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FUEL POVERTY: EVIDENCE FROM HOUSING PERSPECTIVE

Paloma Taltavull de la Paz, Francisco Juarez, Paloma Monllor

ABSTRACT: The literature has traditionally approached fuel poverty as a result of
poverty. Fuel poor are those households who cannot pay fuel bill and have to live in
cold ambient, with grave effects on their health. As fuel poverty is actually considered
in poverty’s analysis, there is little discussion about whether homeowners (who own
housing wealth and, theoretically, cannot be poor) could suffer this problem. This paper
assesses fuel poverty amongst Spanish households. It deeps on how poverty situations
triggers fuel poverty in the context of housing and discusses whether or not housing
tenure causes fuel poverty due to housing characteristics, those usually evaluated as
poverty component. The paper finds empirical evidence about the relevance of tenancy
when it comes to explain the likelihood of falling under the poverty line as well as about
the fact that fuel poverty has become a systematic situation in all poor Spanish
households regardless of their tenant status. Using micro-data obtained from the Quality
of Life Survey (EU-SILC) for Spain, the data are segmented by residential tenure and
household type, calculating poverty lines for homeowners, renters (both at market prices
and below them), and free-rent housing —the four tenure formulas existing in the
Spanish housing market— and including two variables to capture fuel poverty situations.
A logistic regression model is applied and results suggest that fuel poverty clearly
appears as an expression of poverty at any tenancy type.
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1. Introduction

Since the financial crisis started in 2007, poverty and inequality have risen until unimaginable levels in
developed countries, and symptoms of poverty have become increasingly evident. The consequences deriving
from poverty include the failure to meet housing costs and the subsequent loss of dwellings through eviction
which generates hard social problems. It is considered that a family (household) fall into extreme poverty
and deprivation when they do not have a house or lose it. Seeking to avoid such problems, households
dedicate increasing proportion of their income to cover housing costs, which makes them fall into other
forms of poverty that prevent them from properly covering basic needs such as food or energy costs. These
problems appear systematically in most developed countries and, as a result, poverty rises especially
associated with specific social groups. Furthermore, the Global Financial Crisis (GFC) has exacerbated the
process with the growth of new unknown poverty forms seemingly linked to a large ever-increasing part of

the population.

The existing evidence confirms that households pay housing costs first, after which they meet their other
needs with the remaining income, commonly lowering the use of energy in the house to fit the remaining
budget; this results in a lack of heating and cold rooms’: the so-called fuel poverty. An increasing number of
research works are showing that the goal of paying the electricity bill has become unattainable for
households, as a result of which a decision is made to reduce energy consumption rather than other
expenses. This entails life in a cold environment which is detrimental to health, especially for some more

sensitive social groups such as elderly people or children, and a considerable reduction of well-being levels.

Fuel poverty is difficult to identify and measure, even though the literature estimates that this kind of poverty
exists. Fuel poverty arises when the household is “unable to obtain adequate energy services for 10% of its
disposable income” (Boardman, 1991:21; Moore, 2012; and Liddle et al. 2011; Schuessler (2014), Helay &

Clinch, 2004, amongst others) 2, Empirical evidence has been found about the fact that those households with

1 . )
Or so hot in some periods.

* The definition of ‘Fuel Poverty’ has been linked to the minimum adequate thermal regime in a house, which is 21°C in

the living room and 18°C in the bedroom.



a higher likelihood of suffering fuel poverty also tend to be largely dependent on housing cost payments; so

as a clear correlation should exist between these two types of poverty.

This paper turns around the rational argument of poverty driving it to a house-focus based on assessing how
housing tenure triggers poverty situations and could be associated with fuel poverty situations. To our best
knowledge, this study represents the first attempt to do that in Spain. The article is organized in six sections —
including this first introductory one. Section 2 deals with the concepts of poverty and the role of housing as
treated by the literature. As for Section 3, it explains the model and methodology chosen to analyse poverty
as a whole, and particularly fuel poverty, in Spain. In turn, Section 4 explains the data, after which Section 5

discusses the findings obtained, while Section 6 provides the main conclusions.

2.- Theoretical basis

Poverty is the situation in which an individual or household does not have sufficient resources to meet their
basic needs, severely constricting their basic consumption goods (Watts, 1968). Poverty is also defined as a
situation where the household resources fall below a poverty line (Goedhart et al., 1977). The concept of
housing within poverty studies relies on the idea that the need for accommodation occupies a second level of
priorities after sustaining life (Maslow, 1943) what support the evidence that households cover residential
costs first —rather than other goods or services— with their income. This implies that expenditure on housing
will be given priority in deteriorating income situations which can result in a household’s veiled
impoverishment that is not detected in overall poverty analysis. Fuel and power costs could be included in
the same bundle of costs, insofar as a cold house is not liveable. In fact, the concept of poverty at home
(Friedman, 1966) refers to a very specific situation in which, as a result of changes in economic conditions, a

household reaches poverty thresholds for maintaining residential consumption standards.

A more precise concept of poverty actually refers to a complex phenomenon where multiple factors make it
difficult to determine when an individual or household is under poverty conditions. Poverty is measured using
three types of indicators: (1) targets (Rowntree, 1901); (2) subjective; and (3) multidimensional deprivation

(Townsend, 1987; Callan, Nolan & Whelan, 1993; Sen, 2000; Anand & Sen, 1976, amongst other studies).



Most perspectives include housing through an evaluation focused on cost of living (rent, objective approach)
without distinguishing tenure or lack of housing quality/services as a part of deprivation index. Residential
deprivation is considered to reflect a low capacity to meet housing needs and it is measured as the lack of
other consumer goods or services, including concepts such as ‘overcrowded houses,” when deprivation

indices are calculated in the literature (Atkinson, 2003).

Housing physical characteristics are key to avoid negative effects on health (Lubell et al., 2007), guarantee
children’s development (Gifford & Lacombe, 2006), or household well-being (Atkinson, 2003) while the
current literature actually sees deprivation (from the physical housing perspective) as the main sign of
poverty (Sen, 2000). Whitehead (1998) defines the minimum conditions that a UK dwelling should meet to be

considered acceptable and physically affordable (showing good conditions).

The physical aspects of a house have served as the tool used by the literature on poverty to deal with housing
through the measurement of housing facilities below that threshold in a deprivation index (Townsend, 1987;
Mack & Lansley, 1985), for which different methodologies have been utilised (See Ayala & Navarro, 2004 for
a literature summary). To estimate deprivation scope, those papers include having a toilet/bath, structural
problems in the house, lack of gas, electricity or heating, overcrowding or housing conditions (quality). Few
works specifically include lack or heating/energy as a measure of deprivation (Brandolini & D’Alessio, 2000;

Chiappero, 2000).

To this must be added that few studies focus on the role of ownership in reducing poverty (Burrows, 2003;
Harkness & Newman, 2002; Lemanski, 2011) showing that home ownership can be a route to escape from
the poverty trap providing a way to achieve a middle-class consolidation. From this perspective, ownership

becomes a key issue in poverty studies which has not been fully explored yet.

Housing economics literature seeks to identify the housing poverty with lack on affordability which is the
situation when a household cannot afford a house due to the amount of its current income. Lowering income
during household life cycle could also result on this problem as the remaining income after to cover housing

expenses could not be enough to guarantee basic needs. In those situations, the household not only reduces



consumption but also limits other expenses (e.g. energy) and approaches poverty risk situations (Marks &
Sedgwick, 2008). If so, house is partly responsible household to fall under poverty. Such situation is
extensively treated in housing literature. Hancock (1993:129) claims that housing consumption becomes
essential in terms of meeting a basic need but without forgetting the existence of a certain amount of 'non-
housing' consumption which should be guaranteed as a desirable minimum. The difficulty of measurement in
this case has to do with the evolution of a person’s circumstances over time (Bramley, 2006). Keeping such a
minimum residual household income after having paid all the housing costs should definitely be a socially
acceptable standard (Hancock, 1993; Burke, 2004; Stone, 2009). Housing literature coincide with poverty
literature in identifying how poor houses are a sign of low affordability or poverty( Bramley (1990:16)
specifies that "households should be able to get housing that complies with appropriate characteristics (given
the nature and size of the home) and net income that leaves them with enough income to live without falling
below the poverty line."). Low quality means lack of isolation and other structural insufficiencies which can be
associated to an excess of expenses in other services, like energy. Under the ‘fuel poverty-10% rule’, not all
households make the same effort to cover their housing needs, and a severe effect is caused on low-income
households. The difficulty consists on identify how extend this problem appear in households and why.

Following Tirado Herrero et al., 2014, fuel poverty is triggered by a combination of three factors defined at a
household scale: Income; energy prices; and housing-and-facility-related energy efficiency (Figure 1) which

permits to understand how fuel poverty arises and provides guidelines for the definition of public policies.

Figure 1. Fuel poverty dimensions

T8

(8] (%2}

o ¢©

B o

Household

income
. Ener Housin

Tariff System* ) gy ) 8 Energy efficiency

prices Quality

*Refers to the fare system in the Electric sector
Source: Tirado Herrero et al. 2014,



All three dimensions refer to the socioeconomic arena, which determines the level and income stability in
households, as well as to both supply- and demand-related aspects of the energy policy. From the supply
side, energy prices are strongly influenced by the existing regulation. Instead, from the demand side,
incentives to retrofit are relevant to lessen energy consumption together with CO” emissions in the housing
markets, allowing for a general limitation (restriction) of energy consumption at an aggregate level and
reducing energy bills to help low-income households (the larger the income, the lower the efficiency in the
house). However, empirical research asserts that the willingness to pay or invest in housing improvements
depends on whether the house is home-owned or rented.

The analysis to discover the existence and reasons of fuel poverty has been raising more and more interest in
some countries, amongst them the United Kingdoma, Ireland4, Austria,5 and New Zealand®. Thomson and Snell
(2013) examine the case of the EU as a whole. Those studies have provided empirical evidence suggesting that
households with some member above 60 years of age, families with children, handicapped or chronically ill
household members constitute the most vulnerable groups (DTI, 2001, pp. 8-9, quoted in Boardman 2012, p 23)
when it comes to fuel poverty. The reason for this lies in the fact that their energy expenses are larger than
others corresponding to the rest of basic needs (O’Neill et al., 2006). Empirical evidence also suggests that
energy expense is essential; in fact, households could be considered a ‘captive demand’ affected by market-

control-decisions to fix prices —and this entails severe social effects.

Unlike what is outlined in poverty literature, energy literature identifies a number of relationships between
fuel poverty and housing. The emphasis is placed on the analysis of social housing (Jenkins et al., 2011).
Boardman (2012, pp. 138-140) states that the largest part of fuel poor households corresponds to tenants
paying rent at market prices —rather than those with a lower rent coming from social benefits; market-rent
households most probably fail on fuel poverty due to deficient isolation in their dwellings. She, then, claims
that most of the fuel poor are found in the private sector rather than in the low income-rented sector, with a

larger likelihood of private rented households becoming fuel poor due to lack of insulation in their houses. A

? See Hills (2012); Liddle and Morris (2010); Moore (2012); and Walker and Day (2012), as reference reports summarising
this problem.

4 McAvoy, Hellen (2007)

> Simshauer et al. (2011) and Brunner, K.M., Spitzer, M. and Christanell, A. (2012)

® Lioyd, B. (2006)



large proportion of homeowners also follow a similar pattern with a high percentage of outright-old
homeowners who, despite being rich in assets (house), are poor in income and fuel poor too, as well as some
younger households with pending mortgages payments that become fuel poor too. The link between fuel
poverty and social imbalance (mainly associated with low income) has been a constant in the literature’s
attempts to identify the reasons for fuel poverty (Braubach & Fairburn, 2010). Young people with mortgage
charges could find the loan repayment makes it very difficult for them to properly cover the cost of other

consumer goods such as energy. Little evidence of these cases is available, though.

In the specific case of Spain, no evidence of fuel-consumption-related poverty exists, and only few mentions
have been made of the connection with housing deprivation. Ayala and Navarro (2004) analyse the case of
housing deprivation in Spain taking the works of Sen (1983, 2000). They did not find thorough evidence about
whether lack of heating constitutes a deprivation problem ‘due to the benign climate in some regions of Spain
... as most households located in regions with high temperatures did not have heating’ (Ayala and Navarro,
2004:18). They coincide with Boardman (2012) in that “the relative risk of suffering from multiple housing
deprivation is greater for households living in rented or freely-provided houses than those living in owned

properties” (op.cit. page 27).

Summarizing, literature identifies that a household could fall under poverty when the residual income (after
housing costs) does not allow for basic goods consumption. A household failing to cover the energy cost to
heat its house is considered to be in fuel poverty. Fuel poverty occurs when a household cannot have
adequate energy services for 10 per cent of its income due to a combination of causes, as low income, low
energy-inefficient homes (Boardman, 2012:21) but also economic and institutional changes. The existing
evidence suggests that vulnerability to fuel poverty affects families older than 60, with children, disabled
people or people suffering from long-term diseases. Energy literature identifies some significant relationships
between energy poverty and tenure, and identify how a household does not need to be poor to suffer fuel
poverty (Boardman, 2012) and fuel poor appears most in private housing sector rather than in public-low

income housing.



Following the approaches explained above, the structure of housing tenure could be key to analyse the
existence of fuel poverty and the way in which housing poverty is related to fuel poverty. The present paper
adds empirical evidence of the existence of fuel poverty using Spanish statistics to test two hypotheses. Ho; is
whether and how (housing) deprivation signals are linked to fuel poverty; whereas Ho, tests the role of fuel
poverty as an element directly affecting poverty. They both allow us to support the Boardman (2012) views

about the group of households affected the most by fuel poverty.

3.- Model and methodology

This paper tests whether or not the house characteristics that the literature associates with poverty also has
to do with the likelihood of being poor when tenancy comes into play. The model adds empirical evidence of
the idea that lack of energy is one of those characteristics, supporting and measuring the impact of fuel
poverty amongst poor households controlling by tenure throughout the 2004-2012 period.

Expressed differently, our paper tests the following relationship

o) (H_poor|T) = a + XL, Bix; + viFpi + 1

Where:

H_poor; is the household under the poverty line,

T is the tenancy type (four categories: ownership; rent at market prices; rent below market prices; and
tenant for free)

Xi is a matrix of 9 house characteristics identified by the literature as signs of deprivation, namely:
overcrowding (person per room); availability of a bath/showet, toilet; natural light in the room; noise;
pollution; delinquency in the neighbourhood; and leaks/humidity in rooms. It also includes type of
house (four categories: single family house, detached house, apartment low density or apartment high
density) and urban density in population.

Fp is a measure of fuel poverty captured through the responses by household about the possible lack of

an adequate temperature in the house (1= no, 2= yes)

a, B, ¥ are parameters to be estimated

p is a random parameter



The model calculates the likelihood of being poor related to housing characteristics (following the physical housing
deprivation approach), and including two proxy variables: One indirectly measures the capacity to pay energy for
the home, and the second measures the association between housing quality and energy consumption, both
distinguishing between tenure types. The data used here come from the Life Conditions Survey, the European

survey for Spain (EU-SILC), which is representative of the whole population and was available from 2004 to 2012.”

The analysis requires to estimate the poverty line and classify the households according to. Firstly, an individual
poverty line estimate is carried out in relation to each region. Following the literature, the poverty line is defined as
60% of the income distribution median. Thus, the calculation of (disposable) income distribution by region
(Autonomous Community) was followed by the assignment of a poverty line to each observation varying per
region and year. This means that the poverty line varies according to space and time in our model. Households atre
classified as poor or not poor depending on whether their yearly income falls under the assigned poverty line used
as a threshold. A dummy variable taking value one for income levels below the Poverty line and zero otherwise is
computed by household. Note that a household classification as poor can vary on a yearly basis allowing to capture

entrances and exits from poverty as effects of independent variables in the model.

The use of multivariate techniques permits to define a binomial logistic regression model meant to test the
likelihood of a specific household falling under the poverty line is related to house deprivation and fuel poverty
depending on tenure and household type. The equation below serves to define the conditional probability to be

poor:

@) Pr(poor = 11l x,fp, T, H) = m(x, fp, B I T, H) = [T, H,] [[Z2L2L

7 Surveys for 2013 and 2014 are available but the data in Spain have undergone methodological changes affecting income
variables that make it impossible to compare disposable income levels between years. That is why the present study ends
in 2012.



In a binomial logistic model, conditional probability is expressed as follows:
©) Pr(poor = 11l x, fp, T, H) = In [ L] = exp[X'B + yfp] Il [T, H]

Where
Poor is a dummy variable taking value =1 if the household income is below the poverty line.
x is @ matrix of the ‘i' house characteristics referring to deprivation mentioned above.
fp stands for the variables approaching to fuel poverty
Tt is a housing tenure grouping variable, with t=1..4 (ownership; rent at market prices; rent at prices
under the market; and free-of-charge (free-rent) housing)
H; is the type of household with the six categories explained below.

B3, v are the parameters to be estimated.

Matrix ‘x” includes 12 variables, ten of them are tested by literature as components of poverty indicators
from the housing perspective. These are urban density (3 categories, low, average and dense, urb_density),
type of house (four categories: apartment in high dense building, apartment in low dense building, detached
house and single-family house, type_house), lacking of natural light in the house (2 categories, 1=yes, 2=no,
Nat_light), problems with noise with the neighbours or in the neighbourhood like traffic (2 categories, 1=yes,
2=no, Noise), problems with contamination and dirty neighbourhood (2 categories, 1=yes, 2=no, Pollution),
problems with delinquency or vandalism in the neighbourhood (2 categories, 1=yes, 2=no, Delinquency), the
house have got bath or shower (2 categories, 1=yes, 2=no, bath/shower), the house have got a toilet with
current water for private use (2 categories, 1=yes, 2=no, toilet_in), overcrowding (person per room,
continuous variable) and the existence of leaks or humidity in the house (dummy, O=yes, 1=no, leaks/humid)®.
The variable approaching the fail on covering energy costs to maintain temperature indoors is the so-called
‘temperature_winter’. It is the answer to the question ‘Is the (home) temperature adequate in winter?’
(dummy, O=yes, 1=no) included in the database. The answer is considered here as a measure of the
willingness to pay energy costs. It is also considered here that fail to cover adequate temperature could also

be related to the house quality. Those units where lack of temperature and the existence of leaks exist would

® The categories are the same that the existing ones in the database. Only Leaks has been recoded to 0/1



be showing that the reasons to fail adequate temperature are due to low housing quality. That is why an
additional new variable is created by a combination of Leaks/humidity and temperature (so-called

leaks@temperature).

The estimated parameters 3 and y summarize the effect of each predictor. Logistic regression coefficients
are interpreted when re-estimated as exp(f), meaning how likely the event is to occur when the predictor

changes one unit.

Evidence to support the hypothesis is obtained by means of two successive models.
Model estimates the likelihood of falling under the poverty line associated with fuel poverty (the two
measures of the insufficient energy consumption to keep the house conveniently heated) and controlling for

those housing quality characteristics that reveal deprivation, depending on tenancy category (5)

(5) Pri(poor =11T) = e[°<1+27i1=1 Brixi+viiFpitul

With the variables and parameters defined above. In this case, sub-index / refers to parameters in Model |,

and the model is segmented by tenure category.

4 - Data and description

The data used in this study come from the Survey of Living Conditions (EU-SILC) with a temporal coverage
from 2004 to 2012 (INE). It is a panel of micro-data with a total of 117,465 usable observations —reduced to
circa 100,000 when housing characteristics are used. Table 1 summarize the basic statistics.

Insert table 1 around here

Both the Spanish Census and the Life Conditions Survey report the existence of four tenure forms in Spain,

namely: (1) homeownership; (2) rental, with rent paid at market prices; (3) rental, with rent paid below



market prices; and (4) free-rent tenure (having a house for free). Table 1 shows how distribution is left
centred with the largest group of households in the first category.

Table 2 shows the distribution, by tenure, total household income, estimated poverty line, and household
weight by tenure. Tenure distribution is very similar in both household groups (total and households under
poverty line): most households (82.8 % in total, and 83.02 % of those classified under the poverty line) are
homeowners; 7.6% and 6.9 % are tenants paying rent at market prices and below market prices, respectively.
Insert table 2 around here

Figure 1 shows how the entire population’s poverty rate reaches 26.7%, similar to that of homeowners
(26.8%), with a lower weight in the case of rent at market prices (24.4%), a concentration of poverty amongst
tenants paying rents at prices below market (27.5%), and amongst those who have access to free transfer

housing (28.33%).

Insert Figure 1 around here

Finally, it is interesting to look at the 'history' of tenure in the Spanish households classified as poor. Figure 2
shows below-poverty-line households classified according to the year when they arrived at their current
house. The picture illustrates the process through which access is gained to ownership in Spain. The blue line
shows a continued access of households to homeownership since the 1960s, and how the rental market
remains as a medium term (temporary) solution to cover housing needs, with contracts having an average 10-
year length. The third tenancy type in relevance is free-rent houses, with a similar weight than rents at

market prices.

Insert Figure 2 here

Figure 2 highlights the nature of substitutability in tenures: a majority of the households classified as poor in
the LCA Survey declare that they became homeowners more than forty years ago, whereas the remaining
renters appear to correspond to recent, shorter-term situations. This distribution suggests that the groups at

risk of falling into poverty would use the rental market temporarily, and also that ownership access happens



independently of poverty. This reduces the perception according to which poor households must be living on

rent.

5- . Results and discussion

The model defined above allows to estimate the relationship between poverty and fuel poverty controlling by
housing quality and the main variables related poverty identified by the literature as low quality,
overcrowding, delinquency, pollution or negative neighbourhood characteristics. It is considered here that
when the remaining income does not allow households to cover the energy costs needed to heat the house,
they consequently declare that the house is cold.

Table 3 contains the baseline logistic regression model estimated using five different functional forms in
which the variables are step-wise added and parameters are recalculated. Model includes fuel poverty
indicator (temperature) in all cases. In Models I, Il and Ill, the combined variables measuring temperature
associated to quality (leaks@temperature) and tenancy are added while in models IV and V, fuel poverty
variable is time-varying tested (time dummy by year times temperature) in order to estimate their
consistency along the period and the potential variability due to the crisis impact. All the models are highly
significant with statistically significant Chi-2 showing consistency in the model specification in spite of small
goodness of fit (Pseudo-R2 = 0.023-0.037 on average) which suggests that fuel poverty induce marginally
poverty among Spanish households in poverty but it is systematically significant.

Regarding the parameters, results shows a clear association between fall in poverty and quality
characteristics such as’ lack of bath/shower (B= 0.94, that is a lack of bath is associated to a 157% on the
probability to become poor (eP—1)), natural light in the house ( = -0.155, suggests that to have sufficient light
in rooms is associated to a decrease on the likelihood to become poor by a 14% ), leaks and humidity (p= -
0.229, that is, not having leaks or humidity problems in house reduce the likelihood to become poor by a
20%), delinquency (=-0.143, not having delinquency problems reduce likelihood to become poor by a 13%),
thus suggesting that the worse the quality characteristics in the house, the larger the likelihood of falling
under the poverty line. Additionally, pollution is positively correlated to poverty (3= 0.07), which explains that
not having contamination problems is associated to increase on probability to become poor in a 7%, so that,

poor households are more likely to be located in polluted areas. Similar parameters for type of house suggest

® parameters reflected here belong to Model |



that any household living in the three categories other than in dense-building apartment has an increasing
likelihood of becoming poor, more in low dense apartment (f=0.27) and in single-family houses (3=0.22)
than in detached houses (f=0.194). That is, estimated results suggest that switching from a high density
apartment to a low density apartment increases the likelihood of becoming poor by 32% (eB—l) and from
there to a detached house does so by 21%. The mobility between housing types highlighted by Model I's

results implies hard income sacrifices for households.

Taking the low density urban area as a reference, findings reveal that households are less likely to become
poor when located in larger dense regions. The probability to fall below the poverty line decreases by 7.5%
((exp(-0.078))-1) when the household is located in average-dense cities rather than in low-dense cities, and
similar proportion for high-dense -area location, suggesting that poor households are located in less dense

areas (consistent with the idea of lower house prices).

Overcrowding is strongly associated with poverty likelihood (B= 0.405). This is a highly significant parameter,
since an extra-person on average in each room increases the likelihood of falling under the poverty line by
50%. The parameter is according to the literature and consistently suggests that a higher number of
individuals per room is associated with increasing likelihood to become poor.

Results confirm what other studies had previously found: poverty is associated with poor house conditions
and in lower dense population urban areas™. The type of house variable points at a similar distribution of
poor households across the different house typologies, which could be interpreted as poor households are
not directly linked to a particular house type but rather that they could be spread across all of them. These
results would imply that poverty happens at all housing type levels.

The variable ‘temperature’ shows the answer to the question of whether rooms have an appropriate
temperature to live or not. The estimated parameter is large (= 0.89) and statistically significant in all
models which clearly shows the strong association between the lack of temperature and poverty. Our
hypothesis here is that lack of appropriate temperature results from a low energy consumption; therefore,

households’ answers to the survey are revealing trouble with energy payment to heat the house. Our

1% This result is consistent with the income used to estimate the poverty line, the region median income, as it is assumed
that larger cities also shows larger household income. There is no information detailed at infra-regional level to be used
as a reference in EU-Silc.



findings support this interpretation too: the increase of one category (i.e. passing from 0 — ‘enough
temperature’— to 1 —not enough temperature-) is associated with a 143% increase in the likelihood of falling
under the poverty line. Therefore, heating the house has a direct connection with income level, and results in

Model | strongly suggest the existence of fuel poverty.

Model extensions indicate that tenancy is significantly related to model variables and poverty (model Il). In
addition, the inclusion of the non-linear combined variable (leask@temperature) to capture the effect of lack
on temperature associated to housing quality, is also statistically significant, reducing only a few the
temperature parameter value™ . Its parameter (B= 242, model Ill) suggests that any rise in temperature and
reduction on leaks increases the likelihood to become poor in a 27%, as a potential measure of heating costs
to be covered by household.

Models IV and V substitute the temperature variables by time-varying temperature variable, capturing how
the likelihood of become poor due to fuel poverty by year rises during the whole period, especially strongly

since 2010. Figure 3 shows graphically those results.

Insert Figure 3 around here.

As model V gives the better results, its functional form is adopted for the rest of the models in this paper.

- Results of Model by tenancy type
Table 4 includes the models specification estimated by each type of tenancy with Model VI for
homeownership until model IX to free-rent households. Results show relevant variations when the model is
segmented by tenancy.
The homeownership results (model VI) largely resemble those found in the baseline model. As for the
estimated parameters, they have same signs and closed values, thus suggesting that the problem of houses

increasing the likelihood of falling under the poverty line mentioned above in relation to the whole model

" There are no large correlation among the three variables (temperature, leaks/humedity and the combined) although
they are statistically significant. In any case, correlation is larger than 0.1 so as we assume no multicolinearity severe
problems into the model and include the new variable.



becomes fully visible in ownership-model. This contradicts a widespread idea in the literature according to

which ownership is associated with larger income and, therefore, with a lower propensity to becoming poor.

In the case of poor homeowners, as expected, the house transition (change of housing type) is harder; the
likelihood increases by 32% if households live in a detached home. Such result becomes very relevant, insofar
as most medium-income young first-households become homeowner in the last decade by buying a detached
houses, very popular in Spain during the last 20 years. Results about urban density, lack of natural light and
delinquency replicate that commented above while noise, pollution or having toilet in the house are not
significant in this model. Differences on quality are highlighted by the variable lack on bath/shower, largely
associated to the likelihood to become poor (247%) while overcrowding show a very low probability of
poverty (8%) which is consistent with larger houses owned. Fuel poverty indicator shows statistically
significant probability to become poor associated to failing heating the house, which vary with time but is
lower than in the baseline model as well as in the other tenancy types as explained below. Figure 3 represent
the evolution of probability to become poor due to fuel poverty. In the case of fuel poverty-associated-to-
housing-quality proxy, the model gives an statistically significant parameter suggesting that this problem

mainly affect homeowners, with a probability to become poor of 23% (3=0.207).

In the case of tenants paying rent at market price, no large association seems to exist with deprivation-low
quality characteristics (Table 4, model VII). Findings shows higher neighbourhood noise is associated with an
increased poverty likelihood (=0.19, probability of 21%), and humidity (f =-0.25, prob=21%12) in the house.
Overcrowding parameter (3 =1.078) suggests that an increase on one person by room rises the probability to
become poor of 193%. In rental market, consistently fuel poverty associated to house quality is not
statistically significant, supporting the perception of large quality in rental market with low dense apartments
(B=0.178) and single houses (=0.327), while fuel poverty indicator parameters ($=0.80 to 1.18 between
2007 and 2012) are strongly significant and suggesting large association with the likelihood to become poor
(see Figure 3). This model shows a better goodness of fit (C&SR2= 7.8% and NR2=11.07%). A possible

interpretation could be that Spanish houses in rent have better conditions (not associated with physical

2 This parameter is expected to be negative when leaks are associated to probability to be poor because the variable
codification: the existence of leaks is the lower value.



deprivation) than those in ownership, but also are associated to a lower energy payment capacity. Results
suggest that rental are randomly distributed among urban areas; more concentrated in single houses and low
dense apartment homes, (which suggests that rent market is represented in these house typologies), so that
rental units have enough quality to be rented through the market —which in turn can be a sign of regulation
about a minimum quality requirements to obtain permissions to be rented. Main physical deprivation is not
related to rent houses at market prices, which contradicts to some extent what the literature has traditionally
suggested. However, these tenants seem to suffer problems with leaks and temperature which also refers to

the existence of fuel poverty in this group.

Renters paying below-market prices (Table 4, model VIIl) show also good house conditions and no apparent
likelihood exists of inducing poverty resulting of physical deprivation, although one variable —delinquency
(B=-0.31) in the neighbourhood— is actually associated with an increased likelihood (22%) becoming poor. No
type of houses are statistically significant in terms of association with this group, i.e. rental houses under the
market price seem to be fully located in the dense apartment building. Overcrowding (B= 0.586) is
statistically significant suggesting that the larger the household, the large (79%) the likelihood of becoming
poor. In this case, results indicates that concentration in dense areas reduce the poverty likelihood in a 31%

(B=-0.365).

Fuel poverty shows similar effect than in tenants-at-market-price model, that is, the inability to achieve a
proper temperature is associated with poverty. Time parameters suggests that any increase on proper
temperature in the house has probabilities to fall into poverty larger than 98% and increasing along the

analysed period, being harder during the first years (2005-2009) rather than in the second (Figure 3).

The last segment includes households enjoying a house free of payments. Some sources suggest that
household live in a house for free because (1) companies give the house for their workers to live in it as part
of their salaries. (2) Households allow some of their members (young adults) to live in a secondary home for
free; and (3) Municipalities give public houses to those extremely-low income households. The third group
(low-income households, social houses) seems to arise with the model results which suggest the existence of

a close pattern to the renters under market prices: it does not identify physical deprivation associated with



houses or house types; only delinquency ($=-0.194, prob=17%) reveals a certain degree of lack of quality
more related to house location. Two additional results are also in keeping with the rest of models: (a)
Overcrowding estimated parameter is significant but lower than in the rest of tenancy type (but ownership,
3=0.196); and (b) the fuel poverty parameter is also strongly significant, and the largest one in the estimates
(B=from 0.75 to 1.06), showing a worsening situation since 2009 (that is, from that year having a correct
temperature increases between 1.11% to 190% the likelihood of household to fall under poverty line).

The bottom line in Table 4 includes the fuel poverty proxy parameter estimated in a model when it is not
considered time varying. As it can be seen, estimated values are consistent with the above interpretation and
gives a clear sign showing the existence of different exposures to fuel poverty depending on tenancy type.
Results are consistent with the existing empirical evidence with extends impact of this problem and stronger

effect on those household in rental market.

5 — Conclusions

This paper has analysed the relationship between poverty and fuel poverty associated with the different
tenancy and household types throughout the Spanish housing market. Using data from the Quality Life
Conditions Survey (EU-Silk), period 2004 to 2012, our study defines a logistic regression model to estimate
the conditional effect of tenancy and household structure on the likelihood of falling under the poverty line
as a consequence of housing deprivation and fuel poverty. Results give consistent and robust answers to the
paper hypothesis, which can be outlined as follows:

(1) Models provide empirical evidence about that homeowners show the larger probability to fall into poverty
associated with physical deprivation, as opposed to renters, who do not. It can be said that poor renters
enjoy (on average) better houses than poor owners. All types are highly sensitive to those house
characteristics which have to do with energy consumption. An explanation of these results could be on that
the owner is who invest on housing refurbishing to rent the house to third households. However, most
owners that bought a house long time ago and are surviving without covering current housing costs, could be
facing deprivation due to income poverty —but not extreme-poverty thanks to ownership. From this

perspective, ownership rates would prevent households from extreme poverty.



(2) Models focuses on how fuel poverty constitutes a mirror of poverty situations across every type of
tenancy. Results are clear, suggesting that fuel poverty is largely associated with poverty at any type of
tenancy —the situation being harder for households on a free-assigned-housing basis. Energy bill appears here
as a relevant problem related to poverty, since the results obtained in this paper support the idea to develop
policy measures focused on incentives to retrofit and adapt houses so that they can become energy-efficient.
Such policies could contribute to achieve a twofold objective: (a) mitigating poverty pains; and (b) improving
sustainable houses.

(3) Results identify and increase on fuel poverty problems among all type of tenure but harder in those
tenants (at market prices, under market price and free-rent) and for young singles and 2-adults families as
well as for couple with children. Those are the key groups suffering fuel poverty which induce them to fall in
poverty with larger probabilities. Some changes in the market/electricity bills should be a shock in 2009
increasing the fuel poverty impact.

In the light of the results explained above, the paper adds empirical evidence on that fuel poverty plays a role
increasing poverty signs and reducing welfare. Fuel poverty seems to affect the whole segments of poor
households and the fuel poverty related to housing quality affects largely to homeowners suggesting that
house retrofitting in homeowner sector is highly needed to improve welfare and reduce fuel poverty in the
more vulnerable groups. As they are large number, it also can support the energy consumption (and

emissions) reduction allowing policy measures to solve two problems at the same time.
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ANNEX. Tables and figures

Table 1. Basic Statistics

OVERCRO Tempera
WDING ture
Populatio Deliquen | Type of (persons Light in (Energy
YEAR POORS | Tenancy | ndensity Noise Pollution cy house per room) | shower | toilet rooms | Humidity | proxy)
N valid 117465 104751 104751 104751 104736 104735 104731 104539 90072 | 104730 | 104708 104735 104741 104726
Mean 2007.97 .2575 1.33 1.83 1.22 1.13 1.15 2.89 .5793 1.00 1.00 1.08 1.19 1.08
Median
2008.00 0.0000 1.00 2.00 1.00 1.00 1.00 3.00 .5000 1.00 1.00 1.00 1.00 1.00
St Dev
2.608 43727 .818 .876 414 .336 .356 1.133 29797 .058 .048 277 .390 .267
Variance 6.802 191 669 768 172 113 126|  1.283 .089| .003| .002 076 152 071
Asymmetry -.015 1.109|  2.477 332] 1352 2209| 1977 -463 2.236| 17.04| 2055| 3.013| 1607| 3.168
Kurtosis
-1.247 -.770 4.851 -1.617 -.173 2.882 1.907 -1.255 23.964 | 288.37 | 420.66 7.080 .583 8.034
Min
2004 0.00 1 1 1 1 1 1 17 1 1 1 1 1
Max
2012 1.00 4 3 2 2 2 4 8.00 2 2 2 2 2

23



Table 2.

INCOME AMONG TENANCY TYPES. SPAIN, 2004-2012

- o Line % % Zouspeholc:
overty Line under Pover
Income ! Household line !
MEDIAN POOR

Ownership 13207.29 7924.37 82.8 83.02
Rent (mkt prices) 10532.02 6319.21 7.6 6.95
Rent (under Mkt prices) 9894.50 5936.70 3.1 3.26
Free Rent house 10009.98 6005.99 6.4 6.78

* 60% of median of disposable income by region

Soutce: Life Conditions Survey (EU-SILK), INE, 2004-2012
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Table 3. Logistic regression baseline model of housing quality and fuel determinants of poverty.
Dependent variable: households under 60% of income median (dummy=1)

Models: 1 Il n [\ \4
E_xp Variables V] Vi B Vi Vi B
sign i St.error  Wald e i St.error ~ Wald € St.error  Wald € i St.error Wald € B St.error  Wald e
- urb_density 16.0 14.8 15.8 14.9 12.14
Urb(dense) -0.078*** 0.022 129 0.93 -0.075*** 0.022 11.8 0.93 | -0.077***  0.022 12.7 0.93 -0.075***  0.022 12.1  0.93 | -0.070*** 0.022 10.29 0.93
Urb(av) -0.077*** 0.023 11.0 0.93 -0.075*** 0.023 10.3 0.93 | -0.077***  0.023 109 0.93 -0.074***  0.023 10.2 0.93 | -0.065*** 0.023 7.76  0.94
+ Type_house 168.2 153.4 168.0 169.9 0.00 131.04
T1-house 0.224%** 0.026 739 1.25 0.219*** 0.026 70.8 1.24 | 0.224***  0.026 743 1.25 0.228***  0.026 769 1.26 | 0.221*** 0.026 7179 1.25
T2-detache 0.194*** 0.025 62.6 1.21 0.190*** 0.025 599 1.21 0.195***  0.025 63.2 1.22 0.198***  0.025 64.8 1.22 0.187*** 0.025 57.51 1.21
T3-apart_low 0.275%** 0.023 147.8 1.32 0.260*** 0.023 1319 1.30| 0.274*** 0.023 147.2 132 0.275***  0.023 1476 1.32 0.231%** 0.023 10296 1.26
- Nat Light -0.155%** 0.032 240 0.86 -0.134%** 0.032 17.8 0.87 | -0.157***  0.032 247 0.85 -0.161***  0.032 26.0 0.85 | -0.131%** 0.032 16.84 0.88
+ Noise 0.037 0.023 2.7 1.04 0.051** 0.023 51 1.05 0.038 0.023 2.7 1.04 0.036 0.023 25 1.04 0.052** 0.023 5.27 1.05
+ Pollution 0.070*** 0.028 6.1 1.07 0.080*** 0.028 8.0 1.08| 0.070*** 0.028 6.1 1.07 0.068**  0.028 5.8 1.07 0.069** 0.028 5.88 1.07
- Delinquency -0.143%** 0.024 34.4 0.87 -0.138*** 0.024 32.2 0.87 | -0.142***  0.024 34.0 0.87 -0.143***  0.024 344 0.87 | -0.144%** 0.024 3497 0.87
+ Bath/shower 0.944*** 0.178 28.1 2.57 0.908*** 0.178 259 2.48 0.961***  0.178 29.2 261 0.985***  0.177 30.8 2.68 0.889*** 0.178 2495 243
+ Toilet_in 0.546** 0.240 51 1.73 0.510** 0.241 4.5 1.67 0.553**  0.239 53 1.74 0.557**  0.239 54 1.75 0.526** 0.240 479 1.69
+ Overcrowding 0.405*** 0.026 237.0 1.50 0.401*** 0.026 233.1 1.49 0.405***  0.026 237.7 1.50 0.405***  0.026 237.7 1.50 0.381*** 0.026 210.11 1.46
Leaks/Humid -0.229%** 0.021 117.4 0.80 -0.213*** 0.021 101.8 0.81| -0.267*** 0.023 138.1 0.77 -0.266***  0.023 136.6 0.77 | -0.235%** 0.023 105.95 0.79
Temperature_
+ winter 0.890*** 0.026 1149.3 2.43 0.884*** 0.026 1131 2.42 0.730***  0.045 261.6 2.07
Leaks@temperature 0.242***  0.055 19.2 1.27 0.233***  0.055 17.6  1.26 | 0.237*** 0.056 18.06 1.27
+ Tenancy 0.105%** 0.008 1555 1.11 0.237*** 0.009 705.03 1.27
fuelp_05 0.564***  0.073 59.4 1.76 | 0.525%** 0.074 50.90 1.69
fuelp_06 0.615***  0.077 63.8 1.85 0.572%** 0.077 5458 1.77
fuelp_07 0.812***  0.088 84.8 2.25 0.777*** 0.089 76.80 2.17
fuelp_08 0.693***  0.081 73.5 2.00| 0.663*** 0.081 66.51 1.94
fuelp_09 0.804***  0.075 1149 2.24| 0.778*** 0.075 106.19 2.18
fuelp_10 0.873***  0.083 109.7 2.39 | 0.843*** 0.084 100.97 2.32
fuelp_11 0.774***  0.077 102.0 2.17 | 0.735%** 0.077 90.83 2.09
fuelp_12 0.815***  0.080 104.5 2.26 | 0.770*** 0.080 92.17 2.16




Constant 3.469%*** 0233 2220 0.03| -3.598***  0.234 2369 7| -2799*** 0228 1507 0.06| -2.815*** 0228 1527 0.06| -3.101*** 0230 18234 0.05
Omnibus test of parameters gl Sig. g Sig. g Sig. gl Sig. gl Sig.
2 22351 400 2386.5 15| 00 2254.3 15| 00 2725 22 00 2934.9 23 00
log likelihood 96584,7 96433.3 96565.5 96547.3 95884.9
Cox and Snell R? 0,022 0,023 0,022 0,022 0,028
Nagelkerke R’ 0.035 0,037 0,035 0,035 0,046
Hosmer and Lemeshow test
x2 76.2 8 0.0 58.8 8| o0 83.1 ‘ 8 ‘ 0.0 84.2 8 00 121.8 8 00

" Tenancy is ordered as 1=ownership, 2=rent at market Price, 3=rent at lower than market Price, 4=free-rent

¥ povalue<0.01, ** p-value<0.05

26



Table 4. Logistic regression model by Tenure. Housing quality and fuel determinants of poverty
Dependent variable: households under 60% of income median (dummy=1)

Homeownersip Rent at market prices Rent under market prices | Free- rent households
Model | VI Vil Vil IX
gi);pr; Variables yil steror  Wald €’ i steror  Wald €’ yi steror  Wald €’ i St.Error __ Wald e’

urb_density 15.19 0.16 12.22 1.04
Urb(dense) -0.092*** 0,025 13.54 091 | 0011  0.068 0.2 1.01 |-0.365*** 0.107 11.74 069 | 0.072 0075 090 1.07
Urb(av) -0.078*** 0.027 857 092 | -0.016 0076 004 098 | -0.18 0135 1.85 0.83| 0005 0.079 000 1.00

Type_house 160.3 14.72 6.98 1.23
T1-house 0.316*** 0.029 115.8 1.37 | 0.327*** 0.105 9.66 1.38 | -0.092 0170 028 091 | 008 0093 078 1.08
T2-detache 0.284*** 0,028 103.5 1.32| 0.118 0.093 1.60 112 | -0.236 0134 3.11 079 | 0087 0090 094  1.09
T3-apart_low 0.244%** 0,027 79.4 127 | 0.178*** 0058 943 1.19| 0124 0095 169 1.13| 0027 008 0.09 1.02
- Nat Light -0.154*** 0,038 161 0.85| -0.026 0.085 0.09 097 | 0007 0131 0.0 1.00| -0.081  0.100 0.65 0.92
+ Noise 0.039  0.027 21 1.04 | 0.196*** 0.065 9.09 121 | 0.009 0098 0.00 1.00| 0.049  0.08 037 1.05
+ Pollution 0.056 0033 29 1.05| 0113 0089 1.62 1.12| -0.041 0118 012 095| 0.137 0.100 1.85 1.14
- Delinquency -0.159*** 0.028 322 0.85| -0.005 0.082 0.004 0.99 |-0.310*** 0.103 9.09 0.73 | -0.194** 0.087 4.98 0.82
+ Bath/shower 1.245%** 0254 239 3.47| 0751 0583 165 211 | 0569 0453 157 176 | 0.208 0382 029 1.23
+ Toilet_in 0317 0329 092 137 0015 0821 000 1.01| 2135 1.144 348 845 | 0808 0457 311 224
+ Overcrowding 0.085** 0.034 6.34 1.08 | 1.078*** 0.064 284.6 293 | 0.586*** 0.110 2828 1.79 | 0.196** 0.085 534 1.21
- Leaks/Humid -0.237*** 0.026 80.0 0.78 |-0.232*** 0.071 10.82 0.79 | -0.054 0.104 026 094 | -0.096  0.075 163 0.90
Leaks@temperatur 0.207*** 0,069 9.03 123 | 0218 0149 213 124 | 0278 0224 154 1.32| 0211 0177 141 123

+ Temperature_winter by year *

fuelp_05 0.478*** 0090 279 161 | 0367 0.206 3.15 144 | 0.684** 0.287 567 1.98 | 0.751*** 0216 12.02 2.11
fuelp_06 0.604*** 0,094 40.8 1.83| 0.168  0.220 0.58 1.18 | 0.625** 0.287 4.74 1.86 | 0.594*** 0227 6.84 181
fuelp_07 0.663*** 0.111 359 1.94 | 0.802*** 0.220 13.33 2.23 | 1.134*** 0344 10.88 3.10 | 0.906*** 0.294 9.47 247
fuelp_08 0.650*** 0,099 43.4 191 | 0.815*** 0.212 1471 225 | 0.715** 0335 4.54 2.04 | 0069 0284 005 1.07
fuelp_09 0.668*** 0.092 52.4 194 | 1.076*** 0.204 27.91 2.93 | 1.002*** 0.298 11.28 2.72 | 0.798*** 0.253 9.96 222
fuelp_10 0.714*** 0,105 46.3 2.04 | 1.108*** 0.211 27.64 3.02 | 0.668** 0323 4.26 1.95 | 1.065*** 0.284 14.01 2.90
fuelp_11 0.522*** 0,098 285 1.68 | 1.110*** 0.198 31.61 3.03 | 0.937*** 0303 9.54 2.55 | 1.028*** 0.245 17.63 2.79



fuelp_12 0.545%** 0103 27.9 172 | 1.188*** 0196 36.62 3.27 | 1.307*** 0.351 13.87 3.69 | 0.816*** 0.249 10.73 2.26
Constant -2.783*** 0290 92.1 0.06 | -2.9%** 0686 17.89 0.05 | -3.04*** 1157 690 0.04 | -2.099*** 0546 14.77 0.12

Omnibus test of parameters gl Sig. gl Sig. gl Sig. gl Sig.
X2 12082 220 0.0 671.238 22 0.0 184.585 22 00 147.599 22 0.0

log likelihood 74834,47 9469.17 3546.73 7198.58

Coxand Snell R’ 0.014 0.0786 0.06124 0.02292

Nagelkerke R* 0.024 0.11076 0.08491 0.03347

Hosmer and Lemeshow test:
X2 414 80 000 13.9193 8 0.083 20.2292 8 0.009 16.685 8 0.033

* Temper_winter 0.60*** 0,06 112.4 1.82| 0.81*** 012 43.49 224| 0.86*** 017 2473 2.37| 0.74*** 013 3150 2.10

Note: * temperature estimated parameter when dummies are not considered into the model. The others’ model parameter reach close values and same sign

** p-value<0.01, ** p-value<0.05
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Figure 1. Poverty by tenancy in Spain
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Figure 2
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