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Abstract: Recent production and consumption activities impose a heavy burden on the Earth's current and future ca-
pacity. Therefore, it is inevitable to deal with the impacts of the economic activities on the natural resources which
determine our future well-being and the survival by itself. The indicators reflecting impacts of regions and countries on
the available resources are used in this Paper to operationalize the sustainable development concept. The Ecological
Footprint, Total Biocapacity and their components are investigated in the European Union (EU) and its countries and
the EU region is compared with the other regions of the world. The additional three developed countries — Norway,
Switzerland and the United States (US), were included in the sample together with the EU countries to enable extended
comparisons. The aim of the Paper is to evaluate sustainability in the EU and its countries by means of the Ecological
Footprint and the available biocapacity and to detect the relations between the countries’ EF and their standard of
living and human development level. Concerning the regions, the highest Ecological Footprint per capita is typical of
North America followed by the EU region. The Northern countries show largest biocapacities and are thus the largest
resource creditors. The worst results in the Ecological Footprint — biocapacity relations analysis are typical of Cyprus,
Belgium, Netherlands and Italy. The cross-section regression models confirmed that, at least, in the sample of the de-
veloped countries the positive relations between the Ecological Footprint on the one hand and the standard of living /
state of the human development on the other hand exist.
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1 Introduction

Current production and consumption activities impose a heavy burden on the Earth's capacity in the present times as
well as in future. Sustainability, a nebulous but attractive concept, poses a guiding question for every activity, i.e. if this
can continue. This means that activities such as production, consumption, and the related exhaustion of natural, physical
or other forms of capital, with an unlimited time horizon, can be regarded as sustainable. Consumption is the process by
which goods are, at last, provided to final use by people. It is at the end of the line of economic activities which starts
with an evaluation of available resources and proceeds through production and distribution of goods. The effect of this
consumption, including depletion of resources and generation of waste as well as enhancement of human survival and
flourishing, determines the resource base for the future economic activities (Goodwin et al., 2008). Since for the analy-
sis the cross-section data are only available the term “sustainability” is often used instead of or together with “sustain-
able development” (SD). The term sustainability can also be used to determine state, however, the level of the Ecologi-
cal Footprint (EF) and its relations to the available biocapacity are the result of the previous development and they also
determine the sustainability of the development in the future and thus the SD. Every human activity uses biologically
productive land and/or fishing grounds which is reflected in the EF.

SD is a global challenge which requires a progressive transformation of economies (Hediger, 2006), specifically
substantial changes in production processes and lifestyles in compliance with the idea that the global development can-
not be only understood from the economic point of view (FEEM, 2011). According to the most quoted definition of the
World Commission on Environment and Development (WCED, 1987), SD is development that meets the needs of the
present without compromising the ability of future generations to meet their own needs. Although this term is still
vague there is an emerging political consensus on the desirability of SD (Daly, 1996). SD is amongst the main policy
priorities worldwide (FEEM, 2011). Already in 1997 SD became a fundamental objective of the European Union (EU)
and in 2001 the EU Sustainable Development Strategy (EU SDS) was launched (European Commission, 2015).

According to the European Environment Agency (2015), the total EF for the EU-28 countries increased rapidly dur-
ing the 1960s and 1970s, and has remained relatively constant since the 1980s. However, the region’s total biocapacity
has changed very little since 1961. It is therefore needful to investigate the recent state of the EU’s impact on resources
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together with the achieved standard of living and the state of human development_and compare this region with the
other regions of the world. In this Paper the footprint / biocapacity methodology is used to measure the sustainability
and SD aspects whereas the EF is the basic composite index which can reflect the fundamental aspects of the SD of
regions or countries. The aim of the Paper is to evaluate sustainability in the EU and its countries by means of the Eco-
logical Footprint and the available biocapacity and to detect the relations between the countries’ EF and their standard
of living and human development level.

2 Literature Review

Singh et al. (2009) describe methodologies for Sustainability Assessment and provide an overview of various sustain-
ability indices applied in policy practice. Composite indicators are defined as an innovative approach to evaluating SD.
The authors classified the indicators to measure the SD into a number of groups while the EF was included in the group
of Eco-system-based Indices.

One way of quantifying the total human pressure on the natural environment is to calculate humanity’s environ-
mental footprint (Hoekstra and Wiedmann, 2014), or so called Footprint Indicators. The common feature of all envi-
ronmental footprints is that they quantify the human appropriation of natural capital as a source or a sink (e.g Giljum et
al., 2011). The Footprint Indicators can measure the use of one particular resource, such as Water, Land, Material Foot-
print, or in relation to the sink function of the environment, the so called Carbon Footprint can be measured (see Tukker
et al., 2014). The EF as an aggregate environmental indicator (Segnestam, 2002) covers more aspects together in one
composite indicator. The EF concept was introduced by Rees and Wackernagel (1994). The EF indicator serves as one
of the primary guides for the evaluation if the examined subjects operate at a sustainable level. This evaluation is more-
over enabled by the comparison of the EF with the available biocapacity and its components. The EF is a method for
estimating the biologically productive area necessary to support current consumption patterns, given prevailing techni-
cal and economic processes (Holmberg et al., 1999). Thus the EF is a measure of the demand which human activities
put on the biosphere. Concretely, it measures the extent of biologically productive land and water area required to pro-
duce all the resources an individual, a population, an activity, a region, or all of humanity consume, and to absorb the
waste they generate, given prevailing technology and resource management practices (Global Footprint Network,
2015b). Subsequently, this area can be compared with biocapacity, which is the amount of productive area that is avail-
able to generate these resources and to absorb the waste. Both are measured in global hectares (gha) whereas a gha
represents a hectare with world average productivity. By comparing human impact with the planet’s limited bioproduc-
tive area, this method tests a basic ecological condition for sustainability (Holmberg et al., 1999).

Hoekstra and Wiedmann (2014) emphasised that within the context of Earth ’s limited natural resources and assimi-
lation capacity, the current environmental footprint of humankind is not sustainable. They also concluded that to reduce
humanity’s environmental footprint toward a sustainable level, it is necessary to reach consensus on footprint caps at
different scales. Footprint caps need to be related to both production and consumption. The various components of the
environmental footprint of humanity must be reduced to remain within planetary boundaries. The EF is of high policy
relevance because it indicates the overall resource demand of the relevant actor / unit compared to resources available
(European Environment Agency, 2015). Although a huge number of indicators / indices and frameworks have been
developed to measure SD from the various points of view, the EF concept is the fundamental one and can help answer
the basic question if the economy operates at the sustainable level. The evaluation is straightforward, i.e. if the EF ex-
ceeds the available biocapacity, the ecological overshoot occurs. Moreover, the deeper aspects of sustainability can be
detected by the examination of the EF component indicators and the relations between the EF and well-being / human
development indicators.

In the EU the Sustainable Development Indicators (SDIs) were developed to monitor the EU SDS and other set of
indicators was created to monitor the Europe 2020 Strategy, i.e. the Europe 2020 Indicators. Both sets are constructed
according to the framework based on sustainable development themes (see Segnestam, 2002) and include a large hum-
ber of indicators which are interconnected. These sets enable detailed SD evaluation, but not so straightforward, when
different indicators show different trends of development. Also the Beyond GDP initiative at the EU level focused on
developing indicators comparable to Gross Domestic Product (GDP), but more inclusive of environmental and social
aspects of progress, helps to monitor the SD in the EU. The indicators are classified into four groups, i.e. Enlarged
GDP, Social Indicators, Environmental Indicators and Well-Being. The EF is included in the Environmental Indicators
and the proxy for human development used in this Paper, namely HDI, is included in two groups, i.e. Social Indicators
and Well-Being (European Commission, 2016). At the international level, the framework based on sustainable devel-
opment themes was used to construct the Millennium Development Goals (MDGs adopted in year 2000) and the subse-
quent Sustainable Development goals (SDGs adopted in 2015) which built on the MDGs (see Segnestam, 2002). The
above mentioned EU’s strategies are in compliance with these goals and a part of the indicators included are based on
them. Thus, the EU is aimed at achieving the SD goals adopted at the international level, but it is also focused on the
specific SD issues related to its own economy and in its Member States.

Economic and social development, or human well-being, can be approximated with UNDP’s widely recognized HDI
(UNDP, 2014). This index is composed of three Dimension Indices reflecting three dimensions of HDI: Life Expec-
tancy Index reflecting long and healthy life, Education Index reflecting knowledge and Gross National Income (GNI)
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Index reflecting a decent standard of living. The first index is based on Life Expectancy at Birth, the second combines
the Mean Years of Schooling and Expected Years of Schooling and the third is based on GNI per capita (UNDP, 2014).
Thus, it is necessary to go beyond GDP when measuring well-being, which means that the HDI seems to be more ap-
propriate indicator than GDP to reflect human development and social aspects of the development.

Finally, some lacks and aspects of critique of the EF concept need to be mentioned. To avoid exaggerating human
demand on nature, the EF includes only those aspects of resource consumption and waste production for which the
Earth has regenerative capacity, and where data exist that allow this demand to be expressed in terms of productive
area. The typical example is that freshwater withdrawal is not included in the EF, although the energy used to pump or
treat it is. EF accounts reflect past resource demand and availability, but they do not predict the future. Thus, while the
EF does not estimate future losses caused by present degradation of ecosystems, if persistent this degradation will likely
be reflected in future accounts in the form of biocapacity losses. Footprint accounts also do not indicate the intensity
with which a biologically productive area is being used, nor do they reflect specific biodiversity pressures. Finally, the
EF is a biophysical measure; it does not evaluate the social and economic dimensions of sustainability (Ewing et al.,
2010). According to Pearce (2013) the footprint analysis does not really measure people’s overuse of the planet’s re-
sources at all. If anything, it underestimates it. The damaging environmental effects of the ways of the area use, i.e. soil
erosion and the overuse of water reserves, are not measured, only the extent of this area is. This is especially related to
soils and water reserves and thus, to the Cropland Footprint and Grazing Land Footprint (explained more in detail in
subsection 3.2). The reasons especially lie in the missing data sets.

Nevertheless, it can be still claimed that the EF concept is meaningful to reflect the fundamental aspects related to
SD while it should be appropriately combined with other indicators to reflect all relevant SD aspects. Firstly, it is ap-
propriate to combine the Footprint Indicators with the well-being or human development indicators because the Foot-
print Indicators are predominantly focused on the environmental pillar of the SD, while the latter reflect the economic
and social or all three SD dimensions. The other composite indices and so called decoupling indicators should also be
combined with the EF analysis to reflect the important SD aspects. As to the first, the World Bank has developed a
composite indicator known as Adjusted Net Saving (ANS) which is a macro level index of SD building on the concepts
of green national accounts. The ANS measures the true rate of savings in an economy after taking into account invest-
ments in human capital, depletion of natural resources and damage caused by pollution (World Bank, 2012). In this
indicator, all three SD dimensions are included and the environmental one includes both resource depletion and dam-
ages to the environment. However, the ANS values are generally affected by pricing methods used to estimate eco-
nomic values of the natural resource and environmental damages and therefore the assessment can be subjective to
some extent. Therefore, the evaluation based on the combination of the EF and ANS seems to be meaningful. The
analysis of the EU countries according to the ANS and its component indicators was carried out in Drastichova (2014).
Secondly, Decoupling Indicators are a special case of the SD indicators, whose issue of interest is not the change in one
single trend but the relationship of two trends. These indicators show the strength of the link, or the so called coupling,
between the economic and the environmental variable. In relation to SD, the aim is to achieve the decoupling of these
two variables, so that continued economic growth does not lead to a further increase in environmental degradation (Eu-
rostat, 2015). In terms of the EU SDlIs the Resource Productivity, defined as the ratio between GDP and Domestic Ma-
terial Consumption, is the fundamental macroeconomic decoupling indicator. This can also be combined with the EF to
extend the SD evaluation.

3 Methods
3.1Data

To obtain data on EF per capita in 2011 (global hectares (gha) per person) and Biocapacity per capita in 2011 (gha per
person) as well as their component indicators the Results from the National Footprint Accounts: NFA 2015 Public Data
Package, 2015 Edition Global Footprint Network (2015a) were used. The NFAs measure the ecological resource use
and resource capacity of nations. The majority of the additional data used in this Paper are also included in this Package
whereas original HDI data are 2011 values from United Nations Development Programme (UNDP, 2014) and Popula-
tion data are from the Food and Agriculture Organization of the United Nations. Data on the National Footprint Ac-
counts (Global Footprint Network, 2015a) include Gross domestic product (GDP) data in the form of 2011 values from
the International Monetary Fund World Economic Outlook Database, published in October 2014. However, for the
calculations carried out in this Paper where GDP per capita data are needed, the more recent database, i.e. International
Monetary Fund, World Economic Outlook Database, published in April 2015 was used to obtain GDP based on pur-
chasing-power-parity (PPP) per capita in current international dollar in 2011. This is due to the fact that the result of
Global Footprint Network (2015a) does not include data from Malta and Luxembourg. However, the effort was made to
elaborate the cross-section analysis for as many countries of the EU as possible. Using the more recent data, all the EU-
28 countries were included.

3.2 Methodology

For the analysis in this Paper, the footprint and biocapacity methodology is applied to measure the sustainability / SD in
the EU and its countries. Moreover, the cross-section analysis is used to detect relations between the standard of living
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measured by GDP per capita, and the human development level measured by HDI, both as the explanatory variables,
and their impact on resources measured by the EF as the explained variable.

To explain the EF methodology in detail it is important to introduce its component indicators. The EF calculations
have so far included land for energy supply, food, forest products, and the built environment, degraded areas, and sea
space for fishing. For the waste side the land needed for sequestering CO, is included in the EF. Particularly, the com-
ponents of the EF include the following ones. Cropland is the most bioproductive of all the land-use types and consists
of areas used to produce food and fibre for human consumption, feed for livestock, oil crops, and rubber. The Cropland
Footprint includes crop products allocated to livestock and aquaculture feed mixes, and those used for fibres and mate-
rials. Recent Cropland Footprint calculations have not yet taken into account the extent to which farming techniques or
unsustainable agricultural practices may cause long-term degradation of soil. This is due to lack of globally consistent
data sets. Forest land provides for two competing services. Firstly, it is the Forest Product Footprint, which is calcu-
lated based on the amount of lumber, pulp, timber products, and fuel wood consumed by a population on a yearly basis.
Secondly, it is the Carbon Footprint, which represents the carbon dioxide emissions from burning fossil fuels in addi-
tion to the embodied carbon in imported goods. The Carbon Footprint component is represented by the area of forest
land required to sequester these carbon emissions and recently it represents the largest portion of humanity’s Footprint.
The Fishing Grounds Footprint is calculated according to estimates of the maximum sustainable catch for a variety of
fish species. The Grazing Land Footprint is determined by grazing land which is used to raise livestock for meat, dairy,
hide, and wool products. The Built-Up Land Footprint is calculated based on the area of land covered by human infra-
structure: transportation, housing, industrial structures, and reservoirs for hydro-power. Moreover, built-up land may
occupy what would previously have been cropland (Global Footprint Network, 2015a). Ecological Footprint generally
refers to the EF of consumption.

There are three complementary indicators created by means of the EF per capita and available biocapacity per capita
which serve for sustainability assessment of the countries and regions:

Biocapacity Deficit/ Reserve = Biocapacity — EF Q)

Number of Countries required = S L— 2
Biocapacity

Number of Earths required = £ 3

Earth—Biocapacity
where: EF — Ecological Footprint.

The first and second indicators are simply expressed as the difference (Eq. 1) and ratio (Eq. 2) of the EF and bioca-
pacity of the individual country / region whereas the last indicator compares the EF of a country / region with the bioca-
pacity of the world. While the EF represents the demand side and the biocapacity the supply side, the deficit occurs if
the EF is higher than biocapacity in compliance with Eq. 1. This country works as a resource debtor. Regarding the
remaining two ratio indicators, the deficit which reflects the debtor’s position is represented by the indicator higher than
1. Number of Earths required represents the number of Earths needed if everyone in the world lived the average life-
style of a resident in this country. Number of Countries required indicates how many times the country's biocapacity is
needed in order to provide for the country's consumption Footprint (Global Footprint Network, 2015a).

Before the analysis the biocapacity and EF factors should be shortly mentioned to explain the factors of their differ-
ences between the investigated regions and countries. The EF is driven by consumer habits and the efficiency of provid-
ing goods and services. The growing biocapacity deficit is defined as the situation when a population uses more bioca-
pacity than can be supplied and regenerated in a year. It is driven by the combination of high consumption rates, i.e.
consumption is growing more rapidly than improvements in efficiency, which leads to increase in people’s footprint;
and populations growing faster than the biosphere’s capacity resulting in drop of biocapacity per person. Biocapacity as
a supply side is expressed as the bioproductive area multiplied by its bioproductivy (per hectare) whereas these two are
referred to as the biocapacity factors. Bioproductive area is the available area of cropland, grazing land, fishing grounds
and forests. Bioproductivity per hectare is the area’s productivity which depends on factors such as ecosystem’s type,
management and health, agricultural practices or weather and thus it can vary each year. Productivity can be advanced
to achieve more biocapacity, however this is often at the expense of a larger EF. It means, energy-intensive agriculture
and heavy reliance on fertilizer can increase yields, but it requires increased inputs and can generate more CO, emis-
sions. The EF can be expressed as population x consumption per person x footprint intensity, whereas they represent the
so called EF drivers. As to population growth, the growing number of consumers is a strong driver behind the growing
EF. Moreover, population size also affects the biocapacity available to each person. Regarding consumption of goods
and services per person, it is evident that different populations consume different quantities of goods and services, pri-
marily based on their income level. Footprint intensity is the efficiency with which natural resources are turned into
goods and services while the differences between products and of course between countries exist. (WWF et al., 2012)

Cross-Section Analysis
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The cross-section model was created and the linear least-squares regression was applied to detect the relations between
the Ecological Footprint and the HDI / GDP per capita. The countries included in the sample are the EU-28 together
with Norway and Switzerland, which are the countries of the European Economic Area (EEA). Moreover, the US as a
representative of the developed countries in North America region was included in order to compare the levels of sus-
tainability. The applied formula to detect the relationship is as follows:

InEF =a+ b xIn(HDI,GDP p.c.) + u;, 4)

where EF is Ecological Footprint in 2011 (gha per person), HDI is Human Development Index in 2011 and GDP p.c. is
the Gross domestic product based on purchasing-power-parity (PPP) per capita in Current international dollar in 2011
dollar. Symbols a and b represent coefficients and In represents the natural logarithm which is used to eliminate the
effect of the different units of the variables. The assumptions of linear regression such as (1) statistical independence of
the errors, (2) homoscedasticity (constant variance) of the errors, and (3) normality of the error distribution are proved
with the suitable tests such as Breusch-Godfrey Serial Correlation LM Test for the first assumption, Breusch-Pagan-
Godfrey, Harvey, Glejser and White test for the second one and the Jarque-Bera test for the third one.

4 Research results

The EF indicator represents a first step in the SD investigation and thus it is applied to the EU countries as well as to the
overall EU. Moreover, to detect sustainability and SD the EF needs to be compared with the available resources.

4.1 Sustainability analysis in the EU and its countries using the Ecological Footprint

Firstly, the sustainability is evaluated using the comparison of the EU with the regions of the world for which data are
available. Table 1 summarizes the results for the EF and its component indicators together with the population data of
the seven regions and the overall world. It is evident that regarding the size of the region the population of EU is the
fourth highest, i.e. it is in the middle of the group. The Cropland, Grazing, Carbon and Fish Footprints of the EU are the
third highest in the group of the regions. In the Cropland, Forest Product and certainly Carbon Footprint North America
reached the highest levels. Finally, in the Grazing Footprint Latin America, and in Fish Footprint the Other Europe,
dominate. Forest Product Footprint of the EU is the second highest following the North America region. The Built up
Land of the EU is the highest and it is, of course, followed by North America. The highest total EF is typical of North
America. It is followed by the EU and Other Europe. On the contrary, the developing regions of Africa and Asia-Pacific
reach the lowest EF levels, i.e. lower than 2 gha. The lowest levels of several EF’s components are typical of Africa
including Cropland, Carbon Footprints and Built up Land as well as the overall EF. Asia-Pacific reached the lowest
level of Grazing Footprint and Middle East/Central Asia, of course, the lowest Forest Product Footprint and also Fish
Footprint. All these results comply with the standard of living and the stage of development as well as the economic
structures and production and consumption patterns of these regions.

Table 1 Population (mil.), Ecological Footprint and its components (gha per person) in the world and the regions, 2011

Region Pop. (mil.) CrF GF FPF CF FF BL TEF

World 6997.99 0.56 0.21 0.26 1.46 0.08 0.07 2.65
Africa 1009.35 0.401 0.155 0.292 0.291 0.052 0.051 1.242
Asia-Pacific 3842.4 0.445 0.065 0.165 0.915 0.075 0.081 1.751
EU - 27 502.2 0.946 0.227 0.504 2.098 0.113 0.146 4.086
Latin America 598.42 0.557 0.543 0.393 0.813 0.075 0.083 2.465
Middle East/Central Asia 398.25 0.631 0.142 0.152 1.408 0.041 0.055 2.457
North America 349.47 1.088 0.267 0.714 4.452 0.12 0.101 6.742
Other Europe 238.72 0.951 0.103 0.399 2.24 0.149 0.069 3.911

Source: Global Footprint Network (2015a)
Notes: Pop. (mil.) = Population (millions); CrF = Cropland Footprint; GF = Grazing Footprint; FPF = Forest Product Footprint; CF = Carbon Foot-
print; FF = Fish Footprint; BL = Built up Land; TEF = Total Ecological Footprint.

The resource stock per capita, i.e. natural capital / wealth of the countries and regions, which is used to meet the
needs, is the other side of the coin and these aspects are summarized in Table 2. North America disposes of the highest
Cropland per capita. Latin America has the highest available areas of Grazing Land and, of course, Forest Land. Other
Europe disposes of the largest area of Fishing Ground and EU of the Built up Land. This result of the EU is not positive,
because for the built up land the other parts of biocapacity are used which limits its usage for alternative purposes. In
Africa the lowest areas of Cropland and Built up Land per capita are available; in Asia-Pacific this is typical of Grazing
Land, in Middle East/Central Asia of Forest Land and Fishing Ground. The largest total biocapacity is indeed typical of
Latin America whereas this region is still the highest creditor and disposes of the largest Biocapacity Reserve. Regard-
ing the highest deficits, North America is followed by the EU and then by Middle East/Central Asia whereas the first
region is the only region with the deficit higher than 2 gha. The other two regions reached the deficit higher than 1 gha.
These results are in compliance with the natural conditions including climate of these regions.

Table 2 Biocapacity and its components (gha per person) in the world and the regions, 2011
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Region CrL GL FL FG BL TB ' DIR NE e
World 0.56 0.21 0.73 0.15 0.07 1.72 -0.93 1.54

Africa 0.343 0.333 0.424 0.095 0.051 1.246 0.004 0.722 0.997
Asia-Pacific 0.419 0.081 0.178 0.1 0.081 0.864 | -0.886 | 1.018 2.026
EU - 27 0.976 0.091 0.738 0.198 0.146 2291 | -1795 | 2375 1.783
Latin America 0.742 0.741 3.456 0.287 0.083 5.309 2.844 1.433 0.464
Middle East/Central Asia | 0.448 0.2 0.164 0.095 0.055 0.976 -1.48 1.428 2.516
North America 1.597 0.245 2.175 0.612 0.101 4.73 -2.012 3.92 1.425
Other Europe 1.044 0.262 2.885 0.775 0.069 5.035 1.124 2.274 0.777

Source: Global Footprint Network (2015a)
Notes: CrL = Cropland; GL = Grazing Land; FL = Forest Land; FG = Fishing Ground; BL = Built up Land; TB = Total Biocapacity; D/R = Biocapac-
ity (Deficit) or Reserve; NE = Number of Earths required; NC = Number of Countries required.

Finally, Table 3 summarized the results of the EU in the component indicators, i.e. the differences between the rele-
vant component biocapacity and footprint indicators according to Eq. 1. Although, there is still sufficiency of the Crop-
land and Fishing Grounds for meeting the needs, the Grazing and Forest Land, when also the role of forests to sequester
the carbon emissions is taken into account (see section 2.2.), is not available to a sufficient extent. The Forest Land only
suffices to cover Forest Product Footprint, but not the sum of this one and Carbon Footprint. The EU’s Cropland is the
third highest; however, the Grazing Land is the second lowest among the monitored regions (see Table 2). This is in
compliance with the position of the EU as a creditor or debtor in particular component footprints. As a built up land the
other parts of the bioproductive area are used and thus the differences between area available and footprint indicator are
equal zero. This footprint component in the EU reached the highest level among the examined regions by which the
negative effects on the bioproductive areas being used for this purposes are emphasised (see Tab. 1). However, it must
be emphasised that the damages to environment are not adequately included in the Ecological Footprint concept, which
is especially related to the Cropland Footprint. Thus, the impacts on this kind of area can be underestimated and the
results would not be so positive after inclusion of these damages. The results for Carbon Footprint clearly show that it is
necessary to continue in appropriate strategies to reduce greenhouse gas emissions in order to combat climate change.

Table 3 Differences between the component biocapacity and footprint indicators, EU — 27, 2011

EU -27 0.030073477 -0.136094584 0.234712664 -1.863635205 0.085364397

Source: Global Footprint Network (2015a), own calculation
Note: CrL = Cropland; GL = Grazing Land; FL = Forest Land; FG = Fishing Ground; CrF = Cropland Footprint; GF = Grazing Footprint; FPF =
Forest Product Footprint; CF = Carbon Footprint; FF = Fish Footprint.

Next step is the analysis of the individual EU countries. As Figure 1 shows there are eight resource creditors among
the EU countries. These are all Northern countries, i.e. developed EU countries such as Finland, Sweden and Denmark,
together with Norway, two Baltic countries such as Estonia and Latvia, and also two least developed EU countries, i.e.
Bulgaria and Romania. On the other hand, these countries, except Bulgaria and Romania, also showed the highest levels
of biocapacity in the range from 4.5 gha in Denmark to even 13.2 gha in Finland. The last Baltic country Lithuania
follows Denmark; its biocapacity was 4.2 gha. However, its EF was little bit higher, concretely 4.4 gha. Moreover, these
countries, except (mainly) Bulgaria and Romania, also showed ones of the highest levels of the EF among the EU coun-
tries. Sweden showed the second highest EF after Luxembourg whereas these are the only EU countries with the EF
higher than 6 gha. Such a high level is also typical of the US (see Figure 1). Two Baltic economies showed the EF
higher than 5, concretely Latvia 5.6 and Estonia 5.5 gha. The remaining three Northern countries showed the EF higher
than 4 gha. There are only three EU countries with the EF lower than 3 gha, i.e. Hungary (2.8), Bulgaria (2.6) and Ro-
mania (2.5). These countries also showed the lowest level of HDI and GDP per capita among the EU countries. Bul-
garia and Romania are the only two EU countries with the high human development level, i.e. HDI lower than 0.8 (0.77
and 0.78 respectively), and the lowest levels of GDP per capita as well. There is a large number of the EU countries
with the HDI between 0.8 and 0.9. The three Northern countries with large biocapacity areas as well as high EF levels,
Norway, Denmark and Sweden, showed also very high HDI, i.e. Norway 0.94 and other two countries 0.9. Finland’s
HDI is little bit lower (0.88), however, this country has the highest available biocapacity and it is the highest EU credi-
tor. Regarding these Northern countries, the sequence of GDP per capita is quite consistent with that of HDI. Norway is
a country with the highest GDP per capita among the Northern countries and it is followed by Denmark, Sweden and
finally by Finland.

Figure 1 HDI, EF, Biocapacity and Biocapacity Deficit / Reserve in the EU countries, Norway, Switzerland, and the US, 2011
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Note 1: HDI data are 2011 values from UNDP Human Development Reports, 2014;

Note 2: The countries are ordered according to Biocapacity Deficit / Reserve. Data description is related to the EF indicator.
Note 3: For Malta and Luxembourg, data on HDI in 2011 and data on EF in 2008 are only available.

As regards Malta and Luxembourg the EF data are available only for the year 2008. Whereas the EF of Malta was
4.3 gha, Luxembourg showed the highest EF among the monitored countries, even higher than that of US, concretely
10.7 gha. However, it must be pointed out that these results can be ambiguous because of low population and the high
standard of living whereas the product is predominantly produced by foreign workers. Using the indicators composed of
the EF and biocapacity by means of Eq. 2 and Eq. 3 the more detailed results of the EU and the other three developed
countries are summarized in Table 4. The first indicator — Number of Countries required — measures if a country’s re-
source exhaustion is in compliance with its own resource stock. This indicator is mainly dependent on the biocapacity
wealth of the individual countries. On the one hand, the Northern countries, including the developed countries and the
Baltic countries, dispose of the largest biocapacity and reach low level of the Number of Countries required (up to one).
Finland has the largest available biocapacity per capita and thus achieved the best results. This indicator results reach up
to one also in Bulgaria and Romania because of the lowest levels of the EF indicator. On the other hand, the countries
with the low biocapacity stock often represent the debtors, i.e. they need more area than the country provides to meet
the needs of people. The worst results are typical of Cyprus, followed by Belgium, Netherlands, Italy and Switzerland.

The second indicator, the Number of Earths required, compares the countries’ requirements with the average Earth’s
biocapacity. Only five countries reached the lower number than the value of 2. These are mostly the least developed EU
countries such as Romania, Bulgaria, Hungary and Croatia together with one Southern economy — Portugal, which also
showed the low EF level. However, they still need more than 1 Earth to meet the needs of their inhabitants. Six coun-
tries need three and more than three Earths, concretely Austria, Estonia, Latvia, Belgium, Sweden and the US with 3.9
Earths required and thus with the highest biocapacity required compared to the world’s average. Since this indicator is
based on the same biocapacity for comparisons with countries” EFs, the impact of the countries on resources is more
visible regardless of the resource stocks available in the individual countries.

Table 4 Number of Earths required, Number of Countries required by the EU countries, Norway, Switzerland and the US, 2011

C NE [\ C NE NC C NE N\

Fl 2.8 0.4 HU 1.6 1.2 PT 1.9 2.2
EE 3.2 0.5 IE 2.7 1.2 ES 2.0 2.3
NO 2.8 0.6 SK 2.2 1.3 GR 2.3 2.6
SE 3.8 0.6 FR 2.4 1.4 UK 2.4 3.0
LT 3.2 0.6 AT 3.0 1.6 CH 2.8 3.5
BG 1.5 0.9 Ccz 2.6 1.7 IT 2.4 3.8
DK 2.5 1.0 UsS 3.9 1.9 NL 2.6 4.0
RO 1.5 1.0 PL 2.2 1.9 BE 3.4 51
LV 2.5 1.0 SL 2.6 1.9 CY 2.1 10.3
HR 1.9 1.2 DE 2.5 2.1

Source: Global Footprint Network (2015a)

Note 1: NE = Number of Earths required; NC = Number of Countries required,;

Note 2: Countries are ordered according to the Number of Countries required from the lowest to the highest number.
Note 3: Malta and Luxembourg are not included because of lack of data.

The last part of the analysis is focused on the relations between the indicators, particularly, the standard of living /
human development stage and the EF per capita. The less developed countries often show the lower level of the EF and
conversely. Countries with the abundance of the natural resources can also show high levels of the EF levels in case of
more intensive usage of them to meet the needs. These are often the developed countries; however, it is not always a
rule. Countries with the abundance of natural resources are at the various levels of material and human development.
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Whereas the correlation coefficient (r) between the EF and biocapacity in the EU plus other three developed countries
(except Luxembourg and Malta) reached 0.48, in the overall sample of 182 countries for which data of Global Footprint
Network (2015a) are available, its level is minor (0.083). It can be at least claimed that the biocapacity abundance can
determine wealth of the economy and its EF, whereas the EF is certainly affected by other factors as well (see section
2.2). The efficiency of the resource usage is especially of particular importance. The causality between the standard of
living / level of development, the EF and biocapacity needs to be investigated more in detail using longer time series
data. Using cross-section data in this Paper the basic dependences can only be detected.

4.2 Cross-section Analysis of the Relations between Ecological Footprint and Standard of Living / State of the
Human Development

The cross-section model is applied to detect the dependence between the Ecological Footprint as the explained and the
HDI and GDP per capita as the explanatory variables. Firstly, the effort was to create the model for the overall sample
of 168 countries for which data of Global Footprint Network (2015a) are available. Although the positive relationships
result from the regression analyses for both variables, the assumptions of the models are violated and are thus not fur-
ther presented. The positive relationships between the HDI / GDP per capita and the EF are evident, among others on
the basis of the relatively high positive r values (for GDP per capita: 0.793; for HDI: 0.769; in the sample of 168 coun-
tries of the world with available data), but the significant outliers can be present in the sample and thus the relationships
should be explored in the smaller samples including countries with more similar characteristics. This is beyond the
scope of this Paper. Secondly the EU-28 countries plus three other developed economies, i.e. Norway, Switzerland and
the US, were separately investigated. The results are as follows:

InEF = —3.936 + 0.52 X In GDP p.c.+ u;, 5)
Obs.:31; R? = 0.513; adjR? = 0.496; Prob.= 0; 0; Prob(F — stat.) =0
InEF = 1.905 + 3.06 x In HDI + pu;, 6)

Obs.:30; R? = 0.401; adjR? = 0.379; Prob.= 0; 0; Prob(F — stat.) =0

In the first model (Eq. 5) all the assumptions of linear regression were met. In the second model (Eq. 6) Luxem-
bourg was omitted from the analysis because its values of the variables are outliers (see Figures 2 and 3) and the nor-
mality of the error distribution assumption was violated. After its omission all the assumptions of the linear regression
are met. The results indicate positive dependence of the EF on the HDI and the GDP per capita. The elasticity (b coeffi-
cient) is higher in Eq. 6 for HDI as an explanatory variable; however, the R? and r are lower in the model with the HDI
as an explanatory variable. Thus the proportion of the EF variance explained by the regression model is higher in Eq. 5
when GDP per capita as an explanatory variable is used. Concretely, r = 0.575 between HDI and EF and r = 0.77 be-
tween GDP per capita and EF (31 countries) and moreover in the first case it would drop to 0.398 if Luxembourg was
included in the sample. Indeed, there are many other factors which determine the EF level in the countries. Although the
EF level can be better explained by the GDP per capita, the HDI is significantly correlated with this indicator, i.e. it is
one of its partial indicators. The EF is determined by the consumption which depends on production, however, also the
productivity is important and this significantly affects sustainability and SD. It is more difficult to detect the relations
between the other components of the human development included in HDI related to education and long and healthy
life. However, it is obvious that countries achieving high human development stage also use more resources and thus
larger areas included in the EF to meet their needs.

Figure 2 GDP per capita and Ecological Footprint in the EU countries, Norway and Switzerland, 2011
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Figure 2 and Figure 3 display the relations investigated by Eq. 5 and Eq. 6. The positive relationships can be seen in
both cases, i.e. between GDP per capita / HDI on the one hand and the EF on the other hand. Luxembourg is the outlier
in both cases with the highest EF and GDP per capita; however, its HDI is lower than 0.9 and thus not one of the high-
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est levels in the sample that significantly affects the cross-section analysis (Eqg. 6). On the other hand, if it was left out
from the model with GDP per capita (Eq. 5) the elasticity would further decrease to 0.414 as well as R? to 0.382.

Figure 3 HDI and Ecological Footprint in the EU countries, Norway and Switzerland, 2011
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To sum up in both Figures 2 and 3 there are few countries in the left bottom side. These are the countries with the
lowest standard of living and level of human development together with the lowest EF levels, particularly, Romania,
Bulgaria, Croatia and Hungary. Latvia which also showed the lowest levels of HDI and GDP per capita stands out of
this group because its EF is one of the highest in the EU. In the right bottom part the countries with the highest HDI and
GDP per capita levels as well as high level of resource usage can be particularly found. In addition to already men-
tioned Luxembourg, these countries are especially Norway, Switzerland, the US, Austria, Sweden, Netherlands and
Belgium in both Figures 2 and 3 again (additional countries can also be included).

5 Conclusions

The aim of the Paper was to evaluate sustainability in the EU and its countries by means of the Ecological Footprint and
the available biocapacity and to detect the relations between the countries’ EF and their standard of living and human
development level. Accordingly, the main focus of the Paper was on the EU region and the EU-28 countries together
with other three developed countries — Norway, Switzerland and the US, which were included in the sample, especially
due to the better comparison possibilities.

Comparing the seven regions of the world it can be concluded that the results related to the Ecological Footprint and
its components comply with the standards of living, the stages of development, as well as the structures of their econo-
mies and the production and consumption patterns in these regions. In the EU the Built up Land as the footprint compo-
nent reached the highest level among the examined regions. This reduces its usage for the other purposes and thus this
can be evaluated as a negative trend (aspect) in relation to sustainability and sustainable development. The Cropland,
Grazing, Carbon and Fish Footprints of the EU are the third highest among the monitored regions. The Total Ecological
Footprint of the EU is the second highest following North America reaching the highest overall Footprint per capita.
The biocapacity stocks of the regions are in compliance with the natural conditions including climate in these regions as
well, with the Latin America being the wealthiest region and the largest creditor as regards the bioacapacity area.

The indicators based on the Ecological Footprint and biocapacity reflect the position of the region / country in a re-
source management. The overall EU is a debtor with the Biocapacity Deficit of -1.795 gha, requiring 2.375 of the aver-
age Earth’s biocapacity and 1.783 of its own biocapacy. The EU has still sufficient amount of the Cropland and Fishing
ground where the biocapacity exceeds the Footprint. However, the damages to environment are not adequately included
in the Ecological Footprint concept, which is especially related to the Cropland Footprint. Thus, the impacts on this kind
of the biocapacity area can be underestimated and the results would not be so optimistic after inclusion of these dam-
ages. On the other hand, the Grazing Footprint surpasses biocapacity and this is also the case of the forest component
when Carbon Footprint is also included, i.e. added to the Forest Product Footprint. These results highlight the impor-
tance of combating climate change. The Northern countries including the developed EU countries plus Norway, and the
Baltic countries, have the largest available biocapacity and show the low values of the Number of Countries required,
i.e. the figures reaching up to one. Accordingly, Finland which has the largest biocapacity also achieved the best results.
The countries with the small biocapacity stock are often in the debtor position, i.e. they need more area than the country
provides to meet the needs of their people. The worst results are typical of Cyprus, followed by Belgium, Netherlands,
Italy and Switzerland. Only five countries in the examined sample showed the Number of Earths required lower than 2.
These are mostly the least developed EU countries such as Romania, Bulgaria, Hungary and Croatia together with one
Southern economy — Portugal. However, they still need more than 1 Earth to meet the needs of their inhabitants. Six
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countries need three and more than three Earths, concretely Austria, Estonia, Latvia, Belgium, Sweden and the US. The
main resource debtors are Belgium, Switzerland, Netherlands, Cyprus, the US and Italy; whereas all these countries
except for the US have very low available biocapacity. However, the Footprint of the US is the second highest in the
sample following Luxembourg. The main creditors are the above mentioned Northern countries which also dispose of
the largest areas of biocapacity.

The positive relationship between GDP per capita / HDI and the Ecological Footprint can be confirmed at least in
the group of the developed countries including the EU countries, Norway, Switzerland and the US. The proportion of
the Ecological Footprint variance explained by the regression model is higher when GDP per capita as an explanatory
variable is used compared to HDI, although in the latter model the elasticity is higher. Luxembourg is a country with the
extraordinary position reaching the highest Ecological Footprint and GDP per capita, however its HDI is lower than 0.9.
In the examined sample the countries with the lowest standard of living and level of human development together with
the lowest levels of the Ecological Footprint are especially the following ones: Romania, Bulgaria, Croatia and Hun-
gary. Countries with the highest levels of HDI and GDP per capita as well as high level of resource use are especially:
Luxembourg, Norway, Switzerland, the US, Austria, Sweden, Netherlands and also Belgium.

Using the footprint and biocapacity methodology together with the relevant macroeconomic indicators the basic
economic — environmental (resource management) trends, reflecting also sustainable development aspects, were de-
tected. It is evident that the EU region cannot be regarded as the sustainable region and the large number of its countries
cannot be considered to be sustainable as well, or at least the more detailed analysis would be required. Moreover, sus-
tainability aspects need to be investigated from the more complex point of view. According to the analysis applied in
this Paper, there is no country achieving the sufficiently low level of Ecological Footprint together with sufficiently
high levels of GDP per capita and HDI. According to all aspects investigated, Finland can be regarded as the most sus-
tainable economy in the sample.

The challenge for the further research is to advance the methodology of the Footprint Indicators that better reflects
the damages to environment or to combine these indicators with the additional indicators or sets of indicators which
monitor the relevant aspects of sustainable development, such as decoupling.
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