Version of Record at: https://doi.org/10.1088/1748-9326/acc7b9

ENVIRONMENTAL RESEARCH
LETTERS

TOPICAL REVIEW « OPEN ACCESS

Understanding the social impacts of power
outages in North America: a systematic review

To cite this article: Adam X Andresen et al 2023 Environ. Res. Lett. 18 053004

View the article online for updates and enhancements.

You may also like

- Collective effects of link failures in linear

flow networks
Franz Kaiser, Julius Strake and Dirk
Witthaut

- Analysis of animal-related electric outages

using species distribution models and
community science data

Mei-Ling E Feng, Olukunle O Owolabi,
Toryn L J Schafer et al.

- The impact decades-long dependence on

hydropower in El Nifio impact-prone
Zambia is having on carbon emissions
through backup diesel generation
Imaduddin Ahmed, Priti Parikh, Graham
Sianjase et al.



https://doi.org/10.1088/1748-9326/acc7b9
https://iopscience.iop.org/article/10.1088/1367-2630/ab6793
https://iopscience.iop.org/article/10.1088/1367-2630/ab6793
https://iopscience.iop.org/article/10.1088/2752-664X/ac7eb5
https://iopscience.iop.org/article/10.1088/2752-664X/ac7eb5
https://iopscience.iop.org/article/10.1088/2752-664X/ac7eb5
https://iopscience.iop.org/article/10.1088/1748-9326/abb6a1
https://iopscience.iop.org/article/10.1088/1748-9326/abb6a1
https://iopscience.iop.org/article/10.1088/1748-9326/abb6a1
https://iopscience.iop.org/article/10.1088/1748-9326/abb6a1

10P Publishing

@ CrossMark

OPEN ACCESS

RECEIVED
28 November 2022

REVISED
21 February 2023

ACCEPTED FOR PUBLICATION
27 March 2023

PUBLISHED
9 May 2023

Original content from
this work may be used
under the terms of the
Creative Commons
Attribution 4.0 licence.

Any further distribution
of this work must
maintain attribution to
the author(s) and the title
of the work, journal
citation and DOL.

Version of Record at: https://doi.org/10.1088/1748-9326/acc7b9

Environ. Res. Lett. 18 (2023) 053004

ENVIRONMENTAL RESEARCH
LETTERS

TOPICAL REVIEW

https://doi.org/10.1088/1748-9326/acc7b9

Understanding the social impacts of power outages in North

America: a systematic review

Adam X Andresen"*

, Liza C Kurtz’, David M Hondula’, Sara Meerow’

and Melanie Gall’

1 Joseph R Biden Jr. School of Public Policy and Administration, Newark, DE 19716, United States of America

'S

*

Author to whom any correspondence should be addressed.

E-mail: andresen@udel.edu

Morrison Institute for Public Policy, Phoenix, AZ 85004, United States of America
School of Geographical Sciences and Urban Planning, Tempe, AZ 85281, United States of America
Watts College of Public Service and Community Solutions, Phoenix, AZ 85004, United States of America

Keywords: power outages, societal impacts, electrical grid failure, populations of concern, North America

Supplementary material for this article is available online

Abstract

As demand for electricity increases on an already strained electrical supply due to urbanization,
population growth, and climate change, the likelihood of power outages will also increase. While
researchers understand that the number of electrical grid disturbances is increasing, we do not
adequately understand how increased power outages will affect a society that has become
increasingly dependent on a reliable electric supply. This systematic review aims to understand how
power outages have affected society, primarily through health impacts, and identify populations
most vulnerable to power outages based on the conclusions from prior studies. Based on search
parameters, 762 articles were initially identified, of which only 50 discussed the social impacts of
power outages in North America. According to this literature, racial and ethnic minorities,

especially Blacks or African Americans, those of lower socioeconomic status, children, older adults,
and those living in rural areas experienced more significant impacts from previous power outages.
Additionally, criminal activity increased during prolonged power outages with both pro-social and
anti-social behaviors observed. Providing financial assistance or resources to replace spoiled goods
can reduce crime. Future research on this topic must consider the financial effects of power outages,

how power outage impacts seasonally vary, and the different durations of power outage impacts.

1. Introduction

The most recent reports from the Intergovernmental
Panel on Climate Change suggests that heat waves
and deep freezes will increase demand for electricity
which in turn will lead to brownouts—intentional
or unintentional drops in voltage to conserve electri-
city during emergencies—and blackouts (Revi et al
2014, Dodman et al 2022). Similarly, the 2021 Amer-
ican Society for Civil Engineers (ASCE) infrastructure
report card rated the current condition of electrical
infrastructure in the United States as mediocre, a
slight improvement from the 2017 report. The report
card defines mediocre as infrastructure in fair or good
condition, but that requires attention and elements of
the system show significant deficiencies in condition

© 2023 The Author(s). Published by IOP Publishing Ltd

and functionality, thus increasing its vulnerability to
risk (ASCE 2021). The ASCE estimated that more
than 2.5 trillion dollars would be required to restore
the nation’s infrastructure to acceptable conditions
(ASCE 2021). This frail and failing infrastructure will
be further stressed by the effects of the changing cli-
mate, including more frequent anomalous weather
events, as well as increasing population and associ-
ated demand for reliable electricity (Anderson and
Bell 2012, Matthewman and Byrd 2014, USGCRP
2018). The current infrastructure was not designed
to withstand the capacity of a rapidly increasing and
urbanizing global population and is vulnerable due
to outdated design standards (Chester and Allenby
2018, 2019). The system, as designed, is highly inter-
dependent with other critical systems, such as water
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purification and communication networks; any fail-
ures within the electrical system can lead to failures
in other systems that depend on continuous electri-
city (Rinaldi et al 2001). As a result, scholars anti-
cipate that the likelihood of blackouts, and their
consequences, will increase in the coming decades
(Anderson and Bell 2012, Matthewman and Byrd
2014, Burillo et al 2017). Infrastructure that is adapt-
ive and flexible to the effects anticipated in the future
climate is essential to mitigate impacts from future
shocks and stressors (Chester and Allenby 2018).
In this context, we are defining adaptive as hav-
ing the capacity to respond to shocks and stressors
to the system while maintaining its fitness (Chester
and Allenby 2018). Future infrastructure design must
consider all potential scenarios of the future climate
and adapt infrastructure accordingly (Burillo et al
2017).

Recent large-scale failures in the electrical grid
have also highlighted the critical nature of urgent
infrastructure repairs. In 2019, the state of California
experienced rolling blackouts to address an increasing
wildfire threat. New York also experienced a brown-
out in 2020 that caused a widespread, and unex-
pected power outage. Most recently, in 2021, Texas
experienced a near collapse of its electrical grid, leav-
ing electricity providers to implement rolling black-
outs that lasted for days in extremely cold temper-
atures. Recently passed legislation allocates funding
into America’s infrastructure systems over the next
10 years (The White House 2021). This investment
in infrastructure provides a foundation to restore the
infrastructure systems to acceptable conditions, but
additional investments are needed to ensure that sys-
tems can still operate under future stresses and strains
(ASCE 2021). While electrical grid failures are tech-
nological in nature, the impacts to human health and
safety add a societal component to these technical
failures.

People are affected adversely by power outages.
Physical health impacts are a large concern dur-
ing power outages, especially for those that rely on
an electricity-dependent medical device (Miles et al
2014, Miles and Jagielo 2014, Esmalian et al 2019).
Mental health issues also become a concern during
power outages, as those affected are living in tem-
porary uncertainty about how long the event will
last and how it may affect them (Rubin and Rogers
2019). As these examples make clear, the effects of
power outages are not uniform across society. Given
the growing risks, it is important to understand how
power outages may differentially impact various pop-
ulations because of their unique social and household
characteristics.

The purpose of this review is to understand how
people are affected during power outages by utiliz-
ing 42 years (1978-2019) of academic literature. To
the best of our knowledge, this is the first review that
explores all social impacts of outages from literature
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published over a long time span. Klinger et al (2014),
Rubin and Rogers (2019), and Casey et al (2020)
conducted similar reviews. Klinger et al (2014) only
focused on two years of peer-reviewed literature
(2011-2012) and identified 20 relevant articles on
the health impacts of power outages. They also util-
ized media pieces to further augment their analysis of
power outages outside of North America (Klinger et al
2014). Casey et al (2020) also examined power out-
age impacts through a community health perspect-
ive. Rubin and Rogers (2019) focused on the psycho-
logical and behavioral impacts of power outages and
argued that these concerns needed to be addressed
by public leaders. Rubin & Rogers identified 47 art-
icles in their review on how the public reacted to a
major loss of electricity, did not have a geographic
boundary, and included hypothetical, or what they
call, “threatened” events. Our aim is to assess com-
mon themes in the literature on how different people
are impacted by power outages. In short, this review
advances knowledge by examining a broader range of
social impacts.

These methodologies are similar to our review;
however, we did not limit the scope to only health
impacts, did not consider media pieces, and only used
Scopus for our review and did not include Google
Scholar or Web of Science. While we recognize Google
Scholar and Web of Science are two common aca-
demic citation databases, each have their strengths
and weaknesses over Scopus. Harzing and Alakangas
(2016) found that Scopus yielded more results and
the largest growth in the number of papers com-
pared to Google Scholar and Web of Science. Google
Scholar’s interface does not allow for bibliometric
analyses to be done and does not provide the same
filtering options that Scopus provides (Harzing and
Alakangas 2016). Google Scholar and Scopus have
become as reliable, if not more than, Web of Sci-
ence. We ultimately decided on Scopus to increase
the probability of finding articles related to the topic
of interest while also filtering out articles that would
not be as relevant from Google Scholar (Harzing and
Alakangas 2016).

When discussing the social impacts of power out-
ages, we are considering the impacts to people and
households that could occur during a power outage,
regardless of how the outage occurred. We are defin-
ing social impacts as the direct and indirect effects
on people’s well-being or their physical or men-
tal health. Some examples of direct impacts include
being unable to use an electronic medical device and
increased feelings of anxiety because of not knowing
when power would be restored. Examples of indir-
ect impacts are having thrown spoiled food away and
re-locating temporarily to a location that has not lost
power.

In the next section we detail the systematic review
methodology, inclusion and exclusion criteria, and
literature selected for this review. In section 3, we
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present the findings from the literature categorized
into common themes, accompanied by a discussion.
Finally, in section 4, we summarize these insights and
propose future directions for power outage research.

2. Review methodology

2.1. Literature search

Roughly 20 preliminary searches were conducted to
iteratively identify a set of search terms that would
return articles relevant to the research objective (see
table 1 for the searches used to create the list of res-
ults for this review). At first, we focused on using
search terms that were relevant to identifying research
related to power outages that occurred after a nat-
ural hazard. While reading through abstracts of pre-
vious searches, it was apparent that we were miss-
ing outages that occurred independently, or those
that were initiated due to failures within the electric
grid system itself. We revised our terms to include
papers related to these events within our review. Ulti-
mately, we used two separate keyword lists to build
a set of candidate articles for inclusion, and evalu-
ated articles on each list based on inclusion criteria.
We searched for articles using Scopus, limiting the
search to peer-reviewed literature articles published
in English with the search terms present in the title,
abstract, or keywords (Andresen 2020). We under-
stand that papers may be missing from the Scopus
database and our search criteria may not capture all
relevant papers. There also might be relevant non-
peer-reviewed work that is relevant to this topic but
not included in our criteria. We acknowledge and
recognize these aspects of the methodology as poten-
tial limitations (Harzing and Alakangas 2016). The
first set of search terms, applied in December 2019,
used ‘power outage™” AND ‘impact™®”. This search yiel-
ded 513 candidate articles.

The second set of search terms was applied in Feb-
ruary 2020 to broaden the scope of articles on the
social impacts of power outages that were included.
The terms used in the searches, specifically power
outage, blackout, and power failure, were used as
they are similar in meaning and could most effect-
ively capture research related to electricity disrup-
tions. Excluding terms like alcohol and drink were
necessary because in preliminary searches, there were
instances where blackout would return results related
to either medical conditions or over-consumption of
alcohol, which is not the purpose of this review. Other
terms, like electricity, were not included but should
be considered when conducting future reviews on this
topic; we recognize there are search terms that could
yield additional articles to include in our review and
acknowledge that omitting certain search terms as a
limitation to our review. When examining the res-
ults from the first search, it appeared we were miss-
ing papers from the health perspective of power out-
ages. The second search used a set of terms aimed
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at expanding the scope of the research further, by
attempting to find relevant research from the health
perspective, like that of Klinger et al (2014). The
second search produced 560 articles.

We did not specifically examine research on mod-
eling power outage patterns, both spatially and tem-
porally, nor did we intend to review the findings of
papers that explore the potential impacts that are
modeled through simulations of future power out-
ages, providing access to electricity, or maintaining
a reliable electric supply. We also recognize that the
infrastructure management in North America differs
from other countries and that papers focused outside
of North America were less likely to be written in Eng-
lish, and thus would have to be excluded per our fil-
tering criteria. We also acknowledge that other lan-
guages are common within the United States, how-
ever the authors did not have the knowledge or
resources available to accurately translate papers writ-
ten in another language to include them in the review,
and recognize this language barrier as a limitation to
this review.

We bounded our review to only studies that
focused on events within North America. We limited
the geographic scope of papers in this review to North
America due to aspects of the United States’ electric
grid existing in Canada and Mexico (Andresen 2020).
Therefore, when failures occurr in the United States,
the effects can, sometimes, cascade throughout por-
tions of the system beyond the United States border.
We did not limit the geographic scope to only the
United States given this overlap with the two coun-
tries at certain points within the system (Learn More
About Interconnections, n.d.).

2.2. Coding

The aforementioned search terms returned 762 res-
ults in Scopus. We read each abstract to determine
if the paper possibly examined the social impacts of
power outages. After reading through the abstracts
the first time, four inductive and inclusive themes
emerged: modeling (n = 173), technical (n = 393),
social (n = 70), and other (n = 333). Abstracts were
read a second time to classify each abstract into these
themes. Papers classified as modeling used a simula-
tion or modeling technique to simulate power out-
age occurrences. Those classified as technical papers
explore the impacts of power outages on physical
infrastructure. Social research examined impacts on
individuals, households, or demonstrated how power
outages impacted critical social services. The other
category served as a classification for papers that
do not fall under the three previously listed cat-
egories. Only those classified as social, either exclus-
ively or in combination with other categories, were
subject to additional criteria to determine if they
examined the social impacts of power outages and
were eligible for inclusion in the full review. This
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Table 1. Search terms used to return the final list used for this systematic review (Andresen 2020). Reproduced from Andresen (2020)

CC BY 4.0.
Search number ~ Terms used Number of results
1 ‘power outage™ AND ‘impact™’ 513
‘power outage™” OR ‘blackout™ OR ‘power failure™’ 560

AND fsocial’ OR ‘health® AND NOT ‘alcohol*” OR
‘drink™” OR ‘micro®” AND DOCTYPE (ar or re)
3 #1 OR #2 AND DOCTYPE (ar or re) 762

Combined search
(n=762)

¥

Did not include social
impacts in abstract
(n=126)

Removed duplicates
(n=107)

Did not include social
impacts in full-text
read (n =50

Papers in North
America (n = 40)

H n = 636 removed
H n =19 removed

Obtainable/Readable
(n=77) n = 30 removed

H n = 10 removed
Adding known papers
(n = 50) —

n = 27 removed

n = 10 added

Figure 1. A visualization of the filtering process to obtain the list of literature used for this review. Adapted from Andresen (2020)

CC BY 4.0.

step eliminated 636 papers. As part of this screen-
ing, we excluded 125 papers that examined a signi-
ficant weather event but did not detail the impacts
of the ensuing power outage. We eliminated 391
papers that observed the impacts past power out-
ages had, or future outages may have, on the elec-
tric grid or other aspects of the electrical grid sys-
tem, classified as only a technical paper. We excluded
studies that examined willingness-to-pay or discrete
choice experiments and classified these studies as
other. While these studies estimated the number of
money people would consider paying to avoid out-
ages, no connection to impacts was made (Carlsson
and Martinsson 2008, Abdullah and Mariel 2010).
Additional studies excluded consisted of a biograph-
ical account of living in a situation with unreliable
electricity outside of North America or deploying a
model or simulation to show the potential impacts

that could affect people (Hiete ef al 2011, Kesselring
2017). We also removed 19 duplicate entries and 30
papers that were inaccessible, not written in English,
or had insufficient data in the Scopus search returns.
We then read the full text of the remaining 77 art-
icles. After the full-text read of each paper, 27 more
papers were removed as they did not examine the
social impacts of power outages, despite making it
through the previous criteria; 50 papers remained.
Finally, we removed ten papers focused on areas out-
side of North America resulting in a final dataset of
40 papers. The authors were aware of ten additional
papers from previous work and papers that were not
included in the search results, bringing the final total
to 50 papers for this review. A visual depiction of this
process is displayed in figure 1. More details about
the literature used can be found in the supplemental
material.
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We further analyzed the papers based on their
research design and the methods used to conduct
the research (see table 2). The research design and
method themes emerged from the included papers
based on the authors’ descriptions and explanations.
After categorizing the research designs for each paper
included in the review, we classified the papers fur-
ther to examine the common methodologies used
to study the social impacts of power outages. The
themes developed using an inductive approach to
allow themes to emerge. This review did not use soft-
ware to analyze the literature.

3. Results and discussion

3.1. Descriptive and thematic analysis

One of the most striking findings from our review
is that only five percent of the original sample of
762 papers identified in Scopus focused on the social
impacts of power outages. Of the 50 papers included
in this review, six also included a statistical modeling
component and were categorized as modeling. Four
papers also discussed components of the hard infra-
structure or the technical aspects of power outages
and were also labeled technical. Finally, four papers
also were classified as other as their methods or over-
all objective did not fit within the scope of a model-
ing or technical paper. Of the 50 papers analyzed, 40
solely focused on the social effects of power failures
without addressing one or more of the other categor-
ies (see figure 2).

Significant events, like large-scale blackouts,
provide an opportunity to research the social impacts
of power outages; however, these are not planned
events and can be difficult to anticipate for research-
ers. The primary focus of the literature we examined
was the impact of power outages during the after-
math of significant weather or geological events.
Most of the literature here focused on power out-
ages lasting for more than one day (see table 2). From
the 50 papers used in this review, 46 examined the
power outage impacts of 26 distinct events. The most
frequently examined events were the 2003 blackout
that occurred across the northeastern United States
and parts of Canada and Superstorm Sandy (2012),
which were the subject of ten articles and seven art-
icles, respectively. The 1977 blackout in New York
City, Hurricane Irma (2017), and Hurricane Isaac
(2012) were also each the subject of more than one
article we reviewed; other events mentioned were
examined in the literature only once. The remainder
of the research did not emerge from a significant
event (n = 4).

We found that articles related to the social impacts
of power failures appeared in 40 different journals
(see table 3), suggesting that this research is highly
interdisciplinary. Only five journals published more
than one article included in this review. These journ-
als included Prehospital and Disaster Medicine (five
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publications), Disaster Medicine and Public Health
Preparedness (three publications), the Journal of
Environmental Health, Natural Hazards, the Amer-
ican Journal of Preventive Medicine, and the Journal
of Infrastructure Systems (each with two publica-
tions). Journal titles reflected a wide range of discip-
lines addressing the social impacts of power failure,
including public health, geography, sustainability,
and energy.

There has also been a rise in scholarship in this
field over recent decades (figure 3). Before the 21st
century, we found only four articles on the social
impacts of power outages, with the earliest article
in our review published in 1978, ten from 2000-
2009, and 35 from 2010-2019. However, it should be
noted that this increase may correspond to the overall
increase in published research within the past decade,
as well as opportunities for research presented by haz-
ards such as Hurricane Isaac and Superstorm Sandy
(2012), and Hurricanes Irma and Maria (2017). The
possibility does exist that some events received more
research attention in general and could therefore have
more papers written about them, including those
related to power outage impacts. However, examin-
ing which events have been studied most frequently
in greater detail is outside the scope of this review.

We further classified the papers we reviewed based
on their design and methodological approach. Each
paper was classified as either a case study or system-
atic literature review. If the paper was classified as a
case study, we further classified the paper based on
the method(s) used. The most common methods in
the articles we reviewed were interviews (n = 12),
followed by surveys (n = 7), reports or summar-
ies of events (n = 3), models (n = 2), and other
(n = 1). To clarify, any research classified as a case
study examined a variety of impacts because of an
event but maintained a focus on the ensuing power
outage that occurred after the event (see table 4).

As of June 2020, when we collected citation
information, the papers found through this review
were only modestly cited in the literature, with an
average citation count of 10.84 citations per paper
(standard deviation = 11.85). Forty-four of the 50
papers in this review were within one standard devi-
ation of the average citation count. Forty-seven of the
papers were within two standard deviations of the
average. The most cited had, at the time of this review,
56 citations (Anderson and Bell 2012), with the next
highest being 45 citations (Marx et al 2006), and
then 40 citations (Greenwald et al 2004). Most of the
papers published before 2000 have a relatively small
number of citations, except for Wrenn and Conners
(1997) with 30 citations.

3.2. Themes within the literature

This section encompasses the relevant findings from
the literature across three inductive themes: popula-
tions of concern (n = 29), health impacts (n = 24),
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Figure 2. A visual breakdown showing how many papers included in the review fell under each category. Adapted from Andresen

and criminal activity (n = 6) (see also Andresen
(2020) for more information about these results).

3.2.1. Health impacts

This section examines the 24 studies that observed
the health impacts of previous power outages and
how these events impacted healthcare systems. This
section also highlights the physical and mental
impacts to human health that were caused by power
outages.

3.2.1.1. Physical health impacts

Health impacts were a common theme in the literat-
ure. One of the main concerns from the health sector
when a major power outage occurs is the increase in
the emergency department (ED) visits due to carbon
monoxide (CO) poisoning. CO poisoning primar-
ily resulted from improper and unsafe usage of gen-
erators during a power outage, as noted by Riddex
and Dellgar (2001), Van Sickle et al (2007), Fife
et al (2009), Call (2010) and Wrenn and Conners
(1997). An increase in the number of hospital and
ED admissions due to carbon monoxide was repor-
ted by Baer et al (2011) after a significant windstorm
in the state of Washington in December 2006. A sim-
ilar pattern was observed after a Colorado snowstorm
in 2006, when 264 people, presented with CO pois-
oning symptoms (Musciatello et al 2006). Similarly,
Schnall et al (2017) noted 566 cases of carbon monox-
ide poisoning post-Superstorm Sandy. Anderson and
Bell (2012) also found that deaths from CO pois-
oning were accidental and more likely to occur in
older age groups. Hospitals and emergency depart-
ments should expect an increase in ED visits because
of incidents that occur after the hazard (Greenwald
et al 2004, Muscatiello et al 2010, Johnson-Arbor et al
2014, Schnall et al 2017).

3.2.1.2. Mental health impacts

Another concern related to health was the impacts
on mental health during power outages. The longer
duration that services, like electricity, were lost, the
more likely signs of anxiety, depression, stress, and,
in some cases, Post Traumatic Stress Disorder were to
develop (Gros et al 2012, Paradis 2012, Apenteng et al
2018, Moreno and Shaw 2019). However, if the outage
lasted a short time, significantly less severe psycholo-
gical symptoms were observed, primarily due to pre-
paredness factors before the outage occurred (Gros
et al 2012). ED visits for mental health reasons also
increased during power outages (Lin et al 2016, Rubin
and Rogers 2019).

Other potential physical injuries may occur dur-
ing a power outage from mental health impacts. Dur-
ing power outages, some people may resort to abus-
ing substances to cope with the unusual times, like
alcohol and drugs, adding to the danger of power
outages (Jani et al 2006, Lemieux 2014, Lin et al
2016). Jani et al (2006) noted that of the 32 deaths
examined from Hurricane Isabel, alcohol appeared to
be involved in eight deaths and marijuana in one. All
deaths occurred while completing tasks that require
coordination and good judgment, for instance, driv-
ing in dangerous weather conditions (Jani et al 2006).
Communication and messaging about the dangers
of using these substances during and after extreme
weather events are critical to limit the number of
indirect deaths (Jani et al 2006).

3.2.1.3. Food-related impacts

Food-related illnesses also increase during and after
power outages due to the consumption of spoiled
food. Marx et al (2006) noticed an increase in ED vis-
its in New York City after the 2003 Northeast blackout
for symptoms of diarrheal illness. The authors could
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Table 2. A list of events and their frequency in the literature reviewed. Adapted from Andresen (2020) CC BY 4.0.

Number

Event of papers In-text citations

1977 NYC Blackout 4 Imperato (2016), Muhlin et al (1981),
Sugarman (1978), Wohlenberg (1982)

1991 Ice storm 1 Wrenn and Conners (1997)

1994 Ice storm 1 Wrenn and Conners (1997)

1998 Blackout 1 Lemiuex (2014)

1998 Ice storm 1 Riddex and Dellgar (2001)

1999 Power outages 1 Dominianni et al (2018b)

2003 Blackout 11 Eachempti et al (2004), Greenwald et al (2004),
Kile et al (2005), Rand et al (2005), Freese et al
(2006), Marx et al (2006), Klein et al (2007),
Lin et al (2011), Paradis (2012), Anderson and
Bell (2012), Dominianni et al (2018b),

2003 Hurricane Isabel 1 Jani et al (2006)

2003 SARS 1 Paradis (2012)

2004 Hurricanes 1 Van Sickle et al (2007)

2005 Florida hurricanes 1 Becker et al (2012)

2006 Power outages 1 Dominianni et al (2018b)

2006 Snowstorm 1 Muscatiello et al (2010)

2006 Windstorm 1 Baer et al (2011)

2008 Hurricane Ike 2 Fife et al (2009), Gros et al (2012)

2011 Snowstorm 1 Johnson-Arbor et al (2014)

2011 Outage 1 Miles et al (2014)

2012 Derecho 1 Abir et al (2013)

2012 Hurricane Isaac 2 Miles and Jagielo (2014), Miles et al (2016)

2012 Superstorm Sandy 7 Burget et al (2013), Burger and Gochfeld
(2014), Burger and Gochfeld (2015), Gotanda
et al (2015), Arya et al (2016), Lin et al (2016),
Schnall et al (2017)

2013 Snowstorm 1 Johnson-Arbor et al (2014)

2016 Hurricane Hermine 1 Ulak et al (2018)

2017 Hurricane Harvey 1 Esmalian et al (2019)

2017 Hurricane Irma 3 Mistova et al (2018), Chakalian et al (2019),
Mitsova et al (2019)

2017 Hurricane Maria 1 Romén et al (2019)

Ice Storms from 1886-2000 1 Call (2010)

N/A 6 Palmieri and Greenhalgh (2002), Kosa et al

(2011), Kosa et al (2012), Matthewman and
Byrd (2014), Dominianni et al (2018a), Rubin
and Rogers (2019)

not establish a relationship between power outage and
consuming spoiled food, as additional samples and
data would be needed to further support their find-
ings. However, the authors stated that spoiled food
after the blackout may have caused an increase in ED
visits (Marx et al 2006). Kosa et al (2011) highlighted
through their study that many Americans are not pre-
pared enough for a prolonged outage. Of those that
experienced a power outage, only 37% discarded food
that thawed in the freezer, and 31% discarded refri-
gerated perishable food that remained in the refriger-
ator for at least 4 h without power (Kosa et al 2011).
From the sample, 33% of the sample knew to discard
perishable foods, like meat, eggs, and dairy, after 4 h
without power (Kosa et al 2011).

3.2.1.4. Medical devices
In addition to those that require hospitalization or
care at a medical facility, people that require at-home
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care or are dependent on medical equipment outside
of a medical facility, are vulnerable during power out-
ages. Those that are dependent on medical devices,
other than home oxygen therapy (HOT) equipment,
are also more likely to call for emergency services dur-
ing an outage (Rand et al 2005). During the 1977
New York City blackout, over 70 000 emergency calls
were received in the 48 h blackout, as opposed to an
average of 18500 calls in 48 h under normal con-
ditions (Imperato 2016). Those that require regular
medical treatments (e.g. dialysis and other special-
ized medical practices) are vulnerable during power
outages because of the possibility of missing treat-
ments and not having a facility with reliable electri-
city to receive that treatment (Abir et al 2013). Device
failure, from HOTs and ventilators, also led to an
increase in ED visits, which requires significant ED
and hospital resources (Greenwald et al 2004). The
findings here indicate that patients who require HOT
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Table 3. A list of journals, and frequencies, where articles for the review were published. Reproduced from Andresen (2020) CC BY 4.0.

Journal

Number of papers

Academic Emergency Medicine

American Journal of Disaster Medicine

American Journal of Preventive Medicine

American Journal of Preventive Medicine

American Journal of Public Health

American Society of Civil Engineers

Archives of Surgery

Clinical Toxicology

Computing in Civil Engineering 2019: Smart Cities, Sustainability, and
Resilience—Selected Papers from the ASCE International Conference
on Computing in Civil Engineering 2019

Disaster Medicine and Public Health Preparedness

Disasters

Economic Geography

Educational Gerontology

Environmental Health Perspectives

Epidemiology

Evaluation and Program Planning

Food Protection Trends

IEEE Spectrum

International Journal of Disaster Risk Reduction

Journal of Community Health

Journal of Emergency Medicine

Journal of Environmental Health

Journal of Infrastructure Systems

Journal of Psychopathology and Behavioral Assessment

Journal of Public Health and Management

Journal of Risk Research

Journal of Toxicology and Environmental Health—Part A: Current
Issues

Journal of Trauma—Injury, Infection and Critical Care

Journal of Urban Health

Natural Hazards

Pediatrics

PLoS ONE

Prehospital and Disaster Medicine

Prehospital Emergency Care

Public Health Reports

Science of the Total Environment

Social Space

Sustainability (Switzerland)

Vulnerability, Uncertainty, and Risk: Quantification, Mitigation, and
Management—Proceedings of the 2nd International Conference on
Vaulnerability and Risk Analysis and Management, ICVRAM 2014 and
the 6th International Symposium on Uncertainty Modeling

= o o = NN o e e e e = W N NG Y g

— e e e e e ] = = DN e

Weather, Climate, and Society

treatments need assistance before the storm so they
can prepare for the post-event period without power
(Esmalian et al 2019). Thus, planning for large-scale
events, and more specifically planning where those
who rely on electronic medical equipment need to be
transported to receive the proper treatment, is a vital
component of power outage preparedness, response,
and recovery (Miles et al 2014, Miles and Jagielo
2014).

3.2.2. Populations of concern
A common theme within the literature was the recog-
nition that certain populations are more at risk for

negative outcomes during a power outage. We found
29 studies that identified one or more populations of
concern. Populations of concern identified through
this research included children, non-English speak-
ers, racial/ethnic minorities, older adults, and those
that live in rural areas. While we identify these groups
as populations of concern, we recognized most art-
icles view this phrase in a vulnerability context. In
using language that aligns with vulnerability, the
definitions of what make a vulnerable population can
vary. In this review, we attempted to synthesize the
commonly identified populations of concern in the
literature.
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Figure 3. A line graph showing the frequency of papers published each year from 1978-2019. Adapted from Andresen (2020)
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Table 4. A list of the designs and methods used throughout the
review. Adapted from Andresen (2020) CC BY 4.0.

Design Number of papers
Case Study 44
Lit review 1
Other 2
Report 3
Method Number of papers
Interviews 11
Lit Review 1
Mixed methods 3
Model 6
Other 10
Report/summary 3
Retrospective review 6
Statistical analysis 3
Survey 7

3.2.2.1. Children

Children, specifically under the age of 17, are a pop-
ulation of concern during power outages because of
the greater risk of exposure to Carbon Monoxide
(CO) poisoning because of improper generator use
(Schnall et al 2017). This group was less aware of the
dangers associated with power outages after Super-
storm Sandy (Schnall et al 2017). Fife et al (2009) also
found the number of children affected by CO poison-
ing was higher than other populations because they
relied on technology for entertainment. This activ-
ity becomes a danger because children will use their
devices near an operating generator while they are
charging, leading to a greater risk of CO poisoning
because of their proximity to the generator (Fife et al
2009).

3.2.2.2. English as a second language speakers

Those who do not speak English as their first language
may not understand safety messaging provided only
in English. Safety messaging emerged as a sub-theme
in several studies that examined the intersection
of language and power outage communication and
messaging. The three studies that investigated the
role of language consistently found that individuals
with limited English proficiency were at higher risk
of improper generator use or could not access or
understand relevant safety information (Wrenn and
Conners 1997, Burger et al 2013, Schnall et al 2017).
Information that is available in multiple languages
will assist this population most during power outages.

3.2.2.3. Racial and ethnic minorities

Racial and ethnic minority populations, more spe-
cifically African Americans, were reported to be at
greater risk of adverse effects during power outages.
Muhlin et al (1981) indicated that areas with greater
minority populations were at greater risk to experi-
ence increased crime during a power outage. Lin et al
(2016) also noted that those of low socioeconomic
status experienced greater mental health problems,
for example, anxiety, mood disorders, and substance
abuse, because of a power outage. These impacts were
present after Hurricane Sandy and highlighted the
Bronx area, where roughly 44% of the population is
Black according to a 2019 U.S. Census estimate, as a
significant place of concern in the aftermath of Hur-
ricane Sandy (Lin et al 2016).

3.2.2.4. Older adults
Older populations may also be at greater risk dur-
ing power outages, as they are more likely to be
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dependent on medical equipment for chronic ill-
ness and increased mental health impacts (Ander-
son and Bell 2012, Paradis 2012, Lin et al 2016).
Like those of lower socioeconomic status, Lin et al
(2016) also found that older adult populations exper-
ience greater psychological symptoms during a power
outage, such as increased stress, anxiety, depres-
sion, and the overall need for greater support—and
should be prioritized. Similar findings were noted by
Eachempati et al (2004), Gotanda et al (2015), and
Rubin and Rogers (2019). However, Chakalian et al
(2019) found the opposite after Hurricane Irma, not-
ing that households with individuals over the age of
64 were less likely to experience stress or discom-
fort because of a hurricane or a blackout. This group
was more self-reliant in mitigating impacts on their
overall well-being and was more independent dur-
ing these times than initially hypothesized (Chakalian
etal 2019).

3.2.2.5. Rural populations

Rural populations are more likely to experience
longer outages than those living in urbanized areas
(Call 2010, Gros et al 2012). In urban settings, the
concentration of power lines that are considered high
priority is centralized and located within proximity,
leading to faster response and restoration times com-
pared to surrounding rural areas (Call 2010, Gros et al
2012, Roman et al 2019). Thus, providing rural areas
with greater assistance after a significant event or dur-
ing a prolonged power outage is necessary as elec-
trical infrastructure in these areas is not as clustered
as urbanized areas (Romdn et al 2019). However,
due to previous experiences, this group may also be
more prepared for longer outages, and better anticip-
ate longer restoration times for future events (Roman
etal 2019).

3.2.2.6. Healthcare workers

Healthcare system workers are more likely to be over-
stressed and overworked during a power outage. The
blackout that occurred in 2003 across the north-
eastern United States demonstrated that Specialists-
in-Poison Information, workers in the Poison Con-
trol Center, were greatly overworked and had trouble
finding time to rest during and after the blackout
(Klein et al 2007). Workers experienced a signific-
ant increase in call volume both during the black-
out and after power was restored (Eachempati et al
2004, Freese et al 2006, Klein et al 2007, Paradis 2012).
Freese et al (2006) found a statistically significant
increase in the number of emergency calls made com-
pared to a normal 24 h period. The increased call
volume has the potential to impact healthcare work-
ers mentally as they respond to a larger than normal
number of emergency calls. This population needs
attention to help avoid burnout and fatigue both dur-
ing them outage and after power is restored.
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3.2.2.7. Other populations

Lin et al (2011) indicated those of higher socioeco-
nomic status should also be considered if a power
outage occurred during the summer season as they
are more likely to experience heat-related symptoms.
Lin et al argued this group may have less experi-
ence dealing with uncertainty, for instance, a power
outage, and less knowledge about how to keep cool
in their homes during the summer months without
air conditioning. This population can also afford
healthcare and therefore receive treatment. Those of
higher income are more likely to own resources that
are necessary to stay cool in warmer temperatures,
like air-conditioning. However, when these resources
become unavailable during a power outage, those of
higher income could have a lower capacity in dealing
with warmer temperatures, both indoor and outdoor,
and may be less aware of cooling strategies.

In the event of a power outage, the list of pop-
ulations identified in this review serves as a starting
point for practitioners to assess preparedness. Those
that rely on medical equipment or suffer from chronic
conditions are dependent on hospitals having reli-
able backup generators and running generators until
power is restored. Should supplies run low, medical
providers must be able to connect their customers
with additional resources that can provide services
until power is restored (Arya et al 2016). There-
fore, both those that need medical equipment and
those that provide medical services and care, includ-
ing pharmacies, must be prepared for a prolonged
power outage.

3.2.3. Criminal activity

A third theme that we identified in the literat-
ure centered on whether criminal activity increased
because of power outages. While this theme was less of
a focus than health impacts and populations of con-
cern, we did find six articles that discussed the issue.
Interestingly, while the literature discusses that crim-
inal activity is theorized to occur post-hazard, this
impact may be overstated; no articles in our review
demonstrated that criminal activity increased post-
natural hazard. When power outages occur inde-
pendently of a hazard, crime and various criminal
acts were more likely to occur due to an increase in
motivation to commit crimes (Lemieux 2014, Mat-
thewman and Byrd 2014). Power outages and black-
outs provide an opportunity for fraud, theft, and
exploitation (Matthewman and Byrd 2014). Busi-
nesses located in poorer areas were more likely to be
looted than businesses located in areas with greater
economic prosperity (Sugarman 1978, Wohlenberg
1982). Wohlenberg (1982) found that business own-
ers in poorer areas that were harder hit by anti-social
acts during a power outage intentionally burned
their businesses. Other crimes not planned for may
increase, such as generator theft and breaking into
properties with an alternate power supply (Riddex
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and Dellgar 2001). If a blackout disrupts public ser-
vices, authorities must expect pro- and anti-social
activities to occur (Wohlenberg 1982).

However, this finding from Wohlenberg is con-
tested both in findings from the literature for this
review and in the disaster literature. Freese et al (2006)
found that the crime rate did not change in com-
parison with the same dates in the previous year.
The findings from Freese et al (2006) align with
findings from the disaster literature, which indicates
that an increase in criminal activity rarely occurs,
despite heavy media attention directed towards isol-
ated incidents (Quarantelli 2007, Call 2010, Lemieux
2014).But as Moreno and Shaw (2019) indicate, when
looting did occur, instances of pro-social and anti-
social looting occurred. People looted supermarkets
for food and water (pro-social looting) and depart-
ment stores for non-essential items like televisions
and jewelry (anti-social looting). Looting affects per-
ceptions of safety and trust within communities and
can impact restoration times due to concerns over
worker safety (Moreno and Shaw 2019).

Despite the potential for crime to occur, crimes
can be mitigated with financial support and from
local officials (Lemieux 2014). Financial assistance
and food can be provided to reduce the crime rate
during a power outage, but this solution is only tem-
porary as the crime rate would increase once the
initial relief has expired but power has not been
restored (Rubin and Rogers 2019). This increase in
crime could occur because of people requiring fur-
ther assistance when additional assistance cannot be
provided, which could lead to distress and unhappi-
ness for persons needing resources.

3.3. Gaps within the literature
This review identifies a number of critical know-
ledge gaps in our understanding of power outage
impacts. First and foremost, more research needs to
consider the social impacts of power outages, which
may increase in the future. Future research should
put more effort into understanding how people are
affected by more frequent power outages of shorter
duration compared to longer and less frequently
occurring power outages. While shorter outages may
seem like only a nuisance to some, others may see
more frequent outages as a significant concern, espe-
cially if they rely on a breathing machine or struggle
to consistently afford essentials. For those that rely on
dialysis treatments, for example, losing power while
receiving treatments can be deadly if patients are not
immediately taken off the machine. Knowing what
impacts are anticipated with outages at certain lengths
of time can help local organizations respond more
effectively by providing sufficient resources that can
aid those affected, especially those of lower income,
that can last until power is restored.

The financial impacts of power outages have
been under-investigated and would serve those of
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lower socioeconomic status, as they tend to struggle
to afford essentials and may be disproportion-
ately impacted by the loss of food or inability to
work. While there have been studies that examined
willingness-to-pay and how much people would be
willing to pay to have consistent power to their res-
idence, there have not been many that examined how
people are financially affected by prolonged power
outages (Carlsson and Martinsson 2008, Abdullah
and Mariel 2010). By examining how people are
impacted financially can also help identify poten-
tial groups that may have difficulty recovering in
the aftermath of a prolonged power outage, and
greater assistance can be directed towards these
areas to reduce the financial burden a prolonged
power outage may cause, especially to those of lower
income.

Considering these impacts from an environ-
mental justice perspective can further highlight
inequalities that exist within hazards and disasters.
Previous research has indicated that there could be a
relationship between demographic variables, like race
and ethnicity, and power outage impacts highlighted
from this review. While the findings were not statist-
ically significant, further investigation is needed with
stronger statistical samples to determine if power
outage impacts align with previous research on the
inequities that emerge from hazard- and disaster-
related impacts.

The published research has focused more on how
power outages are seen as an impact, rather than a
separate hazard that occurs post-disaster. During the
aftermath of a disaster, news and media coverage typ-
ically talk about people’s experiences and how they
are recovering from the event. There is not much dis-
cussion of power outages as a technological hazard
and the societal consequences that may emerge from
these events. Further research on this topic will be
needed as the climate continues to evolve and will
create weather scenarios that infrastructure was not
designed for, whether it be extreme cold or heat.
As these events become more frequent, and there-
fore placing infrastructure in a position to experience
these scenarios more frequently, more people will be
impacted by power outages, regardless of how the
outage was initiated. Events like the Texas blackout
the occurred in February 2021 would be of interest
to study as Texans experienced anomalously cold
temperatures and rolling outages over multiple days
and before the recent infrastructure bill was signed
into law.

Lastly, research should address how power out-
age impacts vary by season, particularly how summer
and winter outages may present different hazards and
require different responses. How someone prepares
for a power outage in the winter will look differently
than one that would occur in the summer; different
resources would be required, but populations of con-
cern would likely be similar.
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4, Conclusion

In this review, we identified 50 articles that explored
the social impacts of power outages. We identified
many more articles focused on the technical impacts
of power outages on electrical infrastructure. This
emphasis on the technical impacts points to a need
for more examination of these social impacts as the
likelihood of outages increases. Some populations
were disproportionately affected. Many populations
of concern were identified including children, older
adults, racial and ethnic minorities and those that
live in rural areas. The greatest health concern that
emerged during power outages was CO poisoning
because of unsafe generator use during power out-
ages. Hospitals should expect an increase in ED vis-
its as more people will present with CO poisoning-
related symptoms or require an operating medical
device since patients’ devices cannot work without
electricity. Criminal acts increase during power out-
ages, but crime rates can be reduced temporarily
during prolonged power outages by providing aid
and consistent updates on where to receive assist-
ance and when power is expected to be restored.
Looting most likely occurs in areas with lower socio-
economic advantage; authorities should expect pro-
social and anti-social resource appropriation dur-
ing prolonged outages to occur as people see power
outages as an opportunity to commit criminal acts
(Barsky et al 2006). As power outages are expected to
occur more frequently, understanding the differential
effects across populations is critical to mitigating their
impacts.

Future work can expand on this review by
addressing the gaps identified in the literature. Stud-
ies of short duration but high frequency outages were
not observed in this review but are increasingly salient
with more frequent disturbances in grid reliability.
More frequent outages may leave those that rely on
medical devices more anxious because of uncertainty
about when next power outage will occur. Increased
power outages may lead to an increased likelihood
of more food being spoiled and thrown away, which
can represent a significant financial burden to lower-
income households. Exploring power outages’ effects
may vary based on seasonality and temperature can
provide context into how extreme cold and heat can
influence household experiences and the different
adaptation strategies deployed to reduce the potential
impacts. Future work should also investigate power
outage impacts from an environmental justice per-
spective to understand if power outage impacts align
with other research that has highlighted racial dispar-
ities that occur with disasters.

This review highlights to the need to address the
growing impact of a changing climate on the United
States’ already-deteriorating electrical infrastructure.
Because of the increasing trend of reported electrical
grid disturbances, research on the social impacts of
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power outages is vital in the context of a changing
climate (Andresen 2020). While there has been an
effort by the Biden Administration to address the
deteriorating infrastructure, the ASCE (2021) Report
Card has indicated that more money in addition
to what has already been allocated by the recently
signed legislation is needed to restore infrastructure
to acceptable conditions. The effects of the increased
investment in infrastructure will not be clear for some
time. In the short term, the current infrastructure sys-
tems will remain fragile and weather events that bring
anomalous weather conditions will stress electrical
infrastructure systems that will cause an increase in
power outages to occur and an increase in the num-
ber of people who are impacted.

Data availability statement

All data that support the findings of this study are
included within the article (and any supplementary
files).
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