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KEY FACTS

e Sufficient sleep quality and duration are essential for people’s health and well-being,
but hotter nighttime temperatures are making it harder for people to get the rest they
need.

e Globally, the average person lost nearly 56 hours of sleep per year due to high
ambient temperatures during the 2020-2025 period, according to a new analysis from
Climate Central.

e Cities across the Middle East experienced the highest levels of climate
change-attributed sleep loss between 2020 and 2025.

e Across nearly every city analyzed, the amount of temperature-related sleep loss
linked to climate change has at least doubled since the early 1970s.

e Air conditioning can help protect people from hot nights, but access to cooling is

often tied to income, and high temperatures can still reduce sleep when cooling is
available.

> Download data for 1,338 global cities.
> Explore free reporting resources including interactive maps, graphics, and video.
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https://climatecentral-web-assets.s3.us-east-1.amazonaws.com/2026SleepLoss/Climate_Central_Climate_Change_and_Sleep_Loss.xlsx
https://www.climatecentral.org/climate-matters/climate-change-sleep-loss

INTRODUCTION
Hot nights affect sleep and harm health

Sleep is closely tied to the body’s ability to cool itself, and higher nighttime temperatures
interfere with that cooling process. Warmer nighttime temperatures are associated with
shorter sleep duration and reduced sleep quality, with stronger effects during the hottest
periods, in warmer regions, and among more vulnerable populations.

Sleep plays a crucial role in human health and well-being. Poor sleep has been linked to
impacts on mood, cognitive performance, productivity, and cardiovascular and immune
health. While many factors influence sleep, nighttime heat is becoming an increasingly
important environmental risk as temperatures rise globally, and as more people relocate to
urban heat islands that further amplify nighttime temperatures. Because many people
already get insufficient sleep and sleep loss can accumulate over repeated nights, even
modest reductions can become harmful over the course of a hot season.

Climate change is increasing nighttime temperatures in many parts of the world and making
extremely warm nights more common. To estimate how climate change is affecting sleep in
cities globally, Climate Central applied an established relationship between nighttime
temperature and sleep to both observed and counterfactual temperatures — or the
temperatures that would have occurred in a world without carbon pollution. We analyzed
two time periods: 2020 to 2025, and a historical period in the early 1970s. This allows us to
estimate how much sleep the average person lost due to high nighttime temperatures and
how much of this sleep loss was due to climate change.

RESULTS

1. Heat-related sleep loss is a global issue

Globally, the average person lost nearly 56 hours of sleep each year due to nighttime heat

between 2020 and 2025. An estimated six hours of that annual sleep loss, or just over 10%,
can be attributed to warming caused by climate change. That is equivalent to nearly seven
nights’ worth of sleep lost each year due to higher nighttime temperatures, including about
one night linked to climate change.

Although climate change accounted for a relatively modest share of total estimated
heat-related sleep loss globally, its influence was substantially stronger in some regions and
cities. The largest impacts were concentrated in places that already experienced extremely
warm nighttime temperatures.
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https://www.sciencedirect.com/science/article/pii/S1087079224000194?via%3Dihub#sec5
https://pmc.ncbi.nlm.nih.gov/articles/PMC12116485/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12116485/
https://lancetcountdown.org/explore-our-data/
https://lancetcountdown.org/explore-our-data/
https://www.cell.com/one-earth/fulltext/S2590-3322%2822%2900209-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2590332222002093%3Fshowall%3Dtrue#%20

2. Cities in the Middle East experienced the largest climate
change-linked sleep losses

During the 2020-2025 period, the cities with the greatest sleep losses linked to climate
change were in the Middle East (see figure 1). We estimate that people in cities in Saudi
Arabia, Oman, and the United Arab Emirates lost between 55 and 87 hours of sleep annually
due to higher nighttime temperatures, with 12 to 16 lost sleep hours due to climate change.
This is nearly two full nights’ worth of sleep each year lost due to the influence of climate
change on nighttime temperatures.

Average annual hours lost due to climate change, 2020-2025
O —
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Figure 1. Average annual hours of temperature-related sleep loss due to climate change (2020-2025)
in 1,338 cities. Analysis based on ECMWF ERA5 data and the Climate Shift Index (CSI) system.
Produced June 23, 2026.

Climate change-linked sleep losses were also high in other already-hot places: people in
southern India and several countries in Southeast Asia lost 78 to 91 hours of sleep per year
due to higher nighttime temperatures, including about eight to nine hours due to climate
change. Similarly, people in some cities across West Africa, including selected cities in Niger,
Nigeria, and Burkina Faso, lost 65 hours of sleep or more per year, including about 10 to 11
hours linked to climate change.

Similar climate change-linked sleep losses also appeared in some cities in the Americas,
including the U.S. Southwest, Mexico, Guatemala, Colombia, and Venezuela. People in the
253 U.S. cities analyzed experienced an average of 36 hours of sleep loss per year from
higher nighttime temperatures during 2020-2025, of which about four hours, or 13%, were
due to human-caused climate change. The U.S. cities with the largest climate change-linked
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sleep losses (between seven and nine hours per year) were in Arizona, California, Florida,
and Nevada.

3. Climate change is contributing more to sleep loss now than in the
early 1970s in nearly every city analyzed

Since the 1970s, the world has experienced rising temperatures as well as population
growth, economic development, urbanization, and wider access to air conditioning.

To isolate the effect of climate change on sleep loss over time, we assume that the
relationship between nighttime temperatures and sleep duration was the same in the 1970s
as it was in 2015-2017 in high- and middle-income countries with likely access to cooling.

Holding all other factors constant, this analysis suggests that the role of climate change in
temperature-related sleep loss has grown since the early 1970s.

Although the amount of temperature-related sleep loss due to climate change is relatively
small, it has roughly doubled globally — from about two hours per year in 1970-1975 to
about five hours per year in 2020-2025.

In the early 1970s, inhabitants of the average city we analyzed lost about 46 hours of sleep
per year due to nighttime heat. By the 2020s, that rose to about 50 hours, and climate
change accounts for a larger share of that burden. The climate change-linked portion of this
sleep loss has at least doubled since the early 1970s in nearly every city analyzed (1,335 of
1,338) and has at least tripled in 840 of those cities.

Across the 253 U.S. cities analyzed, climate change-related sleep loss remained relatively
small but grew faster than the global average, roughly tripling from just over one hour per
year in the early 1970s to about four hours per year in the 2020s.

> Explore interactive maps to see how climate change-driven nighttime warming has
influenced sleep loss across 1,338 global cities.

Some groups face greater sleep risks from hot nights

The burden of heat-related sleep loss also does not fall evenly. For example, a recent study
found that the effect of warmer nighttime temperatures is more than twice as large for
adults over 65 as for middle-aged adults, and nearly three times as large for people in
lower-middle-income countries as for people in high-income countries. The same study also
found greater effects among women and people already living in hotter climates, with
heat-related sleep loss likely to worsen as temperatures continue to rise.

Air conditioning can help people cope with hot nights, and it is widely used across the
Middle East, where several highly affected cities in this analysis are located. Globally,
however, household air conditioning ownership remains limited, with ownership reaching
about 35% of households in 2021. Research shows that air conditioning access is strongly
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https://www.cell.com/one-earth/fulltext/s2590-3322(22)00209-3#sec-2
https://www.climatecentral.org/climate-matters/climate-change-sleep-loss#data-explorer
https://www.cell.com/one-earth/fulltext/S2590-3322%2822%2900209-3?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS2590332222002093%3Fshowall%3Dtrue#%20
https://www.sciencedirect.com/science/article/abs/pii/S036013232100305X
https://www.sciencedirect.com/science/article/abs/pii/S036013232100305X
https://www.iea.org/reports/sustainable-affordable-cooling-can-save-tens-of-thousands-of-lives-each-year
https://www.sciencedirect.com/science/article/pii/S0959378021000789?via%3Dihub

tied to income and remains highly unequal in many hot countries, including parts of South
Asia and Africa. Even so, hotter nights can still cut into sleep, even in higher-income settings
where cooling is more likely to be available.

At the same time, the sleep research underlying this analysis drew more heavily from people
in higher-income countries, where access to cooling and other heat-coping resources may
be greater. For people with fewer resources to stay cool, heat-related sleep losses may be
greater than these estimates suggest, making these results conservative for some
populations.

As most adults have experienced at one time or another, work schedules, stress, health,
caffeine, light, noise, bedroom conditions, and humidity can all shape how much sleep one
gets and how strongly hot nights affect their sleep. But as this analysis shows, climate
change and nighttime warming are increasingly impinging on the ability to get a good night’s
sleep.

METHODOLOGY

Estimating temperature-related sleep loss

We estimated sleep loss due to higher nighttime temperatures using a temperature-sleep
response function derived from Minor et al. (2022). This model quantifies the relationship
between daily temperature and changes in sleep duration using a piecewise linear spline. We
applied the published spline coefficients to the daily minimum temperature, which reflects
nighttime conditions most relevant for sleep. Although we refer to these estimates in some
places as “heat-related sleep loss,” the underlying response function estimates sleep loss
associated with higher nighttime temperatures across a wide range of temperatures,
including nights that are warmer but not necessarily hot.

Daily sleep loss was calculated for each grid cell globally using observed and counterfactual
temperatures. The difference between observed and counterfactual estimates represents
the portion of this sleep loss that is attributable to climate change. We translate annual
hours of sleep loss into “nights” of sleep using eight hours as a benchmark for a full night of
sleep.

For clarity, figures are rounded to the nearest significant digit. While the analysis used
high-precision data, fewer decimals are shown, which may lead to minor arithmetic
discrepancies but does not affect overall accuracy.

Temperature data

Based on research on the effects of temperature on sleep, we analyzed observed daily

minimum temperatures using ERA5 Reanalysis data at 0.25° (~31 km). Actual bedroom
temperatures can vary with housing, ventilation, retained heat, and access to cooling, but
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https://www.sciencedirect.com/science/article/pii/S0959378021000789?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1087079224000194?via%3Dihub#sec5
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the underlying research estimates sleep responses in real-world settings where people may
use cooling or other heat-coping behaviors, and statistically controls for access to air
conditioning.

Additionally, the analysis utilized counterfactual temperatures, or the temperatures that
would have occurred in a world without human-induced climate change. These are
estimated using Climate Central’s Climate Shift Index (CSI) system. The system uses the
latest peer-reviewed attribution science to quantify the influence of climate change on daily
temperatures around the world.

We typically express this influence as a change in the likelihood of the observed
temperature due to climate change. However, it is also possible to use the CSI system to
estimate the temperature without climate change. To do this, we find the probability of
exceeding the observed temperature in the modern climate. We then find the temperature
with the same probability in a climate with no global warming (global mean temperature
change of 0°C relative to the pre-industrial period). We estimate these counterfactual
temperatures using the CSI system’s two observation-based methods and a model-based
method that draws on a 24-model CMIP6 ensemble, then combine the resulting estimates.

City-level analysis

We analyzed 1,338 cities globally, drawn from GeoNames. We included any city that has a
population of more than 500,000. We also included a selected list of 253 U.S. cities.
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