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ARTICLE INFO ABSTRACT

Keywords: Household power outage experiences vary based on outage characteristics and the household's ability to cope
Power outages with a disruption. While disaster management scholarship has produced methods to predict where the most
Disasters

significant impacts of a hazard may occur, these methods do not anticipate secondary effects, such as those from
power outages. This research is necessary as the expected risks associated with power outages will increase in the
United States due to climate change, increasing electricity demand, and aging infrastructure. To understand
households' power outage experiences, we collected 896 surveys from three cities in the United States: Detroit,
MI; Miami, FL; and Phoenix, AZ. Participants were recruited through Amazon's Mechanical Turk (MTurk) service
to complete a survey. We hypothesized that racial/ethnic minority groups, specifically non-white households and
lower-income households experienced more frequent and prolonged power outages. We also hypothesized that
the same groups were more likely to have experienced more significant adverse effects, such as throwing away
perishable food and not receiving assistance. We found that non-white households in Phoenix and Detroit were
more likely to experience longer outages than white households; however, this association was not present in
Miami and was not statistically significant in any city. Income was not a major factor in predicting food waste or
assistance received during the longest self-reported outage. Further assessments in varying geographical contexts
and more generalizable samples are necessary to increase understanding of how households experience power
outages.

Electricity infrastructure
Social vulnerability
Electrical grid failure

1. Introduction 2022, the number of vandalism-related incidents that caused power

outages increased year over year [15]. In 2023, there were multiple

Power outages are occurring more frequently [1-4]. Rising global
temperatures will increase electricity demand and reduce the efficiency
of electrical transmission and distribution infrastructure [5,6]. Reduced
transmission efficiency can lead to brownouts and blackouts by reducing
the total available electrical supply [7-10]. While anomalous weather
conditions, like extreme cold and heat, cause added strain on the electric
grid, leading to power outages, these events typically co-occur with
natural hazards [11-14]. However, natural hazards are not the only
cause; intentional acts are becoming a greater concern. From 2017 to

terrorist-related incidents of people intentionally sabotaging critical
infrastructure, causing widespread power outages [16].

Although power outages are increasing in frequency, most of the
existing literature on the effects of electrical infrastructure failures ex-
amines these events from a technical perspective [17,18]. Little is
known about the societal impacts of power outages at multiple scales,
especially at the household level [18]. For example, research has
investigated how hazards affect the electric grid [18,19], how cascading
effects appear with other infrastructure systems [20,21], and how long-
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term stressors, like climate change, affect transmission efficiency
[5,7,22-24]. Cascading effects are secondary and tertiary effects that
result from a failure in one part of a tightly coupled system; the current
electrical infrastructure system within the United States is a prime
example of such a system [25-28]. These types of failures may threaten
affected households' health and quality of life.

This study advances understanding of how people in different
geographical contexts cope with and are affected by power outages. This
study examines the likelihood of power outages based on participants'
recall of prior outages and the adverse effects they experienced using a
household survey deployed in three major cities in the United States:
Detroit, MI; Miami, FL; and Phoenix, AZ. Based on the limited existing
literature, we tested the following questions and hypotheses:

RQ1: What demographic groups experience more frequent and
longer power outages?

H1. : Low-income and minority racial and ethnic groups, specifically
non-whites, were more likely to have experienced more frequent and
prolonged power outages than high-income groups and whites.

RQ2: What socioeconomic factors are associated with greater
adverse effects caused by power outages?

H2. : Low-income households were more likely to have experienced
greater negative impacts, such as having to throw food away, and were
less likely to receive assistance than higher-income households.

2. Background

We approached the research through a social vulnerability perspec-
tive to identify potential factors that can influence someone's power
outage experience. We define social vulnerability as the anticipated
adverse effects from a hazard that occurs to people and households,
partly shaped by demographic characteristics. Social vulnerability in-
dicates that those of lower income and minority racial/ethnic groups are
more likely to experience greater impacts from natural hazards due to
lack of access to tangible and intangible resources [29-34]. Similar
findings have appeared in other research that examines the role of de-
mographics and how they contribute to one's power outage experience
[7,34-36]. Because of the similarity, this research examines if previ-
ously established characteristics of social vulnerability are as relevant to
other hazards and power outages.

While knowledge of the societal impacts of power outages is limited,
some existing research approaches this topic from a health perspective
[37]. Previous research finds that those with medical conditions are at
greater risk because of the inability to plan for treatments during the
outage, the need to find alternative treatment sites, or missing treat-
ments altogether [38]. Other adverse effects identified in the literature
include carbon monoxide (CO) poisoning [39,40], food poisoning
[41,42], lack of access to electrical power medical devices
[35,38,43-45], and increased feelings of anxiety during power outages
[46-49]. Researchers have shown relationships between demographic
characteristics like age, socioeconomic status, race, ethnicity, and an
individual's or household's vulnerability to impacts from power outages
[7,33]. Minority racial and ethnic groups and those of lower socioeco-
nomic status tend to live in less desirable areas that have older housing
and are further from essential services and resources, making them
potentially more susceptible to experiencing negative power outage
impacts [31,36]. Additionally, lower-income groups are more vulner-
able to adverse effects from power outages as they may have to use
additional funds to replace spoiled food and are more likely to experi-
ence mental health problems [50].

Experiences can also differ by the outage duration. Research in
Florida following Hurricane Irma suggests that demographic factors may
affect outage experience and duration [7,33]. Mitsova et al. [33] con-
ducted telephone surveys with nearly 1000 participants affected by
Hurricane Irma. They found that infrastructure service disruptions, like
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power outages, were a significant predictor of post-disaster recovery
when controlling for race/ethnicity and age. Chakalian et al. [7] con-
ducted semi-structured interviews with people from 42 households
affected by Hurricane Irma in two Florida counties and found that older
adults are more self-reliant during power outages than previously
thought. However, more studies are needed to draw more decisive
conclusions about this relationship between outage duration and de-
mographic factors like race and income.

When power outages occur, they disrupt routines and force people to
adapt to meet their basic needs, like preventing food from spoiling and
supporting their health and well-being. Recent research has shown that
the participants' attributes either increase or decrease the likelihood of
using an adaptation [33,50]. Using adaptations may also require
specialized knowledge to operate. Generators are one example of an
adaptation choice available to address these needs, but there are dangers
to their improper use. A generator is also expensive to buy, maintain,
and operate.

Each person and household must consider their level of risk and
decide if they can take the necessary actions to reduce the adverse effects
of power outages [52]. Contexts, like geographic location and household
makeup, are also critical in determining if someone can mitigate or
adapt to potential negative power outage effects [53]. Therefore, more
research is needed that focuses on preparations and adaptations for
extended power outages and understanding how populations of concern
can quickly adapt because of an outage.

3. Case study cities

We surveyed residents from three cities that differ in demographics
based on the 2018 American Community Survey (ACS) 5-year estimates
[54]. We used the 2018 estimates, as this information was the most
recently available when we deployed the survey. Data collection
occurred in February and March of 2020, before pandemic-induced
lockdowns. As of 2018, the median income was $57,957 in Phoenix,
$41,818 in Miami, and $31,283 in Detroit [54]. The sample composition
and comparison to the recent ACS estimates are in Table 1.

Each study area has a unique climate. Below is a summary of each
study site based on the typical annual weather each city experiences
from the Spatial Synoptic Classification (SSC) system [55]. Phoenix is in
Region 7 (Sonoran) of the SSC. This climate area experiences the highest
number of dry tropical, or hot and dry, weather days, especially during
the first half of summer. The summer then transitions to more days of
moist tropical or hot and humid weather accompanying the monsoon
season. Outside of summer, the area experiences weather classified as
dry moderate, with little precipitation and moderate temperatures.
Miami is in Region 5 (Tropical), on the southern extreme of the conti-
nental United States. This area primarily experiences moist tropical air
that dominates the summer months with limited variance during the
winter. This region is the only region in the SSC where one weather type
includes >50 % of the weather every month of the year. Detroit is part of
the Laurentian region (Region 3a) of the SSC and experiences the most
variability between the summer and the winter. The city experiences all
weather types throughout the summer. Winters typically have drier air
masses and limited influence from tropical weather.

4. Methods
4.1. Data collection

Our survey was hosted in Qualtrics and deployed through Amazon's
Mechanical Turk (MTurk). MTurk is a crowdsourcing platform that fa-
cilitates the completion of a broad suite of tasks by a part of the public
that has opted-in to serve as workers. Despite concerns over sample
biases, MTurk surveys have become a reputable survey method in the
social sciences literature as scholars have proven their utility, accuracy,
and internal reliability [56-61]. In the case of survey research, the
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Table 1
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Comparisons between each of the samples from each city and comparisons to the 2018 ACS estimates.

Phoenix Sample 2018 ACS Phoenix Estimate

Miami Sample

2018 ACS Miami Estimate Detroit Sample 2018 ACS Detroit Estimate

(%) (%) (%) (%) (%) (%)
Demographic (n=412) (n = 4,561,038) (n=243) (n = 6,019,790) (n = 251) (n = 4,304,613)
White/Caucasian 70.84 78.2 38.89 70.9 63.85 69.7
Black 5.78 5.3 17.52 21.4 16.15 22.3
Indian 1.2 2.2 3.42 0.2 1.92 0.3
Asian 7.95 3.7 5.98 2.5 5.38 4.1
Native Hawaiian/

Islander 0.48 0.2 0 0 0.38 <0.01
Other 1.92 6.9 3.0 2.9 3.84 1.2
Hispanic 9.16 30.5 33.76 44.2 3.08 4.3
Non-Hispanic 88.92 69.5 64.96 55.8 91.54 95.7

MTurk service enables administrators to deploy surveys electronically
and have them completed by MTurk workers, who serve as survey
participants, for compensation. There are valid concerns with using
MTurk as a recruiting mechanism for survey participants, but they can
be addressed. For instance, workers shared that they sometimes engage
with other tasks while completing survey work but still produce high-
quality results [62]. Many of the concerns that are highlighted pre-
dominantly come from experimental research where more attention is
needed; in this case, this research is asking about someone's power
outage experience, and we received many positive comments from
participants indicating that they found the survey interesting, thereby
reducing concern around inattentiveness [62].

The survey was sent in two waves, in early February 2020 and again
in early March 2020, and participants received compensation for their
time. In total, 896 participants across the three cities completed the
survey. Based on the population estimates, when data were collected,
385 responses from each city were needed to obtain a 95 % confidence
level with a 5 % margin of error with the results. A full version of the
survey, with variable coding and labeling schemes, is available in the
Supplemental Material.

In line with Chmielewski & Kucker [63], we also deployed mitigation
measures to ensure participants provided high-quality data before being
paid. Once data collection concluded, we used a two-pronged screening
method to examine the data to look for low-quality data and other
common issues associated with online surveys. When screening for low-
quality data, we first checked how long the participants took to complete
the survey. On average, the survey took participants around eight mi-
nutes to complete. There was some leniency at this stage of the process
where some participants may not have seen all the questions and
completed the survey faster than the average. If the time to complete the
work task was less than six minutes, the participant was queried within
the Qualtrics dataset to determine if they gave low-quality data or forgot
to open the MTurk work task before completing the survey. This process
was completed at least once per week while the survey was open. Any
data considered low-quality because either the responses did not make
logical sense or if they completed the survey too quickly had their work
rejected and not included in the final dataset. Participants could appeal
any rejection decision, and we performed a secondary check to examine
their responses.

4.2. Survey structure

To provide insight and transparency into the inclusion criteria for
this survey, per Mellis & Bickel [64], participants had to meet three
requirements to complete the full survey. First, they had to live within
the cities of interest (Phoenix, Miami, or Detroit). A separate MTurk
survey task for each state allowed only participants who set their loca-
tion for each state of interest to see the survey (Arizona, Florida, and
Michigan). If they did not select the city of interest for the state, they
were taken to a page explaining that they did not qualify for compen-
sation. Second, participants had to previously experience a power

outage. For this question, if the participant answered “No” or left the
question blank, they were removed from the survey pool. Finally, par-
ticipants had to reside in their homes for more than half of the year;
adding this requirement allowed for screening whether the participant
lived in this state as a getaway property and only spent a certain amount
of time there. If the participants met all three requirements, they could
continue to the rest of the survey.

The second section asked questions about generator ownership,
carbon monoxide detector ownership, and maintenance. If they used a
generator, other questions were asked about usage, like how far away
the generator was operating from the home. The third set of questions
only asked about when the most recent power outage occurred and how
long it lasted. The fourth section further investigated the household
experience during the longest power outage they recalled experiencing
and asked how they handled it until power was restored. The last set of
questions was about the household makeup, such as whether children or
older adults were present in the home and the household's current
financial situation.

4.3. Analysis

To test H1, we examined the role of race/ethnicity and income and
how these demographic variables (independent variables) are related to
power outage frequency and duration (dependent variables). Similarly,
H2 tests the relationship between race/ethnicity and income (indepen-
dent variable) and the likelihood of receiving assistance because of a
power outage and throwing away food that spoiled because of a power
outage (dependent variables). In addition to these variables, we exam-
ined other demographic factors to determine if they were correlated
with power outage duration and frequency, like living with children or
other adults, relying on an electronic medical device, owning a gener-
ator, or struggling to afford food. These independent variables are more
broadly associated with greater adverse effects of hazards; thus, we
hypothesize that the same variables are correlated with greater impacts
caused by power outages [29,65]. Table 2 lists the dependent and in-
dependent variables and other potential factors used for this research.

Table 2
A list of dependent variables, independent variables, and mediating factors was
analyzed in this study.

Dependent variables Independent Variables Mediating Factors

Experienced a power
outage

Income Children in the home

Racial/ and ethnic

background Older adults in the home

Longest outage length

Number of outages Own a generator

Own a medical device

Not receiving help because of a
power outage

Recent outage length

Thrown food away because of a

power outage
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The cleaning and analysis R codes are stored in this database [66].

The analysis used a Kruskal-Wallis difference-in-difference test with
the demographic variables and outage duration. This test examined the
average of a variable between two or more groups to determine if there
is a statistically significant difference. Other tests could have been
conducted but given that there were multiple choices for some inde-
pendent variables, the results could have been biased, given the small
number of participants within each racial and income group in each city.
Because of this issue, race and income were each re-coded into a binary
variable. Race was separated from those who identified as white or a
minority racial or ethnic group.

Similarly, income was re-coded into a binary household income
variable into two categories: less than $60,000 per year and $60,000 or
more per year. Since many of the questions in the survey were listed as a
binary response (yes/no), difference-in-difference testing was the
appropriate analysis method to analyze the data and test the hypotheses.
First, we tested if experiencing an outage correlated to the previously
mentioned independent variables. Then, we assessed outage frequency
and the durations of the most recent and longest outages with the same
variables. The selected variables align with previously identified char-
acteristics of social vulnerability and can best determine if a relationship
exists between these variables and power outage characteristics [29,65].

5. Results

Results from the survey show a possible relationship between char-
acteristics of social vulnerability and a household's power outage
experience. In all three cities, most participants (87.6 %) said in the last
five years that they had experienced a power outage. When they did lose
power, those who did leave their home often stayed temporarily at a
family's, friend's, or neighbor's home that did have power. Access to food
became difficult for those in Phoenix and Detroit but not Miami. Few
(23.3 %) participants indicated they owned a generator, but those who
did bought it because of a prior outage. Concerning the proposed hy-
potheses for this research, we found some evidence partially supporting
the hypotheses, but not in all case study sites.

5.1. Descriptive statistics

Regardless of whether they qualified for the complete survey, most
participants reported experiencing a power outage in the last five years
(Total 87.6 %, n = 785; Phoenix = 83.5 %, n = 410; Miami = 89.8 %, n
= 225; Detroit = 91.5 %, n = 261). Participants in all three cities re-
ported experiencing one to five power outages (Phoenix = 77.2 %,
Miami = 45.5 %, Detroit = 62.7 %) or five to ten power outages
(Phoenix = 16.4 %, Miami = 32.3 %, Detroit = 23.4 %) at their resi-
dence within the last five years. The most recent outage length reported
by participants from Phoenix and Miami was one to six hours (Phoenix
= 53.57 %, Miami = 37.2 %) or less than one hour (Phoenix = 31.3 %,
Miami = 20.7 %). Detroit reported slightly longer power outages
recently, with more participants reporting their most recent outage
lasting one to six hours (39.5 %) or six to twelve hours (17.2 %)
(Table 3).

Responses were less similar to the longest reported power outage.

Table 3
Summary statistics on the percentage of participants who experienced a power
outage and the most recent outage participants experienced by city.

Variable Phoenix ~ Miami Detroit
(%) (%) (%)
Experienced a power outage in the last 5 years 83.5 89.8 91.5
Experienced 1-5 power outages in the last 5 years 77.2 45.5 62.7
Experienced 5-10 power outages in the last 5 years ~ 16.4 323 23.4
Most recent outage length: <1 h 31.3 20.7 15.6
Most recent outage length: 1-6 h 53.6 37.2 39.5
Most recent outage length: 6-12 h 11 11.7 17.2
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Phoenix participants reported that their most prolonged power outage
lasted one to six hours (55.1 %) or less than one hour (17.4 %). Miami
also had participants report that their longest outage lasted one to six
hours (20 %). However, this city had slightly more participants who
indicated that their most prolonged outage lasted three to seven days
(21.1 %). Detroit had more participants report their most extended
outage times of one to six hours (24.5 %), but more reported outage
lengths of one to three days (30.9 %) compared to Phoenix and Miami.

When asked about their experience during their longest reported
power outage, participants in all three cities noted they were inside their
homes for one to six hours (Phoenix = 57.2 %, Miami = 25.1 %, Detroit
= 30 %) (Table 4). Miami participants had also reported being at home
for three to seven days (23.0 %). Similarly, Detroit had participants who
said they were in their homes for 12 to 24 h and one to three days (21.0
% for each of the two responses) during the outage. Those who left their
home went to a family's, friend's, or neighbor's house with power. Others
went to a movie theater, mall, or other commercial space (Phoenix =
28.5 %, Miami = 14.1 %, Detroit = 9.6 %) or stayed at a hotel or motel
and paid for temporary lodging (Phoenix = 11.2 %, Miami = 14.1 %,
Detroit = 14.9 %) (Table 5).

5.2. Power outage effects and coping mechanisms

Access to food and water during a participant's longest reported
outage was not difficult for most in Phoenix and Detroit (Phoenix = 75.5
%; Detroit = 63.4 %, see Table 6). However, in Miami, only 40.1 % of
participants agreed with this statement. Participants across all three
cities showed they had access to water through primary sources, such as
taps, sinks, and showers, during their longest reported outage (Phoenix
= 78.1 %, Miami = 66.1 %, Detroit = 77.3 %). For those that did lose
access to drinking water, participants primarily drank bottled water they
already bought before losing power (Phoenix = 62.8 %, Miami = 48.6
%, Detroit = 52.6 %). This finding indicated that household prepared-
ness exists for power outages, given that this choice was either the
plurality or majority selection in response to the question about access to
drinking water.

Few participants reported owning a generator (Phoenix = 13.3 %,
Miami = 40.5 %, Detroit = 25.3 %).! Those who reported owning a
generator have owned it for at least one year (Phoenix = 86.96 %,
Miami = 89.61 %, Detroit = 85.49 %) and perform routine maintenance
at least once per year (Phoenix = 37 %, Miami = 46.8 %, Detroit = 42.6
%). Those who owned a generator also reported buying it for future
power outages (Phoenix = 71.7 %, Miami =100 %, Detroit = 85.5 %).
These results are depicted below in Table 7.

Responses to questions about receiving assistance, owning a medical
device, and managing personal conditions were similar across the study
cities. Many participants did not receive assistance, whether financial or
other tangible resources, such as food and water (Phoenix = 82 %,
Miami = 45.8 %, Detroit = 80.7 %). Few participants relied on a medical

Table 4
Breakdown of how long survey participants stayed home during their longest
reported power outage.

Variable Phoenix (%) Miami (%) Detroit (%)
Stayed at their home: 1-6 h 57.2 25.1 30

Stayed at their home: 12-24 h 6.3 8.7 21.0
Stayed at their home: 1-3 days 1.5 23 21.0
Stayed at their home: 3-7 days 0.6 23 5.2

! The major difference in responses could be because Miami experiences
seasonal hurricanes that lead to more prolonged power outages. Thus, residents
in Miami are more likely to have resources, like a generator, and are more likely
to receive assistance due to damage from hurricanes.
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Table 5

Percent of respondents who indicated where they went if they left their home
during their longest reported power outage. These percentages are based on
those who experienced a power outage.

Variable Phoenix Miami Detroit

(%) (%) (%)

During the longest power outage: Went to a

family's, friend's, or neighbor's house that

had power 46.6 60.3 63.8
During the longest power outage: Went to a

movie theater, mall, or other commercial

space 28.5 14.1 9.6
During the longest power outage: Stayed at a

hotel or motel and paid for temporary

lodging 11.2 14.1 14.9

Table 6

Percentage of respondents who indicated access to food and water became
difficult during a power outage and what adaptations they used to meet those
needs.

Variable Phoenix Miami Detroit
(%) (%) (%)

Access to food and water did not become 75.5 40.1 63.4
difficult because of a power outage

Could use water from primary sources (i.e., 78.1 66.1 77.3
taps, sinks, and showers)

Other sources of water used: Bottled water 62.8 48.6 52.6
purchased before losing power

Other sources of water used: Bottled water 15.7 29.5 25.4
purchased after losing power

Water provided free from a neighbor, 0.9 6.0 0.9
volunteer, or aid or emergency
organization

Table 7

Results of generator-related questions. Note: Participants who indicated they
owned a generator could only answer the last three rows.

Variable Phoenix Miami Detroit
(%) (%) (%)
85.9 58.4 73.1
Not own a generator (n = 347) (n=190) (n = 245)
87 89.6 85.5
Owning a generator (>1 year) (n=46) (n=77) (n=62)
Perform maintenance at least once per 56.5 63.6 55.7
year (n = 46) n=77) (n=61)
Purchased generator to use for future 71.7 100 85.5
power outages (n = 46) (n=177) (n = 62)

device in all three cities (Phoenix = 6.9 %, Miami = 12.6 %, Detroit =
6.9 %) and did not live with someone who relied on a medical device
(Phoenix = 93.1 %, Miami = 80.2 %, Detroit = 92.3 %). Those who
relied on a medical device managed their condition differently during
their longest power outage across the three cities. Those in Phoenix and
Detroit waited for power to be restored (Phoenix = 32.1 %, Detroit = 30
%) or went somewhere with power (Phoenix = 25 %, Detroit = 35 %). In
Miami, those who relied on a device primarily asked for help from a
friend or relative (31 %) or went somewhere else with power (25 %).

5.3. Testing race and income with outage frequency and duration

A Kruskal-Wallis difference of means test helped determine if a
relationship exists between race and income with power outage length
and frequency and if the differences between these groups were statis-
tically significant. Each subsection that follows describes the associa-
tions that each dependent variable had with independent variables.
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First, the results from the relationships that tested our hypotheses are
detailed. A compilation of all relationships and independent and
dependent associations assessed are in Tables 8, 9, and 10.

5.3.1. Experiencing a power outage

This research hypothesized that low-income and minority racial and
ethnic households, specifically non-whites, were more likely to have
experienced more frequent and longer power outages than high-income
and white households. In all three cities, responses showed that lower-
income households were more likely to experience a power outage,
but no statistically significant relationships emerged. Race/ethnicity
was inconsistently correlated with power outage likelihood. In Phoenix,
participants had an equal chance of experiencing a power outage,
regardless of race/ethnicity. In Miami, racial/ethnic minority groups
were more likely to experience a power outage than whites. In Detroit,
whites were more likely to experience a power outage than racial/ethnic
minority groups. In all cases, these suggestive relationships were not
statistically significant. Future studies with larger numbers of partici-
pants could help to confirm these results.

5.3.2. Power outage frequency

Income and power outage frequency were also inconsistently
correlated by city, with the only statistically significant relationship in
Detroit, where lower-income households were more likely to experience
more frequent power outages. Equivalent results appeared from Phoenix
and Miami participants, but the relationships were not statistically sig-
nificant. Correlations between race/ethnicity and power outage fre-
quency also showed mixed results. Participants who identified as white
from Phoenix and Miami experienced more frequent power outages,
while racial/ethnic minority participants in Detroit experienced more
frequent outages. The latter relationship was not statistically significant.

5.3.3. Power outage duration

Recent outage length showed significant associations with race and
income only in Phoenix. Participants of higher income had a statistically
significant relationship with longer outage times during their most
recent reported power outage (p < 0.05). Minority groups in Phoenix
were more likely to experience longer outages recently (p < 0.01). In
contrast, the opposite was true in Detroit, with white households
reporting longer outage times during their most recent outage (p <
0.001). In Miami, households of higher income were more likely to
experience longer outages during their most recent outage and similar
recent outage lengths when compared against race/ethnicity. Neither of
these relationships were significant in Miami.

There were similar relationships found between the longest reported
outage length and income. In Phoenix, lower-income households re-
ported longer outage times during their longest power outage (p <
0.05). Racial/ethnic minority households were also more likely to report
longer outage times during their longest reported power outage in
Phoenix and Detroit (p < 0.01 in Phoenix; p < 0.001 in Detroit). The
tables below show the results of all tests by city.

5.3.4. Power outage effects

The second hypothesis for this research assessed the relationship
between the same independent variables from H1 with specific ques-
tions related to measuring adverse power outage effects. Tables 11, 12,
and 13 depict the Kruskal-Wallis test results for Phoenix, Miami, and
Detroit, respectively.

Not receiving help was more common among those with lower in-
comes in Miami and Detroit, but it was not statistically significant. In-
come was not a significant factor in determining who would not receive
assistance during a power outage. Not receiving assistance was only
significantly associated with race/ethnicity in Miami. Those who iden-
tified as a racial/ethnic minority were less likely to receive assistance
during their longest power outage. Neither Phoenix nor Detroit had
significant associations between race/ethnicity or income and not
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Table 8
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Results from Kruskal-Wallis tests with variables measuring power outage frequency and duration in Phoenix, AZ (with p-values). The percentages represent the effect

sizes used to determine the statistical relationships between the two groups. Any bold entry indicates a statistically significant result.

Experience power outage

Longest outage length

Number of Outages

Recent Outage Length

Income

Higher income: 83.7 %

Lower income 87.4 %

Higher income: 26.4 %
Lower income: 16 %

Higher income: 4.3 % Lower income: 6.5 %

Higher income: 24 %
Lower income: 14 %

p=0279 p=0.01 p=0.332 p=0.01
Yes: 87.1 % Yes: 15.1 % Yes: 6.5 % Yes: 13.2 %
Live with children (< 6 years old) No: 85 % No: 23.2 % No: 5% No: 20.8 %
p=0.620 p =0.093 p=0.598 p=0.103
Live with elderly Yes: 85.2 % Yes: 17.7 % Yes: 9.7 % Yes: 16.4 %
(> 64 years old) No: 85.7 % No: 21.9 % No: 4.7 % No: 19.2 %
p=0.611 p = 0.459 p=0.108 p=0.601
Own: 87.4 % Own: 17.0 % Own: 6.5 % Own: 15.5 %
Own/Rent home Rent: 83.0 % Rent: 27.3 % Rent: 5.0 % Rent: 23.8 %
p = 0.493 p = 0.046 p=0.327 p=0.128
Yes: 86.8 % Yes: 18.9 % Yes: 18.9 % Yes: 19.2 %
Own generator No: 85.2 % No: 21.9 % No: 3.4 % No: 19.3 %
p =0.758 p=0.62 p <0.001 p = 0.996
Yes: 92 % Yes: 8 % Yes: 20 % Yes: 12 %
Own Medical Device No: 84.5 % No: 19.3 % No: 4.6 % No: 17.1 %
p=0.309 p=0.161 p = 0.001 p=0.508

Minority: 84.8 %

Minority: 29.7 %

Minority: 5 %

Minority: 27.7 %

Race/Ethnicity White: 85.8 % White: 17.9 % White: 5.5 % White: 15.6 %
p=0.817 p = 0.009 p=0.853 p = 0.005
Yes: 81.1 % Yes: 24.7 % Yes: 6.2 % Yes: 22.9 %
Struggle to afford food No: 87.9 % No: 19.5 % No: 4.9 % No: 17 %
p = 0.065 p=0.22 p=0.594 p=0.15

receiving assistance during the longest reported outage. There were also
no significant associations between income and receiving assistance
during the longest power outage in any of the three study cities.

Having thrown away food because of a power outage was only
associated with race and income in Detroit. Those in lower income
groups had thrown away food more often because of an outage than
those of higher income. Racial/ethnic minorities were more likely to
report throwing away food because of a power outage in all three study
sites, but this relationship was only significant in Detroit. No significant
associations emerged between race/ethnicity, income, and discarding
food in Phoenix and Miami.

6. Discussion

Overall, we did not find strong support for either of our hypotheses.
Our first hypothesis for this research was that racial/ethnic minority
households were more likely to experience longer and more frequent
power outages. Race/ethnicity was associated with greater power
outage duration in Phoenix and Detroit. This effect was not significant in
Miami. Thus, H1 was only partially supported. The second hypothesis
was that households of lower income and racial/ethnic minorities were
more likely to experience greater economic impacts, like throwing food
away or not receiving assistance. Income and race/ethnicity were not
strongly associated with these variables, so the results did not support
H2. The results suggest that income and race/ethnicity may not be as
strong as anticipated predictors when examining power outage impacts.

Table 9

Results from Kruskal-Wallis tests with variables measuring power outage frequency and duration in Miami, FL (with p-values). The percentages represent the effect

sizes used to determine the statistical relationships between the two groups. Any bold entry indicates a statistically significant result.

Experience power outage

Longest outage length

Number of Outages

Recent Outage Length

Higher income: 84.8 %

Higher income: 59.6 %

Higher income: 17.2 %

Higher income: 39.4 %

Income Lower income: 87.8 % Lower income: 54 % Lower income: 18.3 % Lower income: 34.2 %
p=0.523 p =0.077 p=0.833 p=0.416
Yes: 79.6 % Yes: 48.1 % Yes: 14.8 % Yes: 40.7 %
Live with children (< 6 years old) No: 88.7 % No: 62.4 % No: 18.9 % No: 33.3 %
p=0.091 p =0.065 p=0.493 p =0.322
Live with elderly Yes: 83.3 % Yes: 65 % Yes: 20.3 % Yes: 41.4 %
(> 64 years old) No: 87.4 % No: 57.1 % No: 16.8 % No: 32.9 %
p=0.835 p =0.291 p =0.540 p=0.248
Own: 85 % Own: 58.8 % Own: 20.8 % Own: 37.3 %
Own/Rent home Rent: 86.5 % Rent: 55.4 % Rent: 12.1 % Rent: 32.6 %
p=0.416 p =0.324 p=0.031 p=0.776
Yes: 84.6 % Yes: 59.8 % Yes: 23.1 % Yes: 36.3 %
Own generator No: 87.6 % No: 59.2 % No: 14.6 % No: 34.9 %
p=0.527 p =0.934 p=0.109 p=0.833
Yes: 79.3 % Yes: 41.4 % Yes: 20.7 % Yes: 28.6 %
Own medical device No: 86.8 % No: 59.8 % No: 16.8 % No: 35 %
p=0.284 p =0.063 p=0.613 p=0.473

Minority: 86.9 %

Minority: 60.1 %

Minority: 17.4 %

Minority: 35 %

Race/Ethnicity White: 85.9 % White: 57 % White: 18.8 % White: 35.3 %
p=0.836 p=0.64 p=0.787 p = 0.969
Yes: 87.1 % Yes: 55.6 % Yes: 19.7 % Yes: 34.3 %
Struggle to afford food No: 85.9 % No: 61.1 % No: 16.8 % No: 35.6 %
p = 0.804 p=0.435 p =0.594 p=0.853
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Table 10
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Results from Kruskal-Wallis tests with variables measuring power outage frequency and duration in Detroit, MI (with p-values). The percentages represent the effect
sizes used to determine the statistical relationships between the two groups. Any bold entry indicates a statistically significant result.

Experience power outage

Longest outage length

Number of Outages Recent Outage Length

Higher income: 93.1 %

Higher income: 46.2 %

Higher income: 8.4 % Higher income: 25 %

Income Lower income: 94.8 % Lower income: 47.4 % Lower income: 17.2 % Lower income: 24.1 %

p =0.565 p = 0.853 p =0.032 p=0.873

Yes: 93.8 % Yes: 41.5 % Yes: 9.2 % Yes: 23.1 %
Live with children (< 6 years old) No: 93.9 % No: 48.5 % No: 13.4 % No: 25.1 %

p =0.993 p=0.334 p=0.377 p=0.740
Live with elderly Yes: 100 % Yes: 36.4 % Yes: 12.1 % Yes: 18.2 %

(> 64 years old) No: 92.9 % No: 48.2 % No: 12.1 % No: 25.8 %

p = 0.090 p = 0.204 p =0.991 p=0.346

Own: 95.9 % Own: 44.7 % Own: 14.1 % Own: 19.9 %
Own/Rent home Rent: 89.2 % Rent: 47.9 % Rent: 6.76 % Rent: 34.2 %

p=0.131 p=0.328 p=0.239 p =0.045

Yes: 96.9 % Yes: 57.1 % Yes: 19 % Yes: 20.3 %
Own generator No: 92.7 % No: 43.8 % No: 9.9 % No: 26 %

p = 0.237 p = 0.065 p =0.054 p = 0.358

Yes: 94.1 % Yes: 35.3 % Yes: 23.5 % Yes: 11.8 %
Own Medical Device No: 93.9 % No: 44.9 % No: 11.5 % No: 23.7 %

p = 0.969 p =0.441 p=0.144 p=0.260

Minority: 91.6 %

Minority: 58.1 %

Minority: 13.8 % Minority: 36.2 %

Race/Ethnicity White: 95.2 % White: 40.4 % White: 11.5 % White: 18.1 %
p = 0.244 p = 0.006 p = 0.587 p = 0.001
Yes: 96.8 % Yes: 51.6 % Yes: 20.4 % Yes: 26.6 %

Struggle to afford food No: 92.2 % No: 44.2 % No: 7.9 % No: 23.5 %
p=0.135 p =0.256 p = 0.003 p=0.578

The findings here contradict earlier work where racial/ethnic minority
groups and lower-income neighborhoods experienced more frequent
power outages [4]. However, we also recognize the study's sample size
and geographic limitations.

Some findings were not significant and call for further discussion.
Two tests returned interesting results related to characteristics of greater
vulnerability that were not a part of the tested hypotheses. Struggling to
afford food and lower-income households were associated with a greater
likelihood of experiencing a power outage. These tests did not have
consistent significance levels across the study sites, but this relationship
shows the potential for these variables to predict the likelihood of
experiencing an outage [4,33]. Additionally, owning a medical device
was associated with greater power outage frequency across the dataset.
Despite the lack of significance, this relationship demonstrates that a key
group identified as vulnerable in the hazards literature is more prone to
negative power outage effects and is more likely to experience longer

Table 11

Results from Kruskal-Wallis tests with not receiving help and throwing food
away during a power outage from Phoenix, AZ. The percentages represent the
effect sizes used to determine the statistical relationships between the two
groups. Any bold entry indicates a statistically significant result.

Not receiving help Thrown food away

Higher income: 34.5

Higher income: 78 %
%

Lower income: 77.6

Income % Lower income: 31.8
0,
p=0927 p/u =0.286
Yes: 76.3 % Yes: 50.6 %
Live with children (<6 years old) No: 78.2 % No: 27.8 %
p=07 p = 0.00014
Yes: 75.8 % Yes: 37.3 %
Live with older adults (>64 years No: 78.7 % No: 31.7 %
old) p = 0.601 p=0.438
Own: 78.9 % Own: 32.6 %
Own/Rent Rent: 75.2 % Rent: 35.6 %
p = 0.366 p=0.717

Minority: 74.1 %
White: 79 %

Minority: 40.2 %

Race/Ethnicity White: 30.5 %

p =0.288 p = 0.091

Yes: 70.5 % Yes: 42.2 %
Struggle to afford food No: 81.8 % No: 28.5 %

p = 0.009 p=0.011

outages [17]. There is the possibility that this group may have recall bias
as people who do rely on medical devices are more likely to notice and
remember that outages occur. Increased power outages increase the
likelihood that people relying on electronic medical devices will have to
relocate or visit an emergency room to access electricity and use their
devices.

The findings from the survey provide two critical considerations for
future research. First, this research found preliminary evidence that
suggests impacts and adaptations to power outages may not always
follow the demographic patterns found in other hazards studies. Instead,
impacts from power outages may be structured by other factors. Second,
if generic social vulnerability indices will help identify those most likely
to experience more significant adverse effects, doing so may be prob-
lematic [67]. The findings here indicated a mixed relationship between
traditional indicators of greater adverse effects and, in some cases, found
the opposite relationship, although not always statistically significant.
More research is needed to examine these patterns across space and time
to make general policy recommendations.

Additionally, some findings about the distribution of outages and
their impacts that appeared mixed in this study or were not investigated
should be explored in future research. One is the age of the infrastruc-
ture, with older infrastructure potentially being more susceptible to
extreme weather events, as age can affect an electric grid's reliability
[18]. Another reason could be the physical attributes of the neighbor-
hoods where participants live. For instance, areas with more trees,
especially in more affluent neighborhoods, may increase the risk of
power outages [68]. While there are conclusions that can be drawn from
this work, there are limitations in generalizing to broader geographical
contexts when studying the effects of power outages at larger scales of
analysis. When preparing for hazards that can lead to extended power
outages, the same indicators that are used to identify where the greatest
impacts caused by natural hazards are not necessarily the same in-
dicators that should be used when identifying who will be the most
affected by power outages. However, when considering the secondary
impacts of natural hazards, our research suggests that further inquiries
are needed to determine if social vulnerability indicators can help
explain why specific populations experienced longer and more frequent
power outages.

While this research helps to fill a gap in the societal effects of power
outage research, there are many opportunities to expand this work.
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Table 12

Results from Kruskal-Wallis tests with not receiving help and throwing food
away during a power outage from Miami, FL. The percentages represent the
effect sizes used to determine the statistical relationships between the two
groups. Any bold entry indicates a statistically significant result.

Not receiving help Thrown food away

Higher income: 58.6 Higher income: 67.1

Income % . %
Lower income: 54.8 % Lower income: 68.9 %
p = 0.567 p =0.792
. . . Yes: 40.7 % Yes: 76.9 %
Ll\:l:d‘;\llﬂl children (< 6 years No: 61.4 % No: 65.7 %
p =0.008 p=0.185
. . Yes: 50 % Yes: 75 %
Ll\:l:d‘;\llﬂl elderly (> 64 years No: 58.6 % No: 65.2 %
p=0.25 p=0.212
Own: 59.2 % Own: 69.1 %
Own/Rent Rent: 48.9 % Rent: 65.3 %
p = 0.097 p = 0.287

Minority: 61:6 %
White: 47.7 %

Minority: 64.9 %

Race/Ethnicity White: 72.9 %

p = 0.042 p=0.263

Yes: 50 % Yes: 73.3 %
Struggle to afford food No: 58.7 % No: 65.8 %

p = 0.225 p =0.309

Table 13

Results from Kruskal-Wallis tests with not receiving help and throwing food
away in from Detroit, MI. The percentages represent the effect sizes used to
determine the statistical relationships between the two groups. Any bold entry
indicates a statistically significant result.

Not receiving help Thrown food away

Higher income: 86.2 Higher income: 52.3

% %
Income Lower income: 81.9 Lower income: 66.7
% %
p=0.343 p = 0.026
Yes: 80 % Yes: 43.1 %
Live with children (<6 years old)  No: 85.7 % No: 64 %
p=0.274 p = 0.005
. . Yes: 78.8 % Yes: 71.9 %
Ln(rjdv)vlth older adults (>64 years No: 85.8 % No: 56.7 %
p=0.291 p=0.105
Own: 85.4 % Own: 58.0 %
Own/Rent Rent: 79.7 % Rent: 63.6 %
p=0.413 p=0.476
Minority: 80 % Minority: 73.4 %
Race/Ethnicity White: 86.7 % White: 51.3 %
p=0.157 p = 0.001
Yes: 79.8 % Yes: 74.4 %
Struggle to afford food No: 86.7 % No: 49.7 %
p=0.140 p = 0.0002

Future work could augment this research by examining the spatial re-
lationships of participants to sites that are high restoration priority, such
as critical services (e.g., hospitals, police, and fire departments), to
determine if living near these sites influences the length and frequency
of power outages. Work could also expand on how living in rural, sub-
urban, or urban areas affects power restoration times. Previous research
suggests that rural areas are more likely to experience longer outages
and restoration times because of the electrical infrastructure's more
isolated nature than urbanized areas [69,70]. Future research could
examine whether a male or female head of household or various family
structures is related to power outage experiences and impacts. Existing
studies show that women are at greater risk of experiencing negative
outcomes from disasters and, subsequently, are more susceptible to the
effects of power outages [29,71]. Our survey did not ask for the par-
ticipants' gender identity as the focus was on power outage effects on the
household. Lastly, future research should consider a qualitative
approach that uses focus groups and interviews to investigate how
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people experience power outages and analyze the impacts people
experience, how power outages affect their mental health, and what
resources were used to adapt until power was restored.

Limitations with this work came from sample sizes and the sample
composition from each city. While there was enough support in Phoenix
because the sample met the requirement for achieving a 95 % confi-
dence level with a 5 % margin of error, the other sites did not. Future
research should examine these issues using larger representative sam-
ples, so the results are generalizable to the populations they are inves-
tigating. Because of the small sample size in this study, statistical
significance was difficult to realize for some components of the analysis
where there were few respondents. For instance, people who did not
own a generator were not asked how often they perform maintenance on
their generator or if they bought it because of a power outage; this
question was only asked to generator owners, which was a small part of
the sample. There are also concerns surrounding recall bias, given that
we asked people to remember a power outage experience that may have
occurred many years ago, and their memory could be skewed when
remembering how long they were without power. Future research
should consider survey deployments that capture information about
recent events while the memories are fresh in participants' minds.

Given the timing the survey was deployed, more responses could
have been collected. However, as the public health lockdowns began in
mid-March of 2020, the team agreed that the data collection had to stop.
Doing so could have introduced several factors that could not be
controlled within the survey responses, which were new and novel so no
prior experience could guide decision-making.

There are mitigation measures that future studies should implement
to enhance data reliability if researchers plan to use MTurk as a data
collection method. First, following the protocol mentioned in Chmie-
lewski et al. [63], we conducted a thorough screening of the initial re-
sults when approving MTurk worker tasks to check for low-quality data.
We took further steps to ensure we collected high-quality data, which
future studies can employ, including targeting a specific state through
MTurk and within the survey and being more specific with the location
of interest by providing options for what major city the participant lives
closest to. If the participant does not choose the city of interest, they are
removed from the survey. While workers were upset by being suddenly
removed from the survey, and thus compensation, this mitigation
measure helps ensure high-quality data from workers. Additionally, a
secondary measure of seeing how long a participant completed the
survey can check if the participant forgot to open the MTurk task before
starting the survey. This measure can also confirm if the participant sped
through the survey to earn the compensation or if the participant did not
open the task when they started the survey.

7. Conclusions

In this work, we surveyed 896 participants in three major cities
across the United States (Detroit, MI; Miami, FL; Phoenix, AZ) to un-
derstand household experiences during power outages and what factors
influence the frequency, duration, and impacts of power outages. The
hypotheses for this research were that participants of racial/ethnic mi-
norities and lower income were more likely to experience more frequent
and longer power outages and greater adverse effects because of a power
outage. Race/ethnicity was associated with a few of the dependent
variables in Phoenix and Detroit and partially supported the first hy-
pothesis. Also, income and race/ethnicity were not as strongly associ-
ated with outage-related variables as initially hypothesized. The only
significant relationships that emerged were that racial/ethnic minority
groups were more likely to not receive help in Miami and were more
likely to have thrown food away in Detroit. Also, those of lower income
from Detroit, were more likely to have thrown food away that spoiled
because of a power outage, unlike those from higher incomes. Because of
the evidence collected here, we recommend further research establish a
more robust empirical basis for understanding who is at greater risk of
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experiencing adverse effects from power outages.

The future climate will pose many issues for the physical infra-
structure and people. Electricity demand will increase given the ex-
pected increase in global temperatures and the growing population,
specifically in the United States. While adaptations are necessary to
reduce these impacts, people will be affected by any highly interde-
pendent electrical grid system failures. Investments are needed to in-
crease the robustness of electrical infrastructure so that the number of
future electrical disturbances may be reduced, and the cascading effects
are less crippling from future failures.
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