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Summary 
Using an ‘end-to-end’ climate damage attribution method, we estimate that climate damages to the U.S. 
economy from its own power sector emissions total $78 billion [2015 USD; 95% confidence interval (CI) 
of $41-128 billion] over the 1973-2023 period. 
 
 
 
 
 

 
Figure 1 | Left: Annual-scale direct economic damages to the U.S. economy from the U.S. electric power sector 
emissions over the 1973-2023 period in billions of U.S. dollars benchmarked to the 2015 dollar value ($US2015). Right: 
Cumulative direct economic damages from U.S. power sector emissions, equivalent to the integral under the curve at 
the left. In both panels, the confidence interval represents the 95% range in attributable damages estimated via a 
bootstrap resampling (see Methods, below). 
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Methods 
Our approach extends peer-reviewed end-to-end climate damage attribution methods from Callahan & 
Mankin, Climatic Change (2022) and Callahan & Mankin, Nature (2025), using U.S. power sector 
emissions (in gigatons of carbon dioxide per year) from the U.S. Energy Information Administration (EIA) 
that spans the 1973-2023 period (Fig. 1, top), and a damage function tailored for the U.S. economy from 
Hsiang et al., Science (2017).  

 
The steps are as follows: (1) simulate the contribution of U.S. power sector emissions to global mean surface 
temperature (GMST) change via a “leave-one-out” experimental design, and (2) estimate the U.S. economic 
damages incurred from that U.S. power sector-driven warming. 
 
To do step (1), we use a simple climate model called the Finite Amplitude Impulse Response (FaIR) Model 
(version 2.2.2). We run ~1000 simulations of global mean temperature responses from 1750 to present-day 
that include all known emissions, sampling a range of climate model parameters related to the carbon cycle 
and climate feedbacks. This provides a probability distribution of warming consistent with all emissions 
(i.e., temperature changes with likelihoods attached to them), given physical variations in the coupled 
climate system. This is our “treatment” group in the experimental design—a probability distribution of 
historical warming in each year from all emissions.  
 
We then compare this “all emissions” distribution of historical global mean surface temperature change to 
a second distribution of temperature changes, from a second set of FaIR simulations. This second set of 
simulations is exactly the same as the “treatment” that includes all emissions, except that we remove the 
emissions inventories from the U.S. power sector using the EIA data. This second distribution of annual-
scale global mean surface temperature change thus represents our “control” group, as it is the annual 
warming due to all emissions except those from the U.S. power sector.  
 
The difference between the two sets of simulations (treatment and control) is the probability distribution of 
annual-scale global mean surface temperature change attributable to the U.S. power sector’s emissions (Fig. 
1, bottom). It is clear that U.S. power sector emissions have discernibly warmed the planet. Moreover, we 
find this range of attributable temperature change aligns with published best estimates of the transient 
climate response at the global scale (e.g., Matthews et al., Nature Communications Earth & Environment 
(2021)), implying it is consilient with other independent research. 
 
To do step (2), we use a damage function from Hsiang et al., Science (2017) that translates global mean 
temperature changes into aggregate economic damages in the United States (Tabel 1). Specifically, we use 
the specification described in column 2 in supplementary table 16, which models total direct damages as a 
function of global mean surface temperature as a quadratic function. To provide the damage estimate, we 
multiply our estimated changes in global mean surface temperature in both the “treatment” and “control” 
simulations by the distribution of coefficients in column 2 given sampling 100 times across their standard 
errors. We bootstrap the confidence intervals to provide the range of damage values consistent with each 
trajectory of temperature change. We then difference these damages estimates to provide the attributable, 
but-for damages due to U.S. power sector emissions. Actual GDP data in $US2015 to convert these damages 
into dollar values come from the World Bank. Because GDP data for 2024 are not yet available, we only 
calculate damages from 1973-2023 inclusive. 
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Figure 2 | Top: U.S. electric power sector emissions over the 1973-2024 period in gigatons (Gt) of CO2 per year from 
the EIA. Bottom: Global mean surface temperature (GMST) change attributable to U.S. power sector emissions, red 
line (‘FaIR’). The red shading indicates the 95% confidence interval (CI) of the temperature change. The dotted line 
shows the transient climate response (TCRE) of 0.44°C per 1000 Gt of CO2, highlighting the skill of FaIR.  
 

 
Table 1 | Damage function estimates from Hsiang et al., Science (2017). The present analysis uses the 2nd order 
polynomial function presented in column 2. This model estimates U.S. total economic damages as a function of 
changes in global mean surface temperature (GMST) and its squared term. 
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