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Abstract

We study the long-term impact of climate change on economic activity across coun-
tries, using a stochastic growth model where labour productivity is affected by country-
specific climate variables—defined as deviations of temperature and precipitation from
their historical norms. Using a panel data set of 174 countries over the years 1960
to 2014, we find that per-capita real output growth is adversely affected by persistent
changes in the temperature above or below its historical norm, but we do not obtain any
statistically significant effects for changes in precipitation. Our counterfactual analysis
suggests that a persistent increase in average global temperature by 0.04°C per year, in
the absence of mitigation policies, reduces world real GDP per capita by more than 7
percent by 2100. On the other hand, abiding by the Paris Agreement, thereby limiting
the temperature increase to 0.01°C per annum, reduces the loss substantially to about
1 percent. These effects vary significantly across countries depending on the pace of
temperature increases and variability of climate conditions. We also provide supple-
mentary evidence using data on a sample of 48 U.S. states between 1963 and 2016, and
show that climate change has a long-lasting adverse impact on real output in various
states and economic sectors, and on labour productivity and employment.

JEL Classifications: C33, 040, 044, O51, Q51, Q54.
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Some important questions:

> How large are the effects of climate change on economic activity?

» Does climate change have long-term or short-term growth effects?

> Are the effects larger for poor (hot) countries? Are they asymmetric?

> What are the channels of impact and which sectors are affected the most?

» What is the role of climate variability?



Have we just realised that this is an important problem
(for the economy)?

» The climate-economy relationship has been discussed for many centuries and
goes back to at least Ibn Khaldun's 14th Century Mugaddimah, in which he
attributed poverty to the climate.

> In fact Montesquieu came to the same conclusion in the Spirit of Laws (1750):

> "There are countries where the excess of heat enervates the body, and
renders men so slothful and dispirited that nothing but the fear of
chastisement can oblige them to perform any laborious duty..."

» A few centuries later Huntington's (1915) Civilization and Climate aims to
quantify the effects of climate on economic activity.



Human Activity and Changes of Mean Temperature from Day to Day
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Notes: A. 300 Men in Two Connecticut Factories, 1910-13. B. 256 Girls in Two Connecticut Factories, 1911-13.
C. 460 Students in Mathematics and English at West Point and Annapolis, 1909-1913. D. 760 Cigar-makers at
Tampa, Fla., in Winter (October-March), 1912 and 1913. Factory A. E. 400 Cigar-makers at Tampa in Winter,
1913. Factory B. F. 400 Cigar-makers at Tampa in Summer (April-September), 1913. Factory B. G. 380
Cigar-makers at Tampa in Summer, 1912. Factory A. H. 380 Cigar-makers at Tampa in-=Summer, 1913. -Factory-A.



Level of economic development vs. future growth
> Economists used to (and some still do) ask the question: Can climate and/or
the weather explain why some countries are poor and others rich?

The Distribution of Human Energy on the Basis of Climate
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Could climate change lead to lower productivity?

» The question that more and more economists are now attempting to answer is:
do weather events and climate change have consequences for economic
growth?

> Investigating whether climate change has long-term (permanent) or short-term
(temporary) growth effects is essential for designing mitigation and/or
adaptation policies and supporting institutions.

» For example, the macro-climate estimates are a key input in calculating the
social cost of carbon.
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Figure 6: Percent Loss in GDP per capita by 2100 in the Absence of
Climate Change Policies (RCP 8.5 Scenario)

Notes: The heat map shows Aj, (d;), see equation (31), in year 2100 with m = 30,
based on the RCP 8.5 scenario.



Figure 7: Percent Loss in GDP per capita by 2100 Abiding by the Paris
Agreement (RCP 2.6 Scenario)

Notes: The heat map shows Aj, (d;), see equation (31), in year 2100 with m = 30,
based on the RCP 2.6 scenario.
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Long-Run Effects of Climate Change on Growth in the U.S.

> If the U.S. economy was adapting should we not expect the negative effects of
deviations from their historical norms to be shrinking over time?
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The risks from climate change to the economy have two
basic channels, but many potential impacts!

Physical Risks Transition Risks
(Extreme weather events and gradual changes in dimate)

(Policy, technology, consumer preferences)

Business Asset Migration Reconstruction/  Lowervalueof  Increase inenergy
Economy disruption destruction replacement  stranded assets prices with
dislocations
Lower property Lower Lower corporate Lower growth and productivity Negative
and corporate household profits, more affecting financial conditians feedback from
assetvalue wealth litigation tighter financial
conditions
Financial Market losses Credit losses
system

Underwriting losses
(equities, bonds,

Operational risk
(residential and (including liability
corporate loans) risk)

commodities)




Concluding Remarks

» We showed that climate change has a long-term negative impact on economic
growth. If temperature deviates from its historical norm by 0.01 °C annually,
economic growth will be permanently lower by 0.06 percentage points per year.

» Qur counterfactual analysis suggests that without adaptation and mitigation,
the loss in real GDP per capita is large (varying significantly across countries).

» We also provided evidence for the substantial costs of climate change for the
United States and across all economic performance measures as well as across
various economic sectors.

» Acknowledging past adaptation efforts, the evidence from our cross-country and
within-country analyses suggests limited success in reducing the negative
economic effects of climate change in various sectors and at the macro level
across countries.

» Our findings call for a more forceful policy response to the threat of climate
change.
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