
1. INTRODUCTION
The economic effectiveness of environmental policy
can be measured using several methods known in the
source literature and quite well identified in theory,
such as economic impact analysis, cost-benefit analy-
sis, cost-effectiveness analysis, risk analysis or multi-
criteria analyses. From an economic point of view, the
best of these is a cost-benefit analysis. It allows for
comparison in monetary units of all costs and benefits
related to the implementation and operation of a
given instrument. Unfortunately, despite its good the-
oretical basis, cost-benefit analysis is rarely used in
practice. The problem is mainly related to external
costs, which are difficult to identify and estimate.
Above all, however, the valuation of environmental
benefits is a barrier to the application of the analysis.
Existing methods of environmental valuation require
specialised natural and economic knowledge, which
are time- and cost-consuming.
Therefore, the subject of the paper is the problem of
measuring the cost-effectiveness of the environmental

policy. In this method of analysis of the environmental
policy, environmental benefits occur in the form of
specific environmental effects expressed in natural
units. This is a major simplification compared to the
cost-benefit analysis, and therefore the cost-effective-
ness analysis is more frequently used in practice. So
far, the analyses of the cost-effectiveness of environ-
mental policy carried out worldwide have focused
mainly on the evaluation of existing policies (ex-post
analysis). However, it would be preferable to make
extensive use of ex-ante analysis, which would allow
the most cost-effective environmental policy solutions
to be selected even before they are implemented.
After all, this demand is still in the sphere of recom-
mendations, mainly due to the lack of methodology of
performing such an analysis. It is, therefore, necessary
to develop a method that allows for the widespread
use of ex-ante analysis in the process of environmental
management.
The paper aims to develop a model of ex-ante analysis
of the cost-effectiveness of environmental policy.
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2. THE ESSENCE OF COST-EFFECTIVE-
NESS ANALYSIS
Cost-effectiveness analysis was developed to measure
the effectiveness of non-productive investments, i.e.
investments whose effects are useful and often
impossible to express in monetary units. This makes
it difficult to ensure a uniform measurement of out-
lays and effects. In the case of outlays – money units
are the measure, in the case of effects – these are nat-
ural units of different nature [1].
The cost-effectiveness analysis is carried out in sever-
al stages. Firstly, it is necessary to define the objective
to be achieved. All possible ways (options) of achiev-
ing this objective and the levels of achievable impacts
should then be identified. In the next step, the costs
of implementation (and functioning) of each of the
options to achieve the assumed objective are estimat-
ed. The last step is to assess the options considered
and select the one with the lowest unit costs. Cost-
effectiveness is usually expressed as the ratio of costs
to effects.
However, cost-effectiveness does not indicate
whether a measure is worth taking at all. It aims to

identify the one of the set of alternative undertakings
(projects) which ensures that the lowest costs are
incurred.
When deciding on cost-effectiveness analysis, it is
necessary to establish as precisely as possible the
environmental policy objective, i.e. the optimum level
of pollution. Most often, this objective is set under
conditions of uncertainty, without knowing the costs
of reducing pollution and costs of avoiding environ-
mental losses (environmental benefits) associated
with achieving it. Assuming that the environmental
policy objective is set at the right level, we can move
on to considering how this can be achieved at the low-
est possible cost.
The use of cost-effectiveness analysis in environmen-
tal policy is shown in Fig. 1. The key element of cost-
effectiveness is to undertake the ex-ante analysis,
even before the implementation of novel solutions.
However, the ex-post analysis allows to identify vari-
ous potential areas of efficiency improvement and
thus it can serve to improve the ex-ante analysis –
indirectly also increasing the cost-effectiveness of the
measures taken.

Figure 1.
The use of ex-post and ex-ante analyses in environmental policy. Source: own elaboration based on [2]
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The model presented, in which ex-post analysis is the
basis for ex-ante considerations, seems to be logically
justified. Considering the stage character of the envi-
ronmental policy, it is possible to imagine that the
evaluation of the measures carried out at this stage
(ex-post analysis) may be the basis for the ex-ante
analysis of the measures planned for implementation
in the following years.
The subject of economic analyses in the field of envi-
ronmental protection has been taken up many times.
In many textbooks and scientific papers, methods of
economic assessment were presented, including poli-
cies, plans and strategies. In most cases, they focus on
cost-benefit analysis, but also include cost-effective-
ness analysis, e.g. [3, 4, 5, 6, 7 and 8]. These theoreti-
cal foundations were rarely reflected in empirical
publications. Most of the works on cost-effectiveness
concerned the area of health protection and not envi-
ronmental protection. Based on the conducted analy-
sis of the literature, it can be stated that several doc-
uments of a guiding nature have been elaborated
around the world to assess the effectiveness of activi-
ties aimed at environmental protection. About 20
such items were identified from 1997 to 2016.
It should be noted, however, that despite the rela-
tively considerable number of studies being prepared,
most of them are of a general nature or treat the issue
superficially. Cost-effectiveness analysis usually
appears there as one of the methods of efficiency
analysis, in addition to cost-benefit analysis and
multi-criteria analysis. The approach to cost-effec-
tiveness analysis is similar in the documents analysed.
The differences mainly concern the technical aspects
of carrying out the analysis, such as discounting, con-
sidering distributional effects or impact on competi-
tiveness. However, the presented considerations con-
cern a well-recognised document on ex-post analysis,
Evaluating EU expenditure programmes [9]. The ex-
ante cost-effectiveness analysis is considered to be a
valuable tool to be applied “in the future”. While it is
true that ex-post analysis is less important, it is often
only used as a basis for ex-ante analysis.
The cost-effectiveness of ex-post environmental poli-
cy is required by law rather sporadically, despite that
some measures taken and instruments implemented
are very costly and should be subjected to cost-effec-
tiveness checks. At the level of European Union law,
several directives have introduced the obligation to
carry out economic analyses. For example Water
Framework Directive [10] – Annex III the Economic
Study, Directive of 2001 on the promotion of elec-
tricity produced from renewable energy sources in

the internal electricity market [11] or Directive of
2001 on national emission ceilings for certain atmos-
pheric pollutants [12].
Obligations to carry out ex-ante policy effectiveness
reviews have found their place in EU legislation in sev-
eral directives, mainly in the fields of soil and water
protection, noise protection and the protection of nat-
ural resources. An example is Directive 2010/30/EU of
2010 on the indication by labelling and standard prod-
uct information of the consumption of energy and
other resources by energy-related products.
Among the member states, a reference to cost-effec-
tiveness in legislation is made in the Netherlands (ex-
post) and the United Kingdom (ex-ante). In the
Netherlands, Article 20 of the Government Accounts
Act states that ministers are responsible for the effec-
tiveness and efficiency of policies. This includes car-
rying out regular checks on the effectiveness and effi-
ciency of the policy. In the UK, the Green Paper on
the evaluation of the central government states that
all new policies, programs and projects require com-
prehensive evaluation, including a cost-effectiveness
analysis [13].

3. THE IMPLEMENTATION OF THE
COST-EFFECTIVENESS ANALYSIS OF
THE ENVIRONMENTAL POLICY
The main challenge in analysing the cost-effective-
ness of environmental policy is to discover the causal
link between the observed effects and their causes
and to include all necessary elements, as well as to
separate the impacts of other factors. Problems with
the collection of data for analysis are often empha-
sized, and this process is often time-consuming and
costly. It is rarely specified how the effects and costs
are to be monitored even before the start of the pro-
ject.
The problem of the scale of the analysis is also sig-
nalled – traditionally, the analysis of cost-effective-
ness was used to assess individual investment pro-
jects, and sometimes to assess local activities. The
transfer of the analysis to a national or European
level may increase its uncertainty [13].
In addition to the problems mentioned above, there
is also the question of the type of costs to be includ-
ed in the analysis. According to some economists, the
financial costs traditionally used for analysis (invest-
ment outlays, and running costs) should be extended,
for example, to include changes in producers’ and
consumers’ incomes. Some economists report that

e
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social costs can be up to 30% of estimated policy
costs and occur in all sectors of the economy,
although regulations sometimes only apply to a few
sectors [14]. To date, however, no study has been pro-
duced that considers the costs of policy in such a
broad sense. The opposing voices concern the over-
estimation of costs. Harrington et al. [15, 16], after
examining ex-ante analyses of environmental and
occupational safety, concluded that the main reason
for overestimating future costs was the inability to
predict technological innovations. A spectacular
example is the cost of SO2 emission reduction, which
in the Clean Air Act [17] was estimated at around
1500 $/t, while in 1997 it amounted to around 75 $/t.
Another reason is that errors in the estimation of
emission reductions or environmental effects are
measured in other ways, which is also because tech-
nological developments are generally higher than
assumed.
The issue of discounting the effects also arises. Cost
discounting is standard in efficiency analysis. It is also
asked in the literature: should the effects not be dis-
counted, even though they are not expressed in mone-
tary values? For example, if we compare two projects
of equal cost-effectiveness, but in the case of the first
one the objective will be achieved after two years, and
in the case of the second one after five years, the first
project should be chosen as more cost-effective.

The last issue concerns the manner of presenting
environmental effects. They can be understood as the
effects of reducing environmental pressures (e.g. tons
of reduced emissions) or as the effects of impacts on
the environment (e.g. avoided environmental dam-
age or improved quality of environment). In practice,
in most cases, the analysis focuses on assessing the
pressure, as this is easier to measure, and above all,
the causal link the measures and the effects are more
obvious.

4. THE ASSUMPTIONS AND STRUC-
TURE OF THE MODEL
The proposed model for ex-ante cost-effectiveness
analysis is an econometric model. The model consists
of three main modules [18]:
Module I: Data preparation.
Module II: Forecasting.
Module III: Interpretation and application.
Figure 2 shows the main elements of this model and
the relationship between them. The entire process
boils down to comparing the forecasted value of the
cost-effectiveness index of the current regulations of
the national environmental policy with the value of
the cost-effectiveness indexes of the planned new
instruments of the ecological policy (module inter-

Figure 2.
The proposed model of ex-ante CEA of environmental policy. Source: own elaboration
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pretation and application). For this comparison to be
possible, it is necessary to build cost-effectiveness
models for those cases that reliably predict the value
of indicators in the future. As models, econometric
models have been proposed, based on which such a
forecast is possible (module forecasting). Of course,
in order to build models, it is necessary to collect rel-
evant information (module data preparation).
The grey fields shown in Figure 2 refer to the current
situation, the functioning environmental policy of the
country with its instruments, measures, procedures,
etc. When starting the analysis of cost-effectiveness,
it is necessary to determine the historical values of
the actual costs of the current regulations (K0) and
the actual effects of the current regulations (E0). On
their basis, possible changes in costs and effects that
would occur after implementation of new regulations
are determined, and possible costs of planned and
possible costs of planned regulations and effects are
determined (K1,..., Kn and E0,..., En). Then, both for
the actual situation and all variants of the new regu-
lations, econometric models are built describing the
relations between the effects and costs or their
changes over time. The determination shall be made
based on positively verified models:
• for the current regulations – the projected effects
Ê0, costs K�0 and cost-effectiveness Êk0,

• for the planned regulations – the projected effects
Ê1,…, Ên, costs K�1,…, K�n, and cost-effectiveness
Ek1,,…,Êkn.

The last step in the model of ex-ante analysis of cost-
effectiveness is to compare the obtained results and
to select the option with the lowest costs of achieving
the environmental objective.
The model also includes the position of a typical ex-
post analysis of cost-effectiveness, which is the result
of a comparison of the actual costs of the current reg-
ulations (K0) and the actual effects of the current reg-
ulations (E0) of the environmental policy. After the
time for which the cost-effectiveness of the environ-
mental policy was forecast, the ex-post cost-effective-
ness analysis should be re-examined, and a compari-
son made with the forecast results obtained.

5. THE APPLICATION OF THE MODEL
FOR EX-ANTE COST-EFFECTIVENESS
ANALYSIS
The subject of the analysis is to compare the cost-
effectiveness of environmental policy instruments
aimed at reducing carbon dioxide emissions in
Poland in 2020. The analysis was carried out on the
basis of ex-post analysis of the cost-effectiveness of
instruments. Two-time frames were distinguished, in
which the climate protection policy used different
sets of mechanisms:
• the first period, years 2002–2007, in which the

instrument of emissions trading schemes did not
function,

• the second period, 2008–2013, in which, apart from
other legal, administrative and economic instru-
ments, the instrument of emissions trading schemes
functioned.

The entities included in the analysis are the large and
medium-sized units classified in NACE, Rev. 2 as a
section D – Electricity, gas, steam and air condition-
ing supply [19]:
35.11 – Production of electricity.
35.30 – Steam and air conditioning supply.
The second group of entities to be included in the
analysis is public sector entities. The public sector
was narrowed down to central offices, regional level
offices and groups of offices directly related to envi-
ronmental protection: voivodeship environmental
protection inspectorates, regional environmental
protection directorates, environmental protection,
and water management funds. The public sector was
included in the analysis as environmental manage-
ment institutions, i.e. only concerning the costs
incurred. Environmental effects in this sector are not
the subject of analysis.
For reasons of access to information and reliability of
data, the analysis is limited to direct costs. The fol-
lowing variables related to the protection of atmos-
pheric air and climate were defined as the costs of
achieving the environmental effect:
• in NACE units 35.11 and 35.30:
– operating costs of environmental protection equip-

ment (end-of-pipe and pollution prevention (inte-
grated) equipment) – both on their own and the
costs of services related to the operation of such
equipment supplied from outside, costs of monitor-
ing and control, and management costs,

– charges for the introduction of pollutants into the
air charges for trading in emissions of pollutants
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into the air,
– revenues and savings associated with the operation

of environmental protection equipment,
– subsidies received,
– the depreciation of fixed assets;
• in public sector units:
– the costs of own activities and the costs of external

services (excluding the operating costs of environ-
mental protection equipment),

– charges for the introduction of pollutants into the
air,

– revenues and savings associated with the operation
of environmental protection equipment,

– subsidies received,
– revenues received for environmental protection

services provided.
The source of data on the amount of the costs of
atmospheric air and climate protection were the
results of statistical research on the investment out-
lays for fixed assets for environmental protection and
on the current costs of environmental protection. It
was necessary to reach more detailed data than those
presented in official statistics sources. At the same
time, it was considered that the data source is reliable
and the obtained data can be used for analysis.
The environmental effect – defined as the percentage
reduction of carbon dioxide - is an example of the
transformation of existing data into a form that is
useful in this analysis. Existing data sources only pro-
vide information on CO2 emissions. Therefore, the
environmental effect in the form of a percentage
reduction of carbon dioxide concerning the level of
emissions in 1988, following the assumptions of the
Kyoto Protocol was assumed (Table 1). The source of
data on emissions were the reports of the The
National Centre for Emissions Management, which
can be considered as a reliable source of information.

The time horizon under consideration was 2020 when
the reduction of greenhouse gases expressed as CO2

equivalent should be 20% of the 1988 emission value.
As shown in Table 1, this objective has already been
achieved. The focus should, therefore, be on reduc-
ing the unit costs of the CO2 reduction level current-
ly being achieved. In line with economic theory, the
implementation of an environmental policy instru-
ment, i.e. the greenhouse gases emissions trading sys-
tem, leads to a reduction in the costs of achieving the
environmental objective. The cost-effectiveness of
such an instrument understood as unit pollution
reduction costs shows a decreasing trend in subse-
quent years of the instrument’s operation. The cost-
effectiveness of the greenhouse gases emissions trad-
ing system can be recorded in the following form:

where:
Ek – cost-effectiveness,

K – the total costs of achieving the economic goal in
a million PLN,
E – environmental effect, understood as a percentage
reduction of carbon dioxide, related to the level of
emissions from 1988, which is the base year for the
greenhouse gas reduction target ratified by Poland
under the Kyoto Protocol.
The calculated value of cost-effectiveness concerning
gross and net costs is presented in Table 2.

Table 1.
The environmental effect

Source: own elaboration

Detailed list
Year of analysis
I period of analysis

2002 2003 2004 2005 2006 2007

Environmental
effect

[% of CO2
reduction]

33.945 30.759 31.496 31.719 29.627 31.634

II period of analysis
2008 2008 2008 2008 2008 2008

33.988 33.988 33.988 33.988 33.988 33.988

(1)

Table 2.
Cost-effectiveness of CO2 reduction measures in the years
2002–2013 [million PLN/percentage of CO2 emission reduc-
tion, related to the 1988 emission level], fixed prices in 2013

Source: own elaboration

Analysis
period Year

Cost-effectiveness in
relation to gross

costs

Cost-effectiveness in
relation to net costs

I period

2002 35.9693 35.1902
2003 41.5068 40.6470
2004 39.5434 38.7038
2005 39.3764 38.5426
2006 43.6976 42.6623
2007 40.3013 39.4591

II period

2008 36.3873 35.6034
2009 36.5995 33.7905
2010 41.2125 38.1665
2011 42.3502 39.2228
2012 39.0837 36.0018
2013 40.6166 37.0052

,
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5. ECONOMETRIC MODELS OF COST-
EFFECTIVENESS
A model was searched for, which described the trend
of cost-effectiveness in 2002–2007 (the first period of
analysis) and 2008–2013 (the second period of analy-
sis), but also the correlation between the magnitude
of the environmental effect and the number of costs
of its achievement. It was analysed:
• time series cost-effectiveness model,
• linearised non-linear cost-efficiency model,
• the linear regression model of the costs of achiev-

ing the environmental effect,
• a single equation linear econometric model for the

ecological effect.
When building forecasts for longer periods, one
should take into account the risk of changes in the
model parameters over time. Making predictions
assuming the stability of model parameters when in
reality they are variable, may lead to serious system-
atic prediction errors. However, in order to simplify
the analyses, the aim of which is not to examine the
exact values of the forecast variables, but only to
compare them in two variants, it has been assumed
that the parameters will be constant in the period
until 2020.

5.1. Time series modelling
The variable explained in the model is cost-effective-
ness (Ek) and the only explanatory variable is time
(t). Relationships between variables for both time
series were assumed to be linear:

Time series were modelled separately as:
• cost-effectiveness in relation to gross costs, as a

function of time in the first and second period,
• cost-effectiveness in relation to net costs, as a func-

tion of time in the first and second period.
Estimated models of the cost-effectiveness trend take
the following form:
A. Cost-effectiveness in relation to gross costs:
The first period: ÊkbrI = 37.259 + 0.8019t

(2.1633) (0.5555)

The second period: ÊkbrII = 31.304 + 0.8496t

(4.8744) (0.5050)

B. Cost effectiveness in relation to net costs:
The first period: ÊkntI = 36.478 + 0.778t

(2.0979) (0.5387)

The second period: ÊkntII = 32.642 + 0.42t

(4.5637) (0.4728)

In order to verify the models obtained, the statistical
significance of the model’s estimated parameters was
examined. For this purpose, the t-Student’s test,
determination coefficient R2, statistics F and critical
materiality levels (p) were used. The obtained values
did not allow for positive verification of the models.

5.2. Linearised non-linear regression
Selecting the functional form of the model, it was
found that the function best describing the relation
Ek = f(t) + ξ, is a hyperbolic function of the follow-
ing form:

where:
Eki – explained variable – cost-effectiveness,

ti – explanatory variable – subsequent years of obser-
vation,ξ – a random component.
Following the 1

ti substitute z variable, the model
becomes a linear model and as such can be estimated
using the least squares method. The estimated func-
tions for the analysed periods have taken the follow-
ing form:
A. Cost-effectiveness concerning gross costs:
The first period: ÊkgI = 42.52497 – 6.02251zI

(1.37985) (2.76766)

The second period: ÊkgII = 41.7622 – 5.84628 zII
(1.31695) (2.64149)

B. Cost effectiveness concerning net costs:
The first period: ÊknI = 41.598 – 5.871 zI

(1.33032) (2.66832)

The second period: ÊkgII = 40.9686 – 39.8361 zII
(4.28446) (38.6873)

On the basis of the t-Student test, for most models
(except for the cost-effectiveness model calculated
concerning net costs in the second analysis period),
the zero hypothesis (at the materiality level of 0.1)
can be rejected, that the estimated parameter is not
statistically significant.

, (tI=1,…,6)     (2) 

 

(2)

, (tI=1,…,6)     (3) 

 

(3)

, (4)
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The verification of the models was also carried out by
determining the values of the F statistics and the cor-
responding probability p. The probability values for
the first three models are below 0.1, which means
that there are statistically significant parameters esti-
mated. Also, the determination coefficients R2 in the
case of these models have higher values than in the
cost-effectiveness model calculated concerning net
costs in the second analysis period (Table 3).

Due to very poor matching of the cost-effectiveness
model calculated concerning net costs in the second
analysis period (the model explains only 19.91% of
the variability of the explained variable), gross cost-
effectiveness (calculated concerning gross costs) was
selected for further analysis.
An analysis of normality of the rest was also per-
formed with the Shapiro-Wilk test. The levels of test
statistics WI = 0.8265 and WII = 0.9621 are higher
than the critical value of W6(0.10) = 0.826, so the
rests can be considered to have a normal distribution.
The normality of the distribution of the residuals is
also confirmed by the probability values pI = 0.0999
and pII = 0.8356, which are higher than the assumed
materiality level p = 0.05.
The gross cost-efficiency models of both periods have
been verified positively, so they can be used for fore-
casting.
The year 2020 is interesting from the point of view of
the cost-effectiveness of the market for transferable
greenhouse gas emission allowances. After substitut-
ing the values of explanatory variables to the models
of both analyzed periods, a forecast of the value of
Ek* in 2020 was obtained:

• the first period: Ek*I2020 = 42.208 million PLN/%
reduction in CO2 emissions concerning the base
year 1988, the interval forecast with a confidence
level of 0.95 is (38.70; 45.72),

• the second period: Ek*II2020 = PLN 41.312 mil-
lion/% reduction in CO2 emissions compared to the
base year 1988, the interval forecast with a confi-
dence level of 0.95 is (38.10; 44.52).

Relative ex-ante errors for 2020 were 5.48% in the
first period, while in the second period 5.28% and in
both cases they are below the 10% target. Therefore,
the forecast presented can be considered admissible.
According to the forecast, a country’s environmental
policy is more cost-effective when implementing the
greenhouse gases emissions trading system than if
this instrument had not been implemented.
According to the hyperbolic model, the difference in
cost efficiency in 2020 would amount to PLN
896.000 / % reduction in CO2 emissions compared to
the base year 1988.

5.3. Linear regression of one variable
The model of classical regression analysis was also
applied, in which linear parameters were estimated
using the method of least squares. The variable
explained in this model is the gross cost of achieving
the environmental objective, while the explanatory
variable is the environmental effect.
The regression function was estimated separately for:
• gross costs, as a function of the environmental

effect in periods I and II,
• net costs as a function of the environmental effect

in period I and II.
Unfortunately, only one of the models has been pos-
itively verified. The estimated model for the first
period and gross costs took the following form:

The value of the t-Student statistics for the explana-
tory variable E of -4.49094, with p = 0.010898 con-
firms that in this case, the environmental effect has a
significant impact on the value of costs. Also, the
value of F statistics = 20.169 at p = 0.0109 indicates
the presence of statistically significant parameters in
the model. In the case of this model, the determina-
tion coefficient R2 assumed the value of 0.8345,
which proves that the model was very well matched to
real data.

Table 3.
The measures of matching and verification of linearised time
series models of cost-effectiveness time series

Source: own elaboration

Specification Measurements of model fit and verification

R2
The standard

error
of estimation

Statistics
F p

Gross Costs

The first period 0.5421 1.939 4.7351 0.0952

The second
period 0.5505 1.851 4.8985 0.0912

Net costs

The first period 0.5475 1.870 4.8409 0.0926
The second

period 0.2095 1.924 1.0603 0.3613

(120.4238)          (3.8161) 

 

(5)
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Unfortunately, in other cases it was not possible to
build reliable models, so the linear regression model
of one variable was abandoned.

5.4. Single equation linear econometric model
In a single equation model of many variables, linear
parameters were estimated using the method of least
squares. The ecological effect was assumed to be the
explanatory variable and the following variables were
assumed to be explanatory variables:
• KFU_D – the costs of operation of security devices

in units PKD35.1 and PKD35.2,
• AMORT_D – depreciation in units of PKD35.1 and

PKD35.2,
• OPŁ_D – ecological fees in units of PKD35.1 and

PKD35.2,
• KDW+ZPub – the costs of the public sector, under-

stood as the sum of the costs of activities undertak-
en on their own and the costs of activities provided
by external entities.

With the use of the step regression method, insignifi-
cant explanatory variables were eliminated from the
model. Variables that are strongly correlated with the
explained variable and poorly correlated with each
other were classified as significant variables included
in the model. These are KFU_D, AMORT_D, and
OPŁ_D variables. The estimated model is therefore
not affected by variables occurring in the public sec-
tor.
The estimated functions for the analyzed periods
took the following form:
The first period:

The dependence obtained shows that the increase in
the operating costs of air and climate protection
equipment by PLN 1 million results in a decrease in
the environmental effect by 0.1142 percentage point,
with constant amortisation. An increase in deprecia-
tion by PLN 1 million, with fixed operating costs of
the equipment, results in a reduction of the environ-
mental effect by 0.1606 percentage point.
The values of the t-Student statistics for the model of
the first period were as follows:
• free word: t = 12.12859, at p = 0.001206,
• variable KFU_D: t = -9.12077, at p = 0.002785,
• variable AMORT_D: t = -9.05217, at p = 0.002847.

It can be concluded that the zero hypothesis of the
lack of significance of the estimated parameters may
be rejected, in favour of an alternative hypothesis,
which proves the statistical significance of all para-
meters of the model.
The second period:

The dependence obtained shows that the increase in
the operating costs of air and climate protection
equipment by PLN 1 million results in an increase in
the environmental effect by 0.0267 percentage point,
with the remaining variables remaining constant. An
increase in environmental charges by PLN 1 million,
with fixed operating costs of equipment and depreci-
ation costs, reduces the environmental effect by 0.301
percentage point. Also, the increase in depreciation
costs in the second analysis period by PLN 1 million
(with other fixed variables) causes a decrease in the
environmental effect by 1.43 percentage point.
The estimation of the functions of the environmental
effect with negative parameters is confirmed by the
relation, where the increase in the environmental
effect is accompanied by a decrease in the costs of
achieving the effect. It can be noted that the increase
in the costs related to the protection of the atmos-
pheric air had a lesser negative impact on the envi-
ronmental effect in the second period rather than in
the first period.
The values of t-Student’s statistics for the model of
the second period were as follows:
• free word: t = 8.50933, at p = 0.01353,
• variable KFU_D: t = -4.33398, at p = 0.049332,
• variable OPŁ_D: t = -8.07348, at p = 0.014998,
• variable AMORT_D: t = -7.59776, at p = 0.016886.
Also, in the case of this model, the hypothesis that
the parameters of the model are not statistically sig-
nificant should be rejected.
Determination coefficients calculated for both mod-
els: RI

2 = 0.9653 and RII
2 = 0.976 indicate a very

good fit for the estimated variables.
Also, the values of F statistics: in the first period:
F = 41.649 at p = 0.00648 and in period II:
F = 27.252 at p = 0.03560 indicate the presence of
statistically significant parameters in these models.
Measures of matching and verification of both mod-
els are presented in Table 4.
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ÊI = 126.8821 - 0.1142KFU_D - 0.1606AMORT_D 
(10.4614)  (0.0125)  (0.0177) 

 

(6)

ÊII = 455.8563 + 0.0267KFU_D - 0.301OP _D – 1.43AMORT_D 
(53.5714)               (0.0062)                   (0.0373)                 (0.1882)  

 (7)



E . B r o n i e w i c z

An analysis of normality of the rests was also per-
formed with the Shapiro-Wilk test. The test coeffi-
cients S-W WI = 0.9691 and WII = 0.9627 are higher
than the critical value of W6(0.10) = 0.826, so the
rests can be considered to have a normal distribution.
Also, the probability levels pI = 0.8863 and
pII = 0.8403 are greater than the assumed materiali-
ty level p = 0.05, which confirms the normality of the
distribution of the residuals.
The models of both periods have been verified posi-
tively, so they can be used for forecasting.
The year 2020 is interesting from the point of view of
the cost-effectiveness of the market for tradable
greenhouse gas emission allowances. In the case of
single-equation regression models, in order to fore-
cast the explained variable, in the case under consid-
eration – the environmental effect forecast E*, the
values of the explanatory variables should first be
estimated. The linear and logarithmic function of
trends (The models best suited to real data have been
selected) has been used and the probable values of
variables in 2020 (at 2013 prices) have been deter-
mined:
• KFU_DI202020 = PLN 861.006 million,

• AMORT_DI202020 = PLN 24.475 million,

• KFU_DII202020 = PLN 1107.123 million,

• OPŁ_DII2020 = PLN 76.228 million,

• AMORT_DII2020 = PLN 298.89 million.

After adding explanatory variables to the models of
both analysed periods, a forecast of E* in 2020 was
obtained as follows:
• the first period: E*I2020 = 24.66% reduction in CO2

emissions compared to the base year 1988, the
range forecast with a confidence level of 0.95 is
(21.00 %; 28.32%),

• the second period: E*II2020 = 35.12% reduction in
CO2 emissions compared to the base year 1988, the

interval forecast with a confidence level of 0.95 is
(33.83%; 36.40%).

The precision of these forecasts has been determined
by the average error of prediction of the ex-ante
score forecast for 2020. This is the largest possible
forecast error for the period 2008–2013, as this error
increases as we move away from the extinct forecast
period. In the case of the forecast for period one, the
absolute ex-ante forecast error amounted to 1.77 mil-
lion PLN / % of CO2 reduction, while the relative
error was of 7.20%. The forecast error of the second
period was lower – the absolute error amounted to
1.72 million PLN /% of CO2 reduction, while the rel-
ative error was 4.91%. Errors within the range of
5–10% prove that the forecasts can be considered
admissible.

6. THE INTERPRETATION OF THE
RESULTS OF THE EX-ANTE COST-
EFFECTIVENESS ANALYSIS
Among the econometric models developed above,
the cost-effectiveness of greenhouse gas emission
trade, two models were positively verified:
1.A linearized model of a time series.
2. A single equation model of the linear regression of

many variables.
In the first case, cost-effectiveness was forecast calcu-
lated concerning total gross costs (both in the public
sector, as well as in PKD 35.1 and PKD35.3).
As can be seen from the graph (Fig. 3) showing the
development of cost-effectiveness for both periods, a
lower cost-effectiveness ratio will be ensured for the
functioning of the instrument, i.e. the market for
greenhouse gas emission allowances.
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Table 4.
The measures of verification and matching of single equation
cost-effectiveness models

Source: own elaboration.

Specification The Measurements of model fit
and verification

R2
A standard

error of
estimation

F
statistics p

The first period 0.96524 0.34206 41.649 0.00648

The second period 0.97612 0.28694 27.252 0.03560

Figure 3.
Forecasted value of gross cost efficiency in 2020 in period I
(2002–2007) and period II (2008–2013) [million PLN/%
emission reduction compared to the base year 1998], fixed
costs in 2013. Source: own elaboration
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This is also confirmed by the result of the environ-
mental effect forecast, obtained using the second
model - a single equation model of many variables. In
the case of this model, the subject of the forecast was
the value of the environmental effect – Fig. 4.
The implementation in 2008 of trade in permits for
emissions of pollutants introduced into the air allows
maintaining the environmental effect in 2020 at the
current (high) level. If this instrument had not been
introduced, the environmental effect, expressed as a
percentage of CO2 reduction compared to 1988,
could have been reduced.
Therefore, both econometric models confirm better
cost-effectiveness of the national environmental pol-
icy in the field of atmospheric air and climate protec-
tion in the case of introduction of the analysing
instrument of environmental policy. The cost-effec-
tiveness indicators projected for 2020 – both a typical
cost-effectiveness indicator (inputs/effects), as well as
the projected environmental effect, assume more
favourable values in the case of the application of
greenhouse gases emissions trading system, in com-
parison to the mechanisms applied so far. An analy-
sis of the reliability of the obtained forecasts will be
possible after their expiry, i.e. after 2020.

7. CONCLUSION
The presented model of environmental policy regula-
tion is a universal one and can be used for ex-ante
analysis of the cost-effectiveness of various environ-
mental policy areas. It seems to be the easiest to
apply in those areas where quantifiable and measur-
able environmental effects exist, understood as the
reduction of environmental pressure – the reduction
of pollutants introduced into the air, the increase in
the quantity or degree of treated wastewater, dispos-

al of more waste and the like. The model can also be
useful for cost-effectiveness analysis of activities,
where the effects are measured as the state of the
environment in natural units, e.g. the emission of pol-
lutants into the atmospheric air, parameters of water
quality or quantity of pollutants in soil. Obviously,
both in the case of pressure indicators and status indi-
cators, reliable information on their levels is neces-
sary. On the other hand, modelling cost-effectiveness
is difficult if it concerns non-quantifiable or difficult
to measure environmental effects, e.g. effects in the
natural environment.
Further works on improving the cost-effectiveness
analysis of environmental policies, both ex-post and
ex-ante, should focus on broadening the scope of
costs to be included in the analysis. In analysing
example, external costs are not included in the calcu-
lation – this fact narrows the scope of applicability of
the method and increases the uncertainty of esti-
mates. Certainly, a cost-effectiveness analysis would
be more valuable and closer to the truth if external
costs could be included in the environmental calcula-
tions. In some cases, they may be higher than the
direct costs included in the analysis and their inclu-
sion could have an impact on the projected cost-
effectiveness indicators of particular options of envi-
ronmental regulations. The valuation of environmen-
tal external costs has been studied by economists for
years. However, to date, the problem has not been
solved to the extent that it allows the knowledge of
the external costs to be used in the practice of mak-
ing decisions in environmental policy.
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