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The greenhouse effect

Thanks to the atmosphere, the globe traps heat, 
due to three factors:

1) Radiation from the sun (high-energetic, UV) 
which arrives at the earth’s surface, loses 
energy, and is converted into infrared radiation

2) Albedo is fraction of sunlight reflected

3) Greenhouse gases absorb the IR (not UV!) and 
lead to heating

Atmosphere

Earth

Heat



CO2 concentration is steadily rising

https://gml.noaa.gov/ccgg/trends/



Current temperature 

increase cannot be 

credibly explained 

without human-caused 

greenhouse gases 

IPCC AR6 WGI 2021: 

Figure SPM.1b



Causal chain is clear
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We are seeing consequences all over the world

Update!

IPCC AR6 WGI 2021: Figure SPM.3



Photo courtesyOve Hoegh-Guldberg

At 2°C warming all warm-
water corals gone vs 10-30% 
left at 1.5°C



© Ashley Cooper / Aurora Photos

At 2°C 10 cm more sea level 
rise in 2100 than at 1.5°C. 
Beyond 2100 more

Potentially irreversable melting polar 
land ice between 1.5°C and just over 2°C 



At 2°C: every 10 years 
completely ice-free North Pole. 

At 1.5°C every 100 years

In 2050 hundreds of millions of people more at 
risk at 2°C compared to 1.5°C 



1997: Kyoto Protocol

http://www.wired.com/images_blogs/thisdayintech/2009/12/kyoto_protocol.jpg

• Emission reduction 
targets for rich 
countries (by 2008-
2012 c. 1990)

• Emissions trading

2009: Copenhagen 
Accord

• Summit failed: no new 
treaty

• Two-degrees limit 
agreed

• Quantification of 
climate finance (US$100 
billion/year by 2020)

2015: Paris 
Agreement

• Top-down approach 
abandoned

• Universal Nationally 
Determined 
Contributions (NDCs)

https://upload.wikimedia.org/wikipedia/commons/2/25/Obama_COP15_Europeans.jpg

http://www.telegraph.co.uk/travel/destination/article130148.ece/ALTERNATES/w620/parisguidetower.jpg

1992: UNFCCC, Rio

• Prevent dangerous 
anthropogenic 
interference

• Common but 
differentiated 
responsibilities and 
respective capabilities

Climate governance:
Key moments in the climate negotiations

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPPouJChosgCFUw_FAodxegMZQ&url=http%3A%2F%2Fwww.wired.com%2F2009%2F12%2F1211kyoto-climate-accord%2F&bvm=bv.104226188,d.d24&psig=AFQjCNFcmYTHLRU6po2p4YJd-9-S_iaPxg&ust=1443822769131688
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCJTk-YiiosgCFUJZGgodqiwFkA&url=https%3A%2F%2Fcommons.wikimedia.org%2Fwiki%2FFile%3AObama_COP15_Europeans.jpg&bvm=bv.104226188,d.d24&psig=AFQjCNHDnA__NdyvCRQScHY1q6oqQixcyA&ust=1443823020482832
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCOGTs5uiosgCFccPGgod_SUN-w&url=http%3A%2F%2Fwww.telegraph.co.uk%2Ftravel%2Fdestination%2Ffrance%2Fparis%2F33355%2FParis-city-break-guide.html&bvm=bv.104226188,d.d24&psig=AFQjCNGgS8ShNqOFu2QUzIyEliyRE33H0Q&ust=1443823063695983
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Climate policy is ‘multi-level’

Figure: Marquardt, Jens, 2017: Journal of Cleaner Production 54:167-175
Oberthür, Hermwille, Rayner, 2021: Earth System Governance 8 (2021) 100104

Global climate 
governance:
1. providing guidance and 

signal to actors
2. setting rules to 

facilitate collective 
action 

3. enhancing transparency 
and accountability 

4. offering support 
(finance, technology, 
capacity-building) 

5. promoting knowledge 
and learning

Limited enforcement 
power National policy-making:

- Policy instruments
- Enforcement power
- Spending power

Local policy-making:
- Policy instruments
- Enforcement
- Narrower scope
- Restricted budgets 
and capacity

https://www.sciencedirect.com/journal/journal-of-cleaner-production
https://www.sciencedirect.com/journal/journal-of-cleaner-production/vol/154/suppl/C


About Pieter Pauw
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of Technology (TU/e), where he conducts research and provides policy 
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Brent M. Simpson, FAO Consultant

What Do Farmers Need to Know About Climate Change to Take Action?
Climate change impacts, adaptation and mitigation

Global FFS Platform 
Webinar series on Climate Change and Farmer Field School
Session 2: Equipping farmers for climate action: key concepts and tools for FFS
Date |20th February 2025| Time: 3:00pm – 4:30pm

https://www.fao.org/farmer-field-schools/home/en/


Global FFS Platform 
Webinar series on Climate change and Farmer Field School

Climate Change 
Impacts on 
Agriculture

Climate Change 
Mitigation in 
Agriculture

Climate Change 
Adaptation of 

Agriculture

(In 10 minutes)



Climate Change Impacts on Agriculture
some initial ideas:

Climate change is affecting the 

basic environmental 

conditions upon which every 

living thing on the planet 
depends. Every species – tree, plant, 

animal, fish – prospers under 

certain environmental conditions, 

can tolerate others and will perish 
beyond some limit.



Climate Change Impacts on Agriculture
includes:

Slow-onset changes 
in global temperature and local 
precipitation

Rapid-onset, or changes in 
extreme events – frequency and 
severity of floods, droughts, 
storms, etc



Climate Change Impacts on Agriculture
has:

Direct impacts through changes 
in precipitation and temperature

Indirect impacts through changes 
in pest, disease and weed pressure

Source: Deutsch et al., 2018. Increase in Crop 
Losses to Insect Pests in a Warming Climate. 
Science, Vol. 361(6405):916-919.

Source: Schlenker and Roberts. 2009. Nonlinear Temperature 
Effects Indicate Severe Damages to U.S. Crop Yields under 
Climate Change. PNAS, Vol. 106(37): 15594–15598.



Climate Change Impacts on Agriculture
includes both:

Observed past changes Projected future changes

                    

      



Climate Change Impacts on Agriculture
some additional thoughts:

➢ Climate change is 
different from weather 
variability that farmers 

are used to

➢ With climate change, timing is 
everything – when something 

happens can make all the 
difference as to the impacts it 

will have

➢ Climate change is an on-
going process, not a 

replacement of one set of 
weather conditions with 

another 

➢ Climate change is not just one thing, 
multiple changes are occurring – at 

the same time, in varying 
combinations, in sequence, 

sometimes with effects going in 
opposite directions



Climate Change Adaptation of Agriculture
some initial ideas:

Each adaptation offers a 
“window of opportunity” in 

providing benefits, but at some 
point will need to be replaced by 

new adaptations

there are no “super” 
adaptations that can 

withstand all possible 
climate change 

stresses

Deciding when to make a 
change, the “switching point,” 

is perhaps farmers greatest 
challenge in climate change 

adaptation
It depends on the 

context, household 
needs and personal 

preferences

Climate change impacts 
are complex – “unpacking” 

the source of observed 
climate change impacts is 

essential
if the problem is not 

correctly defined, 
solutions will likely not 

be effective

Valid 
information is 
your greatest 

friend.



Climate Change Adaptation of Agriculture
is the result of:

Exposure (timing and location)

Sensitivity (the characteristics of 
the variety, species or activity)



Climate Change Adaptation of Agriculture
is achieved by:

Escaping the 
vulnerability

Removing 
the threat

Reducing the 
impact



Climate Change Adaptation of Agriculture
using different tools:

➢ Genetic changes (using new 
varieties or different species that 
are more resistant or tolerant to 

climate change stresses)
➢ Environmental changes (altering 

the physical production 
environment so that changes in the 

weather do not have the same 
impact)

➢ Management changes (making 
different management decisions, 
such as when to plant, or  how to 

plant)



Climate Change Adaptation of Agriculture
responses will need to be:

✓ technically sound (starting with accurate problem identification) 
✓ make financial sense to farmers 
✓ implemented at the necessary social scale and 
✓ supported by all the non-technical elements required for them 

to work

Remember
➢ Every adaptative action 

will have its own climate 
change vulnerability

➢ No change is permanent, just as 
the climate will continue to 

evolve, farmers practices will 
need to continue to evolve as well

➢ There are limits to 
what adaptive 
actions can achieve



Climate Change Mitigation in Agriculture
some initial ideas:

Carbon is neither created, nor 
destroyed – 

the same amount of carbon exists on 
the planet now as there has ever 

been. Farmer’s will increasingly be 
involved in managing the 

movement of carbon on their 
farms



Climate Change Mitigation in Agriculture
is essential:

Feeding the world’s population is 
responsible for 1/3 of all GHG emissions



Climate Change Mitigation in Agriculture
not all food sources or production methods are equal:

Source: Our World in Data; Poore, J. and T. Nemecek. 2018. Reducing Food’s 
Environmental Impacts Through Producers and Consumers. Science, Vol. 
360(6392):987-992

GHG emissions in commodity supply 
chains are not equal

Source: BBC; Poore, J. and T. Nemecek. 2018. Reducing Food’s 
Environmental Impacts Through Producers and Consumers. Science, Vol. 
360(6392):987-992

GHG emissions for different 
production methods are not equal



Climate Change Mitigation in Agriculture
involves emission reductions and sequestration:

Source: CRS

Emission Reductions

Sequestration



Brent M. Simpson
bsimpson@msu.edu
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