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a b s t r a c t

With increased competition for scarce public financial resources and increased pressure on environ-
mental policy, it is necessary to determine the effectiveness of current environmental policy. Therefore,
the aim of this article was to determine the deadweight loss in public spending on the preservation of
environment quality, including national expenditures, and the Common Agricultural Policy in individual
EU countries between the years of 2005e2016. To determine the relative differences in efficiency on
environmental policy between EU countries, bootstrapped data envelopment analysis and Malmquist
total factor productivity index decomposition was used. It was found that, generally, the environmental
prospects for European countries has improved over the last decade and have been reversely correlated
to the deadweight loss. However, the inefficiency level of EU countries’ policy, is on average, relatively
higher than what was reported in different regions of the world. The highest efficiency of environmental
spending has been, therefore, achieved in Central-Eastern European and Scandinavian countries and
Spain.

© 2020 Published by Elsevier Ltd.
1. Introduction

The European Union is facing a number of challenges concern-
ing the environment and pollution. Protecting, conserving, and
enhancing the Union’s natural capital, turning the Union into a
resource-efficient, competitive, low-carbon economy and safe-
guarding the Union’s citizens from environment-related pressures
and health risks can be found among the objectives set in The
Seventh Environment Action Programme 2014e2020 as well as in
the Common Agricultural Policy (CAP) prerogatives (European
Parliament, 2013). However, outlooks for fulfilling most of the
goals set under these priorities are rather pessimistic (European
Environment Agency, 2017). Research predicts further growth of
the ecological footprint and stable ecological deficit in Europe
despite their impressive policy efforts (Csutora, 2011). One positive
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is that foreign investment is conducive to achieving environmental
goals (Zhou et al., 2020) and that environmental innovations have
become common in industrialized countries (Nagoev et al., 2018).
T€obelmann and Wendler (2020) claim that environmental inno-
vation has contributed to reducing carbon dioxide emissions based
on EU-27, although an overall innovation activity does not reduce
carbon dioxide emissions. Important motivation for this research is
also the increasing impact of pollution on people’s health. Even
short-term exposure to pollution is associated with morbidity and
mortality, including conditions such as asthma, bronchitis and
chronic lung disease. Numerous studies have quantified the
adverse health effects of the pollution (see: Huang et al., 2005;
Samoli et al., 2009; Powell et al., 2012). World Health Organization
(WHO) estimated that, in 2016, ambient air pollution caused 4.2
million deaths (WHO, 2020). In the world’s poorest countries,
household air pollution and contaminated drinking water are long-
established forms of pollution. In rapidly developing countries,
however, also because of that, environmental issues are also getting
more and more public attention. According to the latest Euro-
barometer, the number of people that indicated climate change as
one of the most serious concerns increased from 5% in 2010 to 16%
in 2018.
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In contrast to those figures, general government expenditures
on environmental protection in the EU remain on a similar level of
V69e70 billion since 2008 (Eurostat, 2018), and a reduction of CAP
funds is still under question. Increasing fiscal discipline problems
could account for this stagnation, particularly with unsustainable
budget policies in the southern (Spain, Italy, Portugal, Greece, and
Cyprus) and western (Germany, France, and Austria) EU countries
(Lee et al., 2018). Such conditions result in increased competition
for scarce public resources and a pressure on policy to becomemore
efficient and goal-oriented, as it is reflected by changes proposed
for the Common Agricultural Policy after 2020 (European
Commission, 2018). In light of the above, assessing and mini-
mizing inefficiency in public spending becomes an issue of great
importance; but there are also different premises to revisit the
deadweight loss in public policy.

Deadweight loss is traditionally associated with the loss of
consumer surplus caused by taxation (Musgrave, 2008). However,
deadweight loss can also be understood more generally as in-
efficiency reflected by waste or suboptimal allocation of resources
(Harberger, 1964). There is surprisingly vast body of literature that
proves the reverse causality: According to many authors, the
environment quality determines the level of public expenditure not
vice versa. It means that the policy is usually belated and shaped ex
post as a response to the increasing externalities. This type of
research is carried out primarily for developing countries. Yahaya
et al. (2016) 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 di-
oxide. Yang and Zhang (2018) 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. Moreover, Ma et al. (2016) reported that increase in
emissions had even been accompanied by a decrease in public
spending. This evidence confirms a raising importance of the
deadweight loss issue as the ex post policy can be ineffective or it
can’t even be subjected to any evaluation of its effectiveness. Pre-
vention is always better than a cure and should be perceived as a
priority in public spending.

In this paper, the deadweight loss approach was followed in the
context of public expenditures to fill the gap that has recently
reoccurred in policy effectiveness studies. By using the boot-
strapped data envelopment analysis (DEA) method and Malmquist
index decomposition, it was assessed to what extent public ex-
penditures have been wasted. Environmental policy inefficiency
(i.e., deadweight loss) can be detected when a benchmark country
achieves a similar level of environmental output with lower input
of public resources, however, the bootstrapping technique also
points out potential improvements for the benchmark unit. This
topic has already gathered some scientific attention in recent years
(Becker, 2012; Gass, et al., 2013; Holland et al., 2016), but the scope
of the analysis was limited to a single policy in a single country. This
paper contributes to the above thread by exploring the problem on
the European Union member states level including CAP green
schemes to the inefficiency analysis as a new contribution. More-
over, the novelty of this study is manifested by the method applied
to weighing pollution indicators: pollution components were
related to hectares of non-urban areas in each country instead of a
commonly used simple emission indicators. Such an approach
answered the recently raised argument that non-urban area matter
when struggling pollution due to their natural absorbent capacity.
For instance, according to calculations by the Centre for Ecology
and Hydrology (CEH), plants helped save the lives of around 1900
UK residents in 2015 (Office for National Statistics, 2018).

To sum up, the methodological approach adopted in the paper
allows one to (a) assess differences in the deadweight loss of public
expenditures allocated on improvements in environment quality
(also in the benchmark units) and (b) identify long-term changes of
the inefficiency. Therefore, the aim of this article is to determine the
deadweight loss in public spending on the preservation of the
environment quality in individual EU countries for 2005e2016. The
lower the efficiency score, the greater the loss for the citizens of a
given EU country in relation to the inhabitants of countries where
there is a greater efficiency of transforming public expenditure into
beneficial environmental effects.

Our research strategy consists of four steps. First, a Composite
Index of Environmental Prospects (CIEP) using the CRITIC-TOPSIS
(Technique for Order Preference by Similarity to an Ideal Solu-
tion) was computed to describe environmental pressure created by
each country in relation to non-urban areas and to assess the CIEP
long-term dynamics. In the second step, the bias corrected effi-
ciency of public spending in relation to the environmental effects
achieved in individual EU countries was determined and tracked
for 2005e2016 by the bootstrapped DEA scores. In the third step,
the Malmquist index for the bootstrapped scores was applied to
assess technological change in individual EU countries in relation to
the whole EU. Finally, to conclude the second and third steps, the
total productivity of public spending in individual EU countries on
environmental objectives was calculated, reflecting changes in
their efficiency and technological progress.

The body of this paper consists of four sections. In the first part,
the current state of knowledge about deadweight loss of environ-
mental public expenditures was identified. In the second part, the
methods involved in this research were explained. The third part is
a description of current environmental pressure and its trends in
EU countries. Lastly, the results of efficiency estimations, discus-
sion, and recommendations for policymakers are presented.

2. Literature review

Recent literature on deadweight loss in environmental policy
tends to focus on ex ante analyses with alternative scenarios,
proving differences in deadweight loss value. By contrast, this
research represents an ex post approach where efficiencies of past
public expenditures are assessed. These types of studies are mini-
mal in comparison with ex ante, impact-assessment-type works
(e.g., Mikulic et al., 2016; Rausch and Karplus, 2014). The ex post
approach allows for the distinction between two types of research.
The first type provides an international comparison of the effi-
ciency of overall public spending (e.g., Adam and Tsarsitalidou,
2019; Adam et al., 2011; Afonso et al., 2005; Sanz-Díaz et al.,
2017; Vlontzos et al., 2014), while the second concentrates on
specific environmental expenditures (Meleddu and Pulina, 2018;
Wang et al., 2009; Wang, 2018).

Among the aforementioned papers, five present a research
strategy similar to the one undertaken here. Meleddu and Pulina
(2018) evaluated the efficiency of public resource allocation
aimed at air, water, and biodiversity intervention in Italian regions.
Wang et al. (2009) conducted an empirical analysis on performance
of rural eco-environment public expenditure of Chinese local gov-
ernments in 2003e2006 with the DEA-Malmquist method. Simi-
larly, Wang (2018) studied inefficiencies in fiscal spending on
environmental protection. Vlontzos et al. (2014) as well as Adam
and Tsarsitalidou (2019) argued that countries with strong envi-
ronmental policies are less efficient than countries where less
public funds are expended on the environment. Sanz-Díaz et al.
(2017) compared, using the Malmquist index, growth in eco-
efficiency in old member states and those with access to the EU
in 2004. An outcome of the studies cited above will be discussed in
the results section. However, it is worth noting that these papers do
not assess the overall efficiency of expenditures, but rather the
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relationship between specific types of public goods and interven-
tion. What’s more, their spatial scope is limited to a group of re-
gions in a single country. These directions of research are rarely
connected, and this study aims to fill that research gap.

3. Methodology

A unique feature of this study is relating the components of the
CIEP to the non-urban area or to the utilised agricultural area UAA
(if agriculture is the only source of the respective pollutant, cf.
Table 1). It was assumed that the non-urban area is a reservoir of
natural resources which absorbs the pollution generated by all
branches. Forests and other plants absorb particulate matter and
agricultural land stores up significant quantities of carbon, leading
to a reduction in the presence of CO2 in the atmosphere. Following a
reasoning that a refuge for the natural environment is mainly
located in the non-urban area, a question arises whether it would
be sufficient to focus only on reducing total emissions while,
simultaneously, the natural environment is disappearing through
the urbanisation process? To address this dilemma, the environ-
mental prospect was linked to remaining non-urban or agricultural
areas in the countries under study. The choice of pollutants stresses
an increasing role of agriculture in sustaining the natural envi-
ronment. It should be recalled that the pollution of rural areas
unambiguously impacts human health through the production of
food primary products (Grzelak et al., 2019) . However, it doesn’t
mean that the pollution from industry was ignored as all major air
pollutants from total sectors of emissions were taken under
consideration (Table 1). Such an approach also has other advan-
tages: it mitigates a problem of the size of a country, economy or
polluting sector under study while comparing objects, and allows
for the easy conversion of destimulants into stimulants in DEA
using a reciprocal of the respective pollutant per ha (i.e., ha per
pollutant). The environmental prospect was explored in three di-
mensions: soil pollution, air pollution, and biodiversity (Table 1 and
Table A.1). The air quality was assessed using the most common air
pollutants emitted by the whole economy (particulates and volatile
organic compounds) whereas the soil quality covers such aspects as
total erosion, inorganic fertilizer use, ammonia emissions, and GHG
from agriculture as a proxy for unsustainable agricultural practices.
The chief gases produced by agriculture are methane (CH4) and
nitrous oxide (N2O); these gases have much greater potential to
produce a greenhouse effect than CO2. N2O is emitted into the at-
mosphere from agricultural land as a result of microbiological
processing of nitrogen fertilisers in the soil (Czy _zewski and Kryszak,
2018). A high level of N2O per ha is characteristic for a large
Table 1
Variables describing environmental pressure, used to calculate the Composite Index of E

Name and Description

SOIL QUALITY Estimated soil erosion by water

Consumption of inorganic fertilizers in agriculture Nutrient: Phosphoru
Consumption of inorganic fertilizers in agriculture Nutrient: Nitrogen
Ammonia emissions from agriculture
Greenhouse gas emissions from agriculture

AIR QUALITY Air pollution (non-methane volatile organic compounds) from total sec

Air pollutants (Particulates < 2.5 mm) from total sectors of emissions

Air pollutants (Particulates < 10 mm) from total sectors of emissions

BIODIVERSITY Common farmland bird index - tracks the population of a selected grou
agricultural land for nesting or breeding

Source: Eurostat, OECD database
monocultural field crops and CH4 may indicate intensive animal
production d both very harmful for the environment (i.e. for the
soil).

The scope of the environmental policy assumed in this study
covers two types of expenditures. The national expenditure on the
input side is the sum of government expenditure in EUR (constant
prices) divided per capita in a given country for the use of pollution
abatement, protection of biodiversity and landscape, R&D in envi-
ronmental protection, general environmental protection, as well as
waste and wastewater managementdthe bigger population, the
higher expenses for environmental management. Information on
this subject is published by Eurostat in individual EU countries
(code: gov_10a_exp). Expenditure from the EU budget is the sum of
the Common Agricultural Policy subsidy in EUR per hectare of
utilised agricultural area (UAA) intended for the environmental
conservation in rural areas (EUFADN, 2019:, codes: Set aside SE073,
Set aside premiums SE612, Environmental subsidies SE621, LFA
subsidies SE622, Other rural development payments SE623).

To synthetize the pressure on the environment, the CIEP was
constructed. The value of the index was determined for individual
EU countries separately in each of the target years (2005e2016) by
means of the CRITIC-TOPSIS method and then once again normal-
ized for thewhole period (Deng et al., 2000; Diakoulaki et al., 1995).
A higher value in the CIEP corresponds with lower environmental
pressure in a given country, i.e., lower pollution and higher
biodiversity.

In the next step of the analysis, a nonparametric method of
bootstrapped data envelopment analysis (DEA) was used (Simar and
Wilson, 1998). It improves on the classical method of measuring the
relative efficiency of units, introduced by Charnes et al. (1978). The
bootstrap procedure analyses the sensitivity of measured efficiency
scores to sampling variation. Bootstrapping is based on the idea of
repeatedly simulating the data generating process (DGP), usually
through resampling, and applying the original estimator to each
simulated sample so that resulting estimates mimic the sampling
distribution of the original estimator. Bootstrapped DEA estimations
done in this paper are based on R package FEAR 1.15 (Wilson, 2010).
In the bootstrap procedure, Hall percentile intervals based on dif-
ferences were used, according to Simar and Wilson (1998). This
procedure, in comparison to the others, allows for more general
DGPs; in particular, for less restrictive efficiency structures. To obtain
the results, 2000 bootstrap replications were performed. Efficiency
scores calculated in thiswaywere corrected for bias coming from the
sample selection process.

Therefore, the countries achieving the highest environmental
prospects in relation to the value of public expenditure on
nvironmental Prospects.

Unit

tonnes per hectare of non-
urban areas

s kg per hectare of UAA
kg per hectare of UAA
kg per hectare of UAA
kg per hectare of UAA

tors of emissions kg per hectare of non-urban
areas
kg per hectare of non-urban
areas
kg per hectare of non-urban
areas

p of breeding bird species that are dependent on Composite Index 2000 ¼ 100
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environmental protection have the best practices in supporting
environment conservation in the EU. As mentioned above, the
approach applied here allows simple conversion of undesirable
outputs as the reciprocal of a pollutant per ha (i.e. ha per pollutant),
and more complicated methods such as SBM models (Tone, 2003)
or the directional distance function (Chung et al., 1997) are not
purposeful.

The calculated efficiency ratios of public expenditure on envi-
ronmental protection, which in this manuscript is called the
effectiveness of environmental policy for individual EU countries,
are determined by formula (6):

Ej ¼
PM

n¼1 vmxmjPN
n¼1 vnxnj

(6)

where

� Ej - efficiency of environmental policy in the country j,
� M- number of indicators describing reciprocal of environmental
pressure and the biodiversity (see more in Table 2),

� N - number of public funds supporting environment quality (see
more in Table 2),

� xmj- m-th observed pressure in a j-th country,
� vm- "weight" determining the importance of the m-th pressure
(estimated by DEA method),

� xnj- n-th observed expenditure (public expenditure from na-
tional or EU policies on environmental protection) in the j-th
country, and

� vn- "weight" determining the importance of the n-th fund.

In the analysis, input-oriented models with variable returns to
scale (VRS) were used. Only Malmquist TFP index reflects changes
in comparison to frontier technology which reflects constant
returns to scale. However, further decomposition and a pure effi-
ciency change indicator takes into account VRS benchmark tech-
nology. The input-oriented approach assumes minimisation of
inputs for the given level of output (Poldrugovac et al., 2016).
Assumption about variable returns to scale was made because it is
unlikely, that in a group of countries with widely varied base level
of environmental quality and expenditures level, increase in envi-
ronmental quality will be always proportional to increase in ex-
penditures. It is more probable that the impact of expenditures on
environment quality will change, depending on environment
quality. This justifies VRS assumption. A lower value of DEA score
indicates greater deadweight loss of public funds allocated for
environmental objectives. Therefore, countries achieving perfor-
mance indicators the closest to 1 can be considered as the best
practices in supporting environment conservation in the EU. The
bootstrapped approach used in this paper results in the most effi-
cient units with a score lower than 1. This difference is a conse-
quence of bias correction included in this method.

In order to determine the frontier (optimal environmental
technology) to which all countries will be compared, the following
equation was used

Pðx; yÞ¼
8<
:xj ¼ > Xlj; yj < ¼Ylj; lj ¼ > 0;

Xn
j¼1

lj ¼1

9=
; (7)

where

� Pðx; yÞ - a set of possibilities to transform public expenditure into
beneficial environmental effects,
� xj- vector of m inputs (public expenditure on environmental
objectives from the national budget and from the EU budget) in
the jth country,

� X - matrix of inputs for n countries,
� yj- vector of outputs (the components of the CIEP) in the jth
country,

� Y - matrix of outputs for n countries, and
� lj- weights being coefficients of linear combination.

Establishing a set of possibilities to transform public expendi-
ture into beneficial environmental effects in the sample of surveyed
countries allowed us to measure the distance between the best
countries in this respect and the rest of the EU, as shown in the
formula below

E
�
xj; yj

�
¼min

�
q : q xj; xj 2 Pðx; yÞ� (8)

where E ðxj; yjÞ is a distance function between the point charac-
terising the relationship of the inputs (public expenditure on
environmental objectives from the national budget and from the
EU budget) to the outputs (the components of the CIEP) of a given
country and the optimal relation in the country located in the
frontier;

q is the efficiency score of a country’s environmental policy; and
Pðx; yÞ; xj; yj as in formula (2).

Specifically, the Malmquist index was computed with the
method proposed by Fare et al. (1994) and presented as

Mi

�
xtþ1; ytþ1; xt ; yt

�
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Dt
i
�
xtþ1; ytþ1

�
Dt
i ðxt ; ytÞ

� Dtþ1
i

�
xtþ1; ytþ1

�
Dtþ1
i ðxt ; ytÞ

vuut (9)

where

� MI d the Malmquist TFP index, input oriented,
� xt ; xtþ1 d vectors of inputs in t and tþ1 periods,
� yt ; ytþ1 d vectors of outputs in t and tþ1 periods,
� Dt

I ðxt ; ytÞ d input distance function at t, the “maximum” pro-
portional decrease of the input vector y’, given outputs xt,

� Dt
I ðxtþ1; ytþ1Þ d input distance function at tþ1 assuming tech-

nology from t, defined as the maximum proportional change in
inputs required to make (xtþl, ytþl) feasible in relation to the
technology at t,

� Dtþ1
I ðxt ; ytÞ d input distance function at t assuming technology

from tþ1, and
� Dtþ1

I ðxtþ1; ytþ1Þ d input distance function at tþ1.

The Malmquist index represents the productivity of the com-
bination (xtþ1, ytþ1) relative to the combination (xt, yt). A value
greater than 1 will indicate positive TFP growth from period t to
period tþ1. Otherwise, there is a decrease in the efficiency of
environmental policy, which means an increase in the waste of
public funds allocated for the purpose of preserving the quality of
the natural environment. After decomposition, the Malmquist in-
dex can be presented as

Mi

�
xtþ1; ytþ1; xt ; yt

�
¼Dtþ1

i

�
xtþ1; ytþ1�

Dt
i ðxt ; ytÞ

�
" 

Dt
i

�
xtþ1; ytþ1�

Dtþ1
i

�
xtþ1; ytþ1

�
! 

Dt
i

�
xt ; yt

�
Dtþ1
i ðxt ; ytÞ

!#1
2

(10)

The value outside the brackets represents the technical



Fig. 1. Compound annual rate of change of the Composite Index of Environmental Prospects in EU-25 in 2005e2016.
Source: Own study based on Eurostat
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efficiency change (the change in the distance between a given
combination of inputs and the optimal combinationminimizing the
size of inputs for a given size of effects, between periods t and tþ1,
tech:chg). The geometric mean in brackets determines the tech-
nological changes between period t and tþ1 (change in the optimal
combination). Further on, it is possible to decompose technical
efficiency change into components describing pure efficiency
change (pure:eff :chg), which is change calculated relative to the
variable-returns technology and scale efficiency change
(scale:eff :chg) which captures changes in the deviation between the
variable returns and constant returns-to-scale technology. Final
decomposition of Malmquist TFP is as follows

MalmquistTFP ¼ tech:chg � pure:eff :chg � scale:eff :chg (11)

The last step was assessing the improvements in input and
output values that countries have to do to minimize the dead-
weight loss of public expenditures on the environment. For this, we
used so-called target values, which are sums of the original
parameter value, radial movement (the distance of the country to
the frontier value) and slack movement (movement of the country
over the frontier, distance to the peer country value). The greater
the difference between the original and the target value (i.e., the
lower the ratio), the more improvement the country needs to
minimize deadweight loss. Slacks have been calculated in R with
the use of the Benchmarking package (Bogetoft and Otto, 2018).
Unfortunately, to the best of our knowledge, it is not possible to
obtain bootstrapped slacks values, so the ones presented in the
paper comes from simple input-oriented DEA with various returns
to scales (VRS) analysis.
4. Results and discussion

4.1. Environmental prospects in EU in 2005e2016

The Composite Index of Environmental Prospects (CIEP) through
2005e2016 improved on average in the EU (see Fig. 1). However,
this improvement cannot be noted for all countries. Poland, Cze-
chia, Austria, Slovakia, Hungary, and Malta saw a decrease during
the period considered. This may seem controversial in relation to
some countries, e.g., Austria where environmental quality is one of
the best in the EU; however, we study pressure on the environ-
ment, which turns out to be relatively high. The decrease was
influenced by the changes that took place in the components of the
CIEP. Examples of these changes include an increase in the use of
inorganic fertilisers (in particular nitrogen and phosphorus), an
increase in greenhouse and ammonia emissions from agriculture,
and, in the case of Hungary and Lithuania, increases in air pollut-
ants (suspended particulate matter PM2.5 and PM10) (see Appen-
dix Figure A1). Nevertheless, as a positive European trend in the
context of pressure on the environment, decrease of air pollution
composed of non-methane volatile organic compounds, as well as
decrease in air pollutants PM2.5 and PM10 can be mentioned.
Negative changes are also observed in the population of endan-
gered bird species and habitats, which is declining. The decrease of
the CIEP in 2005e2016 shows that, in EU as like in China, “Wemust
integrate eco-effectiveness and eco-efficiency into concrete sus-
tainable development strategies, questioning whether limited re-
sources are being used correctly” (Wang and Côt�e, 2011). This effort
is necessary in all EU countries but in particular in those countries
wherein the indicator of environmental prospects during the
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analysed period decreased. The above results are similar to the
study by Zafeiriou et al. (2018) and Fellman et al. (2018) who noted
that in the European Union, the relationship between economic
performance and greenhouse gas emissions from the agricultural
sector has become a particularly high priority.

The CIEP dynamics should be analysed in the context of its
components (see Appendix Figure A1). There is a striking example
in Italy, where soil erosion is the highest in the EU, and use of
inorganic, phosphorus fertilizers and ammonia emissions are also
relatively high. In the Netherlands, the greenhouse gas emissions
from agriculture are noticeably high and, in overpopulated Malta,
high soil erosion and levels of air pollution ought to be noticed.
Relatively low levels of the CIEP are also recorded in Slovenia,
Belgium, Luxembourg, Austria, and Germany. The highest values
are observed in Latvia and Estonia with the lowest soil erosion, one
of the lowest ammonia and greenhouse gas emissions in the EU,
and the lowest air pollution (Fig. 2).
4.2. Deadweight loss in environmental policy in EU

First, the results of deadweight loss calculations are presented.
The results with the average value of the CIEP are compared to
check whether these two problems are connected (Fig. 3).

The countries identified with the highest level of deadweight
loss were Luxembourg and Austria. Among these countries,
mismatch between environmental pressures and expenditures can
be identified. In Austria, expenditures on pollution abatement are
relatively high, while this problem is not as alarming as soil erosion
and biodiversity loss. In Luxembourg, wastewater management
consumes significant outlays, while the greatest threat seems to be
air pollution. Another interesting case is Malta, third in the rank-
ings. This country belongs to the top-ten countries in the world
with the highest population density, reaching 1500 persons per
km2. Of the 315 km2 of total land area, 122 km2 are non-urban area.
Hence, the relationship between polluting outputs to natural re-
sources in the island territory is relatively high but is not impacting
Fig. 2. Value of the composite index of environmental prospects in EU-25 in 2005e2016.
Source: Own study based on Eurostat
the life quality of citizens so much. In the analysed period, elec-
tricity was mainly produced in oil plants which emitted relatively
high amounts of PM. In Malta, potential pollution is spread over the
seadbut this does not change the high environmental pressure
within the country’s territory. Hence, the highest sums allocated for
environmental protection (on average 385 euro/ha from CAP funds
and 7300 euro/ha from the budget) did not result in good envi-
ronmental prospects. Particularly high amounts were allocated on
waste and water management, while the air pollution should
gather greater concern but resources allocated for pollution
abatement are relatively limited.

By contrast, Baltic (Lithuania, Latvia, and Estonia) and Scandi-
navian (Denmark, Sweden, and Finland) countries served as a
benchmark for the rest of Europe over the entire assessed period.
However, the bootstrapped procedure revealed that deadweight
loss still exists in those countries accounting for around 25%.
Comparing the CIEP for these countries, one can tell that the
country with the most efficient and successful environmental
policy was Latvia, with one of the lowest deadweight loss and the
highest index of environmental prospects. The result obtained for
Baltic countries is confirmed by the study byMoutinho et al. (2017).
The cited authors used labour productivity, capital productivity,
and the share of renewable energy in GDP as inputs and the ratio
GDP per GHG emissions as an output.

The average value of deadweight loss for all the countries was
equal to 42%. Interestingly, we can observe a negative correlation
between deadweight loss and the CIEP with a Pearson’s value of
almost �0.7. This means that countries where environmental
prospects are better, are also more efficient in implementing
environmental policy. The results of this analysis, therefore,
confirm previous observations by Vlontzos et al. (2014). These au-
thors found that countries with strong environmental policies are
less efficient than countries where fewer public funds are imparted
to environmental policies. Adam and Tsarsitalidou (2019) found a
similar relationship. They have proven that a more eco-efficient
score of country is associated with both lower spending and taxes



Fig. 3. Average deadweight loss and Composite Index of Environmental Prospects in EU-25 countries in the 2005e2016.
Source: Own study based on Eurostat

Fig. 4. Changes in deadweight loss and its basic level for environmental public ex-
penditures in EU-25 countries, in the 2005e2016.
Source: Own study based on Eurostat
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to environmental areas. This is contradictory to an assumption of
diminishing returns in environmental policy but intuitively
explainable. It could be assumed that decreasing environmental
pressures from very high to high is easier and less costly than
decreasing it from low to very low. However, our results prove an
opposite dependency. On the other hand, such a result might prove
that it is less costly to keep environmental pressure on low levels
than to try decreasing it. To verify these issues, information about
the changes in deadweight loss values is important. This is provided
by analysis conducted with Malmquist TFP index.

Fig. 4 depicts that countries characterised by high levels of
deadweight loss from the very beginning did not manage to
improve (Austria, Luxemburg, and Malta). Their deadweight loss
even increased. Only four countrieswith deadweight loss below the
average in 2005e2007 (Italy, the Netherlands, Germany, and Cze-
chia) managed to improve. Furthermore, except Czechia, this
growth was not much higher compared to countries which had
been the most efficient at the beginning of the analysis (Denmark,
Latvia, and Poland). This is proven by an insignificant Pearson co-
efficient of �0.3. To find sources of growth and a decrease in
deadweight loss, the next step of this research included decom-
position of the Malmquist index; the results are presented in Fig. 5.

The average Malmquist TFP index value was slightly below one
(0.9971) which indicates stagnation in improvements in the
efficiency of environmental public expenditures. This value comes
from the combination of the positive technology change index
(1.0086) and negative efficiency change (0.9902). It means that the
frontier of efficiency in environmental spending is moving forward
and it becomes possible to obtain better environmental results with
lowerfinancial inputs, but innovations leading to such improvements
are not widespread among EUmember states, what results in lower
capability to catch up for countries where deadweight loss was
higher.

Based on different development patterns, we can distinguish a
few groups of countries:

Only four countries improved their efficiency (green bars in
Fig. 5). Two of them, Greece and Czechia, managed to relatively
improve and decrease their deadweight loss by getting closer to the
efficiency frontier, which was also shifting forward. The third
country with a positive efficiency change was Slovakia, but, in this
case, it was rather the frontier which moved backward (negative
technology change) and made it easier to catch up. The fourth
country in this groupwas Sweden, where the efficiency assessment
depends on a returns-to-scale assumption. This country was fully
efficient, if we assume variable returns-to-scale (VRS), but not
under a constant return-to-scale (CRS) assumption. The case was
similar for Greece and Portugal.

When it comes to the frontier, for the entire assessed period, it
was shifted by eight countries (purple bars). Five of them (Hungary,
Denmark, Latvia, Poland, and Spain) managed to shift the frontier
forward, another three (Lithuania, Estonia, and Finland) moved it
backward (technology change was negative). This situation is
interpreted as a decrease in technical efficiency, which is effectively
a decrease in technology that moved the frontier backward.

For the rest of the countries, changes in their deadweight loss
were instead driven by the technology change. It means that the
relative distance to the frontier increased.When the frontier moved
forward, they moved forward with it and similarly, in the case of
negative technological developments, they moved backward. The
first situationwas the most common (11 of 25 countries). The latter
occurred only in France andMalta. It is possible to delimit countries
from this group also according to another keydposition relative to
the CRS and VRS frontier. Some of them improved in relation to VRS
frontier (red bars, pure efficiency change above 1). Others were left
further from this frontier (grey bars, pure efficiency change below
1). However, the Malmquist TFP index is calculated in relation to
the CRS production frontier, that is why final values of these in-
dicators are corrected by the scale efficiency change index.

Fig. 6 provides the answer to the question of which country was
the most successful in improving the efficiency of public



Fig. 5. Malmquist TFP index decomposition for the efficiency of public expenditures on environment in EU-25 countries, in the 2005e2016.
Source: Own study based on Eurostat

Fig. 6. Changes in deadweight loss of environmental public expenditures and average
change of the Composite Index of Environmental Prospects in EU-25 countries, in the
2005e2016.
Source: Own study based on Eurostat
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expenditures on the environment. As mentioned before, higher
efficiency might also be the result of a decline in environmental
prospects, while the overall goal of the policy should be focused on
improving it. That is why better efficiency is only a prerequisite for
successful change in the policy. A sufficient condition for efficiency
is a simultaneous improvement, or at least a lack of decline, in
environmental prospects. From Fig. 6, only seven countries
managed to fulfil that criteria in 2005e2016. In this group, there
were two leaders: Slovenia, which managed to improve its index of
environmental prospects without increasing deadweight loss and
Greece which improved themost in deadweight loss reduction. The
results of this study are different than the results of the research by
Sanz-Díaz et al. (2017). Using the Malmquist index, they found that
countries that have been in the EU longer had higher growth in eco-
efficiency than the block of countries that joined the EU-25 in 2004.
Based on the results of these studies, it can be said that this does not
apply to the efficiency of environmental policy.

Lastly, the sources of deadweight loss were assessed. From a
technical point of view, deadweight loss may arise from incorrect
resource allocations. In particular, we looked for higher sums
dedicated to solving problems that are less severe than others. To
trace such situations in EU countries, Table 2 was preparedwith the
“target” values of certain environmental pressures and public ex-
penditures and then compared them with the real values. The
target is a value that a country should achieve to be fully efficient. In
the case of some countries, it’s noticeable which environmental
issues were targeted in an inefficient way. In Austria, Malta, Italy,
and Slovenia, we can see high inefficiencies in soil erosion pre-
vention. Italy, Germany, and Luxembourg are problematic with the
consumption of inorganic fertilisers (phosphorus and nitrogen
respectively). Germany, Slovenia, Austria, and Luxembourg are
ineffective in decreasing ammonia emissions. In general, Malta
needs to catch up in almost all kinds of emission pressures. Cyprus,
Ireland, Germany, and Belgium are particularly weak in GHG
emissions from agriculture. Pollution abatement is the most inef-
ficient in the UK, Luxembourg, Belgium, and Czechia. Finally, the
efficiency of biodiversity conservation should be a major concern in
Austria. On average, the highest ratio was identified for soil erosion,
air pollution, and ammonia emission, while the highest share of
public expenditures was allocated to waste and wastewater man-
agement. Pollution abatement absorbed approximately 10% of
funds, and erosion prevention spending has not even been specified
in statistics. Hence, we can conclude that incorrect resource allo-
cation might be one of the sources of deadweight loss.

Table 2 includes only countries where VRS DEA inefficiency in
any of the assessed years was identified. It is possible to formulate
direct recommendations for what type of policy should be given
more attentionwith spending/effects ratio. More problematic is the
situation of eight countries which have been a best practices
(Denmark, Estonia, Spain, Latvia, Lithuania, Hungary, Finland, and
Sweden). Finding recommendations for them is less straightfor-
ward, but necessary, as long as the bias-corrected DEA analysis
found in those countries, deadweight loss accounted for about 25%.
First of all, we may look at the trends in TFP changes. From that, we
see a case of Lithuania, Estonia, Finland, and Swedenwhich, despite
remaining at the frontier, worsened their performance. A common



Table 2
Sources of deadweight loss in environmental policy in EU countries in 2005e2016.

outputs inputs

Soil
erosion
by
water

Consumption
of inorganic
fertilizers
Nutrient:
Phosphorus

Consumption
of inorganic
fertilizers
Nutrient:
Nitrogen

Ammonia
emissions
from
agriculture

Greenhouse
gas
emissions -
agriculture

Air pollution
(non-
methane
volatile
organic
compounds)

Air pollutants
(Particulates < 2,5
mm)

Air pollutants
(Particulates < 10
mm)

Common
farmland
bird index
2000 ¼ 100

CAP
GREEN
BOX

General
expenditures

ratio of target value to real value

Luxembourg 2.56 1.08 2.00 2.37 2.24 3.26 2.02 1.97 1.10 1.00 1.01
Malta 15.96 1.17 1.65 11.11 4.74 29.44 10.07 11.25 1.09 1.14 1.00
Austria 18.10 1.07 1.08 2.34 1.77 2.08 1.09 1.10 1.37 1.18 1.00
Ireland 1.99 1.30 1.55 1.97 2.34 1.34 1.05 1.11 1.00 1.00 1.01
Slovenia 7.28 1.35 1.18 2.56 1.73 1.86 1.91 1.46 1.17 1.14 1.00
Italy 11.19 3.09 1.07 2.14 1.58 3.64 2.06 1.57 1.03 1.00 1.00
UK 4.34 1.07 1.28 1.02 1.44 4.27 2.01 1.94 1.03 1.00 1.03
Germany 2.20 1.29 2.00 3.07 1.88 2.67 1.20 1.36 1.02 1.00 1.00
Czechia 2.31 1.03 1.67 1.38 1.30 2.28 1.62 1.42 1.11 1.00 1.01
Slovakia 3.71 1.06 1.67 1.48 1.04 1.69 1.81 1.49 1.12 1.05 1.00
Belgium 1.55 1.08 1.51 1.76 2.35 2.01 1.89 1.72 1.04 1.00 1.00
France 2.09 1.23 1.33 1.33 1.25 1.01 1.07 1.00 1.01 1.00 1.17
Netherlands 1.00 1.26 1.36 1.44 1.49 1.59 1.40 1.42 1.06 1.00 1.12
Cyprus 2.74 1.41 1.30 2.23 2.07 1.57 1.01 1.06 1.09 1.03 1.00
Poland 1.31 1.30 1.23 1.25 1.14 1.31 1.26 1.31 1.03 1.00 1.00
Greece 1.08 1.00 1.01 1.00 1.04 1.05 1.01 1.03 1.03 1.01 1.00
Portugal 1.18 1.07 1.01 1.04 1.06 1.11 1.07 1.09 1.00 1.00 1.00
Average 4.74 1.29 1.41 2.32 1.79 3.66 1.97 1.96 1.08 1.03 1.02

Source: own study based on Eurostat
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pattern for all of them is a general low pressure on environment
and decrease in expenditures (inputs). Their case might suggest
that expenditure on maintaining the quality of the environment is
now less important than expenditure on improving it. The other
four countries (Hungary, Denmark, Latvia, and Spain), where
deadweight loss was kept on the lowest possible level, managed to
improve environment quality in the most budget-efficient way. At
the same time, the index of environmental pressure remained
almost unchanged in Latvia, and worsened in Hungary, which may
suggest that the environmental policy in those countries was too
“budget-oriented”.

The results of this part of the analysis identifies the recom-
mendations to improve the efficiency of environmental policy in
those particular countries. Hence, these findings might have po-
tential value for managers and policymakers (Jiang et al., 2020) for
the allocation of funds to environmental policy.

Comparing results to the studies cited before, we can conclude
that the inefficiency level of EU countries’ environmental policy
(i.e., deadweight loss) is relatively higher than what is reported in
different regions of the world. Meleddu and Pulina (2018) used
full and partial frontier data envelopment analysis (DEA), the
Malmquist productivity index, and post-DEA. In this study, a
specific group of regions outperformed for air and water inter-
vention while the reverse outcome is obtained for biodiversity.
The findings also showed a rather low technological change,
especially for biodiversity. The latter is also the case in our study.
The post-DEA in the cited study indicated that an increase in
tourism and agricultural activity exerts a negative impact on the
public spending efficiency (air and water policy), while it has a
positive influence on biodiversity. This study supports this
conclusion in the case of Italy and Malta. These countries have a
relatively high share of GDP in the tourism sector and low effi-
ciency of environmental policy. Spain, Cyprus, and Greece
contradict this rule. Findings are also in line with the cited article
when it comes to the role of agricultural sector in shaping effi-
ciency in environmental policy. Central-Eastern European coun-
tries, which have a relatively big share of UAA in non-urban areas
and a large agricultural contribution to the national economy,
perform better in environmental spending. On the other hand,
Wang (2018) found defects in the fiscal spending on environ-
mental protection using DEA model and Tobit regression in
Central China from 2007 to 2015. Among the factors that influ-
enced the efficiency of fiscal spending on environmental pro-
tection, he identified GDP per capita as a positive impact and the
level of urbanization and industrialization as a negative impact.
These findings are not confirmed by this analysis to the extent
that GDP evidently is not a determinant factor for deadweight
loss in environmental policy. However, based on the results of
this analysis, we can also conclude on the negative impact of the
urbanization.

Finally, it is important to remember that global trends of
environmental degradation show that the latter currently accel-
erates advocating the need to increase expenditures on protec-
tion of natural resources. There is strong evidence to support this
thesis reported in IPBES Global Assessment Summary for Poli-
cymakers (2019) which summarizes the 1500-page report,
acclaimed by the New York Times as “the most exhaustive look
yet at the decline in biodiversity across the globe and the dangers
that creates for human civilization” (Plumer, 2019). Firstly, the
negative effects of human activity on the biosphere are amassing,
especially with regard to the bio-diversity: “The biosphere, upon
which humanity as a whole depends, is being altered to an
unparalleled degree across all spatial scales. Biodiversity e the
diversity within species, between species and of ecosystems e is
declining faster than at any time in human history … The global
rate of species extinction is already at least tens to hundreds of
times higher than the average rate over the past 10 million years
and is accelerating” (IPBES, 2019, p. 3,10). Secondly, nature
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contributions to people, which together embody biodiversity and
ecosystem functions and services, are also deteriorating world-
wide. Global trends in the capacity of nature to contribute to
good quality of life from 1970 to the present show a decline for 14
of the 18 categories (IPBES, 2019, p.10). These remarks justify to
some extend deadweight loss, increasing in some countries in
assessed period. It may be the case there, that environmental
pressure increases, regardless financial efforts to lower it.
5. Conclusions

Results of this study may lead to more general EU-wide rec-
ommendations. First, it would be promoting innovative policy
tools, which may decrease deadweight loss in the countries lagging
in this manner. Calculated Malmquist TFP index close to one sug-
gests stagnation in this field in the analysed period. After decom-
position, it turned out to be an effect of relatively slow
technological progress (average yearly growth of 0.86%) and lags in
its implementation in less efficient countries (average yearly effi-
ciency change of �0,98%).

The second recommendation is to maintain attention to the
issue of soil erosion which seems to generate the greatest
deadweight loss, and is still very poorly recognized, as evidenced
by, for example, the poor availability of data in this area. Poli-
cymakers should also struggle with a low technological change
for biodiversity. Finally, in view of the limited progress in those
areas, perhaps more emphasis should be placed on evaluation of
the deadweight loss of environmental projects co-financed from
EU funds. This could accelerate the widespread use of good
practices aimed at more efficient spending of resources on
environmental protection.

Thirdly, a serious concern of environmental policy is a
mismatch of the allocation of environmental funds and real
environmental burdens. Incorrect resource allocation is a major
source of deadweight loss. For instance, in Austria, Malta, Italy,
and Slovenia, it caused inefficiencies in soil erosion prevention,
Table A.1
Average values for the components of the Composite Index of Environmental Prospects

Countries Soil erosion by water Phosphorus Nitrogen Ammonia Greenh

tonnes per ha kg per ha kg per ha kg per ha kg per

Belgium 1.2 4.7 105.9 45.5 7744.0
Czech Republic 1.6 4.9 83.0 17.0 2060.9
Denmark 0.5 4.6 75.1 28.1 4080.7
Germany 1.2 7.1 101.5 39.9 3935.7
Estonia 0.2 3.5 32.0 10.8 1330.3
Ireland 1.1 7.5 75.2 24.1 4315.0
Greece 4.2 3.9 27.2 8.2 2345.5
Spain 3.7 6.5 34.1 15.7 1368.2
France 2.2 7.7 76.4 22.1 2777.2
Italy 8.3 16.5 45.5 27.3 2364.5
Cyprus 2.9 9.4 62.3 36.3 4882.8
Latvia 0.3 4.3 31.2 8.2 1372.7
Lithuania 0.5 6.0 49.8 9.5 1597.1
Luxembourg 2.1 4.8 105.8 42.3 5087.9
Hungary 1.6 5.4 56.2 12.1 1179.0
Malta 6.0 4.3 62.6 141.0 7115.9
Netherlands 0.3 5.1 123.0 60.7 10,779
Austria 7.3 4.9 38.8 22.5 2662.8
Poland 0.9 10.7 69.8 17.9 2160.7
Portugal 2.2 6.0 29.0 10.9 1886.3
Slovenia 7.4 8.2 49.0 30.5 3085.0
Slovakia 2.1 5.2 69.6 15.1 1543.3
Finland 0.1 5.9 64.4 13.2 2940.0
Sweden 0.4 4.0 54.7 16.2 2354.1
United Kingdom 2.1 5.2 59.2 13.5 2630.3
mean 2.42 6.25 63.25 27.54 3343.9
std. dev. 2.37 2.71 25.58 26.62 2267.8

Source: Eurostat
and, in Italy, Germany, and Luxembourg, problems with the
overconsumption of inorganic fertilisers. In Cyprus, Ireland,
Germany, and Belgium, GHG emissions from agriculture have
been neglected; and the inefficiency of biodiversity conservation
should be a major concern in almost all European countries.

Finally, it should be emphasized that the efficiency of spending
is only a prerequisite for successful change in the policy. A sufficient
condition for efficiency that ought to be fulfilled is a simultaneous
improvement, or at least a lack of decline, in environmental
prospects.
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Appendix
in 2004e2016

ouse gases Air pollution Air pollutants (2,5) Air pollutants (10) Bird species

ha kg per ha kg per ha kg per ha 2000 ¼ 100

60.8 12.8 16.8 78.4
35.8 6.4 8.5 84.5
29.1 5.6 8.3 84.0
37.4 3.7 7.1 88.7
6.5 2.8 4.7 87.7
16.3 2.8 5.2 98.0
19.9 3.7 7.0 0.7
17.2 3.6 5.8 81.5
14.0 3.5 5.1 92.3
47.3 7.5 9.0 86.5
18.8 2.5 4.5 91.1
8.4 3.8 5.3 109.8
10.7 1.3 2.5 78.3
73.0 10.4 15.0 90.8
16.3 5.3 7.8 80.1
270.4 44.3 75.4 85.9

.7 98.6 10.3 18.2 76.3
18.7 2.6 4.3 73.0
20.7 5.3 9.7 88.7
19.5 6.2 9.9 118.0
20.8 6.9 7.8 90.7
18.8 6.3 7.9 93.6
3.5 0.7 1.2 98.7
4.7 0.6 1.1 81.8
54.5 6.6 10.2 88.1

8 37.67 6.62 10.33 85.09
7 52.58 8.24 13.92 19.80



Fig. A1. Compound annual rate of change of the Composite Index of Environmental Prospects components in EU-25 in years 2005e2016.
Source: own study based on Eurostat
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Fig. A1. (continued).
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