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I. INTRODUCTION
Climate change is already causing major shifts in weather patterns and environmental conditions. Extreme
weather events, such as drought, heat waves, and flooding, are increasing in frequency, severity, and duration.
In 2021 alone, the United States experienced twenty individual billion-dollar weather disasters, which resulted
in a combined total of at least 688 fatalities and $145 billion in damages.2 Electricity systems were severely
impacted during each billion-dollar event, leading to widespread and often long-lasting service outages that
often exacerbated the harms caused by the initial disaster. For example, Winter Storm Uri brought anomalously
cold surface temperatures to the southern United States in February 2021. Across the state of Texas, cascading
failures of natural gas production, power generation, transportation, and water systems left millions of Texans
without electricity, heat, and water for several days.3 An estimated sixty-nine percent of Texans lost electricity,
on average for 42 hours, during or immediately after the storm.4 As a result of the outages, many turned to
generators, outdoor grills, and similar equipment to stay warm, leading to an increase in deaths and illnesses
from carbon monoxide poisoning.
In coming years, as climate change accelerates, the frequency and severity of extreme weather events is likely
to further increase. Changes in baseline weather patterns and environmental conditions (e.g., average
temperatures and sea levels) are also expected to become more pronounced.5 Current electricity system
infrastructure is designed to operate reliably under historic conditions and will, due to climate change, be
exposed to new and mounting risks that it was not designed to withstand. Unless concrete actions are taken
to adapt to, prepare for, and manage these risks, the electricity sector will come under greater stress, and the
risk of outages and other service disruptions will increase.
This supplement summarizes the findings of prior research examining how the impacts of climate change—
both weather-related and environmental—could impair electricity system reliability. The research makes clear
that all electricity infrastructure—i.e., generation, transmission, and distribution—across the U.S. is at risk from
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the impacts of climate change. It is essential that electric utilities understand the climate change impacts that
are already occurring, or are expected to occur in the future, in their service territory and the consequences
for infrastructure they own, operate, or rely on.

I. ELECTRICITY SYSTEM BASICS
The electricity system can be divided into three key parts:6
(1) Generation: Electricity is produced by generating facilities (also known as power plants), which convert
primary energy sources into electricity. Primary energy sources include natural gas, petroleum, coal,
nuclear, and renewable sources such as wind, sun, and water.7 Power plant infrastructure varies based
on the energy source that is being converted. Power plants may need other resources to operate, such
as water for cooling.8
(2) Transmission: High voltage transmission lines are used to transport electricity long-distances from
generating facilities to demand centers (e.g., cities and towns). Transmission lines consist of structural
frames, conductor lines, cables, transformers, circuit breakers, and switches.9 Substations positioned
along transmission lines adjust the voltage of the electricity. Following generation, before electricity
enters a transmission line, its voltage must be increased or “stepped up.”10 The voltage is then
decreased or “stepped down” at the point where the electricity enters the distribution system.11
(3) Distribution: The distribution system carries electricity out of the transmission system to individual
consumers. After electricity is “stepped down” via a substation, it is routed over distribution lines to
end-consumers (e.g., households and businesses).12
In much of the U.S., end-consumers obtain electricity services from private for-profit companies, known as
investor-owned utilities. In some areas, however, electricity services are provided by non-profit public utilities
that are owned by the municipality or electric cooperatives that are owned by the consumers they serve.
Due to the high cost of developing electricity infrastructure, and in order to avoid unnecessary duplication of
that infrastructure, states historically granted utilities exclusive rights to provide electricity services within their
service territory. In many states, utilities are vertically-integrated, meaning that they own and operate
electricity generation, transmission, and distribution assets.13 Some vertically-integrated utilities generate all
or most of the electricity they supply at power plants they own, while others purchase significant electricity
from other independent power producers.14
Some states have required electric utilities to sell their generation assets. In these so-called “restructured”
states, electric utilities purchase electricity through bilateral agreements with independent power producers,
or in wholesale markets.15 Some utilities in restructured states continue to own transmission infrastructure,
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but that infrastructure is managed by independent non-profit entities, known as Regional Transmission
Organizations or Independent System Operators.16
Some states have also deregulated the retail electricity market to introduce “retail choice.” Where this is the
case, consumers may elect to purchase electricity from the monopoly utility, or from a competitive supplier. In
both cases, however, the utility continues to be responsible for electricity distribution. Utilities have a “duty to
serve,” meaning that they are obligated to provide electricity and distribution services to all customers within
their service territory (see Petitioning for Regulation from State Utility Commissions). The state utility
commission typically determines the allowable rate of return (see Advancing Climate Resilience Planning
Through Rate Case Proceedings) on utility investments and rates that consumers pay.17

II. ELECTRICITY SYSTEMS AND CLIMATE CHANGE
Climate conditions have a major influence on the design, construction, and operation of electricity
infrastructure.18 For example, historic precipitation patterns and associated river flows have influenced the
siting of hydroelectric generating facilities. Similarly, water availability has influenced the siting of
thermoelectric power plants that require water for cooling. Air temperature ranges also affect the need for,
and design of, cooling systems at thermoelectric power plants and other facilities. Pipeline, electricity
transmission line, and other infrastructure developers also consider the prevalence of extreme weather events
when constructing and operating facilities.19
Climate change is already altering historic weather patterns and environmental conditions, and will likely
continue to do so in the future, exposing electricity infrastructure to new risks.20 The nature and extent of those
risks varies because of regional differences in how climate change manifests, as well as in the design and
operation of electricity systems. For example, hydropower facilities in northwestern states are at high risk from
changing precipitation patterns, reduced snowpack, and earlier snow melt.21 Drought is becoming an
increasing problem in southwestern states, affecting the operation of oil refineries and thermoelectric
generating plants that rely on water for cooling.22 Flooding is a greater risk to refineries and generating plants
in the southeast, which is experiencing more intense hurricanes.23
Climate impacts on one type of infrastructure or in one region could affect the operation of other parts of the
electricity system. An example of this occurred in Washington state in summer 2015, when a wildfire forced
the shutdown of a transmission line which, in turn, necessitated the curtailment of output from a hydroelectric
generating facility.24 Similarly, natural gas supply disruptions during Winter Storm Uri in Texas in 2021 led to
electricity outages in the state, and price spikes elsewhere.25
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III. KEY CLIMATE CHANGE IMPACTS AND RISKS TO ELECTRICITY
INFRASTRUCTURE
Because the nature and extent of climate change impacts will vary regionally, each electric utility must
undertake its own climate risk assessment to determine when and how its assets and operations will be
affected, and evaluate measures to enhance its climate resilience (see Climate Resilience Planning Process).
However, generally speaking, utilities will need to plan for the following key climate impacts (at a minimum).
•

Increasing average air temperatures and heat waves: According to the Fourth National
Climate Assessment, annual average temperatures are forecasted to increase by 2.5oF
between 2021 and 2050.26 However, some areas may be subject to significantly larger
temperature increases. In parts of the northeast, for example, maximum summer
temperatures are expected to increase by up to 6.7oF.27 Increasing temperatures pose various
risks to electricity generation, transmission, and distribution systems.28 These risks are
amplified if above-average temperatures persist over several consecutive days, which is
commonly referred to as a heat wave. The frequency at which heat waves occur has increased
due to climate change—in the 1960s, there was an average of two heat waves per year across
the country; during the 2010s, this number increased to six.29
Higher temperatures can reduce the efficiency of certain types of generators and accelerate
the aging of transmission and distribution equipment.30 Higher temperatures can also
increase transmission line losses, and cause lines to expand and sag, which can lead to
wildfires.31 Together, the impacts on generation, transmission, and distribution may make
electricity more difficult to produce and deliver, which could strain electricity supplies. At the
same time, higher temperatures will cause increased demand for electricity, potentially
leading to supply shortfalls and outages.32 For example, a multi-day heat wave in August 2020
triggered higher electricity demand for air conditioning across the state of California, while
also reducing output from natural gas generating plants, leading to outages.33
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•

Increasing Water Temperatures: Higher average air temperatures will increase water
temperatures,34 which may cause thermoelectric power plants to exceed regulated thermal
limits for wastewater discharges. Nuclear power plants that draw cooling water from rivers or
streams could also be impacted if the water temperature rises above set thresholds.35 Plants
may be forced to shut down temporarily, curtail generation, or request permission to exceed
regulatory discharge limits when water temperatures are too warm.36 An example of this
occurred in 2012, when Dominion Resources had to shut down one reactor at its Connecticutbased Millstone Nuclear Power Station because the temperature of the intake cooling water
from the Long Island Sound was too warm.37 This resulted in a two-week closure of the facility,
which experienced a loss of 255,000 megawatt-hours of electricity, amounting to several
million dollars.38

•

Cold Weather Events: Global cold extremes are expected to decrease in frequency and
intensity under most warming scenarios—however, anomalous cold waves will remain
regionally and locally important threats to the operation of electricity systems.39 Electricity
infrastructure that is not appropriately winterized is particularly vulnerable to extreme cold
and other cold weather hazards, including ice, snow, and freezing rain events, which can
damage transmission and distribution lines, impact fuel supplies, and increase electricity
demand for heating, leading to power outages.40 As discussed above, Winter Storm Uri forced
the shutdown of oil and gas wells, pipelines, wind turbines, and other power plants across
Texas in February 2021.41

•

Changing precipitation patterns: Warmer temperatures associated with climate change will
cause more precipitation to fall as rain rather than snow.42 Shifts from snow to rain will impair
the operation of hydroelectric power plants, particularly in areas that rely on snowmelt to
augment stream flows in summer.43 The total amount of precipitation could also change, with
some areas likely to experience an increase in total precipitation, while other areas may be
subject to prolonged periods of drought.44 In all areas, there is likely to be an increase in heavy
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precipitation events, with longer dry periods in between.45 Each of these shifts could impact
electricity generation. In fact, impacts are already being felt in some areas. For example,
record dry conditions across California in August of 2021 resulted in a five-month shutdown
of a hydroelectric power plant for the first time since the facility began operating in 1967,
causing electricity prices to spike.46 Thermoelectric power plants that rely on water for cooling
could also be forced to shut down or curtail output during periods of low rainfall.47 Flooding
caused by heavy downpours can also impair the operation of those and other generating
facilities (see below).
•

Storms, hurricanes, and flooding: Climate change is increasing the severity of hurricanes and
heavy rainfall events which are, in turn, leading to more flood events.48 Infrastructure in the
southern,49 midwestern, and northeastern regions of the United States is at particular risk.50
In these areas, generating facilities and transmission and distribution equipment located on
the coast or along inland waterways may be inundated or otherwise damaged by flood waters
and storm surge, potentially leading to outages. An example of this occurred in 2012, when
storm surge flooding associated with Hurricane Sandy inundated more than 100 electric
substations across four states, leaving almost 9 million customers without power.51 The high
winds associated with hurricanes and other storms also pose a major threat to electricity
infrastructure. During Hurricane Ida in 2021, 150-mile-per-hour winds damaged the eight
transmission lines used to deliver electricity to New Orleans, causing widespread outages.52

•

Sea-level Rise: Sea levels along the contiguous United States coastline increased by an
average of 0.25-0.3 meters between 1920 and 2020.53 Sea levels are expected to increase by
the same amount again, on average, over the next thirty years (i.e., through 2050). 54 The
extent of longer-term sea level rise will depend on future greenhouse gas emissions and
associated warming.55 While all coastal regions will be impacted by rising seas, the extent of
sea level rise will vary regionally.56 To illustrate, the East and Gulf coasts will be subject to
higher rates of sea level rise, while the West Coast, Hawaii, and the Caribbean will be subject
to lower rates.57
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Sea level rise can put infrastructure at risk of nuisance flooding (i.e., flooding that occurs
during high tides), storm surge, and permanent inundation.58 According to the National
Oceanic and Atmospheric Administration (“NOAA”), “between May 2020 and April 2021,
coastal communities saw twice as many [nuisance] high tide flooding days than they did 20
years ago.”59 NOAA estimates that the frequency of "major” nuisance flooding events (i.e.,
when coastal water levels exceed four feet above the mean higher high water level) will
increase by 400 percent between 2020 and 2050.60 That could have major implications for
coastal energy facilities. Past studies have identified almost 300 energy facilities in coastal
areas of the contiguous U.S. that are within four feet of ordinary high tide levels.61 Those and
other facilities could also be impacted by higher storm surge. A Department of Energy (“DOE”)
study found that by 2060, sea level rise could increase the number of energy facilities exposed
to storm surge from category 1 hurricanes from 711 to 1,025 facilities, representing a 67%
increase.62
•

Wildfires: Climate change is expected to increase wildfire risk, particularly across the western
U.S. where prolonged periods of drought are becoming more common.63 Parts of the west are
also experiencing changing wind patterns which further increase wildfire risk.64 Wildfires can
damage, destroy, or force the shutdown of above-ground electricity infrastructure.65 For
example, a wildfire in Washington state in 2015 forced the shutdown of a transmission line,
which then resulted in the curtailment of output from a hydroelectric power plant.66 More
recently, in parts of California, there have been forced pre-emptive shutdowns of transmission
and distribution lines to mitigate wildfire risk in times of extreme dry conditions.67

While each climate impact is discussed separately, multiple impacts may occur simultaneously and have
compounding effects on the electricity system. An example of this occurred in July 2021 when utilities in
California struggled to provide reliable electricity services and urged customers to limit their use of electricity
during a period of both high temperatures and wildfires.68

IV. ENHANCING THE CLIMATE RESILIENCE OF ELECTRICITY SYSTEMS
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Electric utilities and system operators can take multiple steps to reduce climate-related risks to electricity
infrastructure. These steps are often referred to as resilience measures. Generally, climate resilience refers to
an electricity system’s ability to withstand, and quickly recover from, disruptions caused by the impacts of
climate change. While the precise meaning of resilience in the context of the electric sector is up for some
debate, a resilient electric system is generally regarded as “one that acknowledges that [electricity] outages
can occur, prepares to deal with them, minimizes their impact when they occur, is able to restore service
quickly, and draws lessons from the experience to improve performance in the future.”69
Resilience measures could include changes in the siting, design, construction, and operation of electricity
infrastructure to reduce its exposure to climate-related risks.70 For example, strengthening power lines and
towers to resist physical damage—e.g., by replacing wood towers with steel towers—can improve individual
lines’ resilience to wildfires. Elevating coastal generating plants or building floodwalls around them can
similarly reduce their exposure to storm surge damage. Critically, utilities can avoid costly retrofits in the future
by incorporating resilience measures from the start (i.e., when designing new facilities).71 A recent study found
that designing transmission and distribution infrastructure with future climate impacts in mind could reduce
costs by up to 50% by 2090.72 Utilities can also take non-capital-intensive actions to reduce their exposure to
climate-related risks, for example, by making operational changes or through planning updates or design
modification.73
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