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ABSTRACT

By using an environmentally extended multi-regionglut-output model, this paper analyses the Spanis
households’ carbon footprint for the 2008-2017 getrionsidering the municipality size as well as the
urban or rural residential zone where families.liResults show that, on a per capita basis, infiatsitof
medium-high municipalities emit fewer carbon enuossi than those settled in small ones (between 0.34-
0.54 tCQ/cap depending on the year studied). This carbdralance is mainly explained by the higher
direct carbon footprints of dwellers who residesmall municipalities and, in special, in rural zene
Furthermore, we apply inequality measures througtcoasumption-based carbon footprint Gini
coefficient, discovering that inequality is lowar small municipality both in income and g@missions.

In the light of the findings, in Spain, the apptioa of a carbon pricing on direct and indirectbzar
footprints will be regressive, being especiallyrhfid to people of small municipalities and ruraéas.
Accordingly, carbon inequalities between these sygfehouseholds must be contemplated to avoid a poo

design of this kind of mitigation policies implented for fighting against climate change.
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1. Introduction

The term “empty Spain” has been coined to reflemtv Ipart of the Spanish
territory is being depopulated during the last gedihis phenomenon mainly affects the
small municipalities of the centre of the countwhere industrial activity is very
depleted, and the population is largely elderly 8CE018). The young and middle-aged
population leaves these places hoping to find bgibeopportunities and to reach urban
living standards in cities. Although urbanisatianespecially incipient in developing
countries, it also affects developed nations (UBL ). In Spain, for instance, during
the 2008-2017 period, 269 thousand people have dnbeen small municipalities to
other places; while towns and cities have growr68$ thousand inhabitants [dataset]
(INE, 2020a). These demographic changes have aacingm climate change as a result
of the differences between urban and rural consiampiatterns. Nonetheless, in the
literature, there is still an open debate abouttirdrethe urbanisation process boosts or
saves carbon emissions on a per capita basis (Hklea@l., 2017b; Schubert and Gill,
2015).

On the one hand, cities allow people to take acgmtof agglomeration
economies obtaining a higher labour division armbla productivity that gives rise to
larger average wages (Krugman, 1991; Puga, 2010a ¢onsequence, these higher per
capita earnings in cities could intensify the eonmental scale effect which states that
as the families’ income rises, so does their spgndn consumption and, with it, their
carbon emissions (Chancel and Piketty, 2015; Hubateal., 2017a; Lopez et al.,
2016), energy requirements (Lenzen et al., 2006l Etoal., 2005; Reinders et al.,
2003) and material uses (L6pez et al., 2017). Afpant the larger purchasing power, in
urban zones, there are also a wider variety of ymtsdfor consumption, which usually
leads to high-carbon lifestyles (Gill and Moell2f18; Heinonen et al., 2013). All these
thoughts have encouraged previous literature toenmakny efforts on assessing the
carbon footprints of big cities given its standiag a hot-spot for fighting against
climate change (Chen et al., 2016; Harris et &8202 Huang et al., 2018; Moran et al.,
2018).

On the other hand, some scholars have arguedrbeanisation can contribute to
reducing global warming (Glaeser, 2011). Behinds tldea underlies the so-called
"relief by density" hypothesis, according to which,per capita terms, city dwellers

emit fewer carbon emissions than those settle rial zones (Dodman, 2009; Gill and
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Moeller, 2018; Schubert and Gill, 2015). In thisrmar, people located in urban areas
might save carbon emissions thanks to the scaleoeaes linked with public transport
and commute smaller distances (Rau and Vega, 2Qh2);larger number of gas
distribution networks, which is more carbon-effitighan other fuels (Poumanyvong
and Kaneko, 2010); and, the abundance of compals@rall houses that save energy
(Norman et al., 2006). Meanwhile, rural municipaelt have a limited offer of
employment, infrastructure, and goods and sentitasmay forces their inhabitants to
use private transport (e.g., cars) for travellimg cities to fully meet their needs
(VandeWeghe and Kennedy, 2007) as well as to emphg carbon-intensive fuels for
heating and cooking (Labandeira et al., 2011; WardyJiang, 2017).

A highly relevant decision to address the aforemeet academic discussion is
how to identify which are urban and rural housebolfio date, there is not yet a
globally agreed-upon that division due to natioddlerences in the criterion used to
separate urban from rural areas. Traditionally tagegorisation has been based on
differences in living standards (UN, 2019a). Neweless, it has become blurred in
developed countries where well-being is pretty wptead, giving way to other criteria
relying on municipality size or population densitiyhas influenced previous works that
have estimated carbon footprints of urban and tuwakeholds: Gill and Moeller (2018)
employed the municipality size as a criterion falcalating rural and urban individuals’
carbon footprints in Germany. These authors folvad the accumulation of people in
cities save some greenhouse gas emissions ancegant that inhabitants of small
municipalities could be hit heavily by carbon taxesdirect energy use; Ottelin et al.
(2019) followed the urbanisation degree (i.e., pytation density approach) as the
criterion for estimating EU households’ carbon fooits showing that per capita
carbon emissions are slightly lower in cities tlamural areas when income and other
household features are controlled; lastly, for 8parce et al. (2017) and Duarte et al.
(2012) applied both approaches to defining urbaatg rurality concluding that larger
population density or municipality size leads hdwdds to more carbon-intensive

lifestyles.

In the context of this discussion, this article tritnutes to the existing body of
knowledge in several ways. First, we test the éfdby density” hypothesis in Spain by
employing the size of the municipality as the ciie for separating the households.

This approach allows connecting the scientific iiigd with local administrative bodies,



i.e., municipal councils, expediting the good desigpplicability and effectiveness of
mitigation policies. Second, we account for carlbmotprints of households located in
small and medium-high municipalities from a dynarp&rspective (considering both
crisis and post-crisis period, i.e., from 2008 @12). Due to the division between
municipalities raised could not reflect ruralitysagch, we cross municipality size with a
control variable that states the urban vs ruraldesgial location of the household to
capture those typical nuances of rural life in analysis adequately. Third, we evaluate
how the economic cycle has affected income and ocarinequality within
municipalities through the Gini coefficient. Andndlly, we go beyond just estimating
carbon footprints by simulating carbon pricing séws. We view this analysis
particularly relevant, given that, lately, the SiganGovernment has firmly pledged to
boost policy actions to address climate change,ngnwehich a green fiscal reform is
called to have a prevalent role (Gobierno de Espafia0). However, this kind of
measures may cause adverse distributional effecisuse of poor people spend a large
share of income on inelastic and potentially cartaxable products (Bohringer et al.,
2019). Furthermore, the households’ location detsatas their energy demand
significantly (Jain and Kumar, 2018; Reinders et a003; Zhang and Lahr, 2018).
Thus, we look at the distributional effects of a@arbpricing policies on Spanish
households for different settlements’ locations #&ypmes of products (Bureau, 2011;
Callan et al., 2009; Pashardes et al., 2014) tpgs® some policy recommendations

that could pave the way for the acceptance of exatigreen tax reforms.
2. Methodology and data

2.1 Estimating household carbon footprints on a p&apita basis

The indicator chosen to measure the direct andaodiSpanish families’ CO
emissions is the household carbon footprint perit@afCF), which is defined in
expression [1]:

11

CF = iCF + dCF [1]
1.2

where expression [1.1] represents the indirect éooisl carbon footprint per capita
(ICF), i.e., the CQemitted, directly and indirectly, along the globalue chains until
the households’ final demand is satisfied; and esgfion [1.2] shows the direct



household carbon footprint per capita (dCF), ilee, direct CQ emissions associated

with the demand for energy goods consumed bothmahd out of the home.

2.1.1 The indirect household carbon footprint peata (iCF)

In order to estimate the iCF of different familiége employ an environmentally
extended multi-regional input-output (EEMRIO) modelapted to the households in its
consumption based-approach, which has been préyiapplied in the literature (Arce
et al., 2017; Brizga et al., 2017; Gill and Moell2018; Huang et al., 2018; Lopez et al.,
2016). The main virtue of this environmental acamg method is its capacity to
interconnect local consumption decisions with thtaltCGQ emissions embedded along
fragmented global production chains and internalidnade (Hubacek et al., 2014).
Regarding the standard EEMRIO model framework prese in Miller and Blair
(2009), we undertake the necessary adaptationk aaftieving the accurate model to
estimate the iCF for different types of Spanishdatolds. Let us define the following
variables:r is the region under study, in this case, Spais;a conglomerate of regions
formed by the rest of the countries called "Resthef World"; f is a vector of C®
emissions coefficients diagonalized, which collette CQ per monetary unit of
production for all regions and all industries;is a matrix of domestic and import
technical coefficientsL. = (I — A)™! is the Leontief inverse matrix, which shows the
direct and indirect inputs necessary for an adddtiononetary unit of output to satisfy
the final demand}] is a consumption vector diagonalized of a typbafsehold with
characteristics of theregion, which can be decomposed into the diagagector of
domestic household consumptia}f’() and the diagonalized vector of imported goods
from regions (¢/"); and,P]" is the total population that belongs to a deteedikind of
householdi in rregion. In accordance with all these definitionke tiCF for a

determinate kind of householdsf the regiorr is calculated as follows:
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[1.1]

In expression [1.1] two emission sources can beedied:a) the direct and

indirect CQ emissions associated with the production of tiggorer that is intended to



meet the demand of households in the regidaxpression [1.1.1]); andb) the direct
and indirect CQemissions linked to the output of regisrthat ends up supplying the

demand of households in regipigexpression [1.1.2]).

The consumption patterns;{ that represents alternative spending behaviours
existing in the Spanish society are derived frommoasehold survey microdata, while
the EEMRIO model is based on the principles ofrthgonal accounts (NA). Thus, this
datasets combination hides many uncertainties, lyndire to the different information
sources foundations. The first inexactness comes fcompiling the household
consumption survey, given that each survey sufferamon errors such as defective
sampling, recall bias, changes in measurement,eqate supervision and lack of
responses (Amores, 2018; Deaton, 2005). Moreotier hbusehold survey microdata
has severe difficulties in accurately measuring theome and expenses of the
wealthiest families, whose economic and environademipacts are high (McCully,
2014; Milanovic, 2013; Piketty and Saez, 2014; Bugkiy and Sala-i-Martin, 2016).
The second uncertainty emerges from the multi-regioinput-output (MRIO)
methodology and databases, e.g., homogeneous ssesémne price for all the sector
supply, linear model, inability to detect structughanges in the economy and
accounting and adaptation of MRIO tables and stedccounts (Peters et al., 2016;
Wiedmann, 2009). The remaining challenge is todaithe household survey microdata
(each vector of consumptiari) with the MRIO tables used by the model. This d$tap
been carried out in a sufficient non-transparent yaa large part of the literature that,
previously, has calculated household footprintsubing data survey on consumption
(Min and Rao, 2018). Therefore, we have followee fporocedure and materials

developed by Cazcarro et al. (2020) to harmonieeartformation for the case of Spain.

2.1.2 The direct household carbon footprint per d¢@p(dCF)

In order to fully estimate the total CF of a spiecifpe of familyi of Spain, it is
necessary to add to the iCF all additional,@ditted directly by families when burning
energy goods. With this purpose, we have followssl method contemplated by the
Intergovernmental Panel on Climate Change (IPCO6R0or estimating direct CO
emissions in national emission inventories, whichpecified below:

se e

J
dCF® = P—; [1.2]
L



where j™¢is a diagonalized vector of direct emissions facttrat shows the GO
emissions per unit of quantity consumed &energy goods im region; andc;° is
another vector that collects the basket of ¢henergy goods consumed by Spanish

households with characteristics expressed in their respectiveipalysnits.

2.2 Measuring income and carbon inequality

The Gini coefficient is the most commonly-used aator when researchers
study personal inequality and its evolution ovarei(Chancel and Piketty, 2015; Lopez
et al., 2016; Milanovic, 2013; Palma, 2011; Wied#heh et al., 2016). The estimation
of the Gini index is based on the Lorenz curvewimch we plot the accumulated
percent of the population on the horizontal axid #me accumulated percent of the
income or carbon emissions on the vertical axisFig. Al of the Appendix we
illustrate schematically how the indicator can bgneated geometrically by dividing A
(the area located above the Lorenz curve and btievline of equality) between A+B
(the triangular area below the line of perfect dity)a The indicator ranges from 0 to 1,
in such a way that when there is maximum equity rgnandividuals the Gini
coefficient will be equal to 0, but if the income carbon distribution is fully

unbalanced its value will be 1.

Given that this article analyses economic and enmrental inequality we use
an income Gini coefficient (Income-Gini) and congtion-based carbon footprint Gini
coefficient (CF-Gini) applied for households of dhead medium-high municipalities
in order to evaluate inequality within each typeseftlement (Wiedenhofer et al., 2016).
Let us defineC as the total income or G@mission of the household income grgup

andP as the population size of the household incomagjoRegarding the expression

c = » C;/C i—oun that shows the proportion of income or C@mitted for each

household income group and the expressiop; = » P,/P i=oun that reflects the

population share of each household income gyouge built the Gini index that will be

applicable for measuring both income and carboquakty as follows:

Gini = 1 - Z(p] — p]'—l)(cj + Cj—l) [2]
j=1



2.3 Data sources

In this analysis, the MRIO tables used to feedBE#RIO model are provided
by the World Input-Output Database (WIOD) in itslBORelease [dataset] (Timmer et
al., 2015; Timmer et al., 2016). This source inekid4 regions and 56 homogeneous
industries and covers the entire study period extepthe last three years, i.e., 2015,
2016, and 2017. This data limitation is overcomeubiyng the MRIO table of 2014 for
the years without available data under the asswmpf constant technology and fixed
commercial structure. WIOD information has beengfarmed from millions of dollars
at current and basic prices to euros, applying ananverage exchange rates euro/dollar
[dataset] (EUROSTAT, 2020). Environmental inforroatihas been obtained from
[dataset] Corsatea et al. (2019) who provides €faissions satellite accounts consistent
with the WIOD Release 2016 (44 regions and 56 itttas covering the needed period
(i.e., 2008-2014) to implement the model accordiagthe assumptions mentioned
above. The consumption vectar5 have been created from the Spanish Household
Budget Survey (HBS) microdata, that covers theremteriod of study [dataset] (INE,
2020b). In order to maximize the impact of the gsial many types of consumption
patterns have been generated, representing alterrsgtending behaviours in Spanish
society. The main criterion used for grouping htwdes is the municipality size, but
also we cross it with other control variables sashrural/urban residential area and
income level of the househdldOn the one hand, for calculating iCF consumption
patterns are obtained from the HBS in euros ateotirand purchase prices and are
distributed into 47 groups of the Classificationliodividual Consumption by Purpose
(COICOPY. In order to feed a macroeconomic model as EEMRH®, information
must be adapted. In this case, we use the procedopesed by Cazcarro et al. (2020)

through the following main step$l) Align consumption and population data of the

! The INE provides all the household segmentatiaraistes used in this work. Firstly, the size of the
municipality offered splits into five groups: (a)umicipality of 100,000 inhabitants or more; (b)
municipality with 50,000 or more and less 100,08@abitants; (c) municipality with 20,000 or moredan
less than 50,000 inhabitants; (d) municipality with000 or more and less than 20,000 inhabitant; a
(e) municipality with less than 10,000 inhabitaritée regroup the variable into two categories sa tha
municipalities with 10,000 inhabitants or more aafled medium-high municipalities and municipaltie
with less than 10,000 inhabitants are called smalhicipalities. Secondly, the area of residencéhef
family which allow us to identify rural and urbamuseholds. And, thirdly, the income level of the
household is estimated by deciles (based on theehmlds’ per capita income).

2 Since 2016, the INE is using the European Clasgifin of Individual Consumption by Purpose
(ECOICOP). The affected data has been transform&@DiCOP followingINE, 2020b) methodology.
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Spanish HBS to NA accounting principleg2) Convert consumption data of the
Spanish HBS in NA principles to production-basedssifications, concretely in
Classification of Products by Activity (CPA) 2008rsiorf. (3) Revaluate Spanish HBS
data based on NA principles and production-basassiflcation to basic pricgs(4)
Adapt data based on production-based classificationthe WIOD MRIO tables that
rely on the industry-based classificafioOn the one other hand, for estimating the
dCF, consumption patterns of energy goods arerwadrom the HBS, which provides
data on the number of energy goods consumed it cobfers ), kilograms kg) or
liters (), depending on the characteristics of the energgdgconsidered. This
information has been aligned with the NA principleken into account the differences
between HBS and HFCE population. The populatioa santemplated for each type of
household by the HBS has been adjusted to the NA&.dfurthermore, direct emissions
factors are provided by (MITECO, 2019) and havenbagapted to be combined with
energy consumption patterns expressed in physittd. a'he final results of dCF for all
the types of families analysed are calibrated idiggrthe difference between the total
direct household Cfemissions calculated via HBS and those providedthsy
environmental satellite accounts for the whole $ahousehold sector (Corsatea et al.,
2019).

% This step requires the use of data on Househaial Flonsumption Expenditure (HFCE) consistent with
the Spanish NA and comparable with the HB&aset] (INE, 2020c).

* This step requires a bridge matrix that links @@/COP classification with the CPC classificatidhis

kind of bridge matrix shows the share of each COPQfategory that is reassigned to each CPC category.
The accessibility to this bridge matrices is quéduced (Amores, 2018). Luckily, Cazcarro et ad2@
have managed to standardize this type of matriceshe whole of the EU-28 countries. These authors
build bridge matrices that link information from GTDP (with 47 categories, from CP011 to CP127)
with the Classification of Products by Activity (8P (CPA 2008 version, with 64 categories, from
CPA_AO01 to CPA_U) for 2010. Therefore, the Spaisdge matrix of 2010 has been used to reclassify
all consumption patterns based on COICOP, takiagntto CPA 2008 for all years analysed.

® This step implies using the 10 tables where thierination for each CPA category appears in thd tota
supply to purchase prices, net taxes on produatssport margins, commercial margins, and totaplsup
at basic prices. Given that this information in@ public in Spain, we have used that one estitnbje
Cazcarro et al. (2020) for this country. In thismmer, it is possible to calculate implicit ratiostioe net
taxes, commercial margins, and transport margorseédch CPA 2008 category. This technique implies
starting from the data at purchasers’ prices; diénigiadding the net taxes; extracting the trade and
transport margins and reassigning them in thepeetive CPA 2008 categories (following the struetur
of the Spanish 10 tables); finally, the consumpfiatterns become to be at basic prices (Amores§)201

® Even though consumption patterns data are in Nicimles, CPA 2008 classification and basic prices,
they are not yet ready to be integrated into th©W/Realise 2016 MRIO tables. For this, it is neaegs

to move the data from the product-by-product apgmo@.e., CPA 2008) to the industry-by-industry
approach, which is the form as WIOD has been fudt, ISIC Rev.3 (Timmer et al., 2015; Timmer et
al., 2016)). With this purpose, we have applied ®loD (fixed product sales structure assumption)
(Mahajan et al., 2018) in order to transform thastonption profiles in the same manner as the WIOD
Realise 2016 MRIO tables has been b(#ichores, 2018).



3. Results and discussions

3.1 Overview of the individuals’ carbon footprinuding the period 2008-2017

Throughout the 2008-2017 period, the householdwsemitted between 60%
and 78% of the total carbon footprint of Spain.sTWweight trended upwards over time,
mainly as a result of the slowdown in investmentienen the construction sector during
the economic recession (Zafrilla and Lopez, 20D®)spite this increase in relative
terms, the Spanish households’ have reduced thswlate carbon footprints in this
period from 265 to 236 MtC{largely due to the lower consumption during thisis
(Lopez et al., 2016). International trade has &sen a relevant driver of this trend.
Imports from the Spanish economy are very carbtamsive, especially those from
developing countries where there are many poorig parkers and lax environmental
regulations (Lopez et al., 2014). As a result,dharp decline in imports demand since

the beginning of the crisis helped to relieve thgon footprints in Spain.

On a per capita basis, the effects of the econayate are visible too. Fig 1
illustrates the evolution of the average per capagasumption and CF in small and
medium-high municipalities and splits the CF inbe dCF and iCF (the latter, in its
turn, is divided into domestic and imported iCFesBIts show that the per capita
consumption was higher in households located inimnedhigh municipalities than in
the small ones, whereas for the CF the contrarurscdndeed, depending on the year
studied, an average dweller of a small settlememtsebetween 0.34-0.54 tG@ap
more than his/her counterparts living in towns ities. That means that the "relief by
density" hypothesis found in others countries sodiulfilled for the case of Spain
(Dodman, 2009; Gill and Moeller, 2018; Schubert &, 2015), and, at the same
time, it breaks with previous studies applied t® thse of Spain that, unlike us, found a
positive relationship between CF and municipalipeqgArce et al., 2017; Duarte et al.,
2012).

Direct emissions from households, not indirect smiss, explains why the
households settled in villages have larger CFs. (E)g As is usual in developed
countries, dCF represented only between 25% and @8fte total households’ CFs,
but it was decisive for the CFs unbalance betweanicipalities (Schubert and Gill,
2015). Indeed, people of small municipalities contd reduce its dCF between 2008-
2017 period, on the contrary, they increased itlB§. It becomes evident that the

10



limitations in the small settlements of supply ofrastructure, employment, and goods
and services, truly affects the direct energy demah their dwellers and, as a
consequence, their carbon emissions (Gill and Mgef#018; Jain and Kumar, 2018;
Zhang and Lahr, 2018). Looking at the iCF, we fitdit the larger income and
consumption levels in medium-high municipalitiesdeto slightly higher iCF, both

domestic and imported (Arce et al., 2017; Gill &hakller, 2018).

® dCF Domestic iCF # Imported iCF @ Consumption
7 r 18,000

16,000
14,000
12,000
10,000

8,000

Per capita consumption

6,000

Per capita CO, emissions (tCO,)
(constant euros at purchaser prices)

4,000

2,000

Medium-high Small Medium-high Small Medium-high Small

2008 2013 2017

Fig. 1. Spanish households’ CF and consumption byumicipality size and years

Although the household’s location has a relevargaat on its CF, maybe the
cut raised between municipalities smaller and lathan 10.000 dwellers does not
allow to isolate the phenomenon of rurality comglietIn order to undertake more in-
depth research in this direction, we try to ansthierquestion: how does rurality affect
CFs in each type of municipality? With this regardTable 1, we cross both variables,
municipality size and rural-urban residential zoaed calculate the R/U ratio for both
environments. This indicator is equal to 1 when figeres of the urban and rural
households are balanced; is higher than 1 for taegilts of the rural households; and,

is below 1 for the opposite situation.

Focusing the attention on population distributioe, find that the rural dwellers
are mostly concentrated in villages, while they ®dual in settlements of 10,000 or
more inhabitants. For the CFs, regardless of wihékteehousehold is rural or urban, we
always observe that as smaller is the municipaige higher are the CFs, which

consolidate the idea showed previously in Fig. derEthough the differences between

11



the total CFs of the rural and urban households nair@mal, rurality affects the
household carbon pattern heavily. In terms of diFal households are much more
dependent on liquid and solid fuels (e.g., gasatineoal) for heating and cooking (R/U
> 1), whereas gas has penetrated more into urlsagtergial zones (R/U < 1). For dCF
associated with the burning of fossil fuels foivpte transport, we find the municipality
size as the relevant driver in front of rurality this matter due to the carbon emissions
are always larger for households of small munidilesl regardless the rurality effect.
Finally, looking at the iCF, both domestic and intpd, it is observed that urbanity
leads to higher carbon responsibility, mainly beseaurban households, on average,
earn larger revenues given rise to lifestyles mooéned towards mass consumption
(R/U < 1). Therefore, having a rural or urban lijés strongly affects the carbon
structure of the household, but not the quantityictvhlargely depends on the
municipality size: whereas rural households are emdependent on direct energy
sources of high carbon-intensive, urban househtddd to have greater purchasing
power which leads to more GQCemissions associated with the production and

distribution of goods and services.

Medium-high municipalities Small municipalities
Residential zone Residential zone

Urban Rural Total R/U Urban Rural Total R/U
Population 35,30 1,77 37,07 0.05 4,37 5,08 9,45 1.16
Share of 95% 5% 100% 0.05 46% 54% 100% 1.16
population
dCF 1.25 191 1.28 1.54 1.86 2.28 2.09 1.22
Gas 0.24 0.13 0.23 0.54 0.23 0.17 0.20 0.75
Liquid and 0.08 0.65 0.11 7.90 0.43 0.96 0.71 2.22
solid fuels
Private 0.93 1.14 0.94 1.23 1.21 1.15 1.18 0.95
transport
iCF 3.72 3.07 3.69 0.82 3.57 3.31 3.43 0.93
Domestic 1.93 1.55 1.91 0.80 1.82 1.68 1.75 0.93
Imported 1.80 1.52 1.78 0.84 1.75 1.62 1.68 0.93
CF 4.97 4,98 4.97 1.00 5.43 5.58 5.51 1.03

Table 1. Population (millions of people) and CF (t©,) by type of household in Spain for 2017

3.2 Measuring income and carbon inequality withinumicipalities

Given that there is an important carbon unbalabedseen households by type
of municipality (medium-high vs small) and regaglithat municipalities, as centres of
decision-making, are critical for the applicationcbmate policies, we now focus on to
measure income and carbon inequality at this adunative level. For that, we use the
Gini coefficient described methodologically abogedtion 2.2). The Gini index results
showed in Fig. 2 reveals how inequality in termsrmfome and carbon footprint has
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grown continuously from 2008 to 2013 both in sn@add medium-high municipalities

of Spain, mainly by the harmful effects on employtndue to the Great Recession
(Anghel et al., 2018; Lépez et al., 2016). The ewnit recovery has helped to reduce
income inequality, but without returning the Incof@mi indicator to pre-recession

levels. At the same time, it must be noted thabine inequality is always larger in the
medium-high municipalities than in small ones, stiimg normal considering the

concentration of higher salaries in cities as alltesf the agglomeration economies
generated in these places (Krugman, 1991; Pug#)201

Fig. 2a Income-Gini Fig. 2b CF-Gini
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Fig. 2. Quantifying inequality by type of municipaity in Spain for the period 2008-2017

Taking into account that income is the main drigehousehold consumption,
and the latter, in turn, determines the Gitted, the trends of the Income-Gini index
end up marking the evolution of carbon inequalityoag individuals (Fig. 2). However,
all the inequality indicators evaluated for carl@missions are lower than those applied
to income. Behind these results, there are diff@enin carbon-intensities: poor
households allocate a considerable proportion eir imcome to the consumption of
very carbon-intensive goods (e.g., clothing, food energy) and high-income
households direct their marginal consumption tdasscwith low CQ-intensity (e.g.,
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personal services, education, and leisure) (Lopeal.e2016). Then, for instance, it
could be expected that if carbon inequality measwe calculated by the type of
product consumed, the CF-Gini coefficient will lmsver for food than services as has

been pointed out for other countries (Wiedenhofeil.e2016).

In addition, we found that from 2008 to 2017 indduan the CF (Fig. 2b), iCF
(Fig. 2¢) and dCF (Fig. 2d) has risen in mediumhhsgttlements but tends to remain
more stable in villages. Regarding the evolutionneiquality in CF, it is important to
see that since 2012 there has been an increase @fap in inequality between both
types of municipalities, which is also observedtfue iICF-Gini and dCF-Gini indexes.
Also, while the direct C@emissions inequality between individuals locatediedium-
high and small municipalities is little, especidigtween 2008 and 2012, in the case of
ICF, the inequality gap between some settlements @hers is quite large. The
inequality of carbon footprint impacts in directrtes rely on to the basket of the energy
goods consumed. In this sense, we observe thameleality in dCF is significantly
lower than in iCF. This makes us think that the engture on transport, heating,
refrigeration, and expenses for preparing mealsentgdpoorer households is not much
distinct to the consumption made by wealthier hboks in both types of municipality.
However, the imbalance in the iCF is much greajern that consumption patterns

among different income groups, by the contraryysgnificantly.

3.3 Inequality of the carbon pricing in urban andural households

Carbon pricing serves to capture the external obstarbon emissions into
market prices, giving an economic signal to polsiteor reducing the environmental
harms (Wang et al., 2016; World Bank Group, 20¥8. take into account two of the
most important instruments currently available i p price on carbon: emissions
trading systems (ETS) and carbon taxes (CT). Imgeof regressivity, both generally
end having similar effects because they are quitklysmitted to the final prices of the
economic system and share certain similarities t(Bwr et al., 2009; Shammin and
Bullard, 2009). Thus, adopting similar approachssduby Feng et al. (2018) and Wang
et al. (2019), we develop a hypothetical tax ref@eganario based on a carbon pricing
of 50 €/tCQ applied on the direct and indirect carbon footpohteach consumption
category and household type. To this end, we assaaecarbon price that can be fully
passed on to the price paid by consumers, whicloaréor energy goods, especially in
rural areas (Labandeira et al., 201B);the disregard of the demand elasticities and
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substitution possibilitiesg) there is no recycling back of the carbon pricesemnees
collected by the governmentherefore, in this section, we evaluate how hedng t
carbon pricing burden is in different environmebysemploying:a) absolute value of
per capita carbon payment (i.e., the average @spgrson paid for his/her own carbon
emissions); andy) the per capita carbon payment burden rate (he.pér capita carbon
payment as share of the per capita expenditureshwisi the sum of the pre-tax per

capita expenditure and the per capita total cagayment).

Fig. 3 proves that carbon pricing has regressitect, i.e., the lower-income
groups of households have to face a higher burderarbon pricing than the richest
ones. In other words, the per capita carbon payncaptures a more significant
proportion of their per capita expenditure (Bohanget al., 2019). Nonetheless,
regressivity is not equal across municipalitiesdeled, the carbon pricing scenario
simulated reveals the families settled in small imipalities will be hit much more at
each and every level of income. For example, thdare payment burden rate on
poorest households of small municipalities is 2.1&%b5), whereas in households of
the highest income level it only represents 1.8%464). But if we look at the
households of the median-high settlements the burdies are always lower, varying
between 1.73% (€112) and 1.53% (€452). These seatdt similar in amount to those
found by Wang et al. (2019) in an study appliedGbina, in which they estimated a

carbon burdens rates that ranges from 0,5% in segiens to 1,5% in other regions.
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Fig. 3. Per capita carbon payment burden rate and>@enditure by median-high municipalities and

small municipalities (Spain, 2017)
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A detailed analysis of the carbon pricing scenaneighting both municipality
size and rural-urban residential zone, for the y&Hr7 is showed in Table 2. It allows
us to evaluate to what extent the regressivity ggad by the hypothetical green tax
reform could affect households. In dCF terms, thdan payment would be born to a
larger extend by rural households, regardless thricipality size where are located
(i.e., the R/U is always higher than 1). At the satime, on a per capita basis, the
families of small municipalities would face a canb@ax payment of 104 euros (0.42%
of burden rate), sharply larger than the 64 eurasl by people of medium-high
municipalities (0.76% of burden rate). Thus, themmopulation of small municipalities
and rural zones is the most vulnerable to the egfptin of carbon pricing, as other
previous studies have found, e.g., for Germanyl @idl Moeller, 2018)reland (Callan
et al., 2009) or China (Wang et al., 2019). It vibbE especially regressive on carbon
emissions from burning petroleum (i.e., gasolinadi@sel) and liquid and solid fuels,
which usually are fundamental in the energy pattdrrural households. As a result, a
green reform based on carbon pricing could generedéeris paribus expected
regressive effects on this population which mayoenage the depopulation process that

is hitting many rural municipalities of the “empBpain”.

Medium-high municipalities Small municipalities
Residential zone Residential zone
Total R/U Total R/U
Urban Rural Urban Rural

. cp 62.31 95.68 63.91 1.54 93.16 113.94 104.34 1.22
Direct CF

CBR 0.40% 0.78% 0.42% 1.92 0.65% 0.86% 0.76% 1.32

. cp 186.22 153.30 184.65 0.82 178.42 165.28 171.35 0.93

Indirect CF

CBR 1.21% 1.25% 1.21% 1.03 1.24% 1.25% 1.25% 1.00

. cp 96.32 77.45 95.42 0.80 90.98 84.23 87.35 0.93
Domestic

CBR 0.62% 0.63% 0.62% 1.01 0.63% 0.64% 0.64% 1.00

cp 89.90 75.85 89.23 0.84 87.44 81.05 84.00 0.93
Imported

CBR 0.58% 0.62% 0.58% 1.06 0.61% 0.61% 0.61% 1.01

F cp 248.53 248.98 248.56 1.00 271.58 279.22 275.69 1.03

CBR 1.61% 2.02% 1.63% 1.26 1.89% 2.11% 2.01% 1.11

Table 2. Carbon payment (CP) and carbon burden rat§d CBR) by municipality size and residential
zone in euros and percentages (Spain, 2017)

Looking at the iCF, we observe that the carbon &unctes are very similar for
both rural and urban household (i.e., R/U is vdoge to 1). This is due to the fact that
the emissions associated with the purchase of gandsservices grow driven by the
level of consumption, making that the carbon paynbainden rate ends up balanced for
ICFs in any environment. Also, it should be noteé enormous problems in truth

applying taxes on imports, since it involves skigpitrade agreements already
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established between countries and, therefore, negjunultilateral negotiations that
generally do not end in agreement given the impacthe competitiveness of the most
coal-intensive sectors, frequently relocated in ntoes with weak labour and
environmental regulations (Lopez et al., 2014).réfare, we find that regressivity of
carbon pricing applied on total CFs will heavilyfeat rural households, and such
regressivity will tend to be slightly higher in siinenunicipalities. In addition, the
regressivity found for these households will beagse influenced by their direct

emission patterns.

Finally, we go further by analysing regressivity tiype of consumption product
(i.e., the 47 COICOP categories) in Tables A1 adoAthe Appendix. It allows us to
highlight which are the goods and services morbaraintensive, and, by extension, to
point out in which items the carbon burden is moyacentrated. We find that 5 of 47
products concentrate the mayor part of the carbamdn (between 66% and 75%
depending on the type of household considered)he following order: operation
transport equipment, electricity gas and othersfuielod, transport services and catering
services. This is because of they are very carbtamsive goods (either directly or
indirectly) and also have a significant weight hne tfamilies’ consumption basket.
Focusing the attention in these carbon-intensiye fiee items, we observe several
differences in regressivity among households. Retance, rural households may be
more affected by carbon pricing on electricity, gasl other fuels, operation transport
equipment (i.e., private transport) and food (R/U)>while families settled in urban
zones could be more sensitive to carbon taxesamsport and catering services (R/U <
1). Besides, municipality size also is importanbkimg at product carbon burdens,

especially for energy goods and private and pukdiecsport.

4. Conclusions and policy implications

By employing an EEMRIO model adapted to the houlsishimm its consumption
based-approach we have verified that the Spaniskdhmlds’ have reduced their CFs
during the crisis (LOpez et al., 2016); howevencsi 2013, the return of economic
growth has boosted carbon emissions changing réniglt It has been pointed out that
the “relief by density” hypothesis is fulfilled i8pain, given that, on a per capita basis,
city and town dwellers emit fewer carbon emissidhan those settled in small
municipalities (between 0.34-0.54 t@€ap depending on the year analysed). Such
results are mainly due to the sharply unbalanadirgct emissions between both types
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of households, making evident that people living small settlements are more
dependent on private transport as well as canketddvantage of some infrastructures
as natural gas and public transport networks. @nctimtrary, we have found that the
ICF rises as the municipality size, mainly owinghe existing higher purchasing power
in cities. Besides, we have observed that sigmficaequalities also arise within
municipalities. Indeed, all the Gini indexes castatl (i.e., Income-Gini, CF-Gini, iCF-
Gini and dCF-Gini) reveal that inequality is alwalerger in the medium-high
municipalities. However, since 2012, there has lseennsiderable increase in the gap
of inequality between both types of municipalitiegyich has remained without falling
even in spite of the economic growth during thetjooisis years. Finally, because of
the division between municipalities raised could reflect rurality as such, we have
added rural vs urban residential zone as a comawéble, showing that the rural or
urban character of the household heavily affestgdirbon structure, but not especially

the figures of carbon emissions which largely dejsezn the municipality size.

At first glance, the statements above could sugtfest policy in favour of
population migrations towards the urban zones wdadeneficial for climate change
mitigation. Indeed, it could reduce @QCemissions through the lower need for
transportation to the city as well as to take athge of environmental economies of
scale linked to urban infrastructures. Nonetheléss urbanisation process would
require a vast increase in g@missions, above all if new infrastructure and ésrare
needed. On top of that, it could generate otheicatiproblems such as air pollution,
waste concentration, or overexploitation of natuméources. In this manner, the
urbanisation process and the fulfilment of theiéfeby density” hypothesis should not
be seen as an acceptable solution to climate chiaeges linked to the unsustainable
consumption pathway of Spanish households. Fornbalg CFs asymmetries is
necessary to create and upgrade infrastructurdaost the local economy of the small
settlements, making possible fewer polluting Iijésst for their inhabitants. In this way,
at least, they have the choice to meet their beestessities with goods and services that

are closer to their homes, as well as use morariele technologies and energy goods.

The CFs results above-shown determine adversabdistmal effects among
individuals in front of a possible carbon pricinglipy. However, regressivity is not
equal across municipalities, been always higher fmilies located in small

municipalities at every level of income. Ruralitg@is important for regressivity, given
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that it determinate the households’ emissions petteAccordingly, mitigation policies
based on carbon taxation should have in mind thdoca inequalities between
households depending on its location (i.e., the ionpality size) as well as its
residential nuances (i.e., rural vs urban zonepnter to avoid the lack of social
acceptance of green tax reform and the greatesaglaio disadvantaged households,
especially in municipalities little ones. It may éspecially useful to recycle the carbon
pricing revenues for implementing monetary compgosan the vulnerable population
as well as fighting against energy poverty. Thi®uwth be complemented by the
development of energy and transports infrastrustimerural environments along with
the establishment of subsidies for low carbon hiooiskeappliances and investments

electric photovoltaic self-consumption.

Appendix
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Medium-high municipalities Small municipalities

Residential zone Residential zone
Total RIU ————— Total R/U
Urban Rural Urban Rural

Food 24.35 22.99 24.28 0.94 24.03 25.21 24.67 1.05
Non-alcoholic beverages 2.00 1.89 1.99 0.95 1.85 1.67 1.76 0.91
Alcoholic beverages 1.57 1.37 1.56 0.87 1.51 141 1.46 0.94
Tobacco 3.60 3.63 3.60 1.01 4.08 4.12 4.10 1.01
Narcotics 1.48 1.48 1.48 1.00 1.48 1.48 1.48 1.00
Clothing 9.00 6.99 8.90 0.78 8.33 7.63 7.95 0.92
Footwear 2.78 2.17 2.75 0.78 2.50 2.52 2.51 1.01
Actual rentals for housing 1.54 0.49 1.49 0.32 0.96 0.43 0.67 0.44
Imputed rentals for housing 6.39 5.60 6.35 0.88 6.18 6.24 6.21 1.01
Maintenance and repair of the dwelling 1.46 1.78 1.48 1.22 1.72 1.98 1.86 1.15
Water supply and miscellaneous services relating
to the dwelling 2.44 1.14 2.37 0.47 1.51 0.93 1.20 0.61
Electricity, gas and other fuels 44.40 65.59 45.41 1.48 66.18 88.68 78.28 1.34
Furniture and furnishings, carpets and other floor
coverings 2.22 1.46 2.19 0.66 1.97 2.01 1.99 1.02
Household textiles 0.88 0.94 0.88 1.07 1.00 0.93 0.96 0.93
Household appliances 1.96 1.45 1.93 0.74 2.00 1.88 1.94 0.94
Glassware, tableware and household utensils 1.22 0.90 1.20 0.74 1.28 0.87 1.06 0.68
Tools and equipment for house and garden 0.47 0.54 0.47 1.16 0.45 0.62 054 139
Goods and services for routine household
maintenance 4.13 3.32 4.09 0.80 3.35 3.45 3.40 1.03
Medical products, appliances and equipment 3.65 2.70 3.60 0.74 3.21 2.81 2.99 0.88
Out-patient services 1.82 1.45 1.80 0.80 1.70 1.63 1.66 0.96
Hospital services 0.36 0.48 0.36 1.34 0.28 0.29 0.29 1.06
Purchase of vehicles 8.43 7.26 8.37 0.86 8.86 7.04 7.88 0.79
Operation of personal transport equipment 62.54 74.96 63.14 1.20 80.31 76.12 78.06 0.95
Transport services 17.30 8.04 16.86 0.46 9.33 6.46 7.79 0.69
Postal services 0.07 0.05 0.07 0.73 0.03 0.04 0.03 1.26
Telephone and telefax equipment 0.53 0.38 0.52 0.73 0.42 0.35 0.38 0.83
Telephone and telefax services 2.07 1.71 2.05 0.83 2.05 1.80 1.91 0.88
Audio-visual, photographic and information
processing equipment 1.25 0.82 1.23 0.65 1.09 0.74 0.91 0.68
Other major durables for recreation and culture 0.16 0.10 0.16 0.65 0.30 0.12 0.20 0.40
Other recreational items and equipment, gardens
and pets 2.51 2.61 2.52 1.04 2.84 2.36 2.58 0.83
Recreational and cultural services 3.75 2.90 3.71 0.77 3.68 3.13 3.38 0.85
Newspapers, books and stationery 1.14 0.58 1.12 0.50 0.90 0.62 0.75 0.69
Package holidays 1.71 0.89 1.67 0.52 1.30 0.97 1.12 0.75
Pre-primary and primary education 0.14 0.04 0.14 0.27 0.11 0.04 0.07 0.36
Secondary education 0.10 0.03 0.09 0.35 0.06 0.03 0.05 0.58
Post-secondary non-tertiary education 0.10 0.03 0.09 0.35 0.06 0.03 0.05 0.58
Tertiary education 0.26 0.07 0.25 0.28 0.27 0.12 0.19 0.45
Education not definable by level 0.35 0.26 0.35 0.75 0.22 0.21 0.21 0.96
Catering services 15.52 10.61 15.29 0.68 14.12 12.67 13.34 0.90
Accommodation services 1.72 0.67 1.67 0.39 1.29 1.01 1.14 0.78
Personal care 5.75 4.27 5.68 0.74 4.86 4.14 4.47 0.85
Prostitution 0.00 0.00 0.00 1.00 0.00 0.00 0.00 1.00
Personal effects n.e.c. 1.38 1.03 1.36 0.75 0.89 1.12 1.01 1.26
Social protection 1.06 0.87 1.05 0.83 0.56 0.67 0.62 1.19
Insurance 0.60 0.51 0.59 0.86 0.59 0.49 0.53 0.82
Financial services n.e.c. 1.42 1.35 1.42 0.95 1.09 1.08 1.08 0.99
Other services n.e.c. 1.07 0.59 1.05 0.55 0.89 111 1.01 1.24

Table Al. Carbon payment (CP) by type of product, municipaliy size and residential zone in euros
(Spain, 2017)
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Medium-high municipalities

Small municipalities

Residential zone

Total

Urban Rural
Food 0.16% 0.19% 0.16%
Non-alcoholic beverages 0.01% 0.02% 0.01%
Alcoholic beverages 0.01% 0.01% 0.01%
Tobacco 0.02% 0.03% 0.02%
Narcotics 0.01% 0.01% 0.01%
Clothing 0.06% 0.06% 0.06%
Footwear 0.02% 0.02% 0.02%
Actual rentals for housing 0.01% 0.00% 0.01%
Imputed rentals for housing 0.04% 0.05% 0.04%
Maintenance and repair of the dwelling 0.01% 0.01% 0.01%
Water supply and miscellaneous services
relating to the dwelling 0.02% 0.01% 0.02%
Electricity, gas and other fuels 0.29% 0.53% 0.30%
Furniture and furnishings, carpets and other
floor coverings 0.01% 0.01% 0.01%
Household textiles 0.01% 0.01% 0.01%
Household appliances 0.01% 0.01% 0.01%
Glassware, tableware and household utensils 0.01% 0.01% 0.01%
Tools and equipment for house and garden 0.00% 0.00% 0.00%
Goods and services for routine household
maintenance 0.03% 0.03% 0.03%
Medical products, appliances and equipment 0.02% 0.02% 0.02%
Out-patient services 0.01% 0.01% 0.01%
Hospital services 0.00% 0.00% 0.00%
Purchase of vehicles 0.05% 0.06% 0.06%
Operation of personal transport equipment 0.41% 0.61% 0.41%
Transport services 0.11% 0.07% 0.11%
Postal services 0.00% 0.00% 0.00%
Telephone and telefax equipment 0.00% 0.00% 0.00%
Telephone and telefax services 0.01% 0.01% 0.01%
Audio-visual, photographic and information
processing equipment 0.01% 0.01% 0.01%
Other major durables for recreation and
culture 0.00% 0.00% 0.00%
Other recreational items and equipment,
gardens and pets 0.02% 0.02% 0.02%
Recreational and cultural services 0.02% 0.02% 0.02%
Newspapers, books and stationery 0.01% 0.00% 0.01%
Package holidays 0.01% 0.01% 0.01%
Pre-primary and primary education 0.00% 0.00% 0.00%
Secondary education 0.00% 0.00% 0.00%
Post-secondary non-tertiary education 0.00% 0.00% 0.00%
Tertiary education 0.00% 0.00% 0.00%
Education not definable by level 0.00% 0.00% 0.00%
Catering services 0.10% 0.09% 0.10%
Accommodation services 0.01% 0.01% 0.01%
Personal care 0.04% 0.03% 0.04%
Prostitution 0.00% 0.00% 0.00%
Personal effects n.e.c. 0.01% 0.01% 0.01%
Social protection 0.01% 0.01% 0.01%
Insurance 0.00% 0.00% 0.00%
Financial services n.e.c. 0.01% 0.01% 0.01%
Other services n.e.c. 0.01% 0.00% 0.01%

Residential zone

R/U Total R/U
Urban Rural
1.19 0.17% 0.19% 0.18% 1.14
1.19 0.01% 0.01% 0.01% 0.98
1.10 0.01% 0.01% 0.01% 1.02
1.27 0.03% 0.03% 0.03% 1.09
1.26 0.01% 0.01% 0.01% 1.08
0.98 0.06% 0.06% 0.06% 0.99
0.98 0.02% 0.02% 0.02% 1.09
0.40 0.01% 0.00% 0.00% 0.48
1.10 0.04% 0.05% 0.05% 1.10
1.53 0.01% 0.02% 0.01% 1.25
0.59 0.01% 0.01% 0.01% 0.67
1.85 0.46% 0.67% 0.57% 1.45
0.83 0.01% 0.02% 0.01% 1.11
1.34 0.01% 0.01% 0.01% 1.01
0.93 0.01% 0.01% 0.01% 1.02
0.93 0.01% 0.01% 0.01% 0.74
1.45 0.00% 0.00% 0.00% 1.50
1.01 0.02% 0.03% 0.02% 1.12
0.93 0.02% 0.02% 0.02% 0.95
1.00 0.01% 0.01% 0.01% 1.04
1.69 0.00% 0.00% 0.00% 1.15
1.08 0.06% 0.05% 0.06% 0.86
1.50 0.56% 0.58% 0.57% 1.03
0.58 0.07% 0.05% 0.06% 0.75
0.92 0.00% 0.00% 0.00% 1.37
0.91 0.00% 0.00% 0.00% 0.90
1.04 0.01% 0.01% 0.01% 0.95
0.82 0.01% 0.01% 0.01% 0.74
0.82 0.00% 0.00% 0.00% 0.43
1.31 0.02% 0.02% 0.02% 0.90
0.97 0.03% 0.02% 0.02% 0.92
0.63 0.01% 0.00% 0.01% 0.74
0.66 0.01% 0.01% 0.01% 0.81
0.34 0.00% 0.00% 0.00% 0.39
0.44 0.00% 0.00% 0.00% 0.63
0.44 0.00% 0.00% 0.00% 0.63
0.36 0.00% 0.00% 0.00% 0.49
0.94 0.00% 0.00% 0.00% 1.04
0.86 0.10% 0.10% 0.10% 0.97
0.49 0.01% 0.01% 0.01% 0.85
0.93 0.03% 0.03% 0.03% 0.92
1.26 0.00% 0.00% 0.00% 1.08
0.94 0.01% 0.01% 0.01% 1.37
1.04 0.00% 0.01% 0.00% 1.29
1.08 0.00% 0.00% 0.00% 0.89
1.20 0.01% 0.01% 0.01% 1.08
0.69 0.01% 0.01% 0.01% 1.35

Table A2. Carbon burden rate (CBR) by type of product, municpality size and residential zone in

percentages (Spain, 2017)
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