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Abstract
In recent years, there has been a significant increase in 
the level of interest in measuring the (in)efficiency of lo-
cal government (communes). This topic is particularly 
important due to the growing social needs and limited 
financial resources of local governments. With the above 
in mind, this article focuses on the measurement of the 
technical (in)efficiency of municipalities in Poland. Due 
to the fact that studies on local government expenditure in 
terms of the entire population of communes are rarely un-
dertaken, the population of Polish communes (2478 units) 
was included in the study. The research used a method 
based on stochastic frontier analysis (SFA). The authors 
state that urban communes are characterised by greater 
(in)efficiency than rural communes. The scale of a possi-
ble reduction in expenditure without lowering the effects 
of public task implementation is on average 20.01%, while 
for rural communes it is 15.94%. Public spending across 
the categories of communes is also differentiated by the 
age structure of the population and the homogeneity of 
political views at the central and local levels. The results 
obtained indicate that there is space not only for a revision 
of the current expenditure policy, but also for the devel-
opment of proposed changes aimed at enhancing the effi-
ciency of public spending.
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Introduction
The importance and the popularity of mea-
suring the (in)efficiency of local self-gov-
ernment (communes) across countries by 

means of the application of several methods 
have significantly increased in the last three 
decades. The efficiency of communes in 
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terms of the provision of local public goods 
are of crucial importance to all citizens, 
which has been recognised and acknowl-
edged in the European Charter of Local Self-
Government (The Council of Europe, 1985). 
Furthermore, a theoretical framework for 
measuring the efficiency of subcentral gov-
ernments, namely local self-governments, 
has been grounded in the works of Tiebout 
(1956), Musgrave (1959) and Oates (1972). 
Most recently, Milán‐García et  al., (2022) 
defined three important theoretical mile-
stones for investigating and measuring local 
efficiency: the definition of local efficiency 
as that achieved by local governments in the 
provision and/or production of public ser-
vices; types of measuring efficiency, namely 
technical, allocative or economic; and the 
significance for policymakers in terms of 
the identification of the main determinants 
of local efficiency. One of the most com-
mon composite approaches to measuring 
government performance in terms of the 
(in)efficiency of communes has been the 
frontier estimation methodologies, namely 
stochastic frontier analysis (SFA) together 
with data envelopment analysis (DEA) and 
free disposable hull (FDH). In this paper, we 
focus on measuring the technical (in)effi-
ciency of communes in Poland, the largest 
post-transition European country in terms 
of population, for 2017 using the SFA meth-
od. Even though research on local efficien-
cy in Poland is increasing (Skica et al., 2019; 
Jedynak and Wąsowicz, 2021; Grzebyk et al., 
2021), no studies of the technical efficiency 
of Polish communes (by using SFA) have 
been conducted to date; we wish to contrib-
ute towards filling the literature and empir-
ical gap.

Several methods for measuring the (in)
efficiency of communes have been used 
in former communist/socialist countries 
in Europe. After facing similar transition 
shocks (Onaran, 2011) and other com-
mon transition-related macroeconomic 
issues such as high unemployment rates, 

trade-balance deficits, and delayed or (un)
successfully finished privatisation pro-
cesses, these countries aspired to become 
European Union (EU) members. However, 
even after joining the EU and the change 
in their status to post-transition countries, 
there are some remaining common grounds 
between European transition and post-tran-
sition countries. Currently, the impact of 
the COVID-19 pandemic has highlighted 
the remaining burning issues that (post-) 
transition countries faced even before the 
pandemic. These especially relate to the 
size and the share of the state in the econ-
omy in (post-)transition countries (EBRD, 
2020), the lack of good governance, and the 
detrimental consequences poor governance 
brings, such as the inability of the govern-
ment to curtail the grey economy, corrup-
tion, and (e)migration issues (EBRD, 2019). 
Faced with these burning issues, very few 
post-transition European countries focused 
their local economic policies on efficient 
local development. European Commission 
reports (2012) as well as the UN Sustainable 
Development Goals 2030 focus on, inter 
alia, issues related to migration and pro-
viding sustainable cities and communi-
ties. Regardless of their size and status (for 
example, small and rural communes face 
population decline and rapid aging whereas 
urban and large communes are faced with 
greater population inflow), all communes in 
countries across Europe are under pressure 
to provide ‘value for money’ at all levels of 
government, and therefore at the local level 
as well. Hence, the significance of measur-
ing the (in)efficiency of communes in a large 
country such as Poland, especially in terms 
of the urban and rural division of com-
munes. The main purposes of this paper are 
twofold. Firstly, we wish to contribute to the 
literature through an overview of meth-
ods, variables, and results obtained regard-
ing local efficiency in the European (post-)
transition countries. These especially relate 
to the burning question of the relationship 
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between local efficiency and the transition 
process. Unfortunately, for (post-)transition 
countries, local communes and the effi-
ciency thereof are not at the forefront of the 
overall transition process. Secondly, we will 
measure the (in)efficiency of communes in 
Poland, the largest (post-)transition country, 
by using the SFA method and identifying 
the most important variables affecting local 
(in)efficiency in (post-) transition countries.

In this paper, we begin our analysis 
with the literature review, where we wish 
to contribute to the scarce analysis of former 
communist/socialist countries in Europe 
that have applied the composite approach-
es to measuring the (in)efficiency of com-
munes. The following sections deal with the 
methodology, data, and results of SFA anal-
ysis conducted in Poland. We specifically 
focus on providing a comparative analysis 
of the applied SFA model in Poland to other 
(post-)transition countries in the discussion 
section, before laying out the conclusions 
reached. 

1. Literature review
The possibility of measuring and analysing 
efficiency and productivity by using fron-
tier estimation methodologies has been 
recognised across disciplines and econom-
ic activities (Daraio et  al., 2019). The most 
commonly used implementation of the fron-
tier estimation method varies across sectors, 
countries, or groups of countries (Chapelle 
and Plane, 2005; Hassine-Belghith, 2009). 
Hence, the academic interest, and therefore 
literature, which deals with the measure-
ment of (public) performance (in)efficiency 
of communes have been on the rise in the 
last 30 years (Jackson, 2011). The works 
of Narbón‐Perpiñá and De Witte (2018a, 
2018b) provide an exhaustive and system-
atic literature review from 1990 until 2016 
regarding the efficiency of local govern-
ments around the world. The authors pro-
vide a clear classification of most applied 

methods, followed by a list of input and 
output variables, determinants, and results 
obtained in country-level studies of local 
(in)efficiency. We follow the same proce-
dure, but concentrate solely on the group 
of European (post-)transition countries, fo-
cusing primarily on the methods, most used 
variables, and results obtained. Most recent-
ly, a bibliometric and cluster analysis of lo-
cal efficiency literature was carried out by 
Milán‐García et al., (2022), which extended 
the analysis of the main determinants of lo-
cal efficiency until June 2021.

As early as 1996, De Borger and Kerstens 
(1996) identified two types of measure-
ment of the efficiency of communes: single 
local service efficiency measurement (for 
example street cleaning) (Worthington 
and Dollery, 2000, 2001; Bosch et al., 2000; 
Benito-Lopez et al., 2011, 2015) and the mea-
surement of local efficiency from a global 
perspective, sometimes referred to as com-
posite approaches to measuring efficiency 
(Kalb et  al., 2011). In this paper, we focus 
on the latter, i.e. composite approaches that 
identify three methods: DEA, FDH, and 
SFA. Since composite approaches can be 
parametric and non-parametric, as well as 
deterministic and stochastic, a variation of 
four different approaches can be obtained: 1) 
parametric deterministic, 2) non-paramet-
ric deterministic, 3) parametric stochastic 
and 4) non-parametric stochastic meth-
ods (Radulović and Dragutinović, 2015). 
DEA and FDH represent non-parametric 
deterministic methods, whereas in this 
paper we investigate SFA, which is a para-
metric stochastic method. Narbón‐Perpiñá 
and De Witte (2018a) also define several 
additional methods and measurement error 
corrections for the defined composite ap-
proaches, as well as alternative methods of 
measuring local performance efficiency, e.g. 
the Malmquist productivity index (Caves 
et al., 1982), time-variant SFA analysis or an 
index defined as the ratio of the total aggre-
gate output to local government revenues 
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(Narbón‐Perpiñá and De Witte, 2018a, 438-
439) developed by Borge et al. (2008). Lately, 
the impact of the efficiency of local com-
munes on their financial health has been in-
vestigated, concluding that such an impact 
does exist and is dependent on the type of 
expenditure (current vs. capital) (Cuadrado-
Ballesteros and Bisogno, 2019).

Narbón‐Perpiñá and De Witte (2018a, 
2018b) identify and classify two groups of 
variables. In the first paper (2018b), the clas-
sification of non-discretionary variables 
considered in terms of the efficiency of lo-
cal/regional governments is defined under 
a general term of ‘external or environmental 
variables’, while in the second paper (2018a), 

the variables were summarised as input and 
output variables. Each group of determi-
nants (variables) is again sub-divided into 
several groups (for example, socio-demo-
graphic, economic, political, financial, insti-
tutional, etc.).

Similar to the most recent literature sys-
tematisations provided in works by Boetti 
et  al. (2012), Nikolov and Hrovatin (2013), 
Narbón‐Perpiñá and De Witte (2018a, 
2018b), and Lazović-Pita and Šćeta (2021), 
Table 1 summarises the most recent relevant 
research conducted in the European (post-)
transition countries, clearly stating the 
country, authors, method(s), variables and 
results obtained.

Table 1. Literature review of relevant local/regional efficiency studies in the European 
(post-) transition countries

Country, authors, 
method(s) used, level of 
government

Variables (dependent variables/inputs;  
independent variables/outputs)

Results 
/mean 

efficiency

Bosnia and Herzegovina
Lazović-Pita and Šćeta, 
2021;
Soko, 2018;
Soko and Zorič, 2018
DEA and SFA
Local communities

(2021 study): SFA: (input): total local expenditures; (output): population, 
population density, education, health services, employment; control: 
road maintenance, structure of public service provision, mayor’s 
political affiliation; 

(2018 study): DEA: (input): total budget expenditure; (output): popu-
lation; number of pupils in primary school; length of roads; number of 
doctors.

(2021): 
0.67-0.68;  

(2018) 
0.7115
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Country, authors, 
method(s) used, level of 
government

Variables (dependent variables/inputs;  
independent variables/outputs)

Results 
/mean 

efficiency

Croatia 
Slijepčević, 2019; 
Hodžić and Muharemov-
ić, 2019; Rabar, 2013; 
Hunjet et al., (2012, 
2015); 
Škuflić et al., (2010)
DEA
Local communities (cit-
ies and municipalities), 
regions/counties

(2019): (input): total expenses of local government units in the county 
per capita; (outputs): general administrative services - number of 
inhabitants in 2011, projection of number of inhabitants 2015-2017; edu-
cation - number of children per kindergarten, average 2015-2017, number 
of children per school, average 2015-2017; environmental protection 

- percentage of the population served by waste collection, 2016; infra-
structure - road network density, average 2015-2017; culture - number 
of cinemas per inhabitant in the county, average 2015-2017, number of 
libraries per inhabitant in the county, average 2015-2017; social services 

- number of inhabitants in the county aged 65+ years old, 2011;

(2019 study): (input): gross earnings of the employed, material expens-
es and borrowing costs; (outputs): number of businesses in counties, 
number of primary and secondary schools and population per county; 

(2015): 12 cities in Croatia over the period 2004-2009; (input): number of 
workers employed and assets employed (fixed assets—intangible as-
sets, tangible assets, long-term financial assets, accounts receivable, 
deferred tax assets): (output): total income (income, financial expenses 
and extraordinary/other income);

(2013): (input): registered unemployment rate, support allowance users; 
(output): share of secondary sector, GDP, graduated students, level of 
import coverage by export, gross fixed capital formation in fixed assets, 
share of secondary sector; 

(2012): 127 decision-making units - local communities for 2007: (input): 
number of employed workers and employed assets; (output): income;

(2010 study): (input): number of graduate students, number of active le-
gal entities, level of foreign direct investment, investment and exports; 
(outputs): level of the gross domestic product and gross wages. 

(2019): 
0.65;

(2019) 
0.88-0.96;  
(2013): 0.7;

(2015): 
0.988-
0.712;

(2012): 
0.540 

(average); 
(2010) 

0.85

Serbia 
Radulović and Draguti-
nović, 2015
SFA
Local communities

(input): current expenditures; (output): population, municipal roads, 
water supply, kindergartens, primary and secondary education, social 
services.

(2015) 
0.67-0.85

North Macedonia 
Nikolov and Brosio, 
2015;
Nikolov and Hrovatin, 
2013
DEA and SFA
Local communities

(2015): (input): municipal expenditures; (output): age class as a proxy 
for the competencies of municipalities such as child and elderly care, 
primary and secondary education, and road maintenance. 

(2013): (input): current expenditures; (output): population by age cate-
gories as a proxy for different services and length of asphalt roads. 

(2013): 
0.596
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Country, authors, 
method(s) used, level of 
government

Variables (dependent variables/inputs;  
independent variables/outputs)

Results 
/mean 

efficiency

Slovenia
Pevcin, 2013, 2014
DEA and SFA
Local communities

(2014): (input): total expenditures; (output): population, primary and 
secondary education, elderly care and business development.

(2013): (input): total expenditures; (output): population, primary and 
secondary education, elderly care and business development. 

(2014): 
0.75-0.88; 

(2013): 
0.75-0.78

Czech Republic
Šťastná and Gregor, 
2011, 2015 
DEA and SFA
Local communities

(2011): (input): total current spending; (output): administration; cultural 
facilities; education; environment; housing and industry; public safety; 
control: population, geography, education, fiscal capacity, politics. 

(2015): (input): total current spending; (output): administration; cultural 
facilities; education; environment; housing and industry; public safety; 
control: population, geography, education, fiscal capacity, politics. 

(2011): 0.3-
0.79; 

(2015): 
0.62-0.69

Poland
Skica et al., (2019)
DEA
Local communities

(inputs): population at post-working age per 100 persons of working 
age; density of population per 1 km2; number of advices provided in 
primary healthcare; apartments per 1000 inhabitants; total employment; 
registered unemployed; water consumption from the water network per 
inhabitant; total expenditure of municipalities per inhabitant; share of 
investment expenditures of municipalities in total expenditure; number 
of advices provided in outpatient health care; outpatient clinics per 
10,000 inhabitants; built-up and urbanised land together (in ha); expen-
diture on agriculture and hunting (in PLN); expenditure on municipal 
management and environmental protection (in PLN); expenditure on 
transport and communication (in PLN); expenditure on housing (in PLN); 
expenditure on public administration (in PLN); expenditure on public 
safety and fire protection (in PLN); expenditure on public debt service (in 
PLN); expenditure on education and upbringing (in PLN); expenditure on 
health care (in PLN); expenditure on social assistance (in PLN); expendi-
ture on educational care (in PLN); expenditure on culture and protection 
of national heritage (in PLN); expenditure on physical education (in PLN); 
(outputs): live births per 1000 inhabitants; people below the income 
criterion using environmental social protection; percentage of people 
using the water supply network in total population (in %); percentage 
of people using the sewer-age network in the total population (in %); 
children per kindergarten; gross enrolment rate - primary schools; gross 
enrolment rate - secondary schools; readers of public libraries per 1000 
inhabitants; newly registered entities per 10,000 working-age popula-
tion; area of forest land (in ha); mixed waste from households collected 
during the year per inhabitant (in kg); electoral attendance for municipal 
councils (% of commune population); foundations, associations and 
social organisations per 10,000 inhabitants; total income per inhabitant.

(2019) 0.85

Source: own elaboration

From Table 1, we can determine that the 
most widely used method is DEA, closely fol-
lowed by SFA. DEA, as the most frequently 
used method of testing efficiency in both the 
public and private sectors in the last 40 years, 
has also been investigated in the works of 

Emrouznejad and Yang (2018). The majority 
of DEA methods were implemented to mea-
sure the efficiency of local self-government 
in the European (post-)transition countries, 
but overall, very few studies that deal with 
measuring the efficiency of communities 
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have been done in this part of Europe. Our 
results, as well as those of Narbón‐Perpiñá 
and De Witte (2018a, 2018b), suggest that 
the input variable used most often is current 
local expenditures, closely followed by total 
local expenditures. In terms of output vari-
ables, total population is the most frequently 
used in almost all studies, followed by com-
mune roads, waste collection, primary and 
secondary education, as well as care for the 
elderly.

2. Methodology 
2.1. Research design and data collection 
The research design includes the implemen-
tation of the SFA model in all local com-
munes in Poland for 2017. The territorial 
division of Poland is based on three levels 
and was introduced on 1 January 1999. 
Accordingly, the country was divided into 
voivodeships, then into counties (includ-
ing communes with the status of cities with 
county rights) and communes. In 2017, the 
administrative division of Poland included 
16 voivodeships, 314 counties, and 66 cit-
ies with county status, as well as 2478 com-
munes (including 302 urban communes, 621 
urban-rural communes, and 1555 rural com-
munes). Since communes are characterised 
by the highest level of autonomy in terms of 
both finances and tasks (Guziejewska, 2013; 
Kopańska, 2018), the research covered the 
entire population of the local government 
units (a total of 2478 communes). We classi-
fied Polish communes into two groups. The 
first group is comprised of rural communes 
and the second of urban-rural and urban 
communes which will be classified as com-
munes with urban status (Sobczak, 2014; 
Swirska and Marciniuk-Kluska, 2015).

We set two research questions:

RQ1: �To what extent are Polish communes 
technically (in)efficient and is there 
a difference between urban and rural 
communes?

RQ2: �What factors affect the technical (in)
efficiency of Polish communes?

 
The variables required for econometric 

estimation are described in Table 2. The 
data set for Polish communes was collect-
ed for the year 2017 and includes one input, 
four output, and three control variables. 

From the category of financial expendi-
tures, we selected total local expenditures 
as the input variable. This approach was ap-
plied because we were to analyse the overall 
(in)efficiency of communes, not the efficien-
cy of selected areas of commune activities. 
An approach based on the analysis of select-
ed expenditure categories (e.g. in accordance 
with the COFOG classification) or groups 
thereof (i.e. current, investment) would thus 
be methodologically incorrect. In the avail-
able literature, this variable is often used as 
a proxy for the total cost of service provision 
(De Borger and Kerstens, 1996; Pevcin, 2014; 
Lazović-Pita and Šćeta, 2021).

We selected four output variables: popu-
lation, population density, number of pupils 
in elementary school, and number of people 
employed. The most frequently used output 
indicator for efficiency estimation is total 
population, classified as a social and demo-
graphic variable. It was first used in the work 
of Eeckant et al., (1993) as a proxy indicator 
for public services. It is becoming an almost 
indispensable indicator in assessing the effi-
ciency of communes (see e.g. De Borger, 1996; 
Pevcin, 2014; Radulović and Dragutinović, 
2015). From a group of environmental vari-
ables, we selected population density as an 
indicator that explains demographic charac-
teristics. The population density is measured 
as a ratio of the total local population and the 
corresponding area (measured in square ki-
lometres) of each commune. The most com-
monly used indicator for the provision of 
primary education services is the number of 
pupils in elementary schools (e.g. Geys et al., 
2010; Pevcin, 2014; Šťastná and Gregor, 2015; 
Lazović-Pita and Šćeta, 2021). In the case of 
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Polish communes, we use the education out-
put variable of the number of pupils in public 
elementary schools. Even though the most 
commonly used economic output variable is 
the rate of unemployment, some studies use 
the number of people employed (e.g. Kalb, 
2010; Geys et al., 2010; Pevcin, 2014) instead 
of the unemployment rate. Studies conduct-
ed across different countries have shown the 

economic output variable of unemployment 
and/or the business development variable 
regarding employment levels could have 
both positive and negative impacts on local 
government efficiency (Nikolov, 2013). In 
a group of explanatory variables, we em-
ployed three control variables: aging index, 
the length of local roads, and the mayor’s po-
litical affiliation. 

Table 2. Indicators of selected variables for local communes in Poland

Variable Explanation of variable

In
pu

t Total local  
expenditures

Total annual expenditures of a commune, given in PLN

Ou
tp

ut

Population Total resident population in a commune

Population density Resident population in a commune per km2 

Education Number of pupils in public elementary schools

Employment Total number of people employed in a commune (total employment in a local commune)

Co
nt

ro
l

Aging index 
The aging index is given as a ratio between the number of residents above 65 and 
number of residents under 15 in a commune. It represents the structure of public 
service provision.

Local roads
The length of local roads maintained by communes (bituminous (asphalt), concrete, 
paved roads). It represents road maintenance.

Mayor 
The mayor’s political affiliation in relation to central government coalition (0 - the same, 
1 otherwise). It is a dummy variable.

Source: own elaboration

2.2. Sample and data analysis
In Table 3 we provide summary statistics 
of input, output, and control variables col-
lected from 2478 communes (1555 urban 
and 923 rural) in Poland. Our results re-
veal that the average number of residents 
in the group of urban communes is 29,773, 
while in the case of rural communes the av-
erage is more than four times smaller. As 
expected, the average population density 
in urban communes is significantly higher 
than in rural communes (Table 3). Urban 
communes are not only more densely 
populated, but also have better transport 
infrastructure than their rural counter-
parts. The local road network in urban ar-
eas is on average 1.5 times longer than in 

rural communes. The average aging index 
in urban communes is 1.34 and in rural 
communes 1.21. In both cases, the aging 
index is greater than 1, which suggests that 
Poland, similar to other European (post-)
transition countries, also faces issues as-
sociated with its aging population. Similar 
results in the average differences between 
urban and rural communes are shown in 
Table 3. However, there are particularly 
large discrepancies between the catego-
ries of the analysed communes in the case 
of two other variables, i.e. education and 
employment. While the education variable 
in urban communes was nearly four times 
higher than in rural communes, the em-
ployment variable was over 10 times higher.
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Table 3. Descriptive statistics of the selected indicators for all communes,  
for urban and for rural communes in Poland

Obser-
vations

Total local expen-
ditures

Popula-
tion

Popu-
lation 

density
Education

Employ-
ment

Aging 
index

Local 
roads

M
ea

n

All 2478 76,871,872.21 15,510 220.40 997 3823 1.27 47.44

Urban 923 1,553,355,924 29,773 470.62 1881 8795 1.34 60.05

Rural 1555 314,733,00 7044 71.88 472 872 1.21 39.95

St
d.

 D
ev

. All 2478 376,564,593.6 50,875 463.47 2942 23,616 0.36 54.08

Urban 923 608,987,131.1 81,241 685.39 4669 38,149 0.33 78.42

Rural 1555 21,204,177.25 4137 66.46 336 1,453 0.35 29.37

M
in

im
um

All 2478 6,130,939.14 1302 4.36 55 55 0.47 0

Urban 923 8,350,648 1302 8.30 55 115 0.56 0

Rural 1555 6,130,939 1567 4.36 61 55 0.47 0

M
ax

im
um

All 2478 15,271,678,033.46 1,764,615 3875.77 104,576 934,342 4.62 1391.3

Urban 923 15,271,678,033.46 1,764,615 3875.77 104,576 934,342 3.02 1391.3

Rural 1555 266,097,219.29 30,706 593.96 3324 27,216 4.62 256.3

Source: own elaboration

Narbón‐Perpiñá and De Witte (2018a, 
2018b) suggest that a set of political determi-
nants play a significant role in explaining lo-
cal government (in)efficiency. Even though 
a variety of political factors can be used in 
the estimation of the significance of politi-
cal variables for local (in)efficiency, we use 

the mayor’s political affiliation in relation 
to the central government coalition as a con-
trol variable. Previous research has indicat-
ed that this variable can affect local (in)ef-
ficiency primarily through the ‘bailing out’ 
principle of central government towards lo-
cal self-government. 

Table 4. Mayor’s political affiliation in relation to the central government coalition

Mayor All communes Rural communes Urban communes

Number of observations 2478 1,555 923

Same party (0) 13.36% 15.37% 9.97%

Not the same party (1) 86.64% 84.63% 90.03%

Source: own elaboration

In Table 4 we may note that in 84.63% 
of rural communes the mayor is not from 
the same party as the central government 
coalition, while the corresponding percent-
age is slightly higher for urban communes, 
amounting to 90.03%. 

2.3. Methodology and model specification

As per the available literature on local effi-
ciency (Milán‐García et  al., 2022), we may 
differentiate two sources of inefficiencies in 
production that increase cost, while the goal 
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is to minimise cost for a given level of output. 
If there is a place for improving efficiency by 
achieving the same level of output using less 
input, then it refers to technical inefficien-
cy. Allocative inefficiency refers to different 
combinations of inputs, by which we mean 
that the same level of output could be pro-
duced using different combinations of in-
puts and there is a place for improving the 
combination of inputs such that the produc-
tion cost could be reduced. In this paper, our 
focus is on examining technical inefficien-
cy, as we assume full efficiency of the com-
munes in terms of allocative efficiency. 

SFA, developed independently by Aigner 
et  al. (1977) and Meeusen and van den 
Broeck (1977), is a method based on the idea 
of establishing the best practice frontier in 

a specific functional form which describes 
the relationship between input variable and 
output variables. SFA allows for the decom-
position of deviation from the best practice 
frontier into two components: one which 
gives us the effects of measurement error 
and the other which represents inefficiency.

We follow the approach proposed by 
Battese and Coelli (1995) to estimate tech-
nical inefficiency using the stochastic 
frontier model with the Cobb-Douglas 
functional form. The applied approach has 
been exhaustively implemented, for exam-
ple by Kalb et  al. (2011) or Radulović and 
Dragutinović (2015), where the stochastic 
frontier model, as a linearised version of the 
logarithm of the Cobb-Douglas function, is 
specified by

𝑙𝑙𝑙𝑙𝐶𝐶� � 𝛽𝛽� � ∑ 𝛽𝛽�𝑙𝑙𝑙𝑙𝑙𝑙������ � �� � ��     (1)

β = (β1, β2, …, βk) is a vector of unknown 
parameters to be estimated, and the error 
term consists of Vi, which is a noise error 
term representing independent random 
variables, and Ui, which captures the effect 
of the economic inefficiency. In our case, 

Ui is referred to as the measure of technical 
inefficiency. 

The technical inefficiency effects Ui among 
the local communities are expressed as a linear 
function of a vector of local communities’ con-
trol variables and random error by 

𝑈𝑈� � 𝛿𝛿� � ∑ 𝛿𝛿�𝑧𝑧����� ���     (2)
 
where δ = (δ0, δ1, …, δs)T is a vector of 
unknown parameters to be estimated, 
z = (z1, z2, …, zs) is a vector of a control vari-
ables, and Wi are random variables. 

The stochastic frontier model defined for 
the cross-sectional data on Polish commu-
nities is specified as:

𝑙𝑙𝑙𝑙�𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�� � 𝛽𝛽� � 𝛽𝛽�𝑙𝑙𝑙𝑙�𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃�� � 𝛽𝛽�𝑙𝑙𝑙𝑙�𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑�� � 
𝛽𝛽�𝑙𝑙𝑙𝑙�𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸�� � 𝛽𝛽�𝑙𝑙𝑙𝑙�𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸�� � �� � ��   (3)

Vi represents unsystematic deviations 
from the frontier, and is usually attached 
to the equation to capture modelling er-
rors and is normally distributed. The 
one-sided non-negative inefficiency com-
ponent Ui is assumed to follow half-nor-
mal distribution. Using the condition-
al distribution approach suggested by 

Jondrow et  al., (1982), we can obtain 
a point estimate of Ui from the expected 
value of Ui conditional on the composed 
error Vi + Ui, which tells us the percent-
age increase in cost due to input overuse 
(Kumbhakar et al., 2015).

Apart from measuring the level of inef-
ficiency of each commune i, it is interesting 



105Transition and efficiency: How efficient are Polish…

to observe factors that may explain ineffi-
ciency. That is the reason why the (techni-
cal) inefficiency effects Ui are assumed to be 

represented as a linear function of the con-
trol variables aging index, local roads, and 
mayor’s political affiliation by:

𝑈𝑈� � �� � ��𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖� � ��𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟����𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀� ���      (4)

where δ = (δ0, δ1, δ2, δ3) is an unknown co-
efficient vector to be estimated and Wi are 
random variables. The control variables 
aging index, local roads, and mayor’s polit-
ical affiliation represent exogenous deter-
minants of inefficiency. We can view them 
as factors by which differences in the effects 
of inefficiency among the communes may 
be explained. As proposed by Kumbhakar 
et al. (1991), we simultaneously estimate the 
parameters of equation (3) and (4) following 
the maximum likelihood single-stage esti-
mation procedure. We have distinguished 

two different groups of models of the sto-
chastic parametric estimation of the total 
local expenditures – with output variables 
only and with output variables and control 
variables. Each set of models is done in three 
cases: for all communes, for urban and for 
rural communes. In our analysis, we esti-
mate the efficiency index of local communes, 
the stochastic frontier model and the tech-
nical inefficiency model. The relationship 
between technical efficiency and inefficien-
cy for the i-th community, when the model 
(1) - (2) is assumed, can be evaluated by:

𝑇𝑇𝑇𝑇� � exp �����     (5)

The results are obtained using Stata/
SE 12.0 software and commands developed 
and explained by Kumbhakar et al. (2015).

3. Results and Discussion 
Table 5 provides the main results of the 
efficiency index for Polish communes 
grouped as urban, rural, and total. We 
have distinguished two different groups 
of models of the stochastic parametric es-
timation of the total local expenditures. 
The first group of models (Model 1, Model 
1a, and Model 1b) includes only the ef-
fect of four output variables (population, 
population density, education, and em-
ployment). These models represent basic 
Cobb-Douglas models: for all communes 
(Model 1), for urban communes (Model 1a), 
and for rural communes (Model 1b). Our 
results show that, on average, minimum 

total local expenditures are approximate-
ly 84.8% (for Model 1) of actual total lo-
cal expenditures. We could interpret this 
as stating that on average, the actual total 
local expenditures could be reduced by ap-
proximately 17.86% (=1/0.848 – 1) without 
reducing outputs. 

In the second group of models (Model 2, 
Model 2a, and Model 2b) we observe 
a Cobb-Douglas model with included con-
trol variables (aging index, local roads, and 
mayor’s political affiliation) for three sets of 
analysed communes. In Model 2, on average, 
the actual total local expenditures could be 
reduced by approximately 17.39% without 
reducing the outputs, which is an improve-
ment when compared to Model 1. A similar 
situation occurs if we compare the results of 
models with and without control variables 
for urban communes and for rural com-
munes in Poland. 
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Table 5. Summary statistic of the efficiency index for all, urban  
and rural communes in Poland in 2017

Characteristics Observations Mean Std. Dev. Min Max

No control 
variables

Model 1 2476 0.8484844 0.1002422 0.1194566 0.9826335

Model 1a 923 0.8332913 0.1116769 0.1952245 0.9836508

Model 1b 1553 0.8624893 0.0885566 0.132929 0.981987

With control 
variables

Model 2 2476 0.851847 0.1012125 0.1208531 0.9818373

Model 2a 923 0.8408461 0.1146687 0.2035621 0.980919

Model 2b 1553 0.8684391 0.0854847 0.125549 0.979913

Source: own elaboration

The higher values of the efficiency index 
for each commune indicate a higher level 
of efficiency. Our results show that Polish 
communes are relatively efficient. The ef-
ficiency index is high in almost all com-
munes in Poland (Figure 1). The group of 

those communes where the efficiency index 
(Model 2) is greater than 0.9 includes 933 
communes (i.e. 37.68% of the sample). There 
are only 75 communes where the efficiency 
index (Model 2) is lower than 0.6 (i.e. 3.03% 
of the sample).

Figure 1. Distribution of the technical efficiency index for Model 1 and Model 2  
for all Polish communes
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According to the results of Models 2a and 
2b, if we observe the efficiency of rural com-
munes compared to the average efficiency 
of rural communes in Poland, 40.18% of 
the rural communes are below the average 

level of rural technical efficiency. The same 
indicator for urban communes amounts 
to 38.90% of the average level of urban tech-
nical efficiency (Figures 2 and 3). 
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Figure 2. Distribution of the technical efficiency index for Model 1a and Model 2a  
for urban communes
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Figure 3. Distribution of the technical efficiency index for Model 1 and Model 2  
for rural communes

No. of observations: 1553 
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Table 6 provides the estimation of the 
stochastic frontier model and technical 
inefficiency model. These results could be 
used in a discussion on corrective measures 
of the (in)efficiency of communes’ total ex-
penditures. We can notice the difference 
in the sign of the coefficient of the variable 
aging index in Model 2a and Model 2b. In 
Model 2a (urban communes) this coeffi-
cient is positive and significant, suggest-
ing that in urban communes the relatively 
older population implies that urban com-
munes are more inefficient. By contrast, in 
Model 2b (rural communes) a negative and 
significant coefficient indicates that rural 
communes with a higher ratio of older in-
habitants are less inefficient. The result ob-
tained may indicate the diversity of needs 

of the population of rural and urban com-
munes respectively. Most of the elderly pop-
ulation in Poland in 2017 lived in cities/ur-
ban communes (Demographic Yearbook of 
Poland, 2018, p. 134). The dynamics of the 
relatively older population in cities is also 
greater than in rural communes. As a re-
sult, the ratio of people aged 65 and more 
per 1000 children in cities is much higher 
than in rural areas (Sobczak, 2014). The re-
sult will be the targeting of larger financial 
f lows in urban communes towards policies 
that correspond to the older age structure 
of society. These expenses will be concen-
trated around the broadly understood so-
cial sphere. The progressive aging of the 
population will mean stronger competition 
between public tasks for communes’ own 
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funds, as well as funds from the central 
budget (intended for tasks commissioned 
in the field of government administration). 
The orientation of budget expenditure 
to the needs of the population of the com-
mune will obviously not halt investment 
activities completely, nor will it hinder the 
development of urban and urban-rural 
self-governments. Nevertheless, it will like-
ly translate into the dynamics and scale of 
this development. Consequently, the rela-
tively higher share of the older population 
will be accompanied by a higher level of 
inefficiency of urban communes. This can 
be compared to the convergence effect, ac-
cording to which units with a higher level 
of development develop slower than units 
with a lower level of development aspiring 
to the level of development of urban com-
munes. Similarly, much lower saturation 
(both in nominal and relative terms) of the 
population structure with elderly people 
means that in the case of the observed in-
dicator, neither its level nor growth dynam-
ics negatively affect the efficiency of rural 
communes. Despite its growth, Model 2b 
did not show (as in the case of urban com-
munes) any higher inefficiency. 

The positive and significant coefficient 
next to the variable length of local roads for 

all three cases (i.e. for all communes, rural 
and urban communes) indicates that com-
munes with more local roads under their su-
pervision are more inefficient. At the same 
time, those coefficients are relatively small, 
so this relationship between local roads and 
inefficiency is very weak.

The political variable of the mayor’s af-
filiation to central government is positive 
and statistically significant in cases of all 
communes in Poland and for urban com-
munes in Poland. At the same time, it is not 
statistically significant in the case of rural 
communes. The estimated coefficients sug-
gest that, on average, communes are more 
inefficient if the mayor’s political affiliation 
is contrary to the central government’s co-
alition. The observed regularity indicates 
that the distribution of various types of 
public funds to local governments considers 
the political affiliation of commune gov-
ernments. Financial support is more readi-
ly available for communes whose mayor or 
head of the commune belongs to (or at least 
identifies with) the ruling party than for 
communes with mayors who hold different 
political views. As a result, communes with 
mayors of a different political orientation 
will be more inefficient compared to those 
with ties to the central government.
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Table 6. Results of Cobb-Douglas type SFA estimation for Poland

Variable
Model 1 Model 1a Model 1b Model 2 Model 2a Model 2b

Stochastic frontier

Constant (β0)
9.242222*** 
(155.72)

8.773183***  
(86.25)

9.514181***  
(121.63)

9.466385***  
(153.30)

9.260153***  
(86.14)

9.534916***  
(120.60)

ln Population
0.67318***  
(42.80)

0.7546053***  
(26.78)

0.6250369***  
(33.54)

0.6374757***  
(39.73)

0.6433874***  
(22.03)

0.65182349***  
(34.06)

ln Population 
density

-0.03621*** 
(-10.82)

-0.022646***  
(-5.27)

-0.064304*** 
(-10.91)

-0.0370408*** 
(-10.93)

-0.027614***  
(-6.56)

-0.0637788***  
(-10.73)

ln Pupils 
0.28688***  
(20.09)

0.2354116***  
(8.70)

0.3210629***  
(19.94)

0.3011055***  
(20.39)

0.3288271***  
(11.59)

0.2805128***  
(15.74)

ln Employed 
0.04049***  
(7.62)

0.0338427**  
(3.01)

0.0524686***  
(8.50)

0.0429845***  
(8.31)

0.0306688**  
(2.96)

0.0513259***  
(8.29)

Variable Inefficiency model

Aging index  
0.1013226  
(1.35)

1.052486***  
(6.66)

-0.6639471***  
(-5.30)

Local roads  
0.005947***  
(8.05)

0.0036686***  
(4.27)

0.0054907***  
(3.75)

Mayor
0.3263371***  
(3.57)

0.5992069***  
(3.51)

0.1718994  
(1.53)

N 2476 923 1553 2476 923 1553

σ2 0.0026 0.0021 0.0027 0.0028 0.00244 0.00323

LL 1424.2894 470.24143 1022.8319 1240.763 519.69309 1053.6892

LR test of the 
one-sided error

570.5009 *** 229.78355*** 312.92506*** 700.96111*** 328.68687*** 374.63963***

Note: Significance: *** 1% level, ** 5% level, * 10% level.

Source: own elaboration

Comparing the results of the likelihood 
ratio statistic (LR) for models without 
control variables (Model 1, Model 1a, and 
Model 1b), and models with control vari-
ables (Model 2, Model 2a, and Model 2b) 
with the critical values of the mixed distri-
bution for hypothesis testing that can be 
found in the work of Kodde and Palm (1986) 
(at the 0.001% significance level of the test, 
this is 3.841 for the degree of freedom 1 and 

17.612 for the degree of freedom 4), it is obvi-
ous that the null hypothesis of no technical 
inefficiency can be rejected.

The results obtained in the case of local 
Polish communes show that the achieve-
ment of a level of efficiency that is currently 
characterised by urban communes is pos-
sible at a level of public expenditure one-
fifth lower than the current one. Since local 
government authorities should constantly 
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aspire to improve the efficiency of the ser-
vices provided, the result obtained deter-
mines the identified financial potential for 
the introduction of such desired changes. 
Moreover, this potential is only slightly 
weaker after adjusting the control variables. 
Their specificity, therefore, has only a minor 
impact on the overall level of efficiency of 
public spending. 

Also not without significance for the 
efficiency of local public spending are the 
management of communal services and the 
local economy (Grzebyk et al., 2021; Jedynak 
and Wąsowicz, 2021), the lack of measure-
ment of the implementation of public tasks 
(Swirska, 2014), as well as the unsatisfactory 
scope of complementation of methods and 
instruments for managing local government 
finances (Swirska and Marciniuk-Kluska, 
2015). All these factors combined mean 
that even with the current system of financ-
ing local government structures (which is 
also inconsistent with the current reality) 
there is space for increasing the efficiency 
of public spending, and local governments, 
due to decentralisation, have the potential 
needed to reduce the scale of the identified 
inefficiency.

If we compare the previous results on 
Polish communes to previous research on 
the efficiency of local governments, we can 
determine that several authors used similar 
variables and obtained complementary re-
sults. Papers by Radulović and Dragutinović 
(2015) based on data from Serbia in 2012, 
and Lazović-Pita and Šćeta (2021) for BiH 
for 2017, which both make use of the SFA 
method, can be compared to the Polish re-
sults albeit with a degree of caution due 
to differences in input, output, and control 
variables. We have to bear in mind that these 
three countries are not comparable popula-
tion-wise, but as (post-)transition countries 
they are facing similar economic and devel-
opment issues. Poland is currently a full EU 
member; Serbia is a candidate for member-
ship of the EU and BiH aspires to become 

an EU candidate. Also, issues regarding the 
efficiency of communities in all three coun-
tries are quite similar, which could be jus-
tified by the similar output and/or control 
variables used in the country models. For ex-
ample, all three papers use population, pop-
ulation density, education, aging index, and 
local roads as either output and/or control 
variables. In that sense, if we compare the 
results of the efficiency index for communes 
in Poland, Serbia, and BiH, we can conclude 
that the communes could have improved 
their local efficiency by 15.7% in Serbia for 
2012, by 17.9% in Poland and 46.84% in BiH 
for 2017. Also, in all three models, the aging 
index has been used as a control variable in-
dicating that all three countries are aware of 
the impact that an aging population might 
have on the efficiency of local governments. 
Other papers in several (post-)transition 
countries (for example, Šťastná and Gregor 
(2011) for the Czech Republic, Pevcin (2013) 
for Slovenia, or Nikolov and Hrovatin (2013) 
for North Macedonia) also recognise the 
significance that the aging population has 
on local efficiency by using similar variables 
(the share of the population aged over 65 
to the total population or the number of el-
derly care centres per community, etc.). 

In relation to the limitations of this re-
search, as previously noted, the analysis and 
therefore the conclusions regarding Polish 
local (in)efficiency were done for one year 
only. More data availability and panel SFA 
would perhaps provide more salient results, 
especially for policymakers regarding the 
improvements in technical efficiency of 
Polish local communes. Furthermore, as 
per the available literature (Milán‐García 
et al., 2022), testing more variables, especial-
ly environmental variables and new forms of 
local management as determinants of tech-
nical (in)efficiency, might provide insightful 
results. Another important research limita-
tion of our work relates to the fact that alloc-
ative inefficiency was not measured as well 
as the corresponding economic efficiency. 
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Conclusions 
The results of the SFA model applied to local 
Polish communes for 2017 reveal insight-
ful results. The developed models are stable, 
both in relation to the basic models (with-
out control variables) analysed jointly for 
all communes and separately for urban and 
rural ones, and also in relation to the models 
that include three control variables. The re-
sults are therefore reliable and can form the 
basis for inference. 

In both groups of models urban communes 
are characterised by higher inefficiency. The 
indications of Model 1a, which do not con-
sider the control variables, prove that in the 
case of urban communes it would be possible 
to reduce expenditure by an average of 20.01% 
without lowering the effectiveness of pub-
lic task implementation. After including the 
control variables (e.g. Model 2a), the scale of 
possible expenditure reduction decreases only 
slightly, to the level of 18.93%. In turn, with re-
gard to rural communes, the scale of possible 
savings in both models (e.g. 1b and 2b) is com-
parable and amounts to 15.94% and 15.15% 
respectively. An equally small difference in 
the scale of possible savings is characteristic of 
the results of the models describing the entire 
population of communes (e.g. Models 1 and 2). 
In the model excluding the control variables, it 
amounts to 17.86%, and after taking them into 
account, it drops to 17.39%. 

The picture that emerges from the research 
is one with several negative characteristics. 
Although self-government is a synonym of 
autonomy, the structure of the current sys-
tem of local government finance in Poland 
and the associated structures of the division 
of public tasks are not coherent with each 
other. Moreover, the results of the research 
undermine the thesis that the main problem 
of communal self-governments in Poland is 
the under-financing thereof. The research 
has shown space for savings while maintain-
ing the current scope and the accompanying 
quality of public task implementation. Thus, 

the observed fact proves to a greater extent 
the inefficiency of managing public funds at 
the level of communes, rather than the lack 
thereof. The reason for this state of affairs is 
certainly the relatively limited nature of con-
trol over the financial management of local 
government units in Poland, not in terms of 
the efficiency of public spending, but only in 
compliance with the law. 

The research is a valuable source of guid-
ance for local policymakers. The results ob-
tained indicate that there is space not only 
for a revision of the current expenditure pol-
icy, but also for the development of proposed 
changes aimed at enhancing the efficiency 
of public spending. The research shows that 
the current approach to the implementation 
of public tasks has exhausted its formula, and 
the greater scale of public expenditure can-
not guarantee the greater efficiency of public 
policies. 
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