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Introduction
Understanding the damages due to climate change at both national and local scales is important for 
assessing the benefits that will accrue from any policy that limits climate change. Local information on 
both total and sectorally disaggregated damages will also allow for specific adaptation strategies that take 
heterogenous damages into account. 

A key tool in the cost-benefit analysis of climate and energy policies is the social cost of carbon (SCC). 
This number captures the damage in dollars to the global economy due to the emission of a single ton of 
carbon dioxide. A group of computational models known as Integrated Assessment Models (IAMs) is used 
to calculate this value in practice. Three of the dominant models in this space (DICE, PAGE, and FUND) are 
used in the current U.S. regulatory calculation of the SCC (Greenstone, Kopits, and Wolverton 2013). IAMs 
each take different specific approaches to calculate the damages from climate change on the economy, but 
all contain a similar structure made up of a number of different modules. Primary among these is a climate 
module, which captures changes to the global or regional climate due to carbon emissions; an economic 
module, which describes the production system of the economy producing both income and carbon 
emissions; and a damages module, which translates changes in the climate into economic damages. To 
date, the least developed of these components is the damages module, which is often based on outdated 
research or assumptions of the modeling teams (Pindyck 2013). Furthermore, the damages are often 
aggregated to global or regional scales, masking local heterogeneity in impacts that may be highly relevant 
to policymakers concerned with local or distributional effects of policies.

However, a recent increase in the amount of research into climate impacts has led to a new understanding 
of the relationship between climate and local economic outcomes, built on solid foundations in data. 
Building on these developments, we can empirically derive estimates of the climate’s influence upon 
society, project them into the future under various carbon emissions scenarios in high spatial detail, and 
then sum across outcomes to give a comprehensive estimate of damages that vary spatially (Hsiang et al. 
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2017). The outcomes considered here do not cover all of the potential damages of climate change, but a 
subset of outcomes that are likely to be major costs. We develop results for mortality, labor productivity, 
energy demand, crime, agriculture, and coastal property. The local economic damages of climate change 
in the United States presented below consider both county-level and aggregate national-level damages to 
the U.S. economy due to warming and precipitation changes under representative concentration pathways 
(RCP) 2.6, 4.5, and 8.5, corresponding approximately to high mitigation, medium mitigation, and business-
as-usual climate change scenarios, respectively. The structure of the economy is held fixed at its 2012 levels 
and so can be interpreted as a risk assessment based on the organization of the U.S. economy currently. 

Local Economic Damages by Sector
We first establish the relationship between the climate and outcomes of economic and societal importance. 
There has been much recent research showing that, for the United States, weather variations continue 
to exert an influence over outcomes such as health, the labor force, and agriculture (e.g., Deschenes and 
Greenstone 2011, Graff Zivin and Neidell 2014, Schlenker and Roberts 2009). Figure 1 shows examples 
from a meta-analysis that incorporates the latest knowledge on how climate affects economic outcomes. 
Taking the middle panel in the top row of Figure 1 as an example, we see that for a single hot day at, say, 30 
degrees Celsius, the mortality rate is elevated compared to a day with an average temperature of 15 degrees 
Celsius. We also see the increase in mortality due to cold days. The two most important features that this 
recent research has uncovered are that climate damages are often non-linear (i.e., there are often threshold 
effects) and we experience these impacts due to high-frequency exposures (i.e., hot days affect us more 
than an increase in the average annual temperature). 

Figure 1. Examples of empirically-derived “dose-response” relationships showing how various societal outcomes 
are affected by experiences of hot and cold daily temperatures contemporaneously. These relationships form the 
basis of projections of damages under climate change. Source: Hsiang et al. 2017.
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We downscale all available global climate model projections used in the Intergovernmental Panel on 
Climate Change (IPCC) process and use these to project the impacts in each outcome through the end of 
the century. Figure 2 displays the spatial pattern of these damages. Noteworthy features include:

 ▪ the effect of non-linearities: for the “U-shaped” damages, parts of the United States benefit (i.e., 
northern parts benefit from experiencing fewer cold days) while parts experience damages (i.e., 
southern parts only experience an increase in damaging hot temperatures without the offsetting 
benefit of a reduction in cold temperatures). 

 ▪ an overall high negative impact in southern, coastal states, which experience higher temperatures and 
exposure to enhanced coastal damages from storms and sea level rise. 

Figure 2. County-level median damage values for RCP 8.5, averaged over 2080-2099, relative to a “no additional 
climate change” trajectory. Color indicates the magnitude of median impact; white outlines indicate that 83 
percent of projected simulations agree in sign; black outlines indicate that 95 percent of projected simulations 
agree in sign. Source: Hsiang et al. 2017.

TOTAL DAMAGES AND DISTRIBUTIONAL EFFECTS
Aggregating damages across the country requires valuing each outcome and summing up the dollar costs. 
We use the U.S. Environmental Protection Agency Value of a Statistical Life to value mortality, daily wages 
from the Bureau of Labor Statistics for labor impacts, the value of coastal property for coastal damages, crop 
prices for agricultural damages, best practice cost of crime estimates for crime impacts, and energy prices 
from the Energy Information Administration for energy costs. We can then plot the resulting aggregate 
damages as a function of global mean surface temperature (Figure 3A), which is the first completely 
data-driven damages module that could be incorporated into SCC estimates. What it shows is that there 
is overall a negative effect on the U.S. economy, with positive damages by the end of the century, even for 
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modest amounts of warming, and that damages are increasing non-linearly with temperature. Figure 3B 
shows the breakdown by outcome. 

Figure 3. A) Total direct damage to the U.S. economy, summed across all sectors as a function of global mean 
temperature change. Dot-whisker markers denote median (dot), “likely” range (17 percentile-83 percentile, thick 
line), and 5 percentile-95 percentile (thin line). B) Contributions to median estimate of aggregate damage by 
impact category. Source: Hsiang et al. 2017. 

Figure 4. Income distribution of impacts across U.S. counties. Counties are arranged into deciles of county-level 
production/income and aggregate impacts as a percent of income are averaged across deciles. Boxplots denote 
median (white line), “likely” range (17 percentile-83 percentile, box), and 5 percentile-95 percentile (whiskers).

Discussion of Consequences for U.S. Economy
The damage estimates above present values that relate the global atmospheric concentration of carbon 
dioxide to damages in the U.S. economy. Two important points should be highlighted. First, the U.S. 
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contribution of emissions to the global atmospheric carbon dioxide budget, while still large, is diminishing 
as countries like China and India continue to grow on relatively fossil fuel intensive pathways. This implies 
that the direct effects of U.S. mitigation policy on the U.S. economic damages from climate change will 
be comparatively small under the assumption that every other country adheres to their Paris Accord 
commitments. This would lead to an emissions scenario closer to RCP4.5. The latter assumption is perhaps 
a strong one—history has shown that the United States has an enormous influence on global climate 
policy, and actions taken or not taken by the United States can be influential on the emissions pathway 
that the world ultimately chooses. In either case, the spatial detail in the results should provide some 
guidance as to where certain adaptation policies are most effective—for example, focusing on healthcare 
infrastructure in the inland parts of southern states, or agriculture as a priority in the Midwest. Adaptation 
policy at local levels will move expected damages off the trajectories that these results imply. When 
considering mitigation policy, the implications of Figure 3 are important—for example, under an average 
expected change of temperature in an RCP8.5 scenario, the U.S. economy would stand to lose between 
about 1 percent and 4 percent of GDP annually by the end of the century.  

Second, aggregating damages to a national level masks substantial subnational redistribution of the costs 
of climate change. The local damages from climate change show that costs may be severe in the South 
(Figure 2) and particularly severe in poorer counties (Figure 4). While the increase in inequality that we 
describe is spatial in nature (i.e., it is inequality between U.S. counties, not inequality between rich and 
poor within counties), other research would imply that it is not only the poorer counties but also the 
poorer people within them who may suffer most, normalized to their income levels (e.g., Deryugina 2016). 

Taken together, the three implications for cost-benefit analyses of energy policies are:

1. In the national aggregate, a business-as-usual emissions scenario would on average cost the 
U.S. economy approximately 1 to 4 percent of GDP annually by the end of the century. Limiting 
emissions to an RCP4.5 (medium mitigation) scenario would reduce those to approximately 0.1 to 
1.5 percent of GDP. 

2. Adaptation policies can be location and sector specific, informed by empirical results on which 
outcomes will be most affected at local scales. 

3. Climate change has the potential to dramatically increase inequality in the nation, implying that 
robust mitigation policy (and the consequent influence of that on other countries) has the potential 
to, at least, not exacerbate inequality. 
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