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Abstract

In February 2021, severe winter weather conditions associated with Winter Storm Uri trig-
gered an energy infrastructure failure in Texas. Most Texans lost electricity, some lost pota-
ble water, natural gas, and suffered other infrastructure-related service disruptions that had
profound household consequences. Although several studies have documented the dispari-
ties in terms of the types and extent of disruptions Texans experienced during Uri, there is
little information about the impact of these disruptions in terms of their burdens on house-
holds. Guided by the Capabilities Approach framework, a survey of Texan households was
conducted to identify the outage characteristics and capability losses for different house-
hold types, as well as the burdens that those disruptions posed to households using both
objective and subjective measures. Our results indicate that households that endured longer
and constant electricity outages suffered more severe impacts across all measures, includ-
ing more disrupted household capabilities, increased time, and financial costs to cope dur-
ing the outages, as well as greater declines in reported life satisfaction. We found that low-
income households, households with children, and households with disability challenges
suffered more severe objective burdens during the storm, although subjective results for
these households were mixed. Households with members over the age of 65 fared better in
terms of objective measures, yet suffered more in terms of subjective well-being. Moreo-
ver, households that had prior experience with a prolonged outage reported significantly
smaller reductions in well-being during the storm than other households, despite not show-
ing any difference in objective measures. Ultimately, our results offer context-specific,
post-event information about the impacts and needs of different types of households dur-
ing Uri that are important for informing emergency management and community resilience
planning.
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1 Introduction

Winter Storm Uri included three arctic weather systems that swept across the USA from
February 10 to 20, 2021, bringing severe winter weather conditions to almost three-quar-
ters of the nation. Millions of Americans experienced frigid temperatures, historic snow-
fall, and dangerous ice accumulations, creating a dire situation for many residents who
were left scrambling to meet their basic needs (Bogel-Burroughs et al. 2021; Dolce 2021).
The storm caused particularly severe impacts on the state of Texas. For the first time in
recorded history, all 254 counties in the state were placed under a winter storm warning
by the National Weather Service (Villarreal 2021). Texas was not only hit especially hard
by the storm, but was caught unprepared for a winter storm of this magnitude (Bogel-Bur-
roughs et al. 2021; Cavanagh 2021). Ultimately, the storm has been blamed for 246 official
deaths in Texas (Aldhous et al. 2021).

The severe impacts and high death toll in Texas during Uri were, in part, because the
storm triggered an energy infrastructure failure, the worst in state history and the largest
in the U.S. since the 2003 Northeast Blackout (Electric Choice, n.d.). The winter weather
conditions, infrastructure failures, increased energy demand, and fuel limitations during
the storm, all led to deteriorated power grid conditions, causing load shedding and rolling
blackouts across the Electric Reliability Council of Texas (ERCOT) service area (Univer-
sity of Texas at Austin 2021). ERCOT had originally announced that Texans would expe-
rience “rolling outages” that would leave households without power for 45 min at a time
(Ferman et al. 2021); ultimately, however, the power demand so greatly exceeded genera-
tion capacity that many Texans were without power for days at a time (Busby et al. 2021).
According to a University of Houston study, 69% of Texans lost electrical power, and about
half of Texans lost access to running water (Watson et al. 2022). Other infrastructure-
related impacts of the storm include difficulty obtaining food or groceries, the loss of inter-
net service, and difficulty obtaining bottled water.

The infrastructure disruptions caused by Uri were not experienced equally by house-
holds across the ERCOT service territory. For example, in the City of San Antonio, official
power outage durations ranged from non-existent to two-and-a-half days long (CPS Energy
2021; Paalcios 2021). Impacts in rural areas of Texas were reported to be particularly
severe, where households are often less able to depend on resources and services in nearby
communities (Houston Advanced Research Center 2021). Sociodemographic disparities
in power and water outages associated with Uri were also found in Texas. For example,
Grineski et al. (2023) found that longer power outage durations were associated with being
Black, having children, and renting one’s residence. Flores et al. (2023) found that coun-
ties with relatively high Hispanic residents tended to endure more severe power outages
and that Black respondents were more likely to report outages lasting longer than one day.
Moreover, Lee et al. (2022) revealed significant disparities in the extent and duration of
outages experienced by low-income and minority groups in Harris County, Texas.

Infrastructure disruptions like those experienced during and after Uri have severe well-
being consequences for households, which typically depend upon energy, water, and other
infrastructure services (e.g., lighting and running water) and the capabilities they enable
(e.g., the ability to cook food and access drinking water) to meet their critical needs. Addi-
tionally, because households have varying needs, preferences, and abilities, the impacts of
similar infrastructure disruption types may have drastically different impacts for diverse
populations (i.e., power outages of similar durations may be particularly severe and acute
for some, and yet a matter of inconvenience for others) (Cutter et al. 2003; Obolensky et al.

@ Springer



Natural Hazards (2024) 120:7065-7104 7067

2019). When considering the disparities in the duration and extent of infrastructure disrup-
tions suffered by Texans during Uri, the resulting burdens of outages on households are
even more likely to be unequal. While several studies that have documented the disparities
among Texans in terms of the types and extent of disruptions experienced during Uri (e.g.,
Lee et al. 2022), there is little information about the consequent impacts of these outages
on different types of households.

This research, therefore, seeks to empirically examine the disparate impacts of power
outages (and associated infrastructure disruptions) in Texas on households’ abilities to
meet basic needs (i.e., being healthy and feeling safe) during Winter Storm Uri. Guided
by the Human Capabilities Approach (Sen 2001), discussed in more detail in the next sec-
tion, a survey of Texan households was conducted to identify the capability losses experi-
enced by different households, as well as the burden that those disrupted capabilities had
on household outcomes in terms of both objective and subjective measures. The objective
measures include the number of disrupted household capability types reported, as well as
the increased time and financial costs incurred by households to adapt to reported disrup-
tions. To capture subjective impacts, we assess household well-being (i.e., reported life
satisfaction) during the outages as well as changes in life satisfaction scores from before
the outage to during Winter Storm Uri.

We also examine the role of prior experience with power outages in mitigating house-
hold outcomes. Unlike other major outage events in recent years, Uri is distinct because of
the diverse range of prior outage experiences among the population of Texas. While the
state’s southern and coastal regions have experienced multiple outages in recent years (e.g.,
Hurricane Tke and Hurricane Harvey) (Hoffman et al. 2009; Lee and Hodge 2017) the 2021
power outages were at an unprecedented scale, affecting portions of the population that
have not experienced prolonged outages in recent memory (Ferman et al. 2021). By com-
paring the responses of people with varying levels of prior outage experience, a more accu-
rate measure of the true household burdens of disruptions on households caught off-guard
by Winter Storm Uri is possible, informing other places and contexts where investments in
resilience planning have not been a priority.

In particular, the following research questions guided our data collection and analysis:

1. What capabilities were disrupted during Winter Storm Uri and which type of disruptions
were most impactful to households?

2. How did the disruption of capabilities (and the outcomes associated with adapting to
these disruptions) differ based on outage duration and characteristics?

3. How did the household outcomes associated with adapting to capability disruptions
differ across vulnerable household types?

4. What role (if any) did prior outage experience have in mitigating household losses?

Although the types of capabilities disrupted will likely vary across households, we
hypothesize that the most impactful disruptions will be associated with lifeline energy
services for households related to water, food, and medicine. We also expect to find that
longer-duration outages will be associated with a greater number of household capabilities
lost and will also be associated with greater burdens—both objective and subjective—as
households work to mitigate disruptions to these capabilities. We also expect that socially
vulnerable households (e.g., households with elderly, poor households, or households with
disabled members) will report more significant burdens related to disrupted household
capabilities than comparatively less-vulnerable households. Finally, we expect that prior
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outage experience may mitigate the household consequences of disruptions, as households
with prior outage experience may have undertaken preparatory measures (e.g., purchasing
a generator or having excess food on hand) or have developed greater adaptive capacity
because of this prior outage experience.

2 Literature review
2.1 Capabilities approach

The capabilities approach (CA) to human development is a widely-recognized theory for
understanding the process of human development and well-being (Sen 2001). It has been
utilized by organizations such as the United Nations to compare and assess human devel-
opment progress across nations (United Nations Development Programme 2022). The CA
offers a way to measure well-being as what people are able to do with the resources they
have. This is an alternative perspective compared with many traditional economic metrics
of development that tend to focus on measures of income as a proxy for well-being. In this
way, the CA emphasizes that people differ in their ability to transform resources into actual
achievements. A key aspect of the CA is the concept of capabilities—what people have the
ability to do and become, or the portfolio of possibilities that are available to an individ-
ual or household to achieve a life they consider valuable. Universally valued measures of
basic capabilities include good health, access to knowledge, and a decent standard of liv-
ing, among others (Nussbaum 2001). These capabilities are influenced by resources (e.g.,
entitlements, rights, or financial resources) and how individuals can use those resources to
enable capabilities through conversion factors. Conversion factors can be personal, social,
or environmental factors (e.g., mobility, health, infrastructure, social norms) that enable or
inhibit the portfolio of capabilities available to a person (Sen 1992). For instance, if a per-
son is disabled or has limited access to healthcare services, they are likely at a comparative
disadvantage in terms of the capabilities they are able to achieve, such as being healthy or
getting from place to place. Therefore, unequal conversion factors lead to different abilities
to transform resources into capabilities. Capabilities that are realized through individual
choice are referred to as functionings (Sen 2001). A simple example is the capability to
eat all kinds of food yet choosing to be a vegetarian for health reasons. The decision (or
choice) to be vegetarian to achieve a healthy lifestyle would be considered a realized capa-
bility or functioning. Ultimately the CA emphasizes the importance of capabilities, as they
reflect the real opportunities or freedoms that people have to choose from. Ultimately, peo-
ple that have a lot of resources and appropriate conversion factors will have more oppor-
tunities to live a life they value. Figure 1 summarizes the general capabilities approach
framework, which may be applied to a diverse range of contexts and applications (see, e.g.,
Day et al. 2016).

2.2 Capabilities approach applied to infrastructure disruptions
Drawing on previous literature which applies the CA to infrastructure services at

the household level, we have adapted Fig. 1 to show how infrastructure disruptions
can impede household capabilities and functioning, shown in Fig. 2. Our framework
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Fig.1 The Capabilities Approach Framework indicating the theorized relationship between resources,
capabilities and functionings (adapted from Robeyns 2005)
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Fig.2 Capabilities Approach framework applied to infrastructure disruptions at the household level indicat-
ing the relationship between infrastructure resources, household responses, and capabilities

incorporates insights from Day et al. (2016) which used the CA to understand how elec-
tricity-dependent household services relate to specific and contextual household activi-
ties (e.g., cooking, and bathing), referred to as secondary capabilities, and energy pov-
erty. We also drew from Dargin and Mostafavi (2020) who applied the CA to inform
subjective well-being impacts (i.e., measures of emotional well-being) of infrastructure
disruptions in Houston, Texas following Hurricane Harvey in 2017. They found varying
self-reported well-being impacts (i.e., feelings of anxiousness or helplessness) related
to general infrastructure disruption types (i.e., transportation, food, solid waste) across
households with different demographic characteristics. Also, previous work by the
authors of this study has used the CA framework to study the impact of infrastructure
disruptions on households in Puerto Rico (Clark et al. 2022) as well as utilized the CA
to inform the development of an equity-focused social burden metric that seeks to quan-
tify the burden of post-event adaptations taken by households to maintain their capabili-
ties and fulfill important functionings (Clark et al. 2023).

Figure 2 helps to illustrate how the CA may be applied to infrastructure disruptions
specifically, where the portfolio of capabilities typically available to households is con-
strained during infrastructure disruptions as infrastructure services and thus important
household capabilities are likely reduced. For example, during a power outage, many
households lose the ability to refrigerate food which reduces the ability of a household
to safely store food. If the ability to safely store food is reduced, the basic capabilities of
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maintaining good health may also be diminished. Some households, perhaps with previ-
ous outage experience and sufficient financial resources may be able to take pro-active
measures to mitigate or reduce the impacts, such as purchasing a generator or keeping
more food and water in stock. Also, many households will take adaptive measures to
cope with the disruptions they experience, such as ordering takeout or buying bottled
water to cope with the inability to cook or access clean drinking water in their home as
they usually would.

Therefore, the CA applied to the context of infrastructure disruptions suggests that house-
holds with more resources (e.g., higher income) and appropriate conversion factors (e.g., are
healthy, own a car, live in proximity to services) will have a greater ability to undertake miti-
gation measures prior to an event as well as adaptive behaviors during events that will help to
alleviate burden during disruptions. Conversely, the lack of resources and conversion factors
will likely reduce the ability of households to take proactive mitigation measures and may
limit their adaptive capacity. While there are a multitude of conversion factors that may be
relevant to the experiences of different people during disruption events, a body of existing
literature has identified particular population demographics and characteristics that are fre-
quently associated with a reduced ability to adapt or prevent human suffering when faced with
disaster events, also referred to as social vulnerability (see, e.g., Cutter et al. 2003; Fatemi
et al. 2017; Singh et al. 2014). These measures of vulnerability, including household income,
education, access to a vehicle, racial and ethnic minority status, age, and English proficiency,
can be thought of as specific personal and societal resources and conversion factors that may
impact households’ outcomes during disruption events such as power outages. These factors
may impact households’ outcomes in a variety of ways— ‘vulnerable’ households may require
additional goods or services to maintain the same health and well-being outcomes as ‘non-
vulnerable’ households, have relatively few resources to fall back on compared to their non-
vulnerable peers, have access to less-quality goods and services that are more prone to disrup-
tion during extreme events, face more challenges in undertaking adaptive behaviors than their
peers, or may otherwise struggle to maintain capabilities, compared to their peers.

Other important factors that may impact households’ outcomes from an infrastructure dis-
ruption are outage duration and prior experience. Outage duration has been linked to increased
severity of consequences, as previous studies have found that longer-duration outages were
associated with more severe impacts on households and communities (Stock et al. 2023). Con-
versely, prior experience has been associated with less severe outage consequences, as stud-
ies have found that the knowledge gained through previous outages can help households act
effectively and engender resilience during disruptions (Heidenstrom and Kvarnlof 2018; Abi
Ghanem et al. 2016). In the context of the CA, we would expect that longer periods of time
without access to home energy services and important conversion factors result in more bur-
dens to households. Also, because knowledge and experience would be considered important
personal conversion factors in CA (Robeyns and Byskov 2023), we would expect to see house-
holds that have had the opportunity to build up their knowledge and experience through prior
outage experience will report less burdens as a result of Winter Storm Uri, due to more pro-
active mitigation measures and knowledge of effective adaptation strategies.

Overall, this theoretical framing of the CA was used to inform the design of our survey
questions, as well as determine appropriate ways to measure objective and subjective burdens
that households experienced during Uri.
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3 Methodology
3.1 Research design

Qualtrics, an online survey company, was hired to conduct a digital survey of Texan
households. Qualtrics operates by sending surveys to individuals who had been previously
recruited to complete online surveys in exchange for monetary compensation. By design,
the individuals recruited as participants were intended to provide a representative sample
of Texan households residing within the Electric Reliability Council of Texas (ERCOT)
service area in terms of race and income. Screening questions were included at the outset
of the survey to prevent potential participants that (a) were less than 18 years old, (b) did
not live in the ERCOT service area of Texas, (c) had not experienced a power outage dur-
ing Winter Storm Uri in February 2021 from taking the survey.

The survey was conducted between September 24, 2021, and October 29, 2021
(6-7 months following the February 2021 event). During this period Qualtrics gath-
ered over 3000 survey responses. Qualtrics conducted quality assurance checks on these
responses (e.g., looking for respondents who finished the survey abnormally fast, possible
bots, duplicate responses, ambiguous text, etc.) (see Response Quality, n.d.) and eliminated
all but 1049 responses. Further quality assurance checks were conducted by the research
team on these 1049 responses to eliminate duplicate responses and speeders (i.e., individu-
als who finished the abnormally quickly). Duplicate responses were identified based on a
combination of personal characteristics (i.e., age, gender, and racial and ethnic identity)
and household characteristics (i.e., zip code, number of people in household, and language
spoken in household). Of the duplicate responses identified based on personal and house-
hold characteristics, 38 originated from individual IP address and 112 originated from an
IP address associated with two or more survey responses (i.e., 112 were duplicates down
to the IP addresses). Speeders were defined as respondents who completed the survey
in 40% or less of the median time taken to complete the survey (i.e., those individuals
who completed a survey with a median duration of 21 min in fewer than 9 min) (Bhavsar
2018). After eliminating a total of 150 duplicate responses and 67 speeders, 832 responses
remained and were used for analysis.

Figure 3 provides a dot density map of the geographic distribution of the 832 respond-
ents included in the final analysis. Each household is represented by a single dot, with the
color of the dot reflecting the duration of time the household was without power, including
households that reported no power outage (‘no outage’, n=96), but did report other infra-
structure disruption types in their homes, including water (n=48) and natural gas (n=15).
The distribution of responses largely reflects the population density across the state, with a
high number of responses from the Dallas—Fort Worth Metropolitan Area, Houston, San
Antonio, and Austin. Even within these clusters of responses, there was a wide range in the
duration of outages reported.

3.2 Survey questions
In the survey, participants were first asked about their personal and household character-

istics (e.g., yearly income, race of household, household size, etc.). They were then asked
if they experienced a power outage during Winter Storm Uri; only those who specifically
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Fig.3 Dot density map of the geographic distribution of the 832 respondents included in the final analysis.
The color of the dot indicates the duration of power outage reported by each household

indicated that they had by answering ‘yes’ were allowed to continue.' They were next asked
to identify characteristics of the outage they experienced (i.e., duration and if it was con-
stant or intermittent), and if they had ever experienced a significant power outage before
Uri. Respondents were also provided a list of eleven important household capabilities (e.g.,
ability to access food or water, ability to heat their home, ability to cook food, etc., see full
list in Fig. 4) and asked to identify which (if any) were disrupted by the outage. They could
also add up to two additional ‘other’ disrupted capabilities that they felt were not reflected
by the choices included in the provided list. Respondents were then asked to identify which
of the disrupted capabilities had ‘significant impacts’ on their household’s health and well-
being and estimate the additional time and money their household spent to mitigate the

! While eligibility for participation in this study included participants having experienced a power outage
in their home because of Winter Storm Uri, when explicitly asked about their experiences of power outages
during Uri, 96 households reported that they did not experience any power outage in their homes. These
households did, however, report disruptions to water and natural gas as a result of disruptions to the electri-
cal system, so their households were impacted by power outages, albeit indirectly.
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Fig. 4 Number of households that reported disruptions to each capability type, in order of most reported
disruptions types to least resported. The lighter bar indicates the number of households that reported capa-
bilities as being disrupted but having relatively little impact on the household’s health and well-being, while
the darker bar indicates the number of households that reported capabilities as being disrupted and having a
significant impact on the household’s health and well-being. The counts inside each bar indicate the number
of households reporting each level of impact, while the counts outside the end of the lighter bar indicate the
total number of households reporting each type of disruption

disruptions to these capabilities. Respondents were also asked to evaluate the impact of the
disruptions during Uri on their overall well-being by using a scale of 0 (“worst possible
life” to 10 “best possible life”) to indicate their satisfaction with their lives both before and
during the outage.

3.3 Sample demographics

The demographic characteristics of respondents were compared to those of the total pop-
ulation of Texas, using the 2019-American Community Survey (ACS) 5-year estimates,
where analogous demographic data could be found (U.S. Census Bureau 2019). When pos-
sible, survey questions were adapted from demographic questions used by the U.S. Census
Bureau, facilitating the ease of comparison with ACS data for key demographic indicators
such as age and gender. It is, however, important to note that respondents were asked to
answer most questions on behalf of their household, whereas ACS questions typically ask
respondents to provide information about the individual members of their household. As
a result, many demographic questions (i.e., education and race) are not directly compa-
rable to the individual-oriented ACS data. Specifically, respondents were asked “What is
the highest level of schooling that someone in your household has received?” [emphasis
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added] as compared to ACS questionnaires, which ask respondents “What is the highest
degree or level of school [each] person [in the household] has completed?”. For ‘Race &
Ethnicity’ respondents were asked “In terms of race, which of the following do members
of your household primarily consider themselves to be?”, and “Do any members of your
household identify as Hispanic or Latino?”. Table 1 compares select sample demographics
with all Texan households; race and ethnicity types used in the survey are listed in the last
row.

The demographics of the collected sample, shown in Table 1, are considered reasonably
representative of the Texan population in terms of income, education, household size, and
race. Respondents’ median household yearly income was slightly lower than that reported
by the ACS (between $40,000-$49,000 and $50,000-$59,000, respectively); the median
household educational attainment of respondents was the same of that as Texas overall,
with some college education; the median household size of survey respondents was three
individuals, while the median for Texas is two people; and the proportion of the sample
that identified as a racial or ethnic minority (defined here as all respondents who identi-
fied as either Hispanic/Latino or non-White) was similar to the Texas population (57.7 and
58.9%, respectively).

3.4 Analysis

Our data analysis is organized according to our four research questions, with additional
methodological detail provided as needed, specific to each section. Section 4.1 includes
summary statistics describing the household capabilities disrupted and the ranking of these
disrupted household capabilities in terms of impact on households’ health and well-being.
In the subsequent sections (Sects. 4.2 through 4.4), statistical methods were used to explore
the individual relationships between independent variables relevant to each of the research
questions and six key household outcomes, both objective and subjective. The objective
measures included in the analyses were (1) the total number of capability disruption types
reported, (2) the number of capability disruption types reported as having a “significant
impact” on households’ health and well-being, (3) the number of disruption types resulting
in additional time, and (4) the number of disruption types resulting in additional money
spent. Subjective measures included in the analysis were (1) reported life satisfaction, or
well-being, during the outage on a scale of 0-10, and (2) the reported change in well-being
from before the outage to during the outage, calculated based on the difference in reported
life satisfaction before the outage and during the outage (both on a scale of 0 to 10). While
the former offers insight into life satisfaction, or well-being, during the outage in an abso-
lute sense, the latter offers insight into the change in life satisfaction, or well-being, spe-
cifically because of the outage. Student’s t-tests were first performed to determine whether
there were significant differences in the means of these six household outcome measures
between two categorical groups, based on the independent variable of interest. Differences
in the quantitative means of two or more categorical groups were further explored using
ANOVA and Tukey’s Honest Significant Difference (HSD) tests. Differences in the quan-
titative means of ordinal independent variables and household outcomes were examined
using Spearman’s rank-order correlation, with Spearman’s rho value indicating monotonic
relationship between these variables (i.e., that an increase in variable corresponds to an
increase in the other, without regard to the linearity of the relationship). These tests were
conducted in R, using the packages “aov,” and “stats” for analysis (Dag et al. 2018; R Core
Team 2021).
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4 Results
4.1 Disrupted capabilities and household outcomes
4.1.1 Prevalence and relative impact of disrupted capabilities

Survey respondents identified the household capabilities that were disrupted by the power
outages and indicated which of these disrupted capabilities most significantly impacted
their households’ health and well-being. On average, households reported 4.9 household
capabilities being disrupted and reported an average of 3.0 disruptions as having ‘signifi-
cant impacts’ on their households’ health and well-being. Figure 4 summarizes both the
frequency that each capability type was reported as being disrupted as well as the fre-
quency of these disruptions being reported as having ‘significant impacts’ on households’
health and well-being.

Three specific capabilities stood out in terms of the overall prevalence of disruption:
more than two-thirds of households reported disruptions to lighting (76%), heating (74%),
and cooking (72%). In comparison, the fourth-most common disruption, sanitation, was
only reported as being disrupted by 46% of households. Only fourteen households reported
disruptions to ‘other’ capabilities (corresponding to a total of 17 ‘other’ disrupted capa-
bilities); these included disruptions to internet access and cell phone communication, chal-
lenges in caring for pets and livestock, additional challenges posed to the household due
to COVID-19, lack of toilet paper, running generators, inability to drive on roads due to
weather conditions, a lack of water and restoration needed due to pipes bursting.

In addition to being the most prevalent disruptions overall, disruptions to heating,
cooking, and lighting were the most frequently reported ‘significantly impactful’ disrup-
tions, with 63% of households, 49% of households, and 40% of all respondents reporting
that these disrupted capabilities had ‘significant impacts’ on their households’ health
and well-being. When constrained to exclusively consider the households impacted by
power outages, the disproportionate impact of heating disruptions becomes even more
evident, as 85% of households that experienced these kinds of disruptions indicated that
they resulted in significant impacts on their households’ health and well-being. Dis-
ruptions to cooking food, accessing water, and accessing food were also particularly
impactful for affected households: approximately two-thirds of respondents experienc-
ing these disruptions indicated that they were “significantly impactful” for their house-
holds. In contrast, disruptions to information and communication were relatively preva-
lent but less likely to be impactful for affected households: while disruptions to these
capabilities were not infrequent (reported by 268 and 298 respondents, respectively),
less than four in ten affected households (39 and 38%) reported that these disruptions
had significant impacts on their household’s health and well-being. The ‘other’ capabil-
ity disruption types reported to have significant well-being impacts were challenges due
to not having internet (could be considered a communication issue), CPAP machines
(could be considered an in-home health issue), running generators, inability to drive
on roads due to weather conditions, a lack of water and restoration needed due to pipes
bursting (could be considered an issue with accessing water), and the need to keep live-
stock warm and ensure that they had access to water.
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4.2 Additional time and monetary costs

For each of the disrupted capabilities that had a “significant impact” on their household,
respondents were asked to estimate the additional time spent adapting to the disruption
over the course of the outage. Eighty-five percent of households (n=705) reported one or
more disrupted capabilities requiring additional time, with affected households reporting
an average of 3.6 disruptions that required additional time to address. On average, house-
holds spent approximately 2.3 h additional hours per impacted capability, corresponding to
a total of 10.8 h per household over the duration of the outage. While disruptions to light-
ing and cooking were reported by many households, they resulted in the fewest additional
hours per affected household of any disrupted capability type (2.1 and 1.8 h, respectively).
In contrast, while ‘other’ disruptions were the rarest, they were also the most time-inten-
sive disruptions: the ten households queried spent an average of 4.6 h addressing these
‘other’ needs. Particularly time consuming ‘other’ needs were related to water pipes that
burst, keeping livestock alive, the lack of internet, and challenges related to COVID.

While disruptions to household capabilities were slightly less likely to incur addi-
tional monetary costs, three-quarters of households (n=628) reported spending addi-
tional money to adapt to one or more disrupted capabilities caused by Winter Storm Uri.
On average, these affected households experienced 3.3 disruptions that required addi-
tional money to address, with the average disruption costing households approximately
$38 over the duration of the outage. Disruptions to information and lighting were asso-
ciated with the lowest monetary burdens (an average of approximately $21 and $23,
respectively), while disruptions to food-related capabilities such as accessing food and
cooking had comparatively high monetary costs (an average of approximately $56 and
$39, respectively). ‘Other’ disruptions requiring additional money were very rare (n=8)
but were associated with the highest monetary costs on a per-household basis (affected
households reported an estimated $61 on average to address ‘other’ disruptions). Par-
ticularly costly ‘other’ disruptions included burst water pipes, the lack of hot water, and
challenges related to COVID.

4.3 Household outcomes based on outage characteristics
4.3.1 Reported outage characteristics

For respondents experiencing a power outage in their home (n=736), they were asked to
provide information about both the duration of the outage from the point in time house-
holds first lost power to the point in time when their power was fully restored and the nature
of the outage. In particular, respondents were asked to indicate whether the outage was (a)
constant, meaning the power did not come back between when it first went out and when it
was completely restored; (b) intermittent with short (< 1 h) periods of power; (c) intermit-
tent with medium-length (1-4 h) periods of power; or (d) intermittent with long (4 +hour)
periods of power. Figure 5 summarizes the duration and nature of outages reported.

Just under half of respondents (47%) reported an outage lasting less than two full days,
with more than one in three respondents (34%) reporting that the total time from when
power first went out to when it was fully restored was less than 24 h. Although most house-
holds reported relatively short outages—the median outage duration was between one and
two days, and some 62% of respondents reported an outage of less than three days—more
than one in four households (26%) reported an outage lasting more than 3 days, with 10%
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Fig.5 Duration and nature of power outages experienced by respondents

of households reporting an outage that lasted five or more days. These disruptions varied
in nature; while almost 5% of respondents could not remember whether they experienced
constant outages, slightly less than half (44%) reported constant outages, while slightly
more than half (51%) reported intermittent periods of power. Interestingly, households
that experienced outages lasting less than a full day were particularly likely to report some
period of power, as only about one-third of households with outages lasting less than a day
(32%) reported that these outages were constant (Fig. 5).

4.3.2 Household outcomes and disruptions to household power

While eligibility for participation in this study included participants having experienced a
power outage in their home because of Winter Storm Uri, when explicitly asked about their
experiences of power outages during Uri, 96 households reported that they did not experi-
ence any power outage in their homes. These households did, however, report disruptions
to water and natural gas because of disruptions to the electrical system, so their households
were impacted by power outages, albeit indirectly. The inclusion of households that did
not experience a power outage in their homes during Uri (but did experience other types of
infrastructure disruptions like water and natural gas interruptions) presented an opportunity
to test for statistically significant differences in household outcomes between households
that had experienced a power outage of any kind (n=736) and those that had not (n=96).
The results are summarized in Table 2. For objective outcomes, households that lost power
reported more disrupted capabilities on average (5.1 vs. 3.5, p <.001) and more disrup-
tions with ‘significant impacts’ (3.1 vs. 2.4, p <.01) than households reporting other infra-
structure disruption types. Subjectively, households that lost power also reported lower life
satisfaction during the outage (3.7 vs. 4.5 on a scale of 0-10, p <.01) and greater decreases
in life satisfaction from before the outage to during the outage (an average decrease in 3.6
points vs. 2.2 points, p <.001) than other households.
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Table 2 Differences in household outcomes based on whether households lost power

Household Outcomes No Outage  Outage t-test statistic p value
n=96 n=736

Mean SD Mean SD

Count Disrupted Capabilities 351 2.85 514 253 532 0.0000%**

Count ’Significant Impact’ Disrupted Capabilities  2.43 2.12  3.08 2.11 2.84 0.0052%%*

Count Disrupted Capabilities Requiring Addi- 273 241 310 241 141 0.1601
tional Time

Count Disrupted Capabilities Requiring Addi- 249 263 252 255 0.12 0.9025
tional Money

Well-being During Outage 447 277 366 271 -2.70 0.0080%*%*

Change in Well-being from Before to During —2.23 3.13 -3.775 3.54 -4.39 0.0000%**
Outage

* denotes p < .05, ** denotes p < .01, *** denotes p < .001

Table 3 Results of Spearman’s testing between outage duration and household outcomes

Household Outcomes rho p value

Count Disrupted Capabilities 0.38 <0.0001%**
Count ’Significant Impact’ Disrupted Capabilities 0.18 <0.00071%**
Count Disrupted Capabilities Requiring Additional Time 0.18 <0.00071%**
Count Disrupted Capabilities Requiring Additional Money 0.14 <0.0001%**
Well-being During Outage —-0.30 <0.0001%**
Change in Well-being from Before to During Outage -0.29 <0.0001%**

#*%* denotes p < .001

For households reporting that they did lose power, Spearman’s testing indicated highly
significant correlations between outage duration and all six household outcomes (Table 3).
Outage duration was positively correlated with all objective measures and was most
strongly correlated with the total number of disrupted capabilities (rho=0.38); outage
duration was negatively correlated both with reported life satisfaction during the outage
(rho=-0.30) and the change in life satisfaction from before the outage to during the out-
age (rho=-0.29).

4.3.3 Household outcomes and nature of power outage

Among the households that experienced a power outage (n=736), slightly more than
half experienced rolling outages with intermittent periods of power (n=376), less than
half experienced continuous outages (n=325), while relatively few could not remember
(n=35). For households that could recall the nature of the outage (n="701), student’s t
tests were performed to identify differences between the household outcomes of those that
experienced continuous outages and those that experienced intermittent outages (Table 4).
Households with constant outages reported a greater number of disrupted capabilities (5.6
vs. 4.8, p <.001), more disruptions resulting in ‘significant impacts’ (3.3 vs. 2.9, p <.01),
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more disruptions requiring additional time (3.5 vs. 2.9, p <.01), and more disruptions
requiring additional money (2.8 vs. 2.3, p <.01) than households that had power at least
some of the time. Households with constant outages also reported lower life satisfaction
scores (3.2 vs. 4.0, p <.01) and greater decreases in life satisfaction during the outages than
those who received intermittent periods of power (an average decrease of 4.4 points vs. 3.2
points, p <.001).

Subsequent testing further categorized respondents into five groups based on the nature
of outages: households that experienced no outages (n=96), constant outages (n=325),
intermittent outages with short periods of service lasting less than one hour (n=106), inter-
mittent outages with medium periods of service between one and four hours (n=125), and
intermittent outages with long periods of service lasting more than four hours (n=145);
results of these tests are seen in Table 5. These test results highlight the differences in
outcomes between those who had experienced no outages and those who had experienced
constant outages. Households who experienced constant outages reported more disrupted
capabilities (5.6 vs. 3.5, p<0.001), more disruptions causing ‘significant impacts’ (3.3
vs. 2.4, p<0.01), and lower life satisfaction scores during the outage (3.2 points vs. 4.5
points on a scale of 0-10, p<0.001) than households that did not experience outages.
There were also statistically significant differences between those who experienced con-
stant outages and those who experienced medium or short periods of service across sev-
eral household outcomes. Households that experienced constant outages experienced more
disrupted capabilities (5.6 vs. 4.5 p<0.001), more disruptions requiring additional time
(3.5 vs. 2.6, p<0.01) and additional money (2.8 vs. 2.1, p<0.05), and lower life satisfac-
tion scores during the outage (3.2 points vs. 4.2 points on a scale of 0-10, p<0.001) than
those who experienced intermittent outages with medium periods of service. Households
that experienced constant outages also experienced more disrupted capabilities (5.6 vs. 4.3,
p<0.001), more disruptions causing a ‘significant impact’ on their household (3.3 vs. 2.6,
p<0.001) and lower life satisfaction scores during the outage (3.2 points vs. 4.4 points on
a scale of 0-10, p <0.001) than their peers that experienced intermittent outages with short
periods of service.

4.4 Household outcomes and social vulnerability

While there are many different indices that may be used to identify vulnerable popula-
tions, one that is frequently used is the Centers for Disease Control and Prevention (CDC)
Social Vulnerability Index (SVI), which uses social factors measured in the U.S. Census
and ACS to create a composite index that measures social vulnerability to disasters in four
key dimensions: (1) Socioeconomic Status, (2) Household Characteristics, (3) Racial &
Ethnic Minority Status, and (4) Housing Type & Transportation (ACS 2020; Flanagan et al.
2018). Drawing from indicators in both the 2018 and the 2020 SVI, eleven metrics were
selected for analysis. The list of indicators included in this analysis are included in Table 6.

For each indicator of social vulnerability listed in Table 6, household outcomes across
the six measures were analyzed to determine whether there were significant differences in
outcomes based on household vulnerability status. The results of these analyses, as well as
supplemental correlation and ANOVA analyses, are discussed in greater detail below, cat-
egorized by the four vulnerability themes.
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Table 8 Results of Spearman’s correlation testing between household income and household outcomes

Household Outcomes All Household Incomes Below
Incomes n=2805 $100,000 n=689
rho p value rho p value

Count Disrupted Capabilities 0.02 0.5563 0.04 0.2687

Count ’Significant Impact’ Disrupted Capabilities -0.04 0.2593 —-0.03 0.4017

Count Disrupted Capabilities Requiring Additional Time 0.04 0.2701 0.05 0.2317

Count Disrupted Capabilities Requiring Additional Money 0.02 0.6698 0.03 0.4375

Well-being During Outage 0.05 0.1475 -0.02 0.6038

Change in Well-being from Before to During Outage -0.07 0.0515 -0.12 0.0021*

* denotes p < .05

4.4.1 Socioeconomic status

The results of t tests for differences in household outcomes based on socioeconomic indi-
cators of vulnerability can be seen in Table 7. Of the outcome variables tested, the only
statistically significant difference found for households with a high school diploma or GED
equivalent and those without, was in the change in well-being from before the outage to
during the outage. The more educated households reported greater decreases in well-being
than households without a high school diploma or GED status (a decrease of 3.6 points vs.
a decrease of 2.1 points on a scale of 0-10). The only statistically significant difference
between households above and below 150% of the poverty line was in the count of ‘signifi-
cant’ disruptions, with households below the poverty line reporting 0.3 more disruptions
causing significant impacts on their health and well-being than their counterparts (3.2 vs.
2.9).

Additional Spearman’s correlation tests were conducted to further evaluate the relation-
ship between income and household outcomes (Table 8). There were no statistically sig-
nificant correlations between household income and the six household outcomes during
Winter Storm Uri across all households for whom income data was provided (n=_805).
However, analysis restricted to households earning below $100,000 (n=689) revealed
a negative correlation between the change in life satisfaction from before the outage to
during the outage (tho=—0.12). This suggests that in households earning under $100,000,
higher income households were associated with greater declines in life satisfaction during
the outages.

4.4.2 Household characteristics

Household outcomes were compared to identify differences between (a) households with
one or more members aged 65 or above and those without, (b) households with one or
more members aged 17 or below and those without, (c) households with children headed
by a single parent and households with children headed by two parents, (d) households one
or more members reporting a chronic illness or disability and those without, and (e) house-
holds that speak English ‘less than well’ and those that speak English ‘well’; households
that declined to respond to these questions were excluded from analysis. Results of #-tests
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for differences in household outcomes based on household characteristics consistent with
vulnerability can be seen in Table 9.

Households with members aged 65 and above experienced fewer disrupted capabili-
ties (4.6 vs. 5.1), fewer disrupted capabilities causing ‘significant impacts’ (2.5 vs. 3.2),
fewer disruptions requiring additional time, and fewer disruptions requiring additional
money (1.8 vs. 2.8) than households without elderly members. However, despite having
lower objective burdens, households with members aged 65 and above experienced greater
decreases in well-being from before the outage to during the outage than their counterparts
(a decrease of 4.0 vs. a decrease of 3.4).

In contrast, households with members aged 17 and younger experienced more disrup-
tions resulting in ‘significant impacts’ (3.3 vs. 2.8) more disruptions requiring additional
time (3.5 vs. 2.8), and more disruptions requiring additional money (3.1 vs. 2.1) than
households without children. However, households with children reported greater life sat-
isfaction scores during the outages than those without (4.0 vs. 3.6 on a scale of 0-10).
There were no differences in the objective outcomes of households based on number of
parents, but single-parent households reported both higher well-being during the outages
than dual-parent households (4.7 vs. 3.8 on a scale of 0-10) and smaller decreases in well-
being from before the outage to during the outage (2.6 points vs. 3.8 points) than dual-
parent households.

Households with a disability reported more disrupted capabilities (5.3 vs. 4.8, p<.01),
more disrupted capabilities resulting in additional time (3.3 vs. 2.9, p <.05), and more dis-
rupted capabilities requiring additional money (2.9 vs. 2.4, p <.01) than their counterparts.
There were no statistically significant differences across the key outcomes of households
when compared by English proficiency.

4.4.3 Race and ethnic minority status

Consistent with the CDC’s definition of racial and ethnic minority status in the SVI 2020,
households that identified Non-White (any race) or White—Hispanic or Latino were cat-
egorized as being vulnerable, while households that identified as White—Not Hispanic or
Latino were categorized as not being vulnerable. The results of t tests for differences in
household outcomes based on racial and ethnic minority status can be seen in Table 10.
Households categorized as being racial and ethnic minorities reported more disruptions
resulting in significant impacts (3.2 vs. 3.7, p <.001), more disruptions requiring addi-
tional time (3.4 vs. 2.7, p <.001), and more disruptions requiring additional money (2.8 vs.
2.1, p <.001) than non-minority households. However, racial and ethnic minority house-
holds reported smaller declines in well-being from before the outage to during the outage
(a decrease of 3.4 vs. 4.0 points on a scale of 0-10, p <.05) than white, non-Hispanic
households.

Additional ANOVA testing further identified differences in household outcomes based
on specific racial and ethnic identities. This analysis included comparison across the fol-
lowing racial and ethnic groups: White—Not Hispanic or Latino, White—Hispanic or
Latino, Black or African American—Not Hispanic or Latino, Black or African Ameri-
can—Hispanic or Latino, Asian, American Indian or Alaska Native, Native Hawaiian or
Pacific Islander, Other, and prefer not the answer. Results of these tests indicated that there
were statistically significant differences between different racial and ethnic groups in all
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measures except for well-being during the outage; the results of ANOVA tests can be seen
in Table 11.

The results of Tukey’s HSD tests further underscored the differences between White—
Not Hispanic or Latino respondents and other racial and ethnic groups: White—Not His-
panic or Latino respondents reported fewer disruptions resulting in ‘significant impacts’
than American Indian or Alaska Native respondents (2.7 vs. 3.9, p <.05), fewer disruptions
resulting in additional time than Other respondents (2.7 vs. 3.6), p <.001) , and fewer dis-
ruptions resulting in additional time than Black or African American—Hispanic or Latino
respondents (2.7 vs. 4.1, p <.001) or White—Hispanic or Latino respondents (2.7 vs. 3.7, p
<.001). There were also statistically significant differences between the outcomes of Black
or African American respondents and those of other respondents that were generally clas-
sified as Racial or Ethnic Minorities. Black or African American—Non Hispanic or Latino
respondents reported fewer disruptions than Native Hawaiian or Pacific Islanders (4.3 vs.
5.7, p <.05), fewer disruptions requiring additional time than White—Hispanic or Latino
respondents (2.5 vs. 3.7, p <.001), and fewer disruptions requiring additional money than
Black or African American—Hispanic or Latino respondents (2.1 vs. 4.1, p <.001).

4.4.4 Housing and transportation

As seen in Table 12, households living in mobile homes or large apartment buildings
reported more disrupted capabilities (5.3 vs. 4.8, p <.05), more disruptions resulting in
‘significant impacts’ (3.4 vs. 2.9, p <.001), and more disruptions requiring additional
money to adapt (2.9 vs. 2.4, p <.01) than households living in non-vulnerable housing
structures such as unattached single-family homes. Households in crowded housing con-
ditions reported more disruptions requiring additional money (3.4 vs. 2.5, p <.05) than
households living in non-crowded conditions, but no other significant differences were
seen between the two groups. There were no statistically significant differences in house-
hold outcomes based on vehicle access.

5 Prior outage experience
5.1 Household outcomes and prior outage experience

As shown in Table 13, there were no statistically significant differences in objective meas-
ures between households with prior outage experience (n=483) and those with no prior
outage experience (n=349). There were, however, statistically significant differences
between household outcomes in terms of subjective measures. Households with prior out-
age experience reported higher levels of life satisfaction during the outage than their coun-
terparts (4.0 vs. 3.5, p<0.01) and reported smaller decreases in life satisfaction (a decrease
of 3.3 points vs. a decrease of 4.0 points, p <0.01).

Further testing to identify additional differences in outcomes between households that
had never experienced prior outages (n=349), households who had previously experienced
short-term outages lasting less than a day (n=289), medium-term outages lasting between
one day and a week (n=143), and long-term outages lasting more than one week (n=232)
can be seen in Table 14. Results of Tukey’s HSD testing specifically indicated that there
were statistically significant differences in the outcomes of households that had previously
experienced long-term outages and those that had never experienced outages. Households
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that had previously experienced an outage lasting a week or longer reported significantly
higher life satisfaction during Winter Storm Uri than their inexperienced peers (5.1 vs.
3.5 on a scale of 0-10, p <0.05), which also corresponded to relatively small decreases in
well-being from before the outage to during the outage compared to those who had never
experienced an outage (a decrease of 2 points vs. a decrease of 4 points on a scale of 0-10,
p<0.05). There were no other statistically significant differences in household outcomes
based on the duration of prior outages.

6 Discussion and conclusion

Our analysis reveals some interesting insights into the impacts of infrastructure disruptions
in Texas associated with Winter Storm Uri. Informing the first research question, we found
that the most prevalent reported capability disruptions (i.e., to lighting, heating, and cook-
ing) also were most reported as having the most significant impacts on households’ overall
well-being, albeit a slightly different order (i.e., heating, cooking, and lighting). This aligns
somewhat with what we expected, although water services and health related challenges
were not among the top capabilities for which households reported as being particularly
impactful, which could be in part because only a small portion of our sample reported
water service disruptions in their home. We did however see a few respondents mention
water related issues and inability to use a CPAP machine as particularly impactful ‘other’
disruption types that were significant to their household. It is important to note that the
‘other’ disruption types, reported by less than 2% of respondents, were disproportionately
likely to have significant household consequences, as four of the fourteen respondents
who indicated ‘other’ disruptions also reported these disruptions as the most significant
disruption experienced by their household. When reported, these ‘other’ disruptions were
also both particularly likely to incur additional time burdens and were associated with the
highest time costs of any disrupted activity type. In contrast, while disruptions to lighting
and cooking were prevalent, they both were associated with relatively low time costs on a
per-household basis. ‘Other’ disruptions were not only associated with relatively high time
costs, but were also associated with the greatest monetary burdens of any activity type.
Overall, disruptions to food-related activities such as accessing food, cooking, and refriger-
ation resulted in some of the highest household burdens, particularly in terms of monetary
burdens, as these disruptions were both very prevalent and among the most cost-intensive
disruptions reported.

Analysis related to our second research question confirmed hypotheses regarding the
relationships between outage characteristics—both in terms of duration and continuous-
ness—and household outcomes. Longer-duration outages were associated with higher bur-
dens across all key household outcome measures, including the count of disrupted capa-
bilities, the number of disruptions causing significant impacts on households, as well as the
number of disruptions causing additional time and monetary burdens. Longer-duration out-
ages were also negatively associated with reported life satisfaction during the outage and
change in reported life satisfaction from before the outage to during the outage. There also
were statistically significant differences between household outcomes based on the nature
of outages, as households that experienced constant outages experienced more significant
burdens than households with intermittent outages across all measures tested, both objec-
tive and subjective. The sensitivity of both the objective and subjective measures to the
duration of outages suggests that reducing the length of outages would help to mitigate a
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variety of household burden types. The sensitivity of these measures to the continuity of
the outages highlights the importance of being able to periodically attend to needs, even if
only for a short period of time. Our results also indicate that power outages were more bur-
densome by objective and subjective measures when compared to other types of infrastruc-
ture service disruptions reported during Uri, including water and natural gas disruptions.

Analysis related to our third research question generally supported the hypothesis that
socially vulnerable households (defined by the CDC’s SVI) experienced more severe bur-
dens than comparatively less vulnerable households, but only for vulnerability groups and
only for some measures of household outcomes. We found that impoverished households,
households with minority status, households with children, households with members
having a disability, as well as households residing in mobile homes or large apartment
buildings reported the worst burdens in terms of objective measures. Interestingly, many
of these household types, although suffering in terms of objective measures, reported less
severe declines in well-being. In fact, lower income and less educated households, house-
holds with children, households with a disability and households with minority status all
fared better in terms of subjective well-being when compared to other households. Most
surprising is that households with seniors, despite experiencing less severe objective out-
comes than households without elderly members, reported bigger declines in well-being
during the storm.

These findings are seemingly counter-intuitive. The CA would suggest that more vulner-
able groups may be more challenged to adapt or cope with these disruptions, which should
be reflected by both objective and subjective measures. Yet many of our statistically signif-
icant results indicate that despite relatively high objective burdens, many vulnerable house-
holds suffered less subjectively. This may be explained by the theory of hedonic adapta-
tion, or the tendency of people to quickly return to a stable level of happiness despite major
positive or negative events; it is a process that can reduce the affective impact of emotional
events (Graham and Oswald 2010). According to the theory, those who have lived a disad-
vantaged life, in general, may be less sensitive or emotionally affected by the occurrence
of an extreme or disastrous event than others who are more well-off. If the theory holds,
more wealthy and higher educated households may subjectively report greater declines in
reported life satisfaction, as the event was more shocking and deviated more significantly
from their typical life experience. On the other hand, a more vulnerable or disadvantaged
household may subjectively report less severe well-being consequences from the same
event because they are desensitized from chronic stressors and shocks that impact their
lives fairly routinely. Without recognizing this relationship between measures of subjective
well-being and infrastructure disruptions, one might report greater burdens experienced by
more wealthy or privileged households, when in fact, the decline is relative to a baseline-
level of experienced well-being prior to the event. This finding also underscores the limita-
tions of the use of subjective measures alone in assessing impacts of disaster events, since
these measures may not only lack consideration of social equity but also may unintention-
ally encourage unequitable strategies for mitigating burden. Moreover, future research
should take greater considerations for important groupings of capability losses and social
vulnerability indicators. For instance, households with children or elderly members may be
particularly burdened if they also lack access to a personal vehicle and are considered low-
income. That is, socially vulnerable populations are often disadvantaged in more than one
way, and taking these multiple disadvantages into consideration with capability losses may
reveal more meaningful results.

Analysis related to our fourth research question indicated that prior outage experience
may have yielded some benefits for households, albeit only in certain capacities. Prior
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outage experience did not reduce the impact of the outages in terms of objective household
outcomes, but it did offer some benefits in terms of subjective household outcomes during
the storm. Previous outage experience of any kind resulted in higher levels of life satisfac-
tion during the outages associated with Uri, which also corresponded to smaller declines
in reported life satisfaction during the storm. Households that had prior experience with
an outage lasting a week or more experienced the greatest subjective well-being benefits
compared to households that had never experienced a prior outage. Although prior experi-
ence did not result in households being better positioned to mitigate the impacts of an out-
age—or at least not of an outage associated with a storm the scale of Uri—it did, perhaps,
engender greater emotional capacity to cope with the uncertain nature of the situation.

These results reveal key insights for emergency management, resilience planners, infra-
structure managers, and households. They suggest that interventions related to support-
ing or enabling residents to cook, light their homes, and most significantly stay warm (or
cool in the case of an outage during a heat event) are important interventions to safeguard
health and well-being outcomes during future outages. At the community or neighbor-
hood level, providing accessible heating (and cooling) shelters (a.k.a. resilience hubs) with
backup power systems that also offer ways for residents to access potable water, refriger-
ate and cook food, as well as maintain sanitary conditions, could help mitigate the most
significant burdens experienced by households. For individual homes, keeping plenty of
warm blankets, flashlights, a stockpile of food and water, as well as sanitation products
(e.g., cleansing wipes) may help families and households better cope. These results could
also inform the prioritization of critical loads or load-shedding decisions for power utili-
ties or other infrastructure managers during outages, that in general, do not incorporate
community/household level needs or preferences. For example, facilities that provide ser-
vices related to food preparation or storage should be categorized as part of a community’s
critical energy load and considered a priority in resilient infrastructure investments. Also,
strategies that perhaps allow vulnerable households to utilize a particular threshold or limit
of electricity that would enable the most basic capabilities (i.e., heating, cooking, lighting)
to be achieved without shutting off power altogether may be a way to reduce significant
household impacts, while keeping energy demand under control. Because longer, continu-
ous power outages were found to cause higher burdens on households, utilizing rolling out-
ages that limit the duration that households go without power will also be an important
strategy for mitigating household impacts. Mobile electric generators may also be a worth-
while investment for some communities, so that local decisions may be made to prioritize
power for the most critical community-level needs.

Moreover, our findings suggest that some indicators of social vulnerability (i.e., house-
holds that are impoverished, have children, identify as a minority, and have members
with disabilities) were more relevant than others in predicting household burden during
Uri. On the other hand, households with elderly members, which are often assumed to
have increased social vulnerability, showed significantly reduced objective burdens when
compared with other households. Other vulnerability indicators, like access to a personal
vehicle and English proficiency had no statistically significant effect on the household out-
comes examined in this analysis. These findings suggest that ex-ante indicators of social
vulnerability may not be well suited to predict ex-post or experienced burdens on house-
holds and communities to disaster events, which in this case reveal more nuanced and con-
text-specific results.

These findings also have important implications for resilience and disaster research
scholarship. This research advances scholarship within the human development and human
capabilities arenas because it extends a very widely used and rich framing of human
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development and well-being, most used to understand effective ways to alleviate poverty, to
the context of measuring household burdens of infrastructure disruptions in both objective
and subjective ways. In this way, our work serves as a model for operationalizing the capa-
bilities approach for use in understanding how the provision of infrastructure services (or
lack thereof) influences the ability of a household to thrive. Although our proposed work
here is focused on disruption situations, this work may also inform critical infrastructure
system planning more generally to address issues related to food insecurity/food deserts,
energy poverty, and/or access to clean water.

Future studies using the CA as a lens for understanding and quantifying the social bur-
dens experienced by households during infrastructure outages are currently being planned
in other cases and contexts. Ultimately, we hope to gather insights from a variety of disas-
ter event types and locations to inform a generalizable hierarchy of household needs, for
different household types, to help inform priorities for resilient infrastructure investment
and community resilience planning efforts.
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