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How do we know we are changing the climate?

Models including greenhouse
gas emissions from humans
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Gentle introduction — “An Economist’s Guide to Climate Change Science”
Hsiang & Kopp (JEP, 2018)
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Climate change in context

Change in global mean surface temp. (°C)

Models including greenhouse
gas emissions from humans
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Climate change in context

Models including greenhouse
gas emissions from humans

Model projections in
3 moderate emissions scenario
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Hsiang & Kopp (JEP, 2018)
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Climate change in context

USA Brazil Haiti
Norway S. Korea Iran raq  Thailand ..
2080-2099 M li Turkey Australia Mexico Bangladesh al
— ongolia
i i ¢ Canada China g Africa  Uganda India
hlgh emission Greenland Russia uk France Japan Saudi Arabia
(RCP 8 5) Scenario German: A . Kenya Indonesw_: )
) y rgentina Nigeria
Spain Honduras ~ Sudan
o China Honduras ~ Sudan
ierman .
Greenland Norway v Japan S. Africa Iraq E::;\S:‘aetisei;h
s Argentina Uganda  Hait Mali
. Korea
1981-2010 . Canada UK usa Iran Mexico Saudi Arabia
(Historical) Mongolia Russia France Spai/:us(ralla Kenya I L\{igeria
i ndia
Turkey Brazil Thailand
% 45 65 85  °F
L . L . | . e
0 10 20 30 °C

Annual average temperature

Hsiang & Kopp (JEP, 2018)

S. Hsiang | Global Policy Laboratory



Climate change as an economic problem

Atmospheric carbon-dioxide (parts per million)
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The resources used to mitigate climate change should reflect the benefit of

these investments to society.
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Core scientific problem

The resources used to mitigate climate change should reflect the benefit of
these investments to society.

Ultimately, this requires that we distinguish between

Hypothesis 1: The climate has small impact on modern human society.
Hypothesis 2: The climate has a large impact.

(Thinkers have debated this issue for centuries.)

S. Hsiang | Global Policy Laboratory



Core scientific problem

The resources used to mitigate climate change should reflect the benefit of
these investments to society.

Ultimately, this requires that we distinguish between

Hypothesis 1: The climate has small impact on modern human society.
Hypothesis 2: The climate has a large impact.

(Thinkers have debated this issue for centuries.)

This is a hard problem because

— climate is high-dimensional
— human society is high-dimensional
— many confounding factors
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Tackling the problem through research design

The Ideal Experiment

1. Take two identical planets.

2. Change the climate of one (treatment).

3. Compare to control planet.
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Tackling the problem through research design

The Ideal Experiment

1. Take two identical planets.
2. Change the climate of one (treatment).

3. Compare to control planet.

The Quasi-Experiment (that we can actually do)

Step one: Reconstruct a history of each population’s physical exposure to
climatic conditions.

Step two: Estimate the effect of changes over time for each population:

High climate exposure - “treatment”

Low climate exposure - “control”
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Climate variable
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News ) World news ) Typhoon Haiyan

Typhoon Haiyan — how do you rebuild

after such destruction?

The devastation caused in the Philippines will take years to
repair. Previous efforts in Haiti, Japan and elsewhere point the
way, but how can we build back better?

Vitiorio Infante
The Guardian, Friday 15 November 2013 19.04 GMT
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Limited Information Cyclone Reconstruction and
Integration for Climate and Economics (LICRICE)

Total wind speed at surface
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Hsiang (PNAS, 2010)
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Super Typhoon Joan (Sening)
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Super Typhoon Joan (Sening)
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Super Typhoon Joan (Sening)
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Super Typhoon Joan (Sening)
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All storms within a year (LICRICE)
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Direct damage: Insured loss in
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Household economics after a typhoon (Philippines)

Probability asset is missing (%)

3t / strong walls
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Wind speed (m/s)

(Anttila-Hughes & Hsiang, 2012)
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Household economics after a typhoon (Philippines)
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Macroeconomics: Theories vs. Evidence

Theories
—~~__ “Creative destruction”

disaster

“Build back better”

o “Recovery to trend”
8 baseline
trendw
~ -~ 1 “) ”
- No recovery’

-

Time

(Hsiang & lJina, 2014)
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Macroeconomics: Theories vs. Evidence

Theories Using global data (1970-2008)
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(Hsiang & Jina, 2014)
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Global generalizability
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Repeated shocks slow growth

“Sandcastle depreciation”:  §~ 1 [*4(t)d

growth = investment — § — pop_growth — tech_growth

Hsiang & Jina (AER, 2015)
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Long run evidence consistent w/ “sandcastle depreciation”

East Asia
Avg. annual growth rate observed 1970-2008 (%)
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Hsiang & Jina (AER, 2015)
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Comparing cyclones to other macroeconomic events

Event Growth Duration Risk
Temperature 1 (+1°C)*! —1.0% 10 yrs 6.4%
Civil war? —3.0% 10 yrs 6.3%
Taxes 1 (+1% GDP)**3 -3.1% 4yrs 116.8%
1-0 cyclone -3.6% 20 yrs 14.4%
Currency crisis? —4.0% 10yrs  34.7%
Executive constraints |2 —4.0% 10 yrs 3.7%
90-percentile cyclone —7.4% 20yrs 5.8%
Banking crisis? —7.5% 10yrs  15.7%
Financial crisis* —9.0% 2yrs  <0.1%
99-percentile cyclone -14.9% 20yrs 0.6%
Democratization® +21.2% 30 yrs 1.4%

*Poor countries only. **USA only. TNumber of quarters with any tax change.

IDell, Jones & Olken (AEJ: Macro, 2012), 2Cerra & Saxena (AER, 2008),
3Romer & Romer (AER, 2010), “Reinhart & Rogoff (AER 2009), > Acemoglu,
Naidu, Restrepo, Robinson (NBER, 2014)

Hsiang & Jina (2014)



Entering a “new normal” ?

Maximum surface wind speed during Hurricane Maria mph
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Undoing 26 years of Puerto Rican growth in 12 hours

In Just 12 Hours, an Economic Wipeout

Hurricane devastation in Puerto Rico is expected to have much worse economic effects than many other recent
crises that unfolded over months or years.

ECONOMIC DISASTER  YEARS DROP IN PER CAPITA G.D.P.
Asian financial crisis: Thailand 1997-99 -25%
Great Recession’s effect on Nevada 2007-09 -22%
Hurricane Maria in Puerto Rico 2017
Asian financial crisis: Indonesia 1997-99 -21%
Great Recession’s effect on Arizona ~ 2007-09 -18%
Great Recession’s effect on Michigan 2007-09 -13%
Average international financial crisis -9% )
Great Recession: U.S. overall 2007-09 -9% m::;:f;:?: 2::;:@
U.S. recessions  1980-1982  -8% the hardest-hit states
Mexico peso crisis 1994-95 -8% 1;:‘;0?:2 s

Hsiang & Houser (New York Times, 2017)



Climate Change — A Hurricanes — A Growth

NPV roughly $9.7 trillion (3% discount rate)



Climate Change — A Hurricanes — A Growth

NPV roughly $9.7 trillion (3% discount rate)

Climate Change — A Temperature — A Growth?



Why might temperature matter?

Level of efficiency at normal room-temperature
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Fig. 3. The same proporiional deterioration for high as for low incentive conditions

British Journal of Psychology when utmospherio temperature is raised.
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Temperature affects productivity of labor & capital

Annual corn yields Daily labor supply
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Carleton & Hsiang (Science 2016)
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Building a macro-economy from
temperature-sensitive units

T4 - temperature on day d of year t
Kj - capital in sector j with productivity AJK
L; - labor is sector j with productivity AjL

Each day, based on temperature, capital and labor may be optimally
reallocated between sectors:

9i(Ta) = (A (Ta)Ki( Ta))*(AF (Ta)Li( Ta))
Optimal supply (g*) and temperature-sensitive demand affects prices (p).

Repeated daily:

365
annual _revenue; = Z Z pi(Td) - q; (Ta)
d=1 ———

daily income sector j

Deryugina & Hsiang (2014)
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How should micro productivity map to macro?

Application of Equation 1
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Global non-linear response of growth to temperature
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Historical marginal effect of +1C temperature on growth
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Burke, Hsiang, Miguel (2015)



Using within-country variation to estimate a global
function
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Rich vs Poor? Early vs late?

Rich vs. poor countries Early vs. late period

o N

g 0.1 § 0.1
~ .
a rich E 1960-1989
(O]
< 0.0 2 0.0
< p
3 5
S a1 Jd/N 3_ 04 4 i
) 0.1 poor 5 0.1 1990-2010
[ ©
2 2
§-0.2 £-0.2
rich country temperatures 1960-1989 temperatures
poor country temperatures
T T T T T T T T T T T T
5 10 15 20 25 30 5 10 15 20 25 30

annual average temperature (C)

Burke, Hsiang, Miguel (2015)

S. Hsiang | Global Policy Laboratory



Really in rich countries? Check in USA

Income per person

Globally (countries) United States (counties)
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Effect in USA is stable over time

Deryugina & Hsiang (2017)
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Replication with alternative data sets & samples

India
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Jain et al (2019)

Also: Brazil, Indonesia, Europe, etc.
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962 World Bank HH surveys + WPID dataset
9620 country-year-decile observations 1977-2012

Relative to global distribution
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Is it
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Is it really a growth effect? (USA)
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How to account for adaptation?

1. Adaptations to climate may alter (attenuate) climate impacts.
2. But the costs of these adaptations must be accounted for as a burden.

3. Full accounting is fundamentally difficult because adaptation involves
many unobserved adjustments.



How to account for adaptation?

1. Adaptations to climate may alter (attenuate) climate impacts.
2. But the costs of these adaptations must be accounted for as a burden.

3. Full accounting is fundamentally difficult because adaptation involves
many unobserved adjustments.

One solution: Take a “top down” view of the macroeconomy and
estimate the “marginal product of climate.” (Deryugina & Hsiang, 2017)

Why this works: All adaptations are reallocations of resources, with costs
equal to opportunity costs.

— The net benefit of all adaptations will be captured in total revenue of
the economy.



Revenue maximization in general equilibrium

U(C,b)

better-than set

production possibility set

b

2

/b*(C))

b*(C,)

Y(C,,b*)

Y(C,,b¥)

Markets endogenously maximize total revenue in general equilibrium

(Koopmans, 1957):

b*(C) = arg max Y(C,b(C)) | p(C),U(C,b)




The “Marginal Product of Climate”

Income per person

Globally (countries) United States (counties)
O —
—_ 0 N
2
[0] [0}
© £
< 8
s -0.1 4 <
o = -0.05
o =
c
=
@
-0.2 -
Burke, Hsiang & Miguel (2015) 01 Deryugina & Hsiang (2017)
I T 1 r T 1
0 15 30 0 15 30
Annual temperature (°C) Daily temperature (°C)

S. Hsiang | Global Policy Laboratory



Valuation of historical temperatures (1968-1990)
in current annual income

2011 dollars per capita relative to Lebanon, Kansas
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Deryugina & Hsiang (2017)
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Projecting forward: avg loss = 23% World GDP
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A poorer, more uncertain, more unequal world

Income per person (% change)

50 251
World income
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Year Year

Burke, Hsiang & Miguel (Nature 2015)
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Thank you

www.globalpolicy.science
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Model 1 Model 2

One single
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Differences over space or time?

Rich vs. poor countries

Early vs. late period
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Change in global GDP/cap (%)
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