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Abstract. The purpose of research was to analyze ecological development in EU countries during 
2000-2012. Six primary variables have been applied, namely: the share of forest area in total land 
area, emissions of sulphur oxides (SOx) in agriculture, emissions of nitrogen oxides (NOx) in 
agriculture, electric power consumption per capita, the share of alternative and nuclear energy in total 
energy use and the share of area under organic farming in total agricultural land area. The authors 
have developed a synthetic index, which enabled the statement that Latvia, Finland, Austria, Sweden 
and Estonia are leading EU countries in terms of ecological development; the worst situation is in 
France, Poland, Malta, Spain and in the United Kingdom.  
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Introduction 

Poverty, development and environment are closely linked. The world’s poorest 
countries are those most directly dependent on natural resources for their daily survival and 
therefore most vulnerable to environmental hazards. This statement is true not only for the 
less developed countries; a few decades ago the interdependence between poverty and 
environment and the functional links between agriculture and ecological issues became an 
area of particular concern among the wealthiest nations. The European Union is not an 
exception to this global tendency. Since the ratification of the Maastricht Treaty [Treaty 
on… 1992], there has been a legal obligation for the European Union to take account of 
environmental protection requirements when drawing up and implementing EU policies. 
The European Commission has defined the protection and sustainable management of 
natural resources as a top priority in its poverty reduction policies. Integrating 
environmental concerns into development policy is also a key to ensuring that natural 
resources are protected. The EU through the various development instruments has been 
paying particular attention to this. Thus, the support for biodiversity, water and climate 
change is among the key areas for development support identified in the European 
Consensus on Development [2006], besides  the fact that environmental sustainability is 
also one of the Millennium Development Goals [Millennium… 2000]. 

The EU budgetary spending on agri-environmental measures has increased rapidly 
since 1993 and it reached EUR 3026 million in 2010. At EU-27 level, the average agri-
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environment expenditure (period 2007-2009) was EUR 84 per hectare of UAA under agri-
environmental schemes. The amount of expenditure per hectare is higher in the 12 Member 
States which joined the EU in 2004 and 2007 (EUR 123.4 per ha) than in the EU-15 (EUR 
77.8 per ha) [European Commission…2012]. The application of these differences in 
spending was meant to level general disparity in agriculture between “old” and “new” EU 
Member States. 

As is known, a secure environment is the foundation of sustainable agricultural 
development. Ecological security displays the situation when the internal structure of the 
system is stable and the health service function of the system tends to be positive [Liao et 
al. 2004]. 

In order to control regional ecological evolvement more conveniently, factors that 
affect it the most should be determined. The principal ones are:  

- population: human is the most important and active factor in an ecological region, 
being the consumers of ecological systems, and also the producers of an economic 
system. Both quantity and population education and awareness affect ecological status 
of a region, the style and extent of economic development, and thus – ecological 
carrying capacity; 

- technology: it is the medium that joins the ecological and the economic system. 
Ecological system is the basis of system evolvement and economic system is its 
driving force; 

- policy: policy affects not only the process of evolvement of ecological region, but also 
the direction of regional evolvement. When the market is out of order and cannot 
allocate environmental resources effectively, policy will be the key factor that affects 
regional ecological evolvement [Ran and Jin 2004]. 
The ecological development itself is a complicated, multi-factorial process that may be 

characterized by multiple uncertainties and mutual inconsistencies; it should be developed 
based on the features and evolvement trends of the particular study area. 

Sustainability indicators have received increasing attention since the Rio Earth 
Summit [Agenda 21 1992], reflecting growing concern by the public and policy makers 
over environmental trends [Sherbinin 2003].  

Choosing the representative indicators and building the conceptual system plays a key 
role in the entire assessment of the development outcomes (Table 1). 

Different ecological development models have been elaborated for different purposes. 
Some of them can be unacceptable to policymakers [Ran and Jin 2004], because of great 
dependence on GDP per capita and the modernization level of agricultural and industrial 
infrastructure, which were chosen as development variables. As a result, man-made effort 
must be exerted on the vulnerable ecological region to change this evolvement trend. 

On the other hand, the Environmental Sustainability Index (ESI) permits cross-
national comparisons of environmental sustainability in a systematic and quantitative way. 
It assists the move toward a more analytically rigorous and data driven approach to 
environmental decision-making [Sherbinin 2003]. Some are aimed at regionalization of 
ecological security and sustainable agricultural development in order to provide the 
reference for the regional agricultural resources protection, environmental construction and 
formulating the ways to be lifted out of poverty [Liao et al. 2004]. 
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Table 1.Selected definitions of ecological development models and approaches 

Author(s) 
and year 

Concept (model) description 

Krutilla and 
Fisher 
[1975] 

The Krutilla-Fisher approach ensures that the benefits of nature protection are correctly included in 
the basic cost-benefit equation. Environmental benefits are likely to increase relative to other 
benefits in the economy. This increase in relative value means that environmental benefits are 
discounted at less than other value or maybe not at all. If the relative importance of environmental 
benefits grew sufficiently strong, they could even count more than their nominal value so that, they 
would be “discounted” at a negative rate.  

Environment
al… [2001] 

Traditional economic instruments for wealth estimates such as the GDP need to be supported with 
new environmental quality indicators. Therefore, on one hand economic reasoning is being 
combined with an environmental sustainable development analysis, while on the other hand the 
statistical information needed as a support to the decision making process is being worked out, 
while suitable accounting and statistical tools are being provided to encourage integration. 
However it does not only apply to public decision makers or authorities but also to private 
sectors, such as initiatives for the certification and modernization of processes. 

OECD 
[2002] 

Many indicators and indicator sets are based on – or on some variation of – the OECD Pressure-
State-Response framework. In terms of this framework index groups are classified into 4 groups: 
1 – indices solely based on natural equivalent; 2 – policy performance indices; 3 – indices based 
on an accounting framework; 4 – synoptic indices. The aggregation of two or more indicators 
into one index typically involves several steps, to wit: selection of variables, transformation, 
weighting and valuation. 

Sherbinin 
[2003] 
 

The Environmental Sustainability Index (ESI) measures overall progress toward environmental 
sustainability through “indicators”, each of which combines some number of variables. The ESI 
tracks relative success for each country in five core components: environmental systems, 
reducing stresses, reducing human vulnerability, social and institutional capacity and global 
stewardship. 

Liao et al. 
[2004] 

In view of the conception of system service of environment, according to Analytic Hierarchy 
Process (AHP), the general level structure system of ecological security evaluation can be 
formed. According to that, the index system of ecological security evaluation in particular area is 
formed from the pressure of resources and environment, the quality of resources and 
environment, as well as the ability of environmental protection and ecological improvement. 
Each index has distinct contribution to ecological environment. Using the degree of ecological 
security to indicate the ecological condition, the model of synthetic evaluation is as follows. 

଴ܲ ൌ ෍ ௜ܹ ൈ ௜ܲ 
where ଴ܲ is security index, ௜ܹ is the weight of the ith index, ௜ܲ is valuation of the i index. The 
larger security index, the higher ecological security degree is in the region. 

Ran and Jin 
[2004] 

Based on the theories of ecological carrying capacity and ecological resilience, a vulnerable 
ecological region's evolvement model can be established. Those synthetic variables are ecological 
carrying capacity, ecological resilience, economic development intensity and economic 
development velocity. 

Lavlinskii 
[2010] 

The functional part of the approach is the model of sustainable development of the natural 
resource territory. It generates predictions of the consequences of realization of the expertly 
stated regional development program based on the hypothetical assumption that the 
administration acts in such a way as to increase the living standard of the population over the 
long term and to conserve the natural environment. The dynamics of the indicators of the 
environmental condition of the region is defined by the distribution of the annual amounts of 
emissions of residents and by the environmental projects in the framework of the compensatory 
measures which have been realized. Synthesis of the initial model or some modification of 
equation makes it possible to close the general system of equations and at the same time solve the 
environmental problems and the problem of transformation of the natural resource potential into 
renewable growth factors. 
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Stanners et 
al. [2007], 
Environment
al… [2013]. 

European Environmental Agency’s (EEA) indicators are developed and categorized according to 
a causal framework that organizes interactions between society and the environment into five 
stages: driving force, pressure, state, impact, and response. In simple terms, this DPSIR 
assessment framework works as follows: social and economic developments drive changes that 
exert pressure on the environment. As a consequence, changes occur in the state of the 
environment, which lead to impacts on society. Finally, societal and political responses affect 
earlier parts of the system directly or indirectly. This framework helps to structure thinking about 
the interplay between the environment and socio-economic activities. 

Source: own elaboration. 

The Krutilla-Fisher algorithm leads to rather conservation-oriented rule, which is 
arrived at entirely on the ground of economic efficiency [Krutilla and Fisher 1975]. Most of 
nature policy programs, however, also deal with other goals, such as equity and 
sustainability, and the trade-offs between them [Heide 2005]. For instance, having 
constructed the dynamics of the pollution level in the framework of the general system, it is 
possible to check the ecological conditions of the initial setting of the task in the long-term 
prospect and reject the socioeconomic development trajectories violating the principles of 
sustainable development [Lavlinskii 2010]. 

Research purpose, materials and methods 

The research was aimed at evaluating the level of the ecological development in rural 
areas and its changes over time in each EU Member State during 2000–2012.  

The following ecological variables of rural sustainability were estimated: (1) forest 
area (% of land area), (2) emissions of sulphur oxides (SOx) in agriculture (tons), (3) 
emissions of nitrogen oxides (NOx) in agriculture (tons), (4) electric power consumption 
(kWh per capita), (5) alternative and nuclear energy (% of total energy use), (6) area under 
organic farming (%) (tab. 3). 

The data needed for developing indicators and variables on which they are created, 
was chosen through selection of available data, its weighting and valuation. The data sets 
selection was related to certain indicators, in terms of its harmonization, quality, 
geographical coverage and availability. It was mainly obtained from the World Bank, 
OECD and European Commission statistics databases.  

Through the specified calculating model, the synthetic index (SI) was applied to 
characterize the overall situation of ecological development in each particular country. We 
input the initial data (variables) into the factor analysis model to analyze and quantify the 
impacts of the indicators on overall sustainable development of rural areas dynamically. 
Each variable has distinct contribution to this SI and, as a result, to environmental 
development (security) of respective country. 

A main hypothesis of the research states that it is possible for countries to have similar 
scores in terms of ecological development indicators, but very different economic 
development levels. It means that changes in ecological development of the EU counties 
don’t reflect the level of economic development. 

After defining the evaluation variables, it is still difficult to evaluate the level of 
ecological sustainability with them directly, because they are not unified and not suitable 
for the comparison. Therefore the authors have implemented factor analysis in order to 
replace the original secondary variables array, describing the development of rural areas, by 
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a new variables set, converted for more convenient practical application. Factor analysis 
was based on the study of interrelationships between variables in a multidimensional extend 
and to clarify the reasons for the general variability [Harman 1967; Bolch and Huang 1974; 
Morrison 1990; Jajuga 1993; Tadeusiewicz 1993; Dobosz 2001].  

The analysis fulfilled a linear transformation of the original n-variables Xi (i = 1, ... n) 
to the new secondary t-variables Uk (k = 1, ... t), which were uncorrelated, and their 
variance sum equals total variance of the original variables Xi. Variables Uk have been 
defined as main factors. The variance of each new factor explains certain variation value of 
the primary (original) variables and is represented by eigenvalue. Subsequently isolated 
main factors indicated less variability each next time. The decision concerning definition 
the stage of termination isolating factors depended mainly on state of random variation, 
which remained undefined by the new factors. All the factors were applied to determine the 
SI with no exclusions, having defined100% of the total variation. 

The value of the main factors and the synthetic index has been calculated by the 
following equations: 

 ܷ௞ ൌ  ܽଵ௞ݔଵ ൅ ܽଶ௞ݔଶ+ ܽଷ௞ݔଷ+ … ܽ௡௞ݔ௡ (1) 

where: ܷ௞ – value of the main k-factor, k = 1,2,…t, ܽଵ௞ –  estimated significance of primary i-variable by the primary k-factor, ݔଵ – value of primary i-variable, i = 1,2,…n. 

 Wୱ ൌ  bଵUଵ ൅ bଶUଶ+ bଷUଷ+ … b୲U୲ (2) 

where: ௦ܹ – synthetic index of ecological development of rural areas in the EU countries, ܾ௞ – estimated significance of main k-factor, which reflects a certain percentage of 
variation, k = 1,2,…t, ܷ௞ – value of main k-factor, k = 1,2,…t. 

Ranking results of ecological development of EU Member States are presented in 
respective tables. 

Results  

Within the framework of factor analysis of six primary variables, the same number of 
main factors was distinguished. First, second and third factors reflected about 83% of the 
total variation (44%, 26% and 13% respectively) (table 2). The first factor was influenced 
mostly by the following primary variables: forest area, alternative and nuclear energy and 
area under organic farming; second factor – by emissions of sulphur oxides (SOx) and 
emissions of nitrogen oxides (NOx)  in agriculture; and the third one – by electric power 
consumption (table 3).  
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Table 2. Factor analysis of ecological development of rural areas in EU countries, 2000-2012 

Factor  Eigenvalue Percentage of variation Cumulative percent 

1 2.64 43.93 43.93 

2 1.54 25.70 69.63 

3 0.81 13.48 83.10 

4 0.54 8.99 92.09 

5 0.32 5.28 97.37 

6 0.16 2.63 100.00 

Source: calculated by the authors. 

Table 3.Factors which determine ecological sustainable development of rural areas in EU countries, 2000-2012 

Primary variables 
Cumulative percent =  83.1% 

Factor 1 Factor 2 Factor 3 

Forest area (% of land area) – [x1] 0.8192 0.0584 -0.3019 

Emissions of sulphur oxides (SOx) in agriculture (tones) – [x2] 0.1158 0.9210 -0.1438 

Emissions of nitrogen oxides (NOx) in agriculture (tones) – [x3] 0.0812 0.9403 0.0634 

Electric power consumption (kWh per capita) – [x4] -0.2183 -0.0523 0.9669 

Alternative and nuclear energy (% of total energy use) – [x5] 0.8592 0.2351 -0.0103 

Area under organic farming (%) – [x6] 0.8055 -0.0022 -0.1247 

xi – value of primary i-variable, i = 1,2, … 6; Uk – value of main k-factor, k = 1, 2,…6 

Source: calculated by the authors. 

In general Latvia, Finland, Austria, Sweden and Estonia are the leading EU countries 
in terms of ecological development by the applied indicators; the worst situation is in 
France, Poland, Malta, Spain and the United Kingdom (tab. 4, fig. 1).  

Fig. 1. Ranking of EU Member States by the value of the SI of ecological development of rural areas, 2000-2012 

Source: calculated by the authors. 
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Comparing the average positions of the countries in the ranking for 2000-2012 with 
positions in 2012, it should be noted that the largest improvement in ranking has recently 
occurred in Greece, Italy, and the slight worsening – in Finland. 

Ranking of 10 selected EU Member States (with the highest and lowest score by SI) 
based on GDP per capita shows that the countries distribution within these two groups has 
been changed. Latvia and Estonia, which have been holding 1st and 5th rank respectively, 
decreased to 9th and 8th rank (fig. 2) with 13,947 and 16,844 US$ per capita in 2012, 
whereas France (26th) and United Kingdom (28th) shifted to 4th and 5th place respectively.  

These distinctions, however, weren’t unexpected and can’t be simply explained as 
belonging of one or another country to the “old” or “new” EU Member State. Higher level 
of economic development doesn’t explain better outcomes in environmental situation in 
above mentioned states. 

This means that some countries succeeded in economy growth while increasing 
emissions, pollution or electric power consumption etc. In some EU Member States, the 
total SI of rural areas’ ecological development exceeded the rate of the GDP per capita 
increase inversely.

Fig. 2. Ranking of EU Member States by the value of GDP per capita (current US$), 2000-2012 

Source: grouped by the authors based on http://data.worldbank.org/indicator/NY.GDP.PCAP.CD. 
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Conclusions  

The synthetic indicator of ecological development and its score can be interpreted as a 
measure of the relative probability that a country/region will be able to achieve favorable 
environmental conditions, but it doesn’t mean that it will be able to sustain those for a 
longer period in the future. The assumption that the countries at the top of ranking are more 
likely than those at the bottom to experience lasting environmental quality, can be either 
fallacious. As was expected, the outcomes of the present research indicated that the 
relatively wealthy countries (by the value of GDP per capita) are at the bottom of the 
ranking in terms of their ecological development and vice versa. It means that changes in 
ecological development of the EU counties don’t reflect the level of economic 
development. 

Unfortunately, it is hardly possible in terms of dynamically changing environment to 
draw conclusions about ecological sustainability of a particular country/region in the long 
run. These kind of conclusions would require a whole complex of information associated 
with two other dimensions of sustainable development: economic and social. 

Given the multiple factors that affect both the rural areas and agriculture, it is 
complicated to draw direct relationships between variables of environmental domain. Some 
additional descriptors which could aid in explaining the fluctuation of these are the 
characteristics of the economic structure of the sector (farm and household structure, 
economic accounts for agriculture, agriculture value added per worker, cereal yield, 
livestock production etc.), the social characteristics of the area (employment/unemployment 
level, rural population, total social expenditures etc.). However, the specific context of each 
country has to be taken into account, since it could cause differences in factor combinations 
and their aggregate effects. 

Besides, the environmental component of rural areas’ sustainable development has to 
be integrated into decision-making at all levels, by promoting coordination between all the 
policies of each EU Member State, taking into account economic, social and environmental 
dimensions. 
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