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Impact of U.S. Labor Productivity Losses from Extreme Heat

Gregory Casey, Stephie Fried, and Matthew Gibson

Extreme heat decreases labor productivity in sectors like construction, where much work occurs
outdoors. Because construction is an important component of investment, lost productivity today will
slow how much capitalis built up for future use and thus can have long-lasting impacts on overall
economic outcomes. Combining estimates of lost labor productivity due to extreme heat with a
model of economic growth suggests that, by the year 2200, extreme heat will reduce the U.S. capital

stock by 5.4% and annual consumption by 1.8%.

Extreme heat makes it more difficult to perform physical labor. In the United States, this is particularly
relevant for agriculture, mining, and construction, where a substantial share of production takes place
outdoors. Data from the Bureau of Economic Analysis show that, of these three sectors, construction
contributes the most to economic output, which suggests that the impact from lost labor activity due to
extreme heat will largely be driven by the effects on the construction sector.

The labor productivity losses in construction today could have long-lasting effects on the U.S. economy
because construction is important for investment. Investment is the purchase of capital in the form of goods
or services. Thus, if extreme heat lowers investment today, then it will slow the accumulation of capital for
future use and have long-lasting impacts on economic outcomes.

In this Economic Letter based on Casey, Fried, and Gibson (2024), we combine economic theory with
findings from the climate science literature to project the future economic impacts of U.S. labor productivity
losses from extreme heat. We find that future increases in days of extreme heat can be expected to reduce
the amount of accumulated capital by approximately 5.4% in 2200 and reduce annual consumption by
approximately 1.8%.

Extreme heat and worker productivity

When a person works on a physically intensive task, the body must release heat to maintain a safe internal
temperature. If it is not possible to release enough heat, the person can suffer from heat stress. Scientists
use wet bulb globe temperature (WBGT), which incorporates the ambient air temperature, humidity, wind
speed, and solar irradiance, to determine when people are at risk of heat stress. Rising temperatures
increase the risk of heat stress for workers in settings without climate control, such as those who work
outdoors.
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Worker safety organizations, such as the Occupational Safety and Health Administration, as well as the U.S.
military provide guidelines for how much effort individuals can safely exert under different climate
conditions. Dunne, Stouffer, and Johns (2013) analyze these guidelines and find that they are consistent
across organizations. For “heavy work” that is characteristic of construction and agriculture, the guidelines
suggest that heat stress becomes a concern at a WBGT of 25 degrees Celsius (°C), equivalent to 77 degrees
Fahrenheit (°F), and that it is not safe to do any work outdoors when WBGT is above 33°C (91°F).

Figure 1 projects the future vulnerability Figure 1
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The results suggest that future changes in
climate will increase exposure to extreme
heat for outdoor workers in the United States. The number of days above 25°C for these workers rises
substantially between 2020 and 2100, from 22 days to 80 days per year. The number of days above 33°C

increases from near zero to almost seven.

Why construction?

To understand how labor productivity losses from extreme heat could affect the economy, Figure 2 divides
U.S. economic output from 1950 to 2019 into five sectors: services, manufacturing, construction, mining,
and agriculture.

Services (light blue line) and manufacturing (yellow line) play the largest role in the U.S. economy, but they
are unlikely to be highly affected by heat. This is because work in these sectors is largely performed indoors
and U.S. businesses generally have access to air conditioning (Nath 2022). On the other hand, agriculture,
construction, and mining are more likely to entail outdoor work. Among these outdoor sectors, construction
makes up the largest share of overall U.S. output. The construction share (dark blue line) has been relatively
constant over time, equal to approximately 4%. In contrast, the share of agriculture (green line) has fallen
over time and equaled less than 0.2% of output in 2019. The share of the mining sector (red line) has been
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consistently less than 1%. Projecting
these trends into the future, we expect
that construction is likely to determine

Figure 2
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consequences for U.S. workers in
agriculture and their local communities. Relative to the larger share of construction, however, agriculture
and mining are not as likely to drive national outcomes.

Consumption versus investment

Economic output can be used for consumption or for investment. Consumption refers to households’
purchases of goods and services, such as food or haircuts, that increase well-being today. Investment refers
to purchases of goods and services that are used to produce output in the future, and thus increase well-
being in the future. This includes spending by businesses on things like factories and software, as well as the
purchase of homes by households. The
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accounting for over 20% of investment value-added. Thus, a decrease in construction productivity from
extreme heat would reduce investment and thereby have a long-lasting impact on the economy.

The future consequences of increases in extreme heat

To determine the impact of labor productivity losses from extreme heat, we build and simulate an economic
model designed to study the impact of sectoral productivity on macroeconomic outcomes. Dunne et al.
(2013) provide estimates of how WBGT affects labor productivity in outdoor work. We combine these
estimates with the future paths of WBGT shown in Figure 1 to project future changes in productivity in the
outdoor sectors. We then feed these reductions in outdoor productivity into our model.

Figure 4 shows the impact of extreme heat on the capital stock in our model. The capital stock is the value of
accumulated investment, an important

determinant of an economy’s ability to Figure 4 _ '
produce output. We compare the size of Impact of extreme heat on capital accumulation

the capital stock under the scenario S1h are of 2019 value-added
depicted in Figure 1 to the size of the

capital stock when there is no change in 01

extreme heat exposure after 2019. We q

find that future increases in extreme heat
would lower the capital stock by about
1.4% in 2100 and by 5.4% in 2200. The 3
lower capital stock reduces the
economy’s ability to produce output,
which in turn reduces consumption. 5
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1.8% in 2200.
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The WBGT paths in Figure 1 and our results in Figure 4 correspond to the most likely climate outcome given
a particular path of carbon emissions. However, there is considerable uncertainty over these climate
outcomes. As a result, some economists argue that it is important to consider the consequences of other less
likely but still possible outcomes (Weitzman 2009). To do so, we simulated the economic effects of an
alternative outcome with only a 5% likelihood that retains our given path of carbon emissions but has a
larger increase in number of extreme heat days. For example, in that outcome, the number of days with
WBGT greater than 25°C increases from 22 in 2020 to 125 in 2100, as opposed to from 22 to 80 as assumed
in our main analysis. The outcome would lead to considerably larger consequences from extreme heat,
reducing capital accumulation by 18% in 2200 and consumption by 7%.

Some caveats are in order when interpreting the magnitudes from our analysis. We abstract from some
ways that companies could adapt to extreme heat, such as relocating production to cooler parts of the
United States or shifting work hours to cooler parts of the day. Additionally, while our focus is on the overall
consequences of extreme heat on U.S. labor productivity, the effects could vary across income groups and
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regions of the country. One could also consider the effects of extreme heat in other countries. For example,
the impacts are likely to be larger in developing countries, where agriculture is a bigger fraction of output
and where work in manufacturing and services is less likely to take place in climate-controlled
environments. Finally, the increases in extreme heat days that we study could be paired with decreases in
extreme cold days, which could in turn have different implications for labor productivity.

Conclusion

This Letter studies the impact of extreme heat on long-run economic outcomes in the United States.
Extreme heat is most likely to affect economic outcomes through the construction sector for two reasons.
First, construction makes up a larger share of economic output than other vulnerable sectors, like
agriculture. Second, decreases in construction productivity slow capital accumulation and therefore have
long-lasting effects on macroeconomic outcomes. Our findings suggest that, under a scenario with no large-
scale efforts to reduce carbon emissions, future increases in extreme heat would reduce the capital stock by
5.4% and annual consumption by 1.8% by the year 2200.
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