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Today

• What is climate change?

• How has it affected crop productivity

• How will it affect crop productivity?

• How do we know?

• How do (economic) responses to climate change 
mediate the impacts?

• What does it all mean for the WFE?



What is climate change?

• A distortion of Earth’s energy balance due to 
accumulation of greenhouse gases in the 
atmosphere, which change its radiative properties



Source: Hsiang & Knopp



How do we know?

• Paleoclimatology – establishing long term trends

• Climate models – relate atmospheric chemistry and 
physics to observed climate patterns

• Tracking of emissions and changes in atmospheric 
chemistry 

• Projecting emissions (use “scenarios”)



Temperature - historic trends and 
projections

Source: Hsiang & Knopp



Climate change punchline:

Source: IPCC 5th Assessment



Climate change punchline:

Source: IPCC 5th Assessment



Climate change punchline:

Source: IPCC 5th Assessment



David B. Lobell et al. Science 2011;333:616-620Published by AAAS

Impacts of historical (1980-2008) 
climate change

Temperature 
changes:

Precipitation 
changes:

Maps of the 1980–2008 linear trend in temperature (A) and precipitation (B) for the growing 
season of the predominant crop (among maize, wheat, rice, and soybean) in each grid cell. 



Source: Hsiang & Knopp



Historical climate change

Source: Lobell 2014



Impacts of historical climate 
change: key ag conditions
Observed trends 1951-2003

Source: Alexander et al 2006



Estimated net impact of climate trends for 1980–2008 on crop yields for major producers and 
for global production. 

David B. Lobell et al. Science 2011;333:616-620Published by AAAS

Impacts of historical (1980-2008) 
climate change



Estimated net impact of climate trends for 1980–2008 on crop yields by country, divided by the overall 
yield trend per year for 1980–2008. 

David B. Lobell et al. Science 2011;333:616-620Published by AAAS

Impacts of historical (1980-2008) 
climate change



Where do these numbers come from?

1. Controlled experiments (agronomists, mainly)

2. Observations (economists, mainly)



Controlled climate experiments

Pros for learning about climate:

1) Develop a rich “process” 
understanding

2) Can simulate conditions we 
haven’t seen yet

Cons: 

1) Might not fully represent on-
field conditions

2) Might not account for full 
range of farmer behavior

Experimentally manipulate growing conditions



Observational climate studies

Your task: design a study using observational data.

Suppose I hand you:

• Data on daily temperature and precipitation for every US 
county for the last 50 years

• Data on corn yields for the same counties in the last 50 
years

Then I say: tell me what happens to corn yields when 
temperatures go up.

How might you use these data to answer the question?



Approach 1: compare averages across 
counties

Source: Burke and Emerick 2016

Potential problem: “omitted variables”. Hot counties are different than cool counties, 
and these unobserved difference could account for the yield difference.



Approach 2: compare counties to themselves 
over time as temperature fluctuates

Source: Schlenker and Roberts 2009

Pros and cons of this approach?



Climate Change: analytical methods

Answer a few questions on Acadly



Average impact of historical 
temperature on maize yields

Source: Burke



Impacts of future climate change

Standard approach: multiply historical temperature 
response by expected future change in temperature

X



Impacts of future climate change

Standard approach: Multiply historical temperature 
response by expected future change in temperature

Source: Schlenker and Lobell 2010



Impacts of future climate change

Source: World Bank World Development Report 2010



Impacts of future climate change

Standard approach: Multiply historical temperature 
response by expected future change in temperature

e.g. for projected warming to 2050:

+1.5 ℃ ������� ⋅  
��% ∆ �����

℃
= −��% ∆ �����

What does this mean? Is it big?



N.B.: Impacts are relative to what would have 
happened otherwise



Impacts of future climate change
Standard approach: Multiply historical temperature 
response by expected future change in temperature

e.g. for projected warming to 2050:

+1.5 ℃ ������� ⋅  
���% ∆ �����

℃
= −��% ∆ �����

Assume 1%/year growth without climate change:

Maize yields in 2050 without climate change: 30% higher

Maize yields in 2050 with climate change: 15% higher



Impacts of future climate change

Standard approach: Multiply historical temperature 
response by expected future change in temperature

Maize yields in 2050 without climate change: 30% higher

Maize yields in 2050 with climate change: 15% higher

Do you believe these estimates???

Need to Ask:
-- will farmers adjust in ways not evident in historical data?
-- will the technologies available to them in the future be different?



Future climate change impacts

• Yields, but also…

• How will the impacts change if we also consider:
• Prices, and the changes they induce in cropping patterns 

and farm management?

• Technology? 

• Prices, and the changes they induce in consumption?

• Trade policies and the ability of global markets to 
mediate supply shocks? 

• Also – income growth, population growth, uncertainty 
around biofuels?



Projected impacts on yields

IPCC summary of literature on projected impacts

Source: IPCC AF5 WG2 Chapter 7



Projected yield responses for 
multiple crops and climate models

Source: Wiebe et al 2015



Yield, Area, Production and Price 
responses for multiple crops and models

Source: Wiebe et al 2015



Uncertainty bounds around aggregate 
responses across crops and models

Source: Wiebe et al 2015



Food Security Impacts
• Availability:

- Lower production, loss of crop land, possibly partly offset by adaptation and 
CO2 seeding

• Stability:
- At risk with greater extreme events (cyclones, floods, hailstorms, droughts)
- Drought prone areas include major breadbaskets and areas with 

poverty/food insecurity

• Food Utilization: 
- At risk due to threats to human health (e.g. malaria), and increased food-

and water- borne disease (links between temperature increase and 
diarrhea; links between extreme rainfall and cholera)

• Access:
- Incomes expected to decrease especially in economies that are highly 

dependent on agriculture (i.e. poor countries)
- If price growth exceeds income growth, access will decrease



Food Security Impacts
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Climate Change – health impacts

Scientific American

• Labor productivity –
153 billion hours of 
labor (80% in 
agriculture) were lost 
to excessive heat in 
2017. 

• Most vulnerable 
areas: India, 
Southeast Asia, Sub-
Saharan Africa, South 
America



Climate Change - overview

• Cannot forecast impacts without making 
assumptions

• Not just plant physiology, also markets, trade and 
behavior!

• Need to understand own- and cross- price 
elasticities

• Price signals that producers and consumers will face

• Substitution responses (production and consumption)

• Hard to predict what will happen when we move 
out of historical ranges


