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Abstract

The article deals with efficiency of usual munidipaxpenditures on
environmental protection and suggests a methodoltay assessing this
efficiency. At first, the paper analyses the conadefficiency from the view of
individual rationality. Authors consider efficiencyn the sense of 3E
methodology — Economy, Efficiency and Effectiveness methodology of
sustainable development — social, environmental @&ednomic part of
sustainable development as well as the role ofethsko make decisions in
environmental politics. A proposal of methodolodipaocedure for assessing
municipal expenditure efficiency is presented neltt. uses multi-criteria
assessment, where a dominant criterion of perfocen@nC/E. This procedure is
applied to a file of environmental expendituresadébm the representative
sample of municipalities in selected areas of emvitental protection which
were used in a project of the Ministry of Envirommhef the Czech Republic
SP/4i1/54/08 ,Analysis of municipal budgets effidy in relation to the
environmental protection“. The data comes from etk municipality budgets
and are analyzed for the time range of 2001-20@&uxe the data has been in an
electronic form since then.

Keywords: efficiency, effectiveness, economy, cipali environmental
expenditures, sustainable development



1 Introduction

The issue of relation between economic growth amdrenmental protection
becomes increasingly important in recent yearsquestion are also the effects
of environmental policy in individual regions arfetinfluence of environmental
policy on economic growth and other basic regi@tanomic indicators such as
unemployment, inflation, trade and living standartise problem of allocation
of public expenditures in this field is also rethtsith this. Thus, how much, in
what ways and for what purpose should money ofages be spent in relation
to environmental protection. This was the reasom Hinistry of the
Environment (MoE) of the Czech Republic to fund jpcd SP/4i1/54/08
»LAnalysis of local budgets and their efficiency ielation to environmental
protection”. Its main objective is to evaluate @#incy of public expenditures
and other financial instruments in the field of mommental protection with
focus also on particular regions and optimizatibmoidence of public subsidies
in field of environmental protection on macro aninm-economical level. The
important part is identification of factors influgng absorption capacity of
individual regions in the Czech Republic and sgttiof indicators for the
evaluation of their efficiency.

2 Analysisof environmental public expenditures

Public expenditures in the field of environmentabtpction are the important
part of total public expenditures and probably ewernime of financial crisis
their amount will not decrease notably, thankshi active policy of European
Union and expenditures from its structural fundguFe 1 shows the progression
of public expenditures since 1997.
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Figure 1: Environmental expenditures of public betdgin thousands CZK) [11]

In the Figure 1 we can see that municipal experektmade throughout the time
always more than 50 % of total environmental pubkpenditures.



Environmental expenditures in the budget structweedivided according to the
Classification of Environmental Protection Actieis and Expenditure (CEPA
2000) which differentiate protection of ambient aind climate, wastewater
management, waste management, protection and ratioedi of soll,
groundwater and surface water, noise and vibrasibatement, protection of
biodiversity and landscapes, protection againstiatimsh, research and
development and other environmental protectionviiets [12] As shown
Figure 2, the biggest parts of environmental mypaici expenditures are
wastewater management expenditures, waste managesrpanditures and
protection of biodiversity landscapes expenditures.
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Figure 2: Municipal environmental expendituresaxding to CEPA 2000 (in
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3 Environmental public expenditures efficiency

One of the biggest problems of contemporary ecoadimeory is the one of
defining and measuring the efficiency, or in otherds use of resources and
their transformation into outputs and outcomeseadty in 1957 Farell asked the
guestion how to measure efficiency and pointed [@]itits importance for
economic policy makersit,is important to know how far a given industrynca
be expected to increase its output by simply irgingnits efficiency, without
absorbing further resource$l]. Throughout several decades efficiency
evaluation and its technology are greatly improaed advanced. However it
still remains conceptual challenge in relation teblg expenditures. Given
problem is also complicated by the fact that outesmf public sector are often
off-market, lacking relevant data and thus makihgannot be quantified, as



stated by collective of authors at the European @msion[8]. It is the very

conceptual frame of inputs, outputs and outcomasttiese authors are pointing

out. They highlight the difference in comprehensmmmcepts of output and
outcome. While they see the efficiency in transfation of inputs to outputs

(comparing it to productivity, which they see akweel of product created from

input used), which includes also concept of prodacpossibilities frontier (in

other words the more output we create from givegwutror the less input is
required for desired output, the more efficientthe activity), they ask for
effectiveness in relation between output and outmymwhich they perceive as
richness or growth in society and are, besidedigallidecisions, influenced by
various other external factors (identified by memétates as key factors related
to public expenditures were — performance orienatbrganizational aspects,
human resource management, information technologlzation). Above
described problem of expressing difference betwsmrcept of inputs, outputs
and outcomes and related understanding and megsfréfficiency related also
to the public expenditures is concerning besidesidat el. [8] many other

authors [3, 5, 6, 7 and 9].

To evaluate efficiency of public expenditures (eomimental) most of authors

use the methodology of 3E — economy, efficiency effiectiveness, which they

perceive from theoretical basis like this:

e By economy they understand such use of public edifmes, that leads to
provision of given objectives with the least amoohtesources spent, while
keeping up to the corresponding quality of tasks;

» By efficiency they understand such use of publipemditures that acquires
the greatest possible amount, quality and coniohub the given objectives
compared to the amount of resources spent in oodeifil them.

Economy and efficiency are for purposes of quardtfon and in respect of

usage of methods of economic analysis understoedsisfficiency.

» By effectiveness they understand such use of pebdpenditures that leads
to the greatest possible output respecting desmedome, which are
prerequisite for optimal fulflment of goals set @advance. Therefore
effectiveness means how the produced goods orcesr\ffor example waste
disposal) fulfil utility (for example clean muni@p environment without
waste).

Besides this classic 3E methodology, the term dliuis sometimes used.

Quality means such the use of public expendituted, provides optimal rate of

accomplishment of the ,right goals* while performigiven objectives. It means

that it is possible to ask about correctness apdogpiateness of given goals in,
for example, strategic documents or from point lbé degitimacy of their
fulfilling, or utility set by them. It is importarto strongly differentiate between
quality and effectiveness, which are sometimegdéhtnged, for example in the
concept of quality, where it comes to optimal fuiiént of goals while carrying
out given objectives. In this concept it is notaclenough what process is used
set up goals and to what extent these goals ajecidely" right, or appropriate.

Because sometimes it is possible to purposefutiygims of purpose) fulfil the

goals, but not in optimal ways, meaning not takinigp account cost amount.



When judging all these criteria (economy, efficigneffectiveness and quality)
we can speak of economical efficiency of public englitures. For the complex
view we need to add, that sometimes we distingbittveen terms technical and
allocation efficiency. However, this concept's gs# is beyond the scope of this
text. Following scheme 1 shows the concept of egoeoal efficiency, from
which we move out into further analysis and we iider the construction of
methodology for the evaluation of environmental mipal expenditures.
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Scheme 1: Conceptual conception of efficiencyudflic expenditures
4 Methodology of efficiency evaluation

One of the contemporary problems is how to allogatielic expenditures in the
field of environment protection more effectively.
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When considering efficiency, the methodology is duhson multi-criteria
evaluation of efficiency based on 3 basic pillafssastainable development.
When we designed methodology we came out from $eessment of efficiency
in terms of social, environmental and economicahizoof view (see scheme 2).

4.1 Social aspect of evaluation

Social criteria of evaluation come out from takithg social aspect of existing
expenditure into account. The complex criterion dealuating efficiency from
the social point of view(s could be constructed as follows:

Ks = ZWi K @)
i=1
Whereks; is the social efficiency criterion (in percents),
n is the number of criteria,
Wi is the weigh of criterion Na, and Zn:W. =1

i=1
It holdsg< Ke<1 and ifKs= 0 then the expenditure is absolutely inefficient.

Example 1
When it comes to municipal waste management expesslitsuitable criteria for social
efficiency evaluation of given expenditures cowdhe following:

ket Willingness to sort municipal waste (in percents)

ks> Employment — Influence on employment (is givenicecarried out by local
company or external one, and so on) (in percents)

ks3 Living standard of citizens — has the expendituositve impact on living

standard of citizens of municipality (in percents)

When evaluating municipal waste management expeasitn Brno, experts gave these
weights to the given criteriay= 0.4 w = 0.3 ws = 0.3 and following values:

Criterion ka1 ke ks

Criterion value 0.58 0.85 0.86
Then k= 0.748

4.2 Economical aspect of evaluation

Economical criteria of evaluation come out from tbencept of efficiency
explained above and include the economical evanatf efficiency and
economyEKg, economical effectivene&Kg; and economical qualitifKq, so:

K = EKg +EKg, +EK,, )

WhereKg is the complex criterion of economical efficiencyakiation,
EKg is the complex criterion of economical efficiencgdaeconomy
evaluation (cost efficiency evaluation),
EKgs is the complex criterion of economical effectivemesaluation,
EKo, is the complex criterion of economical quality exatlon (quality
of environmental goals).



The more detailed explanation of methodology ofleatton according to the
given complex criteria follows.

4.2.1 Economy and efficiency evaluation - EKg

The most commonly used methods for evaluating ieffty of public
expenditures (capital and current) are Cost-miratman Analysis, Cost-
effectiveness Analysis (CEA), Cost-utility Analysi€UA) and Cost-benefit
Analysis (CBA). These methods are suitable fordaluation of efficiency of
public expenditures for environmental protectiomeTonly exception is Cost-
minimization Analysis, which only compares amouhtosts (expenditures) in
certain investment, therefore we will not considéurther for the evaluation of
environmental public budget expenditures. Efficierevaluation of current
expenditures of public budgets, however, encourgeveral limitations. This is
because current expenditures usually consist oéredifures for public services
— services of common interest. This makes it gdiitiicult to evaluate expenses
using CBA or CUA. In the case of CBA it is diffitlio estimate benefit of these
services in terms of money and as for CUA, theasibm is even more
complicated because there is no suitable methogolfmy environmental
expenditures (however it exists for health-care atiers) [1]. Therefore, the
most exact appears to be choosing the CEA methlpdvfen it comes to the
evaluation of efficiency, and for the evaluation GfE choosing efficiency
indicator E as a complex criterion created withphef multi-criterial analysis
depending on factors influencing expenditures eemienvironmental service.
Let Kg be a set of criteria for the evaluation of quabifyenvironmental public
budget expenditures, wheikg = (kg1, Keq, ..., Ken), SO

E=1f(Kg, KegreeeeKen) s ()
Wherekg;  is the criterion of cost efficiency and econommleation,
n is the number of outputs for a given environmeexpenditure.
Then the cost efficiency of given expenditure cduddexpressed as follows:
CEA:EZO - min )

WhereC  are environmental expenditures,
E is the indicator of cost efficiency evaluation.

If CEA<1, then the expenditure is efficient, @EA>L, the expenditure is
inefficient. Because the criterion is minimizing,needs to be transformed into
maximizing one. Therefore for the constructiorEd§: criterion we will use the
following formula:

EKE=i:Ezoi (5)
CEA C
Where ifEKg>1, then the expenditure is efficient agek . . max.
Example 2
In 2008 the city of Brno spent in the area of wasémagement 189,947.87 thousand CZK

for municipal waste collection and 176,511.6 themgs CZK for use and disposal of
municipal waste, i.e. the total cost of waste mamagnt is C = 366,459.47 thousand



CZK. The same year city of Brno was producing Q =@834887 tons of municipal waste
(ke1), the average price for waste treatment was p = @,68@K (incinerator) (k,), the
average distance to processing facilities was v @fimetres (ks), and the average size
of a mean of transportation for waste was 25:t)(Khe average rate for transport was 45
CZK / t (gs) and the average rate for handling was 30 CZK £§)(KThen, in the case of
collection of municipal waste is the criterion, waataount, price of waste manipulation,
price of waste transport, means of transportatiopamty and distance to processing
facilities. Costs of collection are the following:

E=E,+E,,

E, =N, :Z*V*Sd*kg*m’ E,=Q*p:
d

Where v is distance from the facility (landfillcinerator) [km] - (k)
S is rate for the transportation[CZK/km], consideré8 CZK/km (ks)
Q is amount of waste [t] )
Ky is capacity of means of transport for waste [t],nsmlered maximal
capacity 25 t. (ki)
m is price for manipulation [CZK/{]

Then B = 192,233.85 CZK, E=177,994.305 CZK and E370,228.155. It follows:
EKeg=1.01

4.2.2 Evaluation of the effectiveness - EKg;
Let Kgs be a set of criteria for the evaluation of effeetiess of environmental
municipal expenditures, whekg;= (Keq, ket ----, Ker), then

EKg = ZWi Keg ? ®)
=

Wherekg;  is the criterion determining results of given emgiture—percentual
fulfilment of the goal Noi (criterion acquires values 0-1),
n is the amount of outcomes (goals) for given envinental
expenditure,

W, is the weight of-numbered criterion, which fquiIIingZ“Wi =1.
i=1
Itholds 0< EK, <1 - max

Example 3

City of Brno is planning in its Waste managementaatiee following objectives and

performance criteriaof expenditure effectiveness.

1. Increase material utilization of municipal waste &) % by 2010 compared
t0 2000 - kg

2. Material utilization of municipal waste in relatioto the whole Czech Republic
(ensure the collectionsubsequent use or disposal of controlled hazardous
components of municipal waste (50 % in 2005 anéodB 2010)) - ki »;

3. Ensure recycling construction and demolition wagttlize 50 % of the weight of
emerging construction and demolition waste before12l 2005 and 75 % before
2012) - ket 3

4. Prefer incineration of mixed municipal waste with rgyerecovery prior to landfill
storage - ki 4;

5. Reduce the weight ratio of landfilled waste with pecsive of further reduction of
20 % in 2010 compared with 2000 g &



6. Decrease the ratio of landfilled waste with energeititization potential (35 % in
2010) - kre;

7. Decrease ratio of landfilled biodegradable munidipaaste (75% of what the
production was in 1995 to 2010) gk

8. Increase utilization of waste through recycling abb % in 2012 - g

For simplicity, all the criteria assigned the sameight w = 0.125. The expert panel
gave each criteria the following values:

Criterion ker kero ket ket kess ket Kerz kers
Criterion value 0.95 1 0.86 1 0.85 0.95 0.65 1

Therefore Ek; = 0.9075
4.2.3 Evaluation of the quality - EKq.

Let EKg be a set of criteria for the evaluation of the ligyaof environmental
public budget expenditures, wheéf&q = (Ko1, Koy, --.., Kqn), then

EKq = WKy (6)

Wherekg; is the criterion determining quality — quality given goal —
connection with strategic documents of region ates{in percents)
(criterion acquires values 0-1),

n is the amount of outcomes (goals) for given envinental
expenditure,
Wi is the standardized weight of criterion No.
Example 4

The South Moravian Region has in its strategic deent — Waste Management Plan
(WMP) 25 goals related to waste management. TheofiBrno has given in its waste
management 8 goals, which are all included in the RVBbuth Moravian region,

therefore, these criteria take value of 1 (100%oa&ted with the strategic documents).
Considering the evaluation of quality of expendisré is possible to use criteria in
Example 3 and build E{ when Elg = 1.

For the city of Brno the complex criterion for ewation of economical efficiency comes

outasfollows: - EK_ +EK,, +EK, = 09898+ 09075+1= 2.8973

4.3 Environmental aspect of evaluation

Environmental criteria of evaluation come out frandicators of sustainable
development in selected field of environmental @cton. The complex criterion
of the evaluation of efficiency could be from theew of environmentaKg,
constructed as follows:

n
KEn = ZVVI I(Eni (7)
i=1
Whereke,; is the criterion of environmental efficiencyk_. - max
n is the amount of criteria,
Wi is the standardized weight of criterion No.

It holdsKg,> 0. If Kg,= 0, the expenditure is fully inefficient.



Example 5
Considering waste management expenditures, criteidorevaluation of environmental
efficiency could be the following ones, which are imé&ing:

Kent Amount of municipal solid waste per capita in congar with Czech national
average (national average proportion of the muratity value);

keno Weight ratio of going to landfills, compared withetiCzech average (ratio of
Czech average to the actual municipality value);

kenz Waste management expenditures per capita comparetiet Czech average
(ratio of Czech average to the to the actual muidy value);

Kena Ratio of biodegradable municipal solid waste goiadandfills, compared with
the Czech average (ratio of Czech average to théng¢oatctual municipality
value);

kens Utilization of waste through recycling compared witle Czech average (ratio

of Czech average to the to the actual municipabtye)
Experts assigned these criteria by similar weighivof 0.2. The expert panel attributed
to each criteria the following values:

Criterion ke kero Kers Kena Kers
Criterion value 1.099 1.541 0.823 1.125 1.02
Then k,=1.122

4.4 Summary of the methodology

The sequence of our suggested methodology forualeiaion of public budget
expenditures for environmental protection couldshewn in several phases and
steps:

1. Phase — evaluation of efficiency from the sociaWwp < K, <1 - max;

2. Phase — the evaluation of the economical efficiency
« Step 1 — the evaluation of efficiency and econormiyexpenditures
(whether the given goals are being fulfilled witinimal costs, or if the
environmental benefits with given costs are maxed)zEKg > 1 —
max;
e Step 2 - the evaluation of effectiveness (how mpalcenvironmental
expenditure ensures the setting goak EK, <1 - max;

e Step 3 - the evaluation of quality (quality of goad crucial problem of
expenditures, that's why we evaluate it topx EK, <1 - max;

3. Phase - the evaluation of efficiency from environtak view.
Kg, 20 - max.

Example 6
If we apply methodology to waste management expeeslitd Brno in 2008, then we can
use Examples 1 — 5 and the evaluation of efficiecprding to our methodology would

be following:
Phase 1 Phase 2 Phase 3 Overall evaluation
Ks EKg EKgs EKq Ken

0.905 1.01 0.9075 1 1.122 4.9895



When it is compared with the average of municigadinf South-Moravian region, where
overall evaluation value is 4.8254, we can say ttia efficiency of Brno’'s waste
management expenditures is very good.

5 Conclusion

This paper is one of the results of the projecthef Ministry of Environment
(MoE) of the Czech Republic SP/4i1/54/08 ,Analysis municipal budgets
efficiency in relation to the environmental protent, where we identified that
efficiency evaluation of municipal environmental pexditures is an
extraordinary difficult task. Just to determine mamy and efficiency from
qguantifying view with methods of economical anatyss not simple. The
greatest problem is to estimate the benefits ofipskrvices in value of money.
We discussed why the most appropriate way seene tihndo Cost-effectiveness
Analysis and its application as a part of multieria analysis depending on
factors influencing expenditures on given environtakéservice. Determination
of all these factors as shown in the examples éenpiper is a prerequisite for
establishing an indicator of efficiency.

It is much more complicated when determining edfidy and quality of public
expenditures. This opens several questions and,taslich we are solving in the
project No. SP/4i1/54/08 of MoE. What is the extémavhich outputs are active
in relation to the outcomes? How to determine tiexass of the objectives? Are
the goals set "correctly*? How to identify that?wito assess the quality of the
given objectives? Are citizens' views and opinioetevant? Or it can be
assumed using previously given objectives in thdional and regional
documents? For simplicity, we just assess compdiaridhe objectives set at the
local level with the objectives set in national aegdional strategic documents.
We believe that this is one of the ways to asdessfficiency of public spending
on environmental protection. Set of objectives trgets in strategic documents
of the Czech Republic and its regions, in our viewitself reflects the practical
effects for improving the environment in the regimd this leads to an increase
in overall living standard of the population andtsinable development.

At the same time we realize that the described lprobin the project No.
SP/4i1/54/08 of MoE is much more complicated incfice because the amount
of public spending is influenced by a variety oftesral factors such as
orientation to performance, organizational aspdutsnan resources, the use of
information technology, political decisions, intsreyroups, etc. Some of these
factors can not be quantified, they can only becdesd. International
organizations already recognize the complexityiné aind efficiency of public
expenditures and their management to protect th@oemment and thus there
have been formulated advices referred as "goodtipest [10] for the
management of public expenditure on the environaigmbtection. These "good
practices”, however, are more general and broaztsrsa to public spending than
the presented methodology for the assessment dicmpgending efficiency of
local budgets for environmental protection in tiaper.
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