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Overview



31 For a less technical overview of the estimate, see Herrnstadt and Dinan (2020).

Climate change has many effects on the U.S. economy that are expected to 
reduce the growth of real gross domestic product (that is, GDP adjusted to 
remove the effects of inflation), on net.

Before publishing The 2020 Long-Term Budget Outlook, the Congressional 
Budget Office used a long-term forecasting approach that accounted for the 
future effect of climate change on GDP by carrying forward trends in economic 
measures that were already influenced by climate change.1

Recent research suggests that the effects of climate change on GDP growth 
rates will be larger in the future than in recent years, indicating that the approach 
CBO used before 2020 would underestimate future effects. 

CBO’s projection of long-term economic growth now explicitly accounts for the 
increasing effect of climate change on GDP growth, modeled as a reduction in 
the growth rate of total factor productivity in the nonfarm business sector.

Why CBO Changed Its Method of Incorporating the Effects of 
Climate Change Into Its Long-Term Economic Projections
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The method CBO adopted in 2020 projects how real GDP growth would be affected by two 
dimensions of climate change: 

▪ Projected changes in average weather patterns (temperature and precipitation), and

▪ Projected increases in expected hurricane damage due to changes in hurricane intensity and 
frequency and rising sea levels.

For each of those dimensions, CBO separately identifies two components:

▪ The continuation of recent effects of recent trends in weather and hurricane damage on economic 
growth rates (the amount previously incorporated in the agency’s baseline projections), and

▪ Additional effects on growth of future projected changes in weather and hurricane damage.

Because of climate change, real GDP is projected to grow more slowly each year than it would 
have under the “benchmark” climate of the late 20th century, reaching a 1.06 percent reduction in 
the projected level of real GDP in 2050.

Components of the Overall Estimate Under the Method 
CBO Adopted in 2020
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The methodology CBO adopted in 2020 has five steps:

First, CBO collects several econometric estimates of the relationship between 
temperature and precipitation patterns and output. It then applies those estimates to 
climate-change scenarios from various climate models. That process yields multiple 
projections of the effect of weather patterns on the level of real GDP in 2050. 

Second, the agency uses those multiple projections to develop a single central estimate 
of the effects of changes in weather patterns on the level of real GDP in 2050.

The Methodology CBO Adopted in 2020
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Third, CBO applies its previous estimate of changes in expected hurricane damage 
due to projected climate change to the results of a structural macroeconomic model. 
That model translates direct hurricane damage in a given year into effects on GDP in 
subsequent years.

Fourth, CBO sums the effects of changes in weather patterns and hurricane damages.

Fifth, CBO adjusts its estimate of the effect of climate change on GDP to account for 
recent changes in climate that were already captured in its long-run growth estimates 
through economic trends. That adjustment prevents CBO from double-counting the 
effects of climate change previously incorporated in the agency’s baseline projections.

The Methodology CBO Adopted in 2020 (Continued)
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Schematic of CBO’s Methodology
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CBO’s Central Climate-Change Scenario
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2 Radiative forcing is the difference between the amount of energy entering and exiting the Earth’s atmosphere. For example, RCP 4.5 is a scenario in which radiative forcing is 
approximately 4.5 watts per square meter greater in 2100 than it was in 1750.

The methodology CBO adopted in 2020 requires, as an input, a standard set of 
projections of the physical effects of climate change.

CBO uses climate-change projections that are based on representative concentration 
pathways (RCPs) developed for the Intergovernmental Panel on Climate Change’s 
most recent synthesis assessment report (IPCC, 2014). Each RCP describes a 
different projected time path for atmospheric concentrations of greenhouse gases and 
the associated radiative forcing.2

To inform the IPCC’s report, climate scientists modeled climate outcomes under those 
RCP scenarios using a set of atmospheric-ocean coupled general circulation models 
(AOGCMs) known as the Coupled Model Intercomparison Project Phase 5 (CMIP5).

CBO draws on projections that adapt those AOGCM outcomes, which are global in 
scale, to smaller geographies. Specifically, the agency draws on a range of 
projections of temperature, precipitation, hurricane frequency, and sea level for 
specific regions, such as states or counties. 

Climate-Change Projections Used in CBO’s Estimates
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3 CMIP Phase 6 (CMIP6) will inform the IPCC’s next synthesis assessment report, which is expected in 2022. The physical science basis for the upcoming assessment report (IPCC, 
2021a) used multiple lines of evidence, including the results of CMIP6, to determine that the best estimate of the increase in global average temperature by 2041–2060 ranges from 
1.6 degrees Celsius to 2.4 degrees Celsius relative to the 1850–1900 average, depending on the scenario. According to Hsiang and others (2017a), the global average temperature 
from 1981 to 2010 was roughly 0.6 degrees Celsius higher than the 1850–1900 average. Therefore, the IPCC’s range of best estimates is 1.0 degrees Celsius to 1.8 degrees Celsius 
above the 1981–2010 average. That is consistent with CBO’s use of projections based on RCPs 4.5 and 8.5, for which the median temperature changes are 1.2 degrees Celsius and 
1.6 degrees Celsius above the 1981–2010 average, respectively.

In most cases, CBO’s estimates use a combination of climate projections under RCPs 4.5 and 
8.5, which the IPCC described as consistent with relatively low and high levels of emissions in 
the absence of climate policy, respectively (van Vuuren and others, 2011). However, the IPCC 
and CMIP5 analyze many scenarios and do not project a single climate path as most likely.3

CBO’s use of the results associated with RCPs 4.5 and 8.5 does not indicate that the agency 
projects either specific scenario as more or less likely.

Instead, the agency combined results from the two RCPs to arrive at a central case consistent 
with expert emissions and forcing projections. For example, Landry and others (2019) projected 
that, without additional policy action or with action that achieves the Paris Agreement goals, 
radiative forcing in 2050 would fall roughly halfway between RCPs 4.5 and 8.5.

RCPs 4.5 and 8.5 have also been used as scenarios in many recent climate-economic impact 
studies, such as the National Climate Assessment (Environment Protection Agency, 2017).

CBO’s Central Climate-Change Scenario in Context
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4 CBO used Rasmussen, Meinshausen, and Kopp’s projections because they reflect the most recent fully completed CMIP phase available, provide the fine level of geographic detail 
that the estimate required, and are specifically intended for estimating economic impacts. All temperature changes are expressed relative to 1981–2010 averages. For each climate 
projection, CBO further projects that average weather patterns would change linearly from 1981–2010 averages in 1995 to 2040–2059 averages in 2050, as is typical in the literature.

CBO’s projections draw on the work of 
Rasmussen, Meinshausen, and Kopp 
(2016), which scaled global projections 
down to the county level and constructed 
probability distributions over those 
projections (see the figure).4

For both RCP 4.5 and RCP 8.5, CBO 
projects the median change in global 
average temperature across models, relative 
to the average climate of 1981–2010. The 
agency then estimates the effect of those 
median changes in weather on output and 
calculates the average of the two effects.

Projections of Changes in Average Weather Patterns

Data source: Congressional Budget Office analysis of data from Rasmussen, 

Meinshausen, and Kopp (2016). RCP = representative concentration pathway.

Distribution of Global Temperature Scenarios Under 

RCPs 4.5 and 8.5, Relative to 1981–2010 Average Temperature
Cumulative Probability
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CBO’s projection of the effects of hurricane damage on GDP incorporates projections 
of changes in hurricane intensity and sea-level rise used in the agency’s 2016 report, 
Potential Increases in Hurricane Damage in the United States: Implications for the 
Federal Budget.

The projected change in hurricane intensity was based on draws from distributions of 
potential outcomes under RCPs 4.5 and 8.5.

The projected change in sea levels used in estimating hurricane damage was based 
on draws from distributions of potential outcomes under RCPs 4.5 and 8.5, as well as 
under RCP 2.6, which was the lowest emissions scenario that the IPCC considered. 

Projections of Changes in Hurricane Intensity and Sea-Level Rise
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5 See Dinan (2016) and CBO (2016) for more details about the projected changes in hurricane intensity and sea levels. 

6 See IPCC (2021b), FAQ 9.2, for information about the low sensitivity of sea-level rise through 2050 to various emissions scenarios.

The hurricane damage estimate incorporated RCP 2.6 because CBO’s underlying 
2016 report relied on distributions of sea-level rise obtained from Risk Management 
Solutions. Those distributions were based on alternative assumptions about RCPs and 
the sea-level rise associated with any given RCP. Because CBO did not have access 
to RCP-specific distributions for each state and decade, it relied on distributions that 
combined the three RCP scenarios.5

Compared with temperature and precipitation, sea levels respond relatively slowly to 
changes in emissions; they are, therefore, less sensitive to differences in emissions 
scenarios over the next few decades, so the inclusion of RCP 2.6 as one possible 
scenario for sea-level rise had a small effect on the overall estimate.6

Projections of Changes in Hurricane Intensity and Sea-Level Rise 
(Continued)
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How CBO Estimates the Effect of 
Changes in Average Weather Patterns 

on Economic Output
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CBO’s estimate of the effect of changes in weather patterns on GDP is based on 
four academic studies that examined the historical relationship between weather 
and economic output in the United States:

▪ Deryugina and Hsiang (2017) modeled the effect of the distribution of daily 
temperature and precipitation on county-level income between 1969 and 2011.

▪ Burke and Tanutama (2019) modeled the effect of annual average temperature 
and precipitation on GDP at the level of metropolitan statistical areas between 
2002 and 2016.

▪ Colacito, Hoffmann, and Phan (2019) modeled the effect of annual average 
seasonal temperature on gross state product (GSP) between 1957 and 2012.

▪ Kahn and others (2019) modeled the effect of annual deviations from long-run 
average temperatures and precipitation on GSP between 1963 and 2016.

Econometric Studies of Weather Patterns and Economic Output



167 For examples of random-effects meta-analyses applied to climate impacts, see Hsiang, Burke, and Miguel (2013) and Hsiang and others (2017a).

CBO uses those four studies to develop projections of the effects of changes in 
weather patterns on economic output in counties, regions, and states.

The agency then uses those projections to develop a single set of estimates in a 
random-effects meta-analysis.7 That approach can integrate results from studies that 
differ in their settings, data, and modeling approaches, and it yields a “grand mean” 
estimate of the effect of climate change on regional output.

The estimate of the grand mean is effectively a weighted average across the 
projections associated with different studies, where the weights are determined by 
the different projections ( መ𝜃𝑠) and the precision of those projections ( ො𝜎𝑠

2):

▪ If one study-specific projection is very different from the others, it typically receives 
additional weight because it is assumed to capture additional information.

▪ If a study-specific projection is more imprecise, it typically receives less weight 
because it could be very far from the true effect by chance.

Meta-analysis Used to Summarize Econometric Estimates
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8 The prior distribution for 𝜇 is uniform, and the prior distribution for 𝜏2 is half-Cauchy (Gelman, 2006), but the results are not sensitive to those choices. CBO uses the median of the 
posterior distribution of 𝜇 as its Bayesian estimate of Ƹ𝜇. CBO also uses the frequentist restricted maximum likelihood estimator as a robustness check (Veroniki and others, 2016). 
CBO estimates the model using the “metafor” package for R (Viechtbauer, 2010).

The random-effects meta-analysis framework models a grand mean effect of 
climate change on real GDP in 2050, 𝜇, for each climate-change scenario.

In the model, each study is associated with a different “true effect,” which is 
assumed to come from a normal distribution, reflecting inherent differences 
across the studies. That is, 𝜃𝑠 ∼ 𝑁(𝜇, 𝜏2). The assumption that the models’ true 
effects are distributed around the grand mean 𝜇 is the source of the term 
“random effects.”

Each መ𝜃𝑠 is a noisy estimate of some true effect 𝜃𝑠. Those estimates are modeled 
as having a normal distribution መ𝜃𝑠 ∼ 𝑁 𝜃𝑠, ො𝜎𝑠

2 , where ො𝜎𝑠
2 represents variance due 

to statistical uncertainty, model uncertainty, and uncertainty about the persistence 
of the economic effects over time.

CBO uses a Bayesian approach to fit the model to the inputs that were based on 
the four econometric studies { መ𝜃𝑠, ො𝜎𝑠

2} and obtain an estimate of the grand mean 
ො𝜇.8 A frequentist approach produces similar results.

A Formal Description of the Meta-analyses
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9 The studies use similar variables measured at various levels of geographic resolution across the United States and over similar time periods. The partial overlap in the studies’ data 
suggests that the studies and their estimated parameters may be statistically dependent. However, incorporating that dependence into the meta-analytic framework was not feasible.

The inputs for the meta-analysis are the means መ𝜃𝑠 and variances ො𝜎𝑠
2 of the 

projections that were based on each study. CBO uses computer code and data 
provided by the studies’ authors to reconstruct the historical relationships 
reported in the econometric studies and the associated standard errors and 
covariances of the parameters. In CBO's estimation, parameters from different 
studies are statistically independent.9

In applying those historical relationships to climate projections, CBO follows the 
treatment in the original study as closely as possible. For example, if the original 
study found that precipitation effects were small or insignificant and omitted them 
from the study’s climate impact projection exercise, CBO does so as well.

The studies differed in their treatment of the persistence of effects on output and 
of adaptation. If a study did not explicitly incorporate persistence, CBO tries to 
follow the authors’ intent by relying on robustness checks and the study’s 
exposition. However, if a study did not explicitly incorporate adaptation, CBO 
draws on other models to adjust the projections.

How CBO Incorporates Econometric Studies Into the Meta-analysis



1910 For further discussion of persistence, see Carleton and Greenstone (2021) and Newell, Prest, and Sexton (2021).

One important model feature is the persistence of the effect of a shock to 
weather. 

An unusually hot year may reduce output only in that year, leaving output in 
future years unaffected. That is referred to as a level effect.

By contrast, that hot year might persistently affect output in following years. That 
is referred to as a growth effect, which can compound over time.

Researchers have not yet determined whether climate-induced changes in output 
will be predominately level or growth effects.10

Modeling the Persistence of Effects: Growth Versus Levels
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To illustrate the difference, suppose a 
1 degree change in temperature is estimated 
to cause a 0.5 percentage-point reduction in 
GDP and that the United States is expected 
to warm by 2 degrees over 30 years.

▪ If that estimated reduction was a level 
effect, the level of real GDP would be 
1 percent lower in 30 years (see the 
figure).

▪ However, if the estimated reduction was a 
full growth effect, the level of real GDP 
would be 14 percent lower in 30 years 
because of the compounding effects of the 
depressed growth rate.

Modeling the Persistence of Effects: Growth Versus Levels 
(Continued)

Data source: Congressional Budget Office. GDP = gross domestic product. 
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CBO combines the econometric models with different models of persistence to 
compute the projections of the effect of climate change on economic output ( መ𝜃𝑠).

For each econometric model, the agency follows the associated study as closely 
as possible in modeling persistence:

▪ Deryugina and Hsiang (2017) and Kahn and others (2019) explicitly modeled the 
persistence pattern over time, and CBO follows their approaches in computing 
the effects of changes in weather patterns over time.

▪ Burke and Tanutama (2019) and Colacito, Hoffmann, and Phan (2019) presented 
empirical evidence against a pure level effect and discussed their results as a full 
growth effect, meaning that the economy would forever remain on a lower growth 
path after a reduction in output due to a weather shock. For those studies, CBO 
follows the exposition and analysis by modeling a true growth effect.

How CBO Models the Persistence of Effects of 
Weather Patterns on Real GDP
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11 See Mérel and Gammans (2021), Lemoine (2021), and Auffhammer (2018) for discussions of the use of historical weather data to model climate impacts. Deryugina and Hsiang 
(2017) and Burke and Tanutama (2019) both allowed the marginal effect of a slightly warmer year to vary for regions with different weather. Kahn and others (2019) modeled the effect 
as driven by deviations from a long-term moving average of weather conditions, so that as a region’s average temperature increased over time, its economy would be less affected by 
a very hot year. 

12 Herrnstadt and Dinan (2020) noted that CBO adjusted two of the studies’ projections for adaptation. After further assessment of the recent literature examining empirical approaches 
to adaptation, the agency determined that Burke and Tanutama (2019) did account for adaptation for the purposes of this analysis. 

CBO’s estimate reflects the possibility that economies will adapt to changing climatic 
conditions. For example, a hot summer may not have the same effect on Minnesota’s 
economy in 2050 as it does today if the average summer has grown hotter over time. 

The literature is still developing an understanding of how to model adaptation and the 
extent to which historical data can capture future adaptation.11

Deryugina and Hsiang (2017), Burke and Tanutama (2019), and Kahn and others 
(2019) all allowed for a measure of adaptation by allowing the incremental effect of 
weather to change along with the average climate. 

Colacito, Hoffmann, and Phan (2019) did not do so, and CBO adjusts the associated 
projection to account for the effects of adaptation.12

How CBO Incorporates Adaptation



23

CBO uses information from Deryugina and Hsiang (2017) to develop an adaptation adjustment. 
The agency applies that adjustment to the projection based on Colacito, Hoffmann, and Phan 
(2019).

Deryugina and Hsiang (2017) included a linear specification, where the effect of an additional 
hot day on output was the same for all counties. By contrast, the more flexible (“cubic”) 
specifications allowed hotter and cooler counties to experience hot days in different ways and 
thus allowed the experience to change as the average climate changed.

▪ In Deryugina and Hsiang (2017), the effect on output in 2090 was 25 percent smaller when 
allowing for adaptation, averaging across the two cubic specifications reported in the paper 
and using their median climate scenario.

▪ Because adaptation in 2050 would probably be more muted because of the short time 
horizon and fuzzier climate signal, CBO applies half of the 2090 adaptation effect 
(12.5 percent) to the Colacito, Hoffmann, and Phan (2019) projection.

▪ CBO’s central estimate is not sensitive to that adjustment.

Adjusting Colacito, Hoffmann, and Phan (2019) for Adaptation
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CBO’s Modeling Assumptions Associated With 
Each Econometric Study

Econometric Study Regression Specification Persistence Adaptation

Deryugina and Hsiang (2017) Regressions underlying 

Figure 13, “full adaptation” 

and “full adaptation with 

urban-rural heterogeneity”

Econometrically estimated 

decay of effects over time, 

with associated sampling 

uncertainty 

Econometric framework 

allowed incremental effects to 

change with average climate

Burke and Tanutama (2019) Regression underlying 

Figure 3-f (U.S. only)

Statistical tests in the study 

rejected a level effect; CBO 

assumed a full growth effect

Econometric framework 

allowed incremental effects to 

change with average climate

Colacito, Hoffmann, and 

Phan (2019)

Table 1 (panel analysis) Statistical tests in the study 

rejected a level effect; CBO 

assumed a full growth effect

CBO’s adjustment based on 

Deryugina and Hsiang (2017)

Kahn and Others (2019) Table 10, column 4 Econometrically estimated 

decay of effects over time, 

with associated sampling 

uncertainty

Modeled effect of deviations 

from the average climate; that 

average could change over 

time in the model
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An example illustrates how CBO computes mean effects 
መ𝜃𝑠 for an example study and climate-change projection.

Suppose that one study implied that an increase of 
1 degree Celsius in average temperature has a full growth 
effect and reduces the growth rate of output in a region by 
0.05 percentage points.

If a region’s average temperature was projected to rise 
from the 1981–2010 average by 1.5 degrees Celsius by 
2050, then the projection would have lower output growth 
each year from 2021 to 2050 (relative to the benchmark 
climate) and a level of output in 2050 that was 
1.7 percentage points lower.

CBO would average such effects across all regions, 
weighted by the regions’ relative levels of output, to obtain 
a mean projection መ𝜃𝑠 for this study and climate scenario.

An Example Calculation of a Study-Specific Projection (𝜽𝒔)

Data source: Congressional Budget Office.
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Computing the Variance of the Study-Specific Projections

For each projection ( መ𝜃𝑠), the meta-analysis also requires an associated 
variance parameter ( ො𝜎𝑠

2) that measures the precision of the projection.

CBO’s estimate of that variance parameter summarizes three sources of 
uncertainty:

▪ Statistical uncertainty,

▪ Persistence uncertainty, and

▪ Model uncertainty.
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Monte Carlo Approach Used to Incorporate Statistical and 
Persistence Uncertainty 

CBO uses a Monte Carlo approach to compute the variance associated with 
statistical and persistence uncertainty, denoted 𝜎𝑠

2. For all studies, CBO draws 
parameters many times, computes the projected effect on the level of GDP in 2050 
for each draw, and calculates the variance across the draws.

For Deryugina and Hsiang (2017) and Kahn and others (2019):

▪ CBO draws parameters from the econometrically estimated variance-covariance 
matrix 1,000 times.

▪ The draws capture both statistical uncertainty and persistence uncertainty 
because the persistence structure was econometrically estimated in the studies.



2813 The persistence framework is similar to that proposed in Estrada, Tol, and Gay-García (2015).

Monte Carlo Approach Used to Incorporate Statistical and 
Persistence Uncertainty (Continued)

For Burke and Tanutama (2019) and Colacito, Hoffmann, and Phan (2019): 

▪ CBO draws parameters from the econometrically estimated covariance matrix 1,000 times.

▪ The persistence structure was not embedded in those estimates, so those draws capture 
only statistical uncertainty. 

▪ To incorporate persistence uncertainty, CBO allows some fraction (𝑥) of the effect of a year’s 
weather on output to persist forever.13 For example, when computing መ𝜃𝑠 for these studies, 
CBO modeled a full growth effect (𝑥 = 1).

▪ For each draw of the econometric parameters, CBO also draws 𝑥 500 times from a triangular 
distribution between 0.5 and 1.5 (centered at 1), meaning that the effect of a year’s weather 
on the level of GDP could decrease or increase by up to 50 percent in subsequent years.

▪ That full set of draws reflects both statistical and persistence uncertainty.
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14 Newell, Prest, and Sexton (2021) explored model uncertainty in the context of similar panel regressions that use cross-national data. There are formal approaches to estimating and 
addressing model uncertainty; however, they have drawbacks such as opacity and resource intensity, and analysts still must make many assumptions.

CBO’s estimate of the overall variance of a projection ( ො𝜎𝑠
2) also includes model uncertainty.

Model uncertainty reflects the fact that the true empirical model is not known with certainty by 
researchers.14 CBO assumes that model uncertainty is of the same magnitude as the combined 
statistical and persistence uncertainty averaged across the econometric models.

For a given climate-change scenario, CBO estimates the combined statistical and persistence 
variance for each study-specific projection ( 𝜎𝑠

2) and computes the geometric mean across 
those study-specific variances to obtain its estimate of model uncertainty ത𝜎𝑀

2 . That model 
uncertainty is assumed to be common across all study-specific projections.

For a given study-specific projection, the overall variance is:

Incorporating Model Uncertainty

ො𝜎𝑠
2 = 𝜎𝑠

2 + ത𝜎𝑀
2

Study-specific

variance

Study-specific

statistical and persistence

variance

Common 

model uncertainty

adjustment
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CBO uses its study-specific projections of መ𝜃𝑠
and ො𝜎𝑠

2 in a meta-analysis to project the effect 
of changing weather patterns on real GDP in 
2050 ( ො𝜇) for each future climate scenario.

Each climate scenario projects how much the 
global average temperature will change by 
2050. That statistic is a commonly used 
summary of the severity of climate change.

CBO plots its estimates of ො𝜇 against the 
associated global average temperature 
change and fits a curve through those points.

Constructing a Central Estimate From the Meta-analyses

Data source: Congressional Budget Office. GDP = gross domestic product; 

RCP = representative concentration pathway. The size of each dot in the 

plot reflects the probability weight for the corresponding climate scenario as 

reported by Rasmussen, Meinshausen, and Kopp (2016).

Difference in Level of Real GDP in 2050, 

Relative to the Benchmark Climate
Percentage of GDP
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Different climate models project different geographic 
patterns of climatic change across the United States 
for similar global average temperature changes. By 
fitting a curve through those models, CBO averages 
over those differences.

The agency’s central estimate is the curve 
evaluated at the average of the median temperature 
changes under RCPs 4.5 and 8.5 (1.4 degrees 
Celsius), which corresponds to a 0.86 percent 
reduction in the level of real GDP in 2050.

The curve does not represent CBO’s estimate 
of the effect on GDP of extreme global average 
temperature changes, such as 2.5 degrees Celsius 
or 3 degrees Celsius. In CBO’s judgment, such 
scenarios are too far out of sample for the model to 
provide guidance.

Constructing a Central Estimate From the Meta-analyses 
(Continued)

Difference in Level of Real GDP in 2050, 

Relative to the Benchmark Climate
Percentage of GDP

Data source: Congressional Budget Office. GDP = gross domestic product; 

RCP = representative concentration pathway. The size of each dot in the 

plot reflects the probability weight for the corresponding climate scenario as 

reported by Rasmussen, Meinshausen, and Kopp (2016).
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How CBO Estimates the Effect of 
Changes in Expected Hurricane 

Damage on Economic Output



3315 Dollar amounts are expressed in 2019 dollars. See CBO (2016) and Dinan (2016) for more details on CBO’s estimate of changes in hurricane damage due to climate change.

CBO’s 2016 report on future increases in 
hurricane damage projected the effects of climate 
change on expected hurricane damage in 2050.

The estimate combined a risk management 
industry model of damage for a given hurricane 
category and sea level with projections of sea-
level rise and changes in hurricane intensity from 
climate science.

In CBO’s central estimate, based on the mean 
damage projection from the 2016 report, climate 
change increases annual average hurricane 
damage by about $28 billion in 2050 relative to 
damage under the benchmark climate at the end 
of the 20th century. Under the benchmark climate, 
annual average damage was about $30 billion.15

Estimating Changes in Hurricane Damage Due to Climate Change

Data source: Congressional Budget Office.
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CBO combines those damage projections 
with an impulse response function from a 
computable general equilibrium model, 
which translates direct hurricane damage 
in a given year into effects on GDP in 
subsequent years.

For example, $1 in additional damage is 
associated with a $0.25 reduction in GDP 
the following year. That effect decays over 
time (see the figure).

In CBO’s estimates, the projected increase 
in damage from 2020 to 2050 results in a 
0.19 percentage-point reduction of the 
level of real GDP in 2050, relative to the 
benchmark climate that prevailed at the 
end of the 20th century.

Converting Hurricane Damage to Effects on Real GDP

Change in Real GDP per Dollar of Hurricane Damage in Year Zero

Dollars

Data source: Congressional Budget Office, using analysis from Hsiang and others (2017b).
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Estimating the Effects Previously 
Incorporated in CBO’s
Baseline Projections



3616 For a description of CBO’s long-run output projections, see Shackleton (2018).

The estimates described so far compute the full projected effect of climate change 
relative to the benchmark climate that prevailed at the end of the 20th century. In CBO’s 
estimates, the effects of changes in average weather patterns and hurricane damage on 
economic growth, relative to that benchmark climate, accumulate to create a 1.06 percent 
reduction in the level of real GDP in 2050.

However, CBO’s economic projections involve, in part, the extrapolation of recent 
productivity trends into the future.16

In CBO’s assessment, those recent trends have been influenced by climate change. 
Therefore, CBO’s projections would already capture part of the future expected economic 
effect of climate change that is embodied in the agency’s estimate of a 1.06 percent 
reduction in output. 

To avoid double-counting some of the effect of climate change, CBO estimates the extent 
to which its projections already account for historic trends in the effect of climate change 
on economic growth by applying its models to climate and weather from recent years.

CBO’s Previous Approach Relative to the Approach 
CBO Adopted in 2020
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Weather Patterns

CBO follows the same meta-analysis-based approach to estimate how the agency’s previous 
growth projections would have differed if, from 1995 to 2019, the United States had 
experienced the average weather implied by the benchmark climate rather than the realized 
weather patterns. 

Hurricane Damage

CBO uses its 2016 analysis of hurricane damages to model how expected hurricane damages 
grew over the past 25 years, computes a weighted average of the growth rate of that 25-year 
period, and assumes that damages would continue to grow at that rate from 2020 to 2050.

That hypothetical time path of damage captures the continuation of recent climate trends and 
can be compared with damage under the benchmark climate. CBO uses the impulse response 
function described previously to translate that difference in damage to an effect on real GDP. 

CBO’s Baseline Adjustments
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In CBO’s estimates, if the recent effect of 
climate change on the growth rate of real GDP 
simply persisted through 2050, it would reduce 
the level of real GDP in 2050 by 0.64 percent. 
That reduction is captured by CBO’s previous 
methodology.

Of that 0.64 percent reduction, changes in 
weather patterns account for 0.59 percentage 
points, and increased hurricane damage 
accounts for 0.05 percentage points.

CBO’s Adjustment to Its Projections of Long-Run Real GDP Growth

How Climate Change Is Expected to Change the Level of Real GDP in 2050

Percentage of Real GDP

Data source: Congressional Budget Office. GDP = gross domestic product.
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In CBO’s estimation, however, the effect of 
climate change on the growth rate of real GDP is 
larger in the future. Because of that increasing 
effect, the projected level of real GDP in 2050 is 
an additional 0.42 percent lower than it would 
have been using CBO’s previous methodology.

Of that 0.42 percent reduction, changes in 
weather patterns account for 0.27 percentage 
points, and increased hurricane damage 
accounts for 0.15 percentage points.

CBO incorporates the increasing effect of climate 
change on the growth rate of real GDP through 
2050 into its long-run projections by adjusting the 
growth rate of total factor productivity in the 
nonfarm business sector.

CBO’s Adjustment to Its Projections of Long-Run Real GDP Growth 
(Continued)

How Climate Change Is Expected to Change the Level of Real GDP in 2050

Percentage of Real GDP

Data source: Congressional Budget Office. GDP = gross domestic product.



4017 See Herrnstadt and Dinan (2020) for a detailed description of the estimate’s limitations and sources of uncertainty.

CBO’s central projection reflects the middle of a range of widely varying 
potential outcomes.17

Although CBO’s projection draws on the most recent literature and models:

▪ It does not fully capture all aspects of climate change that could affect GDP;

▪ It only measures effects on GDP, not effects on overall well-being; and

▪ It is subject to uncertainty about future conditions and the underlying 
modeling approach.

Limitations and Uncertainty 
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