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Climate Change

Last lecture -- What are the temperature and 
precipitation trends, and what are the implications 
for agriculture? 

Today – What options are available to avoid these 
impacts? 

- Mitigation vs adaptation

- Adaptation priorities

- Spotlight on genetic approaches



Climate change response

• Mitigation: avoiding greenhouse gas emissions
• E.g., reducing emissions

• E.g., sequestering carbon

• Adaptation: coping with the impacts of climate 
change

• E.g., breeding more resilient crops

• E.g., promoting crop mixes and crop management 
practices that are more robust to a changing climate

• E.g., trade and financial instruments like insurance



Climate adaptation strategies

Two competing definitions of “adaptation:”

• Compensate for welfare loss
• Restore welfare to what it would have been without 

climate change

• Avoid the impacts
• Adjust natural and human systems in response to 

expected climate stimuli, to moderate harm and exploit 
beneficial opportunities

Probably we need some of both!



Adaptation
Assume (for the sake of argument) that climate 
change hurts corn yields but not soy yields.

What happens to the PPF?

Corn (MT)

Soy (MT)

−
��
��



Adaptation
Assume (for the sake of argument) that climate 
change hurts corn yields but not soy yields.

What happens to the PPF?

Corn (MT)

Soy (MT)

KEY assumption:
- No price effects (e.g., 

perhaps yield impact 
was local)

In this scenario, soy 
production increases
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Adaptation
Assume (for the sake of argument) that climate 
change hurts corn yields but not soy yields.

What happens to the PPF?

Corn (MT)

Soy (MT)

If corn yields are hurt 
globally, prices will adjust

By how much depends on 
the corn own price 
elasticity

The soy price response 
depends on cross-price 
elasticity
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Adaptation
Assume (for the sake of argument) that climate 
change hurts corn yields but not soy yields.

What happens to the PPF?

Corn (MT)

Soy (MT)

Maybe we’ll develop a new 
corn variety that is heat 
tolerant (the new corn/soy 
price ratio led to “induced 
innovation”)

In this case, corn output 
recovers and soy output 
decreases even further−
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You try! 

Answer the questions about climate change 
adaptation on Acadly



Adaptation

Economists are typically quite optimistic on adaptation. 
But remember:

Main substitutes are 
also affected! 
Substitution might be 
difficult and costly.

Similar responses under 
very different technologies.

Why have we not already 
developed better 
technologies?







Adaptation priorities

• Climate change vs climate variability (Lobell 2014)
• Climate change ≠ amplifying climate variability

• Tropical systems are typically less variable

• We tend to overreact to short term trends driven by 
natural variability, and should be more focused on long 
term trends that are likely to continue



Adaptation priorities
Projected trends from climate models:

• Growing season temp increase

• More very hot days and nights, less frost

• Localized increases and decreases in precipitation 

• More heavy rainfall events, more rain during heavy events

• Delayed start of monsoon rains

• More frequent drought 

• More variable temperature? 



Adaptation priorities
Most projected trends have already been observed:

• Growing season temp increase

• More very hot days and nights, less frost

• Localized increases and decreases in precipitation (note: 
observed trends not yet outside of natural variability)

• More heavy rainfall events, more rain during heavy events

• Delayed start of monsoon rains (note: not yet established)

• More frequent drought (note: observed trends not yet 
outside of natural variability)

• More variable temperature? (note: not yet established)



Adaptation priorities

Source: GFDL 2012



Adaptation priorities

• Yield losses in the tropics (most crops are already 
grown in temperatures that are above optimum)

Source: Lobell et al 2011



Adaptation

• Irrigation shields crops from higher temperatures, 
but crops in irrigated environments don’t benefit 
from higher CO2

• Fertilizer helps crops benefit from higher CO2 but 
increases impacts of higher temperatures



Fig. 2. Probabilistic projections of production impacts in 2030 from climate change 
(expressed as a percentage of 1998 to 2002 average yields). 

David B. Lobell et al. Science 2008;319:607-610Published by AAAS

Food Security and Adaptation



Food Security and Adaptation

HIR value Criterion Crops

1 to 30 C05 < -10% South Asia millet, groundnut, rapeseed; Sahel sorghum; 
Southern Africa maize

C50 < -5% South Asia rapeseed; Southern Africa maize

C95 < 0% South Asia wheat; Southeast Asia rice; Southern Africa maize

31 to 60 C05 < -10% Southeast Asia soybean; West Asia rice; Western Africa wheat, 
yams, groundnut; Sahel wheat; East Africa sugarcane; 

Southern Africa wheat, sugarcane; Brazil wheat, rice; Andean 
Region wheat; Central America rice

C50 < -5% Southeast Asia soybean; West Asia rice; Western Africa yams, 
groundnut; Sahel wheat; Southern Africa wheat, sugarcane; 

Brazil wheat

C95 < 0% Western Africa groundnut; Sahel wheat; Southern Africa 
wheat; Brazil wheat, rice; Central America wheat, rice

Crop priority lists based on different criteria (HI: hunger importance; C: Projected 
impact of climate change). C05 = 5th percentile of projected impacts (5th lowest 
out of 100 projections); C50 = 50th percentile (median); C95 = 95th percentile. 
Results are shown only for the HIR = 1 to 30 and HIR = 31 to 60 categories.

Source: Lobell et al 2008



Managing genetic resources
• Genetic resources are living material, including genes 

that hold present and potential future value for 
humans

• Plant genetic resources include all of our agricultural 
crops and some of their wild relatives

• Modern agriculture directly uses only a few crops, and 
a narrow genetic base within them

• Genetic resources are used in breeding and have no 
substitute (not even advanced gene technology)

• We need to preserve these living materials, and their 
accompanying information (provenance, 
characteristics)



Managing genetic resources

• All breeding requires genetic variation

• Genetic resources are a “global public good”, i.e.:
• It is non-rivalrous. Consumption of this good by anyone 

does not reduce the quantity available to other agents. 

• It is non-excludable. It is impossible to prevent anyone 
from consuming that good.

• It is available more-or-less worldwide.



International Seed Treaty

• Official name: International treaty on plant genetic 
resources for food and agriculture

• Conserve, exchange, sustainably use plant genetic 
resources

• Fair and equitable benefits sharing
• Facilitate plant germplasm exchange and benefit sharing 

through Standard Material Transfer Agreement

• Covers 1.5 million “accessions”; system has 
transferred 3.2 million accessions

• Treaty initiated in 2007

• USA joined March 14, 2017! (576,000 accessions)



Preserving Crop Genetic Resources

• “Ex situ” resources
• National and international seed banks

• Storage conditions
• Need to regularly germinate samples to ensure viability, and 

grow new plants and generate new seeds if viability falls

• Svalbard Global Seed Vault

• “In situ” resources
• Maintain and recover viable populations of species in 

their natural surroundings
• Genetic reserve conservation
• On-farm conservation

• Climate Change and Genetic Resources



Gene banks



The “Doomsday” Vault





Climate overlap: Africa adaptation

Climate overlap

Source: Burke et al 2009



Climate overlap: Africa adaptation

Climate overlap: 2025 (l), 2050 (m), 2075 (r)

Source: Burke et al 2009



Climate overlap: Africa adaptation

Maize (black); Millet (gray); Sorghum (white)

Source: Burke et al 2009



Climate overlap: Africa adaptation

Finding climate analogs

Source: Burke et al 2009



Effective Institutions

• Technology spillovers across countries

• Facilitating international cooperation and exchange

• Protecting global public goods (genetic resources)

• Enabling markets and other infrastructure to 
manage risk


