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Today’s class

1. Questions?

2. Attendance

3. Housekeeping
1. Fall Break next week (no class on Monday)

2. Exam 1

4. For today
1. Estimating climate damages (Aggregate GDP + effects on agriculture)





Global economic damages
Accounting for “nonlinearities” a la Burke, Hsiang, & Miguel (2015)

• “Micro” estimates in individual sectors seem to imply that extreme temperatures 
are bad for crop yields, labor supply and productivity, mortality, etc.

• But, “macro” studies tend to show a little/no relationship between economic 
output and temperature for rich countries and a linear relationship for poor 
countries.

• This is, effectively focusing on the shape of 𝑓 in a simple equation we’ve seen 
before:

Δ𝐺𝐷𝑃 = 𝑓(𝑇)



From micro to macro 
weather responses

• Highly nonlinear micro responses to 
temperature (panel a-c) can be 
aggregated up to a “smooth” concave 
macro response (panel f)

• There are sector-specific “thresholds” 
beyond which damages become 
worse quite quickly (E.g., >30°C for 
maize yield).
‣ We’ll come back to where this comes from 

later today!

Source: Burke, Hsiang, & Miguel (2015), Fig. 1



Empirical strategy
Burke, Hsiang, Miguel (2015)

• Data:
‣ 166 countries from 1960-2010.

• “Ideal experiment”
‣ Take two identical countries, warm the temperature of one of them over 100+ years, compare economic 

output.
‣ The authors simulate this design by comparing economic output for a given country when they face 

hotter/colder weather in any given year.

• Econometric design:
‣ Outcome variable is year-to-year economic growth rates (changes in ln(GDP per capita)
‣ Controlling for: country and year “fixed effects” (e.g.,, shocks over time that affect all countries), quadratic time 

trends for each country.
‣ Focused on estimating the shape of the weather-response function for average annual temperature.

From: Burke, Hsiang, & Miguel (2015) supplementary materials…

Weather-response 
function

Time controls 
& fixed effects



Main results
• Inverted U-shaped 

relationship between change 
in ln(GDPpc)

• Similar effects for rich/poor 
countries (panel b)

• Most rich countries are 
clustered around 13-15ºC.

• Relationship hasn’t changed 
between 1960-1989 and 
1990-2010 (panel c)

• Inverted-U shape exists for 
ag and non-ag GDP (panel d 
& e)

• Takeaway: only weak 
evidence that rich countries 
are less vulnerable to climate 
change. Many poorer 
countries are located further 
“right” in the temperature 
distribution and suffer more 
damage as a result.

Source: Burke, Hsiang, & Miguel (2015), Fig. 2
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Main results

• Inverted U-shaped relationship between change in ln(GDPpc)

• Similar effects for rich/poor countries (panel b)

• Most rich countries are clustered around 13-15
∘
C.

• Relationship hasn’t changed between 1960-1989 and 1990-2010 (panel c)

• Inverted-U shape exists for ag and non-ag GDP (panel d & e)

• Takeaway: only weak evidence that rich countries are less vulnerable to climate change. Many poorer countries are 
located further “right” in the temperature distribution and suffer more damage as a result.

Source: Burke, Hsiang, & Miguel (2015), Fig. 2

The modeling may seem complicated (and, in a variety of 
ways, it is), but the main results just stem from these 
coefficients on temperature and temperature-squared!



How will climate 
affect countries’ 
GDP?

• 77% of countries will be poorer in 2100 
with climate change relative to a “no 
climate change” scenario (under SSP5)
‣ 5% poorer in 2100 than they are today (SSP5)
‣ 43% poorer in 2100 than they are today (SSP3)

• Even with unmitigated climate change 
(SSP5) many countries become wealthier 
(in per capita terms)

Socioeconomic scenarios:
• SSP3 — high challenges to mitigation and adaptation.
• SSP5 — fossil-fuel development (strong economic 

growth, but little GHG mitigation)

Source: Burke, Hsiang, & Miguel (2015), Fig. 3

[unmitigated climate change] [mitigated climate change, low growth]



Regional effects of 
temperature change

• Large changes in GDP by 2100 in: Oceania, Central 
and South America, Middle East, Africa, South and 
Southeast Asia…

• Smaller (with wide confidence intervals) in North 
America.

• Increased temperatures lead to GDP growth in 
Europe.

• One implication: using climate impacts from the US 
(where we have good data) is likely not informative 
for countries that will be more heavily impacted by 
climate change.

Source: Burke, Hsiang, & Miguel (2015), Fig. 4



Income heterogeneity and comparison to SCC-
IAMS

• Primary results suggest a 25% loss in GDP 
per capita by 2100 (panel a).

• Poorest countries are expected to see worst 
outcomes.

• Empirical global damage function (panel d) is 
somewhat linear (and slightly concave).
‣ Suggests much greater damage at 2-3°C than 

SCC-IAMs
‣ Only includes damages from average annual 

temperature changes and not, e.g., sea-level rise, 
cyclones, etc.

‣ Remember: DICE, FUND, & PAGE are the three 
IAMs that were previously used by the US Gov’t 
to estimate the SCC.

Source: Burke, Hsiang, & Miguel (2015), Fig. 5



Takeaways on Burke et al. (2015)

• If future adaptation mimics past adaptation, unmitigated warming will reduce global 
incomes by roughly 23%
‣ This is somewhat different from the 2-3% of GDP estimated in the (now outdated) SCC-IAMs…

• Much of the difference comes from Burke et al. modeling damages to GDP growth rates, 
rather than GDP levels.
‣ Effects on growth rates compound over time, making this effect much larger than previous estimates.
‣ Active source of debate in climate economics!

• Rich and poor countries both vulnerable to climate change. Poorer countries tend to be 
hotter countries, so will likely experience economic damages to GDP growth sooner.

• Empirically estimated damage functions suggest much bigger damages from climate 
change than do IAMs used to estimate the SCC.
‣ Striking because only average temperatures are considered, and so many other climate impacts are omitted.



• Switching gears to focus on 
agricultural damages from 
temperature extremes.

• Agricultural is (perhaps 
obviously) very dependent on 
climate.

• This paper focuses on corn and 
soybeans, of which the US 
contributes 41% and 38% of 
the world’s supply.

• Extreme temperatures can lead 
to severe damages to 
agricultural productivity, which 
would have ripple effects 
throughout the world 
economy.



Schlenker & Roberts (2009) approach

• Data:
‣ Crop yields from 1950-2005 for most US counties.
‣ Fine-scale weather data (number of days each crop 

experiences extreme temperature).

• Empirical framework:
‣ Challenge is that weather data is daily max/min but 

crop yields are annual.
‣ Use 3 flexible ways to model the distribution of 

temperature within a county.

This is just a complicated 𝑦 = 𝑓(𝑇)-style 
equation where 𝑓 is structured to capture the 

distribution of how many days each county 
experiences a certain temperature each year



Schlenker & Roberts (2009): Primary results

• Interpretation (in A): exchanging one day at 29ºC for one day at 40ºC within the growing season would 
result in a ≈7% reduction in corn yield.

• Different functional forms for the dose-response function produce similar results.

Source: Schlenker & Roberts (2009), Fig . 1



Climate impacts

• By end of the century, corn and soybean yields 
will: 
‣ go down by 30-46% in an optimistic climate scenario
‣ go down by 63-82% in a pessimistic scenario.

• Counties in the north and south have similar 
weather-response functions.

• Weather-response function was similar in early 
years (1950-1977) and later years (1978-2005).

• Both of these suggest that there has been 
limited historical adaptation

Source: Schlenker & Roberts (2009), Fig . 2



Takeaways
• Schlenker & Roberts (2009) is one of the 

first in the “modern era” of the empirical 
climate impacts literature.

• Because agriculture is one of the central 
“market goods” affected by climate change, 
this structure forms the foundation for 
some of the “nonlinear” impacts research 
that follows (including the Burke, Hsiang, 
Miguel (2015) paper).

• Main takeaway is that temperature 
extremes are bad, particularly for 
agriculture, but for other things measured 
by GDP as well.

• Agriculture is a small component of US 
GDP (~2%) [larger component for 
developing countries] but global impacts of 
agricultural yields can be large.

As countries become wealthier, agriculture comprises 
a smaller and smaller portion of economic output. Source: [link]



For next week…

http://www.caseyjwichman.com/econ4210 - week7 

http://www.caseyjwichman.com/econ4210#week7
http://www.caseyjwichman.com/econ4210#week7
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