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Abstract: Spatial planning aims to improve the socioeconomic and environmental sustainability of a
region, yet, in the spatial planning framework, it is difficult to capture the environmental impacts of
the lifestyle of residents as a whole. We use carbon load as an indicator for environmental pressure
and explore the spatial variations in carbon load from transport, domestic energy use, and the
consumption of goods based on data obtained from the Household Budget Survey in Estonia, in an
attempt to understand how residential location is related to the environmental load of household
consumption. We use environmentally extended input-output computing for carbon accounting,
multiple regression models for statistical analysis, and settlement hierarchy as an analytic tool for
characterizing residential location. The results show that the capital region and other higher-level
settlements provide favorable conditions for the consumption of leisure-related goods and services
even when other socioeconomic variables are taken into account. Industrial cities dominated by
apartment block housing are characterized by conservative consumption patterns of residents. For
rural residents, a lower carbon load imposed from other consumption categories compensates for
their higher dependency on cars. We conclude that there is a need for an integrated and balanced
spatial planning policy that considers the entire consumption pattern of populations in different
settlement types.

Keywords: household consumption; environmental pressure; carbon load; settlement hierarchy;
residential location; spatial planning policy

1. Introduction

The discourse on spatial planning has acknowledged that improvements to quality of life and
establishing and maintaining sustainability are two of its main goals [1]. However, it is difficult to
foresee the environmental effects of consumer behavior as a whole, and how these are interwoven with
the spatial configuration of residential settlements; a proper understanding of the relation between
settlement structure and the sustainability of the consumption patterns of the population has remained
elusive (see e.g., [2]). Household consumption accounts for 72% of global greenhouse gas emissions [3]
and unsustainable consumption has been cited as the main driver of carbon emissions [4]. Therefore,
there is a need for a higher-order and more integrated and evidence-based spatial planning policy,
alongside existing transport, energy, or sustainable production and consumption policies, to guide
sustainable settlement structures on a regional basis.

Consumption, as one of the integral parts of everyday life, is both materially and socially situated
in space. Consumption spaces and places affect the consumption practices of people, either enabling,
predisposing, or hindering certain forms of consumption ([5] (p. 7); [6] (p. 13)). The material, social
and cultural settings of consumer spaces work hand-in-hand to shape consumer choices and allow the
formation of consumer identity [7,8]. Urban spaces have been the nodes of trade and consumption
throughout history [9]. Larger and higher-level urban areas with more developed markets provide
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their residents with better access to a broader range of consumer commodities [10–12], at the same
time providing certain functions for the rest of the region [13]. This better access, together with higher
levels of general affluence [14], stimulates additional consumption among residents of these urban
areas [15,16]. Urban consumerism has developed, alongside substantive improvements in the material
life of the middle classes in postindustrial societies [17], ‘where retailing, leisure and tourism are
widely identified as major engines of growth’ [18] (p. 18). Off-center retailing has in turn supported
the rise of suburban consumerism and consumer mobility, and the readiness of consumers to travel
farther to reach a wider range of goods and services has been increasing [19].

Exploring the environmental externalities of consumer behavior has been one of the main
research topics in household-related environmental studies, particularly in the research field known as
household metabolism [20–22]. This field considers the direct and indirect flows of resources either
through households or by other means to accomplish household activities and consumption [23].
In household metabolism studies, the monetary purchasing information of various consumption
categories is transferred into environmental cost, typically expressed either in embodied energy
or emitted greenhouse gas, with the help of national statistical datasets or life-cycle analysis [20].
As different commodities embody varying degrees of energy and carbon emissions, the analysis of
household expenditure enables an evaluation of the sustainability of consumption [11,24].

Since the early research on household energy consumption [25,26], researchers have suggested
that urban living is less energy intensive than suburban or rural living due to the smaller average
size of living spaces, the presence of district heating, shorter commuting distances, and better access
to public transport [11,16,23,27–32]. Compact urban areas in particular support the provision of
sustainable transport solutions and reduce the vehicle miles traveled of their residents due to diversity
in land-use and good accessibility to destinations [30,33–37]. Higher-level and centralized settlement
areas may in turn increase travel distances in the whole metropolitan area as distances between activity
destinations increase [36,38], or transport infrastructure improves [39]. The polycentricity of urban
regions has an ambiguous effect on travel patterns as each additional center on the one hand increases
proximity to facilities within the nearby district, but on the other hand generates diffuse journeys
throughout the built-up area [34]. In addition to land-use characteristics, socioeconomic, psychological,
and institutional factors also significantly shape the travel patterns and transport energy uses of
populations [40,41].

The effects of spatial structure indicators on residential energy use and emissions are
ambiguous [13,42,43], and the causal mechanisms remain unclear [44]. An understanding of these
links could help relate land-use characteristics to residential greenhouse gas emissions and support
the involvement of planners in energy policy [45]. The positive association of residential floor
area with heating energy use on both a per household and a per capita level is intuitive and well
documented, and favors multi-unit housing [44,46], which is particularly concentrated in compact
urban areas [30,31]. Multi-unit dwellings also have better thermal conditions and are more energy
efficient than detached houses [30,32,42,47]. On the other hand, new residential houses that are
commonly concentrated in suburban areas have better energy efficiency, which may offset the higher
greenhouse gas emissions from their increased floor area compared with older inner-city houses [48,49].
Energy-efficient infill housing can thus be beneficial to the creation of a sustainable compact city [48,50].
However, some authors have shown that high-rise buildings in inner urban areas may increase per
capita carbon emissions due to the need they impose for shared and supporting technical spaces such
as elevators or underground parking [51,52].

Agglomeration and proximity produce ‘economies of scale’ that also pertain to environmental
infrastructure such as district heating, waste, or waste water management [4,53–55]. District heating is
an efficient energy supply system in densely populated areas [30] and helps to achieve primary energy
and carbon emission reductions at the EU level with minimal associated costs [56]. Albeit on a single
housing unit basis, new technologies and local renewable energy systems are able to provide more
sustainable heating solutions [57].
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Direct energy use satisfies first and foremost the basic necessities of households where less
well-off residents have almost no options to cut their consumption [58–60]. With rising income the
consumption of direct and in particular indirect energy is increasingly related to pleasure [3,59,60].
Wealthier households are more prone to adopt carbon-intensive lifestyles [15,61]. Income differences
are one of the main drivers of residential segregation [62] that also affects the spatial variation of
carbon load from final consumption.

The consumption of non-energy products often constitutes the majority of the total energy-related
impact of households [3,16,23,63–65]. Food, transport-related services, and recreation are the top
single contributors to indirect energy use and carbon emissions in various countries [23,64,66]. Several
studies have shown that despite the benefits of urban density, metropolitan and inner-city living
is linked to intensive consumption patterns in relation to non-energy products, which increase the
indirect carbon emissions of households, thus diminishing the resource-use ‘win’ from lower levels of
driving [15,16,67–70]. Other studies have shown either opposite results due to the different distribution
of affluence [71,72] or marginal impact of urbanity [66]. There is little information available about the
spatial variations in household consumption concerning non-energy commodities, taking into account
socio-economic differences between households. Some authors have claimed that the effect of location
could be either missing [61], minor [51], or partly favoring urban living [63].

In the current study, we aim to understand how residential location is related to the environmental
load of household consumption, when differences in income level and household characteristics are
kept equal. We explore the spatial variation in CO2 emissions of different consumption clusters
in Estonia, such as goods and services, transport, or energy, using the Household Budget Survey.
We use the concept of settlement hierarchy to represent the spatial differences in consumer markets
and residential areas. Contribution of this paper is important as there is a lack of spatially inclined
household consumption studies that combine diverse spatial subunits, the exploration of non-energy
commodities next to direct energy use, and regression models to better understand the effect of location
on the choices of households and the consequent environmental pressure they impose within the local
context. We see that especially the use of indirect energy is strongly connected to the consumeristic
lifestyle and we aim to understand the impact of residential location on the environmental load of
consumption even when differences in affluence level are taken into account. The research area is
Estonia, a Baltic country, where no environmentally extended household consumption surveys have
been previously published and the knowledge of the possible regional variations and their social
relevance is missing. The motivation of our study is to stress the need for a wider spatial planning
policy that would consider optimal and sustainable spatial development issues on a higher scale.

2. Materials and Methods

2.1. Research Area

We tested the effect of residential location on the carbon load of households at different levels of
settlement hierarchy in Estonia, a member state of the European Union located in Northeastern Europe,
with 1.3 million inhabitants and one of the lowest population densities in Europe (30.3 in/km2).

The allocation of levels of settlement hierarchy to settlement units was made on the basis of
information contained in the research of the Department of Geography, Tartu University [73–76]
taking into account settlement type and size, the provision of functions, and the relations between
municipalities. The settlements are divided into four hierarchical levels of urban cores (the capital,
regional centers, county centers, and small towns) with their respective functional hinterland or
peripheral rural municipalities (Table 1). Regional centers are divided into polyfunctional and
industrial cities. The latter form a cluster in Eastern Estonia, a region that was heavily modified
by Soviet industrial, particularly oil-shale-related, activities and migrant labor. The hinterland of an
urban center is defined as a municipality where at least 30% of the working-age population commute
to the central city. Municipalities that show lower commuting scores to central cities are defined either
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as small towns or rural peripheral municipalities. Commuting statistics were gained from the Estonian
Population and Housing Census of 2011.

Table 1. The description of settlement hierarchy structure.

Hierarchy Level Description Population 1 Share of Population Share in the Sample

U1 The capital: Tallinn 393,222 30% 20%

H1 Hinterland municipalities of the capital 154,341 12% 8%

U2pf Regional polyfunctional centers: Pärnu, Tartu 137,328 11% 7%

U2i Regional industrial centers: Jõhvi,
Kohtla-Järve, Narva, Sillamäe 120,891 9% 8%

H2 Hinterland municipalities of regional centers 71,357 6% 5%

U3
County centers: Haapsalu, Jõgeva,

Kuressaare, Kärdla, Paide, Põlva, Rakvere,
Rapla, Valga, Viljandi, Võru

105,780 8% 13%

H3 Hinterland municipalities of county centers 57,042 4% 7%

U4
Small towns (26 towns): e.g., Antsla, Elva,
Kiviõli, Kärdla, Kunda, Mustvee, Otepää,

Paldiski, Põltsamaa, Tõrva, Võhma
67,071 5% 8%

H4 Rural peripheral municipalities 181,566 14% 24% 1

1 According to the Population and Housing Census of 2011 [77].

The capital region functions as the main economic and residential center of Estonia. A general increase
in levels of affluence, along with liberal spatial planning policies, have supported suburbanization around
the main centers and an accompanied boom in retail spaces and increase in demand for transport
energy. The provision of public transport in suburban or rural areas has gradually diminished and
the number of cars has reached 500 per 1000 inhabitants [77]. The Estonian transportation roadmap
for 2020 [78] sets out a modal shift towards light traffic and public transportation by various measures;
nevertheless no radical change is foreseen.

Settlements outside the main urban regions are facing aging and shrinking populations [79].
Out-migration from rural areas is related to employment and financial subsistence, self-realization,
and the avoidance of marginalization [80]. During the past decades, agricultural and industrial
activities have gradually been replaced by a service economy [77].

The Estonian economy is energy- and carbon-intensive due to the climate, the low adoption of
eco-innovation and energy efficiencies in oil-shale-based electricity production [81], energy supply
systems and housing stock [82,83]. The high levels of energy intensity have decreased somewhat over
the last decade [84,85]. The national energy roadmap ENMAK 2030+ [82] aims to reduce radically both
demand for heating energy and greenhouse gas emissions by 2050 by increasing the energy efficiency
of housing stock and inducing a shift in energy generation towards renewables.

2.2. Dataset

The current research is based on the 2012 dataset of the Estonian Household Budget Survey
conducted by Statistics Estonia. It includes data on expenditure based on the COICOP (classification
of individual consumption by purpose) division [86], which is accompanied by rich sociodemographic
information about all households.

The dataset consists of 3587 households with 9080 household members in total. The response
rate in 2012 was roughly 50%. The sampling used in the survey followed a stratified unproportional
systematic procedure in order to obtain a reliable overview of each spatial subgroup of Estonia [87].
The quality of the dataset was assured using weighting and calibrating procedures created by Statistics
Estonia. We corrected the dataset further in order to exclude extreme cases of carbon emission
log-values for performing multiple regression analysis and to obtain missing heating data, as a lack
of heating system is unlikely in the climatic conditions of Estonia. Households whose total, direct,
or indirect carbon emission log-values differed more than three standard deviations from mean
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log-values of total, direct, or indirect carbon emissions were omitted. The final dataset consisted
of 3537 households and is described in Table 2 according to the spatial groups studied.

Table 2. Descriptive data of the sample across settlement hierarchy levels 1.

Variable U1 H1 U2pf U2i H2 U3 H3 U4 H4

N 707 292 243 276 179 457 241 280 862
Single 25% 14% 27% 27% 18% 26% 25% 29% 24%

Couple 26% 25% 26% 26% 23% 27% 24% 25% 27%
Household with children 27% 40% 31% 27% 39% 29% 31% 27% 31%

Other household 22% 21% 16% 20% 20% 19% 20% 20% 19%
Higher education 45% 34% 41% 23% 30% 28% 22% 26% 18%
Basic education 10% 16% 13% 19% 17% 17% 24% 18% 26%

Estonian as first language 50% 81% 85% 8% 85% 89% 99% 89% 97%
Lowest income decile 7% 6% 10% 12% 14% 10% 13% 15% 14%
Highest income decile 13% 12% 9% 4% 8% 6% 5% 5% 3%

Detached or semidetached house 13% 55% 28% 4% 62% 31% 64% 50% 68%
Large apartment building 83% 37% 54% 92% 27% 57% 26% 40% 20%

Owner of housing 77% 90% 75% 89% 91% 85% 86% 84% 84%
District heating 75% 31% 51% 90% 21% 55% 16% 36% 10%
Stove heating 15% 54% 38% 4% 60% 39% 73% 58% 77%

Car owner 55% 77% 60% 42% 70% 62% 70% 59% 65%
1 The proportions of households of the respective variable are given across particular settlement hierarchy levels.

2.3. Carbon Emission Allocation to Final Consumption

The current research applies input-output analysis, a well-known economic tool originally
developed by Wassily Leontief, to study the relations among various economic sectors [88–90].
In addition to monetary relations, an input-output framework allows the exploration of the physical
by-products of production processes such as pollution, which in turn can be linked to final demand [88].
Environmentally extended input-output methodology has been widely used in household consumption
research [11,24,63,91,92].

The limitations of an input-output framework are the assumptions of the homogeneity it involves
regarding domestic and international economies, energy portfolios, processes within economic sectors
or price formation, and the exclusion of post-purchase emissions [24,88,93–95]. The aggregation
errors have been partly overcome either by applying an internationally extended input-output
framework [3,92,96,97], or through a hybrid approach integrating input-output analysis with life-cycle
datasets [51,95,98]. Until recently, multi-regional input-output tables have been available only on a
highly aggregated level due to their complexity [91,99]. However, as world input-output tables are
now more easily accessible [100,101], these can be incorporated into further research about the spatial
variations in household consumption. The use of a hybrid approach helps to overcome the truncation
error from system boundary settings [51] while excluding post-purchasing emissions. However,
the aggregation error cannot be completely overcome because the extension of life-cycle analysis
from single products to the whole economy is unfeasible due to the heavy data- and time-demands
it imposes [94].

In the current research, we used energy input data by fuel type for 39 economic activities, collected
by Statistics Estonia [84]. Carbon conversion factors were obtained from the greenhouse gas emissions
national inventory report [102] (pp. 81–82). We used domestic input-output tables with 62 economic
sectors based on the most recent available year, which was 2010. The CPA (classification of products
by activity in the European Economic Community, a derivate of NACE) [103] division of input-output
tables was matched [104] with the COICOP classifications used in the Household Budget Survey
resulting in 28 combinations of commodity groups. These groups were ascribed embedded carbon
emission coefficients per spent euro, and these coefficients were obtained via input-output matrix
computing [88,93]. We used inflation rates between 2010 and 2012 in different commodity groups [84]
in order to update embedded carbon coefficients for the analysis of household expenditures in 2012.
In order to overcome the exclusion of post-purchase emissions in the input-output framework [95],
we used a tiered hybrid approach similar to Ottelin et al. [51], which involved adding the direct
end-of-life stage carbon emissions of particular energy carriers for COICOP commodity level to the
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sectorial input-output coefficients of embedded emissions. The final carbon emission coefficients
of 35 commodity groups are presented in Table S1 in the Supplementary Materials. The relatively low
number of economic sectors with differentiated carbon emission coefficients incorporates the limits
of the homogeneity assumption of input-output computing. We assume the possible aggregation
error to be the highest within the energy sector, especially in the commodity group ‘electricity, gas,
district heating, and hot water’. As almost 90% of electricity produced in Estonia originates from
the pollutive oil-shale industry and the mix of energy carriers varies between electricity and district
heating production [77], we assume that the carbon emissions from gas, district heating, and hot
water may be overestimated and the emissions from electricity use underestimated. Lower emission
coefficients and a more homogeneous mix of energy carriers in the case of economic sectors other
than the energy sector implies also lower aggregation errors. There are some underestimates in the
Household Budget Survey in the COICOP commodity groups related to healthcare and education
because these costs are partly covered by public institutions [64]. There may be also underestimates in
food expenses and consequent emissions due to traditional non-commercial food supply and private
gardening. Hence, these costs are covered by other household expenditures.

We used only domestic input-output tables, and therefore the high energy- and carbon-intensity
of the Estonian economy [81] as described above may overestimate the carbon load associated with
the consumption of imported products. The proportion of imports in the per capita greenhouse gas
emissions in Estonia was 22% in 2001 [3]. Roughly half these imports are intermediate goods for
industry related to the upper tiers of production processes, and the remainder are divided mainly
between consumers and capital goods [77]. Therefore, we find that the aggregation error from the
assumption of homogeneity between domestic production and imports has limited power in our
results. The assumption of the homogeneity of price formation may lead to some overestimation of the
emissions of wealthier households in our results because such households might spend more money
on the same amount of physical resources than poorer households [88].

2.4. Consumption Clusters and Statistical Analysis

We distinguish carbon emissions from direct (electricity, heating, and private car fuel) and indirect
(embedded energy in all other goods and services) energy use. To explore further the spatial variation
of consumption, we cluster the carbon emissions from the COICOP commodity groups into six major
consumption clusters emanating from the intended purpose of each particular consumption type.
These studied clusters are as follows:

• Shelter (electricity, heating, water, waste management, maintenance, rent, etc.);
• Transport (car fuel, purchase and maintenance of vehicles, public transport, flights, etc.);
• Food and non-alcoholic beverages;
• Consumer goods and services (clothing, footwear, household equipment, alcohol, tobacco,

communication, miscellaneous goods and services);
• Leisure (recreation, culture, accommodation, restaurants);
• Education and healthcare.

In the statistical analysis we use analysis of variance (ANOVA) and multiple linear regression
modeling. ANOVA in Section 3.2 is undertaken on a per capita basis in order to account for
the effect of household size. Multiple regression models in Section 3.3 use per household carbon
emissions as the dependent variable and we apply household type as one of the explanatory variables.
These models involve only those sociodemographic household characteristics that turned out to be
statistically significant (p < 0.05) in the preparatory analysis. Households with zero costs in a particular
consumption cluster are omitted from the respective regression model due to the need to transform
dependent values logarithmically in order to obtain a normal distribution of the model residuals. As a
result, the models of the transport and healthcare and education clusters involve a restricted set of the
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households, 55% and 51% respectively, while the rest of the consumption clusters represent 90%–100%
of the households from the sample.

3. Results

3.1. Carbon Load of Household Consumption in Estonia

The carbon load of final consumption in Estonia in the year 2012 was on average 8.6 t CO2 per
household and 3.9 t CO2 per capita, with a 95% confidence interval between 8.5–8.8 t CO2 and 3.8–4.0 t
CO2 respectively. The dominant share of per capita emissions was held by shelter (56%, Figure 1) in
which domestic energy accounted for the majority of the emissions (52% of total per capita emissions).
Among other consumption clusters, the largest share was the consumption of food and non-alcoholic
beverages (14%), followed by transport (13%), and the consumption of various consumer goods and
services (10%), while other consumption categories constituted lower shares. Direct energy use, i.e.,
domestic energy and car fuel, accounted for 60% of the emissions.
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3.2. Differences in per Capita Carbon Load Across Settlement Hierarchy Levels

Per capita carbon emissions of Estonian households tend to be higher among the residents of
higher hierarchy levels, i.e., the capital region and regional polyfunctional centers and their hinterlands,
than among the residents of lower-level settlement hierarchy levels, i.e., county centers and their
hinterlands, small towns, and rural peripheral municipalities (Figure 2a). However, overwhelmingly,
the lowest load is shown by the residents of regional industrial centers. On per household level,
the carbon emissions are significantly higher (p < 0.001 . . . p < 0.05) among the households of the
hinterlands of the capital and regional centers than among households residing in any other settlement
hierarchy level, and significantly lower (p < 0.001) among the households residing in regional industrial
centers than those residing elsewhere.

There are significant (p < 0.01) differences between the residents of different settlement hierarchy
levels in the per capita carbon load of all of the studied consumption clusters, with the exception of the
food and beverage cluster and domestic energy use, which accounts for the majority of the emissions
within the shelter cluster. As a result, the food and beverage and shelter clusters hold higher shares in
the total carbon emissions of the residents of regional industrial centers (Figure 2b). Within the shelter
consumption cluster, per capita emissions other than domestic energy decrease steadily from the
capital towards lower-level urban cores, and the emissions among the residents from the hinterland are
always lower than among those residing in the respective level of the urban core, with the exception of
the regional industrial centers.
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Figure 2. Annual per capita carbon load of household consumption across settlement hierarchy
divided into consumption categories: (a) in absolute values with average per capita net income;
(b) shares. Hierarchy levels: U1—capital; H1—hinterland of capital; U2pf—regional polyfunctional
centers; U2i—regional industrial centers; H2—hinterland of all regional centers; U3—county centers;
H3—hinterland of county centers; U4—small towns; H4—rural peripheral municipalities.

Per capita transport-related emissions show ambiguous regional disparities. Higher per capita
emissions from all transport-related costs are related to residents from the hinterlands of urban centers
(Figure S1). Emissions from car fuel are roughly equal across all levels of urban cores (with the
exception of regional industrial centers, which contain the lowest values) and significantly (p < 0.05)
higher in the hinterland of county centers and rural peripheral municipalities. The average emissions
from public transport are in turn higher among the residents of the capital region and regional
polyfunctional centers than in lower-level settlement units. Statistically significant difference does not,
however, occur between every possible combination of these hierarchy levels. Apart from everyday
travel, there are other transport-related costs such as the purchase and maintenance of vehicles and
traveling by air or sea. The carbon emissions from these expenditures show a decreasing trend across
settlement hierarchy, resulting in statistically significant (p < 0.01) differences between residents of
the capital and residents from small towns and rural peripheral municipalities. The dominant part of
these emissions stems from vehicle-related costs.

Our results show the largest regional disparities in the case of leisure-related carbon emissions,
which follow a significant declining trend from higher towards lower settlement levels, with the
exception of the residents of regional industrial centers whose carbon load in this consumption
category is significantly (p < 0.01) lower than all other respondents (Figure 3). Diminishing emissions
across settlement hierarchy are also reflected in Figure 2a,b. A similar pattern, but with a milder
decline across settlement hierarchy, is also present in the carbon emissions of various consumer goods
and services (Figure S2).

Carbon emissions from education and healthcare show statistically significant (p < 0.01) differences
between residents of the capital on one hand and residents of regional industrial centers, county centers
and their hinterland, and rural peripheral municipalities on the other.
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3.3. The Carbon Load of Household Consumption and the Impact of Sociodemographic Factors

The spatial variability in the absolute values of carbon emissions of household consumption
explored above is a result of a combination of various sociodemographic, economic, and geographic
factors as well as individual preferences and social settings. We now examine the impact of these
foregoing factors in order to understand the effect of residential location within the settlement hierarchy
on the carbon load of households.

The differences in total carbon load of household consumption between settlement hierarchy
levels presented in Section 3.2 are primarily explained by socioeconomic factors other than the level of
settlement hierarchy as seen from model M1 in Table 3 (adjusted R2 = 0.42). Only households from
rural peripheral municipalities show minor statistically significant (p < 0.05) lower emissions than
households from the capital. Higher carbon load is related mainly to households with children, higher
income, larger living spaces, and the ownership of a private car. In addition, smaller differences occur
due to education level, ethnicity, and heating options.

Direct carbon emissions, i.e., emissions from domestic heating and car fuel, do not vary across
settlement hierarchy according to our results, and the model (M2 in Table 3) describes only 23% of the
variability. However, there are indirect effects related to residential location and land-use characteristics
that explain the variance in direct energy emissions. Specifically, higher direct carbon emissions are
connected to non-single households who own bigger homes without district heating, who have higher
incomes and own a car. Higher carbon emissions from domestic energy use have a weak negative
correlation (r = −0.21, p < 0.001) with the presence of district heating.

Significant regional disparities are visible within the consumption categories that cause indirect
carbon emissions, where the model (M3 in Table 3) also has the highest ability to describe the variability
of the respective emission rates, namely 45%. The highest carbon rates are shown by households
living in the hinterland of the capital, differing significantly (p < 0.001) even from households in the
capital. At the other end of the scale, households from county centers have the lowest emissions,
followed by small towns, peripheral rural municipalities, and regional industrial centers. Income has
the overwhelmingly strongest effect on indirect emissions, followed by household type, Estonian as a
first language, higher education, larger living space, apartment living, and ownership of a dwelling
and a private car.



Sustainability 2016, 8, 799 10 of 18

Table 3. Results from multiple regression models of the carbon load of households, exploring the effect of residential location within settlement hierarchy.

Dependent Variable: Log(kg CO2/Year)
of the Respective Consumption Cluster M1 Total M2

Direct
M3

Indirect
M4 Food and

Beverages
M5

Shelter
M6

Transport
M7 Consumer

Goods and Services
M8

Leisure

Explanatory Variable: Reference Parameter Beta Beta Beta Beta Beta Beta Beta Beta

Household type: With children
Single −0.222 *** −0.131 *** −0.285 *** –0.345 *** –0.157 *** n.i. –0.294 *** –0.132 ***

Couple −0.072 *** −0.031 −0.111 *** –0.068 *** –0.042 * –0.173 *** –0.113 ***
Other without children −0.036 * 0.000 −0.065 *** –0.048 ** 0.008 –0.103 *** –0.099 ***

Education: Higher Basic −0.073 *** −0.007 −0.136 *** –0.050 ** n.i. n.i. –0.106 *** –0.140 ***
Secondary −0.071 *** −0.043 * −0.080 *** –0.042 * –0.021 –0.104 ***

First language: Estonian Other −0.079 *** −0.122 *** n.i. n.i. –0.102 *** –0.093 *** –0.177 ***
Income (continuous) 0.256 *** 0.119 *** 0.316 *** 0.181 *** 0.096 *** 0.176 *** 0.258 *** 0.268 ***

Settlement hierarchy: U1 Capital

H1 Hinterland of capital 0.032 n.i. 0.073 *** n.i. 0.009 0.008 0.020 0.068 **
U2pf Regional polyfunctional centers 0.003 0.018 0.000 0.014 –0.005 0.014

U2i Regional industrial centers −0.018 −0.038 * –0.004 –0.046 –0.067 *** –0.071 **
H2 Hinterland of regional centers 0.005 0.000 –0.013 0.053 * –0.013 0.014

U3 County centers −0.021 −0.068 *** 0.032 –0.018 –0.050 * –0.061 **
H3 Hinterland of county centers −0.027 −0.016 –0.059 ** 0.011 –0.021 –0.033

U4 Small towns −0.017 −0.041 * 0.016 –0.011 –0.017 –0.068 ***
H4 Rural peripheral municipalities −0.051 * −0.044 * –0.072 ** 0.054 –0.016 –0.101 ***

Living space, m2 (continuous) 0.156 *** 0.167 *** 0.074 *** 0.054 ** 0.232 *** n.i. 0.047 ** 0.035 *

Dwelling type:
Semi-detached, detached

Row house, small apartment building n.i. n.i. 0.034 * –0.008 0.038 * 0.017 0.033 * n.i.
Large apartment building 0.075 *** –0.059 ** 0.049 0.087 * 0.045 *

Dwelling owner: From household Other n.i. −0.044 ** 0.034 ** –0.045 ** n.i. n.i. n.i. n.i.
Heating option: Other District −0.088 *** −0.128 *** n.i. –0.098 *** –0.101 ** n.i. n.i.

Private car: Yes No −0.173 *** −0.155 *** −0.148 *** –0.098 *** n.i. –0.276 *** –0.152 *** –0.116 ***
Constant 3.841 *** 3.556 *** 3.412 *** 3.048 *** 3.432 *** 2.952 *** 2.782 *** 2.450 ***

Adj R2 0.42 0.23 0.45 0.29 0.14 0.18 0.36 0.31
N 3537 3537 3537 3530 3537 1946 3519 3168

Note: *—significant at 5% level, **—significant at 1% level, ***—significant at 0.1% level; n.i.—not included.
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The exploration of the spatial variability of carbon emissions within single consumption clusters
reveals significant differences in every cluster apart from food and non-alcoholic beverages, where
the differences in carbon load are explained by households with children, higher per capita income,
higher education level, larger living space, dwelling ownership, and living in detached houses (M4 in
Table 3, adjusted R2 = 0.29). We do not consider further the emissions of education and healthcare as
the model describes only 6% of the variability and covers only 51% of the respondents who declared
respective costs.

Considering shelter-related carbon emissions, there are significant (p < 0.01) differences between
residents of the capital and residents of lower-level rural municipalities (M5 in Table 3, adjusted
R2 = 0.14). Larger living spaces, not having district heating, children in the household, and higher
income explain the majority of the variability.

Within transport-related carbon emissions, significant differences (p < 0.01) occur between
households of the capital and household of the hinterland of regional centers (M6 in Table 3, adjusted
R2 = 0.18). Households who own a car, have a higher income, speak Estonian as a first language,
and live in large apartment buildings tend to have higher transport emissions.

The carbon load from the consumption of consumer goods and services is the lowest among
households residing in regional industrial centers or in county centers, showing significant (p < 0.001
and 0.05, respectively) differences from the households in the capital (M7 in Table 3, adjusted
R2 = 0.36). In addition, households with children, higher per capita income, private cars, higher
education, and Estonian as a first language have significantly (p < 0.001) higher carbon load within
this consumption cluster. Larger living spaces and living in apartment buildings also favor higher
consumption of consumer goods and services.

Among all analyzed consumption clusters, the carbon load from leisure-related goods and services
varies the most according to settlement hierarchy (M8 in Table 3, adjusted R2 = 0.31). Households
from the hinterland of the capital have the highest carbon load for leisure-related goods and services,
showing significant (p < 0.01) differences from households in the capital. The latter, in turn, tend to
emit more carbon than households in regional industrial centers and county centers (p < 0.01) or small
towns and rural peripheral municipalities (p < 0.001). In addition, higher income, children in the
household, Estonian as first language, car ownership, and larger living spaces are all associated with a
higher carbon load from leisure-related goods and services.

4. Discussion

We studied the associations between residential location within settlement hierarchies and the
carbon load of household consumption. We found that significant spatial variations in carbon load
derive from consumption clusters related to welfare and lifestyle, because households from higher
hierarchy levels tend to spend more on these goods and services than residents from lower hierarchy
levels, even when sociodemographic and economic background is taken into account. Our results are
in line with the notion that the presence or absence of consumption spaces and places in the everyday
environment affects consumption practices by enabling, predisposing or hindering related forms of
consumption ([5] (p. 7); [6] (p. 13)). Consumer and leisure-related resources are more available in
higher-level cities and indeed the presence of a multitude of functions is one of the basic characteristics
that distinguishes higher hierarchy level settlements from lower ones [12]. Residents are able to engage
in a wider set of activities in these higher-level settlements, and their options include spending on
hobbies, attending various cultural events, dining out, buying a takeaway coffee, or spending in retail
spaces. They are therefore able to express freedom of choice in the context of an abundance of goods [8].
The spatial availability of consumer spaces, together with their visual-cultural environment aiming to
persuade people to spend more [7] (p. 151), influence expenditure choices and consequently increase
the environmental load imposed by residents from higher hierarchy levels. Significant increases in the
purchase of services, but not necessarily tangible goods, along with urbanization featuring equalized
income levels have been illustrated in earlier research [52,63].
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Our results are the first to uncover the environmental load of household consumption in a Central
and Eastern European country. The total annual per capita carbon emission found in the current study
was 3.9 t CO2 in 2012, which is 1.2–2.7 times lower than previously found in several other European
countries with higher affluence level (see, e.g., [51,59,67,72,105]). The carbon load depends on the
total consumption volume of Estonian households and the energy mix used in the country, including
the dominant position of oil-shale electricity production. In 2010, mean consumption expenditure by
household in Estonia formed about one-third of the average figure of the present 28 countries of the
European Union [106], explaining the lower level of our results.

The current study has shown that domestic energy use is the single most important source
of carbon emission in Estonian households. This indicates not only the need to look over the
general policy of energy sources or to improve the current state of energy efficiency in the housing
stock in Estonia as a country with a Nordic climate (as is also stipulated by the national energy
roadmap) [82], but also the need to better integrate climate change mitigation issues within spatial
planning practices [50]. Although our results reveal no significant spatial differences in domestic
energy use between settlement hierarchy levels, geographic distinctions emerge due to the presence
of district heating that tends to lower the carbon emissions of domestic energy use. This is in line
with the common understanding of the favorable role that district heating can play in achieving
energy-efficiency goals [30,56]. Dwelling-related emissions other than domestic energy differ across
settlement hierarchy because urban housing estates more commonly involve commercial maintenance
and water treatment services while households in traditional rural environments rely more on
owner-related maintenance and local non-commercial water supplies and treatments.

Our results affirm the car-dependency of people residing outside urban cores, which is a result of
suburbanization processes together with the decline in public transport provision outside cities [77].
Nevertheless, total transport carbon load in absolute terms is still higher in the capital region and
regional polyfunctional centers. This is probably a result of longer inner-city distances [10,36]
in combination with higher affluence levels and greater proximity to commercial welfare- and
leisure-related activities that may induce further travel. Our results show that life in regional industrial
centers, county centers, and small towns is the most resource-saving because these residents need
less motorized transport to reach their everyday destinations. Therefore, there is a need to improve
the usability of light transport modes in urban centers and apply more rigorous principles regarding
the importance of public transport connectivity in the development of new suburban areas. Spatial
planning policy is the means by which this can be achieved and this therefore plays key role in the
transition of urban transport energy use, alongside sociodemographic, psychological, and institutional
factors [41].

The low carbon load of households residing in regional industrial centers is only partly explained
by economic or demographic characteristics. The industrial and ethnic background of those settlements,
in housing dominated by Soviet-era apartment blocks, below-national-average income level, and
Soviet-era legacies in consumption culture and mentality have probably hindered these centers
from developing into postmodern hubs of consumption and leisure, even though their size and
regional importance could enable more economic activities and opportunities for consumer culture.
Research from the capital region has shown that non-Estonians have a smaller non-employment-related
out-of-capital activity space than Estonians, referring to some spatial segregation of leisure activities
along ethnic lines [107]. Other authors have shown that market-based consumer culture ‘is the most
neutral, non-discriminating and accessible area where Estonian Russians’ feeling of exclusion is
alleviated’ [108] (p. 68). The young Russian-speaking minorities seem to be especially affected by
transnational media and consumer culture because they have a stronger consumerist orientation,
including in the form of window-shopping, than their Estonian peers [108]. Among elderly groups,
who also form the majority of Russian speakers in Estonia, this orientation is absent [108], and elderly
groups are more prone to continue the practices of the conservative consumer culture of the Soviet era,
characterized by shortages and homogeneity [109].
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We are aware that residential and lifestyle preferences are interconnected and may explain
some of the spatial differences in consumption patterns and consequent carbon emissions.
Research on residential selection has acknowledged that people, from within their life-course- and
employment-related constraints, choose a living environment that suits their preferences regarding
neighborhood characteristics [110], travel attitudes [111,112], household energy consumption [113],
or recreational and cultural amenities [114,115]. For example, it has been shown that the metropolitan
core with its rich opportunities for culture, entertainment, and sport activities attracts knowledge-workers
with culture-oriented lifestyles, while home-oriented people tend to choose suburban living
environments [116]. In Estonia, out-migration from rural areas is related to employment,
self-realization, and the avoidance of marginalization [80]. We may assume that the capital region
attracts people with an active lifestyle. Our data do not allow us to test the hypothesis of residential
self-selection, hence this requires further scholarly attention.

5. Conclusions

Residential location in settlement hierarchy frames the environmental load of consumption and
mobility. In equal conditions of affluence and other socio-demographic variables of households,
the location of home in settlement hierarchy significantly influences the carbon load of consumption
clusters that are especially related to welfare and lifestyle. The current study has several limitations
regarding the methodology of input-output computing related to the aggregation errors [88,94] and
the limited choice of indicators when describing the environmental load of household consumption
as described in Section 2.3. At the same time, it is the first to cover the spatial dimension in the
environmental load of household expenditure among the entire Estonian population, revealing
significant spatial differences especially in the field of indirect consumption, which have not previously
attracted sufficient scholarly attention. There is a need to combine quantitative results from expenditure
surveys with social network and activity studies of the populations of different settlement types in
order to capture the interrelated character of choices in the material, social, and cultural settings of the
everyday environment. Integrated spatial planning policy that takes into account transport, energy
use, production, and consumption practices is needed on local, regional, national, and international
levels in order to support and achieve socially, economically, and environmentally balanced ways
of living.

Supplementary Materials: The following are available online at www.mdpi.com/2071-1050/8/9/799/s1,
Figure S1: The spatial patterns of relative per capita carbon load from transport in comparison to mean carbon
load across settlement hierarchy levels, Figure S2: The spatial patterns of relative per capita carbon load from
consumer goods and services in comparison to mean carbon load across settlement hierarchy levels, Table S1:
Emission intensities of various consumption categories used in the analysis.
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