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ABSTRACT 
 

A regional disparity is becoming increasingly 

important growth constraint. Using Data 

Envelopment Analysis (DEA) methodology in this 

paper, the efficiency of Croatian counties is 

compared over the time period 2005-2010. 

Basing on seven socio-economic indicators and 

using models with assumption of constant and 

variable returns-to-scale, DEA identifies efficient 

counties as benchmark members. Moreover, 

inefficient counties are analyzed in detail to 

determine which resources and to what extent 

are inefficiently distributed and/or used. To 

enable longitudinal monitoring of development 

dynamics, window analysis is applied. The overall 

technical efficiency is decomposed into pure 

technical efficiency and scale efficiency. The 

findings show large disparities among counties 

and the results suggest that on average all the 

counties have some degree of inefficiency which 

is less due to pure technical than to the scale 

effects. 

By identifying regional disparity determinants, the 

results obtained should assist policy makers in 

formulating the most beneficial regional policy 

decisions. 



Danijela Rabar 

 

2 DECOMPOSING REGIONAL EFFICIENCY: THE CASE OF CROATIAN COUNTIES 

 

I. INTRODUCTION 

Regional efficiency and possibilities of its improvement have become one 

of the leading imperatives of all world economies. It is generally accepted 

that the level of economic development substantially differs across regions. 

Therefore, an understanding of a region’s relative efficiency plays an 

important role for analysts, practitioners and policy makers, who need 

quantitative knowledge to design effective and targeted policies. 

This paper is the result of a research related to multi criteria evaluation of 

the achieved regional development level in Croatia. Its purpose is to present 

the results of the analysis of regional efficiency in Croatia, based on the 

annual panel data for the period 2005-2010 from 21 counties, using 

window analysis as an extension to the basic DEA models. 

DEA is a non-parametric productive efficiency measurement method for 

operations with multiple inputs and multiple outputs. This approach first 

establishes an efficient frontier formed by a set of decision making units 

(DMUs) that exhibit best practices and then assigns the efficiency level to 

other non-frontier units according to their distances to the efficient frontier. 

In this way, multiple inputs and outputs are combined and transformed into 

a single relative efficiency index. 

The study of Liu et al. (2013) surveys the DEA literature by applying a 

citation-based approach and rates Charnes, Cooper and Rhodes (1978, 

1981), Banker, Charnes and Cooper (1984) and Charnes et al. (1985) as four 

most influential papers in DEA development. 

An interesting and often cited example in the international literature 

concerning regional performance assessment is evaluation of the relative 

achievement of regional development in 23 administrative regions of Taiwan 

in 1990 (Chang, Hwang and Cheng, 1995). The authors extended the use of 

DEA by merging it with the Malmquist productivity approach to determine 

whether the relative change of their regional development moved forwards 

or backwards between 1983 and 1990. 

DEA is relatively rarely used in the measurement of regional efficiency in 

Croatia. Among the first to address this issue were Babić and Grčić (1999) 

who evaluated relative regional development level for Croatian counties and 

macroregions in 1991 comparatively using two multi criteria analysis 

methods – PROMETHEE and DEA. 
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As an extension to basic models in advanced applications of the DEA 

method, window analysis may be further implemented by calculating the 

scale efficiency scores, thus decomposing inefficiency in order to reveal its 

causes. The main ideas are to capture the temporal impact on county 

efficiency and see its short-run changes from one year to the next, and to 

determine the technical efficiency devoid of scale effects. According to 

author’s knowledge, this has not yet been used in the measurement of 

regional efficiency in Croatia, which is one of the aspects that make this 

research original. The results of the study underline the importance of 

efficiency decomposition for future research. 

 

II. DATA AND MODEL SETUP        

Croatian counties represent 21 entities whose relative socio-economic 

efficiency is evaluated in this paper. The choice of indicators for the 

purposes of this study followed the subsequent line of thought: 

• capturing human and material components and living standards as three 
outstanding criteria for determining the degree of socio-economic 
development; 

• exact measurability of indicators; 
• availability and accessibility of data on indicators; 

• compliance with the rule of thumba. 

Accordingly, seven socio-economic indicatorsb are included into 

analysisc: 

• inputs 

                                                

a In DEA applications, it is commonly suggested as rule of thumb that the 

number of entities should be at least three times the number of indicators. 

See Sarkis (2007) for detailed discussion on the rule of thumb. 

b The variables for which smaller amounts are preferable will be considered 

inputs, while those for which larger amounts are preferable will be 

considered outputs. 

c When selecting inputs and outputs, it is crucial to avoid the unwanted 

emphasis that can be put on a particular variable (Cooper et al. 2006, pp. 

19). 
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1. registered unemployment rate; 
2. number of support allowance users; 

• outputs 
1. share of the secondary sector in gross value added (GVA); 
2. gross fixed capital formation in fixed assets (by headquarter of 

investor); 

3. level of import coverage by exportd; 
4. number of graduated students (by residence); 
5. gross domestic product (GDP). 

Data for these indicators are relating to the period 2005-2010 and were 

taken from the Croatian Employment Service, the Croatian Bureau of 

Statistics and the Ministry of Health and Social Welfare of the Republic of 

Croatiae. The descriptive statistics of adjusted data for each variable are 

given in Table 1. 

 

Insert Table 1 around here 

 

The following brief discussion on the most important reasons for 

selecting these indicators is taken from Škare and Rabar (2013). As a 

standard indicator of economic development level, which includes the 

contribution of the entire public sector, per capita GDP is traditionally 

considered the best measure of economic activity. The unemployment ratef 

is used as a key indicator of socio-economic differences, suitable for 

                                                

d level of import coverage by export = (total exports / total imports) *100 

e The data were adjusted as follows: numbers of support allowance users 

and graduated students were taken per 100,000 inhabitants while capital 

formation and GDP were taken per capita at constant prices of the year 

2005. These data adjustments make comparisons more reliable and results 

easier to interpret. 

f For this study, the advantage of registered unemployment rate over Labour 

Force Survey is the possibility of using county-level rates. Shortcomings due 

to which registered unemployment rate is not used in international 

comparisons are irrelevant here because of the uniqueness of the legislative 

framework at the national level. 
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identification of so called „problem“ areas in regional development. Bearing 

in mind extreme importance of secondary sector's role in regional 

development level, it is measured by the share of secondary sector in GVAg. 

Investments are certainly one of the most important sources of economic 

growth and it was the leading reason for inclusion of gross fixed capital 
formation in fixed assetsh into this study. The level of import coverage by 

exporti was chosen as one of the indicators of economic openness in which 

international exchange plays an important role as engine of economic 

growth. Since the results of numerous studies have confirmed the 

exceptional importance of higher education for regional developmentj, it 

was advisable to include the number of graduated students as an indicator 

                                                

g In this case, the share of secondary sector in GVA is considered more 

relevant than commonly used indicators such as GVA or gross wages and 

salaries per employee in industrial enterprises. That is because ranking of 

counties by indicators per capita or per employee can lead to significantly 

different results between counties which can be a consequence for example 

of high unemployment rate in these counties. 

h Available data on investments from the Croatian Bureau of Statistics were 

gross fixed capital formation in fixed assets by location of objects and by 

headquarter of investor. The reason for choosing the latter one was the fact 

that it should provide more realistic view on the development on counties’ 

economies. 

i There is a number of indicators based either on imports or exports 

(absolute value of imports and exports, shares of imports and exports in 

GDP, imports and exports per capita, etc.) which, when observed separately, 

do not reflect foreign trade balance appropriately. This was the reason to 

include an indicator which covered both imports and exports by putting 

them into a relative ratio. 

j Concentration of various human profiles, arising from education and 

resulting in different skills, ideas and products, enables productivity growth 

thus generating general economic development. 
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related to that part of education. The number of support allowance users 

was chosen as one of the possible indicators of povertyk. 

Basic DEA models commonly used in applications are CCR (Charnes, 

Cooper and Rhodes, 1978) and BCC (Banker, Charnes and Cooper, 1984). 

CCR model is built on the assumption of constant and BCC model on the 

assumption of variable (either increasing or decreasing) returns to scalel 

activities.m In addition, the DEA model can be adjusted to the strategy 

chosen by management and therefore oriented on input reduction (input-

oriented model) or on output augmentation (output-oriented model). 

Let us consider the set of n DMUs. Each of them (DMUj, j = 1, 2, ..., n) 

produces s outputs and for their production uses m inputs. Let us denote 
}{ mixx ijj ,...,2,1, ==  the vector of inputs and }{ sryy rjj ,...,2,1, ==  the vector of 

outputs for the DMUj. Then the data set is given by two matrices – the 
matrix of inputs: ( )njmixX ij ,...,2,1,,...,2,1, ===  and the matrix of outputs: 

( )njsryY rj ,...,2,1,,...,2,1, === . 

The basic principle of DEA models in evaluation of efficiency of the DMUo, 
}{ no  ..., ,2 ,1 ∈ n consists in looking for a virtual DMU with inputs and outputs 

defined as the linear combination of inputs and outputs of the other DMUs 
in the decision set, i.e. Xλ and Yλ, where ( )nλλλλ ,...,, 21= , 0>λ  is the vector 

of weights (coefficients of linear combination) of the DMUs. The virtual DMU 

should be better (or at least not worse) than the analysed DMUo. Finally, let e 

be a suitably dimensioned row vector with all elements equal to 1. The 

problem of looking for a virtual DMU can generally be formulated as 

standard linear programming problem: 

                                                

k Larger number of support allowance users in relation to the total 

population means lower standard of living. 

l CRS – constant returns-to-scale, VRS – variable returns-to-scale, IRS – 

increasing returns-to-scale, DRS – decreasing returns-to-scale 

m Since the CCR model was applicable only to processes with CRS, Banker et 

al. (1984) extended it in order to adapt it to processes with VRS. 

n The following procedure is based on Cooper, Seiford and Tone, 2006, pp. 

43-47, 87-89. 
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Input-orientation   Output-orientation 

θ
λθ ,

min     η
λθ ,

max          (1) 

subject to  0≥− λθ Xxo       subject to oxλX ≤         (2) 

oyλY ≥     0≤− λη Yyo           (3) 

0≥λ      0≥λ          (4) (DEA–CCR) 

1=λe      1=λe                  (5) (DEA–BCC) 

The combination of conditions from (1) through (4) and from (1) through 

(5) form CCR and BCC models respectively. Conditions (2) consist of m, 

conditions (3) of s, and conditions (4) of n constraints. In our case, n = 21, 

m = 2, s = 5. Vector λ shows the proportions contributed by efficient DMUs 

to the projection of DMUo onto efficient frontier. Due to the additional 

constraint (5) in the BCC model, its production frontier substantially differs 

from the one of the CCR model. It is illustrated on the example of one input 

(registered unemployment rate) and one output (level of import coverage by 

export) referring to the year 2007 (Figure 1). Besides the only CCR-efficient 

County of Istria (IS), BCC-efficient are the City of Zagreb and the counties of 

Varaždin (VŽ) and Požega-Slavonia (PS). For input-orientation, projections of 

Primorje-Gorski Kotar (PG) against the efficiency frontiers are represented 

by points Q (for CCR) and R (for BCC). For output-orientation, it projects to 

points O (for CCR) and S (for BCC). Positions of these projections show that 

its references in the input-oriented case are GZ and IS while VŽ and PS are 

its references in the output-oriented case. 

 

 

Insert Figure 1 around here 

 

 

Since every inefficient DMU is closer to its BCC-projection than to its 

CCR-projection, BCC-efficiency is easier to achieve. Therefore, BCC-

efficiency scores are never lower than CCR-efficiency scores, regardless of 

the selected orientation. 
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The optimal objective value *θ  ( 10 * ≤< θ ) in the input-oriented model is 

the efficiency result, and for inefficient DMUo also the input reduction rate. 

In the output-oriented model, the optimal objective value *η  ( 1* ≥η ) is the 

reciprocal of the efficiency result, and for inefficient DMUo also the output 

enlargement rate. This makes the most important difference between input-

oriented and output-oriented models. 

It is obvious from constraints (2) and (3) that in the input-oriented model 

( )λYλX ,  outperforms ( )oo yx ,*θ  when 1* <θ . With regard to this property, 

the input excesses ms R∈−  and the output shortfalls ss R∈+  are defined 

and identified as „slack“ vectors by 

λθ Xxs o −=− ,     oyλYs −=+ , 

with 0≥−s , 0≥+s  for any feasible solution ( )λθ ,  of an input-oriented 

model. 

To discover the possible input excesses and output shortfalls, a two-

phase procedure is used. In the first phase, θ  is minimized and, in the 

second phase, the sum of the input excesses and output shortfalls is 

maximized keeping *θθ =  (the optimal objective value obtained in the first 

phase). 

Definition 1 (Efficiency): 

If an optimal solution ( )∗+∗−∗ ss ,,,* λθ  obtained in this two-phase process 

satisfies 1* =θ  and has no slack ( 0=∗−s , 0=∗+s ), then the DMUo is called 

efficient, otherwise it is inefficient. 

Definition 2 (Reference Set): 

For an inefficient DMUo, its reference set oE  is defined based on an 

optimal solution ∗λ  by 

}{ }{( )  ..., 2, 1,     0   njλjE jo ∈>= ∗ . 

An optimal solution can be expressed as 

∗−

∈

∗ += ∑ sλxx
oEj

jjo
 
 

*θ , 

∗+

∈

∗ −= ∑ sλyy
oEj

jjo
 
 . 
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These relations suggest that the efficiency of ( )oo yx ,  for DMUo can be 

improved if the input values are reduced radially by the ratio *θ  (thus 

removing technical inefficiency) and the input excesses recorded in ∗−s  are 

eliminated, and if the output values are augmented by the output shortfalls 

in ∗+s  (thus removing mix inefficiency). Described improvement can be 

expressed by the following formula known as projection: 

∗−−= sxx oo
*ˆ θ , 

∗++= syy ooˆ . 

Using an analogous procedure, the slack ( )+− tt ,  of the output-oriented 

model is defined by λXxt o −=−  and oyηλYt −=+ , while the projection is 

expressed by: 

∗−−= txx ooˆ , 

∗++= tyy oo
*ˆ η . 

Based on the foregoing, it is evident that efficiency scores, reference sets 

and projections of inefficient DMUs depend on model orientation, while the 

efficient frontier does not. 

Identifying and estimating sources of inefficiency that a DMU might have 

are crucial. The next important step in efficiency research is to investigate 

whether they are caused by the inefficient operation of the DMU itself or by 

the disadvantageous conditions under which the DMU is operating. That is 

the purpose for which comparisons of the CCR and BCC scores deserve 

deeper consideration. The CCR model assumes the CRS production 

possibility set, i.e., it is postulated that the radial expansion and reduction 

of all observed DMUs and their nonnegative combinations are possible. 

Since it takes no account of scale effect, the CCR score is called the (global) 

technical efficiency (TE). On the other hand, the BCC model assumes that 

convex combinations of the observed DMUs form the production possibility 

set. Taking scale effect into account as distinguished from CCR model, BCC 

expresses the (local) pure technical efficiency (PTE) under variable returns-

to-scale (VRS) circumstances. If a DMU is BCC-efficient but has a low CCR 

score, then it is operating locally efficiently but not globally efficiently due 
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to the scale size of the DMU. Thus, it is reasonable to characterize the scale 

efficiency of a DMU by the ratio of the two scores. 

Definition 3 (Scale Efficiency): 

Let the CCR and BCC scores of a DMU be ∗
CCRθ  and ∗

BCCθ , respectively. The 

scale efficiency is defined by 

∗

∗

=
BCC

CCRSE
θ
θ

.       (6) 

Scale efficiency obviously is not greater than one, and for a BCC-efficient 

DMU with CRS characteristics it is equal to one. Using the afore described 

concepts, relationship (6) demonstrates a decomposition of efficiency as 

SEBCCCCR ×= ∗∗ θθ  or 

[Technical Eff. (TE)] = [Pure Technical Eff. (PTE)] × [Scale Eff. (SE)]. 

This decomposition, which is unique, depicts the sources of inefficiency, 

i.e., whether it is caused by inefficient operation (PTE) or by disadvantageous 

conditions displayed by the scale efficiency (SE) or by both. In summary, 

there are three efficiency measures. In the output-oriented case of Primorje-

Gorski Kotar, illustrated in Figure 1, they can be expressed in ratios as 

follows: 

( )
( )OTd

PGTd
CCR ,

,=∗θ , 
( )
( )STd

PGTd
BCC ,

,=∗θ , 
( )
( )OTd

STd
SE

,
,= . 

The need for the monitoring of regional development dynamics, which is 

extremely important for economic policy makers, leads to the use of window 

analysis as one of the extensions to DEA models. In that case, data for 

several periods for each DMU are included into analysis, and each DMU is 

regarded as if it were a different DMU in each of the reporting periods. 

 

III. MODEL APPLICATION AND EMPIRICAL RESULTS 

Knowledge of the production frontier characteristics for the process to be 

analyzed is crucial for model type selection. Since that could not be 

determined with certainty in the case of regional performance, the analysis 

is carried out under both (CRS and VRS) assumptions and the obtained 

results are compared. 
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Since economic growth is aimed at decreasing all here selected inputs 

and increasing all here selected outputs at the same time, both orientations 

are suitable. However, for the purposes of this study, output-oriented 

models are used. 

The assessment of Croatian counties’ relative efficiency is performed 

based on empirical data on seven socio-economic indicators over the six-

year period, and computed by program package DEA-Solver-Pro 7.0F 

(Saitech, Inc.). Due to the nature of selected indicators, comparisons of the 

counties were made on a yearly basis. 

At first, each year is considered separately, and the relative efficiency 

results according to CCR and BCC models are listed in Table 2. The 

efficiency results differ significantly depending on the model chosen. The 

highest efficiency results additionally differ depending on the criteria for 

their comparison. Thus, the highest average efficiency score was achieved in 

2009 according to the CCR model (0.6207) and in 2007 according to the 

BCC model (0.9436). At the same time, when it comes to the number of 

efficient counties, 2006 and 2010 stood out according to the CCR model, 

while according to the BCC model these were 2005 and 2008. Istria and the 

City of Zagreb were the only counties that showed no CCR-inefficiency. 

Besides Istria and the City of Zagreb, four more counties (Krapina-Zagorje, 

Koprivnica-Križevci, Virovitica-Podravina and Međimurje) were BCC-efficient 

during the entire period. For example, the BCC average (for all counties over 

the entire period) efficiency score of 0.9290 indicates that on average the 

counties have 7.10%o pure technical inefficiency. 

 

Insert Table 2 around here 

 

Regardless of the selected model, large differences between the average 

and worst efficiency results give evidence of great regional disparities in 

Croatia. This statement is particularly confirmed by extreme differences 

between maximum and minimum efficiency results. 

                                                

o (1 – 0.9290)*100 
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Since we measure relative efficiency and consider each year separately, 

the highest efficiency score of a particular county in a certain year does not 

necessarily mean its best performance in the observed period. It simply 

means that its performance in relation to other counties in that certain year 

is better than its performance in relation to other counties in the rest of the 

period. For this reason, it may be considered more important to investigate 

the relative efficiency of a county, not only in relation to other counties, but 

also in relation to its own performance in other periods. Therefore, the next 

step of this research was carried out using window analysis. Since the six-

year period 2005-2010 is chosen, the window (i.e. the period within which 

the comparisons are performed) ranges from one to six years.p For the 

purposes of this study, one window which includes all six years is used. The 

relative efficiency results according to CCR and BCC models are listed in 

Table 3. Since the CCR and BCC average per county efficiency scores are less 

than one in all cases, the counties have (in most cases considerable) 

technical inefficiency. 

 

Insert Table 3 around here 

 

Among 126 observed entities, 23 turned out to be BCC-efficient and only 

5 of these were also CCR-efficient. Since a DMUo found to be efficient with a 

CCR model will also be found to be efficient with the corresponding BCC 

model and CRS prevails at DMUo (Ahn, Charnes and Cooper, 1988), these 5 

entities show CRS. On the other side, the rest of 121 entities display DRS. 

The highest efficiency results were achieved in 2009 according to CCR 

model and in 2010 according to BCC model.  

Regardless of the selected model, none of the 21 counties was efficient 

during the entire period. 2005 was the only year in which neither one of the 

counties reached efficiency. This was also the year in which the lowest 

average efficiency scores were achieved by both models, and the differences 

                                                

p It should be stressed that the previous model, in which each year was 

considered separately, in fact represents a window analysis model with six 

windows. 
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between the results, relating to returns to scale assumption, were most 

pronounced. These differences are extreme in certain aspects, for instance, 

in minimum efficiency scores that are on average more than three times 

higher in BCC than in CCR model. 

The differences between the average and worst efficiency results, that 

give evidence of great regional disparities in Croatia, are here even more 

pronounced than in the previous model in which each year was considered 

separately. 

Sources and amounts of relative inefficiency and proposed improvements 

are extremely valuable information on which authorities can set goals and 

make decisions that will lead to them. The importance of reference set or 

peer group should also be emphasized because it provides information on 

the role models for each inefficient county. Since window analysis, unlike 

basic DEA models, does not bring these important results, a new model will 

be constructed as follows. Six data sets on seven selected indicators, one for 

each of the observed years, are included into the basic CCR and BCC models 

for each county. In this way, each of 126 of them is treated as a separate 

entity. 

Such model construction is justified because it does not affect relative 

efficiency scores identified by window analysis using one six-year windowq 

and yet calculates additional crucial results. 

The average differences per inefficient county between empirical and 

projected values in every input and output are displayed in Table 4. They 

represent inefficiencies that could be removed, as explained earlier, in a 

two-phase procedure. For example, in 2005, the BCC mean efficiency score 

is 0.7557 which implies that on average the counties have 24.43% BCC-

inefficiency. In order to operate at the efficiency frontier, the counties have 

                                                

q For example, the County of Zadar is represented by six entities which, due 

to the need of mutual distinguishing, are marked as Zadar-2005, Zadar-

2006, Zadar-2007, Zadar-2008, Zadar-2009 and Zadar-2010. Thus the 

efficiency score in the row relating to the County of Zadar and in the column 

relating to the year 2009 is in fact the efficiency score of the entity named 

Zadar-2009. 
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to augment all output amounts by 32.32%r without affecting the current 

input levels, thus removing technical inefficiency in the first phase. In the 

same year, the major output shortage is in gross fixed capital formation in 

fixed assets, with the average requested increase of 128.38%. This means 

that the removal of technical inefficiency is not sufficient for efficiency 

achievement. Therefore, after augmenting all outputs proportionally and to 

avoid further wastage and inefficiency relative to the best practice, the 

counties should further increase output amounts and thus remove mix 

inefficiency in the second phase. The percentage difference between the 

improvements required for inefficiency removal indicates that mix 

inefficiency is more pronounced than technical inefficiency for the majority 

of inefficient counties. 

 

Insert Table 4 around here 

 

Gross fixed capital formation in fixed assets has far the strongest 

influence on inefficiency during the entire period and according to both 

models. The only exception is the year 2010 in the BCC model, when the 

relative regional efficiency of Croatian counties is dominantly influenced by 

the share of secondary sector in GVA. This could be attributed to either an 

increase in gross fixed capital formation in fixed assets or a decrease in the 

share of secondary sector in GVA over the years. By looking at the mean 

values of these two outputs, given in Table 1, it can be seen that during the 

entire period gross fixed capital formation in fixed assets has the lowest 

value and the share of secondary sector in GVA has the highest value in this 

very year. It may at first seem to be in contradiction with the above 

statement, but can be explained by examining the rest of the descriptive 

statistics parameters. Namely, standard deviation for the share of secondary 

sector in GVA is the highest exactly for 2010, indicating great disparities 

among counties concerning this output. The largest difference between 

minimum and maximum values additionally confirms this. Since the average 

                                                

r (1/0.7557 – 1)*100 (as explained earlier, the reciprocal of the efficiency 

result is the optimal objective value for the output-oriented models) 
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amounts of relative inefficiency are calculated per inefficient county, the 

improvements proposed for this source of inefficiency are considerably high. 

County that was rated efficient usually appears in the reference sets of 

inefficient counties. The frequency of its occurrence in those sets can be 

considered as an indication of whether it is a role model to other counties. 

Due to characterization of returns to scale (Tone, 1996), there is a certain 

restriction on the reference set membership in the sense that a DMU 

showing IRS cannot be member of the reference set of inefficient DMU with 

DRS and vice versa. Since all 126 entities show CRS or DRS, every efficient 

entity could in theory be in reference set of any inefficient entity. Table 5 

displays reference set frequencies for every efficient county. 

 

Insert Table 5 around here 

 

Regardless of the selected model, the County of Istria obviously sets the 

best example. While in the CCR model this county stands out due to its 

performance in 2008, in the BCC model it excels in the year 2010. 

Bearing in mind the earlier observation on the relative efficiency of a 

county in relation to itself in different periods, it would be interesting to 

determine the cases in which a county that was efficient in one period 

appears as its own reference in a period in which it was inefficient. Table 6 

displays such cases showing that a particular county which in a certain 

period operates inefficiently may look up to its own performance from 

another period. Such counties will be here referred to as self-referential 

counties. It is clear that an efficient year may be a reference to more than 

one inefficient year. At the same time, an inefficient year may have more 

than one efficient year which should serve as a role model. A suitable 

example to illustrate these points is the County of Varaždin. Its performance 

in 2010 is the reference for the performances in 2005 and 2006, while both 

2007 and 2009 are representative for 2008. 

 

Insert Table 6 around here 
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In order to determine whether the regional inefficiency of Croatian 

counties is primarily caused locally (by their inefficient operation) or globally 

(by disadvantageous conditions in which they operate), it is necessary to 

evaluate their scale inefficiencies. In this case of output-oriented CCR and 

BCC scores, the scale efficiencies are output-oriented and they are given in 

Table 7. 

 

Insert Table 7 around here 

 

As expected, the scale efficiency exhibits inter-county differences. The 

results show that most of the counties behave quite uniformly over the 

period, showing continuous above average or continuous below average 

scale efficiency scores. This may mean that counties in the first group are in 

an advantageous condition compared with those in the second group, and 

their global inefficiencies (CCR) are mainly attributed to their inefficient 

operations or local policy makers. However, by comparing the BCC (Table 3) 

and the scale efficiency scores (Table 7), it can be concluded that this is not 

the case in this research. Namely, the vast majority of the counties have 

higher BCC than scale scores, meaning that their overall (CCR) inefficiency is 

mainly attributed to scale inefficiency. They have exhausted their scale 

economies and gone beyond the region of optimal scale (DRS). 

The only case where technical inefficiencies during the entire period are 

present primarily due to pure technical reasons is the County of Dubrovnik-

Neretva. It can be interpreted to mean that the bulk of global inefficiency of 

this county is due to the county’s failure to maximize amounts of produced 

outputs. In other words, this county has pure technical inefficiency which 

indicates that it produced outcomes less than optimally required (best 

practice) from the given resources. Therefore, inefficient operations affect 

its overall inefficiency more than scale effect, which is particularly evident in 

2006. This fact indicates the need for deeper consideration of the causes of 

such results and urgent measures for their improvement. 

There are 18 BCC-efficient entities that are CCR-inefficient. In four out of 

these cases (City of Zagreb-2007, Sisak-Moslavina-2010, Primorje-Gorski 

Kotar-2010, Virovitica-Podravina-2010), the full efficiency with the BCC 

model is caused by their use of the smallest amount of some input(s) or 
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their production of the largest amount of some output(s)s. But whatever the 

cause of BCC-efficiency, it could be concluded that the BCC-efficient 

counties with low scale efficiencies operate under disadvantageous regional 

conditions. The fact that all of the 18 mentioned entities display decreasing 

returns to scale shows that they have a possibility to improve their efficiency 

by scaling down their activities. Although the results have to be considered 

with caution, this observation leads us to hypothetically face with 

identifying, analyzing and refining the criteria for the complete 

reassessment of the existing regional boundariest in order to accomplish 

more equitable redistribution of resources and hence reduce regional 

disparities thus achieving efficiency gains. 

 

IV. CONCLUSION 

Assessment of relative regional efficiency in Croatia according to CCR and 

BCC window analysis was based on the mutual comparison of all Croatian 

counties at two levels, using the same set of indicators. At the first level, six 

one-year periods were used for cross-sectional comparisons while, at the 

second level, the analysis was expanded to include time-series cross-

sectional comparisons using one six-year period. Both approaches enabled 

monitoring of development dynamics – the first one by comparing 

performances of all counties within the same year to obtain efficiency scores 

and then by comparing those scores across the observed period, and the 

second one by immediate comparison of the performances of all counties 

across the entire period. 

                                                

s This is provided by the following theorem (see Theorem 4.3 in Cooper, 

Seiford and Tone, 2006, p. 89): A DMU that has a minimum input value for 

any input item, or a maximum output value for any output item, is BCC 

efficient. 

t The choice of the optimal variant of statistical regionalization of Croatia 

has been questioned several years ago in a few scientific papers mainly 

based on cluster analysis. It is still an open question, and the discrepancy 

between functional and political regionalization generates most of the 

disagreements on issues of regionalization. 
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Several conclusions emerge from this study. Firstly, the counties in 

general tend to be scale inefficient. Secondly, they all tend to exhaust their 

scale economies and experience decreasing returns to scale. Lastly, the 

technical efficiency of the counties fluctuates over time. A county may be 

scale efficient in one period and inefficient in another period. 

This study on regional imbalances in Croatia is primarily an empirical 

attempt to make a contribution in recognizing the importance of 

measurement of different types of efficiency and of observation of their 

changes over time. Based on decomposition of overall technical efficiency 

into pure technical efficiency and scale efficiency, the analysis showed that 

socio-economic differences inside the country are very pronounced and 

persistent, and are not likely to be reduced with the current organization. 

The results could serve as the basis for questioning justification of the 

existing regional division of Croatia. 
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Figure 1. Production frontiers of CCR and BCC models 

 
Source: Author’s calculation 
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TABLE 1 - DESCRIPTIVE STATISTICS 

 Periods 

Inputs Outputs 
Registered 

unemployment 
rate 

Support 
allowance 

users 

Share of 
secondary 

sector in GVA 

Gross fixed 
capital formation 
in fixed assets 

Level of import 
coverage 
by export 

Graduated 
students GDP 

mean 

2005 20.9 3,256.2 21.0 7,903.8 86.9 356.6 51,643.1 
2006 19.8 3,077.2 21.9 8,855.5 85.7 383.4 53,894.4 
2007 17.1 2,823.5 22.0 9,344.0 87.1 410.5 56,729.3 
2008 15.8 2,556.0 21.7 9,547.0 86.8 503.0 58,601.8 
2009 17.7 2,631.7 21.3 7,384.1 93.7 595.5 54,072.6 
2010 20.2 2,873.5 23.0 5,224.4 108.2 663.8 51,762.1 

2005-2010 18.6 2,869.7 21.8 8,043.1 91.4 485.5 54,450.6 

median 

2005 20.9 2,740.2 20.2 5,665.5 88.4 333.2 46,853.0 
2006 20.4 2,550.2 19.8 6,078.5 88.1 348.8 48,742.3 
2007 18.5 2,345.3 22.5 6,823.7 90.5 373.5 53,013.9 
2008 16.7 2,212.5 20.3 6,638.0 88.5 462.8 53,342.7 
2009 17.7 2,291.5 21.0 4,697.0 104.4 562.4 50,586.7 
2010 19.1 2,519.2 22.9 3,318.3 118.3 628.2 48,434.6 

2005-2010 18.3 2,442.9 21.1 5,253.2 91.4 460.9 49,836.8 

st.dev. 

2005 7.2 2,198.3 7.1 9,299.1 37.3 98.2 16,129.3 
2006 7.2 2,053.2 7.1 11,069.5 35.3 105.3 16,597.2 
2007 6.5 1,890.9 7.0 11,561.7 34.6 108.5 17,186.3 
2008 6.4 1,720.9 7.6 11,193.8 34.7 111.3 17,352.8 
2009 6.7 1,720.0 9.1 9,240.9 39.9 124.4 17,325.6 
2010 7.1 1,854.7 10.4 6,520.6 49.8 117.4 18,761.5 

2005-2010 7.0 1,891.1 8.0 9,875.7 39.0 157.4 17,084.1 

min 

2005 7.8 610.7 9.4 2,067.2 16.7 194.1 33,205.0 
2006 7.0 586.4 11.0 2,300.7 16.7 272.6 35,001.9 
2007 5.7 550.5 8.1 2,465.4 16.8 272.0 36,211.0 
2008 5.3 524.4 7.4 3,084.0 18.9 365.8 39,027.8 
2009 6.1 578.2 6.1 2,248.6 21.4 436.1 34,957.0 
2010 7.7 655.0 5.1 1,504.2 27.3 513.5 32,894.3 

max 

2005 32.1 9,825.4 32.7 45,624.9 155.6 594.3 105,201.0 
2006 30.6 9,036.8 36.5 54,437.9 163.7 636.7 109,596.4 
2007 27.6 8,298.2 34.7 57,115.1 148.1 674.0 113,590.7 
2008 26.0 7,567.2 35.6 55,913.4 157,8 786.7 117,115.9 
2009 27.6 7,342.1 36.0 45,602.9 180.9 887.1 111,087.8 
2010 30.4 7,627.9 40.6 32,300.0 266.2 975.0 114,496.4 

Source: Author’s calculations based on data from Croatian Employment Service, Croatian Bureau of Statistics and Ministry of Health and Social Welfare of the Republic of Croatia 
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TABLE 2 - RELATIVE EFFICIENCY RESULTS ON A YEAR-OVER-YEAR BASIS 

County 

Relative efficiency results 
CCR model BCC model 

2005 2006 2007 2008 2009 2010 
Average 

per county 
2005 2006 2007 2008 2009 2010 

Average
per county

Zagreb 0.6767 0.6097 0.6329 0.5852 0.6826 0.8176 0.6674 1 0.9888 0.9983 0.9254 0.9181 0.8882 0.9531
Krapina-Zagorje 0.7168 0.6370 0.7356 0.7517 0.9680 0.9490 0.7930 1 1 1 1 1 1 1
Sisak-Moslavina 0.3789 0.3785 0.4081 0.3236 0.3970 0.4282 0.3857 1 1 0.9893 1 1 1 0.9982
Karlovac 0.3541 0.2883 0.3366 0.3258 0.4259 0.3455 0.3460 0.9499 0.9331 0.9816 1 1 0.8972 0.9603
Varaždin 0.6415 0.6877 0.8861 0.7952 0.9487 0.8048 0.7940 0.9309 1 1 1 1 1 0.9885
Koprivnica-Križevci 0.6543 0.6147 0.7055 0.5872 0.8032 0.6914 0.6760 1 1 1 1 1 1 1
Bjelovar-Bilogora 0.2519 0.2423 0.2824 0.2646 0.2633 0.2741 0.2631 0.6701 0.7362 0.7552 0.7742 0.7188 0.7341 0.7314
Primorje-Gorski Kotar 0.8882 0.8415 0.8126 0.9248 0.9366 1 0.9006 1 1 0.9158 1 1 1 0.9860
Lika-Senj 0.5914 0.3680 0.4112 0.2981 0.4131 0.3481 0.4050 1 0.8672 0.8519 0.7905 0.7938 0.6960 0.8332
Virovitica-Podravina 0.5126 0.4303 0.4501 0.4211 0.5681 0.6184 0.5001 1 1 1 1 1 1 1
Požega-Slavonia 0.6805 0.5208 0.5963 0.5169 0.5752 0.3975 0.5479 1 1 1 1 1 0.8267 0.9711
Brod-Posavina 0.3170 0.2082 0.2847 0.3109 0.3693 0.2722 0.2937 0.7795 0.7377 0.8581 0.8559 0.8501 0.8161 0.8162
Zadar 0.3643 0.3876 0.3764 0.3355 0.5373 0.4905 0.4153 0.7797 0.9423 0.8723 0.7916 0.8689 0.8787 0.8556
Osijek-Baranja 0.4599 0.3638 0.3630 0.2869 0.3301 0.2981 0.3503 0.9021 0.9172 0.8653 0.9043 0.8552 0.7969 0.8735
Šibenik-Knin 0.3272 0.3032 0.3492 0.3629 0.4574 0.3675 0.3612 0.8861 0.9118 0.9697 0.9645 0.9162 0.7782 0.9044
Vukovar-Sirmium 0.2965 0.2005 0.2533 0.1718 0.1754 0.3331 0.2384 0.7028 0.6826 0.7793 0.6805 0.6192 0.7441 0.7014
Split-Dalmatia 0.5271 0.5381 0.4753 0.5457 0.5471 0.5910 0.5374 0.9695 0.9942 0.9787 0.9990 0.9900 0.9308 0.9770
Istria 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Dubrovnik-Neretva 0.8036 1 0.9137 0.9886 0.8310 0.8624 0.8999 1 1 1 1 0.8926 0.8672 0.9600
Međimurje 0.6896 0.6544 0.8477 0.7141 0.8043 0.7906 0.7501 1 1 1 1 1 1 1
City of Zagreb 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Average per year 0.5777 0.5369 0.5772 0.5481 0.6207 0.6038 0.5774 0.9319 0.9386 0.9436 0.9374 0.9249 0.8978 0.9290
Minimum efficiency result 0.2519 0.2005 0.2533 0.1718 0.1754 0.2722 0.2208 0.6701 0.6826 0.7552 0.6805 0.6192 0.6960 0.6839
Maximum efficiency result 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Number 
(%) of efficient counties 

2 
(10%) 

3 
(14%) 

2 
(10%) 

2 
(10%) 

2 
(10%) 

3 
(14%)  12 

(57%) 
11 

(52%) 
9 

(43%) 
12 

(57%) 
11 

(52%) 
9 

(43%) 
Number 
(%) of inefficient counties 

19 
(90%) 

18 
(86%) 

19 
(90%) 

19 
(90%) 

19 
(90%) 

 
(86%)  9 

(43%) 
10 

(48%) 
12 

(57%) 
9 

(43%) 
10 

(48%) 
12 

(57%) 
Source: Author’s calculations 
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TABLE 3 - WINDOW ANALYSIS RESULTS 

County 

Relative efficiency results 
CCR model BCC model 

2005 2006 2007 2008 2009 2010 
Average 

per county 
2005 2006 2007 2008 2009 2010 

Average
per county

Zagreb 0.5667 0.5184 0.5769 0.5852 0.6133 0.7136 0.5957 0.8777 0.7984 0.8572 0.8443 0.8640 0.8882 0.8550
Krapina-Zagorje 0.5709 0.5416 0.6135 0.7517 0.8419 0.8283 0.6913 0.8877 0.8173 0.8963 1 1 1 0.9336
Sisak-Moslavina 0.2500 0.2827 0.3379 0.3236 0.3068 0.3020 0.3005 0.8534 0.9345 0.8325 0.9343 0.9486 1 0.9172
Karlovac 0.2336 0.2154 0.2725 0.3258 0.3292 0.3151 0.2819 0.7439 0.7435 0.8039 0.8466 0.8570 0.8951 0.8150
Varaždin 0.4302 0.5159 0.7228 0.7952 0.7332 0.6546 0.6420 0.7988 0.8826 1 0.9661 1 1 0.9412
Koprivnica-Križevci 0.4387 0.4592 0.5710 0.5872 0.5967 0.5109 0.5273 0.9000 0.9393 0.9869 0.9556 1 1 0.9
Bjelovar-Bilogora 0.1617 0.2038 0.2338 0.2646 0.2031 0.2223 0.2149 0.5718 0.6234 0.6511 0.6820 0.6731 0.7341 0.6559
Primorje-Gorski Kotar 0.5087 0.6019 0.6427 0.7965 0.9366 0.9586 0.7408 0.8371 0.9146 0.7773 0.9089 0.9761 1 0.9023
Lika-Senj 0.3901 0.3095 0.3404 0.2981 0.3254 0.2987 0.3270 0.8264 0.7556 0.7252 0.7152 0.6773 0.6956 0.7326
Virovitica-Podravina 0.3381 0.3619 0.3727 0.4211 0.4391 0.5725 0.4176 0.7902 0.8625 0.8148 0.8283 0.8219 1 0.8530
Požega-Slavonia 0.4489 0.4380 0.4937 0.5169 0.4446 0.3680 0.4517 0.7499 0.7380 0.8216 0.8084 0.8344 0.8267 0.7965
Brod-Posavina 0.2091 0.1716 0.2357 0.3109 0.2855 0.2503 0.2439 0.5876 0.5712 0.6409 0.6779 0.7185 0.8161 0.6687
Zadar 0.2110 0.2936 0.3116 0.3355 0.4153 0.4318 0.3331 0.5816 0.6245 0.6598 0.6706 0.7232 0.8787 0.6897
Osijek-Baranja 0.3033 0.3060 0.3005 0.2869 0.2708 0.2653 0.2888 0.7011 0.6971 0.7149 0.7192 0.7246 0.7969 0.7256
Šibenik-Knin 0.1903 0.2108 0.2769 0.3629 0.3606 0.3231 0.2874 0.6023 0.6223 0.6705 0.7231 0.7465 0.7768 0.6902
Vukovar-Sirmium 0.1956 0.1686 0.2097 0.1718 0.1606 0.3083 0.2024 0.5533 0.5411 0.5791 0.5648 0.5246 0.7410 0.5840
Split-Dalmatia 0.2559 0.2958 0.3324 0.4400 0.5471 0.5552 0.4044 0.6187 0.6524 0.6941 0.7470 0.8436 0.9308 0.7478
Istria 0.8375 0.9787 0.9658 1 1 1 0.9637 0.9514 1 1 1 1 1 0.9919
Dubrovnik-Neretva 0.3878 0.5522 0.6559 0.8008 0.8310 0.8149 0.6738 0.5927 0.6749 0.7376 0.8573 0.8786 0.8413 0.7637
Međimurje 0.4625 0.4889 0.6861 0.7141 0.5975 0.5577 0.5845 0.8624 0.8864 1 1 0.9667 1 0.9526
City of Zagreb 0.7147 0.7801 0.9722 1 1 0.8790 0.8910 0.9822 0.9671 1 1 1 1 0.9915
Average per year 0.3860 0.4140 0.4821 0.5280 0.5352 0.5300 0.4792 0.7557 0.7737 0.8030 0.8309 0.8466 0.8963 0.8177
Minimum efficiency result 0.1617 0.1686 0.2097 0.1718 0.1606 0.2223 0.2024 0.5533 0.5411 0.5791 0.5648 0.5246 0.6956 0.5840
Maximum efficiency result 0.8375 0.9787 0.9722 1 1 1 0.9637 0.9822 1 1 1 1 1 0.9919
Number 
(%) of efficient counties 

0 
(0%) 

0 
(0%) 

0 
(0%) 

2 
(10%) 

2 
(10%) 

1 
(5%)  0 

(0%) 
1 

(5%) 
4 

(19%) 
4 

(29%) 
5 

(24%) 
9 

(43%) 
Number 
(%) of inefficient counties 

21 
(100%) 

21 
(100%) 

21 
(100%) 

19 
(90%) 

19 
(90%) 

20 
(95%)  21 

(100%) 
20 

(95%) 
17 

(81%) 
17 

(81%) 
16 

(76%) 
12 

(57%) 
Source: Author’s calculations 
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TABLE 4 - SOURCES AND AVERAGE AMOUNTS OF INEFFICIENCY ACCORDING TO WINDOW ANALYSIS 

Inputs/Outputs Model 
Input and output improvements 

2005 2006 2007 2008 2009 2010 

Inputs 

Registered 
unemployment 

rate 

CCR -5.86% -5.88% -3.74% -2.88% -5.72% -8.04% 

BCC -22.20% -21.47% -20.51% -16.75% -13.48% -22.30% 

Support 
allowance 

users 

CCR -27.84% -27.29% -29.66% -30.73% -26.49% -23.06% 

BCC -20.56% -22.75% -24.16% -24.40% -15.87% -19.18% 

Outputs 

Share of 
secondary 

sector in GVA 

CCR 375.02% 320.04% 261.75% 274.00% 345.72% 350.06% 

BCC 40.31% 38.00% 42.24% 42.66% 63.11% 96.37% 

Gross fixed 
capital formation 
in fixed assets 

CCR 1,373.65% 1,146.13% 972.67% 876.74% 1,428.35% 2,095.30% 

BCC 128.38% 87.51% 91.59% 87.73% 93.53% 81.63% 

Level of 
import coverage 

by export 

CCR 293.83% 274.02% 219.97% 210.94% 209.31% 178.62% 

BCC 71.50% 71.55% 69.16% 64.54% 55.20% 48.87% 

Graduated 
students 

CCR 462.48% 389.14% 300.45% 220.62% 204.93% 186.03% 

BCC 93.13% 78.44% 68.96% 41.77% 30.35% 23.09% 

GDP 
CCR 553.28% 494.39% 398.50% 384.03% 491.33% 576.02% 

 BCC 38.04% 35.21% 34.56% 32.03% 34.71% 36.39% 

Source: Author’s calculations 
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TABLE 5 - REFERENCE SET FREQUENCY ACCORDING TO WINDOW ANALYSIS 

Efficient county 
Reference set frequency 

CCR model BCC model 
2005 2006 2007 2008 2009 2010 ∑ 2005 2006 2007 2008 2009 2010 ∑ 

Istria-2006        0 0 0 0 0 0 0 
Varaždin-2007        0 0 1 1 0 0 2 
Istria-2007        0 0 1 0 0 0 1 
Međimurje-2007        0 0 0 0 0 0 0 
City of Zagreb-2007        4 4 0 0 0 0 8 
Krapina-Zagorje-2008        0 0 1 0 0 0 1 
Istria-2008 19 19 20 17 16 17 108 1 0 3 2 0 0 6 
Međimurje-2008        0 0 0 0 1 0 1 
City of Zagreb-2008 1 3 2 5 5 6 22 11 12 8 6 4 1 42 
Krapina-Zagorje-2009        0 0 1 1 0 0 2 
Varaždin-2009        0 0 0 1 0 0 1 
Koprivnica-Križevci-2009        5 6 3 3 1 0 18 
Istria-2009 3 2 3 3 4 4 19 0 0 1 2 2 1 6 
City of Zagreb-2009 0 0 1 1 1 1 4 1 1 1 3 3 3 12 
Krapina-Zagorje-2010        5 2 2 1 2 1 13 
Sisak-Moslavina-2010        11 13 9 6 3 0 42 
Varaždin-2010        2 3 2 0 0 1 8 
Koprivnica-Križevci-2010        0 0 0 0 1 2 3 
Primorje-Gorski Kotar-2010        2 3 3 7 13 12 40 
Virovitica-Podravina-2010        13 11 11 11 11 10 67 
Istria-2010 2 0 0 0 0 0 2 17 16 15 15 12 4 79 
Međimurje-2010        2 2 0 0 3 3 10 
City of Zagreb-2010        1 1 2 3 4 0 11 

Source: Author’s calculations
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TABLE 6 – SELF-REFERENTIAL COUNTIES ACCORDING TO WINDOW ANALYSIS 

County 
CCR model BCC model 

Inefficient 
year(s) 

Referential 
year(s) 

Inefficient 
year(s) 

Referential 
year(s) 

Krapina-Zagorje  
2005, 2006 2010 
2007 2008, 2009 

Sisak-Moslavina  2005, 2006, 2007, 2008, 2009 2010 

Varaždin  
2005, 2006 2010 
2008 2007, 2009 

Koprivnica-Križevci  2005, 2006, 2007, 2008 2009 
Primorje-Gorski Kotar  2009 2010 
Virovitica-Podravina  2005, 2006, 2007, 2008, 2009 2010 
Istria 2005, 2006, 2007 2008 2005 2008, 2010 

Međimurje  
2005, 2006 2010 
2009 2008, 2010 

City of Zagreb 
2005, 2006, 2007 2008 2005 2008 
2010 2009 2006 2007, 2008 

Source: Author’s calculations 
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TABLE 7 - DECOMPOSITION OF EFFICIENCY ACCORDING TO WINDOW ANALYSIS 

County 
Scale efficiency results 

2005 2006 2007 2008 2009 2010 Average per county 
Zagreb 0.6457 0.6493 0.6730 0.6931 0.7099 0.8035 0.6957 
Krapina-Zagorje 0.6432 0.6627 0.6844 0.7517 0.8419 0.8283 0.7354 
Sisak-Moslavina 0.2929 0.3025 0.4059 0.3463 0.3235 0.3020 0.3289 
Karlovac 0.3140 0.2896 0.3389 0.3848 0.3841 0.3520 0.3439 
Varaždin 0.5385 0.5846 0.7228 0.8231 0.7332 0.6546 0.6762 
Koprivnica-Križevci 0.4875 0.4889 0.5786 0.6144 0.5967 0.5109 0.5462 
Bjelovar-Bilogora 0.2828 0.3268 0.3591 0.3880 0.3017 0.3029 0.3269 
Primorje-Gorski Kotar 0.6077 0.6581 0.8269 0.8762 0.9596 0.9586 0.8145 
Lika-Senj 0.4721 0.4097 0.4694 0.4167 0.4804 0.4294 0.4463 
Virovitica-Podravina 0.4279 0.4196 0.4574 0.5084 0.5342 0.5725 0.4867 
Požega-Slavonia 0.5986 0.5935 0.6008 0.6394 0.5328 0.4452 0.5684 
Brod-Posavina 0.3558 0.3005 0.3677 0.4586 0.3973 0.3068 0.3644 
Zadar 0.3628 0.4701 0.4722 0.5003 0.5743 0.4914 0.4785 
Osijek-Baranja 0.4326 0.4389 0.4204 0.3989 0.3736 0.3329 0.3996 
Šibenik-Knin 0.3160 0.3387 0.4130 0.5019 0.4831 0.4159 0.4114 
Vukovar-Sirmium 0.3535 0.3116 0.3621 0.3041 0.3061 0.4161 0.3423 
Split-Dalmatia 0.4136 0.4533 0.4789 0.5891 0.6485 0.5965 0.5300 
Istria 0.8803 0.9787 0.9658 1 1 1 0.9708 
Dubrovnik-Neretva 0.6543 0.8182 0.8892 0.9340 0.9459 0.9686 0.8683 
Međimurje 0.5363 0.5516 0.6861 0.7141 0.6181 0.5577 0.6106 
City of Zagreb 0.7277 0.8067 0.9722 1 1 0.8790 0.8976 
Average per year 0.4926 0.5168 0.5783 0.6116 0.6069 0.5774 0.5639 
Minimum efficiency result 0.2828 0.2896 0.3389 0.3041 0.3017 0.3020 0.3032 
Maximum efficiency result 0.8803 0.9787 0.9722 1 1 1 0.9708 
Number 
(%) of efficient counties 

0 
(0%) 

0 
(0%) 

0 
(0%) 

2 
(10%) 

2 
(10%) 

1 
(5%) 

 

Number 
(%) of inefficient counties 

21 
(100%) 

21 
(100%) 

21 
(100%) 

19 
(90%) 

19 
(90%) 

20 
(95%) 

 

Source: Author’s calculations 

 


