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Abstract

This study analyzes household energy insecurity in the United States during the first year of the
COVID-19 pandemic. Previous research is limited by mostly cross-sectional research designs that
do not allow scholars to study the persistency of this specific type of material hardship. We fill this
gap by analyzing data from an original, nationally-representative, panel survey of low-income
households. We find high levels of energy insecurity during the first year of the COVID-19
pandemic, especially during the initial months when the economic dislocation was at its height,
and that many low-income households experienced it on multiple occasions during this period. We
also identify disparities: households with people of color, very low-income, children aged five years
and younger, with someone who relies on an electronic medical device, and those living in
deficient housing conditions were more likely to experience energy insecurity. Households with
these characteristics were also more likely to suffer from energy insecurity on a persistent basis

through the first year of the pandemic.

1. Introduction

The economic disruption from COVID-19 was severe
in many parts of the world, particularly during the
early months of the pandemic, when the spread of
infections and rising fatalities forced governments to
impose preventative measures, such as stay-at-home
orders, business closures, and strict limits on pub-
lic gatherings. In the United States, the COVID-19
pandemic resulted in one of the worst recessions in
the nation’s history. The economy contracted nearly
20%, and tens of millions of people lost their jobs [1],
forcing many American families into material hard-
ship and exacerbating existing inequalities in income
and well-being [2].

People who experience material hardship, espe-
cially when caused by sudden and unexpected eco-
nomic shocks, often face difficult choices about how
to manage their financial obligations [3]. Monthly
mortgage or rent payments, food and medical
needs, and other basic household necessities can
become difficult to meet, particularly for people

© 2022 The Author(s). Published by IOP Publishing Ltd

in the lowest income groups. Scholars have stud-
ied people’s experiences with myriad—and inter-
related—forms of insecurities that result from mater-
ial hardship, including housing insecurity and the
threat of eviction [4], food insecurity [5], lim-
ited access to medical services [6], and difficulty in
paying bills [3, 7].

In recent years, scholarship has also increasingly
focused on energy insecurity and poverty, or the inab-
ility of a household to meet its basic energy needs
because of financial hardship [8-12]. In the U.S. con-
text, research has established that household energy
insecurity is prevalent, particularly among vulnerable
population segments [13—15]. Research further shows
that high financial energy burdens increase the risks
of poverty [10], and that energy insecurity can have
detrimental consequences for well-being, including
adverse physical and mental health effects [16-20].

There is reason to believe that the specific circum-
stances of the COVID-19 pandemic may have exacer-
bated household energy insecurity [21]. The pre-
ventative public health measures imposed to curtail
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the pandemic not only led to economic disruption
but also changed energy consumption patterns. A
study of smart meter data in Arizona and Illinois, for
example, found that residential energy use increased
while commercial energy use declined, reflecting that
people spent more time at home during this period,
whereas businesses were required to curtail hours or
shutdown altogether [22]. Moreover, these consump-
tion changes were starker for populations already
more likely to experience higher energy burdens [23]
and carry utility debt [24, 25], particularly people of
color and low-income households [22, 26].

Prior studies have analyzed measures of energy
burden or energy insecurity from surveys, such as the
U.S. Energy Information Administration’s Residen-
tial Energy Consumption Survey (e.g. [12,27-30]),
the U.S. Census Bureau’s American Community Sur-
vey (e.g. [31, 32]) and American Housing Survey (e.g.
[33, 34]), and the University of Michigan Institute
for Social Research’s Panel Study of Income Dynam-
ics (PSID) (e.g. [35]). Although these surveys provide
information at the household level, most do not
include geographic identifiers below the regional or
state level, making it difficult to account for local
factors. Importantly, these surveys rely on cross-
sectional research designs (the PSID is an exception),
which means they only capture relationships between
household characteristics and energy insecurity at
a single snapshot of time. Crucially, cross-sectional
studies neither provide analytical leverage to identify
factors associated with persistent energy insecurity
nor do they account for temporal factors that are
correlated with energy insecurity, such as seasonal-
ity and its accompanying variations in temperature,
policy changes, and local-level economic conditions.
Other work examines longitudinal datasets, such as
the Women’s Employment Study [36] and the Sur-
vey of Income and Program Participation [37, 38],
to examine utility hardship, but research to date has
yet to both employ a national-level, panel dataset and
multiple dimensions of energy insecurity distinctly
from other essential expenses.

In this study, we address these limitations through
an analysis of an original panel survey that meas-
ures household energy insecurity among low-income
Americans over time. Among other factors, the sur-
vey measures whether people report being unable
to pay their energy bills, receiving a notice of ser-
vice shut-off, or being disconnected from their ser-
vice altogether. Several additional features of the
survey design warrant emphasis. First, the survey
provides household-level data, including measure-
ment of important attributes that past work has
shown to be associated with higher energy burdens
and increased rates of energy insecurity, such as
household composition and physical housing char-
acteristics. Second, the survey studies the experiences
of a nationally-representative sample of low-income
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households, which enables a focus on households that
are most likely to be vulnerable to energy insecurity
yet is still broad enough to investigate the effects of
other factors like race and medical vulnerability. Last,
the panel research design allows for the identification
of both short-term and persistent household energy
insecurity, and, therefore, an analysis of the factors
common and unique to each circumstance.

Our analysis reveals high levels of household
energy insecurity among low-income households in
the United States during the first year of the COVID-
19 pandemic, and especially during the initial months
when the economic dislocation was at its height.
Moreover, we find persistence in household energy
insecurity—that is, for most households who exper-
ience energy insecurity, it was not a one-time event
but rather a circumstance that they experienced on
a recurring basis. Consistent with past studies, we
further find considerable disparities; people of color
and those with particularly low-income were more
likely to experience energy insecurity, as were house-
holds with children age five years and younger, with
someone who relies on an electronic medical device,
and those living in deficient housing conditions.
Households with these same characteristics were also
more likely to suffer from energy insecurity on a per-
sistent basis through the first year of the pandemic.

2. Survey data

To examine household-level energy insecurity dur-
ing the first year of the COVID-19 pandemic
in the United States, we designed a nationally-
representative, longitudinal survey of low-income
households. The survey was administered in four
waves between May 2020 and June 2021. The first
wave of the survey was timed to capture conditions
during the initial month of the economic disloca-
tion resulting from government imposition of public
health measures to limit the spread of COVID-19,
with subsequent waves designed to follow-up with
respondents regularly over the calendar year. The
sample consisted of individuals residing in house-
holds with incomes within 200% of the Federal
Poverty Line (FPL). In 2020, this equated to $25 520
for an individual, and $52400 for a family of four
[39]. The first wave of the survey had 2813 respond-
ents, with the subsequent three waves having 2247,
1670, and 1378 respondents, respectively. We apply
survey weights to each wave, assuring that the sample
remains nationally-representative of low-income
households in the United States.

The principal aim of the survey was to meas-
ure and explain household energy insecurity. Con-
sistent with recent studies [13—15] and other sur-
veys, we included several main indicators of energy
insecurity: (a) inability to pay an energy bill; (b)
receipt of a shutoff or service termination notice;
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and (c) actual disconnection from service. For each
indicator, we asked respondents to report in which
month it occurred alongside a set of questions about
what they did in response. In addition, the question-
naire asked respondents about their household com-
position (e.g. number of members, children, people
with disability), dwelling characteristics (e.g. dwell-
ing type, housing conditions), and economic circum-
stances (e.g. employment status), among other items.
These items provide indicators we can leverage to
unpack the correlates of energy insecurity. (More
information on the survey sample and the measure-
ment of variables is provided in the supplementary
materials.)

3. Analysis and results

3.1. Overall patterns of household energy
insecurity
Figure 1 displays the percentage of respondents who
reported that their household was unable to pay an
energy bill during each of the 13 months covered by
the survey (month 1 is May 2020, month 2 is June
2020, and so forth, with month 13 as May 2021) as
well as those who received a shut-off notice from their
utility provider and those who had their service dis-
connected due to nonpayment’. The apex for each
of the three indicators was during the first month
of measurement—May 2020—during which 12.8%
(95% CI: [11.1%, 14.4%]) of respondents indicated
that they could not pay an energy bill, 9.12% (95% CI:
7.65%, 10.6%]) reported that they received a shut-off
notice, and 4.34% (95% CI: [3.20%, 5.48%]) repor-
ted having their service disconnected. Over the course
of the subsequent 12 months, across the three indic-
ators, there was a general decline and then a leveling
out in the prevalence of household energy insecurity”.
These month-to-month estimates suggest that
energy insecurity was at its highest in the early
months of the pandemic. The timing of this hard-
ship coincides with the most severe economic dis-
ruption resulting from the public health measures
implemented to control the spread of COVID-19. The
months of lower prevalence may relate to seasonality
(i.e. households likely consume less energy during the
temperate autumn and spring months, thereby redu-
cing energy costs). Moreover, rates of energy insecur-
ity were likely reduced due to changes in policy and

3 Our survey design assumes that respondents were able to cor-
rectly recall these outcomes. Although such recall questions may be
prone to error, we think it is likely that respondents remember the
timing of these extreme conditions and circumstances. Nonethe-
less, to address potential recall bias, we also analyzed the data on a
wave-by-wave basis (see figure S1 in the supplementary materials).
4 Figures $2-S5 in the supplementary materials reproduce the
graphs in figure 1 separately across race and ethnicity, income cat-
egories, households with and without children, and households
with and without at least one poor housing condition.
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the availability of public financial assistance. Regard-
ing policy, many governors and public utility com-
missions required utilities to suspend disconnections
[40, 41]. These disconnection moratoria had differ-
ent durations, and some unregulated utilities also
temporarily suspended disconnections voluntarily. In
addition, the U.S. Congress provided financial assist-
ance through both direct recovery payments as well
as increased funding for programs, such as the Low
Income Home Energy Assistance Program (LIHEAP)
and the Weatherization Assistance Program (WAP),
which may have reduced energy-related material
hardship. The data shown in figure 1, however, reveal
that while these programs may have helped to reduce
household energy insecurity, they did not eliminate it.
The rates of energy insecurity, when extrapolated to
the U.S. population of low-income households, sug-
gest that millions of households and tens of millions
of individuals experienced some form of energy insec-
urity during the first year of the COVID-19 pandemic.

Figure 2 displays the percentage of respondents
who experienced each type of energy insecurity as
a discrete event (i.e. during only a single month)
as compared to the percentage that reported having
experienced a form of energy insecurity on multiple
occasions (i.e. during two or more months) over the
course of the survey. These values provide an estim-
ate of short-term and persistent events. It is evident
that, across the three indicators, energy insecurity was
a persistent condition for a substantial proportion of
households.

As illustrated in figure 2, among those that could
not pay an energy bill during the study period, 70%
could not afford this bill in at least two months. In
addition, a majority of the respondents who either
received a shut-off notice or had their energy service
disconnected experienced these events on at least two
occasions. Moreover, as we examine directly below,
these data raise the possibility that, once a house-
hold experiences any instance of energy insecurity, it
is more likely that they experience it on an enduring
basis. First, however, we turn to multivariate analysis
to examine the correlates of the incidence and persist-
ence of household energy insecurity.

3.2. Correlates of household energy insecurity

As a baseline analysis, we examine factors associ-
ated with any incidence of household energy insec-
urity. We use logistic regression to model house-
hold energy insecurity—separately using each of our
three binary indicators—as a function of a suite of
sociodemographic attributes, household characterist-
ics (including both composition and physical dwell-
ing conditions), and several contextual measures’.
The regressors we include in the models are based on

5 The findings reported below are substantively similar when using
a linear probability model specification (see table S3 in the supple-
mentary materials).
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Figure 1. Indicators of household energy insecurity across survey months.
Note: The left panel shows the proportion of respondents who reported not being able to pay an energy bill during each month of
the survey. The middle and right panels display the proportion of respondents who reported having received a shut-off notice and
having been disconnected from an energy service during each month of the survey, respectively. The proportion is indicated with
the circle and the bars denote 95% confidence intervals.
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Figure 2. Short-term and persistent household energy insecurity across survey waves.

Note: The left panel shows the percentage of respondents and 95% confidence intervals, among those who reported any type of
energy insecurity, who indicated not being able to pay an energy bill during one month only (short-term) and those that could
not pay an energy bill for two months or more (persistent). The middle and right panel display the percentage of respondents
who reported having received a shut-off notice and having been disconnected from an energy service during one month and
during two or more months, respectively.
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Age
Female —
Black —

Hispanic -

-4

Other nonwhite race/ethnicity —

Household income below 100% FPL —

1

Household income between 100-150% FPL —

Educational attainment —
Children age 5 years and younger —

Electronic medical device —

tt

Retired —

Unemployed —

Housing conditions — —
Detached single family home —

Mobile home or trailer —

L 1% lh T'L
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Received WAP last month —

Received LIHEAP last month —

Government assistance last year —

LI L L L
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¢ Unable to pay bill

4 Received shut-off notice = Disconnected from service

Figure 3. Correlates of the incidence of household energy insecurity.
Note: The graph displays odds ratios from logistic regression coefficients and 95% confidence intervals. Estimates come from
models that pool respondents across the four waves of the survey with a respondent-month unit of analysis. Dependent variables
are measured as a binary outcome. The models also include state and month fixed effects (not shown).

pastresearch [13, 15], identifying key factors that help
explain variation in energy insecurity outcomes. In
addition, the models include month and state fixed
effects to capture unobserved factors within months
and states.

The estimates displayed in figure 3 are odds ratios
from models that pool respondents across all four
waves of the survey with a respondent-month unit of
analysis (see table S2 in the supplementary materials
for results in tabular form)®. The estimates show sev-
eral consistent sociodemographic correlates of house-
hold energy insecurity. Black and Hispanic respond-
ents, compared to white respondents, were more
likely to be unable to pay an energy bill, receive a
shut-off notice, and be disconnected from their util-
ity service altogether. In addition, respondents with
lower incomes (the excluded category are respond-
ents with incomes between 150%-200% FPL) were
more likely to be unable to pay a bill, and the estim-
ated odds ratios indicate these households were more
likely to have had their service disconnected, though
the confidence intervals include zero. Several other

6 When estimating the same logistic regression models separately
for each month, the results indicate similar patterns (see tables S4—
S6 in the supplementary materials).

sociodemographic variables also show statistically
significant associations with the three measures of
energy insecurity. Households with at least one child
under the age of five and those with an individual
who relies on an electronic medical device” were both
more likely to experience energy insecurity during the
first year of the COVID-19 pandemic, while retired
respondents were less likely.

With respect to housing characteristics, respond-
ents who described their dwellings as having at least
one deficiency were more likely to report challenges
in meeting their energy needs across all three indicat-
ors, even when controlling for dwelling type. In gen-
eral, dwelling type was unrelated to energy insecur-
ity, except for those who reside in apartments who
were, all things equal, more likely to be unable to pay
an energy bill. Finally, respondents who received gov-
ernment assistance in the year prior to the pandemic
were more likely to be unable to pay an energy bill and
respondents who received either LIHEAP or WAP in

7 Electronic medical devices include dialysis machines, drug-
releasing pumps, and various diagnostic equipment, and, for the
purposes of this study, represent households with a medically-
vulnerable resident.
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the last month were, on average, more likely to exper-
ience all forms of energy insecurity®.

To put these estimates in context, we use the
pooled logistic regression estimates to compute pre-
dicted probabilities for each variable, holding the
other variables at their mean values. For example, the
predicted probability that a Black respondent repor-
ted being unable to pay an energy bill was twice as
large as non-Black respondents, at 0.07 (95% CIL:
[0.05, 0.09]). The differences are similar in scale for
the lowest income category (i.e. respondents with
household incomes below 100% FPL), households
with young children, someone relying on an elec-
tronic medical device, and respondents residing in
dwellings with poor conditions. The difference in pre-
dicted probabilities for households receiving energy-
related financial assistance are larger in magnitude.
Respondents that received LIHEAP and WAP had
predicted probabilities of 0.11 (95% CI: [0.06%,
0.15%]) and 0.18 (95% CI: [0.09%, 0.27%]), which
was about three and six times higher, respectively,
compared to respondents that did not receive these
types of assistance. The differences in the estim-
ated predicted probabilities are of similar magnitudes
for these same variables with respect to the shut-off
notice and disconnection outcomes.

3.3. Analysis of persistent energy insecurity
To analyze persistent household energy insecurity,
we employ a couple of modeling strategies. First, we
estimate an ordered logistic regression model that
measures each energy insecurity indicator as three
ordered outcomes: no reported energy insecurity,
one-time energy insecurity, and multiple instances
of energy insecurity (these measures are displayed
in figure 2). In these models, we consider one-
time energy insecurity as ‘short-term’ and multiple
instances (i.e. two or more) as ‘persistent’”. Second,
we re-estimate the baseline models described above,
adding one-month lagged measures of energy insec-
urity. This approach leverages the longitudinal struc-
ture of the survey to explicitly capture the extent to
which a household that recently experienced energy
insecurity, does so again during the next month. In
presenting results of these analyses, we also briefly
note robustness checks that we performed that con-
sider alternative models and measurements.

Figure 4 reports proportional odds ratios from
ordered logistic regression models for each indicator
of household energy insecurity (see table S7 in

8 The number of respondents that report receiving LIHEAP and
WAP assistance was low (means and standard deviations are 0.04
and 0.20 for LIHEAP and 0.01 and 0.07 for WAP), which is why
there are wide 95% confidence intervals reported in figure 3.

9 Moreover, we restrict the sample for these analyses to respondents
that participated in every wave of the survey so we have data for
each respondent for the full study period.
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the supplementary materials for results in tabular
form)'?. In general, these estimates are quite sim-
ilar to those reported from the binary logistic mod-
els, which suggests that factors associated with any
single instance of energy insecurity are comparable
to those correlated with persistent energy insecur-
ity. The estimates indicate that Black and Hispanic
respondents, on average, were more likely to exper-
ience multiple instances of energy insecurity relative
to white respondents (the excluded category) across
each of the three indicators. Moreover, respond-
ents residing in households with young children,
someone relying on an electronic medical device, and
in dwellings in poor physical condition were also
more likely to experience difficulty paying energy bills
or facing disconnections on multiple occasions dur-
ing the course of the first year of the pandemic. And,
again, respondents receiving energy financial assist-
ance were also more likely to have experienced per-
sistent forms of energy insecurity.

We can use these model estimates to generate pre-
dicted probabilities (i.e. average marginal effects) for
different categories of the outcome variable, most
importantly short-term and persistent energy insec-
urity. Table 1 displays these estimates for several vari-
ables. Two key patterns emerge. First, these variables
help predict both short-term and persistent forms of
household energy insecurity. For instance, a Black
respondent—relative to a non-Black respondent, all
else equal—was more likely to fall into both the short-
term and the persistent energy insecure categories.
This same pattern holds for most of the other dis-
played variables (not all of the predicted probabilit-
ies reach conventional levels of statistical significance,
especially those involving disconnections which may
reflect the relative infrequency of these outcomes).
Second, the size of the effect is larger for all vari-
ables for the persistent outcome. That is, while a
Black respondent, a household with a young child, or
someone living in poor housing conditions was more
likely to experience short-term energy insecurity, they
were even more likely to experience it on multiple
occasions throughout the pandemic relative to non-
Blacks, households without children, and people liv-
ing in better housing conditions, respectively, and this
was the case across each of the three indicators.

As a robustness check, we also estimated models
that treat the number of months in which a respond-
ent experienced each type of energy insecurity as
a count outcome, which enables us to examine the
factors associated with the number of instances a
household experienced energy insecurity over the

10 We performed Brant tests [47] to examine the parallel regression
assumption of ordered logistic models, and all results showed that
this assumption is not violated.
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Age
Female —
Black —

Hispanic

Other nonwhite race/ethnicity —

Household income below 100% FPL —
Household income between 100-150% FPL —
Educational attainment —

Children age 5 years and younger —

Electronic medical device —

L+t

Retired —
Unemployed —

Housing conditions —

i

Detached single family home —

Mobile home or trailer —

Apartment, condominium, or other —

Received WAP last month — ]
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Figure 4. Determinants of ordered categories of household energy insecurity.

Note: The graph displays proportional odds ratios from ordered logistic regression models with 95% confidence intervals.
Estimates come from models that pool respondents across the four waves of the survey, including only those that participated in
all four waves. In each model, the dependent variable is coded 0 for no instances, 1 for a single instance, and 2 for at least two
instances of each outcome of interest. The models also included state fixed effects (not shown).

Table 1. Predicted probabilities for select variables for short-term and persistent household energy insecurity outcomes.

Unable to pay bill Received shut-off notice Disconnected from service
Short-term  Persistent ~ Short-term  Persistent ~ Short-term Persistent
Black .027** 1217 .041** .094™* 016" .023
Hispanic .022** .094** .029 .063 .013 .019
One child age 5 years or younger .008 .032 .014 .027 .008 .010
Electronic medical device .024™* .094** .023** .047* .052** .064™*
Poor housing conditions .026™* .090"* .045™* .080™* 011 .013
Received WAP last month 034" 217%F .017 .036 .026 .039

Note: The table displays predicted probabilities using the values of other variables as observed in the data, estimated from ordered

logistic regression models. Significance levels: **.01, *.05.

first year of the pandemic. In addition, we estim-
ated a model in which we conceptualized persist-
ent energy insecurity as experiencing it any two or
more successive months. In both cases the results are
substantively similar to those reported above (see
tables S8 and S9 in the supplementary materials for
full results), and collectively suggest that the factors
associated with any single occurrence of energy-
related material hardship are also related to multiple
occurrences, or a more persistent condition, of energy
insecurity.

Our second main approach to investigating per-
sistence is to modify the baseline logit models we
estimated for the incidence of energy insecurity,
by including one month lagged measures of energy

insecurity (the rest of the models are unchanged)''.
The objective is to explicitly examine whether a
household that experienced energy insecurity in the
past month is more likely to experience it again dur-
ing the next month. In these models we include a
lagged measure for all three indicators, which also
enables consideration of whether there is a progres-
sion of energy insecurity from more modest (inabil-
ity to pay a bill) to more severe (disconnection from
service).

11 Estimating these models requires dropping the May 2020
(i.e. first wave) outcomes from the analysis, so the sample size for
this exercise is reduced.
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Figure 5. Estimates of persistence of household energy insecurity using lagged indicators.

Note: The graph displays odds ratios from logistic regression coefficients and 95% confidence intervals. Estimates come from
models that pool respondents across the four waves of the survey with a respondent-month unit of analysis. Dependent variables
are measured as a binary outcome. The models also include personal attributes, household characteristics, contextual factors, and

state and month fixed effects (not shown).

Figure 5 displays odds ratios for the lagged indic-
ators (see table S10 in the supplementary materials
for full results). The estimates show that respondents
indicating an inability to pay an energy bill in the
prior month, controlling for personal and household
characteristics, is positively associated with each of the
three energy insecurity indicators in the next month.
There is similar evidence for households receiving a
shut off notification or having their service discon-
nected altogether; the estimates suggest these out-
comes in the previous month are positively correl-
ated with similar experiences in the next month. As
a robustness check, we also considered an alternat-
ive lagged measure which captured the respondent’s
previous experience in the last three months, with
substantively similar results (see figure S6 in the sup-
plementary materials). Collectively, therefore, these
results suggest that energy insecurity is a persistent
experience for many low-income households, with
many experiencing the same type of energy insecurity
in successive months.

4. Discussion
The results of this study reaffirm previous findings

that there are high levels of energy insecurity among
low-income households in the United States, with

historically disadvantaged populations more likely
to experience energy insecurity than other groups.
Our analysis shows that these patterns were evid-
ent throughout the first year of the COVID-19 pan-
demic. We find important sociodemographic dispar-
ities: people of color, those in the lowest-income
strata, households with children under the age of five,
and people who rely on an electronic medical device
were less likely to be able to pay an energy bill, more
likely to receive a notice of disconnection, and more
likely to have their energy service disconnected. In
addition, people residing in dwellings with poor phys-
ical conditions were more likely to experience energy
insecurity over the course of the pandemic. Finally,
we find that people receiving energy-related finan-
cial assistance, through the federal LIHEAP and WAP
programs, were also more like to face challenges meet-
ing their energy needs.

The longitudinal survey design is a key innov-
ation of this study, enabling us to contribute an
important temporal component to the extant liter-
ature. Specifically, we can measure the persistent, or
cyclical, nature of energy insecurity, which is not
possible through cross-sectional studies. Descript-
ively, we find, of those households that experienced
energy insecurity during the first year of the pan-
demic, most experienced it on a repeated basis. In
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fact, many households experienced energy insecur-
ity in successive months, suggesting that it is difficult
for households to extricate themselves from this type
of material hardship once it begins. Moreover, we
find that Black respondents, households with young
children, and households in poor physical condition,
were even more likely to experience persistent energy
insecurity over the course of the first year of the pan-
demic. Therefore, the disparities that past research
has shown to explain spatial patterns of household
energy insecurity, are also helpful for understanding
temporal patterns.

The findings of this study focus on the preval-
ence and correlates of energy insecurity among low-
income U.S. households during the first year of the
COVID-19 pandemic. For this reason, it is difficult
to say if the observed incidence of energy insecurity
during this time—short-term or persistent—is differ-
ent from what might have occurred in the absence of
the pandemic. Moreover, without frequent, longitud-
inal data sources capturing the prevalence of energy
insecurity, it is impossible to construct meaningful
trends, which is something that future research might
address, especially in light of concerns that climate
change may create additional burdens [42]. However,
the correlates of energy insecurity presented here are
consistent with existing studies that rely on other data
types from other time periods, which suggests that
the individual and household characteristics associ-
ated with energy insecurity were not specific to the
COVID pandemic.

A further limitation of the analysis is that it
does not directly address the effects of insecurity on
individual and household well-being. There are sev-
eral things to note here. First, the emphasis in this
study on persistence should not diminish the poten-
tial severe effects of short-term energy insecurity.
Challenges paying for basic energy services can result
in difficult trade-offs for families, including choices
about whether to ‘heat or eat’ or whether to forgo
necessary health services to meet utility expenses [43].
Moreover, a single utility shut-off can have severe
consequences for households, forcing them to substi-
tute utility-provided energy services with dangerous
alternatives, such as using electrical space heaters or
kitchen stoves as heating sources [16, 44, 45]. Lastly,
the three measures of energy insecurity employed
in this study may obscure more subtle forms. For
example, although people may be able to meet their
energy-related financial obligations (i.e. pay monthly
bills to avoid service termination), they may limit
their energy consumption in the process [46], which
could lead individuals and families to live in uncom-
fortable and potentially dangerous temperatures.

In the United States, the historical policy response
to household energy insecurity has been the provision
of targeted, federal financial assistance, like LIHEAP
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and WAP. LIHEAP is intended to provide eligible
households with bill assistance or emergency funds
to help mitigate delinquency on utility payments;
whereas, WAP is designed to help improve the energy
efficiency of low-income housing stock and reduce
overall financial energy burdens. Over the course of
the pandemic, Congress infused these programs with
additional resources as part of recovery packages in
the anticipation that the economic disruption would
increase demand for these resources. The analysis
here, however, found that people receiving assistance
from these programs were more, not less, likely to
experience energy insecurity'?. These findings may
suggest that the additional funding appropriated by
the federal government was too late to reduce energy
insecurity for low-income families. In the case of
LIHEAP, the program only provides assistance once
a year to an eligible household and temporary relief
may have been insufficient for people experiencing a
cycle of persistent energy insecurity. Moreover, pro-
grams such as WAP are intended to provide long-
term benefits through energy efficiency investments,
but they may not provide immediate relief to energy
insecure households. In the context of this study,
therefore, recent receipt of LIHEAP and WAP may
serve as both indicators of households struggling with
energy insecurity as well as households that have suc-
cessfully accessed resources to mitigate it.

Although the evidence here does not suggest that
federal efforts to reduce energy insecurity during
the pandemic through the LIHEAP and WAP pro-
grams were effective, there were other initiatives that
may have lowered overall rates of both short-term
and persistent energy insecurity. For example, dur-
ing the study period, Congress provided enhanced
unemployment insurance, direct financial assistance
to most Americans, and tax credit payments to famil-
ies with children. In addition, at the state level, many
governors and public utility commissions imposed
moratoria on utility disconnections, which preven-
ted households from losing their service due to non-
payment. It is reasonable to assume that, absent
these policies, the high rates of energy insecurity
among low-income households found in this study
would have been even higher. In this sense, given

12 One possible explanation for these findings is that respond-
ents had difficulty pinpointing the exact month that they received
WAP assistance, which would affect the correlation with the meas-
ures of energy insecurity. To examine this possibility, we replic-
ated our analysis (not shown) using a different measure of WAP
assistance—whether or not a respondent indicated receiving WAP
assistance at any point during the year prior to Wave 1 of the sur-
vey, which leans less heavily on a respondent identifying a precise
month. This analysis produces similar results, as does an analysis
that similarly measures past LIHEAP assistance (not shown), which
provides reassurance that these results are not an artifact of survey
measurement.
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the unprecedented efforts to alleviate financial hard-
ships during the pandemic, the remaining prevalence
of and disparities in energy insecurity are reasons for
concern.

The policy implications of this study, however,
run deeper. In this analysis, we found that house-
holds who experience energy insecurity are likely to
struggle with it on a recurring basis. Recognizing
energy insecurity as a persistent problem requires
both shifting a common perspective that this mater-
ial hardship is a short-term issue precipitated by
acute events, like severe weather events or economic
shocks (e.g. gas price spikes or layoffs), and rethinking
policy solutions that recognize the recurrent nature
of the problem. For example, solutions like LIHEAP,
which offer eligible households bill assistance once a
year, are not sufficient to address energy insecurity.
Rather, programs that provide longer-term and more
systemic and preventative assistance, such as WAP,
should be adequately funded and extended in eligib-
ility. Expanding programs like WAP is more likely
to mitigate the persistent nature of energy insecur-
ity revealed in this analysis by directly concentrat-
ing on a determinant of energy insecurity that con-
tinuously appears in the literature, the low-income
community’s housing stock. Additionally, programs
that promote ownership of residential solar and new
affordable and energy efficient housing designs, may
also help energy insecure households break the cycle
of material hardship. However, expanding resources
and eligibility for programs like WAP and helping
households gain access to new technologies is not a
fail-safe. Importantly, they do not address accumu-
lated utility debts which make it difficult for people
to pay bills and avoid disconnections. For this reason,
effective policy also will likely require that govern-
ments partner with utility companies to design cre-
ative payment programs and debt forgiveness efforts
that can address not just arrears in a static state,
but take a long-term, dynamic approach to helping
households break out of persistent energy insecurity.

Addressing this problem comprehensively further
necessitates that scholars and researchers have access
to better information about energy insecurity, includ-
ing data on the location of utility disconnections, so
that practitioners and policymakers can target their
efforts accordingly. For their part, scholars can con-
tribute to this effort by continuing to measure the
prevalence and correlates of household energy insec-
urity, preferably through longitudinal surveys that,
as shown here, provide unique analytical leverage to
understand the spatiotemporal dimensions of energy
insecurity.
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