Characterizing Urban Heat Islands Across 50 Major Cities in

the United States

Background

Urban development and associated land-cover and land-use change
alters the environment. The continued increase of developed land changes
the Earth’s ecosystems and affects the resources provided to society. During
the last 40 years, urban population in the United States has increased by
more than 6.3 percent, and more than 80 percent of the U.S. population
resides in urban areas (U.S. Census, 2020). One of the changes associated
with urbanization is the change of landscape features to structures such as
buildings, roads, and other infrastructure that absorb and re-emit the heat of
the sun more than natural landscapes such as forests and water bodies. This
land-cover transition can result in an urban surface temperature that is higher
than in a non-urban area, which is defined as a surface urban heat island
(SUHI). A SUHI has a profound effect on the lives of urban residents and can
exacerbate the risk of heat-related mortality associated with global climate
change (U.S. Environmental Protection Agency [EPA], 2023a). The change
of urban landscapes and climate conditions can affect the SUHI intensity. As
urban development continues, many cities face long-term risks like increas-
ing temperatures and changes in extreme weather events such as heat waves.
Many cities in the United States have experienced an increasing frequency
of hot days and extreme high temperatures (U.S. Global Change Research
Program [USGCRP], 2023). Heat waves are also more intense, and the heat
wave season is becoming longer as a consequence of a warming climate.
These trends and the effects of extreme heat could continue and intensify in
the future.

Increasing temperatures can lead not only to physical discomfort but
also to higher rates of illness and death. Increased exposure to heat waves can
have a substantial effect on human and ecosystem health and energy demand,
and exacerbates the risk of heat-related mortality (Zhao and others, 2018;
Keith and others, 2021). As the climate of the Earth warms, hotter-than-usual
days and nights are becoming more common. The SUHI effect is expected
to strengthen in the future as the structural and spatial extent and population
density of urban areas change and grow (Manoli and others, 2019). Measures
of SUHI intensity and trends in urban temperature are important indicators
to examine the effects of changing climate conditions over time (Manoli and
others, 2019; EPA, 2023a; USGCRP, 2023). Monitoring and tracking the
long-term trends of SUHI can help determine where and when heat-related
hazards may happen and better protect vulnerable populations and under-
served communities. The information can be used to develop strategies to
mitigate and manage the hazards of extreme heat at national, regional, and
local scales.

Methods and Data

The SUHI is affected by various factors that differ depending on the
metropolitan area and its background climate. Thermal infrared remote
sensing, however, can provide a wide range of spatial and temporal cover-
ages in estimating surface temperature (ST). ST derived from remote
sensing is commonly used to better understand the thermal environment dif-
ference between urban and rural areas and heat transfer within the surface-
atmosphere system. To determine SUHI intensity and trend, long-term

Landsat time series ST data from all available records were first processed
to produce annual mean ST datasets at 30-meter resolution for 50 major
cities in the United States (Xian and others, 2022b). Two major land-cover
datasets from the National Land Cover Database and Land Change Moni-
toring, Assessment, and Projection annual land change products were then
used to outline annual land cover and land changes for 50 cities that include
a diverse set of urban areas in the conterminous United States. Metropoli-
tan extents from the U.S. Census Bureau (https://www.census.gov/) were
also used to create core urban extents for urban centers. Furthermore, the
5-kilometer buffers were extended from each urban center boundary to
include surrounding non-urban areas. The pixel-level SUHI intensity was
determined by the magnitude of ST difference between an urban pixel and a
mean ST of the surrounding rural buffer (Xian and others, 2022b).

An innovative data processing and analysis approach was imple-
mented at the U.S. Geological Survey (USGS) to quantify long-term
changes in SUHI intensity in the 50 cities. Importantly, within urban areas,
a person’s experience of heat can differ substantially from one block to
another, or from a park bench under a shady tree compared to one in full
sun. The temperature in some locations may be persistently higher than sur-
rounding areas, creating “hotspots.” Thus, we also identified and estimated
these city hotspots where annual mean ST is higher than in the surrounding
areas that have the same urban land-cover type and high ST that repeated
more than 50 percent of the time during 1985-2020.

Results and Products

The geographic distribution and the annual average SUHI intensities
for each of the 50 cities (1985-2020) are shown in figure 1. The data indicate
that the mean of SUHI intensity is 2.88 degrees Celsius (°C) (5.19 degrees
Fahrenheit [°F]), and 47 cities have positive or warming in the SUHI. Figure
2 shows maps of the changes in SUHI intensity and extents between 1985
and 2020 for Washington, D.C. (fig. 24, B) and Los Angeles, California (fig.
2C, D). The temporal trends (1985-2020) of mean SUHI intensities in the
50 cities are shown in figure 34. The average SUHI intensity trend is about
0.32 °C per decade (0.58 °F per decade), and only three cities have negative
trends. The changes (1985-2020) of mean SUHI intensity in the Washington,
D.C. (fig. 3B), Raleigh-Durham (fig. 3C), Seattle (fig. 3D), and Los Angeles
(fig. 3F) areas are also included. Mean trends of these four cities reach
0.29 °C per decade (0.52 °F per decade) in Washington D.C., 0.56 °C per
decade (1.01 °F per decade) in Raleigh-Durham, 0.38 °C per decade (0.68 °F
per decade) in Seattle, and 0.51 °C per decade (0.92 °F per decade) in Los
Angeles. To highlight the change of SUHI intensity and spatial distributions
of hotspots, SUHI intensities in 1985 and 2020, 2020 high-resolution images
from the National Agriculture Imagery Program, and SUHI hotspots in the
Washington, D.C., area are shown in figure 4. Suhi intensity change and
hotspots distributions associated with different urban structures are observed.

The primary product from this effort is a documented and operational
dataset that includes geographic information system layers and trend analyses
documenting changing conditions in the 50 cities as a USGS data release
(Xian and others, 2022a). The SUHI data for the 50 cities are also available in
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Xian and others (2022a). The dataset is also intended to be made available for

inclusion in Federal climate data resources such as the USGCRP Indicators

Platform (USGCRP, 2023) and EPA climate change indicators (EPA, 2023b).
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Figure 2. Surface urban heatisland intensities in 1985 and 2020. A, Washington, D.C. area, 1985. B, Washington, D.C. area, 2020.

C, Los Angeles area, 1985. D, Los Angeles area, 2020.
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Figure 3. Trends of surface urban heatisland (SUHI) intensity (degrees Celsius per year) between 1985 and 2020. A, Mean SUHI intensity
changes, Seattle. B, Mean SUHI intensity changes, Washington, D.C. C, Temporal trends of SUHI intensity in 50 cities across the conterminous
United States. D, Mean SUHI intensity changes, Los Angeles. E, Mean SUHI intensity changes, Raleigh-Durham.
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Figure 4. Surface urban heat island (SUHI) intensity, hotspots, location, and year in Washington, D.C., area. A, SUHI intensity in 1985 in area
shown in figure 2. B, SUHI intensity in 2020 in area shown in figure 2. C, High-resolution National Agriculture Imagery Program image, 2020. D,
High-resolution National Agriculture Imagery Program image, 2020, including hotspots.
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