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Abstract

The main aim of this paper is to analyse the environmental impacts of the transformation of the Budapest Metropolitan Region
through the ecological footprint indicator, between 2003 and 2013. Similarly to other major urban agglomerations in East
Central Europe, the socio-spatial structure of the Budapest Metropolitan Region has gone through substantial changes since
the change of regime, when the movement of younger and more affluent strata from the core city to the suburban zone
commenced. According to our hypothesis the quickly growing population of the suburbs, with higher level of consumption
has resulted in the reshuffle of the ecological footprint of the urban region.

In this study, two methods are used to estimate the ecological footprint of the Budapest Metropolitan Region. The first is a
top-down, compound method using regional GDP data as the basis of the calculation. The second is a component-based
approach, combining an environmentally extended input-output model with local household consumption data. The second
approach also enables us to cover the embedded (in the total life-cycle of goods and services consumed by households)
ecological footprint of household consumption.

Although the indirect, embedded household footprint decreased by 11% in Hungary between 2003 and 2013, it increased by
6% in Budapest and by 8% in the suburban zone. In the suburban area the growing ecological footprint is mainly the outcome
of population growth, in Budapest the major driver of growth is the increasing consumption. The direct household ecological
footprint accounted more than double in the suburban zone compared to the respective value in Budapest for 2013. This is
mainly due to the higher (and growing, because of the spreading of wood combustion) heating footprint, whereas, there was

no significant difference regarding the carbon footprint of the fuels used for vehicles.
This research was funded by NKFI fund K119710.

Keywords: suburbanization, ecological footprint, sustainable development, environmentally extended input-output analysis,

Budapest Metropolitan Region.

1. Introduction

As suburbanization and urban sprawl continuously transform the spatial pattern of urban regions, the social and ecological
impacts of these processes are increasingly on the agenda. Cities during stat-socialism were characterized by a clear urban
edge framed by the last towers of the vast mass-housing complexes built during the 1970s and 1980s, and there were no signs
that resembled residential or commercial sprawl (Hirt, 2013). The upswing of suburban areas was also prevented by poorly-
organized public services, low levels of car ownership and limited infrastructural networks. After 1990, in line with the advent
of a free market system and privatization of land suburbanization started to intensify. The process of suburbanization, i.e. the
decentralization of people and urban functions (housing, jobs) is among the most studied phenomena of post-socialist urban
transition (Hirt, 2007; Kok and Kovacs, 1999; Kovacs and Tosics, 2014; Slaev et al., 2018). Most of the previous studies
focused primarily on the socio-economic contexts of suburbanization, the newly evolving patterns of social segregation and
economy around cities, however, the impacts of suburbanization on the sustainability of urbanization and the environmental

consequences of urban sprawl have been insufficiently explored to date.
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Cities cannot survive without their wider hinterlands for resources and emissions sequestration (Kissinger and Haim, 2008).
The location of jobs, residences and other facilities within city region strongly affects the spatial pattern of mobility and
consumption. However, this pattern is continuously reconfigured by suburbanization and urban sprawl, which often cause
harmful ecological consequences such as the fragmentation of land use, the loss of biodiversity, or the impairment of ecological
functions (Mustard et al., 2004; Dietz et al., 2007; Bohnet-Pert, 2010; Pifia-Martinez, 2014). The decentralization of production
and consumption destroy exactly that hinterland what cities hinge upon. Measuring the sustainability of urbanization the
concept of ecological footprint provides a valuable tool (Rees, 1992). This paper presents the results of a study, which estimate
the spatial and temporal changes of a supporting hinterland for post-socialist Budapest and its urban region by using the
Ecological Footprint Analysis (EFA). We wanted to explore how much of an ecosystem(s) the studied population dependent
on, and how it has changed due to suburbanization between 2003 and 2013, when large masses of relatively affluent people

relocated from the core city to the suburbs (Kok and Kovacs, 1999; Kovacs and Tosics, 2014).

The rest of this paper is organized as follows. First, we review the literature on ecological footprint as a tool for measuring the
environmental impacts of urbanization. We then discuss the methodology, including the collection and analysis of data. A
section then follows with main findings of the research and comparison of the results derived by compound and component
based methods, and the temporal and spatial change of EF in the urban region of Budapest. Finally, we outline the limitations
of the study, discuss the findings and present our conclusions.

2. Ecological footprint as an environmental indicator of urbanization

Ecological footprint (EF) has become a popular indicator since its first publication in the early 1990s (Rees, 1992; Wackernagel
and Rees, 1996) The purpose of the concept is to determine the size of land used by humans to meet the needs of a certain
population group. EF calculations first focused on specific countries, but later on, approaches calculating the ecological
footprint at the regional, individual and even organizational level have become widely used (GFN, 2012). Among the regional
level EF calculations, those focusing on the environmental impacts of urbanization has become especially popular (Jones and
Kammen, 2014; Moore, et al., 2013). In the most common approach (see for example Wackernagel et al., 1999), ecological
footprint is composed of six different land-use components (cropland, grazing land, forest land, fishing grounds, carbon
footprint/carbon uptake land and built-up land) and measured in global hectares (gha) considering also the bio-productivity of
each land type.

Although data for urbanized areas are not as consistently calculated as for nation states and are therefore, less comparable, EF
calculations at urban level have become widespread in North America, Western Europe and China (Wackernagel et al., 2006),
In the growing body of literature studies focusing on spatio-temporal differences of ecological footprint within a given urban

region are still rare.

Papers analysing the spatial differences of ecological footprint within urban areas focus primarily upon the problem of whether
the compact or the sprawling urban morphology is more favourable for sustainable settlement (e.g. Kahn, 2000; Legras and
Cavailhes, 2016; Ogle et al., 2017; Thomson and Newman, 2018).

Temporal changes of the ecological footprint are dealt with only rarely in the literature, even though this aspect would be also
important according to some authors (Van der Bergh and Verbruggen, 1999). Papers usually deal with temporality in a model-
like manner (Mostafa, 2010; Lu-Chen, 2017), in most cases sprawl or suburbanization is shown as a constant background
process or endowment. Research results are based mostly on data collection at a given time (e.g. census, questionnaire surveys),
the combination of space and time approaches in the analysis of urban sprawl and suburbanization is still lacking. In this paper,
therefore, we focus on the spatiotemporal change of the ecological footprint in the Budapest Metropolitan Region (BMR). We
seek to answer the question how the spatiotemporal transformation of the investigated urban region impacts the structure of

ecological footprint within the urbanized area.



Since the seminal work of Rees (1992) that already addressed urban ecological footprint, several methodological advances
have been achieved regarding the calculation of ecological footprint at the sub-national level. In the following a brief account
is provided on the most important methodological approaches used in the literature.

The compound approach adjusted to the sub-national level is based on national ecological footprint data adapted to a smaller
geographical area. The crudest way is to use per capita national footprint values multiplied by the size of population of a
certain area (Moore et al., 2013), but usually calculation aims to better address local characteristics (see for example one of
the first city-level calculation by Wackernagel, 1998 on Santiago de Chile or Ewing et al., 2010 for further methodological
considerations). As this approach is based on national level data, it follows a top-down logic. On the one hand, the major
benefit of this approach is the relatively easier data availability. On the other hand, however, without using local data specific
to the region information loss may occur and the evaluation of local policies can also be more difficult (Aall and Norland,
2005; Wilson and Grant, 2009).

The component-based approach uses local data for the sub-national geographical unit to quantify the study population’s
consumption activities focusing on some (e.g. commuting, energy use etc., see. Muiliz et al., 2013) or all components of the
ecological footprint (Barrett, 2001). One direction follows a bottom-up logic, using local databases to quantify the material
and energy flows required for the calculation (Simmons et al., 2000). The basis is usually a material flow analysis (Wiedmann
et al., 2006), but it may be integrated to an urban metabolism framework (Curry et al., 2011) to collect and structure the data,
as attempted by Moore et al. (2013) for Vancouver and Pifia and Martinez (2014) for Bogota. An advantage of this approach
that it enables policy makers to better understand the exact flow of materials and energy in the region analysed, providing
better opportunities to influence them (Collins and Flynn, 2006). However, the availability of local data (Hengrasmee, 2013)
or the resources needed to obtain them (Xu and San Martin, 2010) and the proper definition of system boundaries (for example
beyond the direct carbon emissions of local commuting, shall the ecological footprint calculation also cover the indirect
environmental impacts of the whole supply chain of the vehicle manufacturing; and if yes, how) make these calculations
increasingly difficult.

Beyond the bottom-up sub-approach, the alternative is the combination of the top-down and bottom-up approaches. The
application of an input-output model extended with environmental data (environmentally extended input-output analysis,
EEIO) can be adapted to a subnational unit by integrating it with local production or consumption data (labelled as sub-national
input output analysis, SNIO, by Moore et al., 2013). Input-output models (based on Leontief, 1936) aim at calculating the
interrelationships between different economic sectors by quantifying the resource need from one sector per unit of output in
another. EEIOs were first applied for ecological footprint calculations by Bicknell et al. (1998) and Ferng (2001). The
pioneering paper by Barrett et al. (2005) using this approach in the EF calculation for Wales and Cardiff has been followed by
many others like Gu et al. (2015). The advantage of the SNIO model is the relatively easy access to data (regarding the national

level input-output data), whereas, data of production or consumption at the local level may be problematic.

In this paper two methods are simultaneously applied to quantify the changing ecological footprint of the Budapest
Metropolitan Region. The first one follows a compound approach based on the correlation of the GDP and ecological footprint
and uses the GDP data specific for the investigated area (estimated through an own model). The second method is a combined
component-based approach, where a national input-output model is integrated with area specific household consumption data.

3. Methods

For the sake of analysis census data on commuting to work (2001) were considered and boundaries of the Budapest
Metropolitan Region (BMR) were defined using the threshold of 15 per cent of commuters to the core city from the
economically active population. In addition, territorial consolidation was applied, i.e. excluding municipalities that are
exclaves outside the core territory and including those that form windows inside the territory. According to our delimitation

the BMR includes the City of Budapest (525 sg. km) and 185 surrounding municipalities of various size covering 6,077 sg.



km with a maximum radius of 70 km. The delimitation of the BMR used in this research does not correspond to a metropolitan
planning unit, as such does not exist. In the neoliberal Hungarian public administration system established by Act 65/1990

local municipalities enjoy great deal of autonomy regarding planning rights.
A compound method

One method for calculating the ecological footprint of the Budapest Metropolitan Region is based on an own linear regression
model, originally developed to estimate historical ecological footprint values for the world (Toth and Szigeti, 2016; Szigeti et
al. 2017). First it is necessary to estimate the BMR-level GDP data at basic prices (gross value added, GVA). Since GVA data
are available only at county (NUTS3) level in Hungary, a model has been developed that allows a relatively accurate estimation
of value added for smaller territorial units. The computing applies a top-down method of regional GDP calculation (Kahoun
and Sixta, 2013), by which value added data provided by the Hungarian Central Statistical Office (HCSO) at the NUTS3 level
could be split up to finer territorial resolution, based on the indirect variables that show high correlations with official county
GDP-shares and available at the municipal level in the TelR (National Spatial Planning and Regional Planning Information
System, www.teir.hu) database. For a detailed mathematical presentation of the model see Koppany et al. (2018). Using an
optimal weight vector, the national GVA share of each settlement and then finally the GV A data of each settlement (and thus
also for the urban region in question) could be estimated.

A component-based method

The calculation of the household consumption based ecological footprint of the BMR covers two fields. First, we calculated
the indirect EF of household consumption, embedded in the supply chains of the goods and services consumed. Second, we

added an indirect EF part generated by household consumption (covering heating and transport related carbon emissions).

The embedded part of the household consumption related EF is based on an environmentally extended input-output analysis
(EEIO). In this paper the EEIO model has been developed for a subnational area, the Budapest Metropolitan Region. The

calculation was based on the model of Wiedmann et al. (2006) with further extensions and considerations
The embedded EF of the household consumption was calculated based on the following equation:
EF = EFdir * (I-A)-1 * FD

where EFdir stands for the direct intensity matrix, covering EF that are directly related to the production activities of different
sectors per million units of national currency. The (I-A)-1 is the Leontief-inverse matrix derived from the national input-output
model, while FD is the household level final demand vector (final demand by sectors) for the area and period covered. The
EFdir vector is calculated by using the Hungarian dataset of the Global Footprint Network (GFN, 2011). The FD vector
contains household consumption data gathered and sold by the Hungarian Central Statistical Office (HCSO) for 2003 and
2013 for Budapest and its agglomeration.

4. Results and Discussion
At the current point, there are only preliminary results based on the calculation that are presented at the followings.

When examining the data, there are several trends, depending on whether we examine the absolute or per capita ecological

footprint values.



Table 1. Absolute indirect household consumption related ecological footprint by land use, in 2003 and in 2013 (gha).

Hungary (gha) Budapest (gha) Agglomeration
2003 2013 [Change| 2003 2013 [Change| 2003 2013 |Change
Cropland 8547 170 6977139 | -18,4% | 1524947 | 1622 189 6,4% 1001000 [ 1041426 | 4,0%
Grazing Land 568 562 464 123 -18,4% 101 440 107 909 6,4% 66 587 69 276 4,0%
Forest Land 2 265422 3100958 | 36,9% 410 241 616 096 50,2% 270321 420 891 55,7%
Fishing Grounds 139 318 141 095 1,3% 29 889 36 085 20,7% 18 005 16 562 -8,0%
Built-up land 326 721 304 497 -6,8% 65 461 68 285 4,3% 38 214 39 040 2,2%
Carbon uptaking land 7 856 637 6615007 | -15,8% | 1496010 | 1403731 | -6,2% 908 224 894 716 -1,5%
Total 19703829 |17602820 | -10,7% | 3627988 | 3854294 | 62% | 2302352 | 2481911 | 7,8%

Examining the absolute indirect ecological footprint values by land use, it seems that within the footprint of household
consumption, the three most important elements are croplands, forest and carbon footprint. The three most important
components are responsible for 95% of the absolute footprint and the other three components (grazing land, built-up land and
fishing grounds related footprint) only have a share of less than 5%. Comparing the results in Table 1 with the national data
(GFN database), it is interesting to note that the national contribution of the three smaller components is between 7-8%.

The ecological footprint embedded in household consumption showed a different direction at the level of different territorial
units between 2003 and 2013. While this value fell by 11% nationwide, it rose by 6% for Budapest and 8% for the
agglomeration.

The changes in the EF indicator is explained by the changes in the size of population and the size and structure of per capita
consumption. The evolution of the Budapest and agglomeration population between 2003 and 2013 was different from each
other, as well as from the national trend. While at national level the population decreased by 2% (from 10 142 362 to 9 987
908), in Budapest it increased by 2% (from 1 705 309 to 1 744 665) and in the agglomeration by 10% (from 1 053 448 to 1
155 338 people). In case of Budapest, the rapid population decline due to the migration loss (suburbanization) slowed down
around 2004 and then stopped. Population, especially in the years following the financial crisis in 2008, started to grow.
Although the rapid population growth of the agglomeration zone was dampened by the financial and economic crisis of 2008,
the population of most of the settlements near Budapest has grown steadily from year to year. On the one hand, immigration
from rural areas was continuous, and on the other hand, due to the more youthful age composition, natural decrease was also
lower than the national average, moreover, there was no positive natural reproduction in one settlement (Dévényi 2007, 2009;

KSH 2012a, 2012b).

Another important determinant of ecological footprint changes is the consumption structure, i.e. the evolution of ecological

footprint per capita.



Table 2. Per capita indirect household consumption related ecological footprint by land use, in 2003 and in 2013 (gha).

Hungary (gha) Budapest (gha) Agglomeration

2003 2013 Change 2003 2013 |Change| 2003 2013 |Change
Cropland 0,84 0,70 -16,7% 0,89 0,93 4,5% 0,95 0,90 -5,3%
Grazing Land 0,06 0,05 -16,7% 0,06 0,06 0,0% 0,06 0,06 0,0%
Forest Land 0,22 0,31 40,9% 0,24 0,35 45,8% 0,26 0,36 38,5%
Fishing Grounds 0,01 0,01 0,0% 0,02 0,02 0,0% 0,02 0,01 -50,0%
Built-up land 0,03 0,03 0,0% 0,04 0,04 0,0% 0,04 0,03 -25,0%
Carbon uptaking land 0,77 0,66 -14,3% 0,88 0,80 -9,1% 0,86 0,77 -10,5%
Total 1,94 1,76 -9,3% 2,13 2,21 3,8% 2,19 2,15 -1,8%

Examining the evolution of the household consumption related ecological footprint per capita, it can be seen that the gap has
been opened in comparison with the different base (national, Budapest and agglomeration) related to the different income
levels. On the basis of the data, it can be stated that the value of the household income or consumption to the pre-crisis level
and its slow-moving value as well as the transformation of the domestic and import production structure and the slow
improvement of eco-efficiency in Budapest is 4% in the agglomeration. A decrease of 2% was observed while a national
decrease of 9% was observed. While in Hungary the absolute and per capita consumption ecological footprint decreased, both
indicators increased in Budapest and in the case of the agglomeration the increase in the absolute footprint per capita ecological
footprint — albeit at a lower rate than the national level — has declined.

In case of Budapest, the main reason for the growth is the increase of income levels and household consumption at a rate above
the national average. In case of the agglomeration, the increase in population size leads to an increase in absolute footprint.
There are several reasons for this: the proportion of the dependent population is higher due to the large number of families
with small children, and the population of the settlements around Budapest is not only a high status moving from Budapest,

but also a lower income population moving from the capital or the countryside.

5. Conclusions

In the last few decades, the urban regions of the world have been characterized by the urban sprawl. It is characterized by a
dynamically growing population (Africa, Asia) and shrinking urban areas (Europe) and directs researchers to the
environmental sustainability of urbanization. In our study, we examined the environmental impacts of the development of the
Budapest Metropolitan Region with the help of the ecological footprint concept. In the course of the calculations, we have
quantified not only the direct, but also the indirect ecological footprint embedded into household consumption, using an input-

output (10) model supplemented with environmental data. The most important results are:

e The ecological footprint embedded in household consumption showed a different direction at the level of different
territorial units between 2003 and 2013. While it decreased by 11% nationally, it increased by 6% for Budapest and
by 8% for the agglomeration.

e The change is explained by the different dynamics of population change and the changes in the size and structure of
per capita consumption. In the case of Budapest, the growth was primarily due to the increase in individual
consumption and in the agglomeration primarily due to the increase in population.

e  Due to the different consumption structure resulting from the different social environment, in 2013 the agglomeration
had a higher per capita ecological footprint of food consumption, energy consumption and transport, while in
Budapest it was higher for health care, education, clothing and services (e.g. telecommunication, entertainment,



culture, hospitality and accommodation services). The latter can be explained mainly by the higher consumption

opportunities resulting from higher per capita income.

On the basis of the study it can be stated that the methodology of ecological footprint is suitable for the environmental
assessment of household consumption not only for the direct but also for the indirect components. It is also suitable for testing
any geographical unit, provided that the consumption data is available in the appropriate area. In addition, the method may be
used in the future for a deeper examination of a sub-area (such as commuting), but it is also a prerequisite for us to have

adequate data on the area in relation to the expenditure for that activity.
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