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The notion of “the climate” goes back to Aristotle



Montesquieu’s cross-sectional conclusion

“If it be true that the temper of the mind and 
the passions of the heart are extremely different 
in different climates, the laws ought to be in 
relation both to the variety of those passions 
and to the variety of those tempers.” 

Montesquieu, Of laws in relation to the nature of climate.



The climate is no longer stationary. 



The historical or future counterfactual we seek

Source: Hsiang



The experiment we would like to run



This is the closest physical counterfactual we have

Source: NASA



The solution to our conundrum



Some notation to help us organize our thoughts

‣ The production of an output y in period t 
depends on weather (w) and inputs/technology/
management practices  

‣ Weather in a given period is a draw from the 
current climate distribution:

yt = g(wt ,ψ )

ψ( )

wt ∼ c w,θt( )

Source: Modified version of Moore (2016)



What does the rational agent do?

‣ Agent maximizes expected output by choosing 
technology, subject to their belief about the current 
state of the climate. 

‣ Conditional on a set of climate beliefs, the restricted 
function describing the weather response becomes

Source: Modified version of Moore (2016)

ψ *(c(θt! )) = max
ψ

g(w,ψ ) c(w,θt! )
w

w

∫  dw

yt = g(wt ,ψ
*(c(w,θt! )))



The short run response to climate change

If climate shifts from to               to              and the 
agent does not change inputs or management 
practices, short run impacts are given by:

c(w,θo ) c(w,θ1)

Δysr = g(w,ψ *(c(w,θo )))c(w,θ1)
w

w

∫  dw −

g(w,ψ *(c(w,θo )))c(w,θo )w

w

∫  dw

Source: Modified version of Moore (2016)



The long run response to climate change

If climate shifts from to               to              and the 
agent does change inputs or management practices, 
long run impacts are given by:

c(w,θo ) c(w,θ1)

ΔyLR = g(w,ψ *(c(w,θ1)))c(w,θ1)
w

w

∫  dw −

g(w,ψ *(c(w,θo )))c(w,θo )w

w

∫  dw

Source: Modified version of Moore (2016)



The impact of adaptive response

‣ Both terms are evaluated using the changed 
climate 

‣ Only the technology/management responses 
differ

ΔyLR − ΔySR = g(w,ψ *(c(w,θ1)))c(w,θ1)
w

w

∫  dw −

g(w,ψ *(c(w,θo )))c(w,θ1)
w

w

∫  dw

Source: Modified version of Moore (2016)



Translating weather into impacts. 

Source: Carleton and Hsiang (2016)



Version 1: Time Series Regressions

yt = β ⋅ f (wt )+ g(t)+ ε t
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Source: Auffhammer, Baylis, Hausman (2017)



ERCOT: Distribution of peak load by end of century

Source: Auffhammer, Baylis, Hausman (2017)



Map out impacts by Load Balancing Authority

0 5 10 15

Source: Auffhammer, Baylis, Hausman (2017)



Electricity Load Response: Europe

Source: Wenz, Auffhammer, Levermann (2017)



Electricity Load Impacts: Europe

Source: Wenz, Auffhammer, Levermann (2017)



Version 2: Ricardian Model (Cross Section)

yi = β ⋅ f (ci )+ γ ⋅ xi + ε i

Source: Mendelsohn, Nordhaus & Shaw (1994)



Version 3: Panel Data Weather Regressions

yit = β ⋅ f (wit )+α i +δ t + ε it

Sources Auffhammer, Ramanathan, Vincent (2006), Schlenker and Roberts (2009), Hsiang and Deruygina (2014)



Version 4: Long Differences

yi,t − yi,(t−h) = β ⋅ f (wi,t −wi,(t−h) )+ ε i

Source: Burke and Emerick (2015)



Version 5: Hybrid (CARE Regressions)

yit = β jp
p=1

P

∑ ⋅Dpit +α i +δ t + ε it

Run a regression separately for each e.g. ZIP code j 
using a set of households i 

Run second cross sectional regression across all j ZIP codes. 

β jp = γ o + γ 1 ⋅Cjp + γ 3 ⋅Z j + η jp

Source: Auffhammer, (hopefully 
2017)



CARE Visually: Estimate short run response
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A plot of 1165 Temperature Response Functions

Source: Auffhammer, (hopefully 
2017)



A plot of 1165 Temperature Response Functions

Source: Auffhammer, (hopefully 
2017)
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An empirically estimated “adapted” response function

Source: Auffhammer, (hopefully 
2017)



Version 6: The Envelope Theorem Revisited

Source: Deryiugina and Hsiang, (2017)



Sectoral Coverage

Source: Carleton and Hsiang (2016)



Weather Impacts on the Macro Economy

Source: Burke, Hsiang  and Miguel (2016)



Country Level Impacts of Weather

Source: Burke, Hsiang  and Miguel (2016)



US Distributional Impacts of Weather

Source: Hsiang et al. (2017)



The most important number in climate change research

Source: EPRI



What are we missing? 

Source: American Climate Prospectus



What should we be working on?

‣ Extreme Events 

‣ Migration 

‣ Sea Level Rise Impacts 

‣ Fisheries 

‣ Non-Market Damages 

‣ Labor Productivity 

‣ Crops that Americans and Danes not staying at this hotel 
don't eat



Something that I am struggling with



Some final thoughts

‣ Incorporating adaptation may be impossible. It requires 
“knowing” available technological options by end of 
century. We don’t and these may be endogenous. 

‣ Using your cooler neighbor as a pre-climate change 
counterfactual may be problematic. The sorting 
literature provides some insights on this. 

‣ Expert elicitation, as Bob Pindyck is pushing for in this 
space, is of limited use. Experts replicate model findings.  

‣ Building a better Social Cost of Carbon is of key 
importance. RFF and GCP are embarking on separate 
efforts. 


