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Abstract: Fine particulate matter (PM2.5) emissions are an important global issue as air pollutants
lead to approximately 7 million deaths per year (World Health Organization). In an attempt to
combat this global threat, countries in the European Union (EU) allocate relatively large funds for
environmental policies. The main goal of this paper is to assess the long-term efficiency of the EU
countries’ environmental policy in reducing the pressure of particulates pollution on the natural
environment. For this purpose, multilevel panel regression models based on seminal within–between
specification are used. The models are run for a panel of 25 EU countries for the years 2004–2016.
In the investigations, we tried to capture the effect of the share of utilized agricultural area (UAA) in
non-urban areas of the analyzed countries, as it may potentially influence policy efficiency. It was
found that environmental spending in all main categories (pollution abatement, biodiversity, R&D,
and environmental protection) had a significant impact on decreasing pollution pressure; however,
the policy was more efficient in countries which had a lower share of UAA in their non-urban areas.
The study emphasized that the impact of “pollution abatement” expenditure may be underestimated
in basic panel models.

Keywords: fine particulate matter (PM2.5); pollution abatement; environmental expenditures; policy
efficiency analysis; European Union

1. Introduction

According to World Health Organization (WHO) estimates based on data from 185 countries, air
pollution is responsible for approximately 7 million deaths per year [1]. Fine particulate matter (PM2.5)
emissions remain an important global problem [2] and around 95% of the world’s population livs in
regions where the concentration of PM2.5 in the air exceeds the WHO standard of 10 µg/m3. Although
this problem primarily affects countries in South-East Asia and the Middle East, air pollution also poses
a risk to the health of the population within the European Union (EU), especially in the lesser developed
new member states. According to the air quality report in 2017, exposure to PM2.5 is responsible for
399,000 premature deaths in EU countries [3]. This is why the problem of air pollution is currently one
of the key issues discussed at the international level, as demonstrated by the annual Conference of the
Parties to the United Nations Framework Convention on Climate Change. Moreover, modern models
of endogenous economic growth indicate that the quality of the natural environment has a significant
impact on the economic development of countries [4]. In China for example, Xie et al. [5] showed that
in the absence of PM2.5 reduction policies, GDP is expected to fall by about 2% overall, with additional
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differentiation at the provincial level. In Europe, adopting a more ambitious environmental policy by
2050 would incur costs of around 65 billion euros. However, the benefits of better health are estimated
at around 62 billion, meaning that investments would be almost offset [6].

The quoted EEA report [3] places particular emphasis on agriculture, which is a one of the key
sectors of air pollutant emissions (e.g., methane), although so far underestimated. Both in the field
and indoors, fine particulates of inorganic and organic origin are emitted, including dust with a
grain diameter of less than 2.5 µm (PM2.5). These fine particulates are the most dangerous for health
because they penetrate directly from the respiratory tract into the blood. Agriculture contributes to
PM concentration directly but also through ammonia (NH3) emissions. This secondary source of
PM determines the levels of airborne ammonium sulphate and ammonium nitrate [3], and may be
responsible for at least 10% of the PM2.5 mass in EU regions [7].

Based on the example of Poland, the main sources (ca. 53%) of PM2.5 emissions are combustion
processes outside of the industrial sector, with the largest proportion of emissions (ca. 80%) coming
from the combustion of hard coal, wood, and other household heating substances [8]. Therefore,
the norms of PM2.5 emission are exceeded especially during wintertime in all regions (cf. maximum
values in Table A1 in Appendix A). Furthermore, a typical phenomenon in Poland, as well as in other
countries of Central and Eastern Europe, is that rural districts may pollute even more than big cities, as
advocated by Figure A1, where mean levels of PM2.5 concentration in Poland are given on regional
level for both cities and rural areas. For example, in Greater Poland (Wielkopolskie voivodship),
a leading agricultural region in Poland, the annual average emission in rural areas is 31% higher than
in cities.

Plant cover plays an essential role in the struggle against pollution by absorbing airborne toxins.
According to calculations prepared by the Centre for Ecology and Hydrology (CEH) and published on
the UK statistical office’s website, plants helped save the lives of around 1900 UK residents in 2015 [9].
Winds transport smog clouds to non-urban areas and their degree of absorption is dependent on plant
cover. Considering the above, the role of the non-urban area is ambivalent. On the one hand, they
determine the absorption of air pollutants and are a refuge for the natural environment. On the other
hand, agriculture is developing in these areas, which, as mentioned above, is an important source of
particulates emission.

Taking into account the above considerations, we determined that there is still a need to examine
the adequacy of policy instruments by comparing inputs and effects. Since the end of the 1990s,
cost-benefit analyses have gradually become more routine and their development is very much needed
in the policy-making process [10]. In this context, the question arises as to what extent the increasing
expenditures on individual measures related to environmental protection are accompanied by adequate
effects on the improvement of the environment quality.

There is a relatively large body of literature on the environmental quality and public policy so
one can distinguish different streams of research regarding these issues (cf. literature review section).
Our study is a part of the research trend on the relationship between public expenditure and its
effects on natural environment. This type of research is, however, still underdeveloped and provides
ambiguous results. In particular, there is a lack of research that would attempt to address the role of
structural factors affecting the effectiveness and/or efficiency of environmental expenditures. This paper
tries to fill this gap by the inclusion of agriculture share as a factor influencing policy efficiency.

The novelty of our approach might be manifested in several aspects:

• We run a comprehensive comparative assessment of the financial efficiency of different national
schemes for environment protection in the panel of 25 European Union countries (2004–2016);

• We use an index of PM2.5 pressure on the environment (calculated as PM2.5 emissions per hectare
of non-urban areas). This is used instead of a commonly used simple emission indicator as we
believe that the non-urban areas matter when struggling with PM2.5 pollution due to their natural
absorbent capacity;
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• We test the hypothesis that agriculture’s share in non-urban areas is a significant factor which
contributes to PM2.5 emission and handicaps anti-smog policy;

• We use a novel econometric approach in this field i.e., seminal within–between specification of Bell
and Jones [11] with multilevel random effects that may identify potential sources of environmental
policy inefficiency.

The seminal “within–between” estimation carried out in the study explores two aspects of the
policy impact on PM2.5: Firstly, it gives an insight on how an increase in the environment expenditures
translates into a downturn of pollution. This is a dynamic aspect of the problem reflected by the
“within” component and we should indeed expect a negative coefficient to prove the efficiency.
Secondly, we address the question whether in those countries which spend more on the environment,
the pollution is relatively lower. In this case a negative estimator also would confirm the efficiency
of PM2.5 pollution management. So, the negative signs in both above-mentioned cases indicate ex
ante efficient management while the negative “within” and positive “between” coefficient suggests
that the efficient policy has been implemented ex post as a response to high pollution. The positive
coefficients prove that neither ex ante, nor ex post policy is efficient. Why do we use the term “efficiency”
instead of “effectiveness”? It should be noticed that we deal with relative changes and cross-sectional
differences of PM2.5 caused by the national expenditures, disregarding the absolute assessment of
PM2.5 concentration in terms of the legally permitted exceedances. So, the overall effectiveness is out
of the question in this perspective.

The rest of the paper is organized as follows. In the next section we review literature on the
determinants of air pollution and the interaction between its level and public policy. We then provide
the methodology for our analysis together with data descriptions. The next section then presents
results and a discussion while the last part concludes.

2. Literature Review

The severe effects of air pollution have prompted many authors to study the determinants of air
quality and the effectiveness or efficiency of public policies to reduce emissions of particulates and
greenhouse gases. In studies using econometric methods referring to European countries, air quality
is often assessed through the prism of GHG emissions (i.e., ozone and carbon, nitrogen and sulphur
oxides) or by means of air quality indices. De Almeida et al. [12] analyzed air quality in individual
regions of Portugal and concluded that the main determinants influencing air quality included forest
fires and the number of manufacturing industries per km2. Rafaj et al. [13] studied the drivers of GHG
emissions in the years 1960–2010. The study was limited to European countries, which were divided
into Eastern and Western ones. The relative influence of particular determinants on emission levels
differed depending on the pollutant; however, the authors indicate that the decrease in SO2 emissions
in Western countries was mainly due to reduced energy intensity and improved fuel mix. In the 1990s,
GHG emissions in Eastern Europe grew despite the improvement in fuel quality, which was due to an
increase in energy-intensive industries.

The drivers of PM2.5 emissions were studied mostly by Chinese researchers. Using panel regression
models for the Chinese provinces, Xu and Lin [14] identified economic growth as a main determinant
of emission levels. The relative role of the other analyzed factors (level of urbanization, private cars,
energy efficiency, R&D investment, coal consumption) was different for each region. Adequate policies
should therefore be regionally flexible. Luo et al. [15] claimed that the key determinant of particulate
emissions is the share of the secondary sector in the economy, even before the level of GDP per
capita. Furthermore, the quality of the environment is also influenced by urbanization, population
density, energy intensity, and the proportion of the tertiary sector (the impact of the latter variable
was negative). With regards to the relationship between GDP per capita and PM2.5 emissions, there is
the so-called environmental Kuznets curve (EKC). The EKC states that particulate matter emissions
increase proportionately with income until a certain level of economic development is achieved. Once
this level of development is reached, emissions begin to decrease proportionately with additional
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increases in income [16]. This theoretical model explains why studies on the relationship between GDP
and particulate matter emissions in developing countries show a positive relationship between these
variables [17,18] and a negative relationship in developed countries [19].

The above studies have focused on analyzing direct determinants of pollutant emissions; however,
political and institutional factors also influence the quality of the environment and the efficiency of
environmental policy. Crepaz [20] pointed out that the political system described as corporatism (e.g.,
in Scandinavian countries and Germany) affects the reduction of GHG emissions in comparison to the
pluralist system. In European countries, public spending contributed to the reduction of greenhouse
gas emissions, whereas in the Middle East the effect was insignificant or even positive [21]. Similar
conclusions were reached by Gholipour and Farzanegan [22]. Using countries in North Africa and
the Middle East as an example, they proved that environmental funds alone do not have a significant
impact on the quality of the environment. Adequate governance quality is still needed, and only then
do the funds begin to significantly reduce emissions. Using the quantile panel regression for G20
countries, Wang et al. [23] have shown that the level of democratization and globalization was positively
correlated with particulate matter emissions (PM2.5). The first of these factors has a particularly large
impact in countries with high emissions, while the second factor impacts countries with very low or
high levels of emissions.

There are four research trends studying the relationship between environmental policy and air
quality. The first group includes studies aimed at assessing the impact of specific policy mechanisms
on environmental quality. Erjavec et al. [24] stated that despite the fact that many agricultural policy
instruments were not directly aimed at reducing GHG emissions or adaptation to climate change,
instruments with a large budget addressed to many recipients contributed to the improvement of the
natural environment. Finn et al. [25] examined ex-post the impact of agri–environmental schemes (AEs)
on the achievement of environmental objectives. Significant differences in the achieved environmental
performance among the examined regions were found, and at the same time there was no correlation
between the efficiency of AEs and the priority level of a given policy goal. Neufeldt and Schäfer [26]
analyzed how the introduction of various environmental policy instruments would reduce GHG
emissions from agriculture. The authors pointed out that the choice of one mechanism is tedious,
because e.g., an emission cap means low costs for farmers, while an emission tax is cheaper on a
macro scale. Morley [27] used a panel of EU countries and Norway to prove that there is a statistically
significant negative correlation between the level of environmental taxes and the level of GHG emissions.
These taxes have therefore proved to be effective. Dholakia et al. [28] indicated that the assessment of
the effectiveness of air quality policy is also influenced by the quality measure used. Policies in India,
for example, have contributed to a significant reduction in CO2 emissions, but have only a limited
impact on particulate matter emissions. Reducing the latter would require more rigorous action.

The second group of studies involves papers examining the environmental impact of total public
expenditure, sometimes expressed in relation to GDP. Using the example of 12 European countries in
1995–2008, López and Palacios [29] proved that fiscal spending played a significant role in reducing
sulphur oxide and ozone emissions. However, such an effect was not recorded for nitrogen oxide.
In other studies, López et al. [30] examined both the direct impact of budgetary expenditure on air and
water quality and the indirect effect through the channel of GDP growth. They found that an increase
in expenditure without changing its structure towards the financing of public goods did not contribute
to the reduction of pollution. On the example of China, Feng and Fang [31] claimed that to record the
positive impact of public spending on the quality of the environment at the local scale, it was necessary
to achieve an appropriate level of economic development. Halkos and Paizanos [32,33] studied the
impact of government spending on GHG emissions on panels of 77 and 94 countries, respectively.
They found that while a higher share of public spending in GDP was conducive to reducing emissions
of sulphur and nitrogen oxides, there was no such effect on carbon dioxide. Moreover, in low-income
countries, the impact of government spending on reducing emissions is strong, but in richer countries
there can even be a positive correlation between rising spending and emissions. In general, the
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indirect effect of public spending is more important and strengthens with GDP growth and the level
of democratization.

The aim of the third research area is to determine the impact of air quality on the level of public
expenditure, in particular on environmental or health protection. This is therefore the opposite approach
to the one adopted in our study. This type of research is carried out primarily for developing countries.
Yahaya et al. [34] found on a panel of 125 developing countries that air quality significantly determined
the health expenditure per capita in these countries, with a particularly strong impact on carbon
dioxide. Yang and Zhang [35] found that exposure to PM2.5 had a significant impact on household
health expenditure, even after socioeconomic characteristics and country locations were included in the
model. Interestingly, Ma et al. [36] reported no positive correlation between air pollution (as measured
by the air quality index) and the increase in public investment for environmental protection within the
Chinese provinces. Moreover, the increase in emissions had even been accompanied by a decrease in
public spending.

This article falls into the fourth research stream, which concerns the impact of environmental
expenditure on air quality expressed through the prism of various indicators. He et al. [37] studied
the impact of environmental expenditures on air quality (air quality index) on a panel of seven
Chinese cities. In panel analyses, there was no correlation between the increase in expenditures and
improvement in air quality. In single models, such a correlation was noted in four cities if the share of
environmental expenditures in the total spending was indeed significant. The direct impact of funds on
air quality was also not recorded in the case of North Africa and the Middle East [22]. Ouyang et al. [19]
found that the impact of the funds on pollutant emissions (PM2.5) in the OECD countries was even
positive, but this was due to the fact that in developed countries there was often both a decrease in
emissions and a decrease in expenditure on air quality protection. Thus, in the econometric modelling,
a positive sign in the regression coefficient was obtained. On the other hand, Bostan et al. [38] came
to different conclusions, when examining the impact of public expenditure and investments on the
level of pollution (PM2.5 and sulphur, nitrogen and carbon oxides). They found that environmental
protection expenditure by general government had a significant impact on the decrease in emissions
for each type of air pollution taken into account.

Due to the potential serious health consequences for the population, in this article we focused on
the impact of public financial spending on the level of particulate matter emissions (PM2.5). Unlike
some authors who analyzed the environmental impact of total public spending [29,32,33], this study
specifically analysed the impact of environmental national spending (source: Eurostat). In doing so,
we followed the conclusion of López et al. [30], who stated that the key to achieving environmental
objectives is a structure of public spending that shifts towards financing public and social goods. At the
same time, instead of analyzing the impact of funds on total air protection against other socioeconomic
variables [19], we limited ourselves to financial inputs. However, following Bostan et al. [38], we
presented them in a more detailed breakdown in order to assess the efficiency of particular types
of expenditures.

3. Material and Methods

3.1. Variables Selection

For the long-term assessment of the environmental policy in EU-25 countries we primarily use
data from Eurostat and Faostat, depicted in Tables 1 and 2 (the full database used for analysis can be
found via link in Supplementary Materials). We use the complete matrix of public expenditures on
environmental policy. We recall that the aim is to estimate the efficiency of a comprehensive range of
environmental schemes which directly or indirectly may affect the pressure of PM2.5 on the natural
environment understood as non-urban-areas (i.e., total country area minus urban area). PM2.5 in kg
per ha of non-urban areas stands for the dependent variable, and the following selection of national
expenditures in real prices (2004 = 100, deflated by HICP) for the explanatory variables:
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• Pollution abatement in EUR per ha of non-urban areas (direct impact on PM2.5) which comprises
measures and activities aimed at (a) the reduction of emissions into the ambient air, (b) ambient
concentrations of air pollutants, and (c) measures and activities aimed at the control of emissions
of GHG’s and other gases that adversely affect the stratospheric ozone layer. Pollution abatement
refers to technology applied or measures taken to reduce pollution and/or its impacts on the
environment. The most commonly used technologies are scrubbers, noise mufflers, filters,
incinerators, heating devices, wastewater treatment facilities, and composting waste.

• Protection of biodiversity in EUR per ha of non-urban areas (indirect impact on PM2.5) which
comprises the protection of species, landscapes, and habitats (including mainly forests); the
rehabilitation of species populations and landscapes; the restoration and cleaning of water bodies;
and the measurement, control, and other in-laboratory activities.

• R&D on environmental protection in EUR per ha of non-urban areas (indirect impact on PM2.5)
which covers research on the protection of ambient air, climate, soil, and water. R&D also studies
the abatement of noise and vibrations, the protection of species and habitats, and the protection
against radiation and waste management.

• Environmental protection n.e.c. (non-elsewhere classified) in EUR per ha of non-urban areas
(indirect impact on PM2.5) which includes general administration of the environment, education,
training and information, and activities leading to indivisible expenditure.

The first scheme is directly linked to the PM2.5 emission, whereas the rest of the expenditures
may presumably affect PM2.5 pressure on the environment. In our research we also controlled for
unobserved individual effects (fixed and random) of the selected countries while focusing on the share
of utilized agricultural area (UAA) in non-urban areas as a proxy for the natural environment. The latter
aims to test the hypothesis raised in the introduction that agriculture might affect environmental policy
efficiency. Our approach to this problem is presented in the next section. In the first step we attempted
to identify “typical” and “outstanding” shares of UAA in the panel of selected countries. UAA share
distribution for EU-25 is close to the Gaussian (normal) distribution. For that reason, to distinguish
the “typical” and “outstanding” classes of UAA share we used the mean (z) +/− and the standard
deviation (sz). Hence, we obtained three classes, where the second covers about 70% observations
with the mean 0.53 (which is close to the normal distribution assumption), the first and third comprises
observations (country c in year t) with noticeable high and low UAA shares (cf. Table 1):

UAA class 1 : z + sz ≤ zi

UAA class 2 : z− sz ≤ zi < z + sz

UAA class 3 : zi < z− sz

Table 1. Descriptive statistics of variables.

Variable Mean Stand. Dev. Min Max

PM2.5 in kg per ha of non-urban areas (1) 6.62 9.29 0.46 103.20
Pollution abatement in EUR per ha of non-urban areas (2) 75.91 212.25 0.00 1209.08

Protection of biodiversity in EUR per ha of non-urban areas (3) 91.63 230.17 0.00 1266.53
R&D Environmental protection in EUR per ha of non-urban areas (4) 10.85 19.47 0.00 176.34
Environmental protection n.e.c. in EUR per ha of non-urban areas (5) 35.86 54.77 0.00 451.14

Share of UAA in non-urban areas CLASS 1 0.96 0.12 0.76 1.17
Share of UAA in non-urban areas CLASS 2 0.53 0.12 0.28 0.75
Share of UAA in non-urban areas CLASS 3 0.15 0.07 0.07 0.28

Note: UAA stands for utilized agricultural area, n.e.c—non-elsewhere classified.

Descriptive statistics show a significant diversity of the studied panel, both in terms of
environmental pressure understood as PM2.5 per hectare of non-urban areas, as well as individual types
of expenditures on environmental protection. The average particulate matter emission was 6.62 kg/ha;
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however, in the Benelux countries emissions were above 10 kg/ha on average, and in Sweden and
Finland the average was below 1 kg/ha. Among the analysed expenditures, the largest funds were
allocated for biodiversity protection. However, in some countries (Italy, Luxembourg, Malta, the
Netherlands) the inputs exceeded EUR 100/ha, while in Greece, Cyprus, Finland, Latvia, Lithuania and
Latvia they were below EUR 2/ha. Relatively less was spent on research and development related to
environmental protection. In general, it can be stated that in countries with higher particulate matter
emissions, higher total expenditure on environmental protection was also recorded (the value of the
correlation coefficient was 0.74).

The first class of UAA share in non-urban areas comprises three countries: The Netherlands,
United Kingdom, and Malta. These are highly urbanised countries so their non-urban areas almost
entirely consist of agricultural areas. At the other extreme are Estonia, Cyprus, Finland, and Sweden.
With the exception of Cyprus, these are states with low population density and vast non-urban areas
covered by forests. Therefore, the share of UAA is rather low and does not exceed 28%. The rest of the
countries have a moderate share of UAA in non-urban areas.

Table 2. Mean values of variables for panel of 25 EU countries.

Country 1 2 3 4 5 Average Share of UAA
in Non-Urban Areas

Malta 44.33 68.75 1124.44 16.73 174.74 0.81
Belgium 12.83 236.74 70.76 16.13 176.73 0.58

Luxembourg 10.42 186.30 179.38 3.48 63.13 0.73
Netherlands 10.27 1036.56 409.02 72.86 85.15 1.10 *

Italy 7.46 34.99 128.17 12.81 25.19 0.59
Slovenia 6.89 8.33 24.01 4.71 16.97 0.33

United Kingdom 6.64 16.59 30.73 37.55 103.75 0.97
Czech Republic 6.39 10.89 48.86 3.40 1.80 0.60

Slovakia 6.33 3.85 6.25 1.54 11.62 0.41
Portugal 6.20 2.44 22.90 3.75 15.86 0.43
Denmark 5.60 35.07 85.35 32.60 66.16 0.62
Hungary 5.27 4.52 3.67 0.14 6.55 0.60
Poland 5.27 4.92 2.23 3.10 11.50 0.51
Latvia 3.75 1.87 1.28 0.05 2.05 0.34

Germany 3.73 98.66 33.54 28.68 35.17 0.53
Greece 3.66 32.92 0.07 0.00 3.18 0.59
Spain 3.65 14.80 36.46 10.20 14.41 0.71
France 3.54 22.11 22.09 7.15 27.84 0.49
Ireland 2.82 13.77 42.57 1.60 9.39 0.64
Estonia 2.81 0 4.47 2.39 6.21 0.23
Austria 2.60 59.57 7.12 9.11 21.64 0.36
Cyprus 2.51 3.54 0.45 0.00 0.00 0.18

Lithuania 1.27 0.13 1.97 0.37 5.40 0.51
Finland 0.73 3.66 1.92 1.87 4.00 0.07
Sweden 0.58 0.40 3.17 1.05 8.05 0.08

Note: c.f Table 1 for variables names; * shares above 1 indicates that UAA are located in urban areas to some extent.

It is also worth discussing the compound annual rate of change depicted in Table 3 and
Figure 1. We can see how annual average changes in PM2.5 pressure correspond with the dynamics of
environmental policy expenditures. In most countries, we observe a decreasing trend of PM2.5 pressure
on non-urban areas. Italy, Slovenia, and Hungary were the only countries where emissions were,
on average, slightly increasing. Emissions were decreasing at the fastest pace in Malta, followed by
Estonia and Greece. In all of these countries the average annual growth in environmental expenditures
can be observed; however, the expenditures directly linked to air pollution were increasing only in
Greece. Based on Table 3, we can see substantial differences when it comes to expenditure patterns.
In 11 countries, the downward trend in pollution abatement expenditures can be observed, while in
14 countries spending increased. In Portugal the annual rate of change was 20.99%, while in Malta it
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was −17.87%. However, a decreasing (negative) average rate of change in total expenditure was only
recorded in nine countries and in Slovenia this effect was the strongest with Slovenia being the lowest.Sustainability 2019, 11, x FOR PEER REVIEW 9 of 19 

 

PM2.5 per ha of non-urban area 

Pollution abatement expenditures Total environmental expenditures 

Figure 1. Compound annual rates of change of PM2.5 emissions and environmental expenditures.
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Table 3. Compound annual rates of change for PM2.5 and environmental expenditures in EU25 over
2004–2016 (%).

Compound Annual
Rate of Change of

PM2.5 Per Ha of
Non-Urban Area

Compound Annual
Rate of Change of

Pollution Expenditures

Compound Annual
Rate of Change of Total

Environmental
Expenditures

Malta −12.35 −17.87 1.65
Belgium −3.13 6.91 1.22

Luxembourg −4.16 4.06 1.88
Netherlands −5.59 −1.59 −0.29

Italy 0.57 −2.93 0.50
Slovenia 0.44 9.57 −2.57

UK −1.51 −8.59 −0.10
Czech Rep. −1.71 −6.29 0.55

Slovakia −0.66 7.08 3.26
Portugal −2.42 20.99 0.55
Denmark −1.54 −3.61 −1.29
Hungary 1.92 17.45 −2.44
Poland −1.24 14.12 1.70
Latvia −3.64 7.74 3.36

Germany −2.84 9.32 1.97
Greece −6.34 17.20 7.23
Spain −1.70 −11.84 −0.39
France −4.08 4.84 1.91
Ireland −3.23 −4.55 −4.56
Estonia −5.86 −2.65 1.98
Austria −2.40 −0.79 −0.65
Cyprus −4.69 14.97 0.37

Lithuania −1.96 −1.33 4.48
Finland −3.08 3.98 −0.90
Sweden −3.11 5.52 1.65

Note: this variable is independent of the base year chosen and gives the same result for any of them, using the
formula RCH_A_C = (Yt/Yt0) 1/t–t0

− 1, where t0 = the earliest year; t = the most recent year; Yt0 = indicator value
in the earliest year; and Yt = indicator value in the most recent year. In economics, this variable is known as the
compound annual growth rate and measures e.g. return on an investment over a defined period of time.

3.2. Economic Strategy

We use a multi-level panel model with the seminal within–between specification. Typical panel
regressions explore time and cross-sectional dimension at the same time. We introduce simultaneously
UAA classes as a third level of the analysis. Hence, our model attempts to estimate comparative effects
of different policy schemes on PM2.5 while controlling the following heterogeneity and endogeneity
source that may possibly bias the results:

• Observed fixed cross-sectional effect to address potential reverse causality of PM2.5 influence on
the expenditures,

• Unobserved time-invariant heterogeneity of countries (so called random effect or intraclass
variance for the countries),

• Unobserved time-invariant heterogeneity of UAA shares in non-urban areas (so called random
effect or intraclass variance for different UAA share),

• Random parts of regression coefficients which reflect changes of policy efficiency accordingly to
the share of UAA.

A prominent advantage of using panel data is that they contain information about the heterogeneity
of the phenomenon in which we are interested, both in time and space (and here we address two space
levels). However, most panel data methods do not allow us to separately model the consequences
of changes of that phenomenon over time or the effects of its heterogeneity in space. The fixed effect
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(FE) models allow to investigate only the “within” effect so they can be useful to answer what is
the average response of dependent variable if occasion-level time-variant variable changes by unit.
The higher-level (between) variance is modelled out so we cannot say anything about the effect of
explanatory variables on the differences in dependent variable between entities. Random effects (RE)
models deal with these problems only to some extent. The calculated betas encompass both between
and within effect but if we assume that these effects are different (what is very likely in social science
problems) then RE model does not solve the problem of different impact of variable in time and space
dimension [11].

To compensate for this, a novel approach called “the seminal within–between specification”
advocated recently by Bell and Jones [11] solves this problem as it allows to estimate the “within”
(in-time) and “between” (in-space) effect separately We employ this specification with the additional
space level (UAA share) which could also potentially cause random effects. However, we apply a
three-steps modelling procedure. In the first step we estimated a so called “base model”. As standard
errors in our estimation may be biased by heteroscedasticity and autocorrelation issues we use robust
standard errors proposed by Arellano [39]. In the second step we add the level of the UAA class
as an additional grouping variable, and finally we adopt the assumption that the UAA class may
also influence the regression coefficients. We decide whether the next step is justified on the basis of
loglikelihood criterion which should indicate a significant improvement of the goodness of fit. These
steps are depicted in the following models and estimations results are presented in Table 4:

First “base” model (typical panel regression with seminal “within–between” specification):

yc,t =∝c,t + β(xc,t − xc) + γxc st. ∝c,t=∝0 +δ0c + ea,c,t (1)

Second model with additional grouping variable (UAA class):

ya,c,t =∝a,c,t + βa(xc,t − xc) + γaxc st. ∝a,c,t=∝0 +δ0c + µ0a + ea,c,t (2)

Third model with the assumption of random coefficients for UAA classes. We present the
estimated equation as well as the matrix of variances and covariance that is possible to obtain in
this approach:

ya,c,t =∝a,c,t + βa(xc,t − xc) + γaxc st. ∝a,c,t=∝0 +δ0c + µ0a + ea,c,t (3)

βa = β1 + µ1a

γa = γ2 + µ2a
µ0a

µ1a
µ2a

 ∼ N(0, Ωu) : Ωµ =


σ2
µ0

σµ1µ0 σ2
µ1

σµ2µ0 σµ2µ1 σ2
µ2


where xc,t is a set of time-variant variables (the expenditures) so called “within-”, xc consists of xc,t means
called “between-” calculated for each country c (which by definition are time-invariant). The intercept
(free term) ∝a,c,t consists of four parts: Fixed term ∝0, random effects (estimated as variances) δ0c and
µ0a, respectively for the country level (c) and UAA class (a) that reflect the unobserved heterogeneity of
these levels, and ea,c,t as an idiosyncratic disturbance for each observation. The parameter βa reflects
the within effect (changes in time), while γa captures the between effect, which can be interpreted as
the impact of a unitary difference in xc,t among EU-25 countries on the dependent variable (reverse
causality may also happen in this case). In addition, we assume that the UAA class may also influence
the regression coefficients βa and γa, so they also consists of a fixed part (β1 and γ2) and a random part
(µ1a, µ2a), estimated as variances; Ωµ stands for the matrix of variances and covariances attributed to
the UAA class (σ2

µ variances; σµ covariances).



Sustainability 2019, 11, 4984 11 of 17

The assumption adopted above that the UAA class may influence the regression coefficients
implicates different policy efficiency, accordingly to the UAA class. This is depicted in Figure 2, where
we can see three regression lines with a different slope.
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Figure 2. Efficiency of pollution abatement according to the share of utilized agricultural area (UAA) in
non-urban areas: Best fitted regression line of the pollution level and the “within-pollution abatement”
variable. CLASS 1—the highest share of UAA in non-urban areas (the lowest efficiency of the pollution
abatement, over 1000 €/ha growth required to achieve zero-emission). CLASS 2—the medium share of
UAA in non-urban areas (600 €/ha growth required to achieve zero-emission). CLASS 3—the lowest
share of UAA in non-urban areas (the highest efficiency of the pollution abatement, below 20 €/ha
growth required to achieve zero-emission).

The regression line for CLASS 3 intersects the abscissa axis in 20 € which means a growth of
pollution abatement expenditures is required to achieve zero-emission. For the second and third
CLASS, the intersection points are respectively higher which may be interpreted as lower efficiency of
the anti-smog policy.

The model was calculated using the maximum likelihood (ML) method, which has less restrictive
assumptions than OLS, defined in the MLwiN software used for this study as IGLS (Iterative Generalised
Least Squares). In this approach, the R2 statistic is not calculated, and the fit of the model can be
evaluated on a relative basis by comparing the statistic “–2 log likelihood”. The decision on whether
the introduction of a random intercept and random coefficients into the model is statistically significant
is taken on the basis of a likelihood ratio test (LRT), as mentioned. We perform this on each occasion by
calculating the difference between the “–2 log likelihood” statistics for the model with and without a
random term [40]. We also computed the intraclass correlation coefficient (ICC) based on the variance
of the intercepts and the remaining residual variance (as a relation of intraclass variance to total
variance). This coefficient shows what part of the unobserved heterogeneity of PM2.5 can be attributed
to grouping variables used in a model [40].

3.3. Robusteness

The within–between specification can be treated as a variant of a random effects model, where
explanatory variables are divided into their time and varying cross-country parts. The seminal
within–between model makes it possible to solve the endogeneity problems found in RE modelling.
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According to Wooldrige [41], the RE model is consistent only if the within and between variances are
equal. Otherwise, the estimation is biased since the unaccounted variance will be absorbed by the
unit-specific error and will be correlated with the independent variables, violating the assumptions
of the RE model. This problem would be inevitable in our dataset. It is also very likely that a high
emission of PM2.5 may implicate the higher ex post expenditures. This type of endogeneity problem
has been successfully solved using the within–between approach in many empirical studies in the
field of economics [42,43] therefore, we also apply this approach in our study. We also tested for the
presence of autocorrelation using the Born and Breitung test and it was proved that autocorrelation is
not present.

4. Results and Discussion

All three models are well fitted with pseudo-R2 from 0.83 in the base model to 0.91 in the third
model. If we exclude the unobserved, intraclass heterogeneity (so-called “between”) that is attributed
to the countries and UAA class, the “within-R2” equals, respectively, 0.81, 0.27, and 0.85. This indicates
that the third model has the best goodness of fit, that is confirmed by the lowest loglikelihood score.
In the second model, the between variance grew rapidly since the UAA random effects has been
included to the intercept, but the coefficients are still biased. The variables are all significant except
within_environmental protection n.e.c and between_pollution abatement in the first and third model (cf.
Table 4). We recall that “between” variables coefficients undergo cross-sectional interpretation, whereas
“within” variables reflect the effects of changes in time. Thus, we have expected minus signs for all
within-expenditures and this is the case here. Therefore, we can say that the influence of the EU-25
environmental policy on reducing PM2.5 emission has been proved in that a growth of expenditures
causes a significant decrease in PM2.5. This is similar to the conclusion from Bostan et al. [38], who also
found a significant effect of public expenditures on the decrease of pollution. Also similar observation
was found by Xie and Wang [44]—according to their analysis government financial input has an
obvious influence on the improvement of air quality, especially when they considered inhalable
particulate matter (PM2.5, PM10), sulfur dioxide (SO2), and nitrogen dioxide (NO2) in the year 2006 to
2015 in China. Based on our results, we can conclude that the EU environment policy is an efficient
tool to struggle with PM2.5. These findings are also in line with the notion of López et al. [30], who
stated that achieving environmental goals requires the shift into financing public goods since a high
quality of environment can be considered as one of the goals.

However, when it comes to the specific “between” variables, there are positive signs for all of
them except between R&D environmental protection. This means that a higher average level of
expenditure corresponds to a higher PM2.5 emission. According to the previous assumption, we
can conclude that a majority of environmental schemes in Europe have been designed ex post in
response to the unsatisfactory emission level. In this sense only R&D expenditure is efficient ex
ante since both “between” and “within” measures have obtained minus signs. Hence, the seminal
within—between specification might be an interesting tool to distinguish ex post and ex ante policy
efficiency. Complementary analyses made by Fernandez et al. [45] suggest that innovation and R&D
expenditure have had a positive effect on reducing CO2 emissions for the European Union (15), the
United States and China between 1990 and 2013. Similar conclusions were also found for Japan [46].

The next point of analysis is a comparative efficiency of specific policy schemes. Taking the third
model under consideration, we can see that the “within-pollution abatement” has the strongest impact
on PM2.5 with the fixed coefficient equal to −0.064. This means that an increase of the expenditure
by 1€ translates into a fall of PM2.5 emission per ha by 0.06 kg. It is worth noting that this coefficient
changes considerably when comparing the first and second model. This fact confirms that the share of
UAA in non-urban areas really matters and this includes the random variance of UAA class. On the
other hand, the lowest effect is brought by the protection of biodiversity, with a −0.033 reduction per
1€ of spent funds. This gives a clear suggestion of which environmental policy direction is most and
least efficient, and what should be improved. One may note that in a “base” model the marginal effect



Sustainability 2019, 11, 4984 13 of 17

of “within-pollution abatement” expenditures on the dependent variable is weaker than R&D or the
protection of biodiversity funds. However, as we mentioned above, this effect is underestimated due
to the bias of UAA class heterogeneity which has not been fully controlled in either the first or the
second model.

Table 4. Multilevel panel models results.

Explanatory Variables
1 2 3

Coeff. S.E. Coeff. S.E. Coeff. S.E.

FIXED PART

Intercept 3.1170 0.4310 *** 5.1786 2.1590 *** 4.1408 0.6851 ***
Betw_pollution abatement −0.0036 0.0027 0.0073 0.0040 * 0.0069 0.0059
With_polution abatement −0.0089 0.0042 ** −0.0061 0.0030 ** −0.0638 0.0366 **

Betw_protection of biodiversity 0.0297 0.0020 *** 0.0365 0.0043 *** 0.0248 0.0019 ***
With_protection of biodiversity −0.0580 0.0062 *** −0.0321 0.0049 *** −0.0329 0.0051 ***
Betw_R&D environmental prot. −0.0819 0.0368 *** −0.1205 0.0490 *** −0.0740 0.0319 ***
With_R&D environmental prot. −0.0779 0.0222 *** −0.0495 0.0164 *** −0.0425 0.0201 ***
Betw_environmental prot. n.e.c. 0.0542 0.0102 *** 0.0299 0.0117 *** 0.0512 0.0091 ***
With_environmental prot. n.e.c −0.0058 0.0088 −0.0081 0.0065 −0.0093 0.0066

RANDOM PART

Intraclass variances and covariances Var/Cov S.E. Var/Cov S.E. Var/Cov S.E.

Level of UAA share

Intercept variance − − 54.3092 20.9133 4.5135 2.2437
Betw_pollution abat. variance − − − − 0.0003 0.0001
With_pollution abat. variance − − − − 0.0157 0.0070

Intercept/With_poll. covariance − − − − −0.2759 0.1187
Intercept/Betw_poll. covariance − − − − 0.4290 0.0176
Betw_poll/With_poll. covariance − − − − −0.0023 0.0010

Level of country

Intercept variance 1.6473 0.7762 1.2900 0.6907 1.2799 0.6797

Residual variance eij 14.0736 1.1491 7.5140 0.6187 7.5850 0.6301

No obs. 325 325 325
ICC (intraclass correlation coeff.) 0.11 0.88 0.43

−2*loglikelihood: 1795.836 1650.3622 1640.2430
pseudo-R2 0.83 (within 0.81) 0.91 (within 0.27) 0.91 (within 0.85)

Source: own calculation using MLwiN 2.36; *** p < 0.001, ** p < 0.05, * p < 0.1.

We then move the discussion to the part of the model that gives valuable insight into the meaning
of level variables (i.e., country and UAA class). The levels gather unobserved variance (heterogeneity),
and the intercept variance for UAA level is the most important. All random effects turned out to be
significant but only a random coefficient for the pollution abatement (both within- and between-) has
improved the model. The intercept variance for UAA class is 4.51, and there are 1.28 and 7.58 for the
country level and the residual, respectively. This gives ICC = 0.43 in total, meaning that the unobserved
heterogeneity attributed to the country and UAA class is very high, with a notifiable supremacy
of the latter. Thus, we confirm the hypothesis that the outstanding UAA share in non-urban areas
plays an important role in PM2.5 emission as it moves up (or down) the expenditures regression line.
Moreover, it also changes the coefficient for “within-pollution abatement”, revealed by the significant
random variance of 0.0157 (cf. Table 4, random part for UAA share). Hence, a pre-eminent share of
UAA in non-urban areas makes the environmental policy less efficient (as depicted in Figure 2), and a
lower-than-average share produces the opposite. When it comes to the covariances, its signs are in line
with expectations: A higher coefficient for the “within-pollution” expenditures (i.e., more efficient
policy), and lower constant of PM2.5 emission (cf. cov. = −0.2759, Table 4) assuming that environmental
expenditures equal zero.

To conclude, the random part of the model depicting the impact of agriculture on PM2.5 emission
and policy efficiency turned out to be the most meaningful for the answer to the question raised in
the title. We can literally see there how agriculture make the difference as it hampers the effect of all
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environmental expenditure, especially those which concern pollution abatement. There is no obvious
explanation why it happens but farmer mentality and reluctance to changes might be a crucial factor.
For instance in Poland, it is commonly known that people in rural areas are not willing to pay for
electric or natural gas heating devices, despite local authorities offering many schemes to subsidise
purchases of such appliances. The approach proposed by the authors sheds more light on the multilevel
complexity of struggling against the smog pointing to a fruitful line for further research.

5. Conclusions

The main goal of this paper was to assess the long-term efficiency of the EU countries’
environmental policy in reducing the pressure of particulates pollution (PM2.5) on the natural
environment using panel regression models. We also tried to capture the effect of the share of utilised
agricultural area in non-urban areas of analysed countries, which may potentially influence the
efficiency of environmental policy. We found that:

• environmental spending has a significant impact on a decrease of pollution pressure, but the
policy is more efficient in countries which have a lower share of UAA in their non-urban areas;

• a higher average level of expenditure corresponds to a higher PM2.5 emission, which is due to the
fact that a majority of environmental schemes in Europe have been designed ex post in response
to the unsatisfactory emission level;

• R&D expenditure is efficient ex ante, which means that the higher the R&D expenditure, the lower
the PM2.5 emissions (as shown by the minus sign).

Our results can also provide a potentially interesting insight for policymakers. An overall
assessment of EU-25 environmental expenditures is positive: The influence of the EU-25 environmental
policy on reducing PM2.5 emissions has been proven more directly when compared to other studies.
However, when it comes to the specific schemes, only R&D expenditure has been efficient since
the higher spending in this area was correlated with lower levels of PM2.5 pressure with respect to
cross-sectional comparisons. This is an important hint, suggesting that EU countries should invest
more in environmental research and development since the relative advantage in this field may help in
finding ways to decrease the long-term levels of pollution pressure. The remainder of the funds seem
to be designed ex post in response to growing pollution. Hence, the use of seminal within–between
specification might offer a fruitful line for further research as a tool that distinguishes ex post and ex
ante policy efficiency. When comparing different policy measures, it is worth noting that the most
challenging is biodiversity protection since it brought the lowest effect while struggling with PM2.5

(even though the largest funds were allocated for biodiversity protection). We expected the opposite
considering the importance of absorbing the capacity of plant cover.

As noted, one of the most interesting contributions is proving that outstanding UAA share in
non-urban area plays a such important role in PM2.5 emissions. A dominating share of UAA in
non-urban areas has made environmental policy less efficient, while a lower-than-average share
produces the opposite. This leads to the conclusion that there is a need to differentiate environmental
policy tools in such cases, reconsidering that PM2.5 sources in agriculture may influence policy efficiency.
In the densely populated countries of north-western Europe, rural areas cover a relatively small part
but they are usually devoted to intensive agriculture. This implies that in these countries policy should
be oriented on the mitigation of pollution from agriculture. Central and Eastern Europe are usually
less urbanised and the agricultural area constitutes a smaller part of their non-urban areas. In these
countries, the urgent issue in policy is to reduce emissions caused by households which implies the
focus on investing in e.g., more efficient heating systems. As our results suggest, achieving the objective
of lower pollution pressure can be accomplished at a relatively lower cost.

Supplementary Materials: The database used in analysis is available online at https://figshare.com/articles/
dataset_xlsx/8174546.
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Table A1. Mean and extreme levels of PM2.5 concentration (µg/m3) in Polish regions in 2017: cities and
rural district.

Region
Rural District Cities

Mean Min Max Mean Min Max

dolnośląskie 19.25 1.64 216.75 22.38 2.44 246.35
kujawsko-pomorskie 16.22 1.37 123.03 19.71 2.23 182.16

lubelskie 24.33 5.23 147.27 21.39 2.2 290.45
lubuskie 21.57 5.10 131.10 19.43 2.37 139.78
łódzkie 31.92 5.09 292.00 25.57 2.6 244.8

małopolskie 29.24 4.57 190.83 30.02 3.67 244.8
mazowieckie 24.09 1.39 376.13 23.69 3.35 176.21

opolskie 23.37 1.33 254.27 23.73 2.5 238
podkarpackie 24.12 2.47 222.85 24.13 4.2 190

podlaskie 15.94 1.47 172.44 17.26 0.58 152.21
pomorskie 21.26 0.81 182.18 11.77 0.62 103.89

śląskie 24.52 5.60 169.03 31.95 4.4 342.57
świętokrzyskie 23.50 2.46 233.87 22.98 2.14 281.66

warmińsko-mazurskie 14.80 2.14 90.94 17.23 2.13 131.76
wielkopolskie 31.14 4.30 206.20 23.82 1.7 212.96

zachodniopomorskie 17.97 3.20 118.91 16.92 0.9 143.09
country average 22.70 3.01 195.49 22.00 2.38 207.54
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