas.org/ - CO2 data, carbon budgets and global rankings 
o https://maps.s5p-pal.com/co/ shows concentrations of greenhouse gases CO2 and CH4 and also 

air pollutants NO2 and SO2 around the world. 
 
 
 
 
 

Fig. 4: Grass growth stick 

Fig. 6: Air Quality  
Platform (AQP) Fig. 5: Grass plots 

being cut 

    Fig 3: Grass Plots 
 

https://aqp.eo.esa.int/
about:blank
about:blank
about:blank
about:blank


National Data: 
 
National data can help to look at the problem on a national scale or to look at emissions from a particular 
area or a particular sector. 
 
For Ireland:  

o https://www.epa.ie/our-services/monitoring--assessment/climate-change/ghg/ 

o Ireland Air Quality Index (AQI) and Air Pollution information | AirVisual (iqair.com)  - live map 
data – shows air pollution in real time 

o http://www.epa.ie/air/quality/ 
 
C - Your Climate Detective work is complete. Is now time to MAKE A DIFFERENCE! (PHASE 3) 
 

What actions could you propose, as individuals and as a community, to make a difference regarding the 
topic of your investigation? 
Bases on your investigation, can you make / design something that will help farmers reduce the amount of 
ammonia they are emitting.  
 
Alternative topics to investigate on the subject of Climate and Air Pollution 

• Agriculture related greenhouse gases and air pollutants (CO2, CH4 and N2O) and ammonia gas 
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