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Executive Summary

The nation’s power grid is highly vulnerable to damage and prolonged outages during extreme
weather. Utility customers are bearing the consequences. The central United States has seen
much of such damaging weather extremes, whether the severe thunderstorms that roll in over
the Great Plains, leaving downed trees and power lines in their wake, the Upper Midwest
winter storms, producing ice buildup that interferes with electricity transmission, or the rain-
heavy Gulf Coast hurricanes that bring down utility poles and flood substations. These
expansive extreme weather events can leave residents across the region without power for
days and even weeks, at times stranded in dangerous conditions while increasingly burdened
with grid repair and recovery costs.

Unfortunately, this region faces more extreme weather events in the years to come as we
continue to burn fossil fuels that cause our climate to change and make these extreme events
more likely. For a climate-changed future, we need a resilient grid where the physical
infrastructure, those who manage it, and those who are served by it would be prepared and
able to withstand and recover from storms. A more resilient grid would also lessen the
frequency and severity of outages and help ensure that communities benefit equitably from
greater reliability.

Such a climate-resilient electricity grid is within reach. Right now, investment decisions are
being made for a grid that is expected to reliably serve consumers until 2075 and beyond. As
the sector plans and invests in upgrading and building our future grid, making critical choices
that consider climate change will mean the difference between an electricity grid sturdy
enough to keep the power on for millions of homes and businesses versus greater challenges
from electricity disruptions and unaffordable energy costs.

In this report, we analyze the last decade of power outage data in the central United States,
alongside media reports and peer-reviewed science, to explore three key questions:

(1) Which extreme weather events have been most consequential for power outages
over the last decade?

(2) What can we learn about the patterns of impacts from the worst of these outage
events?

(3) How are the extreme weather events most consequential for power outages in this
region expected to change because of climate change?

To chart a path toward a more equitable, climate-resilient grid, we look at what climate
science is telling us about extreme weather events and their effect on power outages in this
vulnerable region of the nation. Our analysis shows the following:

Over the last decade, all the 100 worst outage days in the central United States were
caused by extreme weather. Every one of the study region’s top 100 outage days between
2014-2024, as measured in maximum number of customers affected, was associated with a
large-scale extreme weather event. Severe thunderstorms (including derechos, or, long lines
of severe thunderstorms leaving widespread damage from high winds), hurricanes, and severe
winter storms with large footprints damaged infrastructure, leaving thousands—and at times,
hundreds of thousands—of customers without power. The most damaging power outages were
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nearly always caused by compounding events, such as a winter storm with a tornado outbreak
or a hurricane with coastal and inland flooding.

Over the study period, the 10 worst outage events in the region all occurred since 2020.
Many of them were compound extremes, and some occurred one after another, leaving little
time for recovery and deepening social inequities. This record of outages provides a preview of
what is to come: As the climate warms, extreme weather events are expected to become both
more frequent and more severe. The inequities that leave some communities more vulnerable
to power outages today are at risk of being amplified in communities marginalized by
protracted legacies of under- and disinvestment. Investing in grid resilience is inseparable
from investing in energy justice so that communities historically least prepared to withstand
and recover from extreme events are not left vulnerable to even greater future risks due to
outages.

The extreme weather events that are expected to worsen across the central United States
heighten the need for science-based resilience planning. Aspects of each kind of extreme
weather event most consequential for power outages are expected to worsen in the coming
decades as the climate continues to change. Severe thunderstorm activity is projected to
increase in much of the region, hurricanes that make landfall are projected to have a higher
rate of rainfall, and snowstorms may intensify in the places they still occur. To avoid a
concurrent increase in major power outages, it is critical that decisionmakers engage now in
science-based resilience planning.

Power sector actors at all levels have a role to play in building grid resilience. Depending
on the investments needed, the responsibility for a more climate-resilient grid falls on a
number of actors, including local utilities, states, regional grid operators, and federal
regulators. To best prepare the region’s power grid and the communities affected by outages
for climate change, we recommend the following three key resilience-building strategies:

e Understand the risks posed by extreme weather and climate change. Climate risk
assessments must be specifically focused on the electricity sector and use the best-
available and most up-to-date forward-looking science to understand the risks to the
grid and how these risks should be mitigated or addressed.

e Accelerate the transition to an electricity grid powered by clean energy. Despite a
current lack of federal leadership, states and utilities must continue to reduce planet-
warming emissions to decrease the risk of ever-worsening extreme weather risks. The
more quickly society decarbonizes, the less intense the impacts of climate change will
be.

e Engage with communities. Properly building an equitable and resilient electric grid
requires meaningful community participation and ownership in decisionmaking to
ensure that the investments meet the needs of all the communities the grid serves.
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Winter Storm Uri: A Defining Moment in the Need for Grid Resilience

In February 2021, Winter Storm Uri hit the central United States with crippling sleet, freezing
rain and ice, high winds, severe tornadoes, and thunderstorms with hail, followed by
extremely low temperatures (NWS 2021c). A total of 170 million people across the nation were
affected, but none worse than the Texans who lost power—for up to five days—in frigid
temperatures (Figure 1). A later analysis concluded that 700 people died in Texas alone, many
more than officially recognized, and many from prolonged exposure to cold (Aldhous, Lee, and
Hirji 2021; TX DHS 2021). Uri was also the most expensive Texas winter storm (Irwin 2024;
Snyder 2024; Troutman Pepper Locke 2024).

In Texas, where the electricity grid is largely isolated from the rest of the country, the
widespread failure of many power sources—disproportionately gas but also coal, wind, and
nuclear—received intense criticism (see Arbaje and Specht 2024). In other regions affected by
the storm, particularly the Midwest, the value of an electric transmission system that can
access power resources across a larger geographic footprint was on display as electricity from
regions further east and less affected by Uri was imported to maintain power (Goggin 2021;
Goggin and Schneider 2022). In southern states like Louisiana and Mississippi, a mixture of
power plant outages and more limited grid connection meant Uri’s impacts were severe, albeit
not to the degree that Texas experienced (MISO n.d.).

Figure 1. Maximum Percentages of Customers Without Power During Winter Storm Uri
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County-level power outage data during Winter Storm Uri for the continental United States. Map shows
the maximum percentage of customers out between February 12 and 19, 2021, as well as the
Midcontinent Independent System Operator’s (MISO) territory, the regional transmission organization
responsible for much of the central United States.

SOURCE: Brelsford et al. 2024 for derived totals.

Much like wildfire events in the West, Uri became a defining event for the various actors that
oversee the buildout, maintenance, and operation of the bulk power system in the central

Union of Concerned Scientists | 4



United States. Grid resilience—the ability of the power system to anticipate, prepare for,
withstand, and ultimately recover from extreme weather events—was thrust to the forefront
of priorities for a much broader range of regulators, decisionmakers, and other interested
parties, including UCS. But nearly five years since Uri, the need remains for proactive, science-
informed strategies to understand the risks posed by extreme weather (including, but not
limited to, winter storms) and to mitigate those risks through cost-effective investments in the
grid infrastructure for a climate-changed future.

Weather-related power outages like what unfolded during Uri have been on the rise across the
United States over the last two decades (Climate Central 2020; Climate Central 2024). And
because of climate change, many of the extreme weather events that drive power outages are
expected to worsen through the century (Marvel et al. 2023). In the face of these challenges,
we need grid decisionmakers to critically consider climate resilience in how they plan for,
invest in, and achieve a modern electricity grid that minimizes severe impacts and serves
everyone equitably.

The electricity grid is a complex system that connects utility customers to reliable power
through a broad network of power plants, transmission infrastructure, and distribution
systems (Figure 2). During extreme weather events, failures can occur at any of these points
and affect a much larger geographic area than just where those failures occur. Decisionmaking
is broadly spread and interconnected: Responsibility for approving infrastructure investment
decisions and ensuring they are responsive to the risks posed by extreme weather can sit at the
utility, state, regional, or federal level, depending on which aspect of the grid is being
addressed. Often these responsibilities overlap, necessitating robust coordination and
communication between the responsible entities.

Efforts to build resilience must address risks at all levels of the grid. Shoring up local
infrastructure is just as important as weatherizing power plants. As Uri made clear, one
important but often overlooked necessity for increasing grid resilience is developing a more
robust and interconnected bulk transmission system—the network of high-voltage wires that
move electricity from the power plant to the local distribution system. The grid investments
that improve connections between regional grids and even between utilities within a region
increase interdependence and redundancy within a stressed grid, and are a critical element of
building a more resilient transmission system and transitioning more cost-effectively to clean
energy. Both are key to addressing the risks posed by climate change. The utilities, states, and
regional grid operators responsible for investing in new transmission infrastructure must
account for climate change and its potential to worsen extreme weather events. Failure to do
so is irresponsible and puts the system and its communities at risk.

Achieving a more resilient grid begins with understanding the risks posed by extreme weather
in terms of both the severity of potential future extreme weather events and the frequency of
these events. New transmission lines typically are in service for several decades, so they need
to be built to withstand future risks. Doing so requires being informed of what science can tell
us about expected conditions. In this context, climate change—and how a warming planet will
affect the severity, frequency, and timing of extreme weather events—is a critical
consideration. Currently, utilities, states, and regional grid operators are making investments
that will be expected to reliably serve consumers until 2075 and beyond. Investments made
today without consideration of the significant climate change that will occur in that time
frame will mean harmful power disruptions, wasted money, and failed infrastructure. Recent
research found that investing in climate-resilient transmission infrastructure now will help
reduce costs by the year 2100 (Fant et al. 2020).
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Figure 2. The Electricity Grid Is a Complex System Connecting Energy Generation to
Customers

Generation Transmission Distribution Energy Customer

The electricity grid is a network of power plants that generate electricity, of transmission line
infrastructure that moves electricity long distances, and of distribution systems that deliver energy to
customers—commercial, industrial, and residential. The affected grid component determines which
entity is responsible for making infrastructure decisions: For generation, it is states and utilities; for
transmission, it is regional transmission organizations (RTOs), states, and utilities. The federal
government regulates the grid’s generation and transmission components and ensures that those
responsible are addressing extreme weather risks.

In building toward a resilient grid, we must also acknowledge that households and
communities are not equally vulnerable to outages, nor are they equally able to respond.
Resilience planning that overlooks these inequities simply shifts much of the burden of grid
failure onto those least able to bear it. In practice, this means that decisions about how to
invest, where to site new infrastructure, how to prioritize post-outage power restoration, and
who participates in the decisionmaking process will determine whether all communities are
strengthened or existing inequities are deepened. In this way, climate resilience and energy
justice are interconnected technical, social, and political dimensions of the power system.

Identifying Climate-Related Risks for Power Outages in the Central United
States

This analysis provides an overview of recent extreme weather events, subsequent power
outages, and their effects on communities in the central United States. We focus on the
territory covered by the Midcontinent Independent System Operator (MISO), the regional
transmission organization (RTO) whose territory covers much of the central portion of the
United States, serving more than 45 million people from Minnesota to Mississippi. We use
MISO boundaries as delineated by the US Energy Information Administration, focusing solely
on the territory included in the United States (EIA 2025). We include several counties in
Illinois that are not part of the MISO system but that warrant inclusion because of existing and
planned transmission interconnections in the region (see Figure 3). We refer to this territory
collectively as MISO+. Using detailed, county-level power outage data from Brelsford et al.
(2024), we examine power outages within the MISO+ region over the decade of 2014 to 2024.
We couple these findings with a cursory analysis of news reports and post-event summaries to
identify the causes and consequences of the worst outage events during this period.

To provide an outlook on the climate-related risks facing the region’s power system, we
conducted a literature review of the kinds of extreme weather events that have resulted in the
most consequential power outages over the last decade and how these events are likely to
change across MISO+ over the remainder of this century as a result of human-caused climate
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change. We conclude with recommendations for communities, states, utilities, and regional
grid operators that, if implemented, can begin the process of proactively and cost-effectively
mitigating the risks posed by extreme weather to the electric grid and the communities it
serves.

To begin to understand the community-level impacts of power outages over time, we quantify
outages in terms of population without power using the unit of customer-hours (the product
of the number of customers affected by an outage and its duration). Metrics like this help shift
power outage discourse and planning from being focused on reliability, where the grid is
shaped around day-to-day, average uncertainty, to being more focused on equitable resilience,
where the grid is shaped by its ability to incorporate the possibility of high-impact, lower-
frequency events and consider the consequences for communities more holistically (Gomberg
et al. 2025; Petit et al. 2020).

Figure 3. Total Power Outage Exposure Across the MISO+ Region, County-Level Customer-
Hours Between 2014-2024
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Customer-hours account for how many and how long customers were affected by power outages in a
particular location. MISO’s territory, shown within the black outline, excludes Chicago, Illinois (in Cook
County), and several counties around it.

SOURCE: Brelsford et al. 2024 for derived totals.

To establish a baseline understanding of regional dynamics, we first examined incidents of
power outages driven by extreme weather and other causes by calculating the total number of
customer-hours that occurred over the last decade for each county in MISO+. We found that
power outages occur unevenly across the region, and some regions are affected more
frequently than others. For example, most of the counties in Michigan and Louisiana
experienced more than 1 million customer-hours of power outages from 2014 to 2024, as did
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much of MISO’s territory in Arkansas, Mississippi, and eastern Wisconsin—representing some
of the areas most heavily affected by power outages in the MISO+ region (Figure 3).

Extreme weather events repeatedly drove widespread power outages
over the last decade.

Each of the top 100 worst days in the region in terms of the number of customers affected by
an outage was associated with a large-scale extreme weather event. Severe thunderstorms
(including ones that generated derechos, tornadoes, and/or high winds), hurricanes, and
winter storms frequently interfered with the availability of power for hundreds of thousands
of energy customers, often for multiple days. More than half of the worst 100 days (57 percent)
occurred in summer, versus 13 percent in spring and 15 percent in both fall and winter,
mirroring when extreme weather events that damage infrastructure are currently most likely
to occur in MISO+.

All of the 10 largest power outage events over the studied decade occurred
since 2020.

We looked at the 10 largest power outage events in the MISO+ territory as determined by the
greatest number of customers without power on a single day to better understand the
experiences of communities and grid operators. Each event lasted for multiple days and was
associated with compound weather events occurring over a large geographic region. The
following section provides more detail about these large-scale outage events, which we list
chronologically by their worst day, or the day the maximum number of customers were
affected.

June 11, 2020 - Derecho. A long line of severe thunderstorms leaving widespread damage
from high winds is commonly known as a derecho. The remnants of Tropical Storm Cristobal
combined with an upper-atmosphere low pressure system over the Great Lakes region to
produce a derecho, wind gusts of up to 75 miles per hour (mph), hail, several confirmed
tornadoes in Illinois and Ohio, and another in western Pennsylvania rated an EF2 (Erdman
2020; NWS 2020d; the intensity of tornadoes is measured by wind speed and the associated
severity of damage, using the Enhanced Fujita, or EF, scale). More than 450,000 customers lost
power over the course of the two-day sequence of heavy thunderstorms, most of them in
Michigan (Childs 2020; Haddad 2020; NWS 2020f). The derecho damaged trees, downed
power lines and poles, wrecked roofs and buildings, and blew over several semitrailers.
Luckily, only one person was injured when a tree fell on a car (Agar 2020; Childs 2020; Erdman
2020; NWS 2020e; NWS 2020f). Cristobal was one of the westmost-tracking tropical storms
ever recorded, and the derecho it produced was the third to hit the United States in a single
week’s time (NCEI 2020).

August 11, 2020 — Derecho. Two months later, another derecho crossed parts of South
Dakota, Nebraska, Iowa, Illinois, Wisconsin, Indiana, Michigan, and Ohio. The worst-hit areas
in central Iowa to north-central Illinois experienced average wind gusts of 70-80 mph, with
maximum wind gusts of over 100 mph. In addition, the event produced 26 weak tornadoes
rated EFO0 to EF1, with wind speeds reaching between 65-110 mph in Iowa, Wisconsin,
Illinois, and Indiana. On its worst day, nearly 1.7 million customers across the Midwest were
left without power (Brelsford et al. 2024). Together, these storms caused a few dozen injuries
and catastrophic wind damage to trees and crops, particularly in Iowa and Illinois, resulting in
what was then the costliest thunderstorm event ever recorded in the United States, estimated
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to cause at least $11 billion in damages (NWS 2021a). According to the National Weather
Service (NWS), “Damage to power lines was also so extensive that power outages were visible
from space at night. ... Widespread, long-duration power outages occurred across the area,
with some parts of Cedar Rapids [Iowa] without power for about two weeks” (NWS 2021a).
Some cities experienced extensive loss of urban tree cover, and this loss of canopy “impacted
socially vulnerable populations at a higher rate” (IDNR 2025).

August 27, 2020 - Hurricane Laura. This late-August hurricane attained tropical storm status
in the Caribbean and crossed the Florida Keys as a Category 1 storm, then explosively
intensified during its passage across the Gulf of Mexico and made landfall in Cameron,
Louisiana, as a Category 4 storm on August 27. At the time, it was the strongest hurricane to
strike Southwest Louisiana since records began in 1851 (NWS 2020b). The storm moved
inland, spawning at least 16 tornadoes in Louisiana, Arkansas, Mississippi, Tennessee, and
Alabama. Overall, there were 7 deaths directly attributed to the storm and another 34 indirect
deaths from causes such as carbon monoxide poisoning, storm cleanup-related activities,
electrocutions, and heat stress (Pasch et al. 2021). Coastal areas of Louisiana and Texas
experienced extensive flooding and wind damage to homes, trees, power lines, poles, and
industrial facilities, adding up to $19 billion across the United States. In Louisiana and Texas
alone, 568,000 households lost power, and nearly 47,000 customers still had no power three
weeks later when Hurricane Sally hit the region in mid-September (DOE 2020b).

October 10, 2020 - Hurricane Delta. Only six weeks after Hurricane Laura struck, Hurricane
Delta hit Louisiana again, making landfall near the previous site. While a weaker hurricane
than Laura, Delta brought significantly more rainfall and flooding, affecting parts of eastern
Texas, southern and central Louisiana, and portions of Mississippi and Arkansas. Drainage
ditches still clogged by debris from the earlier storm worsened overland flooding, and the
outer bands of the storm spawned tornadoes in Mississippi, Alabama, Georgia, and as far as the
Carolinas (NWS 2020a). The hurricane caused 6 fatalities, an estimated $2.9 billion in insured
damages across the nation, and probably several billion dollars more in uninsured losses
(Cangialosi and Berg 2021; Masters 2020). Hundreds of thousands of customers lost power
(Baldwin et al. 2020), mostly in Louisiana and some in Texas and Mississippi. Power was also
lost to oil and gas production facilities, refineries, and transmission lines (DOE 2020a).

October 29, 2020 - Hurricane Zeta. A couple of weeks later, yet another hurricane made
landfall in Louisiana. A fast-moving Category 3 hurricane, Zeta caused most of its damage by
wind and less from flooding. As the latest and strongest major hurricane and the sixth to make
landfall in the United States in a single year (four of which hit Louisiana), Zeta set many
records (Brackett 2020; NWS 2020c). Overall, it caused about $3.9 billion in damages, and due
to the extensive wind damage, more than 2.2 million people lost power in the United States
(Brackett 2020; Masters 2020). Some 86,000 customers were still out of power five days later
(DOE 2020c). The storm’s path was nearly identical to that of Hurricane Delta, thus
compounding damages and disrupting or even undoing recovery efforts, which further
drained private and public financial reserves.
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Figure 4. The 2020 Atlantic Hurricane Season’s County-Level Impacts in the MISO+ Region
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The 2020 Atlantic hurricane season led to three of the 10 worst days across MISO+ between 2014
and 2024 in terms of the peak number of customers affected. Within the span of nine weeks, starting
on August 27, 2020, three deadly and catastrophic hurricanes—Hurricanes Laura, Delta, and Zeta—
pummeled the state of Louisiana, leaving hundreds of thousands of residents without power in the
midst of stifling heat. The back-to-back storms compounded one another, disrupting and even
undoing recovery efforts, costing the nation billions of dollars in losses.

SOURCE(S): Brelsford et al. 2024 derived totals.

August 11, 2021 - Derecho. Two rounds of severe thunderstorms swept across a 770-mile
swath from southeast South Dakota and northeast Nebraska through Iowa and on to northern
Illinois, southern Wisconsin, northern Indiana, southern Michigan, and western Ohio that
day. The first brought hurricane-force wind gusts along a long line of high-wind
thunderstorms (a derecho); the second was accompanied by intense rain and flash floods.
Overall, 2 million customers lost power (Dolce 2021), including 850,000 in Michigan alone
(NWS 2021b). Several hundred thousand were out of power for three or more days
(WeatherNation 2020). The event was estimated to have caused at least $11.5 billion in
damages (Smith 2025).

August 30, 2021 — Hurricane Ida. On August 29, the sixteenth anniversary of Hurricane
Katrina, Ida made landfall near Port Fourchon, Louisiana, and devastated Grand Isle (Beven,
Hagen, and Berg 2022). The storm had rapidly intensified during its passage across the Gulf of
Mexico and made landfall as a Category 4 hurricane but steadily weakened as it moved inland
across Louisiana, Mississippi, and onward on a northeasterly path. Along its course, it
spawned at least 35 tornadoes and tied for second with Hurricane Laura behind Hurricane
Katrina as the most destructive storm to affect Louisiana. The National Oceanic and
Atmospheric Administration (NOAA) attributed to the event 55 direct deaths, plus an
additional 32 indirect deaths, and estimated a total of $75 billion in damages in the United
States, $55 billion in Louisiana alone (Beven, Hagen, and Berg 2022). In Louisiana, more than a
million households lost power. A month later, 10 percent of the customers in the most heavily
damaged areas along the Gulf Coast were still without power. One news analysis showed that
most deaths were due to heat, as people could not get relief through air conditioning (Bogel-
Burroughs and Reckdahl 2021).
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Figure 5. Summer Derechos’ County-Level Impacts in the MISO+ Region
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Summer derechos led to three of the 10 worst days across MISO+ between 2014 and 2024 in terms of
the peak number of customers affected. Leading up to the 2020 Hurricane Season, two derechos left
between 798,000 (June 2020) and 1.64 million (August 2020) people without power. A year later,
another derechos left 1.30 million people without power in August 2021.

SOURCE(S): Brelsford et al. 2024 derived totals.

December 16, 2021 - Severe Thunderstorm. A spate of intense thunderstorms caused by a
“low pressure system of historic strength” (NWS 2022b) and accompanied by high winds,
tornadoes, and wildfires wreaked havoc from the Rocky Mountains to the Great Lakes, with
the worst damage reported across Minnesota, Iowa, and Nebraska (Caldwell, Hanna, and
Miller 2021). The storms tore off roofs, overturned trucks, shut down interstate highways and
air transportation, damaged homes, and injured a small number of people. Hurricane-force
gusts brought down power lines, leaving more than 400,000 customers without power across
the central United States, mostly in Wisconsin and Michigan. One news report noted, “A
tornado in southeastern Minnesota was the first ever reported in the state in the month of
December, according to National Oceanic and Atmospheric Administration data. Record heat
much farther north than expected this time of year fueled the storms” (Almasy et al. 2021).

August 30, 2022 - Severe Thunderstorm. A line of severe thunderstorms across southern
Michigan, with 70 mph winds, caused widespread damage to trees and electric power poles,
resulting in extensive power outages (Newman 2022). According to the NWS (2022a), “Peak
statewide outages were around 650,000 at one point, making this one of the higher outage-
producing severe weather events for the state.”

February 23, 2023 — Severe Winter Storm. A harsh, multiday winter storm brought
significant icing, strong wind gusts, and heavy snow across a swath from Southern California,
through the northern Plains and the Great Lakes region, to the Northeast. Across this region,
more than 1 million households lost power. Wisconsin’s governor, Tony Evers, declared an
“energy emergency” to allow for faster and more efficient restoration of power. In Michigan,
where power outages were most extensive, freezing rain and ice had brought down trees and
power lines (Massman 2023). The storm system also caused widespread disruptions of air
traffic and road transportation (Easter, Fahy, and Oxenden 2023). At the same time these
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severe winter conditions occurred across the Northern part of the country, some Southern
states set numerous heat temperature records (Wolfe, Shackelford, and Sutton 2023).

Cross-Cutting Observations from Recent Weather-Related Outage Events

The review of post-event reports and event-related news articles about these worst weather-
related outage events in the MISO+ region yields several cross-cutting observations:

The most damaging events are nearly always caused by compounding disasters. In the 10
worst outage events reviewed, it is never merely a severe thunderstorm or a hurricane alone
that leads to these extensive outages. Rather, it is a derecho with multiple tornadoes and
wildfires. Or it is a hurricane with tornadoes, coastal and inland flooding, follow-on fires, and
extreme heat or damaged industrial facilities causing the accidental release of toxins. Several
events coincided with the COVID-19 pandemic, profoundly complicating emergency response,
sheltering, and recovery. This has important implications not only for disaster preparedness
and emergency response in general (Kruczkiewicz et al. 2021) but for utility operators in
particular as they reconsider their plans and responses to complex disasters (Potts et al. 2024).

Mortality from these extreme events is often much higher than reported by official
sources. In addition to the direct deaths associated with floods and storms from causes such
as drowning or being struck by falling debris, there are many indirect deaths from
electrocution, carbon monoxide poisoning (often in winter) or extreme heat (in summer),
when electricity for cooking and heating/cooling is offline for extended periods of time.
Elevated death rates are being observed for years after such disasters due to the impacts of the
added stress, disruptions in health care, lack of infrastructure, poor living conditions, and so
on (Young and Hsiang 2024).

Disasters worsen social inequities in multiple, compounding ways. Indirect and post-
disaster morbidity and mortality are greater for the more socially vulnerable members of the
community (Hahn et al. 2022; Priest and Elliott 2023; Smith et al. 2022). When their homes get
damaged, they often do not have anywhere safe to go. The direct disaster effects and long-term
stressors during a lengthy recovery period cause more harm to those with preexisting health
conditions and lesser economic means than healthy, well-off members of society. And while
the worst storms can damage the homes of everyone in affected areas, news reports often
point to the devastation caused by high winds and floodwaters, especially to mobile homes,
which lack a strong foundation and are built from weaker materials. Mobile homes are, of
course, predominantly occupied by lower-income families. Damages to apartment buildings,
affecting renters with often limited options to relocate, are also frequently reported. And news
reports suggest that areas occupied by lower-income homes, businesses, and renters often
have to wait the longest for power to be restored after disruption. Additionally, the wind-
dominant events included in our analysis frequently caused extensive damages to crops and
farm buildings across the central United States, adding financial losses and burdens to many
farmers who already face precarious economic conditions (Bolster et al. 2023; Sievers 2020).

The climate-change drivers underlying these extreme events and resulting in costly
outages are rarely discussed in news reports. Nearly all of the 10 worst outage events were
associated with high winds, although floods, fire, and ice also contributed substantially to grid
system damages. Where high winds dominate, damage to the grid results either from trees
falling on power and transmission lines or from winds directly bringing down poles and lines.
Their repair and replacement may be among the biggest factors driving recent increases in
electricity prices (Frank 2025; Osaka 2025). While news outlets readily report historical
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records being broken by these weather extremes, the underlying driver that systemically fuels
these costly extremes—climate change—is rarely named in the news reports reviewed.

As grid-damaging storms occur more frequently, areas that have experienced damages
have little time to rebuild before the next extreme event and therefore are more
vulnerable to deeper losses. The 10 worst outage events all happened in the latter five years
of the study period, several of them affecting the same areas in the same year (e.g., the record-
breaking hurricane season of 2020). This means that people’s homes have been covered only
by tarps, not solid, new roofs; water-damaged structures have not yet dried out; and dunes
have not re-formed, allowing coastal surges to reach deeper inland. Where there is extensive
tree damage, urban canopies have not regrown; forest economies are disrupted for years; and
poles and power lines have been barely replaced (if at all) and are prone to being damaged
again. The results are long-term depletion of people’s savings, losses to local economies, heavy
financial burdens, disruptions of livelihoods, and long-term health consequences for
individuals and families, including the mental health burden of living through repeated
traumatic events (Arcaya, Raker, and Waters 2020; Read 2025; Stough and North 2018).

Taken together, our findings reveal that grid resilience has been strained repeatedly over the
past decade—with outages again and again followed by repair costs again and again. Who suffers
the most from these events is typically those who are most socially vulnerable (Gomberg et al.
2025; Sovacool, Carley, and Kiesling 2024). When extreme events strike, their physical impacts
can compound histories of uneven investment, exclusionary planning, and data gaps that
obscure who suffers most when power systems fail. Energy justice highlights the intersection of
the inequities in housing, health, labor, and socioeconomic geographies that have come to
determine whose lights go out first, whose are restored last, and who can cope least with the
losses from such outages (Gomberg et al. 2025; Sovacool, Carley, and Kiesling 2024).

In short, strengthening resilience means not only hardening infrastructure but also investing
in previously underinvested communities and providing meaningful public engagement
opportunities to improve disaster planning and preparedness, response, and recovery. Short of
more fundamental rethinking of how to plan the electricity grid for the future and directing
resources toward underserved places, the health, well-being, and economic vitality of
repeatedly affected communities and regions will continue to be undermined.

As the next section shows, climate change is expected to intensify many aspects of the extreme
weather events that drove these catastrophic power outages, heightening physical and social
vulnerabilities across the region. The historical record of outages provides a preview of the
future: As the climate warms, the same inequities that shaped past disasters risk being
amplified by more frequent and severe events.

Climate Change Is Expected to Worsen the Extreme Weather Events
That Cause Power Outages

Severe Thunderstorms: Derechos, High Winds, Hail, and Tornadoes

The central United States, where MISO operates, experiences the most severe thunderstorm
activity in the country (NSSL n.d.). Thunderstorm is an umbrella term that encompasses
several types of storms, from ones that rotate and can produce tornadoes to ones with
“straight-line winds” that blow in one direction—the most severe of which are called derechos.
A severe thunderstorm is one that generates one or more of the following: hail at least one inch
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in diameter, tornadoes, or wind gusts of at least 57.5 mph. Derechos involve especially large
and strong straight-line winds, where the swath of wind damage is at least 240 miles long and
wind gusts are at least 58 mph (NSSL n.d.).

Over the last decade, severe thunderstorms have been associated with many of the worst
power outages in the MISO+ region. And many aspects of these storms have been on the rise.
For example, researchers have estimated that between 1980 and 2020, there has been an
approximately 7 percent increase in summertime straight-line winds—as well as a nearly
fivefold increase in the area affected by them—in the central United States per degree
Fahrenheit of global warming (Climate Central 2025; Prein 2023). There is evidence that
tornadoes as well are getting more powerful in the United States (Elsner, Fricker, and
Schroder 2019), although researchers have not detected an increase in the overall frequency of
these storms (Brooks, Carbin, and Marsh 2014; Gensini and Brooks 2018; Graber, Trapp, and
Wang 2024; Tippett, Lepore, and Cohen 2016). There has been a shift, however, in where and
when tornadoes most frequently occur. The hotspot of tornado activity has shifted from the
Great Plains toward the Midwest and Southeastern United States (Gensini and Brooks 2018;
Coleman, Thompson, and Forbes 2024; Graber, Trapp, and Wang 2024; Moore 2025).
Tornadoes are occurring more frequently in the cold season (September-February) and less
frequently in the warm season (March-August), with a notably large decline (37 percent
between 1951 and 2020) during the summer months (Coleman, Thompson, and Forbes 2024).

Moving forward, how thunderstorms are likely to change in response to global warming is still an
active area of study, but recent research indicates that many parts of the MISO+ region are
projected to experience an increase in both severe thunderstorm activity and length of the severe
thunderstorm season as global warming progresses (Ashley, Haberlie, and Gensini 2023; Haberlie
et al. 2022; Kaminski et al. 2024). By the end of the century, much of MISO’s territory east of the
Mississippi River and from Arkansas southward is projected to experience an increase in many
forms of severe thunderstorm activity under both moderate- and high-emission scenarios (Ashley,
Haberlie, and Gensini 2023; Haberlie et al. 2022; Kaminski et al. 2024).

The number of days with particularly severe thunderstorms capable of producing hail was
found to increase across MISO’s Midwest territory, especially under a high-emissions
scenario, in which much of the region would face at least four additional severe thunderstorm
days per year on average, and in many instances, more than a week’s worth of such days by the
end of the century (Haberlie et al. 2022). The picture is more complex for the northern Great
Plains states. Some areas are projected to increase in this class of thunderstorms, whereas
others are projected to decrease. In another study, derecho activity was projected to increase
across virtually all of the MISO+ territory in a high-emissions scenario, with much of the
region projected to experience at least three additional derechos per year on average by the
end of the century (Kaminski et al. 2024). Historically, much of MISO+ has experienced up to
three derechos per year on average, with areas along the Upper Mississippi River and southern
Mississippi River basin experiencing even more (Kaminski et al. 2024).

Several studies project changes in the seasonality of severe thunderstorm activity across the
MISO+ territory. Haberlie et al. (2022) projected increases in severe thunderstorm activity in the
winter, spring, and fall and decreases in the summer. A study of hail-producing thunderstorms
in a high-emissions scenario found that they will start earlier in the year, with more hailstorms
in the spring, thus lengthening the hail season (Trapp, Hoogewind, and Lasher-Trapp 2019).
The authors projected fewer thunderstorms and therefore less hail during the summer, although
the hail that does develop during this season is projected to be larger. The greatest projected
increases overall occur in July in the broader northern Great Plains region.
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Research specifically focused on how tornadoes are likely to change in a warming world,
including how the trends observed to date may progress, is extremely nascent.

Key Takeaways. The projected changes in severe thunderstorm activity are stark across much
of the MISO+ region and demand further, more detailed investigation by power system entities
in collaboration with climate scientists, given their historical importance for mitigating
outages in the region. By the end of the century, much of the MISO+ region east of the
Mississippi River and from Arkansas southward is projected to experience an increase in many
forms of severe thunderstorm activity under both moderate- and high-emission scenarios. The
picture is more complex for the northern Great Plains states, although research points to the
likelihood of that region experiencing particularly large increases in hailstorms. Generally, the
seasonality of severe thunderstorms is projected to change in a warming world, with increases
in storm activity in the spring, fall, and winter months.

Hurricanes

Since the 1980s, hurricanes, once formed, have been gathering strength faster in the Atlantic
basin as a result of human-caused climate change (Bhatia et al. 2019; Marvel et al. 2023). The
amount of precipitation that hurricanes are bringing is also increasing across much of the
MISO+ area affected by hurricanes (Shearer et al. 2022; Uehling and Schreck 2024). How
climate change has affected the historical frequency of hurricanes is currently an active area of
research (Vecchi et al. 2021).

Over the last decade, however, climate science has made considerable advancements in
quantifying the influence of human-caused climate change on individual hurricanes and
hurricane seasons. For instance, Reed, Wehner, and Zarzycki (2022) determined that human-
caused climate change increased the amount of extreme rainfall received during the 2020
hurricane season (whose Hurricanes Laura, Delta, and Zeta all contributed to major power
outages within MISO’s territory). In another study, researchers estimated that human-caused
climate change increased Hurricane Harvey’s precipitation intensity by 15 percent and made
the record-setting storm, which brought nearly four feet of rain to some locations,
approximately three times more likely to occur (Kunkel and Champion 2019; van Oldenborgh
etal. 2017).

Looking forward, there is evidence of a likely increase in the rate of precipitation from
hurricanes making landfall in the United States (Knutson et al. 2022) as has already been
observed (Shearer et al. 2022; Uehling and Schreck 2024). Also, recent research indicates that
there may be an increase in the number of major hurricanes that make landfall in the United
States (Knutson et al. 2022), as well as an increase in the intensity of hurricanes that form as
global warming progresses (Knutson et al. 2020). As with research focused on the past, the
question of whether the frequency of hurricanes will increase in the Atlantic basin in the
future as a result of human-caused climate change is an active area of research (Knutson et al.
2022; Marvel et al. 2023). In a study by the Electric Power Research Institute and the Pacific
Northwest National Laboratory, the authors found that by the end of the century, under a
high-emissions scenario, much of the coastal region within MISO’s territory will experience
approximately one additional severe power outage per decade as a result of global warming-
induced changes in hurricane activity (EPRI 2024).

Key Takeaways. While it is still unclear whether the number of hurricanes will increase

within the MISO+ region as a result of human-caused climate change, the research is clear that
the region’s hurricanes are intensifying more rapidly and carrying more extreme precipitation,
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a trend expected to persist as global warming continues. A collaboration between power
system actors and climate scientists in regions susceptible to hurricanes—including inland
areas—will be important for decisionmaking informed by the latest developments in scientific
understanding in this arena.

Extreme Winter Storms

Across much of MISO’s territory, winter is warming faster than summer and the length of the
cold season is decreasing (Marvel et al. 2023). As global warming progresses, the period when
snowstorms occur is expected to decrease, with fewer snowstorms occurring early and late in
the snow season (Ashley et al. 2025; Notaro et al. 2014). Many studies point to the likelihood of
less snowfall overall and a northward shift in the boundary of where snow occurs (Ashley et al.
2025; Ning and Bradley 2015).

There is still considerable uncertainty, however, around how the frequency of extreme
snowfall events are likely to change in a warming world in the central United States. Some
studies suggest a decrease in the number of severe snowstorms (Browne and Chen 2023),
while others raise the possibility of decreases in extreme snowfall events along and south of
the Ohio River Valley and increases in these events to the north of this region (Ashley et al.
2025). Winter storms that do form in the future might be more intense for a few reasons
(Ashley et al. 2025; Notaro et al. 2014). First, a warming atmosphere can hold more moisture
that can then fall as snow under the right conditions (Ashley et al. 2025). Second, there may be
more extratropical cyclones in parts of the central United States—for example, the Upper
Midwest—that can produce winter storms (Eichler 2020).

Furthermore, researchers have identified a link between severe winter weather in the
Northern United States and Arctic warming (Agel et al. 2025; Cohen, Francis, and Pfeiffer
2024). As the Arctic warms, it can affect the northern polar vortex—an area of low pressure
and cold air that circulates at the Earth’s northern pole (NWS n.d.)—causing southward dips in
the jet stream that can bring persistent periods of extremely cold weather, as was seen during
Winter Storm Uri (Cohen et al. 2021). The dynamics of these relationships, including how they
will develop in the future, is an active area of research, with researchers raising the possibility
that these kinds of events could bring extreme winter weather to regions unaccustomed to
such cold outbreaks (Hanna et al. 2024).

Key Takeaways. The length of the cold season and the period when snowstorms occur are
shrinking. These trends are expected to continue into the future as the world warms. There is
also likely to be a northward shift in the boundary of where snow falls, resulting in decreases
in snowfall in some portions of MISO+. However, it is possible that snowstorms may become
more intense in the places where they continue to occur, and a warming Arctic may bring
periods of severe winter weather to the MISO+ region, including places not typically
accustomed to such weather. For these reasons, power system actors must collaborate with
climate scientists to keep abreast of scientific developments that consider the need to prepare
for future Uri-like winter storms.

Grid Planning and Investment Decisions Need to Ensure Grid Resilience

The research presented here begins to answer some of the core questions for decisionmakers
and other entities involved in the MISO+ region seeking to ensure a more resilient, equitable
electric grid: which types of extreme weather events have caused the most widespread and/or
prolonged power outages, who has been impacted in the recent past during major weather-
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related outages, and how climate change is expected to alter the frequency, seasonality, and
severity of these events.

As states, utilities, and MISO prepare for immediate responses to extreme weather—for
example, by developing protocols and practices for how to react in real time when extreme
weather hits—they must also plan and invest in a more resilient grid. This involves assessing
future risks and developing grid investment strategies to mitigate those risks well in advance
of projected extreme weather. Although MISO and many utilities and states point to robust
preparation for extreme weather, they have taken a largely piecemeal and inadequate
approach in planning and investing for future grid resilience needs across the MISO+ region.

As of January 2025, only two states in the region, Michigan and Texas, along with the city of
New Orleans, specifically require utilities to file resilience plans with the respective regulatory
commissions that have oversight over utility investments (Collins et al. 2025). Other states in
MISO+, including Towa, have recently opened dockets seeking information on how utilities are
preparing for or addressing extreme weather risks (IUC 2025). Most states, however, have left
climate resilience planning and investing largely to local jurisdictions and their communities.
Local climate action plans are indeed important, but local jurisdictions rarely have regulatory
oversight over utilities. Without this, such plans relegate communities largely to merely
surviving widespread or extended power outages rather than ensuring that outages are
prevented in the first place.

At MISO, which bears the responsibility for long-term, system-wide transmission planning
and investment decisions, the value of new transmission system infrastructure in avoiding
power outages during extreme weather has only recently entered the picture as a formal
consideration in the decisionmaking process (MISO 2024). MISO’s approach considers the
value of avoided outages during a single type of event—a hypothetical winter storm—when
calculating whether the benefits of a proposed transmission investment outweigh the costs
and therefore should be approved for construction. This benefit metric complements several
other benefit metrics developed by MISO to capture the multivalue nature of transmission
investments. While a step in the right direction, this approach falls short of robust resilience
planning that includes a more comprehensive and proactive risk assessment process to
identify grid investments under different future climate scenarios that specifically help
mitigate the impacts identified across multiple extreme weather events.

Recommendations

Based on our analysis, we offer this brief set of recommendations. It adds to and lifts key needs
from the UCS report Keeping Everyone’s Lights On (Gomberg et al. 2025). If implemented,
these recommendations can set us on a path toward a more equitable and resilient grid that is
prepared to serve communities in the face of climate change and extreme weather risk.

Understand the risks posed by extreme weather and climate change. While this study
provides a broad sketch of some of the key climate risks likely to affect the region, we
emphasize that states, utilities, and MISO should complete fine-scale, comprehensive climate
risks assessments. Such assessments should examine the full suite of extreme weather risks
facing the region over the next thirty to fifty years and beyond. Climate risk assessments
should (1) take advantage of the best-available climate science regarding extreme weather
risks and patterns over time, (2) seek to identify specific areas of investment needs to bolster
resilience, (3) involve input and ownership from the communities served by the grid, and (4)
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include concrete next steps to begin addressing identified risks in a holistic, inclusive, and
cost-effective way.

Accelerate the clean energy transition. Despite a current lack of federal leadership, states
and utilities must continue to reduce planet-warming emissions to lessen the risks associated
with ever-worsening extreme weather. The quicker that society can decarbonize, the less
intense the impacts of climate change and extreme weather will be.

Engage with communities. States and MISO should ensure that grid investments made to
build resilience (1) are informed by community input, (2) are complementary to community-
level initiatives, and (3) do not displace risk from one vulnerable community to another
without mitigating the risk or strengthening community resilience. Deliberate and transparent
engagement with communities, particularly those most vulnerable to the impacts of power
outages, help ensure that investment decisions better account for adaptation needs to
prolonged outages during and after extreme weather events. Case studies demonstrate that
transmission projects developed through genuine partnership with communities, including
applying clear community benefits frameworks rather than one-way engagement, experience
fewer delays, have stronger local support, and result in more durable resilience gains for
communities (Kurland et al. 2025).

Be proactive, not reactive. There is always uncertainty in projecting the future. Still, we
cannot let this uncertainty lead to inaction. While historical experience is a vital piece of
understanding how to move forward, decisions must be primarily informed by our best
understanding of potential future conditions. States, utilities, and MISO must ultimately take
action on developing and implementing the climate risk assessments recommended
previously. At the state and utility levels, this means opening new regulatory dockets that
invite input from communities and other involved parties to decide how to move forward in
addressing the identified climate risks to customers and communities. At the MISO level, it
means developing new methodologies that accurately reflect the full suite of risks facing the
system and that capture the full range of benefits from transmission system investments that
mitigate those risks.

Defend government science services. Federal and state agencies provide much of the
scientific data necessary to understand weather patterns, climate change trends and impacts,
and, ultimately, the risks posed by extreme weather in both near-term and long-term
forecasts. For example, MISO relies on essential real-time weather and climate variability
information from NOAA’s Weather Prediction Center and Climate Prediction Center (MISO
n.d.). Private sector climate services are all dependent on such underlying information being
available. Unfortunately, much of this critical work is under threat from politicians and special
interests that either do not recognize the value of science or directly benefit from the
suppression of climate science (Minovi et al. 2025). States, utilities, and RTOs that are
ultimately responsible for keeping the lights on must be vocal in expressing the importance of
government-sponsored data collection and dissemination, as well as scientific research that
can help us understand what future conditions to expect and how to effectively prepare for
them.

Hold utilities and MISO accountable. States are key players in building a more resilient
electric grid because they are uniquely situated to hold both utilities and MISO accountable
for responsible, climate-informed resilience planning and investment. Extreme weather
events can no longer be shrugged away as system anomalies that we cannot foresee or plan for.
Recent events and ongoing climate research are telling us we need to act and that failure to do
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so is negligent. States can hold their local utilities accountable through new legislation and
regulatory requirements specifically articulating climate resilience as an obligation. Once a
legal obligation has been established, creating mechanisms and metrics for monitoring,
accountability, and trust is critical to ensure that grid investments build resilience cost-
effectively and equitably (Kurland et al. 2025; Rokstad 2025; Webb, Panfil, and Ladin 2020).

Because extreme weather events do not respect state or utility boundaries, MISO is also a
critical actor in grid resilience efforts. The RTO’s system-wide perspective and ability to
coordinate interstate efforts makes it well positioned to identify broadly beneficial solutions to
grid resilience issues. Holding MISO accountable involves both state and federal jurisdiction.
The Federal Energy Regulatory Commission (FERC) has authority over RTOs like MISO to
require their more robust consideration of future climate change and extreme weather risks
when identifying system needs and making transmission system investments. States also have
significant influence over MISO because any transmission investment approved by MISO must
also be approved through state regulatory processes. Using this leverage, states should hold
MISO accountable by demanding better climate resilience planning, scrutinizing MISO-
approved transmission projects in the context of grid resilience, and seeking federal
intervention if MISO is not responsive to these efforts.

Conclusion

In our review of a decade of weather-related outages in the central United States, we found
that all of the region’s one hundred worst outage days, measured in maximum number of
customers affected, were associated with a large-scale extreme weather event. Moreover, all
of the 10 worst outage days have occurred since 2020. What is particularly troubling is that the
largest power outages were nearly always caused by compounding events, such as a winter
storm with a tornado outbreak or a hurricane with coastal and inland flooding. Several of the
events occurred back-to-back, implicating the same communities over a short period of time
and leaving households and communities little time for recovery. Such damaging events
deepen social inequities.

The previous decade is a preview of the coming years: As the climate warms, many extreme
weather events are expected to become both more frequent and more severe. Without
intentional and proactive investments, the same inequities that have shaped the differential
impacts of recent events will be amplified in marginalized and underserved communities. As
we named previously in Keeping the Lights On, the growing risk of compound events
necessitates smart investments that build resilience against the myriad and interrelated risks
to everyone. Investing in grid resilience is thus inseparable from investing in energy justice so
that the communities historically least prepared to withstand and recover from extreme
events are not left behind as decisionmakers modernize the grid.

Power system actors at all levels have a role to play in building grid resilience. Local utilities,
states, regional grid operators, and federal regulators each have distinct responsibilities in the
task. To best prepare the region’s power grid for climate change and safeguard the
communities affected by outages, at minimum, we need to understand better the risks posed
by extreme weather and climate change, accelerate the transition to an electricity grid
powered by clean energy, and ensure the inclusion of communities in decisionmaking
processes.
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