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This paper tests the hypothesis that female and male breadwinner household present significant differences in the
greenhouse gases (GHG) emissions patterns induced by consumption. We investigate this issue by studying a
sample of consumption basket of Spanish households for 2008, 2014, and 2018, linking consumption levels with
emissions by means of input-output analysis. Once a vector of GHG emissions have been calculated for each
household sampled, we apply the Propensity Score Matching estimator to analyze the mean difference between
households with female and male breadwinners, finding a significant negative effect of having female bread-
winner households on the GHG emissions patterns derived by household energy consumption, mainly due to the
larger use of private transport by male breadwinner households. These results contribute to the growing demand
for studies linking environment and gender and to expose the role of women in sustainable energy production
and consumption. Therefore, policies that encourage the inclusion of women in different economic activities are

also likely to have climate related benefits.

1. Introduction

Female Breadwinner Households (FBH), a term used to refer to
women being main supplier of income within the household (Kowa-
lewska and Vitali, 2021), account for a significant proportion of
households across developed countries nowadays (Winkler et al., 2005;
Wang et al., 2014; Wooden and Hahn, 2014), being a relatively new
phenomenon around the world that could differ from traditional gender
roles and family dynamics.

The growing presence of FBH might be explained by different factors,
being education one of the most relevant. In recent decades, women
have increased their level of education more intensively than men, both
in quantity and quality (Klesment and Van Bavel, 2017). This educa-
tional advancement among women is closely linked to an increase in
employment rates and rising presence of women in human capital elite
(Malinowski and Jabtonska-Porzuczek, 2020; Biihler et al., 2023),
which, in turn, could be influencing the increase of FBH. However, little
is known about the consequences that this structural change within
households might entail, both at aggregated level as well as in terms of
the internal organization of the households.

An increase in economic resources provided by women might lead to
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an increase in female bargaining power within the household (Antman,
2014) and, consequently, in the demand for certain goods and services
and modifying the structure of the household consumption (Bourgui-
gnon et al., 1993), even when total household income is fixed (Duncan,
1990; Schultz, 1990). One example is the housing reform policy in China
that transferred property rights of rented homes to individuals; when
rights were given to women, the increased female bargaining power
within the household lead to a reduction of household consumption of
some goods preferred by men (Wang et al., 2014). Thus, policies
designed to increase women’s education, employments rates, economic
resources, or reduce gender inequalities in accessing higher positions
can indeed lead to a rise in the prevalence of FBH, thereby altering
household consumption patterns.

Literature indicates that women tend to exhibit environmentally
conscious behaviors such as recycling, minimise waste, buy organic food
and eco-labeled products, engage in water and energy saving initiative,
and have more knowledge and concern for environmental issues
compared to men (Yaccato and Jaeger, 2003; Johnson-Latham, 2007;
Kaenzig et al., 2013; Khan and Trivedi, 2015). The different environ-
mental concern might influence a demand for different products and
services, leading to different consumption patterns between women and
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men as recent studies evidenced. Women tend to be more engaged with
brand and make more impulse purchases (Tifferet and Herstein, 2012).
They are less likely to order large portions of food, prefer home -cooked
meals, and eat more sweets, fruit, and vegetables; on the contrary, men
consume higher quantities of fats, oils, beverages, and animal products
(Bilouka and Utermohlen, 2000; Baker and Wardle, 2003; Liebman
et al., 2003; Wansink et al., 2003; Greene-Finestone et al., 2005). In
terms of transport, women are more likely to walk and, in most cities, to
use public transport than men (Prati, 2018; Goel et al., 2023).

Household emissions contribute substantially to national greenhouse
gases (GHG) —59% in Canada (Maraseni et al., 2015), 74% in the United
Kingdom (Baiocchi et al., 2010) and over 80% in the United States
(Jones and Kammen, 2011). These figures put the spotlight on the role of
household consumption patterns as crucial element in global warming
(Munksgaard et al., 2000; Long et al., 2021). Moreover, the rise in the
number of FBH marks a significant trend with the potential to impact
this dynamic. Vitali and Mendola (2014) shows how this shift is mani-
festing across some European countries. For instance, Ireland experi-
enced a notable increase in FBH from 10% to 23.8% between 2004 and
2010. In Southern European countries, —including Greece and Spain—
the share of FBH rise from 10% in 2004 to 18% in 2010, with Greece
experiencing the most dramatic increase from 8% to 24%. These ex-
amples illustrate the profound structural changes underway. Therefore,
the new role of women in defining household consumption patterns
might have a significant impact in household emission level and so in
national ones.

In this context, this paper answers the following research question:
are the GHG emissions embedded in the consumption pattern of FBH
and Male Breadwinner Households (MBH) significantly different due to
gender! differences exclusively? If this is the case, the increasing
participation of women as breadwinner of households would not only
impact on socio-economic indicators but will also have environmental
consequences.

To answer this question, we consider Spain as case of study, an
economy that has experienced an important and intensive growing
incorporation of women to labour market since the 1980s (Duarte et al.,
2019). According to Spanish Ministry of Labor and Social Economy
(2021), between 2007 and 2021, women aged 45-54 experienced a
much higher increase in the labour force (59.2%) than men of the same
age (28.4%). Additionally, women represented more than the half of
employees with tertiary education (53.1%) with an upward trend. Fe-
male workers with the highest level of education have increased by
51.5%, compared to a smaller increase of male workers (28.3%). These
changes reflect in the growing presence of FBHs, which have increased
from less than 14% in the early 1980s to 36% in 2022 (Aldas and Solaz,
2017; INE, 2024). Additionally, Vitaly and Arpino (2016) research
provides evidence that Spain exhibits the highest predicted probabilities
of observing a female breadwinner when compared to other European
countries.

This paper aims at studying the differences in emission between
Spanish FBH and MBH by applying the so-called Propensity Score
Matching (PSM) estimator, which quantifies average differences be-
tween two groups with identical characteristics excepting the classifi-
cation (treatment) of interest: being the breadwinner a woman or a man.
The analysis includes emissions derived from consumption baskets
comprising 39 products —grouped into 12 COICOP? categories—. These

1 Databases used in this study only allow us to know the “sex” of individuals,
a term primarily associated with biological attributes. Although “gender” is not
explicitly present in the data, we use this term in this paper as it represents
better issues related with socialization (Rippon, 2019), particularly in the
context of the purchase of goods and services under the shadow of “feminine”
and “masculine.”

2 COICOP is the acronym of “classification of individual consumption by
purpose”.

Energy Policy 190 (2024) 114144

commodities are produced by 62 industries that generate emissions of 6
GHGs aggregated in CO; equivalent units, including direct and indirect
GHG emissions derived from households’ consumption expenditure, and
households’ consumption of energy goods. In other words, this study
incorporates the emissions derived from energy consumption from (i)
domestic energy use (e.g., gas for cooking), (ii) private transport energy
use (e.g., gasoline), and (iii) energy use derived from all production
chain to produce any other product.

Estimations are made for the decade 2008-2018, taking 2008, 2014
and 2018 as relevant milestones characterized by significant economic
events for the Spanish economy. The more male-dominated sectors
—manufacturing and construction— suffered the first and most direct
effect of the financial crisis started in 2008, leading a reduction of
gender employment gap and the subsequent increasing of FBH. How-
ever, when the first wave of the crisis began to wane, the gender
employment gap stopped decreasing and levelled off, partly due to the
mid and long-term consequences of the crisis in the more feminised
services sectors, such as health and social work or education. The re-
covery from 2014 onwards lasted until the COVID-19 crisis in 2020,
with the year 2018 serving as a pre-COVID reference point (Serrano
et al., 2020).

Studies relating households’ consumption and environmental im-
pacts have been increasing since the pioneering work of Herendeen and
Tanaka (1976), who found that households consume more energy
indirectly thought the purchase of goods and services than directly
though the consumption of energy itself. Household income has been
identified as one of the main factors that impact the environment
(Duarte et al., 2021), being a high correlation between household in-
come and energy requirement or emissions (Vringer and Blok, 1995;
Pachauri and Spreng, 2002; Reinders et al., 2003; Bin and Dowlatabadi,
2005; Lenzen et al., 2006; Jiang et al., 2020). Household demographic
characteristics —including changes in population size, urbanisation,
and the size, age, and sex households’ composition— also have a great
influence in household energy consumption and therefore environ-
mental footprint (O’ Neil et al., 2001; Zhou and Yang, 2016; Dubois
et al., 2019; Yu et al., 2022).

However, the potential effect of the feminisation on GHG emissions
have not been fully studied yet. Exceptions are Raty and
Carlsson-Kanyama (2010) and Toro et al. (2019). Raty and
Carlsson-Kanyama (2010) estimate energy use derived from consump-
tion of female and male one-person households for Germany, Norway,
Greece, and Sweden to analyze differences between both groups. Results
show differences in Greece and Sweden, where in general men living
alone use more energy than their female counterparts. The largest dif-
ferences were found in energy use derived from consumption of trans-
port, as well as the consumption of catering, and alcohol and tobacco
goods. These results were confirmed by Toro et al. (2019), who analyze
the carbon footprint of female and male one-person household in Spain
from 2008 to 2013, employing econometric methods to capture the
differences. These two studies were the first to report gender differences
in environmental responsibility derived from consumption of energy use
and carbon footprint.

This paper, however, goes further, by (i) measuring differences in
environmental impact based on the gender of the main breadwinner of
the household, encompassing all type of households rather than focusing
only on one-person households to consider the diversity of Spanish
household structure and to capture a more accurate representation of
Spanish society, and (ii) analysing the differences in GHG emissions
between FBH and MBH by using statistics techniques that control for
household characteristics other than gender. This strategy is particularly
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relevant, since FBH have different characteristics than MBH: female
breadwinner® has higher level of education and higher labour force
participation rates (Raley et al., 2006; Vitali and Mendola, 2014), are
older (Bloemen and Stancanelli, 2015), and live in smaller household
(Bianchi et al., 1999) than male breadwinner.

The rest of the paper is organized as follows. Section 2 describes the
database and the required data processing to produce our estimates.
Section 3 describes the methodologies employed to attribute GHG
emissions to consumptions and to estimate the average effect of gender.
Finally, Section 4 presents the main results, and Section 5 summarizes
the conclusions of the study.

2. Databases

The Spanish Statistical Office (INE) compiles the official and publicly
available data required to estimate the GHG footprint of Spanish FBH
and MBH. This section describes the three statistical data sources used in
our study: the Spanish Input-Output Tables (IOT) estimated from Supply
and Use Tables (SUT, INE, 2019a), the Environmental Accounts (INE,
2019b), and the Household Budget Survey (HBS, INE, 2019c). Addi-
tionally, these datasets are combined with supplementary information
that allows to link sectorial indicators in the IOT with HBS microdata,
the so-called bridge matrix (Denmark Statistik, 2019).

The Spanish INE compiles a national input-output framework by
producing SUTs on a yearly basis, which allows for estimating IOTs from
SUTs at different levels of aggregation for the years 2008, 2014 and
2018. Some analytical steps are necessary to compile these IOTs. For the
transformation of SUT into IOT, some assumptions must be made, and
adjustments are required. The format of an IOT can either be made based
on an industry-by-industry (NACE*) or product-by-product (CPA®)
classification and can be based on four basic assumptions (Eurostat,
2008, p.347). The most suitable case for this analysis is the
product-by-product IOT under the product technology assumption
(Model A). This technique assumes that each product has been produced
in its own specific way, irrespective of the industry or sector where it is
produced. While the data in SUT are given in purchase and basic prices,
the resulting IOT must satisfy the pricing homogeneity assumption by
generating all elements at basic prices (Eurostat, 1996; United Nations,
1999). This method is, however, likely to give some negative values that
require the application of numerical algorithms to adjust it. One of these
methods is the bi-proportional RAS technique (Stone, 1962; Bacharach,
1970; Golan et al., 1994).

The atmospheric emissions accounts, that are organized annually
from 1995 to 2019, are a multi-purpose data system that encompasses a
conceptual framework and tables describing the interrelationships be-
tween the economy and the environment in a manner consistent with
the national accounts. For the purposes of this study, we use the 6 pol-
lutants related to GHG. Specifically, carbon dioxide (CO:), methane
(CHa4), nitrous oxide (N20), sulfur hexafluoride (SFs), hydro-
fluorocarbons (HFCs), and perfluorocarbons (PFCs), all gases are
aggregated in equivalent CO> units generated by each economic activity
and households as final consumers. One of the characteristics of the
atmospheric emissions account is that are classified by industry, while
10T estimates are product-by-product. Therefore, a method to transform
the atmospheric information from industries to products is required. As

3 It is worthy to explain the difference between “female (male) breadwinner”
and “female (male) breadwinner household”. We use “female (male) bread-
winner” when we refer to individual characteristics of the main breadwinner,
such as age and educational level. In contrast, we use “female (male) bread-
winner household” when we refer to the attributes of the entire household.

4 NACE come from the French Nomenclature statistique des activités
économiques dans la Communauté européenne and refers to the “statistical clas-
sification of economic activities in the European Community.”

5 CPA is the acronym of “classification of products by activity.”
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in previous sections and following Eurostat (2008, p.347), we applied
the product-by-product classification under the industry technology
assumption (Model B),® assuming each industry has its own specific way
of producing atmospheric emissions independently of its product mix.
We obtain the GHG related gases of Spain of 2008, 2014 and 2018 from
the different economic sectors and households as final consumers
consistent with the NACE/CPA classifications.

The HBSs are national surveys that focus primarily on household
consumption expenditures of goods and services. They provide infor-
mation on the nature and destination of consumption expenditures, as
well as various household characteristics and of its members such as
education level, age, and sex of the main breadwinner.” Consumption
figures are classified according to the COICOP European classification,
which structures consumption in 12 large products categories
comprising 39 different products (see Annex A for more details). Ex-
penditures in HBS are represented under COICOP classification at pur-
chase prices, while IOT and GHG emissions are estimated under NACE/
CPA classification at basic prices. The bridge matrix allows for solving
this problem. The bridge matrix connects macroeconomic data classified
according to the NACE/CPA classification with microeconomic data
following the COICOP classification. Therefore, it is necessary to esti-
mate an annual series of bridge matrices that homogenises the different
classifications and principles. Given a lack of an officially estimated
Spanish bridge matrix publicly available, we take as priori the annual
Danish bridge matrix (Denmark Statistik, 2019) corresponding to each
year and we have adjusted to the observed totals of the Spanish economy
by applying the RAS method.®

3. Methodologies
3.1. Estimating GHG emissions embedded in household consumption

Analyzing the difference of environmental impacts derived from
consumption patterns of FBH and MBH requires, first, to estimate GHG
emissions embedded for each consumption basket of each household.
Quantifying environmental footprints in our analysis implies the esti-
mation of all GHG generated direct and indirectly by any unit of goods or
services consumed. In other words, we consider the emissions produced
directly when the combustion of any energy products —i.e., driving a
car— takes place, as well as all emissions embedded in the whole pro-
duction chain of the production of each product consumed; this implies
to consider the emissions of a product and the emissions of the inputs
needed to produce such product and so on.

Following Roca and Serrano (2007) and Eriksson et al. (2021), direct
and indirect emissions of each household are defined as a function of h
different GHG gases and p different COICOP products as’

HE=FLB¢ + Ec = Mc + E¢ (€D)]

6 The main reason to apply this strategy was the difficulty to solve the
negative values with the RAS technique in this context. Although this approach
is not the same as procedure followed for the IOT estimations, it does not get
too far from the reality either.

7 Definition used by Household Budget Survey to determine the main
breadwinner of a household is the “household member 16 years old or older,
whose regular (not occasional) contribution to the common budget is used to
cover household expenses to a larger extent than the contributions of each of
the other members” (INE, 2019¢).

8 A proper comparison was conducted between the estimated 2010 Spanish
bridge matrix based on the published by Cazcarro et al. (2020) and the based on
the Danish bridge matrix, revealing no significant disparities.

9 Matrices are indicated by bold, upright capital letters; vectors by bold,
upright lower-case letters; and scalars by italicized lower case letters. By defi-
nition vectors are columns, so that row vectors are obtained by transposition
indicated by a’. A circumflex indicates a diagonal matrix with the elements of
any vector on its diagonal and all other entries equal to zero.
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Direct emissions from households are represented by E¢, being E the
intensity matrix of direct household emissions, whose elements repre-
sent the direct emissions of pollutant h associated with each monetary
unit spent on a consumption purpose p, and ¢ the expenditure on each of
the p COICOP products on the household consumption basket. Under
COICOP classification, direct household emissions derive from the
consumption of 4.5: “Electricity, gas, and other fuels” and 7.2: “Opera-
tion of personal transport equipment,” specifically 7.2.2: “Fuels and
lubricants for personal transport equipment.”

Indirect GHG emissions from households’ consumption are repre-
sented by Mc, where M (M = FLB) is the multiplier matrix that ex-
presses emissions produced in industry n generated by a monetary unit
spent on each p COICOP product in the consumption basket of each
household. In this expression, F is the emission coefficient matrix that
represents the amount of each h atmospheric pollutants generated by
one unit of product of industry n, whose element f;=6p;/x; is defined as
the total amount of each atmospheric gas measured in physical units
(0r), per unit of each industry product (x;).

Matrix L = (I — A)"! is the Leontief inverse, being I the identity
matrix of appropriate dimension and A the matrix of total technical
coefficients. The Leontief inverse gathers all the sectoral in-
terdependencies in the economy and its typical element [; shows the
total output from sector i required to satisfy an extra unit of final de-
mand from sector j.

B is a matrix of aggregated commodity of consumption that relates n
products under CPA with p COICOP products. Matrix B, the bridge
matrix, is essential to the analysis since it allows us to connect macro-
economic data classified by industries (or products by activities) —such
as matrices L. and F— with data classified by consumption purposes
—such as the information from microeconomic databases from vector c,
that represents the expenditure on each of the p COICOP products. Due
to matrix B characteristics, GHG emissions embedded in consumption
are calculated at the two-digit COICOP detail. Afterwards results are
aggregated at one-digit COICOP level for illustration purposes. Because
of this aggregation, the outcomes not only depend on the expenditure on
each product at two-digit COICOP level, but also on the expenditure
distribution on each product within the group at one-digit COICOP level.

Finally, HE is the matrix containing the emissions embedded in each
consumption basket of each household.

3.2. Quantifying female and male breadwinner household’s differences in
GHG emissions patterns by means of Propensity Score Matching estimator

Once the GHG emissions have been estimated for each one of the
households included in the HBS, we could identify that the total
household GHG emissions in 2008, 2014, and 20,218 account for
approximately 47% of the national total GHG emissions (see Annex B).
Specifically, FBH —without adjustment— contribute to 10-13% of the
national total GHG, while MBH make up 33-38%. Moreover, this section
aims to investigate if there are significant differences in the GHG levels
that can be attributed just to gender. This research questions lies in the
field of identifying the effect of a treatment (having a female bread-
winner) between an effectively treated group (the FBH) and a control
group (the MBH).

Identifying FBH in the HBS samples is straightforward, since the
household files details the characteristics of every household member
and identify the main breadwinner for each household sampled.
Following this criterion, those households on which the main bread-
winner is a female will be categorized in our study as FBH. With this
classification in mind, we have studied the HBS samples of households
for each year considered, which after some data cleaning (e.g., elimi-
nating households not reporting monetary consumption or other vari-
able of interest), leaves us with a sample size of a total of 64,538
households (approximately 21,500 per year), of which approximately
30% corresponds to cases for which the breadwinner is a female
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individual.

Table 1 shows summary statistics of the household characteristics
distinguishing between FBH and MBH calculated using the type of
households at population level with the equivalent household size
correction reported in the HBS to facilitate more accurate comparisons
between types of households. Corresponding standard deviations are
provided in parentheses below each statistic for clarity.

Total GHG emissions have been estimating through equation (1);
results show that MBH contribute to 69-75% of Spain’s total household
emissions in the studied period. Additionally, in terms of consumption
patterns (kilograms of CO; equivalent per €1000 spent), FBH exhibit
5-10% higher emissions than MBH on average, due to the disparity of
the ratio between emissions and expenditures of FBH and MBH.

Spanish FBH differ from MBH in several aspects. Regarding expen-
diture level, MBH outspend FBH by about 240-630 euros. On average,
FBH lived in smaller families and reside in denser areas. The size of
household can affect emission footprints, with evidence suggesting that
smaller families may produce higher emissions due to less efficient
sharing of resources that emit carbon, indicating an economy of scale for
larger families. Conversely, living in urban settings is often linked with
lower GHG emissions compared to rural areas (Ala-Mantila et al., 2014).
Furthermore, female breadwinners tend to be older, and considering the
findings of studies such as Chancel (2014), it is observed that generation
such “baby boomers” have a stronger tendency to emit more CO; than

Table 1
Descriptive statistics of household characteristics of female and male bread-
winner households. Spain 2008, 2014, and 2018.

2008 2014 2018
Total (number of households)
FBH 4,642,774 6,064,084 6,265,044
MBH 12,257,274 12,115,457 12,236,506

Total greenhouse emissions (tons of equivalent CO5)
FBH 27,580,304 27,888,991 30,360,711
MBH 84,373,166 63,470,750 67,564,621

Mean household emissions per thousand € (kilograms of equivalent CO,/
thousand €)

FBH 248.14 206.89 200.36
(-1.91) (-1.42) (-1.57)
MBH  222.62 196.13 188.99
(-1.08) (-1.05) (-1.1)
Mean annual household expenditure (€)
FBH 18,128.53 16,147.56 17,898.21
(-223.17) (-147.12) (-146.54)
MBH  18,372.06 16,675.21 18,529.16
(-110.05) (-99.81) (-117.45)
Mean age of main breadwinner (years)
FBH 55.35 55.07 56.76
(-0.32) (-0.27) (-0.27)
MBH  50.86 53.14 54.25
(-0.16) (-0.16) (-0.16)
Mean household size (number of persons)
FBH 2 2.13 2.07
(-0.02) (-0.02) (-0.02)
MBH 287 2.67 2.66
(-0.01) (-0.01) (-0.01)
Mean education level of main breadwinner
FBH 1.71 1.86 1.91
(-0.01) (-0.01) (-0.01)
MBH 1.67 1.78 1.85
(-0.01) (-0.01) (-0.01)
Mean degree of urbanization
FBH 1.64 1.66 1.67
(-0.01) (-0.01) (-0.01)
MBH 1.77 1.78 1.79
(-0.01) (-0.01) (-0.01)

Note: Female breadwinner household (FBH). Male breadwinner household
(MBH). Figures in parentheses indicate standard deviations. Level of education
is measured in a scale from 1 to 3 (1 first cycle or less; 2 secondary; 3 university).
The degree of urbanization is a categorical variable in a scale from 1 (densely
populated) to 3 (sparsely populated).

Source: Own elaboration
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former and later generations. Research by Toro et al. (2019) analyze the
interplay of age and gender suggests that aging has a less pronounced
effect on emissions among men than women, pointing to varying
behavioral patterns across gender as they age. Additionally, Table 1
shows that female breadwinners had slightly higher levels of education
compared to their male counterparts, potentially contributing to lower
CO; emission considering that education could foster environmental
awareness and sustainable practices (Zaman, et al., 2021).'° Therefore,
it is challenging to isolate the influence of the main breadwinner’s
gender on households’ emissions levels without being influenced by
other characteristics.

In other words, Table 1 reveals that, irrespectively of the year
considered, FBH have higher polluting patterns for euro spent than MBH
on average. But part of that difference could be attributed to other
household characteristics apart from the gender of their main bread-
winner. For example, it is expected that the size of the household or the
household income affects the consumption basket making the GHG
emissions to vary, and FBH present differences on these characteristics
when compared to MBH —as Table 1 suggests. This should be accounted
as an effect of these characteristics and not should be attributed as an
effect of gender.

Therefore, a “treatment effect” problem is faced, which refer to the
causal effect of a binary variable (female breadwinner and male
breadwinner) on an outcome (emission patterns). The principal econo-
metric problem in the estimation of treatment effects is selection bias,
which arises from the fact that treated individuals (or households) differ
from the non-treated for reasons other than treatment status per se.
Several methods can be found in the literature to study the treatment
effect (Frolich and Sperlich, 2019).

One straightforward way of quantifying the effect of gender on
emissions is through regression analysis, on which our variable of
emissions is regressed on several observable characteristics
—covariates—, including a dummy for the gender of the main bread-
winner. The estimate of the coefficient on this dummy would be taken as
the “gender effect”. This approach can be problematic in our context,
since regression analysis typically assumes that covariates are not
correlated with the residual. However, if selection effects are present,
the residual in the regression can be correlated with the independent
variables, including our dummy for gender, producing an endogeneity
problem.

In particular, a potential problem of selection bias could be present in
our analysis, given that households with female breadwinners are not
purely randomly observed, which produces results that not only show
the effect of the female breadwinner itself, but also the effect of variables
affecting the probability of being a breadwinner. In other words, a
classical regression analysis is problematic in such a case.

The strategy proposed by Rosenbaum and Rubin (1983) suggesting
the use of a propensity score (PS) is a natural way to address the prob-
lem. The application of this strategy to our problem allows for control-
ling both for differences in characteristics and selection bias by, roughly
speaking, comparing FBH and MBH with identical observable charac-
teristics. More technically, we rely on a nonexperimental evaluation
method known as Propensity-Score Matching (PSM), which in recent
years has become one of the preferred methods for estimating inter-
vention impacts using comparison group data and has gradually

10 Given data limitations, an exhaustive analysis of emissions in recent periods
is not possible. The 2022 HBS, nonetheless, corroborates the trends identified in
Table 1 regarding household demographics characteristics. However, it reveals
an interesting shift: in 2022, FBH on average spent approximately €97 more
than MBH. Our analytical methodology should neutralize the influence of this
differential in expenditure by matching households on several key character-
istics, including spending levels, thus ensuring the comparison remains unaf-
fected by the increased spending observed among households. (See Annex D for
more details).
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replaced more traditional strategies as estimating regression equations.
PSM, originally proposed in Rosenbaum and Rubin (1983), is a partic-
ular variant of the matching techniques that aim at matching individuals
belonging to each one of the comparison groups, given they have similar
observables. More specifically, PSM uses information from a pool of
units that do not present the characteristic of interest —i.e., MBH— to
identify what would have happened to the units that do present that
characteristic —i.e., FBH— in the absence of it (Abadie and Imbens,
2006; Cattaneo, 2010; Abadie and Cattaneo, 2018).

The intuition of PSM is being as close as possible to a case on which
randomized trials are the basis for evaluating the effect of certain
treatment: when experimental designs are not possible, the assignment
to treatment is usually non-random, since the units that receive it and
those that do not receive it may differ also in other characteristics that
affect both participation and the outcome of interest. Matching methods
try to avoid the bias that this could generate by finding a nontreated unit
as similar as possible to a participating unit, estimating the effect of
interest as the difference in outcome between both units. Averaging
across all the sampled units, these procedures produce estimates of the
mean effect."’

The basic PSM formulation can be expressed as follows:

p(X)=Pr(W=1[X) = E(W|X) 2

where W = {0,1} is a binary indicator reflecting exposure to treatment
and X is the multidimensional vector of characteristics. In our study, X is
given by the logarithm of the annual household expenditure measured in
euros, the household size expressed as the sum of all its members, the
number of children living in the household, the age of the main bread-
winner (and its square), the level of education of the main breadwinner
(as a categorical variable that takes value 1 for primary education or
less, 2 for secondary education, 3 for university education). To better
classify between treatment and control groups, we have interacted the
variables of education and household size with the log of household
expenditure as well. Additionally, contextual variables that describe the
environment on which the household lives are considered, in the form of
regional dummies and a categorical variable that reflect the degree of
urbanization of the municipality of residence (1 for high, 2 for medium
and 3 for low population density).?

Two conditions are needed too properly apply PSM: (i) covariates
and outcomes must be balanced in both the control and treatment
groups; and (i) each sample has a probability of receiving the treatment
(or not) greater than zero, well-known as the overlap assumption. The
available data provide a suitable problem to solve with a treatment ef-
fect considering the own characteristics of the database, where the re-
sults would make it possible to observe the differences in GHG emissions
between households without biasing the results (see Annex C for more
details).

4. Results and discussion

This section studies the differences in GHG emissions estimated
applying the PSM estimator. GHG emissions —measured in kilograms of

11 In this section we have applied the psmatch command of Stata 16 software.
12 Culture, religion, ethnicity, and other societal practices might have in
shaping consumption patterns and their potential impact on our research out-
comes. However, Spanish HBS does not encompass such information. This
limitation is partially mitigated in the study by considering dummies to capture
geographical (NUTS dummies) and rural-urban differences, which indirectly
reflect aspects of culture and practice. On the other hand, HBS provides valu-
able insights into actual purchases made by different households. Purchasing
decisions are influenced by a multitude of factors, including but not limited to
religion, culture, ethnicity, and societal norms. Therefore, in a certain sense, the
differences arising from these cultural and practice-related factors are already
reflected in the observed purchasing patterns within the HBS data.
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equivalent CO: per €1000 spent— include direct and indirect emissions
embedded in households’ consumption generated in 2008, 2014, and
2018.

Our analysis is implemented in two stages: first, we estimate the
average effect of receiving the treatment of having a female breadwinner
for each one of the years studied, to later apply the same PSM estimator
to 12 COICOP categories, also including the detail for products related to
direct household emissions derived from domestic energy use and pri-
vate transport energy use 4.5: “Electricity, gas and other fuels” and 7.2:
“Electricity, gas and other fuels.”

Following this organization, Table 2 shows the results of the effect of
FBH on total GHG emissions per €1000 embodied in consumption.

These results show the presence of a significant negative effect of
FBH on GHG emissions patterns. Taking the average of 2008, 2014, and
2018, FBH emit approximately 12.5 kg less GHG for each €1000 spent
than an “identical” MBH: when households with the same characteristics
(expenditure level, education, age, number of adult members, number of
children members, density, and region) are compared, FBH are signifi-
cantly less emitters than MBH over the years.'?

One natural question that might arise from these results is if the
average treatment effects estimated for the emissions are distributed
uniformly across products or if there is some heterogeneity. To answer
this question, the previous analysis applying the PSM estimator is
replicated for each one of the 12 COICOP categories, also considering
products related to direct household emissions in 2008, 2014, and 2018.

Table 3 shows the results for the 12 COICOP categories with the
disaggregation of the products related with emissions derived from
domestic energy use and private transport energy use. The category 04:
“Housing, gas, and other fuels” does not present significant differences
between FBH and MBH, specifically the one related with domestic en-
ergy use 4.5: “Electricity, gas, and other fuels.” Moreover, the category
7: “Transport” provides the largest differences and shows a significant
negative average treatment effect for FBH. In other words, FBH emits on
average across the three years studied, 13 kgs of equivalent CO, per
€1000 spent in 07: “Transport” less than an equivalent MBH. Similar
figures correspond to the category 7.2: “Operation of personal trans-
port”, being the product directly related with private transport energy
use.

These findings align with reach by Raty and Carlsson-Kanyama
(2010) and Toro et al. (2019), which identifies those predominant dif-
ferences in energy consumption and emissions levels between individual
women and men —measured considering one-person households— are
produced by the consumption of private car use by male one-person
households. However, in the category “Other transport,” that includes
7.1: “Purchase of vehicles” and 7.3: “Transport services”, we found an
average treatment effect with a reverse sign, where FBH emit on average
2 kgs of equivalent CO2 per €1000 spent more than MBH. This results,

Table 2

Estimate of the average treatment effect on greenhouse gas emissions patterns
(in kilograms of equivalent CO2 per €1000) of female breadwinner households.
Spain 2008, 2014, 2018.

Average treatment effect of female breadwinner Coefficient

2008
2014
2018 —15,264***

Note: Propensity Score are estimated by means of a probit model.
Legend. *p < 0.1. **p < 0.05. **p < 0.01.
Source: Own elaboration

3 The results were also verified using the Blinder-Oaxaca decomposition
method, which yielded consistent findings with the main conclusions. The de-
tails of this supplementary analysis are available upon request.
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Table 3

Estimate of the average treatment effect on greenhouse gas emissions patterns
(in kgs of equivalent CO2 per €1000) of female breadwinner households by
products categories. Spain 2008 , 2014, 2018.

Products categories Average treatment effect of female

breadwinner

2008 2014 2018
Food and non-alcoholic beverages —1.785%* —0.366 —0.662
Alcoholic beverages and tobacco —0.335%** —0.219%** —0.068***
Clothing and footwear 1.436%** 0.563*** 0.286%**
Housing, gas, and other fuels —0.252 1.046 1.033
Other households’ maintenance 0.496* 0.289 0.428%*
Electricity, gas, and other fuels —0.748 0.757 0.605
Furniture, household equipment, 0.139 0.144 0.109

etc.
Health 0.183* 0.207**
Transport . —9.518%** —16.601%**
Other transport 2.389%** 1.777%** 2.301 %%+
Operation of personal transport —15.872%* —11.294%**  —18.902%**
equipment

Communications 0.335%** 0.236%** 0.172%**
Recreation and culture —0.123 0.240
Education 0.060** 0.072%**
Restaurants and hotels —2.161%** —1.373%** —1.876%**
Miscellaneous goods and services 1.917%** 0.862%** 1.824%**

Legend. *p < 0.1. **p < 0.05. ***p < 0.01.
Source: Own elaboration

particular under the umbrella of 7.3: “Transport services”, which in-
cludes emissions associated to the use of public transport services, such
results are not surprising and in line with existing studies indicating a
higher propensity for public transport usage among women (Prati, 2018;
Goel et al., 2023).

Similar outcomes are found for emissions throughout the production
chain to produce any other product such as in category 11: “Restaurant
and hotels”, which presents a significant negative average treatment
effect for FBH when compared to equivalent MBH counterpart: FBHs
emit on average along the years studied 1.8 kgs of equivalent CO, per
€1000 spent in 11: “Restaurant and hotels” less than similar MBHs.
These results corroborate existing research, which suggests that women
are more likely to eat at home, while men eat out (Liebman et al., 2003).
Finally, in categories such as 03: “Clothing and footwear”, 12: “Miscel-
laneous goods and services”, and 08: “Communications”, FBHs produce
significantly more emissions per €1000 than equivalent MBHs.

To better see changes across years, Fig. 1 complements results of
Table 3 by facilitating a more comprehensive comparison. In Fig. 1,
COICOP categories below the zero threshold (negative values) indicates
that female breadwinner households tend to produce lower greenhouse
gas emissions per 1000 euros spent, thereby suggesting less-polluting
behaviors relative to their male counterparts. Conversely, categories
above the zero threshold (positive values) imply that female bread-
winner households are related with higher emission patterns than male
breadwinner households.

Hence, the findings illustrate a distinct connection between indi-
vidual preferences and household consumption patterns, depending on
whether the household is led by a female or a male. Essentially, the
emission levels of a household are significantly influenced by the gender
of its primary earner.

5. Conclusions and policy implications

The results presented in the paper enrich the dialogue on the po-
tential outcomes of increasing female participation in various domains,
including workforce. Our results suggest that greater female participa-
tion also carries significant environmental implications. Expanding op-
portunities for women increase the proportion of FBH, which would
affect different aspects of societies, including the adoption of household
consumption patterns that are less GHG-intensive. This study



F. Toro et al.

Energy Policy 190 (2024) 114144

2.5+
0.0 o= S ==
S 25
S
)
o
2,
a 5.0
]
£
g
8 &
s 75
g
=
=
g -10.01
[5]
g,
o
3]
Z 125
> & G J
N & & S
oF 2N = N
< & & &
& & &
& '
& M
&P &
%“éu

COICOP Categories

Fig. 1. Average treatment effect on greenhouse gas emissions patterns (in kgs of equivalent CO2 per €1000) of female breadwinner households by products cate-

gories. Spain 2008, 2014, 2018.
Source: Own elaboration

contributes to the existing literature by collecting data and providing
empirical evidence on the environmental effects produced by women’s
economic advancement, achieved through higher education and better
job opportunities, impact household dynamics. This shift increases the
prevalence of FBH, altering consumption behaviors and emissions.

Under this context, this work aims to answer the research question:
are the GHG emissions embedded in the consumption pattern of FBH
and MBH significantly different due to gender differences exclusively?
The application of a PSM estimator combined with emissions dataset
derived from 6 GHGs generated by consumption over the years 2008,
2014, and 2018 indicates that, averaging along the years, FBH produce
12 kgs of GHG emissions per €1000 less than MBH, being this difference
directly attributed to gender issues. The analysis by product categories
shows that (i) emission derived from domestic energy use do not exhibit
significant difference between FBH and MBH, (ii) emission derived from
private transport energy use are the main source of significant differ-
ences between FBH and MBH, aligning with previous studies (Raty and
Carlsson-Kanyama, 2010; Toro et al., 2019), and (iii) emission derived
from energy use vary across the production chain to produce any other
products. For example, it is worth highlights that FBH contribute higher
emissions per €1000 spent in certain categories such as “Clothing and
footwear.“. These findings reveal how gender socialization influences
the environmental impact of family purchasing behaviors.

The findings presented hold significant policy implications in the
context of current environmental and gender-focused initiatives such as
the Sustainable Development Goals (SDGs) (UN, 2015). This works un-
derscores the need of gender-disaggregated data on energy consumption
and GHG emission to identify the specific needs, preferences, and be-
haviours of different groups of consumers. Such data is crucial for
monitoring the effectiveness and social impact of policy measures.
Looking at differences by product categories, the differences estimated
between FBH and MBH provides valuable guidance to design effective
environmental policies aimed at modifying certain consumption

behaviors, such as public service announcements, health warnings and/
or advertising aimed at encouraging more sustainable consumption
patterns. Furthermore, in the context of fiscal instruments designed to
influence consumer behaviour through pricing adjustment, under-
standing the demographic and economic implications is important for
devising equitable strategies as fair as possible.
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