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Abstract

Energy security is an important policy goal for most countries. Werghow that cross-country
differences in concern about energy security across 23 countries in Eudogesahareexplained by
energy-specific and general national contextual indicators, over-and-adoxdual-level factors
that reflect population demographics. Specifically, public concerns aboottidgpendency and
affordability reflect the specific energy context within countrieshsas dependency on energy
imports and electricity costs, while higher concerns about the afffiitgavulnerability and

reliability of energy are associated with higher fossil fuel consumptiore femeral national context
beyond energy also appears to matter; energy security concerns are higheriescthattare doing
less well in terms of economic and human wellbeing. These findings intheateider energy, social
and economic context influenpeople’s feelings of vulnerability and sense of security, which may

inform the development of effective energy security strategieas$safige public concerns



Climate change and energy security are key drivers of current and futuyg pokey across the
world. New low-carbon systems should not only help to achieve emission target®asis
international agreements, but also ensure reliable access to clearoatiabidfenergy for all-€). In
Europe, the internationalisation of energy markets has increased depeaddareign energy
imports, making the region more vulnerable to interruptions of sufyplgr(d rising energy prices
and a prolonged economic crisisyeded to increased fuel poverty).(These concerns, along with
uncertainty arising from energy transitions processes, have placed energy fiemly on political

agendas across the European region.

Understanding how and in what way people are concerned about energy security is@mimpo
aspect of delivering successful energy transitiéis There is a growing recognition of the need to
account for multiple perspectives in decision-makagghe public are able to shape the planning and
construction of low-carbon energy systems through support or dppasitinfrastructure, policies

and technologies{'*13. There have been explicit calls for energy security policy to directly
incorporate public acceptability®f. One critical first step in developing policy to enhance energy
security is understanding how secure people actually feel in retatemergy provision in their
country, espaally given the importance of energy services in ensuring people’s health and well-

being ¢4).

More importantly, it is key to understand the determinangsgile’s concerns to gain insights into
what factors heighten or attenuate thétskas been shown that levels of concern vary across
individual-level socio-demographic factof$:{3. However, little is known about how they differ
cross-nationally, unlike for climate change perceptions where natmrelldifferences have gained
significant attention in recent yeat§{!). An analysis involving both individual and country-level
factors would show the extent to which energy security concerns vary acrossesooveri-and-

above the socio-demographic make-up of the populations

There are good reasons to expect that the national context matters for publjcceneerns.
Countries rely on different energy supply systems and face differegyestallenges, which may

powerfully shape how their residents engage with energy security, fopexthrough experiences of
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current systems, as well asountry’s prevailing social and economic conditions. Aggregate-
descriptive analyses suggest that energy policy priorities differ angaalievels of energy exports
and economic development in a given countty?(j, which may have important implications for
public concerns about these issues. Examining cross-nationalniiffierprovides an opportunity to
assess to what extent, and how, the wider energy, social and economic context has relevance f
people’s feelings of vulnerability and sense of security. This, in turn, would provide insight into the

types of policies that can address public concerns.

Here we analyse energy security concerns using data from theafigti@presentative European
Social Survey (ESS) Round 8 datasetich includes a total of 44,387 respondents from 23 countries
in Europe and Israel. This provides a unique opportunity to examine to what@wtesinational
differences in perceived energy security exist, and whether these candirezkply individual-level
(e.g. socio-demographic) and/or energy-specific (net energy imports, eigctogts) or more general

country-level factors.

Conceptualising and measuring public energy security concerns

Energy security is a complex, multi-faceted concept that is sometimes defined in narrow terms, for
example exclusively around demand and supply of energy, and sometimes in broad terms,
encompassing large areas of energy and environmental potfei@snderstanding public
perceptions towards energy security requires careful attention to ysepaaple engage with(7:29).
For example, it is unlikely that many non-energy expénts is large parts of the general public,
would be familiar with, or have extensive technical knowleafgéhe risks and operation of various
energy systems:(). Wetherefore focus specifically on energy supplied for domestic purposes,
including power and heatingsthe most relevant aspect of energy security for the public. These
aspects of energy use are also most strongly affected by the transition tiowacdsbon energy
systems. Furthermore, people engage with energy issues in a multitudgsoiusing different sets of
values and concerns. We therefore might expect concerns about energy and emvaossues to

be differently determined?. For these reasonsgwse a more focused conceptualisation of energy



security, building on the International Energy Agency (IEA) definitibarergy security as the

“uninterrupted availability of energy sources at an affordable pfipe

We elicited concermabout energy security by elicitipgople’s personal feelings of worry (on a scale
from 1 to 5) about five dimensions that cover both outcomes of and threasrgy supply systems
(reliability, affordability, vulnerability, import dependency, and fofisdl dependency; see Methods).
This approach is based on established research, which has consistentlyhstigeplt’s risk
perceptions are based on affective responses to a threat, and not gstasstical calculations of

risks €829,

National differencesin energy security concerns

Table 1 presents average concern for the five energy security dimensions for ea@3Bafahetries
included in the survey. It is evident that respondents across Européenentially concerned about
the five aspects of energy security. The highest levels of concern casdiged for affordability
(M=3.2439D=1.03), which is in line with the findings on concern about energy pricestase{#29.
This is followed by concerns about fossil fuel dependehts3(03SD=1.02) import dependency
(M=2.919D=1.07) and vulnerability 1=2.70SD=0.87) The average concern ratings (around the
mid-point of the scalehdicate that the public in the surveyed countries is ‘somewhat concerned’

about these energy security dimensions. The lowest concern ratindgssareed for energy reliability
(M=2.353D=1.08), with most countries being not very worried about this aspect of energy security
This mirrors a similar finding in a recent US stuslyd is likely related to people’s current
experiences with reliable energy supply systéinsTbere is, however, variability across countries
with more or less worry across the different dimensions. Countrieshihatrelatively high levels of
concern include Portugal, Spain, Russia, France and Belgium. Countriegenditally lower energy

security concerns include Iceland, Sweden, Aasind Switzerland.

In order to understand how much of the variation in the concern fayyesecurity can be attributed
to the country-level as opposed to the individual-level, we constructeéa sEmultilevel models of

individuals (level 1) nested within countries (level 2). We started with a series of ‘null” models



without any individual or country-level predictors (Models A, Table 2). Thesemadels show that
around 10-16% of the variance in energy security concern is at theyctawe, as indicated by the
intraclass correlatia(ICC) for these model9.101 for reliability, 0.157 for affordability, 0.112 for
vulnerability, 0.132 for import dependency, and 0.102 for fossildapkendency. This represents the
extent to which the observations within countries are more simédardghservations across countries

meaning the proportion of the variance that is common to individualswftiidifferent countries.

As cross-national variation may arise from compositional differemcieslividual-level factors, we
subsequently constructed a series of multilevel models that includedbemnaikey socio-
demographic variables as predictors for the five energy security dimefsiodsls B). The results
of these models show that gender, age, level of education, and income acetessvith multiple
energy security concern dimensions (Supplementary Table 1). However, theskialdawvel factors
did not explain the differences in energy security concern between tt@i@8ies. The proportion of
the variance that could be found at the country level remained largely the same aftdiingpfar
individual-level differences (0.101 for reliability, 0.155 for affability, 0.111 for vulnerability,

0.133 for import dependency, and 0.105 for fossil fuel dependency).

Ener gy-specific national indicators

Having established that there are substantial differences in energyysesucerns between
countries that cannot be attributed to differences in populetioposition, we then set out to
determine whether tBedifferences can be explained by country-level contextual factors (Table 4
Specifically, we attempt to link energy security concerns to a numbettiohal indicators of energy,
climate change, and wellbeing (see Methods and Supplementary Tabhe®) factors were added

to the random intercept models (Models C, Table 3).

We first examined a number of indicators associated with nationajyeoentext, focusing
specifically on the role aénergy prices, imports andfossil fuel consumption (Table 4) The statistical
models show that household electricity prices were positively relatazht@rn about affordability

and countries with higher imports exhibit higher concern about import depentieaddition,



electricity prices and electricity exports also exhibit positive relationshijpsaniumber of the other
energy security dimensions suggesting that these contextual facttes foratvider energy security
concerns. In particular, higher electricity prices appear to increase ceaceumd energy
vulnerability, reliability and import dependency. Higher energy imposts appear to increase

concerns around fossil fuel dependency and affordability.

We did not find a significant relationship between natidosdil fuel consumption and concerns about
fossil fuel dependency, unlike previous speculatiéf)sHowever, fossil fuel consumption was
positively related to the other dimensions of energy sectiigh dependency on fossil fuels may
imply significant future changes to the energy system and increaped tependere, which may
increase concerns about the future affordabiitynerability and reliability of energy. Indeed,

moving away from fossil fuels is an important policy objective across Eanopmuntries®).

We further examinegber capita electric power consumption as an energy context indicator. Countries
with higher levels of consumption are more dependent on a well-functioning esuggy system,

and thus more vulnerable to disruptions and price rises. However, we aatuallythe opposite
association, whereby highelectric power consumption was linked to lower levels of concernsacros
all dimensions of energy security. It is possible that high power consummpay reflect a country
doing well economically and socially, and indicates that people cay aas#éss and afford energy,

which reduces concern about energy security.

We subsequently examined two indicators that focus more broadly astieedf climate change
Thisis relevant because of the wide-reaching changes to energy systems thatkesdéone
substantially reduce carbon emissions. Uncertainty arising from seofyeéransitions might lead to
higher concern about energy security. Such a transition may be expectezterttine reliability and

affordability of energy due to the anticipated costs and disruptiansed by energy system changes

Our statistical models showed thpet capita CO. emissions was only positively associated with the
reliability of energy, whereby countries with higher emissions also had higlfeility concerns. As

a further test, we also used Bmate and Energy Wellbeing index as a predictor of cross-country



variation in energy security concerns. This index is a weighted aggregaticored §fom energy use,
energy savings, greenhouse gases, and renewable energy use in a given countgestamovi
indication of how well a given country is already addressing climate and engkgy\We might
therefore expect that countries with a higher Climate and Energy Wellbemgsed lower levels of

concern about energy security across all dimensions. However, no such reladioresie found.

Therefore, we do not find convincing evidence that the national climate context is rédevant
concerns about energy security. It is likely that indicators of clicteege, such as aggreg@®,
emissions, are not particularly salient in people’s everyday lives, unlike for example energy prices.
Fossil fuel consumption, a large contributor towards a country’s emissions, may however be a more
relevant indicator for the general public, as the previous analysis shomieduggests that
transitioning away from fossil fuels and towards low-carbon energy systenehythewering CQ

emissions, may still be important for attenuating concerns.

Economic and human wellbeing

Having examined the role of energy and climate-related indicators in explainssyraational
variation in energy security concerns, we move towards the role of momalgerenomic and human
wellbeing. Conceptually, the socio-economic context of a country is ligédg important for

people’s concern about energy security for a number of reasons. More affluent countries may be able
to provide a wider range of high quality and reliable services and public goitsipopulation ().

In addition, people in more affluent countries may feel that there @re nr@sources available to
insulate and protect against potential energy supply th#stsuch, people in these countries may
feel more secure and less vulnerable around energy provision. This is atguaent forwarded by
some scholars examining the affluence hypothesis in relation to elahahge perceptions, where it
has been found that risk perceptions of climate change are lower in affluent ednpkess affluent
countries due to more immediate economic concerns in the f}tétdre we examine how affluent a
country is, as indicated tper capita GDP, and also overall quality of life, as reflected in Higman
Wellbeing index. This index is comprised of several measures including basic human neetls (foo

water, sanitation), personal development and health (education, lifeampeajender equality), and
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a well-balanced society (income distribution, population growth, good governtribeyefore
provides an indication of the wider social and economic wellbeing of a conatryst national
wealth. This is important because a country could be wealthy, but thiswealtbe unevenly
distributed and/or public services and goods are not fully accessible to tieepeptilation. This in

turn would likely produce higher energy security concerns among certaionsectithe public.

Our statistical models show negative relationships between natioatih\{er capita GDPand
concerns over energy security, whereby higher GDP relates todoweern on the reliability
affordability, and vulnerability dimensiong/e find the same negative relationships for the Human
Wellbeing IndexTogether, these findings provide strong evidence that the economic and human
wellbeing of a country are particularly important in understanding energy securityros across
Europe also evidenced by the relative larger effect sizes compared to thénuotlcators (for GDRB
=-0.204 (reliability), -0.243 (affordability), -0.172 (vulnerability); for the HumWellbeing indexB
=-0.244 (reliability), -0.200 (affordability), -0.150 (vulnerabilitfhe results also appear to be in line
with the earlier finding that power consumption is negatively linked taggrssrcurity concerns. This
suggests that electricity consumption reflects economic prosperity, ihasksociated with lower
levels of energy security concerns. Indeed, we find a strong positiaation between power
consumption and per capita GDP (0.3€0.01) and the Human Wellbeing index (Q.650.01)

(Supplementary Table 3).

Conclusions

We examined public energy security concerns across 23 European coutfies! dimat national
contextual indicators of energy, and economic and human wellbeing are impleteminants of
cross-national differences (see Table 4). Thusple’s energy security concerns reflects the national
energy context of the country they reside in, in particular regardingieikygprices, net energy
imports and fossil fuel consumption. This suggests that effectively maremggngy prices, imports
and fossil fuel use will go some way towards addressing public conceves Bat many countries
are currently undergoing substantial energy system changes in part tofoesildeiel use, this is
likely to assuage public energy security concerns, as long as they do retaslstbate other issues
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in the process (e.g. increase in imports or energy prices, or reductemer gy reliability).
Addressing energy affordabiligsa key concern of the European public constitutes a significant
challenge, given that energy transitions are likely to carry subdtemsis. How these costs are
distributed, and whether they lead to higher energy prices is something thatwsitiohbe carefully

considered.

We further find that people in countries with higher economic and human wellb&ogerhaps
reflected in higher power consumption, have lower levels of conoegasding the reliability,
vulnerability and affordability of energy suppli@$hese results suggehtt people’s energy concerns
are not solely shaped by energy-specific factors, butgitioe wider socio-economic context of the
country in which they reside. This may mean that more affluent countries smeaidé¢ to provide
secure and affordable energy, but could also suggest that how secure people feel ajyout ene

availability is an important part of a country’s overall wellbeing.

These findings have implications for national and European policy and deciaking that seeks to
increase energy security. While strategies that seek to improve eneugyysshould consider issues
beyond traditional energy policy areas, for instance, how economic and social threess
influence people’s energy use patterns and their access to quality energy servicé§ (the reverse is
also important. Non-energy policies, such as on social security and, lzealtikely to have important
implications for energy usé¥ and thus people’s energy security concerns. Policies that are able to
take account of these interconnections may more accurately reflect how peoplenerpemergy

security.
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M ethods

The European Social Survey

The European Social Survey (ESS) is a cross-European comparative suresphiaes interactions
between Europe’s changing institutions, and the attitudes, beliefs, and behaviour patterns of its
diverse population. The survey is academically driven and has been conducted ewesgrsffrom
2002 onwards. The core section includes a number of substantive issuelalarggsnprehensive
set of socio-demographic variables. The rotating section comprisesdshden designed by
specialised questionnaire design teams on an issue of interesstictal sciences. Round 8 of the
European Social Survey (ESS8), conducted in 2016, included a module on publidqesaept

climate change and energy.

The climate and energy module was designed in English over a two-year period, whidedrtble
development of model concepts and associated items, extensive testing, pilatimgnsiation of the
items. Each country had to achieve a minimum random probability sample of 1,500 esgpond
(countries with fewer than 2 million inhabitants had to achieve a miniranmple of 800),
representative of the population aged 15 years or over. In total, 44sp@ndents from 23 European
countries took part in the survey. This included 21 European countries from the Bpe@uinion)
and EFTA (European Free Trade Association) area (Austria, Belgium, the Czedid&ré&mtonia,
Finland, France, Germany, Hungary, Iceland, Ireland, Italy, Lithuania, NatiderINorway, Poland,
Portugal, Slovenia, Spain, Sweden, Switzerland, and the United Kingdom), the Feskeation,
and Israel (see Table 1). Interviews were conductedtafsee in peopls own homes. All research
was carried out according to guidelines from the ESS Research Ethics committepaRts
received a sheet with information about the ESS and signed an informed ¢omseiithe sample
was weighted to adjust for differences in the likelihood of selectiom tdtal average concern for
each energy security dimension across countries was calculated using anadadgight to account
for the different population sizes of countries. The detailed survey andirsgsecifications can be

found on the ESS websitkt{p://www.europeansocialsurvey.jrg
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Dependent Variables

Concern about energy security. The study included five dependent variables covering concerns
about diverse aspects of energy security. All items had 5-point responsevétiatie following
options: 1 not at all worried, 2 not very worried, 3 somewhat worried, 4n@mjed, and 5 extremely
worried. Concern aboehergy reliability was measured by asking respondé&htsw worried are you
that there may be power cuts in [countiy]@oncern abownergy affordability by “How worried are
you that energy may be too expensive for many people in [c§@htopncern abouEnergy import
dependency by “How worried are you about [country] being too dependent on energy imports from
other countries?”’; and concern aboubssil fuel dependency by “How worried are you about [country]
being too dependent on energy generated by fossil fuels, such as oil, gas and coal?”. Concern about
energy vulnerability was measured by four separate items (Cronbach’s 0=0.84), covering concerns
about the domestic energy supply system having internal and external (gal disasters)
vulnerabilities. The four items were: “How worried are you that energy supplies could be
interrupted...” (a) “...by natural disasters or extreme weather?”, (b) «....by insufficient power being

generated?, (c) “...by technical failures?”, and (d) “...by terrorist attacks?

Independent Variables

Socio-demographics. We included the socio-demographic variables of gender, age, level of
education, and net household income as individual-level independent vazaigs was indicated
as 0 (female) and 1 (maléyge was centred on its grand mean of 47.04 years, and expressed in 10
years deviations from that medrevel of education was indicated by the ESS version of the
International Standard Classification of Education (ISCED), and centred oarits mean of 41.
Dummies were used to indicate the national quintiles dfimeehold income. A separate dummy

variable indicated refusal to provide income information.

National indicators. Eight country-level indicators were considered for this paper, reflective of the
energy, climate change and wellbeing context, respectitzalgrgy -Household electricity prices,

Net energy imports, Percentage of fossil fuel energy consumption, and Per capita electric power
consumption; Climate change Per capita CO, emissions, and Climate and Energy wellbeing index;
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Economic and human wellbeindPer capita GDP, andHuman Wellbeing index. Household
electricity prices for 2016 were sourced from the International Energy sdHet) and expressed in

USD/MWh Agency [ittps://www.iea.org/statistios/The figures were calculated using purchasing

power parities. Net energy imports for 2014 were estimated by calculatmarprenergy use minus
production. Energy use refers here to use of primary energy beforfetnaaison to other end-use
fuels, which is equal to indigenous production plus imports and stock changes,exports and
fuels supplied to ships and aircraft engaged in international transport. lEeatpge of fossil fuel
energy consumption in 2014 was also calculated from data obtained from thentE&peesents the
percentage of consumed energy generated by coal, oil, petroleum, and natidatgyesgarding the
per capita electric power consumption for 2014 were obtained from the same sodiegyr@ssed in
KwH. Per capita C@emissions figures for 2014 were obtained from the Carbon Dioxide Informati

Analysis Center, Environmental Sciences Division, Oak Ridge National Laboratory, $esnes

United Statesh{tp://cdiac.ess-dive.lbl.goy/Carbon dioxide emissions are those stemming from the
burning of fossil fuels and the manufacture of cement. They include caidatedproduced during
consumption of solid, liquid, and gas fuels and gas flaring. Per capita GDRyimsselomestic
product divided by midyear population. GDP figures for 2016 were obtained/ffanid Bank

(https://datacatalog.worldbank.oyghd OECD [ittps://data.oecd.orghational accounts data, and

calculated without making deductions for depreciation of fabricated assets orl&iotepnd
degradation of natural resources. Data are in current U.S. dollars. Human wellbeing index was

sourced from the Sustainable Society Foundatidip:(/www.ssfindex.com/data-all-countrigsfhe

energy and climate change sub-index is a weighted aggregation of soorenérgy use, energy
savings, greenhouse gas emission per capita per year, and renewable enenggtionfoegarding
the calculation of the 2016 indices can be obtained from the Sustainable $ocietiation website

(http://www.ssfindex.com/ssi/calculation-methodolhgy

Data analysis

The data were analysed from a multilevel perspective, with 44,387 individexsds 1) nested within

23 countries (level 2Analyses were conducted using the MLwiN 2.36 software package. Linear
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regression models were constructed with the five energy security corerasas the dependent
variables. Three sets of analyses were conducted. Restegof ‘null” models were constructed

without any predictors (Modek). These null models show what proportion of the variance in
concern about energy seayrcan be found at the individual or country level, as indicated by the
intraclass correlation (ICC). The ICC was calculated as the ratio of the countrydeaelce to the
total variance (the sum of the country and individual level variance): ICC = 6%country/( 6%country +

SZindgividual). Secongla series ofrandom intercept models were constructed with the five energy security
concern items as the dependent variables, and the individual-level sowgrdehic factors as the
independent variables (Modé?3. This means that the intercepts were allowed to vary across the 23
countries, but not the slopes of the regression coefficients. Thdgsesnaere conducted to identify
important individual-level predictors of concern about energy seciltityd, the set of models was
subsequently extended to include the country-level faofotsousehold electricity prices, Net

energy imports, Percentage of fossil fuel energy consumption, Per capita electric power consumption,

Per capita CO, emissions, Climate and Energy wellbeing index, Per capita GDP, andHuman

Wellbeing index (ModelsC). Only one national level indicator was considered in each regression
model. That means that eight regression analyses were conducted for each vat@btee Again,

the intercepts were allowed to vary across the 23 countries, but naifbse ef the regression
coefficients. Markov Chains Monte Carlo (MCMC) with 15,000 iterations was used to testiraa

coefficients.
Methodological justifications, reflections and limitations

Here we reflect on a number of methodological decisions we made as partwétoanthe survey
and analysis, and the limitations that arise from them. There are a numberat$ ¢hatneed to be
borne in mind when interpreting the findings. These caveats relate to treielicdf public concerns
in surveys, the number of included countries, the scale of analysis, and tfieatenal level

indicators.
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Eliciting public concernsin surveys. The study focused on public energy security concerns and their
national-level determinants. One important methodological issue to condmbev ts elicit public
concerns in quantitative surveys, in particularly because energy and energy systeoraplex

topics on which the public may not necessarily have a lot of irfitorn Eliciting publics perceptions
and concerns on complex social issues requires careful attention to whagiadgked and why

(theory), and to how to ask about it (operationalisation). This ensures resjgomeealble to

understand the question and are motivated to answer it, therefore rettheciisx of satisficing, i.e.
respondents giving the same answer in a series of quedtioass often the case in surveys that ask

a lot of questions that sound similar and include unfamiliar termindfégy

A number of precautions were taken to ensure the survey elicits high-qualitgra. We took a
conceptbased approach to design the questions, and considered what aspect of public ‘perception’

would be most relevant to examine. It wdasided to focus specifically on ‘concern’ about different
aspects of energy security, which could be said to specifically focus on people’s own sense of a

situation reflected in a personal feelings of worry about the.idheephrasing was carefully
corsidered so that the questions would be understandable to the general public. The term ‘energy

security’ was not used in any of the questions. The focus was on a number of sub-concepts reflecting
different aspects of energy security (e.g., reliability, affordability) ebased on previous conceptual
work by the lead authof)( The developed questions were extensively tested, through pilot surveys
and cognitive interviewing in multiple countries, to ensure that particpamtectly understand them.
An analysis shows that straight lining’, an indicator of satisficingr ‘box ticking’, was extremely rare

within the data.

Number of included countries. The estimates of the cross-national effects are based on a relatively
small number of countries (n=23). This means that the models have theatgtever to detect only
large national-level differences, and are not able to show country specific iotesaxftthe studied
variables ¥). One criticism of the current perception literature is thavése majority of empirical
studies has been on countries with largely similar historical and economic baclsgy@um

strength of our study is that it covered many European countrieglifiéhent energy systems and
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socio-economic circumstances, including a number of Central and Eastern Ewopeizies that
have seen a fast economic transition over the past two decades while still haviny ddasgelel

based energy systeff)(

Scale of analysis (national). Our analysis focuses specifically on national-level differences in energy
security concerns across a number of European countries. This is hoatetver only relevant scale
of analysis. One could argue that energy provision is increasingly internaizhpolycentric,
involving actors and organisations beyond nation stéteSitnilarly, regions within countries often
vary in their energy provision and systems. We have however focusedarahdifferences for
multiple reasons. FollowinBrown et al.’s reasoning®f), we find data availability and quality is
much better at the national level, which allows us to include indicatorsultipla types of national
context (e.g. climate, economic). Perhaps more importantly, much mfyguaicy and decision-
making is still done at national level, even within the European Unionla8iynithe wider economic
and social context that shapes people’s lives is still predominantly determined by country specific
policies and histories. In order for our analysis to be most uskeéuhation level therefore appears to

be the most appropriate scale of analysis.

National indicators. We chose to include a range of national level indicators to examinelehef r
the energy, economic and social context as determinants of energy securitpeoeEechose a
limited number indicators from a list that was collated as part of theGBR\Public Attitudes to
Welfare, Climate Change and Energy in the EU and Russia) project. Considenaierthat
indicators had to be available in all or a majority of the included cesnaind reflect a condition that
is theoretically important for energy security concerns. Two authors (CD Bydndependently
selected indicators that they considered relevant for energy securityreonfier a discussion, the
number of indicators was limited to eight to reflect different nationaditions regarding energy,

climate change and economic and social wellbeing.

The data for the national level indicators was drawn from a range of sources dsedendtie
previous section. Effort was made to select the most recent data aligning with dateondie

Round 8 of the European Social Survey in 20k most complete and recent data were used as
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indicators. In a few number of cases more recent data were available, butehesetalways
complete. For some indicators this means somewhat older data (from 2014) wensteset We
note that there is very little temporal variability within this exttial data, with cross-year

correlations being very high (r=0.98-0.99).

There are other indicators that mayrtlevant and interesting to examine in relation to people’s
concerns about energy security, however we limited our selection eotetheoretically relevant in
order to avoid Type | errors in our statistical analysis. In additmmesaspects of energy context may
be useful to examine in the future given the multi-faceteureatf energy security, but for which we
did not have reliable data across all countries. Examples that may beestifioe future research
include aspects of energy governance, including to what extent energy prividé@mentralisedr

energy markets have been liberalised.
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Table 1: Mean (M) levels of energy security concern in 23 European ceardnd Israel (standard
deviations, SD, in parentheses).

Sample Import Fossil Fuel

size Reliability Affordability ~ Vulnerability = Dependency Dependency
Country n M (SD) M (SD) M (SD) M (SD) M (SD)
Austria 2,010 1.94 (0.82) 2.63 (0.95) 2.19 (0.66) 2.58 (0.99) 2.58 (0.97)
Belgium 1,766 2.40 (0.95) 3.52 (0.88) 2.85 (0.80) 3.21 (0.93) 3.15 (0.92)
Czech Republic 2,269 2.12 (0.90) 3.20 (1.17) 2.58 (0.83) 2.66 (1.05) 2.70 (1.02)
Estonia 2,019 2.38 (0.95) 3.05 (0.98) 2.50 (0.83) 2.84(0.97) 2.77 (0.93)
Finland 1,925 2.32(0.88) 3.07 (0.89) 2.54 (0.81) 3.20 (0.85) 3.25 (0.84)
France 2,070 2.28 (1.05) 3.33(0.92) 2.96 (0.89) 3.07 (0.97) 3.31 (0.98)
Germany 2,852 1.98 (0.86) 3.10 (0.88) 2.51 (0.70) 3.09 (0.92) 3.20 (0.89)
Hungary 1,614 2.25(0.89) 2.99 (0.93) 2.54 (0.76) 3.05 (0.89) 3.01 (0.91)
Iceland 880 1.53 (0.62) 2.37 (0.91) 1.98 (0.56) 1.83 (0.77) 2.09 (0.93)
Ireland 2,757 2.03 (0.91) 2.90 (0.94) 2.24 (0.79) 2.73 (0.98) 2.78 (1.03)
Israel 2,557 2.60 (1.21) 3.32 (1.22) 2.80 (1.05) 2.76 (1.27) 2.76 (1.25)
Italy 2,626 2.34 (0.93) 3.19 (0.93) 2.66 (0.81) 3.09 (0.95) 3.05 (0.95)
Lithuania 2,122 2.58 (1.08) 3.35(1.22) 2.76 (0.83) 2.80 (1.04) 2.69 (1.02)
Netherlands 1,681 1.94 (0.83) 2.73(0.83) 2.36 (0.67) 2.88(0.83) 3.05 (0.88)
Norway 1,545 2.00 (0.82) 2.59 (0.88) 2.34 (0.70) 2.55 (0.90) 2.91 (0.94)
Poland 1,694 2.32 (0.93) 3.08 (0.98) 2.67 (0.78) 2.95 (0.99) 2.71(0.93)
Portugal 1,270 2.63 (1.08) 3.81 (0.80) 3.08 (0.83) 3.44 (0.94) 3.50 (0.95)
Russian Federation 2,430 2.84 (1.26) 3.36 (1.19) 2.93 (0.97) 2.38 (1.23) 2.79 (1.13)
Slovenia 1,307 2.23 (0.99) 3.17 (0.93) 2.69 (0.87) 2.90 (0.97) 3.14 (0.96)
Spain 1,958 2.52 (1.12) 3.80 (0.91) 2.75 (0.95) 3.32 (1.00) 3.35 (1.01)
Sweden 1,551 1.73 (0.75) 2.31(0.84) 2.15 (0.65) 2.52 (0.89) 2.74 (0.94)
Switzerland 1,525 1.85(0.81) 2.49 (0.89) 2.29 (0.66) 2.71 (0.89) 2.83 (0.92)
United Kingdom 1,959 2.13 (0.89) 3.19 (0.90) 2.56 (0.78) 3.20 (0.96) 3.11 (0.95)

Note: The scales ranged from 1 (not at all worried) to 5 (extremely worried). The scale midpoint was 3 (somewhat worried).
The data were weighted to account for differences in inclusion probabilities and sampling error and non-response bias

(post-stratification weight).

Table 2: Fixed and random effects of the energy security concern multilevel mdtiedel A); these
‘null” models are without any individual and country-level factors as predictorsléweiltiegression
analyses- ‘null’ models; n = 44,387 individuals at level 1, n = 23 countries at level 2).

Import Fossi| Fuel
Reliability Affordability Vulnerability Dependency Dependency
Fixed effects B (95%Cl) B (95%Cl) B (95%Cl) B (95%Cl) B (95%Cl)
Constant 2.210 (2.083 to 3.053 (2.886 to 2.550 (2.436 to 2.840 (2.689 to 2.904 (2.775 to
2.337)%** 3.220)*** 2.664)*+* 2.991)%** 3.033)***
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Random effects 07 (95% Cl) o7 (95% CI) 07 (95% CI) o7 (95% CI) o7 (95% CI)

Level 2 (country) 0103 (0.034to  0.179 (0.061to  0.083 (0.028t0  0.147 (0.049to  0.108 (0.037 to
0.172)* 0.297)* 0.138)* 0.245)% 0.179)*

Level 1 (individual) 0.920 (0.908t0  0.958 (0.946t0  0.657 (0.649t0  0.967 (0.953t0  0.956 (0.942 to
0.932)%+* 0.970)%+ 0.665)** 0.981)*+* 0.970)%+

Note: the intraclass correlation can be calculated as the ratio of the between cluster (i.e. country level) variance to the total
(i.e. country and individual level) variance: o?county (6Zcouny+ 6individual). * = p<0.05, ** = p<0.01, *** = p<0.001.

Table 3: Fixed effects of the energy security concern multilevel models ¢dd)); the models
include country-level factors as predictors for worry about energy securigndionsit = 44,387
individuals at level 1n =23 countries at level 2).

Import Fossil Fuel
Reliability Affordability Vulnerability Dependency Dependency
B (95%Cl) B (95%Cl) B (95%Cl) B (95%Cl) B (95%Cl)
Household electricity 0.120 (0.034to  0.265 (0.140to  0.120(0.028t0  (.154 (0.050t0  0.087 (-0.027 to
prices 0.206)* 0.390)** 0.212)* 0.258)* 0.201) n.s.
Net energy imports 0.077 (-0.052to  0.177 (0.024to  0.068 (-0.046t0 0,203 (0.070t0  0-130(0.003 to
0.206) n.s. 0.330)* 0.182) n.s. 0.336)* 0.257)*
Percentage of fossil fuel 0.126 (0.018to  0.175(0.034to  0.109 (0.013to  0.126 (-0.009to 0.087 (-0.035to
energy consumption 0.234)* 0.316)* 0.205)* 0.261) n.s. 0.209) n.s.
(proportion)
Per capita electric power _0.122 (-0.204to -0.147 (-0.257 to -0.107 (-0.180to _0.178 (-0.266to -0.128 (-0.214 to
consumption -0.040)* -0.037)* -0.034y* -0.090)** -0.042)*
COz emissions 0.133(0.015t0 -0.032 (-0.210to -0.018(-0.140t0 .0,099 (-0.262a -0.083 (-0.226 to
0.251)* 0.146) n.s. 0.104) n.s. 0.064) n.s. 0.060) n.s.
Climate and energy -0.010 (-0.143to  0.029 (-0.140 to 0.009 (-0.109t0  (.100 (-0.053 to 0.083 (-0.054 to
wellbeing Index 0.123) n.s. 0.198) n.s. 0.127) n.s. 0.253) n.s. 0.220) n.s.
GDP per capita -0.204 (-0.294 to -0.243 (-0.365t0 -0.172(-0.254t0 .0.107 (-0.248t0 -0.059 (-0.186 to
-0.114y -0.121y -0.090)* 0.034) n.s. 0.068) n.s.

Human wellbeing index -0.224 (-0.338t0 -0.200 (-0.376to -0-150 (-0.268t0 (0,001 (-0.185t0 0.004 (-0.159 to
-0.110)** -0.024)* -0.032)* 0.187) n.s. 0.167) n.s.

Note: For individual-level predictors also entered into the model, consult Supplementary Table 1. The country-level
variables have been standardised so that the effects can be compared. n.s. = non-significant, * = p<0.05, ** = p<0.01,
**% = p<0.001.
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Table 4. Summary of relationships between national level indicators and energy security soncern

National indicator

Relationship with energy
security concern dimensions

Finding

Energy (prices, imports, and c

onsumption)

Household electricity prices

Affordability (+)
Reliability (+)
Vulnerability (+)
Import dependency (+)

Higher electricity prices associated with
higher concern about energifordability.
Also associated with higher concern for
reliability, vulnerability andimport
dependency.

Net energy imports

Import dependency (+)
Affordability (+)
Fossil fuel dependency (+)

Higher energy imports associated with high¢
concerns aboumport dependency.

Also associated with higher concern for
affordability andfossil fuel dependency.

Percentage of fossil fuel
energy consumption

Reliability (+)
Vulnerability (+)
Affordability (+)

Higher fossil fuel energy consumption
associated with higher concern about the
reliability, vulnerability andaffordability of
energy

Per capita electric power
consumption

Reliability (-)

Vulnerability (-)
Affordability (-)

Fossil fuel dependency (-)

Import dependency (-)

Higher power consumption associated with
lower energy security concerns on all
dimensions.

Climate change

Per capita C@emissions

Reliability (+)

Higher CQ emissions associated with highe|
concern abouteliability of energy.

Climate and Energy
Wellbeing index

No relationships found.

The Climate and Energy Wellbeing index ng
associated with energy security concerns.

Economic and human wellbeing

Per capita GDP

Reliability (-)
Vulnerability (-)
Affordability (-)

Higher GDP associated with lower concerng
aboutreliability, affordability and
wulnerability of energy.

Human Wellbeing index

Reliability (-)
Vulnerability (-)
Affordability (-)

Higher Human Wellbeing index associated
with lower concerns aboutliability,
affordability andvulnerability of energy.
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