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Abstract. The purpose of this paper was to identify the internal determinants of financial self-sufficiency of 

local government units, as illustrated by the example of Polish municipalities of the Wielkopolskie voivodeship, 

with the use of taxonomic methods and the ordered logit regression model. The first step of the proposed 

approach is to assess financial self-sufficiency of the municipalities using taxonomic methods, in order to 

subsequently model it with econometric techniques. In the first phase, the local government units’ (LGU) 

financial self-sufficiency was assessed with positional TOPSIS (Technique for Order Preference by Similarity to 

an Ideal Solution). The results of this phase, that is, municipalities were grouped into classes by financial self-

sufficiency level, were assumed to be the baseline. Afterwards, the ordered logit regression model was used. 

The estimated model allowed us to specify the significance (strength and direction) of selected socio-economic 

development factors for the financial self-sufficency level of administrative units under consideration. The 

empirical basis for this study was statistical data for 2013 delivered by the Local Data Bank of the Central 

Statistical Office in Poland. The study confirmed that the size of local economic operators and the number of 

hotel beds stimulated the improvement of financial self-sufficiency levels of municipalities in the Wielkopolskie 

voivodeship, while the unemployment rate and the share of rural population in the total population were 

restraining factors. 
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Introduction 

Autonomy is usually interpreted as the right of a specific community to settle their internal 

affairs by themselves; this includes freedom and independence in making individual decisions 

(Pratchett, 2004). The autonomy (self-sufficiency) of the local government needs to be mainly 

considered in the financial context. This is because the financial self-sufficiency of local government 

units, which plays a major role for assessing their financial condition, is a key driver of a stable 

local development. According to Surowka (2013), the autonomy of LGUs is related, from the 

financial perspective, to the ability of the municipal authorities to freely decide of their incomes and 

revenues, and of amounts and targets of expenses and uses; and also implies independence in 

planning and executing the municipal budget. Financial self-sufficiency is a condition for the 

existence of self-government authorities. Note also that sustainable financial resources are the 

basis for the local socio-economic development, especially as regards rural areas. It is also the 

basic category that is taken into account in the analysis of financial stability of LGUs. 

Financial self-sufficiency of local government units is conditioned by multiple factors, including 

spatial determinants (location, ease of transport), urbanization level, and the demographic and 

economic potential (Standar, Kozera, 2017). The analysis of internal determinants of the financial 

situation of local government units, with particular focus on their financial self-sufficiency levels, is 

an important research topic from the economic and social perspective 

The main purpose of this paper is to identify the internal determinants of financial self-

sufficiency of local government units, as illustrated by the example of Polish municipalities of the 

Wielkopolskie voivodeship, with the use of taxonomic methods and the ordered logistic regression. 

Data used in this study have were obtained from the Local Data Bank of the Central Statistical 

Office in Poland (year 2013). 
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Research methodology 

The following research approach, comprising the two main phases listed below, was proposed 

for the procedure of multidimensional assessment of financial self-sufficiency levels of Polish 

municipalities in the Wielkopolskie voivodeship (Luczak and Wysocki, 2013). 

Phase 1. The procedure to construct a synthetic measure based on TOPSIS (Technique for Order 

Preference by Similarity to an Ideal Solution) (Hwang, Yoon, 1981) method is a multi-step process, 

which includes: (i) selecting features of the complex phenomenon (i.e., the financial self-sufficiency 

of the LGU), (ii) determining the nature of features in relation to the main criterion under 

examination, (iii) normalizing the values of features, (iv) calculating the distance of each unit 

(municipality) from positive and negative ideal solutions, (v) calculating values of the synthetic 

development index (the synthetic measure), and (vi) linearly ordering and identifying the types of 

financial self-sufficiency of municipalities considered. 

Phase 2. Identification of socio-economic statistically significant determinants of the financial 

self-sufficiency of municipalities of the Wielkopolskie voivodeship through an ordered logit 

regression model. We focused on the identification of explanatory variables, estimation of 

regression coefficients of the logit model, and interpretation of the main results. 

In the first phase of this study, the positional TOPSIS method was used to synthetically assess 

the financial self-sufficiency levels of municipalities covered. This is because the financial self-

sufficiency of LGUs is a multidimensional phenomenon that cannot be directly measured. Attempts 

can only be made to describe it with many features (indicators), which can then be used as a basis 

for assessment with a synthetic measure. The method employed, TOPSIS, is based on the Hellwig’s 

(1972) idea of constructing a synthetic feature. It enables a synthetic assessment of a 

phenomenon with multiple features (see Hwang, Yoon 1981). To describe the financial self-

sufficiency of selected units, in this study was used features selected based on a substantive and 

statistical analysis. Afterwards, features need to be grouped by determining the direction of their 

impact on the general criterion under consideration, that is, the level of financial self-sufficiency. 

The selected features may have a stimulating or destimulatingeffect on the phenomenon. Features 

that have stimulating effect, contribute to increasing the level of the phenomenon, while feature 

that have destimulating effect, decreasing the level of the phenomenon. Features considered 

to have a destimulating effect may be converted into stimulating features with the use of a 

negative coefficient transformation. The set of features describing the financial condition usually 

includes strongly asymmetric items or outliers. Therefore, this study uses the Weber’s median 

standardization which is tolerant to such values. It is based on the following formula (Lira, Wagner, 

Wysocki 2002): 
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with: ikx  value of the kth feature (k = 1, 2, ..., K1) in the ith object (municipality) (i = 1, 2, ..., 

N), kdem~  L1-median (Weber median) vector component corresponding to the kth feature, 

kikik demxmeddam ~~   median absolute deviation of kth feature values from the median 

component of the kth feature, 1.4826 constant scaling factor corresponding to normally distributed 

data (   Kk XXXdamE  ..., , ,~4826.1 21  and  standard deviation) (Mlodak, 2006).  
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Then, the coordinates of positive ideal solution (PIS) and negative ideal solution (NIS) were 

computed according to the following formulae: 
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Coordinates of PIS and NIS constitute the basis for the calculation of distances for each 

assessed object from the positive ideal solution (A+) and the negative ideal solution of development 

(A-) to the following formulas: 

    kikki zzmedd                   kikki zzmedd    

where 

id  and 


id  denote the median absolute deviation from the positive ideal solution (A+) 

and negative ideal solution (A-) for the ith object, respectively, and  kmed  is the marginal median 

for the kth feature.  

To construct the synthetic measure, the TOPSIS method was used using the formula (stage 5) 

(Hwang, Yoon, 1981; Wysocki, 2010): 
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The values of the synthetic feature iS  are within the interval ]1,0[ . The closer a unit to the 

development pattern (and the further it moves away from the anti-pattern), the closer to 1 is the 

value of the synthetic indicator. The determined values of the synthetic measure are linearly 

ordered and become the basis for grouping the municipalities into typological classes by financial 

self-sufficiency level. The entire range of the synthetic measure was arbitrarily divided into classes. 

This study assumes the values of indicator 
i

S  to fall within the following numerical intervals: 

 20.0,00.0  – very low level,  40.0,20.0  – low level,  60.0,40.0  – medium level,  80.0,60.0  – 

high level,  00.1 ,80.0  – very high level. 

The classes of Wielkopolskie voivodeship municipalities, established in function of financial self-

sufficiency levels, became the basis for formulating an ordered logit regression model for 

cumulative probabilities (Hilbe, 2009; Cramer, 2011). This type of model allows us to properly 

account for the ordinal nature of response variable of our interest (i.e., classes of identified types 

of financial self-sufficiency levels of municipalities, combined with a system of socio-economic 

indicators) and its estimation provides a more in-depth insight into the reasons for differences in 

the municipalities’ financial self-sufficiency levels.  

To identify the determinants of the financial self-sufficiency level of municipalities under 

consideration, the following ordered logit model (proportional odds model) was used (Borooah, 

2001; Cameron, Trivedi, 2005; Hilbe, 2009): 
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*
iy  latent variable for ith municipality; its discrete equivalents iy  correspond to the identified 

classes of financial self-sufficiency level, determined as above described; 

ix  vector of explanatory variable values for ith municipality (determinants of the municipality’s 

financial self-sufficiency level); 

2K  number of features of the socio-economic situation; 

  vector of parameters; 

i  random term for ith municipality, which is assumed to have a standard logistic distribution. 

The modeling procedure is performed for cumulative logits, that is, log-ratios of probability that 

municipality i belongs to a category no higher than j (pij) and probability of the opposite event (1-

pij). In the case of J categories (established based on the value of the synthetic feature), J – 1 logit 

models are formulated (Hilbe, 2009): 
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for 1 ,...,2 ,1  Jj ,  where: 1...21  Jppp , j0  denotes category-specific threshold and 

b1...bK2
  are the regression coefficients. 

It is worth to be noted that the proposed model is based on the assumption of proportional 

odds, which implies that there is only one set of regression coefficients for each explanatory 

variable, as the ratio between all category pairs within the same group of comparisons is assumed 

to be proportional. Otherwise, a generalized ordered logit model could be estimated, as many 

regression coefficients for each explanatory variable as the number of financial condition levels 

minus 1. The assumption of proportional odds can be verified by means of the Brant test (Brant, 

1990; Long, Freese, 2006). 

Assessing the financial self-sufficiency of municipalities in the Wielkopolskie 

voivodeship 

In the first phase of the study, addressing the assessment of financial self-sufficiency of 

municipalities in the Wielkopolskie voivodeship, the following 8 features of the LGUs considered 

were initially selected based on substantive grounds: share of own incomes in total incomes ( %) 

(x1), share of own incomes and total subsidies in total incomes ( %) (x2), level of own incomes (in 

PLN per capita) (x3), fiscal wealth indicator (in PLN per capita) (x4), fiscal autonomy indicator 

(share of tax incomes in current incomes) ( %) (x5), financial state intervention indicator (state 

budget contribution to total incomes) ( %) (x6), self-financing ratio (share of operating surplus and 

property incomes in property expenditure, %) (x7), and share of investment expenditure in total 

expenditure ( %) (x8) (Kozera et al., 2016). The set of features established based on substantive 

grounds was subject to further statistical verification to determine their potential information 

(correlation with other features) and discriminatory capacity (i.e., variability across the objects 

considered). Afterwards, based on the statistical analysis, 6 features were selected, describing the 

financial self-sufficiency level of local government units, that is, x1, x3, x4, x5, x6 and x8. Then, five 

of the features were assumed to have a stimulating effect (x1, x3, x4, x5, x8) and only one feature 

(x6) to have a destimulating effect on the level of financial self-sufficiency of LGUs. The feature 

with a destimulating effect was converted into an opposite feature with the use of a negative 
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coefficient. The set of variables retained for the study includes features that demonstrate a strong 

asymmetry and outlying observations. Therefore, it seems justified to employ the positional 

TOPSIS method based on the Weber’s median and on median absolute deviations from the positive 

ideal solution and negative ideal solution. For this aim, the values of selected features were 

normalized using the Weber’s median standardization (the calculations were performed with 

robustX in R) (Stahel, Maechler 2012). The standardized values of features allowed us to calculate 

the distance of each municipality considered from the pattern and anti-pattern with the use of the 

median absolute deviation. Subsequently, the values of the synthetic indicator of LGU financial self-

sufficiency levels were calculated using the TOPSIS method, becoming the basis for identifying five 

types of municipal financial self-sufficiency levels in the Wielkpolskie voivodeship. In the typological 

classes identified, intra-class values of financial indicators used to establish the synthetic indicator 

were calculated (Table 1). 

Table 1 

Intra-class mean a) values of indicators of financial self-sufficiency levels of 
municipalities of Wielkopolskie voivodeship, Poland, in 2013 

Specification 
Typological class - The level of financial self-

sufficiency 
Wielkopolskie 
voivodeship 

Typological class  
I 

very 
high 

II 
high 

III 
average 

IV 
low 

V 

very 
low 

Number of municipalities b) 7 4 46 110 55 222 

Percentage of municipalities 
( %) 

3.2 1.8 20.7 49.5 24.8 100 

Share of own incomes in total 
incomes ( %) 

74.0 62.0 51.1 40.5 29.7 41.8 

Level of own incomes (in 
PLN per capita) 

3681.8 2288.9 1717.4 1259.7 878.8 1260.6 

Fiscal wealth indicator (in 
PLN per capita) 

1996.3 775.6 683.0 508.3 379.0 515.6 

Fiscal autonomy indicator 
( %) 

39.7 26.2 24.2 18.6 13.5 18.6 

Financial state intervention 
indicator ( %) 

25.5 37.4 41.5 54.9 67.3 54.8 

Share of investment 
expenditure in total 
expenditure ( %) 

18.4 26.3 16.4 12.0 11.7 12.6 

a) The mean values of features are represented by their medians. 
b) Urban districts excluded. 

Source: authors’ based on the Local Data Bank of the Central Statistical Office in Poland. 

As shown by the empirical study, typological classes with very high and high levels of financial 

self-sufficiency collected the 3.2 % and 1.8 %, respectively, of the total number of Wielkopolskie 

voivodeship municipalities. Class 1, demonstrating a very high level of municipal financial self-

sufficiency, was composed of seven municipalities (Suchy Las, Przykona, Kleczew, Tarnowo 

Podgorne, Powidz, Komorniki and Kornik). Four of them are located in the immediate vicinity of the 

city of Poznan, the largest city of the Wielkopolskie voivodeship. The proximity of the metropolitan 

centreprovides the LGUs with financial benefits. The suburbanization process, which has been 

observed for several years, results in a dynamic development of the residential function of rural 

areas, especially in municipalities located in the first ring around large urban centres. The 

consequence is the development of infrastructure (residential housing, transport lines, commercial 

and service facilities in suburban areas) and the creation of bedroom communities for the 

commuting population. In the Przykona municipality, the high level of financial self-sufficiency 
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results from the operation of a local lignite mine (high mining fees contributing to the municipal 

budget). In turn, as regards the Powidz municipality, that situation primarily results from the 

operation of a military air base in that area. The first type of LGUs were characterized by the 

highest share of own incomes in total incomes (74 %), the highest level of own incomes per capita 

(PLN 3,681.8), the highest level of fiscal wealth (PLN 1,996.3), and a minor financial state 

intervention (25.5 %). Average levels of financial self-sufficiency were reported by 46 

municipalities grouped in the third typological class (20.7 % of all municipalities of the 

Wielkopolskie voivodeship). In these municipalities, own incomes per capita were less than half the 

amount recorded for the first type of municipalities (PLN 1,717.4 per capita). Note also that own 

incomes represented one half of total incomes (51.1 %). In turn, the fourth and fifth typological 

class, demonstrating low and very low levels of financial self-sufficiency, respectively, were 

composed of 110 and 55 municipalities of the Wielkopolskie voivodeship, respectively. Around a 

quarter of municipality surveyed (nearly 25 % of the total population) reported a distinctively low 

level of financial self-sufficiency. These LGUs were characterized by the lowest level of own 

incomes per capita (barely PLN 878.8) and, at the same time, the lowest share of own incomes in 

total incomes (less than 30 %). In these municipalities, the low levels of own incomes per capita 

and low shares of own incomes in their budgets resulted in the lowest share of investment 

expenditure in the total expenditure. This contributed to a slower socio-economic development of 

the regions concerned. These were mainly agricultural municipalities located away from large urban 

centres(Table 1).  

Identification of socio-economic determinants of financial self-sufficiency levels 

of municipalities in the Wielkopolskie voivodeship 

Together with the system of socio-economic development indicators, the identified classes were 

the basis for modeling the financial self-sufficiency level of municipalities in the Wielkopolskie 

voivodeship. From a predefined set of 18 socio-economic indicators, the following exogenous 

variables were retained: share of economic operators with 10 to 49 employees ( %), share of 

economic operators with 50 or more employees ( %), share of rural population in the total 

population ( %), official unemployment rate ( %), number of hotel beds per 1,000 population. 

Table 2 shows the results of the estimation of parameters for the ordered logit model of financial 

self-sufficiency of municipalities in the Wielkopolskie voivodeship (calculations performed with 

GRETL1 (Gnu Regression, Econometric Time-series Library) (Adkins 2014, Cottrell, Lucchetti 2018). 

The estimated model fits well the empirical data (McFadden’s R2 = 40.2 %, McKelvey and Zavoina’s 

R2 = 66.8 %, Count R2 = 78.2 %) and demonstrates high statistical significance (at p<0.05) of 

most regression coefficients. 

As shown by the empirical study, an increase in the value of explaining variables (ceteris 

paribus) such as official unemployment rate ( %) and share of rural population ( %) resulted in 

reducing the odds of the municipalities for moving to a higher level of financial self-sufficiency (-

0.162 and -0.012, respectively) from one of the lower levels. This is because the personal income 

tax (which is one of the main sources of LGU incomes) and other taxes contribute much less to the 

budgets of municipalities with a high share of population working in agriculture and a high official 

unemployment rate. In Poland, the agricultural tax is the main tax burden imposed on farms, and 

contributes to the budgets of municipalities where the taxable land is located. Just as in many EU 

                                                   
1 GRETL is available on the website: http://www.gretl.eu/ 
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countries, Polish fiscal solutions include specific provisions for a more favoruable treatment of the 

agriculture sector. This is reflected in many ways, including the exemption of agricultural incomes 

from income tax. In the case of agriculture, the favoruable treatment extends beyond income tax. 

For instance, the property tax also plays a minor role in the agricultural taxation system. This is 

because an exemption is applicable to agricultural buildings and parts thereof which are located on 

farmland and are used solely for farming. The agriculture is also exempt from vehicle taxes, 

inheritance taxes and gift taxes. Note also the very limited fiscal efficiency of the agricultural tax in 

Poland because the tax rates are not linked to actual outputs and economic performance of farms. 

As a consequence, typically agricultural municipalities demonstrate lower levels of own income 

potential and financial autonomy (Kozera, 2017).  

Table 2 

Results of the estimation of parameters for the ordered logit model 

of financial autonomy of municipalities in the Wielkopolskie voivodeship, 
Poland 

Explanatory (independent) variables Coefficient 
Std. 
Error 

Odds 
ratio 

p-
values 

Symbola)  

Official unemployment rate ( %) −0.162732 0.059588 0.849819 0.0063 *** 

Share of rural population in the total 
population ( %) 

−0.012527 0.004725 0.987551 0.0080 *** 

Share of economic operators with 50 or 
more employees ( %) 

0.059236 0.028709 1.061026 0.0391 ** 

Share of economic operators with 10 to 49 
employees ( %) 

0.014865 0.008572 1.014976 0.0829 * 

Number of hotel beds per 1,000 
population 

0.006715 0.002519 1.006737 0.0077 *** 

a) If p-value < 0.001 it is flagged with three stars (***), 0.001 <p-value < 0.05 – two stars (**), 0.05 < p-value < 0.1 – one 
star. 

Source: authors’  study based on the Local Data Bank of the Central Statistical Office in Poland 

Conversely, other variables retained in the model had a stimulating effect on the odds for 

increasing the financial self-sufficiency of administrative units. As shown by the empirical study, a 

municipality would have the greatest odds ratios for improving its financial condition in the case of 

an increase in: the share of economic operators with 50 or more employees (6.1 %); the share of 

economic operators with 10 to 49 employees (1.5 %); and the number of hotel beds per 1,000 

population. The above features have a direct impact on the level of own incomes because the 

growing economic potential results in an increased contribution of the most important (most 

efficient) sources of own incomes, i.e. property tax, personal income tax and corporate income tax. 

Conclusions, proposals, recommendations  

The proposed approach to a multidimensional analysis of financial self-sufficiency levels of local 

government units was implemented with the use of taxonomic methods and the ordered logit 

model. Combined with taxonomic methods, the ordered logit model enables a more in-depth 

analysis of the reasons for differences in the financial condition of administrative units. 

1) The analysis of the financial situation of local government units (e.g. the assessment of financial 

self-sufficiency levels) deals with complex aspects that cannot be directly measured. Therefore, 

the taxonomic methods (i.e. TOPSIS and the Weber’s positional median) were used to 

synthetically assess and identify the types of financial self-sufficiency levels in Wielkopolskie 

voivodeship municipalities in Poland. This is a suitable approach to determine the synthetic 

development indicator in a case where the set of features of units under consideration includes 
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outliers or strongly asymmetrical values. This is exactly the case in the analysis of financial 

situation of local government units.  

2) The identified classes of financial self-sufficiency levels of the municipalities became the starting 

point for the subsequent econometric analysis. They represented ordered categories of the 

explained variable in a logit model combined with a system of socio-economic development 

indicators. The ordered logit model used in this study proved to be a useful tool for the 

identification of determinants of the administrative units’ financial condition. This model allowed 

us to specify the significance (strength and direction) of selected socio-economic development 

factors for the financial self-sufficiency level of municipalities. The retained exogenous variables, 

extending to selected socio-economic factors, had a statistically significant impact on financial 

self-sufficiency levels of administrative units. As confirmed by the study, the following had a 

stimulating impact on the improvement of financial autonomy levels of administrative units 

under consideration: the share of economic operators with 50 or more employees; the share of 

economic operators with 10 to 49 employees; and the number of hotel beds per 1,000 

population. In turn, such variables as the official unemployment rate and the share of rural 

population proved to have a destimulating effect. 

3) The proposed approach to assess the financial self-sufficency levels of municipalities in the 

Wielkopolskie voivodeship, Poland, is a universal technique that may be used for other 

administrative units. The proposed research approach may also be the basis for the 

establishment of development documents, e.g. development strategies. 
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