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ARTICLE INFO ABSTRACT

Handling Editor: Giovanni Baiocchi Amid escalating global concerns surrounding climate change, the transportation sector has garnered the atten-

tion of stakeholders. Double-hurdle censored models were employed in this study to elucidate the relationship

Keywords: between the probability of private fuel expenditure and expenditure levels and household characteristics to
Censored regression determine the factors contributing to household-based CO, emissions. Remarkably, nearly two-thirds of the 38
Double-hurdle factors examined contributed to the emitters, and almost all emitters were identified as statistically significant.
Households . . . . . . . . .

Private fuel spending This alarming situation underscores the importance of formulating family based green transformation policies. If
Tiirkiye successful, these policies can ignite transformative momentum. Consequently, understanding household trans-

portation expenditure from a bottom-up perspective can provide invaluable insights into crafting a compre-
hensive set of top-line policy recommendations for innovation and marketing strategies in the transport and
energy sectors. Measures such as incentivizing the adoption of electric vehicles through economic incentives,
expanding public transportation networks, and implementing sustainable housing policies have immense po-
tential to effectively reduce private fuel expenditure. When implemented holistically, these strategies can pave
the way for a more sustainable and environmentally friendly future.

1. Introduction et al.,, 2021). Consequently, G20 member states have initiated green

initiatives to mitigate environmental risks stemming from economic

The pursuit of green transformation and sustainable transportation is
crucial for combating the impacts of climate change, reflecting a dedi-
cated commitment to forging a sustainable future by mitigating carbon
footprints (OECD, 2021). Nations are not solely focused on economic
advancement but are equally dedicated to nurturing environmentally
friendly growth (Bayat et al., 2023) and actively addressing the sub-
stantial challenge of high carbon emissions (Hao et al., 2014; Bayat
et al., 2023). As a signatory to the United Nations Framework Conven-
tion on Climate Change and Kyoto Protocol, Tiirkiye is steadfast in ful-
filling its international obligations in the battle against global warming
(MFA, 2023). The G20 economic coalition plays a pivotal role, repre-
senting approximately 85% of the global gross domestic product (GDP)
and over 50% of the world’s population. The G20 economies, including
Tiirkiye, are responsible for 70% of the global climate impact (Habib
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activities (Ali et al., 2024; Sheraz et al., 2021; OECD, 2021).

The complex relationship between transportation activities and eco-
nomic factors has drawn increased attention from policymakers owing to
its mounting environmental ramifications and has demanded rigorous
action (Sharif et al., 2019; Habib et al., 2021). One of the cornerstone
elements of transportation modalities revolves around road trans-
portation, encompassing personal and commercial vehicles such as cars,
trucks, buses, and motorcycles. The fuel consumption and exhaust emis-
sions from these vehicles constitute integral facets of road transport
(Andrés and Padilla, 2018; Solaymani, 2019; IEA, 2019a; Habib et al.,
2021). Without effective mitigation strategies, global CO emissions from
the transport sector are projected to increase by approximately 60% by
2050 (ITF, 2019). Despite the adoption of decarbonized transport systems,
global CO, emissions are expected to increase by < 16% by 2050, posing a
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significant challenge (M.M. Hussain et al., 2023; Habib et al., 2021).
Because road transport accounts for a substantial share of global oil con-
sumption, it is imperative to achieve a net-zero emissions target for the
transport sector (IEA, 2019b; Dai et al., 2023). Moreover, the unification of
economic growth, urbanization, and rising income has fueled an upsurge
in transportation demand, thereby expanding the environmental footprint
(Habib et al., 2021; Hussain Z et al., 2023; Dai et al., 2023). Projections
indicate that, by 2050, global passenger numbers will double from 2010 to
nearly 2.4 billion millennials, underscoring the urgency of addressing this
challenge (Habib et al., 2021). Despite a temporary 12% decline in CO5
levels in 2020 due to the global COVID-19 pandemic, projections antici-
pate a recovery and increase in emissions from transportation in the
coming years (STATISTA, 2022).

Although developed countries have diversified and clean energy
structures (Huang and Matsumoto, 2021), the energy consumption of
Tiirkiye is highly dependent on high-carbon fuels. Tiirkiye’s rapid growth
in energy consumption and greenhouse gas (GHG) emissions has raised
concerns among governments (Bayat et al., 2023). Tiirkiye’s transport
sector has developed rapidly, creating a series of environmental problems,
including energy consumption and CO5 emissions. Although emission in-
tensity and fuel switching trends in the transportation sector were prom-
ising from 2000 to 2010, the surge in the popularity of sports utility
vehicles in recent years posed challenges to emission reduction efforts
between 2010 and 2017 (Isik et al., 2020). In the first half of 2023, the
number of registered vehicles in Tiirkiye surged by a remarkable 81.9%
compared to the same period in the previous year, reaching a total of 1
million 57 thousand 643. The transition to sustainability is also evident in
sales figures. In 2023, 197,379 hybrids and 51,219 electric vehicles were
sold in the country compared to 83 hybrids and 353 electric vehicles in
2013. The adoption rate of hybrids and electric vehicles has increased to
1.6% in the last decade, which is a noteworthy increase (TSI and Turkish
Statistical Institute, 2023). A significant milestone was achieved in
October 2023 when electric vehicle sales surpassed diesel sales for the first
time (ODMD, 2023).

Household consumption accounts for approximately 60% of global
GHG emissions worldwide (Ivanova et al., 2016; Wiedenhofer et al.,
2018); even in China, a country boasting a colossal economy, the share
of household consumption in GHG emissions is 30% (Xie et al., 2023). In
this context, understanding the behavioral characteristics of households
is indispensable for controlling household-related GHG emissions for
policymakers and sectoral stakeholders (Xie et al., 2023). This is because
the policy aspects regulating households’ options, the efficient use of
fossil fuels, and the abilities of household members to curb such fossil
fuel use vary. Additionally, thoroughly scrutinizing household carbon
emissions and steering households towards low-carbon consumption
patterns are of paramount importance (Cao et al., 2019). It is also
imperative to examine whether non-income-related household behav-
ioral variations are associated with emissions, because this could impact
the distributional effects of mitigation policies (Biichs and Schnepf,
2013). Given Tiirkiye’s significant share of fossil fuel consumption,
uncovering the determinants of CO, emissions at the household level
empirically is crucial. Therefore, the primary objective of this study is to
statistically establish a causal relationship between households’ average
monthly expenditure on fossil fuels (diesel, gasoline, and Liquefied Pe-
troleum Gas [LPG]) for private cars and varying behavioral factors at the
household level. In particular, to diminish the amount of CO; contrib-
uting to climate change at the household level, the findings of the cur-
rent study aim to inform policymakers about the effectiveness of
implemented policy measures, which are determined by household
behavioral characteristics at the basic level. This study employs an
error-dependent double-hurdle (DH) censored econometric model to
assess the relationship between household’s monthly fossil fuel expen-
diture for private passenger cars and their sociodemographic and eco-
nomic behavioral factors. Furthermore, the interactions among key
behavioral characteristics, such as the household head’s educational
level, household income group, and cohort level, on the probability and
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conditional and unconditional levels of fossil fuel expenditure were
empirically demonstrated. The absence of such an interaction was sta-
tistically tested using a null hypothesis analysis. Additionally, the hy-
pothesis of a shift towards more sophisticated energy carriers by
households with increasing income levels, known as the energy ladder,
was tested in this study. Although this study is specific to Tiirkiye, we
hope that it sheds light on the bottom-up energy policy formulation
process for other countries with similar characteristics and provides an
internationally applicable perspective on reducing CO, emissions.

2. Literature review

A noteworthy portion of carbon emissions stem from household ac-
tivities (Li et al., 2015). Nearly 80% of the household emissions originate
from transportation, residences, fuel types (Alajmi, 2021), and food
preferences (Christis et al., 2019; Pichler et al., 2017). Since 2002, there
has been a steady increase in the consumption patterns of services,
housing, food, and transportation in rural and urban areas (Wang et al.,
2019). Household carbon footprints are complexly linked to energy
consumption and individual circumstances, showing varying impacts
across provinces and urban-rural divides (Ata et al., 2023). Under-
standing lifestyle shifts or behavioral changes is pivotal to effective
urban planning policies (Apergis and Li, 2016). Notably, urbanization in
developing nations is expected to catalyze changes in consumption
behavior, favoring an increased reliance on motorized transport and
electronic devices (Apergis and Li, 2016). As shown by Zhu et al. (2017),
urbanization accounts for 74.1% of household emissions. Technological
advancements alone cannot fully offset escalating emissions resulting
from population growth and rising prosperity (Feng et al., 2009).

Regarding energy consumption and CO; emissions, the trans-
portation sector is the fastest growing sector worldwide (Ma et al., 2015;
Wang et al., 2019), making consumption trends increasingly pivotal for
determining CO; emission levels (Huang and Matsumoto, 2021; Wang
et al,, 2019). To steer households towards low-carbon consumption
behaviors, a comprehensive assessment of household carbon footprints
has emerged worldwide as a potent strategy for mitigation purposes
(Cao et al., 2019; Xie et al., 2023). Consequently, adjustments in
household transportation practices have emerged as a primary avenue of
action when crafting behavior-change policies (Ding et al., 2017; Iva-
nova et al., 2020; Moran et al., 2020). Numerous studies have explored
household emission disparities using decomposition analyses (Das and
Paul, 2014; Gill and Moeller, 2018; Guan et al., 2014; Wang and Liu,
2014). Cao et al. (2019) scrutinized the factors influencing Chinese
household carbon emissions using the log mean Divisia index model,
whereas Yang et al. (2015) investigated the nexus between China’s
transportation-related CO, emissions and urban infrastructure devel-
opment by employing a two-way fixed-effect model. Socioeconomic
progress and income upsurges have predominantly contributed to per
capita COy emissions from transportation (Yang et al., 2015). Their
findings revealed that a 1% expansion in urban built-up areas translated
into a 0.08% increase in transportation-related CO, emissions per cap-
ita. Moreover, they noted that a 1% increase in urban population density
and urban road density corresponds to 0.22% and 0.16% increases in
CO emissions per capita, respectively. Income levels also significantly
shape emissions patterns at the household level (Christis et al., 2019).
Household emissions are also influenced by income disparities, di-
vergences in energy utilization, dietary preferences, and access to
communal amenities (Dou et al., 2021; Zhang et al., 2020). The pro-
found impacts of lifestyle choices (Apergis and Li, 2016) and con-
sumption habits on CO5 emissions have been widely acknowledged
(Wang et al., 2019).

Li et al. (2015) and Wang et al. (2019) employed a factor-reversible
structural decomposition method coupled with an input-output analysis
to thoroughly study the implications of urbanization and consumption
trends on household contributions to carbon emissions. Conversely, the
context of household consumption has been a focal point in numerous
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input-output model investigations (Das and Paul, 2014). By employing
an input-output analysis, Das and Paul (2014) elucidated that household
fuel consumption is chiefly influenced by activity, structure, and de-
mographic factors. In a pivotal decomposition analysis, Andreoni and
Galmarini (2016) underscored the paramount importance of enhancing
energy efficiency in curbing CO5 emissions. Bai et al. (2019) researched
the relationship between socioeconomic factors and CO; emissions in
Thailand based on economic input-output tables. According to Bai et al.
(2019), education positively affects the requirements for direct energy
and COy; however, it negatively impacts the consumption of secondary
energy and CO,. Utilizing the input-output methodology, Li et al. (2015)
carefully calculated the direct and indirect CO, emissions emanating
from Chinese households between 1996 and 2012, revealing that urban
households surpassed their rural counterparts in total CO emissions.
Employing an extended stochastic regression model encompassing
wealth, population, and technology, Miao et al. (2019) dissected the
primary catalysts that drive household CO, emissions. The confluence of
income, household size, and age intricately shapes individuals’ decisions
regarding household expenditure and CO2 emissions. Soltani et al.
(2020) found a robust correlation between household age, size, and CO»
emissions, although there were no significant associations with house-
hold education or income. Thus, a holistic approach is warranted to
determine the relative impact of each element on household CO,
emissions (Ata et al., 2023; Soltani et al., 2020).

The household sector has emerged as a significant contributor to CO»
emissions in Iran (Ata et al., 2023). Despite their prominence, existing
policies have predominantly focused on large-scale endeavors, sidelining
the pivotal role that households play in shaping and executing them. In
Iran, households are the second largest emitter of CO; following trans-
portation, accounting for 23.4% of total emissions (Ata et al., 2023).
Notably, oil prices, energy subsidies, and educational attainment have
emerged as key determinants of emissions, with GDP per capita exerting
the most favorable influence on household CO; emissions. Moreover,
household size and gas and oil consumption had significant positive im-
pacts on CO2 emissions. Yang et al. (2018) conducted a multiple regression
analysis with individual carbon emissions as the dependent variable, and
individual, household, and environmental characteristics as the indepen-
dent variables. Access to public transport has emerged as a pivotal factor in
mitigating emissions, with higher emissions being associated with
male-gender, greater income, car ownership, and age between 30 and 40
years (Yang et al., 2018). Highlighting the predominant role of the
transportation sector, the Energy Information Administration reports that
it accounts for 36.7% of energy-related CO, emissions in the United States
(EIA, Energy Information Administration, 2019). Conversely, Barla et al.
(2011) conducted an illuminating longitudinal panel survey in the Quebec
City region of Canada, demonstrating that transitioning to a 10% denser
neighborhood could yield a 1.2% reduction in travel emissions. Dimin-
ishing bus travel duration was found to be particularly impactful in
lowering GHG emissions, with a 10% reduction in commuting time
potentially mitigating emissions by 2.7%. Legras and Cavailhes (2016)
underscored commuters’ substantial contribution to GHG emissions,
whereas Zahabi et al. (2012) estimated household GHG emission in-
ventories using disaggregated trip data and found that a 10% increase in
public transportation accessibility was correlated with a 5.17% decrease in
household GHG emissions.

Governments have considerable influence on steering societies to-
wards energy-efficient and environmentally conscious transportation
practices. Policymakers can actively encourage the adoption of low-
carbon vehicles using a combination of financial incentives and stra-
tegic taxation, thereby curbing reliance on fossil fuels and mitigating
harmful emissions from automobiles. Such measures alleviate environ-
mental strain and pave the way for smarter urban management (Tian
et al.,, 2020). Notably, congested traffic poses a significant environ-
mental challenge as it emits far more CO, than vehicles operating at
higher speeds. Tian et al. (2020) highlighted that addressing such an
issue requires the implementation of Intelligent Transport Systems,
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which can effectively alleviate congestion. Leveraging technologies such
as Vehicle Information and Communication Systems further enhance
fuel efficiency and lower emissions, thereby contributing to congestion
alleviation. Moreover, the integration and enhancement of trans-
portation infrastructure play a pivotal role in optimizing low-carbon
technologies within urban landscapes, as reported by Tian et al.
(2020). However, socioeconomic factors also exert a notable influence
on emission trends. Biichs and Schnepf (2013) observed a correlation
between rising income levels and increased emissions across all sectors.
Interestingly, household composition and location also played a role in
emission patterns. Rural households and those with children tend to
exhibit higher emission levels than urban or childless households, as
highlighted by Cao et al. (2019). Similarly, Biichs and Schnepf (2013)
found that households with females or older reference persons were less
likely to have high emissions. Another area of study concerns the com-
plex relationship between education and emissions. Although Baiocchi
et al. (2010) noted a negative correlation between having children and
CO, emissions, they also found a positive correlation with education
level. However, Brand and Preston (2010) found that
university-educated individuals emit more transport-related emissions
than non-educated individuals. Xie et al. (2023) analyzed household
emissions in China and identified consumption expenditure as the pri-
mary driver of the differences between rural and urban households. This
underscores the importance of understanding household consumption
patterns when designing effective emission mitigation strategies. In the
context of transportation, Xu and Lin (2015) argued for the use of
non-linear models to better capture the complexities of economic vari-
ables and their impacts on COy emissions. Similarly, Erdogdu (2014)
highlighted the inelastic nature of fuel demand in Tiirkiye, emphasizing
the importance of nuanced policy interventions to foster sustainability
in fuel markets. Robust strategies aimed at forecasting energy demand,
assessing the ramifications of tax policies, and adapting to sectoral
changes are essential for enhancing the resilience and sustainability of
fuel markets, as suggested by Coruh and Bilgic (2023). As is evident from
the extensive literature review, the intricate causal link between
household behavioral traits and fossil fuel expenditure on private pas-
senger cars remains obscure. This study aimed to illuminate this rela-
tionship by leveraging a comprehensive cross-sectional dataset enriched
with diverse behavioral factors. Through meticulous analysis, we aim to
unravel the underlying dynamics driving fossil fuel expenditure at the
household level, elucidating the relationship between behavioral
changes and energy consumption patterns.

3. Data and methods
3.1. Data

Data for this study were obtained from the most recent household
budget survey administered to households throughout the country by the
Turkish Statistical Institute (TSI) between January 1 and December 31,
2019." The TSI aimed to purge seasonal effects on expenditures by
replacing approximately 1000 families with the same characteristics every
month. Disregarding certain missing observations, particularly qualitative
variables, our study included 11,142 of the initial 11,541> family
observations.

3.2. Econometric method

It is widely accepted that rational households seek to maximize their

1 Because the first cases of COVID-19 in Tiirkiye were detected in Februar-
y-March 2020, the analysis is free of this effect.

2 Descriptive statistical explanations have been extensively discussed and
detailed in the Findings section, directing the reader to that section for further
elaboration.
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utility, meaning they select the option that provides the highest utility
among the alternatives available to them. In this context, various theories
such as expected utility, prospect, random utility, and utility maximization
theories have been proposed in the literature to explain decision-making
involving choices or preferences across diverse fields ranging from
tourism economics and transportation (Brida and Scuderi, 2013; Coruh
et al., 2022; Downward and Lumsdon, 2000, 2003; Ma et al., 2019) to
energy usage (Hanemann et al, 2024) and environmental quality
(Saz-Salazar and Rausell-Koster, 2008) to economics and agricultural
economics (Aksoy et al., 2019; Aristei and Pieroni, 2008; Bannor et al.,
2022; Kahneman and Tversky, 1979). However, this study is grounded in
random utility maximization theory, which posits that households are
rational and exhibit consistent decisions with maximum satisfaction.
Therefore, in this study, we assume that households, while considering the
expected level of satisfaction, are willing to allocate a certain amount of
money equivalent to the utility they would forgo from fossil fuel usage to
ensure their well-being. In other words, households that use fossil fuels
experience an increase in utility or well-being as a result of the benefits
derived from using fossil fuels. Therefore, these households are willing to
pay a certain amount to secure this gain in utility.3

Our empirical model, tailored for the double-hurdle censored
regression where we will shortly define it below, operates under the
context of discrete random utility theory, where households are guided
by the pursuit of maximizing their utility function (Pudney, 1989)
(observation subscripts are suppressed for brevity):

V(q,c,s)=dU(qg,c;s) + (1 —d)U'(c;s) (€8]

where U represents the utility derived from household fuel consumption
and U* stands for the utility derived from non-fuel uses. The variable g
signifies monthly fuel consumption by households, where p denotes the
unit price of fuel (p > 0). Furthermore, ¢ denotes a composite quantity
for other consumption goods, with the price normalized at unity, and s
encapsulates a vector of household heads and demographic features
catering to heterogeneous preferences (Coruh et al., 2022). The value d
€ (0,1) acts as a binary indicator, assuming a value of one under the
following conditions: if the household engages in fuel consumption, and
zero otherwise. In turn, the probit regression yields a binary outcome.

d=1ifZau+u>0 2
=0ifZa+u<0

where z and « stand as vectors encapsulating variables and parameters,
respectively, dictating participation, whereas u serves to capture
random disturbances embodying unobserved characteristics. Given that

% Yet another representation of direct utility maximization could be as fol-
lows: Let us weigh (i.e., differentiate) the perceived benefits (utility) of using
fossil fuels (U.;) against those of opting out (Uy ), captured as G*. Therefore,
when the satisfaction derived from using fossil fuels outweighs that of
abstaining (G* = U - Upc,; > 0), households—Ilet us call them ‘i"—tend to lean
towards fossil fuel consumption. Of course, households in this context incur
specific costs related not directly to the fuel itself but rather to the latent
benefits or utilities enabled through fuel consumption, fulfilling a range of
functions. Therefore, researchers often map these utilities into observable
variables within a latent variable model, be it continuous or discrete, recog-
nizing the challenge of directly observing such utilities (Asfaw et al., 2012).
Expressing such an economic cost in terms of indirect utility can be articulated
as follows: V(p, y — CV, dh = v, y, d°), where p stands for the unit price of
fossil fuel, y signifies the income level, CV represents the sum disregarded for
the benefits derived from fuel-related functions, typically as compensating
variation (CV), d' denotes the occurrence of fuel usage, and d° reflects the
absence of fuel usage. The price, p, is assumed to be constant across all
households. CV indicates the maximum amount of money the household is
willing to sacrifice while ensuring it remains as well-off as it was before
refraining from fuel usage (Saz-Salazar and Rausell-Koster, 2008).
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q does not factor into the utility function (1) for nonparticipants and
considering a positive price p, the optimal quantity for q is rendered
zero. In the case of a participant, optimization entails solving a con-
strained utility maximization problem:

maxq‘C{U(q,c;s)Ipq:m} 3)

We denote demand for q as q*, which represents the optimal quantity
without the non-negativity constraint. Expressing latent demand
expenditure (y*), we can formulate it as follows:

Yy =xB+v 4

where x and f are vectors of variables and parameters, respectively, and
v is random disturbance, and the price of car fuel is not included in the
single cross-section data and is absorbed into the constant term within
the variables related to the household head and household (Coruh et al.,
2022).

Although economic theory may not provide definitive guidance on
the appropriate functional form for statistical relationships, empirical
evidence, particularly when robust econometric procedures are fol-
lowed, examines the types of monthly fossil fuel expenditure households
generate. A characteristic feature of such microdata, assessed at the
individual or family level, is the inevitable occurrence of zero observa-
tions of expenditure variables. These instances of zero observations stem
from various factors. For instance, within the specific scope of our
research, zero expenditure on passenger cars may be reported if a family
owns alternative vehicle types. Similarly, zero expenditure on private
fuel may be reported if a family has children who have moved out but
still reside in the same province and own a passenger car. Alternatively,
it is more probable that the family simply does not own any vehicles,
including passenger cars, leading to unavoidable zero expenditure.
These examples represent only a subset of potential cases, and in gen-
eral, statistical analyses that overlook such “censoring” tend to jeopar-
dize inconsistent empirical estimates.

To address this issue, robust results can be obtained by incorporating
censoring into dependent variables using limited dependent variable
models, such as the sample selection (SS) model and the double-hurdle
model. The present implementations of these models rely heavily on
bivariate normality distributions for the error terms. In the context of
this study, we opted for the error-dependent DH censoring model as a
benchmark and assessed its superiority over error-dependent single-
hurdle (SH) censoring and SS models.

The DH censored model features one stochastic process zo + u;
governing selection and an additional process x;p + v; governing level
(which can be censored), such that, for observation i,

Yi=xXp+viifZ;a+u >0and x;p +v; >0 5)
= 0 otherwise

where z; and x; are vectors of explanatory variables that explain the
binary spending decision and spending level decision, respectively, a
and f are corresponding conformable parameter vectors, and the error
terms (u;,v;), specific to each equation and occurring outside the control
of the researcher are assumed to be distributed as bivariate normal with
means (0, 0), standard deviations (1,0), correlation p, and covariance po.

Typically, when modeling the fuel expenditure for private cars
within a household, it is more suitable to initiate the process with two
decision steps. In the initial decision step, the decision regarding private
fuel spending is influenced by social and behavioral stimuli (2o + u;).
Subsequently, in the second stage, the decision regarding the amount of
spending is causally connected to economic factors, such as budget
constraints (x;p+ ;). For maximum likelihood estimation, the sample
likelihood function for the DH censored model was utilized.

L:H{l—%(z’imx’i[}/mp)} (6)

¥i=0
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XH{671¢{% _Gx/iﬁ:|q)

_}'i>0

)

where ¢ is the probability density function and & the cumulative dis-
tribution function of the standard normal distribution, and @, is the
standard bivariate cumulative distribution function.

An important issue with the use of an endogenous selection model is
the use of exclusion restrictions for parameter identification. This was
accomplished by including unique variables in the selection equation
(z;o) (e.g., household factors such as stove and property category) that
are excluded from the level equation as demand theory dictates, drawing
on the random utility theory (Pudney, 1989). Although not essential for
identification, household income group variables were only included in
the level equation (x;B). Applying the parametric constraint p = 0 to the
model results in an independent, two-part DH. Because the DH, SH, and
SS models were non-nested, the Vuong z-test was used to statistically
compare these models.

To exert the direction and effects of the explanatory variables on
spending and level decisions, the positive observation probability and
unconditional mean of the spending level are, respectively:

Pr(y; > 0) =0, (i, x;B / 6, p) )

£t —xp+ ofoaeiwsp/o.p) | { (#(sip/o)o (2P )

1

C))
and the conditional mean is obtained by

E(y;ly;>0)=E(y;) /Pr (y;>0) (C)]

using equations (7) and (8). The marginal effects of the continuous
(binary) explanatory variables can be obtained by differentiating
equations (7)-(9): All marginal effects were calculated for each obser-
vation and averaged over the sample. For statistical inference, the
standard errors of the (average) marginal effects are derived using a
mathematical approximation procedure known as the delta method.

4. Results
4.1. Preliminary results

Table 1 presents the sociodemographic and economic characteristics of
households and household heads, along with the expenditure variables. In
2019, households, on average, expended 44.54 Turkish Liras (%) weekly on
gasoline, diesel, and LPG.? Notably, the average expenditure for those
utilizing these fuel types was 84.77%.° A total of 6131 Turkish families do

4 Mean equivalent CO, emission value for an average family in Tiirkiye can
be derived from the given information. For instance, in 2019, the average unit
prices for diesel, gasoline, and LPG were recorded as 6.43, 6.60, and 3.75%,
respectively (EMRB, 2020). If the monthly expenditure of an average family on
diesel, gasoline, and LPG is denoted as y;, y2, and ys, and considering that
diesel, gasoline, and LPG emit 2.68, 2.31, and 1.51 kg of CO, per liter,
respectively, the total CO, emissions caused by the consumption of fossil fuels
by an average family can be expressed as CO, quantity = (2.68/6.64)*y, +
(2.31/6.60)*y» + (1.51/3.75)*y3. Based on this equation, an average family in
the country produces 69.94 kg of CO, per month, whereas for families using
fossil fuels, this value increases to 133.12 kg of CO,. The equivalent CO,
emissions, obtained through the same double-hurdle censored regression
analysis, have been correlated with both the head of the household and the
distinctive traits of the family. The outcomes are presented in the Appendix
tables for interested readers.

5 The average USD exchange rate in Tiirkiye in 2019 was 5.68%.

Journal of Cleaner Production 469 (2024) 143197

Table 1
Variable definitions and sample statistics.
Variable Definition Mean (SD) VIF
Dependent variable
Expenditure Weekly fuel expenditure in Turkish Lira ~ 44.536
($) per month (63.445)
Among the (48.6% of the sample) 84.767
(65.202)
Household head characteristics: binary variables (yes = 1, no = 0)
Cohort< 65 1 if the individual was born in 1965 or ~ 0.428 -
earlier, O otherwise (reference group)
Cohort 1 if the individual is in the 1965-1980 0.344 2.201
1965-1980 age group, 0 otherwise
Cohort >1980 1 if the individual was born after 1980, 0.228 2.719
0 otherwise
Male Gender is male 0.775 2.096
Unmarried Never married 0.048 1.718
Divorced Divorced 0.051 1.706
Widow Widow 0.101 2.683
Married Married (reference) 0.799 -
No School Not holding a diploma (reference) 0.119 -
Elementary Has elementary school education 0.398 3.202
Secondary Has secondary school education 0.137 2.406
High school Has high school education 0.167 2.904
College Has college and higher (master or PhD)  0.178 3.618
education
Salaried Salaried, paid or full time or part-time 0.421 3.962
employees
Employer Employer or full and part-time self- 0.210 3.391
employed
Retired Retired 0.213 2.716
Other job status Other job status (e.g., disabled and/or 0.130 -
unable to work due to permanent health
problems, housework, compulsory
military service, and other conditions)
(reference)
Agricultural job Working in agriculture 0.181 1.893
Household characteristics: binary variables (yes = 1, no = 0)
Greene card Health expenses covered by the state 0.109 1.406
State aids Receives cash or in-kind aid from 0.260 1.653
government
Private aids Receives cash or in-kind aids from 0.171 1.119
private person and or intuitions
Apartments Resides in an apartment 0.561 2.214
Homeowner Reference group 0.610 -
Tenant Resides in a rental house 0.247 1.399
Other housing Slums and other housing types 0.143 -
types (reference group)
Spouses only Family consisting of only spouses 0.194 3.115
Spouses with Family consisting of spouses and kids 0.487 3.100
kids
Other family At least one nuclear family and other 0.319 -
types members or more than one member
without a nuclear family (reference)
Stove heating House with traditional stove heating 0.452 2.083
Residence area House with a living area of more than 0.051 1.065
160 square meters
Credit card(s) Families with the habit of using credit 0.528 1.490
habit cards
Eating out habit ~ Families with the habit of having food 0.505 1.409
away from home
Cinema habit Families with the habit of going to the 0.092 1.229
cinema
Newspaper Families with the habit of occasional 0.051 1.082
habit reading of newspapers
Game habit Families with the habit of playing game  0.043 1.047
Coffee house Families with the habit of frequently 0.283 1.146
habit going to coffee house
Bazaar habit Families with the habit of going to 0.613 1.115
Bazaar frequently
Internet habit Families with an Internet connection at ~ 0.142 1.409
home
First quartile Family income less than 2477.17 % per 0.250 -
income month (reference)
Second quartile Family income between 2477.17 and 0.250 1.816
income 3712.50 % per month

(continued on next page)
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Table 1 (continued)

Variable Definition Mean (SD) VIF
Third quartile Family income between 3712.50 and 0.250 2.260
income 5595.47 % per month
Fourth quartile Family income greater than 5595.47 % 0.250 2.231
income per month
Household characteristics: continuous variables
Number of Number of properties owned (number 1.047 1.339
properties of self-contained houses, number of (1.260)
summer houses, shops, etc.)
Kids Number of children 0.982 1.712
(1.277)
Adults Number of adults 2.413 2.159
(1.041)
Working Number of working members in the 1.185 2.668
persons family (0.943)
Sample size 11142 -

Note: Standard deviations, in parentheses, are reported for continuous variables
only.

not own a personal vehicle but spend approximately 8.74% per month on
fuel. These families are likely to share their fuel expenses with close rel-
atives living separately. In contrast, 4698 families owned private passen-
ger cars and incurred a monthly fuel expenditure of 84.17%. Vehicle
ownership among Turkish families generally does not extend beyond two
vehicles, with only 299 families owning two cars and spending an average
of 150.21%. Three- and four-vehicle ownership is extremely rare, with only
11 and 3 families reporting such ownership with an average fuel expen-
diture of 167.99% and 154.59%, respectively. Conversely, the heads of
households belonging to the baby boomer generation spend an average of
79.22% monthly on fossil fuel consumption for their private vehicles,
whereas households led by X- and Y&Z-cohort heads spend 90.11% and
85.20%, respectively. Noticeably, there are significant disparities in
spending among households led by heads from different generations,
indicating a non-linear relationship. Homes led by younger generation
heads exhibit lower fossil fuel expenditures, thus contributing to less
environmental pollution.

Considering the journal’s word limit, we prioritized presenting the
model results directly to the readers rather than delving into the
descriptive statistical values of the independent variables used in the
model. Although it is valuable to refer to Table 1 for descriptive statis-
tics, we focus primarily on the classification of the family head cohort
variables. Upon analyzing the birth years of individuals within the
sample, the distribution was as follows: 43% for those born before 1965
(e.g., baby boomers), 34% for individuals born between 1965 and 1980
(e.g., X cohorts), and 23% for those born in 1980 and later (e.g., Y&Z
cohorts). Table 1 also provides the Variance Inflation Factor (VIF),
which quantifies the increase in variance of an estimated regression
coefficient if the explanatory predictors are correlated. All the calculated
VIF values were <5, indicating that the explanatory variables were not
significantly correlated with each other.

4.2. Specification tests and model’s results

All VIFs fell considerably below the accepted threshold of 10.0,
indicating the absence of multicollinearity issues in the selection or level
equations. Competing models with the same distribution (i.e., normal)
but different structures (truncation), such as the SH and SS models, have
emerged alongside the DH.® Because these three models are not nested,
Vuong’s (1989) non-nested specification test was employed to distin-
guish between them. The SS model performs significantly worse than the
DH (Vuong’s standard normal statistic z = —28.56, p-value <0.001) and
SH (z = — 2.48, p-value <0.05). The statistical superiority between DH
and SH belongs to the DH with a z-value of 2.48, indicating that

6 Results of these models are available upon request.
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simultaneous spending decisions and spending amounts are interrelated.
Consequently, the DH was retained for further analysis.

Also, based on the DH, Wald test results suggest rejection of p =0
(y? = 15.50, df = 1), with a p-value <0.05, favoring the fully parame-
terized error-dependent DH over the two-part DH model. The in-
struments used in the selection equation (i.e., the green card headed of
households, residential area, heating system [stove], and property var-
iables) showed significance with the Wald test (x> = 67.7, df = 4, p-
value <0.05), which rejects the weak instrument hypothesis and implies
adequate instrumentation for parameter identification. The three
distinct income variables in the level equation were jointly significant
(% = 493.30, df = 3, p < 0.05), confirming their inclusion. Finally, Wald
test results showed that the explanatory variables were jointly signifi-
cant in the decision (y? = 275.10 and df = 35) and level (3> = 1659.20
and df = 34) equations, all with a p-value <0.000 (Table 2).

The significantly negative correlation coefficient between the errors
suggests that unobserved factors exert opposing influences on binary
(whether to spend) and level (how much to spend) decisions. In addi-
tion, although the parameter estimates are generally in accordance with
economic theory, the signs of the parameters pertaining to certain fac-
tors exhibit discrepancies between the spending decision and spending
level equations. This highlights the efficacy of the ability of the DH to
capture the nuanced relationship between factors influencing expendi-
ture patterns. In addition, because the probability and conditional and
unconditional mean expectations derived from the model are not linear,
the marginal effects with their standard errors were obtained by
differentiating (differencing) equations (3)-(5) and averaging over the
sample. The subsequent discussion focuses on the (average) marginal
effects. The marginal effects of the explanatory variables on the proba-
bility of spending and on the level of spending are shown in Table 3.
Compared to the reference group (e.g., baby boomer-headed house-
holds), households headed by individuals from Generation X exhibited a
4.88% higher likelihood of spending on private fuel (gasoline, diesel,
and LPG used in transportation). Additionally, cohort X-headed house-
holds demonstrated higher monthly expenditure levels, both condi-
tionally (4.87%) and unconditionally (6.77%), than the reference group.
Similar results were observed for households headed by individuals from
Generations Y and Z (Y&Z). The likelihood of incurring private fuel
expenses and the unconditional expenditure level were higher by 7.80
percentage points and 3.86%, respectively, in male-headed households
than in female-headed households. However, households headed by
individuals who had never been married exhibited a 7.03% lower
probability of private fuel expenditure and an 8.07% lower uncondi-
tional expenditure level than households headed by married individuals.
Meanwhile, compared to the reference group, households with a
divorced head were 6.77% less likely to incur expenses related to private
fuel and had a 9.99% lower unconditional spending level.

A compelling correlation exists between the probability and level of
unconditional expenditure among households headed by individuals
with varying educational backgrounds. As the educational attainment of
household heads escalates, the likelihood of households incurring pri-
vate fuel expenses and their expenditure levels increase significantly.
This upward trend in the probabilities of private fuel expenditure and
unconditional spending persists as the level of education progresses
from primary to tertiary education. Notably, households headed by in-
dividuals with university education exhibited a significantly higher
probability of private fuel expenditure (11.47 percentage points), con-
ditional spending level (19.81%), and unconditional spending level
(21.51%) than the reference group.

Households headed by salaried individuals, whether full- or part-
time, are less likely to incur private fuel expenses (2.96 points lower)
than the reference group. Conversely, employer-headed households
exhibited higher expenditure levels, with conditional and unconditional
expenditures reaching 12.90% and 11.09%, respectively. Retired-headed
households also displayed elevated expenditure levels, with an increase
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Table 2 Table 3
Maximum likelihood estimates of the double-hurdle censored regression for Marginal effects of explanatory variables on both the probability and spending
household fossil fuel usage. levels of households using fossil fuels.
Selection Level Probability Conditional level Unconditional level
Variable K K - Variable K K K
Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E. Estimate S.E.
Constant 0.108 0.329 45.441 *** 11.220 Cohort 5.216 *** 1.103 4.870 1.465 6.773 *** 1.547
Cohort 1965-1980 0.202 0.128 9.219 ** 3.772 1965-1980 ok
Cohort >1980 0.528 *** 0.166  3.767 4.754 Cohort >1980  6.298 ***  1.320  3.460 * 1.894  6.623 *** 2,025
Male 0.947 **x 0.120  —17.619 *** 5428 Male 7.795 *** 1500 —-3.657* 2116  3.857 ** 1.871
Unmarried —0.346 * 0.184 —9.166 8.661 Unmarried —7.028 2.212 —5.320 * 3.098 —8.073 3.045
Divorced 0.094 0.189 —22.166 ** 9.076 ek ok
Widow 0.148 0.200 —10.136 8.144 Divorced —6.774 2.390 -8.920 3175  —9.993 3.306
Elementary -0.171 0.195 18.366 *** 5.874 el ok ok
Secondary —0.305 0.228 29.317 *** 6.767 Widow —2.046 2.077 —3.883 3.028 —3.834 3.159
High school -0.391 * 0.220  31.013 *** 6.705 Elementary 4190 ***  1.497  7.626 2174 7.700 *** 2,042
College —0.194 0.228 42.785 *** 6.720 el
Salaried —0.482 *** 0.161 6.745 6.071 Secondary 5.542 ** 2.222 12.608 2.726 12.025 2.672
Employer —0.453 ** 0.186 31.766 *** 6.355 i ok
Retired —0.493 *xx 0.165  18.153 *** 6.268 High school 5.016 ** 2213 12971 2703  11.816 2.670
Agricultural job 0.219 0.188 8.945 ** 4.191 o o
State aids 0.028 0.127 —15.550 *** 4.012 College 11.472 2.285 19.810 2.914 21.510 2.996
Private aids —-0.195 * 0.109 -2.826 3.928 o
Apartments —0.274 ** 0.134 —13.103 *** 3.258 Salaried —2.960 * 1.537 1.191 2.324 -1.325 2.270
Tenant —0.165 0.107 0.014 3.537 Employer 4.421 ** 2.078 12.897 2.663 11.089 2.635
Spouses only 0.436 ** 0.180 —4.960 6.020 el ok
Spouses with kids 0.138 —5.374 4.674 Retired —0.170 1.651 6.245 ** 2.480 3.629 2.268
Credit card(s) habit 0.108 24.770 *** 3.171 Agricultural 5.240 *** 1.436 4.835 1.625 6.832 *** 1.807
Eating out habit 0.104 16.011 *** 2.936 job e
Cinema habit 0.116 9.092 ** 3.957 State aids —5.081 1.078 —6.618 1.411 —7.555 1.442
Game habit 0.176 —12.178 ** 5.835 * ok ok
Coffee house habit 0.127 0.096 6.564 ** 2.718 Private aids —3.103 1.040 —1.991 1.445 —3.405 1.434
Bazaar habit 0.245 *** 0.087  0.664 2.725 i o
Internet habit 0.040 0.115 14.433 *** 3.505 Apartments —7.143 1.081 —6.865 1.242 —9.422 1.367
Newspaper habit —0.124 0.146 1.202 4,941 ok ok ok
Kids 0.070 0.049  —0.369 1.128 Tenant -1.788*  1.020 —0.616 1.311  -1.642 1.373
Adults —0.049 0.056 —1.030 1.729 Spouses only 2.434 1.581 0.743 2.291 1.192 2.438
Working persons 0.190 ** 0.077 —1.560 1.966 Spouses with 4.148 *** 1.276 —0.344 1.745 2.812 1.769
Greene card —0.842 *** 0.124 - - kids
Stove heating 0.031 0.096 - - Credit card(s) 12.460 0.944 12.123 1.125 16.057 1.157
Residence area 0.754 *** 0.269 - - habit el kel ok
Number of properties 0.305 *** 0.058 - - Eating out 4.982 *** 0.883  6.905 1.086  7.809 *** 1.147
Second quartile income =~ - - 28.093 *** 3.236 habit el
Third quartile income - - 49.514 *** 3.438 Cinema habit 2.682 ** 1.274 4.014 ** 1.652 4.473 ** 1.825
Fourth quartile income - - 81.747 *** 3.832 Game habit —4.925 1.586  —5.497 2.048 —6.732 2.093
Error std. dev. (c) - - 81.177 *** 0.985 R ok ok
Error correlation (p) —0.329 *** 0.077 - - Coffee house 3.539 ***  0.841  3.405 1.055  4.654 *** 1.138
Log-likelihood —37,295.340 habit ek
Wald (df) [p-value] 275.10 (35)[<0.001] 1659.20 (34)[<0.001] - Bazaar habit 2.871 *** 0.782 1.213 1.003 2.782 *** 1.032
. . Internet habit ~ 5.270 ***  1.147  6.772 1.464  8.138 ***  1.626
Note: ***p < 0.01, **p < 0.05, *p < 0.10. Wald tests are for joint significance of ok
all variables in equation. Newspaper ~0.968 1.566  0.061 1.944  —0.643 2.100
habit
of 6.25%. Notably, households headed by agricultural workers have a Kids 0.615 0391 0.094 0451 0.490 0.479
s . . . . Adults —0.862 * 0.500 —0.638 0.658 —1.005 0.689
positive influence on the likelihood and the level of private fuel Working 1.471 *+* 0.670  0.003 0748  1.031 0.816
expenditure. Conversely, households receiving government-provided persons
cash or in-kind assistance exhibited lower private fuel expenditure Green card —~11.474 1.816 —3.868 1.098  —10.547 1.690
probabilities of 5.08 percentage points, 6.62%, and 7.56% for condi- e e o
tional, unconditional, and overall expenditures, respectively. Similarly Stove heating  0.322 1.003 — 0.113 0.352  0.296 0.921
i’ R . > ; ) ’ Residence 5.028 *** 1428 2,145 0.756  5.517 ***  1.366
households receiving in-kind or cash assistance from private sources are area ok
less likely to incur private fuel expenses and have lower spending levels. Number of 3.200 ***  0.543  1.117 0.330  2.944 ***  0.508
Apartment-dwelling households were 7.14 percentage points less likely properties e
to spend on private fuel, with conditional and unconditional expendi- Second 9.044 7 0993 13111 1.586  14.986 1777
. quartile i sk
ture levels of 6.87% and 9.42% lower, respectively, compared to house- income
holds residing in other housing types. Similar results were observed for Third quartile  16.103 1.076  23.732 1790 27.155 1.981
households living in rental accommodations. A positive correlation was income ek ek ok
identified between the number of children in a household and the Fourth 26.727 1,257 40.997  2.202  47.849 2.451
probability of private fuel expenditure as well as the level of spending. ?;fi? o o o

The use of credit cards for private fuel expenditure is notably asso-
ciated with increased spending patterns among households. This Note: ***p < 0.01, **p < 0.05, *p < 0.10.
observation is supported by the higher probability of private fuel
expenditure (12.46 percentage points), conditional expenditure level
(12.12%), and unconditional expenditure level (16.06%) among house-
holds using credit cards compared to those not using credit cards.
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Similarly, a causal relationship was observed between the probability of
households dining out and private fuel expenditure. The conditional and
unconditional expenditure levels in this scenario are higher by 4.98
percentage points, 6.91%, and 7.81%, respectively. Likewise, households
with a moviegoing habit display an unconditional private fuel expen-
diture level that is 4.47% higher than those without such a habit. How-
ever, households with gaming habits showed a decrease in the
probability of private fuel expenditure, and conditional and uncondi-
tional expenditure levels, by 4.93 percentage points, 5.50%, and 6.73%,
respectively. Notably, coffee shop habits increased the likelihood of
households spending on private fuel and their unconditional spending
levels by 3.54 percentage points and 6.65%, respectively. Furthermore, a
positive correlation was observed between households’ habits of going
to the bazaar and using the Internet, and the probability and level of
private fuel expenditure.

A one-person increase in the household workforce size is associated
with a 1.47-point increase in the probability of private fuel expenditure.
Households with a green card exhibited a lower likelihood of private fuel
expenditure (11.47 points), conditional expenditure (3.87%), and un-
conditional expenditure levels (10.55%) than households without this
card. Additionally, residing in homes equipped with stoves negatively
affects the probabilities of private fuel expenditure and unconditional
expenditure. In addition, a positive relationship exists between the size
of a household’s residence (square meters, m?) and the likelihood of
private fuel expenditure (5.92 points), conditional expenditure (2.15%),
and unconditional expenditure levels (5.52%). Additionally, as the
number of properties owned by households increases, the management
and follow-up tasks related to renting, selling, or other transactions
involving these properties may positively impact private fuel
expenditure.

As household income shifts from the second-quarter income group to
the highest-income group, the probability of private fuel expenditure
increases along with the conditional and unconditional spending levels.
Households in the fourth-quarter income group exhibited a 26.73%
higher probability of spending on private fuel than those in the first-
quarter income group (the reference group). Their conditional and un-
conditional spending levels were also higher, at 41% and 48.85%,
respectively.

5. Discussion of findings

Our study employs an extensive cross-sectional analysis to explore
the effects of household dynamics on fuel expenditure, with the focal
aim of shaping robust policies for curbing carbon emissions at the
bottom-up level (i.e., the household level), both in Tiirkiye and analo-
gous countries. Beyond mere operational metrics, we also probed the
relationship between the generational dynamics among household
heads. Within this framework, we observed a pronounced inclination
towards fuel consumption in households led by males, primarily
attributable to their greater vehicle ownership and propensity for longer
commutes. Interestingly, research underscores the distinct travel pat-
terns among women, encompassing variability in distance-covered and
transportation modalities chosen (Gauvin et al., 2020; Goel et al., 2021,
2023). Notably, women tend to undertake fewer drives on average
(Havet et al., 2021), translating into comparatively lower fuel expen-
ditures in female-headed households when juxtaposed with their
male-led counterparts (Fiagborlo et al., 2023). Conversely, the lower
monthly fuel consumption observed in households led by individuals
who have never married can be attributed to the relative scarcity of
external errand factors within the family unit, consistent with the
findings of Fiagborlo et al. (2023), who reported a tendency for un-
married individuals to exhibit lower fuel consumption than their mar-
ried counterparts. Households led by individuals who have never
married or have divorced are typically single-person households, which
generally tend to own smaller vehicles than households with married
heads, potentially resulting in lower monthly expenditures on private
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fuels.

Although a positive correlation has been established between CO,
emissions and higher education (Brand et al., 2013), given the
assumption that individuals with higher education levels are more
environmentally conscious, it is plausible to assume that higher educa-
tion may lead to lower CO, levels (Bel and Rosell, 2017). Our findings
support the existing literature that associates intergenerational educa-
tion levels with probability and expenditure levels. The analysis elicited
a surprising pattern that deviated from the expected monotonically
increasing trend, as highlighted above. Within age groups, as illustrated
in Fig. 1, although there continues to be an increasing trend in fuel
expenditure among highly educated and high-income households with
Generation X heads, a decrease in private fuel expenditure begins to
emerge among similarly educated and affluent households with Gener-
ation Y and Generation Z heads (Fig. 1). Conversely, the findings
regarding the increase in the probability of monthly fuel consumption
and fuel expenditure among households in which the head is employed
align with international findings. Working individuals are generally
associated with higher emissions, whereas housewives and retirees tend
to generate lower emissions (Bel and Rosell, 2017). Moreover, house-
holds benefiting from governmental or private sector aid typically
exhibit a diminished likelihood of monthly fuel expenditure and lower
spending. This pattern emerges as these households allocate a larger
proportion of their budgets to fundamental needs, such as food,
reflecting their comparatively lower income levels and standard of
living (Coruh et al., 2022). The results also suggest that living in an
apartment correlates with reduced monthly fuel expenditure for
households. Conversely, the presence of additional children in the
family indicates a heightened necessity for external engagement,
implying that family owned vehicles are utilized for longer periods,
leading to increased expenditures. Interestingly, having a first child
mitigates transportation emissions, whereas having a second child in-
creases emissions (Biichs and Schnepf, 2013).

Households that make monthly fuel expenditures via credit cards
possess a higher probability of significant spending and are likely to
engage in greater expenditures. This propensity can be attributed to the
various advantages associated with credit card payments among con-
sumers, such as installment plans, deferments, and reward programs,
which may incentivize higher spending (Eakins, 2016). A comparable
spending trend emerges among families accustomed to dining out,
where higher expenditures on private fuel coincide with their elevated
social engagement and income, in contrast to those who opt for
home-cooked meals, as highlighted by Cengiz et al. (2022). Moreover, in
households with home Internet connectivity and specific shopping
habits, such as frequenting bazaars, the likelihood and amount of
monthly fuel expenditure tend to increase. These correlations are
consistent with the findings of Olvera et al. (2008), who observed a
similar connection between overall household spending and private fuel
outlays. The emergence of Information and Communication Technolo-
gies (ICTs) has introduced alternative means of conducting activities
that previously required physical travel, such as correspondence and
remote shopping (Mokhtarian and Tal, 2013). The COVID-19 pandemic
has accelerated the adoption of remote work practices (Barbieri et al.,
2021) and the surge in online shopping and delivery services. Never-
theless, ICTs can optimize travel efficiency and cost-effectiveness
through navigation tools that streamline routes, thereby enhancing
travel allure (Mokhtarian, 2009). This dual role underscores the intri-
cate relationship between technological advancement and travel
behavior. The trend in monthly fuel consumption was influenced by the
presence of an additional working member in the family. Such a dis-
covery aligns with the anticipated escalation in transportation expenses
with rising household income, and with economic theory (Cengiz et al.,
2022). Moreover, Bayat et al. (2023) illustrated a positive correlation
between per capita income in Tiirkiye and CO2 emissions. Individuals
with lower incomes, such as families that rely on stoves and hold green
cards, exhibit reduced monthly fuel expenditures. Given that green card
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Fig. 1. Distributions of households’ conditional and unconditional expenditures and probability levels across cohort, education types, and income levels.

ownership and reliance on stoves are indicative of poverty, these find-
ings correspond with expectations. Bardazzi and Pazienza (2018) noted
that households with elderly members spending more time at home
allocate more resources to heating and fewer resources to trans-
portation. Additionally, Olvera et al. (2008) underscored the limited
access to regular motorized transportation among impoverished pop-
ulations. By contrast, a positive correlation was observed between
household income and the likelihood of private fuel expenditure and
expenditure levels (Figs. 1 and 2). In contrast to our findings, trans-
portation expenditures comprise <15% of household income in
high-income brackets, signaling a comparatively lighter financial
burden (Gebremeskel et al., 2023). Additionally, per capita income ex-
erts a significant influence on transportation demand (Cordera et al.,
2015). When exploring the relationship among spending probability,
conditional expenditure, and income in relation to the number of ve-
hicles owned by a household, the influence of income variability was
evident in spending probability and conditional expenditure, particu-
larly among families with one or more vehicles (Fig. 2). Income,
household size, and homeownership are independent factors influencing
vehicle ownership (Zhao and Bai, 2019). As anticipated, the probability
of transportation spending and conditional and unconditional spending
levels increase with increasing income levels (Coruh et al., 2022). A
positive correlation was observed between the number of properties
owned by a household, including single-family homes, apartments,
vacation homes, shops, and hotels, and their spending probabilities and
levels. This finding is expected and consistent with economic theory,
given that real estate ownership is a marker of wealth. In this context,
the expansion of property ownership creates an economic scale within
the household, providing an advantage in terms of personal vehicle
expenditure.

5.1. Policy implications

Findings related to the educational attainment of household heads
are promising and potentially linked to growing environmental con-
sciousness among younger families. This can be partly explained by their

interest in and inclination towards electric vehicles as substitutes for
traditional fossil fuel-powered cars. Furthermore, the results of three-
way ANOVA analyses, which are not presented here, support these
conclusions. For instance, although the likelihood of spending on fossil
fuels is notably low among low-income families, the opposite trend
emerges in high-income households, where spending probability and
conditional expenditure show significant fluctuations. Although house-
holds with two or more vehicles spend an average of 80-100% per
month, expenditures do not increase linearly with rising income levels.
Instead, expenditure follows a semi-concave trajectory and, in some
cases, even declines in high-income families, suggesting a possible shift
towards more fuel-efficient consumption patterns. This trend implies
that promoting the adoption of fuel-efficient vehicles or alternative
transportation options (i.e., an environmentally friendly public trans-
portation network) among high-income households could potentially
lead to decreased fuel consumption.

Leveraging the attractiveness of credit card usage, a nationwide
rollout of regular special discounts and cashbacks, specifically for credit
card purchases, can be implemented, particularly through strategic
partnerships between banks and fuel companies. Such an approach can
effectively curb gasoline, diesel, and LPG fuel consumption, while
simultaneously encouraging the adoption of energy-efficient vehicles.
However, private fuel costs can be significantly mitigated by imple-
menting urban planning strategies that enhance the appeal of walking
and cycling for everyday errands, such as visiting restaurants, coffee
shops, and markets. A land-use policy that prioritizes the co-
development of transportation modes and minimizes the need for
long-distance travel can effectively curb GHG emissions in Tiirkiye by
discouraging households from relying heavily on private vehicles.
Furthermore, the current study reveals a positive correlation between
Internet usage habits and private fuel expenditure. Technological com-
panies can promote applications, scoring systems, and rewards that
encourage physical activity to mitigate these expenses. By adopting
these policy recommendations, individuals can embrace a more active,
healthy, and socially connected lifestyle, thereby counterbalancing the
sedentary tendencies often associated with Internet usage. Interestingly,
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Fig. 2. Distributions of both probability and conditional expenditures on private vehicles.

this study also identified a positive association between housing sizes of
160 m? or larger and private fuel expenditure. This finding aligns with
the well-established notion that travel preferences are shaped by their
life stage (birth or marriage) and the size of their selected residence.
Larger homes are often situated farther from urban centers, necessi-
tating longer commutes to work, shopping, and other destinations.
Consequently, urban planning and transportation infrastructure play
pivotal roles in influencing emissions. Therefore, poorly planned cities
characterized by sprawling suburbs and inadequate public trans-
portation systems can inadvertently promote car usage and prolong
commuting times. Sustainable transportation policies, when imple-
mented in conjunction with sustainable land-use policies, can effectively
limit household transportation budgets and alleviate the adverse im-
pacts of economic crises on mobility. Therefore, investing in robust
public transportation systems and designing cities that minimize the
need for long-distance travel can emerge as powerful strategies for
achieving emissions reduction targets. In this context, the expansion and
modernization of public transportation networks, particularly in major
cities, are of paramount importance. Bolstering eco-friendly public
transportation options such as high-speed rail systems, light rail systems,
and metro systems across the country can lay the foundation for sus-
tainable transportation infrastructure and thus alleviate the pressure on
emissions.

A strikingly positive correlation was observed between the number
of properties owned by households and private fuel expenditure. The
COVID-19 pandemic has further exacerbated this trend, triggering a
surge in the demand for second homes situated away from densely
populated urban centers. This explosion in the demand for suburban
living could lead to increased investment in suburban development,
potentially exacerbating reliance on private vehicles. Although the
pandemic has undoubtedly encouraged cycling and walking, it has also
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fostered a preference for individual travel modes owing to heightened
concerns regarding the safety of public transport. To alleviate such
concerns and foster a shift towards environmentally friendly trans-
portation options, policymakers should implement a suite of incentives,
including tax regulations and subsidy packages, for individuals who opt
for sustainable vehicles that are recognized as more environmentally
friendly. The energy ladder hypothesis is poised to unfold, notably
within households led by the newer generation, characterized by
elevated income levels and advanced education. As fossil fuel con-
sumption tapers off, this ignites a ripple effect, fostering a heightened
sense of environmental consciousness among family members. This ef-
fect was particularly pronounced in the younger cohort, showing a
significant shift towards greener practices and sustainable energy
choices.

Our findings suggest that to alleviate the pressure on fuel con-
sumption and achieve the desired emission targets, it is essential to
expand the public transportation network, which is generally seen as an
environmentally friendly alternative to personal vehicles. However, this
expansion ultimately requires substantial investments in technical
infrastructure. In developing countries, where investments are largely
centralized, decisions on where to place new transportation investments
are often politically driven (Luca and Rodriguez-Pose, 2019). To effec-
tively prioritize such investments, aligning them with the profile of
typical public transport users (urban, middle-aged, working, retired, or
with children) data mapping GHG concentrations and particulate matter
from internal combustion engines must be utilized. For instance, even
short-term exposure to air pollution has been found to increase respi-
ratory problems in Istanbul and nearby industrial cities such as Bursa,
Tekirdag, and Izmit (Capraz et al., 2017; Bayat et al., 2023). Considering
regional climate and geographical variations, including emission in-
tensity heat maps and taxonomies across different areas, prioritizing the
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development of new public transportation routes focused on emission
reduction could emerge as a powerful strategy in the green trans-
formation battle. However, this requires a steadfast political will.
Moreover, as each additional child in a family increases fuel consump-
tion, it becomes paramount to reassess and prioritize effective short- and
long-term population and family planning strategies to significantly
mitigate emissions and alleviate environmental pressure.

6. Conclusion

The growing emphasis on formulating policies from the grassroots to
the top-down to sustain the innovative path initiated by green trans-
formation in the energy sector is becoming increasingly evident and
significant with each passing day. In this context, this study establishes
the connections between the sociodemographic and economic charac-
teristics of households and private fuel expenditure probabilities and
levels using a DH in censored models. Our study distinguishes itself
uniquely by delving deeply into the intriguing nexus between household
characteristics and monthly gasoline expenditure probabilities and
levels. Utilizing a contemporary econometric model, we illuminate
households as often-unnoticed yet pivotal hubs for CO emissions, thus
unveiling their profound impact as emission production centers. The
analysis results indicate that household’s socio-demographic and eco-
nomic factors substantially impact determining private fuel expenditure
and expenditure levels. This information is crucial for reinforcing
innovative developments in the energy sector and developing market
segmentation and marketing strategies based on socio-demographic and
economic factors, private fuel expenditure opportunities, and household
expenditure levels. Although approximately 25 out of the 38 indepen-
dent variables exhibited a positive relationship with the probability and
levels of private fuel expenditure, the remaining variables were found to
have a negative relationship. Among the 25 positively correlated vari-
ables, 21 were statistically significant. In this context, analyses focusing
on the sociodemographic and economic characteristics of household
heads and members, going beyond one-dimensional relationships be-
tween individuals and offering a versatile and in-depth examination, can
assist in achieving desired goals more effectively. For instance, rather
than solely examining the education variable, understanding the re-
lationships among variables such as income, education, and age by
evaluating them together is crucial. By focusing on variables that in-
crease the probability and quantity of private fuel expenditure, ap-
proaches of this nature can form the foundation for effective policies
aimed at reducing such expenditures. For example, integrating energy
efficiency and clean transportation topics into educational programs to
increase environmental awareness among new generations and
encourage sustainable transportation habits could be an effective policy
tool. In this age group, certain tax exemptions, financial aid, or low-
interest loans may be offered to encourage the purchase of electric ve-
hicles, thereby reducing fossil fuel consumption. Therefore, by under-
standing the transport behavior patterns of households, these studies
can accelerate the decarbonization process and contribute to the
development of an intergenerational energy culture that embraces sus-
tainable transport systems. In this context, it is imperative for govern-
ments to direct infrastructure investment towards innovative
technologies.

This study conducts analyses and examinations in the context of COy
emissions reduction using household-level monthly fuel expenditure as
its anchor. By leveraging the intrinsic relationship between fuel
spending and CO; emissions, researchers are encouraged to explore the
nuanced emission quantities linked to household characteristics, as
shown in the Appendix. This approach provides deeper insights and
fosters more meaningful correlations. Ultimately, this endeavor has the
potential to furnish policymakers and industry stakeholders with robust
findings, propelling concerted efforts towards a greener and more sus-
tainable future. Future research could also focus on analyzing the dy-
namic relationship between fuel prices and the quantity demanded,
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thereby uncovering effective policy instruments.
Table Al

Maximum-likelihood estimates of the double-hurdle censored regression for
households’ CO, emission.

Selection Level
Variable Estimate S.E. Estimate S.E.
Constant 0.239 0.344 —82.044 *** 17.267
Cohort 1965-1980 0.196 0.133 15.699 *** 5.930
Cohort >1980 0.555 *** 0.173  6.700 7.477
Male 1.018 *=* 0.127  —28.963 ***  8.651
Unmarried —0.332 * 0.192 —18.136 13.510
Divorced 0.171 0.199 —41.239 *** 14.045
Widow 0.152 0.207  -16.526 12.763
Elementary —0.244 0.202 31.097 *** 9.061
Secondary —0.360 0.238 47.284 10.476
High school —0.439 * 0.229  49.236 10.398
College —0.229 0.239  66.797 *** 10.413
Salaried —0.565 *** 0.168  13.602 9.583
Employer —0.546 *** 0.194  54.202 *** 10.002
Retired —0.538 *** 0.173  29.766 *** 9.872
Agricultural job 0.163 0.188 16.475 ** 6.500
State aids 0.034 0.131 —24.279 *** 6.272
Private aids -0.214 * 0.113  -3.821 6.183
Apartments —0.268 * 0.140 —21.113 *** 5.083
Tenant -0.167 0.112 —-0.007 5.582
Spouses only 0.406 ** 0.188 —4.865 9.389
Spouses with kids 0.549 *** 0.142 —7.439 7.289
Credit card(s) habit 0.335 *** 0.113  39.905 4.961
Eating out habit —0.061 0.109  25.941 *** 4.608
Cinema habit —0.041 0.123 12.954 ** 6.315
Game habit —0.052 0.189 —20.855 ** 9.163
Coffee house habit 0.125 0.100 10.897 ** 4.268
Bazaar habit 0.265 *** 0.091 1.419 4.304
Internet habit 0.020 0.120 22.997 5.545
Newspaper habit —0.104 0.156 —0.080 7.784
Kids 0.062 0.050  0.007 1.965
Adults —0.068 0.058 —0.521 2.737
Working persons 0.209 0.080 —2.854 3.114
Greene card —0.868 0.128 - -
Stove heating 0.039 0.101 - -
Residence area 0.760 *** 0.287 - -
Number of properties 0.326 *** 0.063 - -
Second quartile income - - 44.713 *** 5.086
Third quartile income - - 78.375 5.401
Fourth quartile income - - 128.273 * 6.024
Error std. dev. (o) - - 128.770 *** 1.541
Error correlation (p) —0.330 *** 0.078 - -
Log-likelihood —39,966.860

Wald (df)[p-value] 252.30 (35)[<0.001] 1645.40 (34)[<0.001] -

Note: ***p < 0.01, **p < 0.05, *p < 0.10. Wald tests are for joint significance of
all variables in equation.

Table A2

Marginal effects of explanatory variables on both the probability and
levels of CO5 emission.

Probability Conditional level Unconditional level
Variable Estimate S.E. Estimate S.E. Estimate S.E.
Cohort 5.311 *** 1.095 8.050 *** 2.284 11.007 2.440
1965-1980 o
Cohort 6.375 ***  1.326  5.763 * 2,953  10.667 3.202
>1980 e
Male 1.533 -5.816 * 3.335  6.324 ** 2.963
Unmarried —7.430 2196  —9.654 4711  -13.837 4.711
Sk 3k sk
Divorced 2.431 4.771 —17.740 5.087
Widow —2.240 2.097 -6.288 4.687 —6.382 4.977
Elementary 4.016 *** 1.522 12.467 3.315 12.224 3.197
Secondary 5.302 ** 2.313  19.867 4171  18.711 4.264

Fedked

(continued on next page)
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Table A2 (continued)

Probability Conditional level Unconditional level
Variable Estimate S.E. Estimate S.E. Estimate S.E.
High school 4.778 ** 2.282  20.132 4.137  18.202 4.242
Prrs Sk
College 11.159 2.341 30.358 4.454 32.071 4.731
Salaried —2.934 * 1.554  2.756 3.613 —1.451 3.549
Employer 4.298 ** 2153  21.510 4.155  18.091 4.182
Retired —0.188 1.695 10.044 3.843 5.871 3.577
ke
Agricultural 5.134 *** 1421  8.304 *** 2505 11.086 2.823
job *hk
State aids —5.029 1.070 —10.201 2.183 -11.734 2.267
F*edk ke ek
Private aids —3.060 1.039  —2.909 2.250 -5.160 2.259
sevese ok
Apartments —7.054 1.077  —10.831 1.917 —14.740 2.143
Tenant —1.703 * 1.021  —-0.950 2.045 —2.460 2171
Spouses only 2.587 1.577 —0.083 3.563 2.704 3.834
Spouses with 4.002 * 1.268  —0.184 2716  4.411 2.789
kids
Credit card(s)  12.473 0.938  19.197 1.735  25.365 1.815
hablt Fedkk Kk ek
Eating out 5.069 ***  0.881  11.007 1.688  12.507 1.809
habit ke Kk
Cinema habit 2.341 * 1.286 5.582 ** 2.596 6.197 ** 2.894
Game habit —4.925 1.593  —9.098 3.156  —-10.978 3.288
e sk ke
Coffee house 3.539 ***  0.839 5528 ***  1.638 7.486 ***  1.791
habit
Bazaar habit 2.871 *** 0781  2.124 1.565 1.627
Internet habit ~ 5.270 *** 1153  10.559 2.290 12.612 2.570
Kk Kk
Newspaper —0.968 1.569  —0.627 3.006 -1.573 3.299
habit
Kids 0.615 0.378 0.343 0.707 0.881 0.751
Adults —0.862 * 0.493 —0.603 1.030 —-1.232 1.086
Working 1.471 ** 0.662  —0.101 1.172  1.507 1.288
persons
Green card —11.474 1.810 —6.104 1.756 —16.386 2.658
Stove heating ~ 0.387 0.989 0.217 0.558  0.558 1.425
Residence 5.560 *** 1.403 3.234 *x* 1.177 8.115 *** 2.105
area
Number of 3.215*** 0,551  1.799 ***  0.537  4.640 ***  0.810
properties
Second 9.212 * 0.999  20.665 2,471  23.868 2.798
quartile wE o
income
Third quartile ~ 16.317 1.081  37.203 2.788  43.016 3.118
income s
Fourth 26.943 1.265  63.605 3.420  75.059 3.856
quartile dedkk ek ek
income
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