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ARTICLE INFO ABSTRACT

JEL codes: Despite the provision of financial support by the Government in response to the recent energy crisis, the resil-
L94 ience of households to the ensuing high energy prices remains to be established. In this study we propose a new

E31 definition of resilience, specifically ‘energy price resilience’, and put forward an empirical approach to capture

D12 . 13 . . . . .

s low energy price resilience (LENRES). We also assess its associated socio-economic and demographic factors

X i@ using a representative UK panel. Using models that account for time-invariant unobserved heterogeneity, we
eywords:

further explore the association between LENRES and a rich set of health, disability, and wellbeing outcomes for
adults and children through two fundamental routes: (1) the low energy and thermal affordability channel (LEA);
and (2) the low energy and financial solvency channel (LES). We find that employment status, housing tenure,
inability to save, energy prepayment methods, and household composition are systematic socio-economic cor-
relates of LENRES. Moreover, LENRES is associated with worse health, disability, and wellbeing outcomes for
adults; these associations are primarily driven by the LES component. On the other hand, in the case of children,
LENRES at home is only systematically associated with life satisfaction, rather than general health. Our results
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Energy prices

Health and wellbeing

suggest that targeted energy interventions could generate wider societal benefits.

1. Introduction

The UK’s energy system has been put under pressure as a result of
supply chain bottlenecks which were exacerbated by the Covid-19
pandemic and by the energy crisis following the war in Ukraine. These
have resulted in high and volatile energy prices which have pushed
millions of households further into energy-related deprivation, while
millions more became vulnerable. (IEA, 2022a). In the UK, Government
policy has attempted to mitigate the impact of the crisis with different
forms of financial support, such as the energy price guarantee, which
have been universal rather than targeted, therefore allowing for speed of
action in the intervention, but potentially failing to provide the neces-
sary support to the most vulnerable in society (DESNZ, 2023a).! As
existing sources of price volatility persist and new sources emerge at the
national and international level, policy interventions in the energy
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market will need to be better targeted to avoid further detriment
particularly to the most vulnerable households. We suggest a definition
and a quantifiable measure of household energy price resilience that can
be used to inform policymaking aimed at preventing the worst eco-
nomic, health and wellbeing consequences of high and prolonged energy
price events.

An early study of energy resilience can be traced to Roege et al.
(2014: p.250) who rely on the following definition: “the ability to prepare
for and adapt to changing conditions and withstand and recover rapidly from
[energy supply] disruptions”. While they provide initial descriptions and
metrics for this concept, they do so from the perspective of the energy
system; they define an energy resilience matrix, which includes a variety
of physical, informational, cognitive and social factors that should be
considered in risk management processes for different energy systems.
Gupta et al. (2019) further stress the role of planning and preparation in

1 The recent energy price crisis initiated “epidemic levels” of hardship in the UK (Marmot Review Team, 2022; Citizens Advice, 2024). Despite the Government’s
interventions, recent UK Government estimates show that about 50% of households (12 million) now spend >10% of their residual income on energy, after deducting
housing costs (DESNZ, 2023b), a threefold increase compared to pre-pandemic levels.
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energy systems characterised by high penetration of non-dispatchable
decentralised renewable energy. Relying on household surveys, they
investigate the role that solar photovoltaic systems and batteries could
play in increasing the resilience of a socially deprived community in
Oxfordshire. While this offers some interesting evidence about the role
of new technologies in promoting resilience, their exercise is
geographically limited, non-representative at the national level, and
based on a small sample.

More recent attempts to define household energy resilience are mainly
based on the energy security perspective (Hasselqvist et al., 2022): with
reference to households being able to use various means (backup sources,
energy efficiency, flexibility, energy self-sufficiency) to cope with, and
recover quickly from, increased supply variability (power outages/
shortages) in order to ensure a good life on the path towards a low-carbon
future. Specifically, the authors create a scenario based on Sweden to
assess the potential impact of (short) power outages and caps on power
use, which might emerge more frequently in a low carbon energy system.
Their research investigates hypothetical situations of energy shortage and
the practical ways to mitigate their negative effects.

As discussed in Middlemiss (2022)’s extensive literature review,
previous research shows that when energy prices rise, households adopt
different financial strategies if they cannot afford energy, so that their
savings diminish and/or they incur debt in order to maintain acceptable
levels of thermal comfort (Harrington et al., 2005; Hills, 2011; Anderson
et al., 2012; Grey et al., 2017; Munyanyi et al., 2021). Such evidence
echoes recent literature documenting decisions made by lower-income
households facing the difficult choice between energy and other ne-
cessities (Guan et al., 2023). However, many of the studies discussed by
Middlemiss (2022) and those mentioned above assess the impact of
energy prices using qualitative and self-reported information based on
in-depth interviews with relatively small samples of households or focus
groups, rather than a representative sample of the population. In other
cases, the focus is on specific demographic or ethnic groups, or on spe-
cific socio-economic conditions.

The concerns of academics and policymakers about increasing levels
of fuel poverty and energy debt are driven in part by the impact that the
persistent disruption to, and affordability of, energy services can have on
households’ quality of life, more specifically on their physical and
mental health and their wellbeing. The nature of this impact has been
documented in an established body of evidence which has unearthed
links between fuel poverty and the physical health of households,
including higher rates of mortality and higher cardiovascular, inflam-
matory and mental health risks (see, e.g., Thomson et al., 2001; Marmot
Review Team, 2011). Public Health England (2014) carried out sys-
tematic literature reviews of the links between housing conditions and
health outcomes at the international level, highlighting that cold homes
have a harmful effect on people’s health. Moreover, Kahouli (2020)’s
and Llorca et al. (2020)’s studies reveal that fuel poverty adversely
impacts self-assessed health in France and Spain, respectively. Their
analyses rely on representative samples of the population and apply
instrumental variable fixed effects and probit models, respectively.
Specifically, Kahouli (2020) measures fuel poverty by the conventional
established 10% indicator (i.e., spending in equivalised terms at least
10% of household income on fuel), but they also consider a self-reported
measure of the ability to heat the property. Llorca et al. (2020), on the
other hand, measure fuel poverty by an index which reflects the risk of
experiencing fuel poverty. However, neither Kahouli (2020) nor Llorca
et al. (2020) consider the potential role of general or energy-specific
debt in a household’s ability to manage energy costs. Moreover, Awa-
woryi Churchill and Smyth (2021) use a fixed effects panel data model to
explore the deleterious impact of fuel poverty (measured by objective
and subjective indicators) on general health of the population in
Australia. Building on this context, several studies have identified
financial distress as a potential mediator between fuel poverty and
health outcomes (Hills, 2011; Marmot Review Team, 2011; Burlinson
et al., 2021).
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Overall, much of the existing literature measures fuel poverty with
traditional indicators relating energy expenditure to income (see Deller
et al., 2021, for an overview of these studies). As discussed above,
existing studies in the related literature have often relied on relatively
small samples and qualitative investigations of the way in which
households cope with the pressures of unexpected disruption to energy
services (e.g. Gupta et al., 2019; Munyanyi et al., 2021). On the other
hand, those studies that have relied on representative samples of the
population have not yet considered some of the financial strategies
adopted by households and the role of energy-debt in order to mitigate
the impact of high energy price events (e.g. Kahouli, 2020; Llorca
et al.,2020).

In this study, we investigate whether the concept of (household)
energy price resilience can be used to understand the challenges faced
by the most vulnerable consumers during energy crises and to identify
the key socio-economic and demographic factors which are associated
with low levels of energy price resilience. We also provide empirical
evidence on the association between low energy price resilience and a
rich set of health, disability, and wellbeing outcomes. We do this by
applying our proposed definition of energy price resilience to a repre-
sentative panel of UK households (Understanding Society: the UK
Household Longitudinal Study; UKHLS), drawing upon five waves of
UKHLS between January 2016 and May 2022. For our main empirical
analysis, we rely on linear probability models which account for time-
invariant unobserved heterogeneity.

This paper contributes to the related literature by proposing an
alternative yet complementary perspective on household energy resil-
ience, focused on the issues which relate to prices and affordability. A
change in perspective allows us to develop a novel definition of resil-
ience, namely energy price resilience. We suggest that households with
low energy price resilience (LENRES) struggle to heat the home at
reasonable cost and/or experience financial difficulties and indebted-
ness when faced with high energy price events. We therefore propose a
measure to evaluate the impact of high energy price events, operating
through two fundamental routes: (1) the energy and thermal afford-
ability (EA) channel; and (2) the energy and financial solvency (ES)
channel.

Our paper contributes to the related literature first by proposing a
definition of energy price resilience and an empirical method to measure
this issue. To achieve this aim, we rely on commonly accepted measures
which respectively underpin the channels for low thermal and energy
affordability (LEA) and for low energy and financial solvency (LES). The
proposed definition of energy price resilience is informed by the related
literature discussed above, but also by the algorithm for measuring
financial resilience put forward by the UK’s Financial Conduct Authority
(FCA, 2017, Table A.2) which identifies households with low financial
resilience in their Financial Lives Survey (FCA, 2022). Our proposed
definition of LENRES incorporates and extends measures which are
included in some definitions of energy poverty and enables the explo-
ration of channels which affect households in times of affordability
stress.

Our second contribution is the application of the measurement of
energy price resilience and its channels to a representative UK popula-
tion sample to explore the socio-economic and demographic makeup of
low energy price resilience. We also explore the association between
energy price resilience and a rich set of health, disability, and wellbeing
outcomes for household members, as well as the relative contribution of
the underlying channels (energy and thermal affordability; energy and
financial solvency) to the observed associations.

We find that around one quarter of individuals in our sample belong
to households with low levels of energy resilience and that employment
status, housing tenure, inability to save or having no access to savings,
energy prepayment methods, and household composition are system-
atically associated with low energy price resilience at the household
level. LENRES is associated with worse health, disability, and wellbeing
outcomes for adults. These associations are primarily driven by the LES
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component, while the role of the LEA component appears less pro-
nounced. On the other hand, in the case of children LENRES is only
systematically associated with life satisfaction measures rather than
general health. The fact that LENRES at home is not associated with
children’s general health (measured BY a self-reported health measure)
may be evidence of the absence of the inequality of opportunity spiral
for children’s later life outcomes arising from health impairments during
childhood. Households facing more affordability challenges (LEA) than
solvency (LES) issues, are associated with deleterious life satisfaction
outcomes for the children living in the household.

The rest of the paper is organised as follows: section 2 provides
background information and our proposed definition of energy price
resilience; section 3 presents the data and methodology used in our
analysis. Section 4 presents our results, and section 5 offers conclusions
and policy recommendations.

2. Background and definition of energy price resilience

In this section we provide background on how the recent energy
crisis has affected retail prices in the UK and the government’s response;
we emphasise our focus on demand-side rather than supply-side events;
we define our measure of energy price resilience; and we identify the
relevant channels for measurement.

We turn first to the recent energy crisis and its effects on UK resi-
dential consumers. Like the rest of Europe (International Energy Agency
(IEA), 2022b), the UK faced steep increases in wholesale gas prices be-
tween October 2020 and October 2021, with a further 50 % increase by
March 2022; because of the UK’s high dependence on gas for electricity
generation, this translated into similar increases in electricity wholesale
prices over the same period (Ofgem, 2023a). While wholesale prices fell
from these very high levels after the 2022-23 winter, in late 2023 they
remained at more than twice their level of three years earlier (Clifford
Talbot, 2023). Despite government interventions, these changes in
wholesale prices translated into a doubling of retail tariffs between 2021
and 2023 (Bolton and Stewart, 2024).

The UK regulator had imposed a price cap on some residential prices
in 2019, and by 2022 this applied to most of the market. This had limited
the annual bill for typical consumption (of both gas and electricity) to
around £1000 a year between 2019 and 2021, rising gradually from the
summer of 2021 to reflect increased costs in the previous months.
Despite further Government interventions, a typical residential con-
sumer faced an increase of around two thirds in their annual bills by
winter 2022-23 compared with the previous year.

Low income and vulnerable households are particularly adversely
affected by high energy prices (see e.g. Deller et al., 2021). The UK
government has schemes to help households in receipt of certain state
benefits, but most of its energy support in 2022-23 was provided uni-
versally, regardless of need. Since this was withdrawn there have been
increasing calls for a social energy tariff, and in November 2022 the
government announced that it would adopt a “new approach to con-
sumer protection from April 2024” (HM Government, 2022). However, a
promised consultation on social tariffs in summer 2023 did not mate-
rialise (Hansard, 2023), and the review was delayed until 2024. Our
definition and analysis of energy price resilience provides insight into
the characteristics of households who might particularly benefit from
such support.

Recent energy price increases and their disproportionate effect on
households in vulnerable circumstances motivate the second aspect of
this section, our focus on aspects of energy resilience from the demand-
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side, rather than on energy resilience from the perspective of externally
imposed supply disruptions.” External supply interruptions have been
low in the UK,®> and disconnections for non-payment of debt have
remained close to zero due to protections enforced by the energy regu-
lator. In contrast, the number of self-disconnections remains high; this
occurs when customers with a pay-as-you-go prepayment meter (PPM)
run out of credit because they are unable to top up their meter, usually
because they cannot afford to do so. According to recent evidence,
around 2 million households (out of about 4 million PPM customers) are
self-disconnecting at least once per month; and of the consumers who
self-disconnected in 2022, around one fifth did so for >24 h (Citizens
Advice, 2023). Even more hidden are the actions of households on
constrained budgets who ‘self-ration’ and respond to energy price in-
creases by using coping mechanisms such as reducing fuel consumption
below levels recommended for good health (see e.g. Anderson et al.,
2012).

These considerations lead us to suggest an alternative, and comple-
mentary, definition of household ‘energy price resilience’ as follows:

The ability of a household to maintain (reattain) sufficient levels of en-
ergy and thermal affordability and/or energy and financial solvency in
the face of high energy price events.

Our definition complements those by Abi Ghanem et al. (2016) and
Hasselqvist et al. (2022), in their efforts to establish ways in which
households can be resilient within energy systems but deviates from
those established in the literature in its focus on prices (and therefore on
issues related to affordability), rather than the supply of energy. It also
complements more traditional approaches to the broader concept of fuel
poverty by accounting for an explicit financial dimension.

We regard households as energy price resilient if, despite facing
significant increases in energy prices, they are able to maintain, or at
least reattain (without significant detriment), sufficient levels of energy
and thermal affordability and/or energy and financial solvency. These
channels are akin to the thermal comfort and financial security path-
ways previously identified by Gilbertson et al. (2006, 2012) and they
can be seen as the key psychosocial routes through which energy
deprivation may impact people’s health and wellbeing. (e.g., Davillas
et al., 2022).

Depending on the extent to which energy prices rise, particularly if
this happens unexpectedly, households may have to rely on their current
financial liquidity (income, savings, credit and so on) in order to
maintain levels of affordability and solvency, and consequently help to
protect their health and wellbeing. However, budgetary and other
constraints may mean that higher energy prices result in a reduction in
energy consumption, adverse internal conditions of the home (e.g., low
temperatures) and/or increased levels of financial precarity (e.g., falling
behind on bills) for some households. Our definition of energy price
resilience refocuses low resilience on the potential burden which price
increases may impose on households, including the impact on house-
holds’ health, disability, and wellbeing outcomes, if they are unable to
maintain or reattain sufficient levels of energy and thermal affordability
and/or energy and financial solvency. Fig. 1 illustrates our definition of
energy price resilience and identifies the channels through which it can
be measured, focusing on energy and thermal affordability, and energy
and financial solvency as the two primary channels.

2 Abi Ghanem et al. (2016) defined household energy resilience in the
aftermath of storms in February 2014 with power (supply) outages in mind; a
households’ resilience is contextualised by whether they can modify and adapt
their daily practices in the event of power cuts— often prioritising thermal
comfort over other basic needs.

3 The average number of minutes lost per customer per year from external
supply interruptions lay between 30 and 50 min, depending on the network
operator, equivalent to services remaining uninterrupted 99.999% of the time
(Ofgem, 2021).
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Fig. 1. An illustration of household energy price resilience.

Specifically, in the context of our study, a household which exhibits
either low energy and thermal affordability (LEA) or low energy and
financial solvency (LES) is classified as experiencing LENRES (Fig. 1).
Individuals identified as exhibiting low energy and thermal affordability
(LEA) are captured using perception- and expenditure-based measures if
the household:

1) is unable to keep the accommodation warm enough during winter,
due to inability to afford it; or
2) spends >10% of their income on energy.*

Low energy and financial solvency (LES) similarly relies on both a
perception-based variable, which captures financial difficulties, and a
(quasi-) objective variable to capture issues of energy and financial
solvency. Individuals exhibit low energy and financial solvency (LES) if
they:

3) currently and personally find managing their finances at least quite
difficult; or

4) are members of a household which has fallen behind on at least some
of their bills, including electricity, gas, and other utilities.

These measures of energy insolvency and indebtedness are strongly
associated with energy-cost related financial issues (Burlinson et al.,
2021). Indeed, our measure of energy insolvency evokes the Financial
Conduct Authority (FCA, 2021)’s concept of financial resilience, which
it views as one of four key drivers of vulnerability. LES captures the
experience of households in the face of high energy price events through
the financial insecurity channel.

The constituent parts of LENRES, when considered independently,
are related to measures of energy poverty, deprivation and/or vulner-
ability (see e.g. Deller et al., 2021). The two components of LEA have
been used as alternative measures of fuel or energy poverty in part of the
existing literature.” For example, such perception- and expenditure-
based measures have been utilised to capture energy affordability in
various contexts to explore their relation to health and financial out-
comes (see, e.g., Awaworyi Churchill and Smyth, 2021; Burlinson et al.,
2021; Davillas et al., 2022). As such, these variables have often been
used as indicators of fuel/energy deprivation and are underpinned by
several factors affecting the ability to maintain sufficient levels of
thermal comfort, including energy prices, energy efficiency, and

4 Income (after deducting housing costs) and energy expenditure are equiv-
alised factors following the approach adopted in Hills (2012) and are deflated
using the retail price index (base year, 2009) (ONS, 2023).

5 The Low-Income-High-Cost index (Hill, 2011) has also been used as a
measure of fuel poverty in England in the past but has been replaced by the
modified LILEE index (DESZN, 2023a, 2023b). The devolved UK authorities of
Scotland, Wals and Northen Ireland use modified version of the 10% measure.

consumer behaviour (Deller et al., 2021). However, to the best of our
knowledge, this is the first study that proposes a broader energy price
resilience measure that simultaneously incorporates the concepts of
both aspects of energy-related affordability, and energy and financial
solvency, capturing households’ financial challenges, including arrears
on energy bills. We further discuss to what extent our measure differs
from existing narrower measures of fuel poverty/deprivation in Section
3 below.

3. Data and methodology

Our data comes from the longitudinal survey of the UK, Under-
standing Society: the UK Household Longitudinal Study (UKHLS) (Uni-
versity of Essex, 2022). Given that our estimation strategy accounts for
time invariant unobserved heterogeneity, we require longitudinal data
on our LENRES measure, and therefore draw upon a panel of individuals
participating in the UKHLS between Wave 8 (January 2016 — May 2018)
and Wave 12 (January 2020 — May 2022) of the UKHLS.® Our panel in
the main analysis consists of 100,848 person-wave observations over the
period of interest (roughly 20,170 individuals per wave, given it is an
unbalanced sample), upon adjusting for outliers, item and unit miss-
ingness. All data used in the analysis is weighted using UKHLS’ longi-
tudinal sample weights.

3.1. Measuring low energy price resilience

Summary statistics and descriptions of the variables used to measure
energy price resilience are presented in Table 1. We find that around 5%
of individuals belong to households that are unable to keep their home
warm due to affordability reasons, while around 17% spend >10% of
their income on energy. Combining these two dichotomous measures
(into the LEA dichotomous measure), around 20% of individuals live in a
household that cannot afford adequate levels of heating and/or spends a
relatively large share of their income on energy.

Turning to solvency measures, Table 1 shows that just under 7% of
individuals in our sample found managing their current personal
financial circumstances to be quite or very difficult, while almost 5% of
households had fallen behind on at least some of their household bills
(including electricity, gas, water rates, telephone, and other bills).
Around 10% of adults experienced financial difficulties and/or belong to
a household which is behind on paying utility bills (comprised in the LES
dichotomous measure).

The LEA and LES dichotomous measures — defined by combining
elements (1) and (2) for LEA, and (3) and (4) for LES, as shown in Table 1
— represent the two channels that are used to create our composite
measure of LENRES. An individual that belongs to a household deemed

6 We focus on Wave 8 onwards due to the fact that a core component of our
measure of LENRES is only available intermittently prior to this wave in UKHLS.
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Table 1
Definitions and mean values: a) low energy and thermal affordability (LEA)
measure ; b) low energy and financial solvency measure (LES).

Variables Definition Mean

Low energy and thermal affordability (LEA)

(1) Inadequate In winter, are you able to keep this accommodation ~ 0.046
heating warm enough? If you cannot afford to, please

answer no: 1 = ‘no’ and 0 = ‘yes’.

1 = Equivalised annual household energy 0.170

expenditure exceeds 10% of annual equivalised

household income (after deducting housing costs);

0 = otherwise.

1 = Inadequate heating and/or spending 10% of 0.199

income on energy; 0 = otherwise

(2) 10% of income
spent of energy

LEA measure:
(1) And/or (2)

Low energy and financial solvency (LES)
(3) Financial How well would you say you yourself are 0.069

difficulties managing financially these days?
1 = Finding it quite difficult or very difficult; 0
= otherwise.
(4) Behind on bills Sometimes people are not able to pay every 0.050

household bill when it falls due. May we ask, are
you up to date with all your household bills such
as
electricity, gas, water rates, telephone and other
bills or are you behind with any of them? 1 =
Behind on some or all bills; 0 = otherwise.
LES measure: 1 = Financial difficulties and/or behind on 0.099
(3) And/or (4) utility bills; 0 = otherwise
N 100,848

Notes: Mean values are weighted using sample weights. Energy expenditure and
income have specific equivalisation factors following the approach adopted in
Hills (2012) and are deflated using the retail price index (base year, 2009)
(Office for National Statistics, 2023).

vulnerable by any one of these measures is characterised as experiencing
LENRES.” Table 2 presents the cross-tabulations between the two
channels. We find that about 75% of individuals do not belong to
households with low levels of energy price resilience (cell A). In
contrast, around one quarter (24.9%) of individuals are described as
living in households with low energy price resilience, as defined by
using the LEA, the LES channel, or any combination of them (cells B, C
and D); this is the proportion of our sample who are classified as
LENRES.

Given that an individual is identified as experiencing LENRES if they
are classified as deprived by any of the four dichotomous components in
Table 1, we provide a deeper investigation of the composition of the four
components of LENRES in Table A1 (in the appendix). While about 25%
of our sample is identified as LENRES, about 1.6% of LENRES households
(Iess than half of 1 % of the whole sample) display all four dimensions of
low energy resilience (i.e., the respondents are jointly identified as
having inadequate heating, 10 % of income spent of energy, financial
difficulties and being behind on bills). About half of those experiencing
LENRES (13% of the whole sample) qualify exclusively on the basis of
spending >10% of income on energy, while the remaining proportion is
attributed to the other components and the overlap across all four
components, as shown in Table Al.

These results show that LENRES is, therefore related to the tradi-
tional expenditure fuel poverty measure defined by Boardman (1991).
However, it differs in two important respects. The first is that it is based

7 Since the qualification for LENRES is based on whether individuals are
classified as experiencing disadvantage in any one of the utilised binary com-
ponents, there is no implicit weighting of the elements in the definition.
Weighting one part more than another would have no effect on whether or not a
household is classified as low energy price resilient; instead, measures of the
depth or severity of resilience, for example exploring how many components of
LENRES are experienced by the individual, will be affected, but these measures
are not explored in our study.
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on actual rather than modelled required expenditure, a common
approximation because of data constraints. Deller and Waddams Price
(2018) show that, contrary to general belief, actual expenditure (and
fuel poverty measures based on it) are not consistently lower than
modelled required expenditure based on achieving a given temperature
within a building, and that the two track each other closely. The second,
and more important, difference between LENRES and a traditional
expenditure share measure, is the contribution of other factors, both
thermal comfort-related and financial; as mentioned above, about half
of those who qualify as LENRES do this solely through the “10% of in-
come spent of energy”, with the remaining proportion attributed to the
other three components and the overlap across all components. Overall,
this descriptive analysis shows how our composite measure of LENRES
both relates to, and departs from, alternative measures of various energy
poverty and deprivation concepts when they are considered indepen-
dently, bringing new breadth to the analysis by combining energy and
thermal affordability with energy-related and financial solvency.

It should also be explicitly mentioned here that the level of LENRES
appears to be relatively stable over time®; however, there is a marked
increase to 32% of individuals living in households characterised by
LENRES in 2022. This captures the onset of the energy crisis affecting
households’ ability to remain resilient across the UK during our period
of study.’

3.2. Health, disability and wellbeing outcomes for adults and children

Disruptions to households’ resilience in energy markets are likely to
be negatively related to their health and wellbeing, if households are
unable to maintain or reattain sufficient levels of energy and thermal
affordability and/or energy and financial solvency. Thus, it is of utmost
importance to assess whether our measure of LENRES is systematically
associated with a set of health, disability, and wellbeing outcomes of
members of the households, including adults and children.

3.2.1. Adult household members

Self-assessed health (SAH) is one of the most commonly used survey
questions to measure peoples’ health (e.g., Contoyannis and Jones,
2004; Contoyannis et al., 2004; Johnson, 2010; Currie et al., 2015). Our
dataset contains longitudinal information on SAH as the same question
is asked to each individual in Waves 8-12, which compose the working
sample for this study. The exact wording of the SAH question in the
UKHLS is: “In general, would you say your health is: Excellent, Very
Good, Good, Fair or Poor?”, with SAH ranking from one (for excellent
health) to five (for poor health). Despite its limitations as a self-reported
health measure, SAH is considered as a strong predictor of mortality
(Jylha, 2009). It has been shown, however, that physical conditions
reflected more on peoples’ evaluation of their SAH than their mental
health state (Powdthavee and Van Den Berg, 2011).

Our disability measures were collected at UKHLS Waves 8-12. Re-
spondents were asked about the presence of any long-standing physical
or mental impairment, illness or disability; a dichotomous variable is
created and set equal to one for those facing any long-standing illness or
disability, and zero otherwise. The exact wording of the disability
question in UKHLS is: “Do you have any long-standing physical or
mental impairment, illness or disability?”; this reflects the standard
definition when identifying people with disabilities in surveys for the UK
population (DWP, 2023). We also examined as separate outcomes spe-
cific functional difficulties, related to moving objects and memory and
concentration, that are asked as follow-up questions to the main ques-
tion about long-standing illness or disability. These functional

8 Fig. Al in the Appendix shows that the proportion of the households with
low levels of resilience to be around 25% each year between 2016 and 2021.
9 Our sample covers the period up to and including April 2022. Hence, at
present, we are only able to observe the initial impact of the energy price crisis.
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Table 2
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Cross-tabulations (percentages) of indicators of low energy and thermal affordability (LEA) and low energy and financial solvency (LES) used to measure low energy

price resilience LENRES (cells B, C and D).

LES =No LES =Yes Total
LEA =No (A) 75.13% (B) 4.98% 80.11%
(n="75,764) (n=5,027) (n=80,790)
LEA =Yes (C) 14.95% (D) 4.94% 19.89%
(n=15,075) (n=4,983) (n=20,058)
Total 90.07% 9.93% 100%
(n=90,839) (n=10,009) (N=100,848)

Notes: Results are weighted using longitudinal sample weights on the pooled sample (UKHLS wave 8-12). Correlation coefficient = 0.249. N = 100,848.

difficulties are selected on the basis of existing research on the potential
adverse effect of cold exposure on cognitive performance (Falla et al.,
2021), especially memory and processing speed, and on manual per-
formance (Ray et al., 2019).

In terms of our well-being measures, we use an overall life satisfac-
tion measure which is collected longitudinally for every wave between
UKHLS Waves 8 and 12. Our life satisfaction measures range between
one (completely satisfied) and seven (completely dissatisfied), reflecting
responses about people’s overall life satisfaction. Typically, the life
satisfaction measures are less prone to short-term changes, aiming to
reflect people’s overall cognitive well-being as opposed to emotional/
psychological affect (Diener et al., 1985; Luhmann, 2017; Powdthavee
and Van Den Berg, 2011).

The GHQ-12 is a widely used measure of non-psychotic psychologi-
cal distress (Bowling, 1991; Goldberg et al., 1997). The twelve di-
mensions of GHQ are: span concentration, loss of sleep, playing a useful
role, ability to make decisions, coping under strain, overcoming diffi-
culties, enjoying activities, facing problems, feeling depressed/unhappy,
confidence, feeling worthless, and general happiness. Respondents
answer questions along these twelve dimensions on a four-category scale
(‘not at all’, ‘no more than usual’, ‘rather more than usual’ and ‘much
more than usual’). For our analysis, we employ the Likert scoring
method — a summation of all the responses to the GHQ questions,
ranging from O (least distressed) to 36 (most distressed). This allows us
to treat GHQ-12 as a pseudo-continuous measure in our analysis (e.g.,
Davillas et al., 2016; Davillas and Jones, 2021). We also employ each of
these twelve dimensions as separate outcomes coded as one for the two
categories indicating the most depressed states, while the remaining two
categories, reflecting better mental health, are coded as zero. GHQ
measures are considered as a shorter-term measure of well-being that
typically aims to capture affect unlike our measure of overall life satis-
faction (Powdthavee and Van Den Berg, 2011).

Overall, this rich set of health, disability and well-being outcomes
allows us to explore the association between LENRES and both short-
term and more affect-related measures, as well as more long-standing
health and wellbeing outcomes. A full description of the set of health,
disability and wellbeing outcomes for adults used in our models, along
with their mean values, can be found in the appendix (Table A2).

3.2.2. Children living in the household

Our data also utilises the UKHLS youth questionnaire — a self-
completion questionnaire for young people aged 10 to 16 living in the
household, which is completed if a young person’s parent or carer has
given permission. Like the adult analysis, we draw upon the UKHLS Waves
8-12 longitudinal data and focus on children’s overall health and overall
satisfaction with their life. The young people’s data is matched to
household-level variables via their mother’s personal identifier. After ac-
counting for missing data, we rely on the UKHLS’ panel of 8457 young
individuals (aged 10 to 16), living in the same household as the adult
participating between Wave 8 (January 2016 — May 2018) and Wave 12
(January 2020 — May 2022).

We employ a 5-point variable capturing the young respondents’
evaluation of their own general health ranging between (1) excellent
and (5) poor (YHEALTH). This is mainly a self-assessed health measure
administered in a self-completion mode as: “In general, would you say
your health is: excellent, very good, good, fair or poor”. The overall
children’s wellbeing is captured by a 7-point scale variable capturing
how children feel about their life as a whole; higher values reflecting
worse levels of life satisfaction. Details on the health and wellbeing
outcomes for children along with their mean values can be found in the
appendix (Table A3).

These measures allow us to explore the extent to which the associ-
ation between low energy price resilience and health and wellbeing
outcomes is extended to children living in the household over and above
their association with adults’ outcomes. Finding evidence of an associ-
ation between low energy price resilience of the household and adverse
health and wellbeing consequences for children is of particular interest,
not least because this is a period of rapid change and development;
indeed, a large body of evidence suggests that the foundations for life-
long health and wellbeing are set during this important period of life
(Handa et al., 2023).

3.3. Covariates

Our analysis exploring the socio-economic and demographic corre-
lates of LENRES controls for a standard set of covariates expected to be
associated with household energy price resilience. It should be explicitly
noted that the full set of covariates described below (time variant and
invariant variables) are used in the pooled econometric models; the time
invariant covariates are omitted from our fixed-effects panel models,
captured as part of the time-invariant unobserved heterogeneity.

We account for age (AGE), gender (MALE) and ethnicity (WHITE,
BLACK, ASIAN, and OTHER). Moreover, we control for household
composition, specifically an indicator for a single parent household
(LONEPARENT), and housing tenure (a 4-category variable; OWNER,
MORTGAGE, SOCIAL RENTER, and PRIVATE_RENTER). Household size
(HHSIZE) and its squared term (HHSIZE2) are accounted for to capture
non-linear associations with our resilience outcome variables. We also
control for energy payment by PPM (PREPAYMENT).

Labour force status is included, using a five-category variable
(EMPLOYED, UNEMPLOYED, RETIRED, STUDENT, and OTHER JOB-
STATUS). We further account for a dichotomous education variable
capturing respondents without A-levels or a degree (NODEGREE vs ALE-
VEL DEGREE). We also account for a long-lasting illness or disability
dichotomous variable (DISABILITY). Regional effects are captured using
regional dummies (the nine government office regions of England,
Northern Ireland, Scotland, and Wales), and an indicator of rurality
(RURAL vs URBAN). Finally, we control for survey wave, year and month
of interview time effects. Mean values and definitions of the explanatory
variables used in the analysis are presented in the appendix (Table A4).

The same set of covariates (unless otherwise stated) are used in our
subsequent analysis exploring the association of our energy price
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reliance measures with a wide set of health, disability and wellbeing
outcomes. These covariates are assumed to be correlated with our en-
ergy price resilience measures and they are also main socio-economic
correlates of the health, disability, and wellbeing outcomes (e.g.,
Davillas and Pudney, 2020a; Fuchs, 2004). Thus, our models allow us to
estimate the association of low energy price resilience with our health,
disability and wellbeing outcomes net of any potential confounding ef-
fects from this set of observed covariates.

3.4. Econometric analysis

To explore the social and economic characteristics associated with
low energy price resilience, we regress our set of covariates on the
LENRES indicator, using the following linear probability model
specification:

LENRES; = X;B+ @ + I, + & + & (€))

where LENRES;; represents the dichotomous outcome of low energy
price resilience for individual i at wave t. The vector X; contains our set
of socioeconomic and demographic covariates, with j representing the
vector of regression coefficients to be estimated; «; denotes the time-
invariant unobserved fixed effect. w; is the vector of wave and month
indicators, and a year-on-year trend, capturing the seasonality in LEN-
RES;;. u, captures regional and urban/rural location effects. Finally, &
denotes the idiosyncratic error term. Eq. 1 is estimated using pooled OLS
and fixed effects models.

In the subsequent analysis, we explore whether our measure of low
energy price resilience is associated with our set of health, disability and
wellbeing outcomes for adults and children living in the household. We
proceed by using the following general linear specification:

Y = LENRES; + X, B + o + }t, + 0 + & (2

where Y;, stands for the vector of health, disability and wellbeing out-
comes of interest, while all remaining vectors are defined analogously to
Eq. 1. Pooled OLS and fixed effects models, respecting the panel nature
of the data, are used to estimate Eq. 2. Our fixed effects models eliminate
time-invariant unobserved heterogeneity and, thus, our results are not
affected by potential unobserved time-invariant factors that are corre-
lated with both energy price resilience measures and our health,
disability, and wellbeing outcomes, at the individual level. It should be
also noted that linear probability models are used for the analysis of
dichotomous outcome variables.

4. Results

4.1. Exploring the socio-economic and demographics of low energy price
resilience

Our results on the socio-economic and demographic characteristics
associated with LENRES' are presented in Table 3 (column 1). This
table presents the regression coefficients of the time-varying covariates
estimated using fixed effect linear probability models that eliminate
time-invariant unobserved heterogeneity. '

Accounting for time invariant unobserved heterogeneity, we find
that relying on PPMs as a fuel payment method has a positive and

10 As a robustness check we run all our regressions using a modified version of
the LENRES and LEA variable where the 10% measure was replaced by the
LIHC index. This approach has generated qualitatively similar results to the
ones reported and discussed below.

11 pooled OLS estimates are presented in the appendix (Table A5, Column 1).
Overall, the observed differences in the magnitude of the estimates between the
OLS and the fixed effects models highlight the role of time-invariant unobserved
heterogeneity.
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Table 3
Fixed effects OLS regressions of LENRES.
[¢)) 2
Dependent variable LENRES LENRES
NOSAVINGS 0.081***
(0.009)
CANNOTSAVE 0.034%**
(0.007)
PPM 0.046%** 0.045%**
(0.014) (0.014)
AGE —0.008 —0.008
(0.008) (0.009)
UNEMPLOYED 0.246%** 0.239%**
(0.015) (0.015)
STUDENT —0.028 —0.030
(0.017) (0.017)
RETIRED 0.132%** 0.130%**
(0.012) (0.012)
OTHER_JOBSTATUS 0.136%** 0.133***
(0.011) (0.011)
DISABILITY 0.016%** 0.016%**
(0.005) (0.005)
SINGLEPARENT 0.100%** 0.100%**
(0.022) (0.022)
HHSIZE —0.119%** —0.118%**
(0.014) (0.014)
HHSIZE2 0.014%** 0.014%**
(0.002) (0.002)
NBEDS 0.015%* 0.015%*
(0.006) (0.006)
MORTGAGE 0.042%** 0.040%**
(0.009) (0.009)
SRS 0.097*** 0.093***
(0.023) (0.023)
PRS 0.068*** 0.065***
(0.017) (0.017)
RURAL 0.014 0.013
(0.016) (0.016)
Regional effects Y Y
Time effects Y Y
N 100,848 100,848

Notes: All model specifications also account for a set of regional, wave and
month indicators, as well as a time trend (results not presented here). Column 2
adds controls for savings. All statistics are weighted using survey weights.
Robust standard errors clustered at individual level in parentheses. Pooled linear
probability model results can be found in the appendix (Table A5).

*p < 0.1, **p < 0.05, *** p < 0.01.

statistically significant association with LENRES; those using PPMs
experience a 4.6 percentage points higher probability of LENRES
compared to other payment methods. We also observe a statistically
significant association between labour market status and LENRES. For
example, being unemployed or retired is positively associated with
LENRES — 24.6 point and 13.2 percentage point higher probability
respectively — compared to the baseline category of being employed.
Moreover, respondents who experience long-lasting health or disability
experience a 1.6 percentage points (ppt) higher probability of LENRES.

We also find housing tenure to have a positive and systematic asso-
ciation with LENRES. Compared to individuals who own their home, all
other tenure types are associated with a lower probability of energy
resilience. For example, individuals renting in the private sector exhibit
a higher probability of low energy price resilience (9.7 ppt) than those
with mortgages (4.2 ppt), compared to the reference group of owners. In
addition, our findings reveal single parent households to be positively
associated with low levels of resilience, with a 10 ppt higher probability
of LENRES than other household compositions.

Household size has a U-shaped association with LENRES; relatively
small and relatively large households both appear to be associated with
a higher probability of low energy price resilience. In addition, the as-
sociation with low energy price resilience is increasing with the size of
the property (captured by the number of bedrooms). It is worth noting
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that this finding is conditional on holding the household size constant,
hence similar sized households living in larger (and potentially more
inefficient) properties appear at greater risk of LENRES.'?

In subsequent analysis, we explore whether the preceding results
hold whilst controlling for the household’s ability to make regular sav-
ings and/or have access to savings. This draws upon the FCA’s definition
of low financial resilience, which deems adults to have low financial
resilience if, for example, they have a limited capacity to withstand
financial shocks due to low or erratic incomes or savings. A compre-
hensive investigation of these issues is however impeded by the fact that
UKHLS collect data that could potentially proxy for low or erratic sav-
ings only on an inconsistent basis (i.e., at specific waves).

In order to explore the influence of saving behaviour, we nonetheless
utilise two variables contained in UKHLS at specific waves. The first
dichotomous variable, collected at Waves 8, 10 and 12, takes the value
of one if the household is unable to make regular savings of £10/month
or more for rainy days or retirement, and zero otherwise (CAN-
NOTSAVE).'® Our second variable, collected at Waves 8 and 10, is set
equal to one if the individual does not have any savings, and zero
otherwise (NOSAVINGS). Due to the infrequent collection of these var-
iables, we approximate savings behaviour by carrying forward the
values for each individual across the panel (i.e., from Wave 8 to 12).1
Hence the results in column 2 of Table 3 should be interpreted with some
caution.

The fixed effects estimates presented in Table 3 (Column 2) reveals a
positive association between the savings proxies and low energy price
resilience.'® We also note that our results about the socio-demographic
correlates of low energy price resilience (after accounting for unob-
served heterogeneity) remain almost identical to those obtained without
controlling for savings behaviour (Table 3, Column 1 vs Column 2).
Assuming that measurement errors in our savings variables play a
limited role, these results suggest that the association between savings
behaviour and our composite LENRES measure is independent from the
role of all other variables included in our models, upon removing indi-
vidual time-invariant heterogeneity.

4.2. Exploring the low energy price resilience channels

We also explore the socio-economic and demographic characteristics
associated with the two channels of low energy price resilience, i.e. low
energy and thermal affordability (LEA) and low energy and financial
solvency (LES). Again, we estimate linear probability models (pooled
and fixed effects) using LEA and LES respectively as the dependent

2 1t is worthwhile noting that the pooled linear probability model’s results
(Appendix, Table A5, Column 1) highlight the presence of positive associations
between LENRES and being female (vs male), not obtaining educational qual-
ifications (vs GCSEs or above), and being of black, mixed or other ethnicities (vs
white). However, we are unable to test the robustness of these specific associ-
ations in the case of our fixed effects regressions, as they are time invariant
covariates.

'3 The household is only asked this question if they have children living at
home (aged 0-15) or no children (if there is no member of pensionable age).

14 The aim of the UKHLS question on whether respondents have enough
money to make regular savings of £10/month or more is to proxy the level of
material deprivation at the household level for each member. The set of saving
behaviour variables used in our analysis and their wording is employed in
several large-scale surveys, e.g. the Family Resources Survey, and by the
Department for Work and Pensions (HM Government, 2023). There is enough
variation in our sample as far as these variables are concerned; for example,
about 15% of our sample are unable to make regular savings of £10 a month or
more (Table A4, Appendix). Given the data availability, we believe that both
variables are proxies of people’s capacity to withstand financial shocks (which
could be related to increased energy prices) due to low or even absence of any
savings.

15 pooled OLS estimates are presented in the Appendix (Table A5, Column 2).
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variable in the specification outlined in Eq. 1. The fixed effects results for
LEA and LES are displayed in Table 4,16

Employment status is also systematically associated with both LEA
and LES; for example, the unemployed are more likely to be associated
with both LEA and LES as opposed to the employed/self-employed re-
spondents (reference category). Disability seems also to be associated
with LES. These findings may not be surprising given the deprivation
and financial vulnerability hazards associated with unemployment or
long-standing health impairments. Similar to our results for the com-
posite LENRES measure, household size appears to have a U-shaped
association with both LEA and LES. Conversely, holding household size
constant, the number of bedrooms remains systematically associated
with LEA but not with LES. Similarly, single parents, compared to the
reference group of ‘all other household compositions’, appear only
associated with lower levels of affordability (LEA).

Compared to individuals who own their home, those with mortgages
face systematically higher probabilities of both LEA and LES. Moreover,
consistent with lower levels of energy efficiency in the rented sector, the
LEA component appears to be a route to low energy price resilience for
those renting in the private or social sector (versus the homeowner
reference group).

Households paying for energy using a PPM appear to be associated
with systematically higher probability of experiencing LEA, but this is

Table 4

Fixed effects linear probability regressions for the two LENRES channels— low
energy and thermal affordability (LEA) and low energy and financial solvency
(LES).

Dependent variable LEA LES
PPM 0.070%** —0.003
(0.015) (0.013)
AGE —0.008 —0.002
(0.009) (0.006)
UNEMPLOYED 0.231%** 0.107%**
(0.015) (0.013)
STUDENT —0.003 —0.024
(0.018) (0.015)
RETIRED 0.137%** 0.002
(0.012) (0.007)
OTHER_JOBSTATUS 0.125%** 0.053***
(0.011) (0.010)
DISABILITY 0.007 0.014%**
(0.005) (0.004)
SINGLEPARENT 0.131%** 0.020
(0.023) (0.021)
HHSIZE —0.127%%** —0.035%**
(0.014) (0.011)
HHSIZE2 0.013%** 0.006***
(0.002) (0.002)
NBEDS 0.021%** 0.001
(0.006) (0.004)
MORTGAGE 0.042%** 0.013**
(0.009) (0.006)
SRS 0.105%** 0.003
(0.025) (0.018)
PRS 0.084%** —0.003
(0.017) (0.012)
RURAL 0.020 —0.001
(0.015) (0.010)
Regional effects Y Y
Time effects Y Y
N 100,848 100,848

Notes: All model specifications also account for a set of regional, wave and
month indicators, as well as a time trend (results not presented here).

Robust standard errors clustered at individual level in parentheses.

*p <0.1, ** p < 0.05, *** p < 0.01.

16 For brevity, the pooled OLS estimates are available upon request.
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individual elements of our GHQ-12 psychological distress measure
(Columns 3 to 14)."7 Overall, the results from Table 6 show that LENRES
is strongly associated not only with measures that capture people’s
cognitive long-run overall wellbeing, as reflected by our life satisfaction
outcome, but also with more affect outcomes captured in our GHQ-12
measures of psychological and emotional distress (Powdthavee and
Van Den Berg, 2011).

For the main analysis of our study, in the case of dichotomous out-
comes we use (pooled and fixed effects) linear probability models.
Sensitivity analysis also shows that our results are robust to the use of
probit models.'® Moreover, our conclusions remain unchanged when
using random effects probit models, and as expected, the marginal ef-
fects from these random effects models fall between the pooled and fixed
effects OLS estimates.'’

While our fixed effects models account for time-invariant unob-
served heterogeneity, it may be the case that time-varying unobserved
heterogeneity may influence our estimates, resulting in omitted vari-
ables biases. Although we do not aim for causal interpretations and
analysis in this study, we employed the Oster’s (2019) bounding
approach as a robustness check. The bounding approach considers
concomitant movements in coefficients and the coefficient of determi-
nation (R?) across models in order to assess the influence of omitted
variables. We conservatively assume that the observed variables have
equal importance to those unobserved. We also set the maximum for the
R? to 1.3 times its overall value in the fixed effects estimations. The
bound estimates produced by Oster’s approach are not only non-zero (i.
e., zero is not included within the estimated lower and upper bounds of
our LENRES coefficients) but also, they are practically identical to the
fixed effects results (hence, the results are not presented for brevity and
are available upon request). Overall, the Oster’s bounding approach
indicates that our results appear robust to omitted variable biases.

In a subsequent analysis (Tables 5-6, Panel B) we explore the relative
contribution of the two components underpinning our composite mea-
sure of low energy price resilience (LENRES). More specifically, through
estimating fixed effects models that include both the low energy and
thermal affordability (LEA) and low energy and financial solvency (LES)
dichotomous variables, we explore the relative role of each pathway in
the observed association between low energy price resilience and our set
of health, disability, and wellbeing outcomes.

Overall, we found that the associations between all our outcomes
with the composite LENRES are primarily driven by the low energy and
financial solvency (LES) component. For example, Table 5 shows that
the positive associations of LENRES with SAH and disability (Panel A)
are driven largely by the low energy and financial solvency (LES)
component (Panel B). Turning to the specific disability indicators, we
found that these associations are underpinned more strongly by LES,
except for memory and concentration, which is also associated with LEA
at the 5% significance level (Panel B, Column 4).

Similarly, the role of the energy and thermal affordability (LEA)
component appears less pronounced for our wellbeing outcomes
compared to LES; indeed, there are fewer cases that show strong asso-
ciations (statistically significant at the 5% level) between LEA and our

17 As a robustness check, we utilised the SF12 mental health functioning
measure to further test the LENRES association and its underlying channels. Our
main analysis results are generally confirmed as we found a clear negative as-
sociation between LENRES and mental health functioning capturing by the
natural log of the SF12 mental health component. Moreover, in line with our
results in Table 6, the observed association is more so driven by the energy and
financial solvency component. For brevity these results are available upon
request.

18 Marginal effects from the pooled probit models versus the corresponding
coefficients from the pooled linear probability models are available in the ap-
pendix, Tables A6-A7.

19 These results are available upon request.
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wellbeing outcomes (specifically, only in five out of fourteen outcomes
of our analysis we found strong associations with the LEA component;
Table 6, Panel B).

4.4. Children’s health and wellbeing outcomes

In this subsection, we explore whether living in a home with low
energy price resilience is associated with the wellbeing and/or health of
children. Unlike our models for adults, only a limited set of variables are
collected in the UKHLS in each wave of the longitudinal survey of young
people. We control for children’s age, number of close friends, percep-
tions on the importance of doing well in GCSE'’s, desire to proceed to
higher education, whether they smoke, drink alcohol, belong to a social
website, or regularly eat meals with their family. It is worthwhile noting
that we found adult (mother’s) individual socio-economic and de-
mographic characteristics to yield neither robust nor statistically sig-
nificant associations in the young people’s fixed effects regressions.
Hence, we employ mother’s mental health as the only adult-individual
variable in these regressions.”’ No time invariant characteristics (e.g.,
ethnicity, gender) are included as control variables in our fixed effects
models of the association between low energy price resilience and
children’s health and wellbeing outcomes.

The results from the fixed effects models presented in Table 7 show
that our composite measure of low household energy price resilience is
only systematically associated with young people’s life satisfaction
measures rather than with general health.?’ Given that low energy price
resilience at home is not associated with children’s self-assessed health,
at least as far as general health is considered, there may also be no
relevant inequality of opportunity for their later life outcomes arising
from health impairments during childhood - a period in which children
experience circumstances beyond their control.

Table 7

Fixed effects linear regressions of measures of young people’s health and well-
being on LENRES (Panel A) and its components — low energy and thermal
affordability (LEA) and low energy and financial solvency (LES) (Panel B).

Specifications 1) 2)

Dependent variable Health Life Satisfaction

Panel A.

LENRES 0.033 0.101%*
(0.032) (0.048)

Controls Y Y

Regional effects Y Y

Time effects Y Y

Panel B.

LEA 0.040 0.111%**
(0.034) (0.051)

LES —0.070 0.060
(0.042) (0.054)

Controls Y Y

Regional effects Y Y

Time effects Y Y

Notes: Controls include socioeconomic, demographic characteristics, and
regional/time effects.

Robust standard errors clustered at individual level in parentheses.

Sample size for all estimations is 8547.

*p < 0.1, ** p < 0.05, **p < 0.01.

20 pescriptions and mean values for all variables used in our young people
analysis can be found in the appendix (Table A3). In addition, we control for the
same set of time and regional effects specified in Eq. 1.

21 The fixed effects (Oster) bounded results for life satisfaction do not contain
zero and therefore provide further support to our conclusions (results available
upon request).
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Looking closely at the components underpinning these results, Panel
B reveals that the households facing low energy and thermal afford-
ability (LEA) issues, rather than low energy and financial solvency (LES)
difficulties, are associated with deleterious life satisfaction outcomes for
young people. This is in stark contrast to the situation of adults, for
whom we find LES to generally be the key channel associated with our
set of health and wellbeing outcomes.

5. Conclusions

The unexpected and substantial increase in energy prices observed
across Europe following developments of the war in Ukraine has
heightened Governments’ and civil society’s concerns about potential
impact of these price increases on consumers, and especially on the most
vulnerable. As financial and other policy interventions enacted at the
start of the energy crisis are reduced or completely removed, it is
important to reflect on the recent experience of high energy price
volatility to assess the ability of different households to withstand, and
adapt to, sudden and significant increase in prices.

Our paper contributes to the literature on energy resilience by
shifting the focus from the supply-side’s infrequent and time-limited
disruptions to the consumer’s required adjustments in response to un-
expected and sustained increases in energy prices. We also extend the
range of tools available for policy intervention, by providing a new
quantifiable measure of resilience for residential households, which is
based mainly on demand-side considerations and which we define as
energy price resilience. This measure and its two components (energy and
financial affordability and energy and financial solvency) have been
used in our empirical analysis of the socio-economic and demographic
factors likely to be associated with energy price resilience. We also
investigate the association between energy price resilience measures
and a wide set of health, disability, and wellbeing outcomes.

Based on our composite measure of energy price resilience we find
that about a quarter of individuals in the UK have experienced a chal-
lenging situation of either energy related affordability or energy related
solvency or both, during the period 2016-2022. We find a positive as-
sociation of low energy price resilience and both a variety of factors
including (i) the use of pre-payment energy payment methods, most
prevalent among vulnerble households (Burlinson et al., 2023) (ii) a
household’s lack of access to savings (iii) unemployment. The impor-
tance of these factors is consistent when we look either at the aggregate
measure of energy price resilience or its two components (energy
affordability and solvency). We also find that living in rented accom-
modation and retirement are only associated with energy affordability.

Our results show that, after accounting for time-invariant unob-
served heterogeneity, low energy price resilience is generally associated
with worse health, disability, and wellbeing outcomes for all household
members; however, these associations tend to be different between the
energy affordability and energy solvency channel for adults. Specif-
ically, our analysis shows that low energy price resilience is associated
with both measures that proxy cognitive long-run overall wellbeing and
affect measures capturing psychological and emotional distress.. In
comparison, the results for children show that low energy resilience is
only systematically associated with life satisfaction measures. Indeed,
the lack of association between LENRES at home and children’s general
health may be encouraging, as this might indicate limited inequality of
opportunity for later life outcomes.

Looking at the channels of low energy price resilience in adults, we
find that the association between low resilience and our set of health,
disability and wellbeing outcomes is mostly attributable to the energy
and financial solvency channel, as opposed to the energy and thermal
affordability component. On the other hand, the association between
low energy price resilience of the household and children’s overall
cognitive well-being proxied by life satisfaction measures appears to be
driven by the energy and thermal affordability channel. Bringing these
results together, our findings suggest that children’s wellbeing may be at

11

Energy Economics 132 (2024) 107414

greater risk when households face energy affordability challenges,
which might imply that adults try to protect their children from these
challenges, may do so to the potential detriment of their own health.

One limitation of our work is related to the lack of availability of
more detailed data on energy consumption but also on the households’
financial situation, saving behaviour and access to credit; this may limit
our ability to fully assess the changes in energy consumption patterns
during the energy crisis and their impact on the households’ financial
situation. It is also important to note that our empirical analysis does not
cover the peak of the energy crisis period (the winter 2022-23); thus, the
results from our analysis may underestimate the association between
low energy price resilience and the deleterious outcomes, as during the
peak of the energy crisis significant financial pressures were most likely
to be felt by vulnerable households (despite the relevant government’s
mitigating measures).

In addition, despite controlling for time effects in the analysis, and
while our Oster’s bounding approach suggests that our results are robust
to unobserved factors, it should be noted here that the associations
established in this work are not of a causal nature due to potential
endogeneity attributable to time varying unobserved heterogeneity.

Despite these limitations, we are able to offer some conclusions and
recommendations based on the key results. The reaction of most Gov-
ernments to the significant increases in energy prices in the winter of
2022 has been characterised by a desire to act swiftly to protect the
majority of energy consumers. Given the potentially conflicting objec-
tives of energy affordability and environmental sustainability, policy
interventions which protect most consumers from price shocks will
reduce households’ sensitivity to such price signals. This is particularly
concerning if those consumers who can afford to pay for energy do not
adjust their consumptions patterns as a reaction to price signals because
of the availability of universal and unconditional financial support.

Moreover, when considering vulnerable consumers, who are the
focus of our analysis, the results presented in this study help to char-
acterise the profile of the individuals and households who are more
likely to be exposed to significant challenges resulting from high energy
price crises. We would argue, that given the cost of supporting all in-
dividuals in society for future increases in price, tailored interventions,
targeted at the most vulnerable in society, may need to be implemented.
We believe that policy interventions which use our definition of energy
price resilience, more clearly identify vulnerable individuals compared
to the traditional fuel poverty measures. In particular, our evidence
relating to the energy and financial solvency dimension of resilience
could inform policymakers’ interventions currently being considered,
including the possible introduction of social tariffs (NEA, 2022), the
levelling of costs across payment methods or the review of fixed costs
(known as standing charges) — which are subject to consultation by
Ofgem (Office for Gas and Electricity Markets (Ofgem), 2023b) and
continue to be demanded by charities concerned about vulnerable
households (Age UK, 2024).

Looking beyond the current crisis in energy markets, our proposed
measure of energy price resilience would allow policymakers to define
long term and consistent policy interventions, based on broader eligi-
bility criteria than most of the current support schemes for vulnerable
consumers. Overall, the associations between energy price resilience
and health, disability, and wellbeing outcomes within households reveal
the possibility that appropriate interventions in the energy sector could
be linked to wider societal health and wellbeing benefits.
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Due to...

Population share (%)

LENRES share (%)

all 4 components

“inadequate heating” (only)

“10% of income spent of energy” (only)
“financial difficulties” (only)

“behind on bills” (only)

overlap across the components

Total

0.39 1.57
1.71 6.87
12.57 50.48
2.88 11.57
1.48 5.94
5.87 23.57
24.9 100

Notes: UKHLS Wave 8-12 (Jan 2016-May 2022) data.

Table A2

All statistics are weighted using sample weights.

Health, disability and wellbeing outcomes for adults: definitions and mean values.

Variable Definition Mean
Self-assessed health

In general, would you say your health is: (1) excellent, (2) very good, (3) good, (4) fair, (5) poor. 2.754
N 99,109
Long term health and disability impairments
LTSD 1 if individual has a long-standing physical or mental impairment, illness or disability; 0 otherwise 0.302
LTSD O If you have a long-standing health problem, do you have substantial difficulties with...
Moving objects 1 lifting, carrying or moving objects; O otherwise 0.139
Memory and concentration 1 memory or ability to concentrate, learn or understand; 0 otherwise 0.049
N 100,848
Wellbeing measures
Life satisfaction Satisfied with life overall: 1 (completely satisfied) to 7 (completely dissatisfied) 5.179
GHQ-12 Subjective wellbeing (caseness): O (the least distressed) to 12 (the most distressed) 1.893
GHQ (O How you have been feeling over the last few weeks...
Concentration Have you recently been able to concentrate on whatever you're doing? 1 if much less or less than usual; O of better than or same as usual 0.176
Sleep Have you recently lost much sleep over worry? 1 if much more or rather more than usual; 0 if not at all or no more than usual 0.166
Useful Have you recently felt that you were playing a useful part in things? 1 if much less or less than usual; 0 if more so or same as usual 0.153
Decision-making Have you recently felt capable of making decisions about things? 1 if much less capable or less so; O if more so or same as usual 0.098
Under strain Have you recently felt constantly under strain? 1 if much more or rather more than usual; 0 if not at all or no more than usual 0.223
Overcome difficulties Have you recently felt you couldn’t overcome your difficulties? 1 if much more or rather more than usual; O if not at all or no more than usual 0.142
Enjoy Activities Have you recently been able to enjoy your normal day-to-day activities? 1 if much less or less than usual; O if more so or same as usual 0.200
Problem solving Have you recently been able to face up to problems? 1 if much less able or less so; O if more so or same as usual 0.110
Confidence Have you recently been losing confidence in yourself? 1 if much more or rather more than usual; 0 if not at all or no more than usual 0.208
Depressed Have you recently been feeling unhappy or depressed? 1 if much more or rather more than usual; O if not at all or no more than usual 0.166
Self-worth Have you recently been thinking of yourself as a worthless person? 1 if much more or rather more than usual; 0 if not at all or no more than usual ~ 0.094
Happiness Have you recently been feeling reasonably happy, all things considered? 1 if much less or less so than usual; 0 if more so or about the same as usual (9)81 2?7
N 2

Notes: UKHLS Wave 8-12 (Jan/2016-May/2022) data.
All statistics are weighted using sample weights.
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Table A3

Energy Economics 132 (2024) 107414

Children’s general health and wellbeing outcomes as well as control variables for the relevant regression models: definitions and mean values.

Variable Definition Mean
Health and wellbeing outcomes
Life satisfaction Satisfied with life as a whole: 1 (completely satisfied) to 7 (completely dissatisfied) 2.274
Health Overall health is 1 (excellent) to 7 (poor) 2139
Controls
Age Age in years 12.554
Friends Number of close friends 9.103
GCSEs, very important (reference) 1 if individual thinks GCSE’s or equivalents are very important; O otherwise 0.729
GCSEs, important 1 if individual thinks GCSE’s or equivalents are important; 0 otherwise 0.244
GCSEs, not very important 1 if individual thinks GCSE’s or equivalents are not very important; 0 otherwise 0.019
GCSEs, not at all important 1 if individual thinks GCSE’s or equivalents are not at all important; 0 otherwise 0.009
Yes, to higher education (reference) 1 if individual would not like to go on to do further full-time education at a college or university; 0 otherwise 0.626
No, to higher education 1 if individual would not like to go on to do further full-time education at a college nor university; O otherwise 0.065
Missing, higher education 1 if missing; O otherwise 0.309
Smoked (reference) 1 if individual has smoked cigarettes at all; O otherwise 0.049
Never smoked 1 if individual has never smoked cigarettes; 0 otherwise 0.951
Yes, to alcohol (reference) 1 if individual has had an alcoholic drink; 0 otherwise YES/NO 0.240
No, to alcohol 1 if individual has never had an alcoholic drink; 0 otherwise YES/NO 0.760
Yes, to social media (reference) 1 if individual does belong to a social website (e.g., facebook); 0 otherwise 0.818
No, to social media 1 if individual does not belong to a social website (e.g., facebook); 0 otherwise 0.182
No family meals (reference) 1 if individual had no evening meals with family in the past week; O otherwise 0.060
1-2 family meals 1 if individual had 1-2 evening meals with family in the past week; 0 otherwise 0.171
3-5 family meals 1 if individual had 3-5 evening meals with family in the past week; 0 otherwise 0.266
6-7 family meals 1 if individual had 6-7 evening meals with family in the past week; 0 otherwise 0.503

Notes: UKHLS Wave 8-12 (Jan/2016-May/2022) data.

Table A4

Control variable definitions and mean values for adults.
Variable Definition Mean
FIXEDOTHER (reference) 1 if energy payment is standard credit or direct debit; O otherwise 0.873
PPM 1 if energy payment method is prepayment; 0 otherwise 0.127
AGE Age in years 51.990
FEMALE (reference) 1 if female; 0 otherwise 0.536
MALE 1 if male; 0 otherwise 0.464
WHITE (reference) 1 if white; 0 otherwise 0.923
BLACK 1 if black; 0 otherwise 0.018
ASIAN 1 if asian; O otherwise 0.041
OTHER_ETHNICITY 1 if other; O otherwise 0.018
ALEVEL_DEGREE (reference) 1 if A-level/Degree qualification or equivalent; 0 otherwise 0.817
NODEGREE 1 if no qualifications/or basic qualifications; O otherwise 0.183
EMPLOYED (reference) 1 if employed or self-employed; O otherwise 0.527
UNEMPLOYED 1 if unemployed; 0 otherwise 0.040
RETIRED 1 if retired; O otherwise 0.297
STUDENT 1 if full-time student; O otherwise 0.045
OTHER_JOBSTATUS 1 if other economic activity; 0 otherwise 0.137
NO-DISABILITY (reference) 1 if not in long-term illness/disability; O otherwise 0.697
DISABILITY 1 if experience long-term illness/disability; O otherwise 0.302
NO-SINGLEPARENT (reference) 1 if not a single parent household; 0 otherwise 0.971
SINGLEPARENT 1 if single parent household; 0 otherwise 0.029
HHSIZE Household size 2.668
NBEDS Number of bedrooms 3.013
OWNER (reference) 1 if owns accommodation; 0 otherwise. 0.389
MORTGAGE 1 if owns accommodation with mortgage; 0 otherwise 0.328
SRS 1 if rents social accommodation; O otherwise. 0.180
PRS 1 if privately rents accommodation; 0 otherwise 0.103
URBAN (reference) 1 if living in urban area; 0 otherwise 0.748
RURAL 1 if living in a rural area; O otherwise 0.252
Regions
NEAST (reference) 1 if respondent lives in the North East of England; O otherwise 0.047
NWEST 1 if respondent lives in the North West of England; O otherwise 0.108
YORKSHIRE 1 if respondent lives in Yorkshire and Humberside; 0 otherwise 0.089
EMIDLANDS 1 if respondent lives in the East Midlands; O otherwise 0.081
WMIDLANDS 1 if respondent lives in the West Midlands, 0 otherwise 0.087
EAST 1 if respondent lives in the East of England, 0 otherwise 0.098
LONDON 1 if respondent lives in London, O otherwise 0.101
SEAST 1 if respondent lives in the South East of England, O otherwise 0.136
SWEST 1 if respondent lives in the South West of England, O otherwise 0.089
WALES 1 if respondent lives in the Wales, 0 otherwise 0.048
SCOTLAND 1 if respondent lives in the Scotland, 0 otherwise 0.087
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Table A4 (continued)
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Variable Definition Mean
Savings behaviour

Ability to save

CANSAVE (reference) 1 if the household does have enough money to make regular savings of £10/month or more for rainy days or retirement; and 0 otherwise. 0.851
CANNOTSAVE 1 if the household does not have enough money to make regular savings of £10/month or more for rainy days or retirement; and O otherwise. ~ 0.149
Existing savings

SAVINGS (reference) 1 if the individual does have any savings; and O otherwise 0.468
NOSAVINGS 1 if the individual does not have any savings; and 0 otherwise 0.532
N 100,848

Notes: UKHLS Wave 8-12 (Jan/2016-May/2022) data.
All statistics are weighted using sample weights.

Table A5

Pooled linear probability models of LENRES.

(€D )
Dependent variable LENRES LENRES
NOSAVINGS 0.203%**
(0.008)
CANNOTSAVE 0.098%**
(0.004)
PPM 0.175%** 0.139%**
(0.010) (0.010)
AGE 0.000 0.000
(0.000) (0.000)
MALE —0.015%** _0.012%%*
(0.005) (0.004)
BLACK 0.140%** 0.128%**
(0.021) (0.019)
ASIAN 0.096%** 0.090%%%
(0.011)
OTHER_ETHNICITY 0.042%*
(0.021) (0.019)
NODEGREE 0.060%** 0.056%**
(0.007
UNEMPLOYED
STUDENT
RETIRED

OTHER_JOBSTATUS
DISABILITY
SINGLEPARENT
HHSIZE
HHSIZE2
NBEDS
MORTGAGE
SRS

PRS

RURAL
Regional effects

Time effects
N

(0.010)
0.047%**
(0.005)
0.194%***
(0.016)
—0.076%**
(0.007)
0.011%**
(0.001)
0.007**
(0.003)
0.022%**
(0.006)
0.159%**
(0.010)
0.164***
(0.010)
0.035%**
(0.005)
Y

Y
100,848

(0.009)
0.035%**
(0.005)
0.156***
(0.015)
—0.080%***
(0.006)
0.010%**

(0.003)
0.017%***
(0.005)
0.119%**
(0.009)
0.135%**
(0.010)
0.036***
(0.005)
Y

Y
100,848

Notes: All model specifications also account for a set of regional, wave and
month indicators, as well as a time trend (results not presented here). Column 2
adds controls for savings. All statistics are weighted using survey weights.
Robust standard errors clustered at individual level in parentheses.

*p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A6
Pooled linear probability regression models (Panel A) and marginal effects from the corresponding pooled probit models (Panel B) of disability measures on LENRES.
@D (2 3
Dependent variable LTSD Moving objects Memory and concentration
Panel A. Pooled linear probability models
LENRES 0.053*** 0.027%*** 0.019%**
(0.006) (0.005) (0.003)
Controls Y Y Y
Regional effects Y Y Y
Time effects Y Y Y
Panel B. Pooled probit models: marginal effects
LENRES 0.057%** 0.026%*** 0.014%**
(0.006) (0.004) (0.002)
Controls Y Y Y
Regional effects Y Y Y
Time effects Y Y Y

Notes: The same set of control variables as those in Table 5 (main text) are accounted for in these models.

All statistics are weighted using sample weights. Robust standard errors clustered at individual level in parentheses.
Sample size for all estimations is 100,848.

*p < 0.1, ** p < 0.05, *** p < 0.01.
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Table A7

Pooled linear probability regression models (Panel A) and marginal effects from the corresponding pooled probit models (Panel B) of wellbeing outcomes on LENRES.

(12)

a1n

(8 ©)] (10)

%]

6)

(%)

[©)] 4

@ 2

Specifications

Depressed Self- worth Happiness

Problem solving Confidence

Overcome difficulties Enjoy activities

Decision making Under strain

Sleep Useful

Concentration

Dependent variable

Panel A. Pooled linear probability models

0.065%***
(0.005)

0.053***
(0.004)

0.064***
(0.005)

0.074%**
(0.005)

0.065%***
(0.004)

0.055%***
(0.005)

0.076***
(0.005)

0.077%**
(0.005)

0.047%***
(0.004)

0.055%***

(0.005)

0.072%**
(0.005)

0.050%***
(0.005)

LENRES

Controls

Regional effects
Time effects

Panel B. Pooled probit models: marginal effects

LENRES

0.057%**
(0.004)

0.043%**
(0.003)

0.056%**
(0.004)

0.067%***
(0.004)

0.054%**
(0.003)

0.050%**
(0.004)

0.065%**
(0.004)

0.071%**
(0.005)

0.040%**
(0.003)

0.048%**

(0.004)

0.064%**
(0.004)

0.045%**
(0.004)

Controls

Regional effects
Time effects

Notes: The same set of control variables as those in Table 6 (main text) are accounted for in these models. Robust standard errors clustered at individual level in parentheses.

Sample size for all models is 98,457.

*p < 0.1, ** p < 0.05, *** p < 0.01.
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Fig. Al. Proportion of households with low energy price resilience (LENRES)
over time.
Notes: All statistics are weighted using sample weights.

Appendix B. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.eneco.2024.107414.
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