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Abstract
This paper uses data on 79 municipalities in the Federation of Bosnia and Herzegovina 
(FBiH). The aim of this paper is to create quality of life (QoL) indicator for municipalities 
based on quantitative criteria and to rank them based on index scores. Data on municipalities 
were obtained from public databases. Variables that are used are: number of doctors, number 
of hospital beds, number of students in secondary schools, number of teachers in secondary 
schools, employment rate, unemployment rate compared to active population, GDP per capi-
ta and area covered by roads (km2). In order to rank municipalities, the variables were divided 
into five categories, or indices: health, education and training, work, economic well-being 
and services. The first method that is used is mean-standardized rank method, where each of 
the indices are standardized, so that the differences between each of the indices are re-scaled 
to be consistent across each index. The standardized indices are then averaged and used to 
rank municipalities according to the mean. All indices were weighted equally. Since a rela-
tionship between the population of the municipality and the placement in the overall ranking 
seemed to appear, a population adjusted method was used to account for this, and the indexes 
were regressed.  Results of the first method identify top 3 municipalities: Grad Mostar, Tuzla 
and Centar-Sarajevo. Results of the second method indicate that the actual change in rank 
is negative for the larger municipalities – they did not rise as much as expected, and the 
actual change in rank is positive for the smaller municipalities – they fell in rank more than 
expected. Comparison of two methods indicates there is a fair amount of agreement between 
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the two ranking methods in the top municipalities. However significant differences appear in 
the bottom municipalities.  

Key words: composite index; Federation of Bosnia and Herzegovina; Quality of Life; 
Ranking.
JEL classification: I32, C14, O15.

1. Introduction
Tradition associated with the problem of ranking dates back at least to the 13th century 
(Langville and Meyer 2012). However, it appears that today the tradition of progress 
on the ranking issue reaches a peak in terms of activity and interest. One of the rea-
sons for the increased interest comes from today’s data collection capabilities. The in-
creasing interest in ranking is present in nearly every field from economy, agriculture, 
education, innovation, environment, geography, health, politics, society, technology to 
sports etc. Another reason for the increased interest in raking comes from growing cul-
tural trend fostered in many industrialized nations. These nations seek for the answer 
to the question which nation is #1 in terms of different fields. For example America is 
evaluation-obsessed (Langville and Meyer 2012) as well as ranking obsessed country. 

The problem of ranking gets more attention because it is fairly simple – arrange 
a group of items in order of importance. The importance increases thanks to the 
presence of ranking in everyday lives (the top-10 list of songs, raking of favorite 
teams, top-10 universities, top-10 journals, countries development based on differ-
ent criteria etc.). Examples of ranking data may be found in banking, elections and 
voting, food preference, health care system, medical treatments, psychology, sport, 
webometric etc. 

Quality of life (QoL) is associated with the concept of social well-being, and 
traditionally it has been linked mainly with monetary factors such as GDP and cost 
of life. Quality of life (QoL) is the general well-being of individuals and societies. 
QoL has a wide range of contexts, including the fields of international development, 
healthcare, politics and employment. This definition is taken into consideration dur-
ing the indexes creation.

At the individual level, quality of life or welfare comes from the consumption 
of a series of economic and social tangible goods (food, health care, amenities, etc.) 
and also from intangible factors such as personal emotions or attitudes. While the 
economic evaluation of the intangible drivers of the quality of life falls outside the 
scope of actual measurement techniques, aggregate quality of life indicators at vary-
ing territorial levels have commonly been derived from the observation of tangible 
drivers. These measures can be a critical input to policy decision making if they are 
oriented towards achieving the maximum possible level of aggregate welfare and 
can complement traditional economic measures such as GDP. Not surprisingly, so-
cial welfare has always been a central topic of study in economic sciences. However, 
its measurement has traditionally been limited to very aggregate and monetary based 
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variables taken from national accounting. QoL is related to many dimensions of life, 
some of which are difficult to measure and report in national accounts. In order to 
provide an appropriate representation of all those dimensions, a growing body of 
literature, known as the social indicators approach, has evolved using a series of 
economic, environmental and social indicators without the need to assign them mon-
etary values for aggregation (Gonzalez et al. 2011). The biggest issue in terms of city 
ranking based on quality of life is the aggregation methodology. 

Ivaldi et al. (2014) indicate that quality of life can be analyzed through the eco-
nomic, social, and subjective approaches and their respective families of indicators. 
This idea is appropriate also for the modern quality of life context. However issues 
that have to be taken into consideration are: fast social and economic growth, high 
population density, traffic, lack in housing and resources, noise, pollution, etc. Then 
it is necessary to consider a wide range of dimensions and variables to make a proper 
assessment of the QoL. Thanks to these features, studying QoL in cities/municipali-
ties has attracted widespread research attention in recent years. Ivaldi et al. (2014) 
also indicate that many studies put QoL at the center of analysis and attempt to find 
ways to quantify it, while others deal with QoL indirectly and examine its role in 
determining urban processes such as growth, decline and competitiveness. In par-
ticular, this paper identifies four QoL-related type of analysis in literature:
 � Growth and competitiveness. Studies that analyze growth and competitiveness 

find out determinants of the capacity of cities to attract people and economic activ-
ity. Also, the relevance is attributed to every QoL factor change.

 � Migration models, hedonic models and QoL. QoL is found to be a direct input 
in decision-making process. These studies introduce the important link between 
QoL and spatial equilibrium. The value of QoL is “capitalized” in the locally 
traded good (housing) and wages. Through what is called a hedonic price meth-
od the implicit prices of local attributes can be calculated and then used either 
separately or inside a QoL index, in order to rank cities/municipalities. 

 � QoL indicators. This category refers directly to indexes or indicators that meas-
ure QoL, with multidimensional approach. QoL is found to be a hierarchical 
multi-attribute concept characterized by several underlying attributes: environ-
ment, parks, job availability, architecture quality, pedestrian areas, etc. They can 
be defined and evaluated by monetary (hedonic prices, willingness-to-pay, posi-
tional value), subjective (life satisfaction, subjective well-being, ranking/rating 
evaluation) and quantitative (urban attractions in the city and their distribution) 
criteria.  

 � City rankings. National and international organizations periodically carry out 
inquiry providing QoL indicators in the urban centers.
This paper aims to create QoL indicator for municipalities in Federation of 

Bosnia and Herzegovina based on quantitative criteria.
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2. Literature review
Allen and Sharpe (2005) aim to demonstrate the challenges of creating a valid rank-
ing structure in terms of quality of life. The data consist of three composite indices 
for 147 individual townships in the Boston metropolitan area. Variables represent 
measures of public safety, the environment, and health. Giffinger et al. (2007) ex-
plore smart cities. Six characteristics (smart economy, smart people, smart govern-
ance, smart mobility, smart environment, smart living) are identified as a roof for 
the elaboration of smart cities. Each characteristic (6 in total) is defined by a number 
of factors (31 in total). Furthermore each factor is described by a number of indica-
tors (74 in total). Ivaldi et al. (2014) offer a set of relevant indicators to assess the 
quality of life in 14 metropolitan Italian cities. These indicators belong to the twelve 
dimensions of well-being provided by ISTAT and the National Council of Economy 
and Labour (CNEL) in 2013. The variables that are observed are: Education and 
training; Work and life balance; Economic well-being; Social relations; Policy 
and institutions; Security; Subjective well-being; Landscape and cultural heritage; 
Environment; Research and innovation; Quality of services. Lagas et al. (2014) ana-
lyze 34,000 EU citizens from 190 regions in 18 EU member states. Authors use 25 
indicators divided in 9 categories (governance, education, health, recreation, natural 
environment, social environment, housing, purchasing power and employment and 
public services).

The Economist (2015) creates an index composed of more than 40 quantitative and 
qualitative indicators in order to examine “cities’ security”. These indicators are split 
across four thematic categories: digital security; health security; infrastructure safety; 
and personal safety. Every city in the Index is scored across these four categories. The 
Index focuses on 50 cities whose selection is based on factors such as regional repre-
sentation and availability of data. Dasgupta and Weale (1992) aim to examine quality 
of life taking into consideration data on: national income per capita; life expectancy 
at birth; the infant survival rate; the adult literacy rate; and political and civil liberties 
among countries which were in the early 1970s among the world’s poorest in terms 
of income per capita. The sample consists of data on 48 countries. The international 
comparison of the quality of life is based on six indices (per capita income, 1980 
purchasing power parity, life expectancy at birth (years), infant mortality rate (per 
1.000), adult literacy rate (%), index of political rights, index of civil rights). 

Rahman et al. (2005) introduce a multidimensional approach for measuring 
the quality of life (QoL) across 43 countries. Using information on eight domains 
(Relationship with family and friends, Emotional well-being, Health, Material well-
being, Feeling part of one’s local community, Work and productive activity, Personal 
safety, Quality of environment) of the QoL has shown that the various measures of 
wellbeing are highly sensitive to domains of QoL. Most commonly used quality of 
life index is Mercer (2014). The purpose of Mercer (2014) Quality-of-Living Report 
is to provide an objective, consistent and comprehensive evaluation of the relative 
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differences in quality of living between any two cities. The starting point of Mercer’s 
approach was to list 39 quality of living factors which could be used to make the 
comparison. These factors were carefully selected to represent the criteria by which 
the standards of quality of living should be compared. 39 factors are divided in 
10 categories (Political and Social Environment, Economic Environment, Socio/
Cultural Environment, Medical and Health Considerations, Schools and Education, 
Public Services and Transportation, Recreation, Consumer Goods, Housing and 
Natural Environment). 

In addition to the definition of variables, literature review section provides the 
summary of used methodology in aforementioned papers. After variables were se-
lected within categories, all variables were standardized to create variables with the 
same metric, and the resulting standardized variables were averaged to create a mean 
standardized score per category (public safety, health, and environment). The towns 
were ranked within these categories. The first method that is used is the traditional 
mean-standardized rank method, where each of the indices are standardized (mean 
of zero, standard deviation of one), so that the differences between each of the in-
dices are re-scaled to be consistent across each index. In addition, the standardized 
indices are averaged and used to rank the cities according to the mean (Allen and 
Sharpe 2005). Giffinger et al. (2007) use mean-standardized rank method. For this 
purpose the values are standardized by z-transformation. The advantage of this trans-
formation is the consideration of the heterogeneity within groups. Factor’s levels are 
obtained by aggregating the values of the indicator level. In addition, coverage rate 
is used for this purpose. Ivaldi et al. (2014) use three methodologies to rank Italian 
cities based on urban quality of life. Those are: additive index, factorial index and 
Borda index. The used methodology (Lagas et al. 2014) includes: mean-standardized 
rank method - weighted regional average value was calculated by using data on 
cities; Max–Min method that is used to score all indicators and sub-indicators; a 
log-logistic “distance decay method” was used for neighborhood effects; Ordered 
Weighted Averaging Method is used to determine the sensitivity of different weight-
ing factors.

The Economist (2015) index is an aggregate score of all the underlying indica-
tors. The index is first aggregated by category-creating a score for each category 
(for example, personal safety) and finally, overall, based on the composite of the 
underlying category scores. To create the underlying category scores, each underly-
ing indicator was aggregated according to an assigned weighting. Sub-indicators are 
all weighted equally, as are the four main indicator categories. Dasgupta and Weale 
(1992) base comparison on ordinal measures. Borda Rule is used as ordinal aggrega-
tor. The Borda ranking of the countries in the sample is constructed. Rahman et al. 
(2005) use Borda rule and the principal components approach to create index. The 
weights are designed to resemble how individuals rank the different categories in 
relation to one another, and for this reason the weights have been based on results of 
a pilot study conducted by Mercer (2014).
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Aforementioned indexes provide a list of top 10 or top 5 cities according to dif-
ferent criteria. However, it has to be taken into consideration that the list varies with 
the observed period as well as observed variables. Most important obstacles in previ-
ous papers are that although per capita data are used for most of the variable compo-
nents of the indices, the relationship seemed to exist between the population of the 
city or town, and the placement in the overall ranking; the larger cities seemed to be 
at the bottom of the ranking, while the less populated towns seemed to be at the top 
of the ranking. Taking into consideration this disadvantage, there is the suggestion of 
an approach to adjust for population. A regression between the log of the population 
and each of the indices will be run and the standardized residuals of each regression 
will be used as the standardized measures for each index. These new standardized 
scores will be averaged to obtain an overall ranking.  This is the improvement to cit-
ies ranking methodology compared to papers analyzed in literature review section.

Currently, Federal Institute for Development Programming ranks municipalities 
in Federation of Bosnia and Herzegovina based on quality of life. However, this 
ranking does not take into consideration population issue that motivates authors to 
conduct this research.

3. Methodology
A ranking can be defined as a relationship between a set of items where, for any two 
items, the first is either “ranked higher than”, “ranked lower than” or “ranked equal 
to” the second. This is known as a weak order or total preorder of objects. It is not 
necessarily a total order of objects because two different objects can have the same 
ranking. The rankings themselves are totally ordered. For example, materials are to-
tally preordered by hardness, while degrees of hardness are totally ordered. Rankings 
make possible to evaluate complex information according to certain criteria by reduc-
ing detailed measures to a sequence of ordinal numbers. The rank of an object is its 
relative importance to the other objects in the set. Often a rank is an integer number 
assigned from the set {1, 2, ..., n}. Ideally an assignment of available ranks ({1, 2, 
..., n}) to n objects is one-to-one. However in certain circumstances it is possible that 
more than one object is assigned the same rank (Govan et al. 2008). 

Ranking data commonly arise from situations where it is desired to rank a set 
of individuals or objects according to some criteria. These data may come from a 
ranking of a set of assigned scores or may be observed directly. In addition, raking 
data may also arise during the transformation of continuous or discrete data in non-
parametric analysis. Non-parametric tests use the ranks rather than the original data 
values in the subsequent analysis. 

The first method that is used in this analysis is mean-standardized rank method, 
where each of the indices (mean of zero, standard deviation of one) are standard-
ized, so that the differences between each of the indices are re-scaled to be con-
sistent across each index. The standardized indices are then averaged and used to 
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rank municipalities according to the mean. For example, to obtain the ranking of the 
health index, z-scores are first obtained for each of the health variables (number of 
doctors, number of hospital beds) for each municipality, then averaged and sorted 
giving the most negative z-score a rank of 1. All indices were weighted equally. 

In order to adjust for population, a regression between the log of the population 
and each of the indices is run; the standardized residuals of each regression are used 
as the standardized measures for each index. These new standardized scores are then 
averaged to obtain an overall ranking. This method essentially uses the difference 
between the predicted relationship between population and the index as a measure of 
how far below (or above) the municipality is measuring in this demographic dimen-
sion from what is expected, given the municipality’s population. 

4. Data and Variables
Data on municipalities were obtained from public databases. The database source 
is document “Socioeconomic indicators by municipalities” published by Federal 
Institute for Development Programming. Variables that are used to rank municipali-
ties based on quality of life are: number of doctors, number of hospital beds, number 
of students in secondary schools, number of teachers in secondary schools, employ-
ment rate, unemployment rate compared to active population, GDP per capita and 
area of roads (km2). 

In order to form rankings, the variables were divided into five categories, or in-
dices: health, education and training, work, economic well-being and services. These 
five categories are considered most important in measuring quality of life. The ba-
sis for the variable selection are: Lagas et al. (2014); Dasgupta and Weale (1992); 
Rahman et al. (2005) and Mercer (2014). There were no missing data in dataset. 
Table 1 displays the used variables.

Table 1. Variables

Health Education and training Work Economic well-being Services

Number of 
doctors

Number of students in 
secondary schools

Employment rate GDP per capita
Area of roads 
(km2).

Number of 
hospital beds

Number of teachers in 
secondary schools

Unemployment rate 
compared to active population

Source: Author’s calculations

5. Results and discussion
Initially, all selected variables were standardized to create variables with the same 
metric, and the resulting standardized variables were averaged to create a mean 
standardized score per category. Radon level was recoded as -1 (low), 0 (medium) 
and 1 (high) prior to averaging. An overall rank was calculated by averaging the 
mean standardized scores for the categories. This method was used as it preserves 
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the magnitude of the differences between the variables in the individual and overall 
indices. No weighting was applied to any of the categories or variables within the 
categories, nor were the municipalities weighted by size. For standardized values 
representing QoL conditions, the greater the z-score, the less QoL, the z-scores were 
inverted (the more negative the z-score, the higher quality of life of the municipal-
ity). Thus, the municipality ranked first (the best) in each category has the most 
negative z-score (table 2). All indices were weighted equally.

Although per capita data for most of the variable components of the indices 
have been used, a relationship between the population of the municipality, and the 
placement in the overall ranking seemed to be noticed. Although variables have been 
adjusted for population, a “penalty” may be paid by larger municipalities for their 
greater density of population. To investigate relationship between population and the 
ranking, the ranking versus the log of the population of each municipality is graphed 
(figure 1). In addition correlation coefficients are computed.

Figure 1. Mean of standardized indices versus log of population 

Source: Author’s calculations

Although, Figure 1 does not seem to indicate a particularly strong relationship 
between the log of the population and rank, the correlation between these two meas-
ures is 0.558 (p < 0.01).  Next, the correlation between the log of the population and 
each of the individual indices is calculated, since differences in the relationships are 
likely to exist across each index. The graphs of the standardized scores for each index 
versus the log of the population of each municipality clearly show that the strong-
est relationship exists between the education measure and the number of residents 
in municipality (see Figure 2). The correlations between the log of the population 
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and the standardized scores for health, education and training, work, economic well-
being and services were 0.4604, 0.6858, 0.2584, 0.2383 and 0.1219 (p<.01), respec-
tively. (None of the indices were significantly correlated with each other.)

The question then arises, how should this relationship between population and 
the resulting rank-order of each of the indices be handled? One approach that is 
fairly common is to rank each municipality within a set of municipalities of similar 
size. The advantage of this approach is that it is easily understood. The disadvantage 
of this approach is that it does not produce a definitive ranking – nor does it contrib-
ute to the understanding of how to adjust for the size of the population, even after per 
capita data have been used (Allen and Sharpe 2005).

One approach to adjusting for population is to run a regression between the log 
of the population and each of the indices and use the standardized residuals of each 
regression as the standardized measures for each index: health, education and train-
ing, work, economic well-being and services. These new standardized scores are then 
averaged to obtain an overall ranking. This method essentially uses the difference 
between the suspected (predicted) relationship between population and the index 
as a measure of how far below (or above) the municipality is measuring up on this 
demographic dimension from what is expected, given the municipality’s population. 
The result is that each municipality is provided the opportunity to rise (or fall) in the 
rankings if they exceed (or fall below) expectations for the size of the municipality.

Figure 3 shows the relationship between the mean-standardized rank method and 
the population-adjusted method. While the relationship is positive and significant (r 
= 0.544, p < 0.01), it is clear that for many municipalities, the difference between the 
population-adjusted rank and the mean-standardized rank can be dramatically differ-
ent. Figure 4 shows the relationship between the difference between the two ranks 
(population-adjusted rank minus mean-adjusted rank) and the average of the two 
ranks. A positive difference on the Y axis indicates that the municipality “dropped” 
in rank, while a negative difference indicates that the municipality “rose” in rank. 
Table 2 shows the top and bottom fifteen municipalities for the two different ranking 
methods.



284

Figure 3. Relationship between the mean of standardized ranks  
and population-adjusted ranks

Source: Author’s calculations

Figure 2. Mean of standardized indices (health, education and training, work, economic 
well-being and services respectively) versus log of population 

     

  
Source: Author’s calculations
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Figure 4. Difference between population-adjusted ranks  
and mean-standardized ranks versus the average of the two ranks

Source: Author’s calculations

Table 2. Top and bottom fifteen municipalities using different ranking methods

Rank
Mean-Standardized 

Rank
Population-Adjusted 

Rank
Rank

Mean-Standardized 
Rank

Population-Adjusted 
Rank

1 Grad Mostar Grad Mostar 65 Stolac Ilidza

2 Tuzla Tuzla 66 Vogosca Cazin

3 Centar Centar 67 Kresevo Vitez

4 Zenica Zenica 68 Odzak Kiseljak

5 Bihac Bos. Grahovo 69 Buzim Sapna

6 Travnik Bihac 70 Celic Zivinice

7 Novo Sarajevo Kupres 71 Doboj - Istok Celic

8 Konjic Glamoc 72 Sapna Gracanica

9 Livno Foca 73 Teocak Gradacac

10 Stari Grad Konjic 74 Doboj - Jug Buzim

11 Tomislavgrad Travnik 75 Pale Zepce

12 Bos. Grahovo Livno 76 Usora Srebrenik

13 Fojnica Fojnica 77 Domalj. Samac Vogosca

14 Sanski Most Bos. Petrovac 78 Dobretici Kalesija

15 Zavidovici Neum 79 Ravno Novi Grad

Source: Author’s calculations
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Note, that there is a fair amount of agreement between the two ranking methods 
in the top municipalities. A total of eight municipalities place in the top fifteen for 
both ranking methods. Is there a relationship between the difference in the rankings 
and the population of the municipality? Figure 5 shows a graph of the difference in 
the rankings versus the log of the population. 

In order to examine which municipalities are over performing, and which muni-
cipalities are under performing based on the size of their population, a regression for 
the two variables in Figure 5 is run. The predicted amount of change in rank for each 
municipality, given its population equals (R2=68%). Note that those municipalities 
above the regression line are under-performers, and those below the regression line 
are over-performers, given the size of their population. More specifically, in Figure 
6 all municipalities above the regression line and the horizontal line Y = 0, have 
dropped in rank more than expected after adjusting for the size of population; these 
municipalities are under-performers. The municipalities above the line Y = 0, but 
below the regression line are over-performers, because they did not drop in rank as 
much as expected. All municipalities with a negative residual (below the regression 
line) are over-performers.

Figure 5. Relationship between the difference between ranks  
and log of population

Source: Author’s calculations
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Figure 6. Display of under-performing  
and over-performing municipalities

Source: Author’s calculations

Table 3. The 15 best over-performing municipalities  
and worst under-performing municipalities

Under-performing municipalities Over-performing municipalities

Actual change in rank Municipality Actual change in rank Municipality

-42 Cazin 62 Dobretici

-42 Zivinice 55 Pale

-42 Novi Grad 55 Ravno

-41 Gracanica 43 Trnovo

-40 Ilidza 40 Kresevo

-31 Velika Kladusa 35 Doboj - Jug

-31 Gradacac 34 Foca

-31 Lukavac 30 Domalj. Samac

-31 Tesanj 25 Teocak

-28 Srebrenik 24 Neum

-20 Bugojno 19 Stolac

-19 Visoko 17 DonjiVakuf

-19 Zepce 16 Olovo

-18 Sanski Most 16 Usora

-16 Kakanj 16 Drvar

Source: Author’s calculations
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Table 3 shows the fifteen municipalities with the most negative residuals, Yi – Y ̂i, 
or the greatest over-performers for their size and the most positive residuals (greatest 
under-performers for their size). The actual change in rank from the traditional me-
an-standardized approach and the population-adjusted method are shown in Table 3; 
a positive change means that the municipality actually moved closer to the bottom of 
the ranking (i.e., closer to the largest rank of 79) and a negative change means that 
the municipality moved closer to the top of the rank (i.e., closer to the top rank of 
1). Note, that there are both under-performing municipalities that are large, as well 
as small. Clearly, the actual change in rank is negative for the larger municipalities 
– they did not rise as much as expected, and the actual change in rank is positive for 
the smaller municipalities – they fell in rank more than expected.

6. Conclusion
This paper aims to create quality of life (QoL) indicator for 79 municipalities in 
FB&H based on quantitative criteria and to rank municipalities based on index 
scores. Initially, all selected variables were standardized to create variables with the 
same metric, and the resulting standardized variables were averaged to create a mean 
standardized score per category. No weighting was applied to any of the categories 
or variables within the categories, nor were the municipalities weighted by size. The 
correlation between the log of the population and rank of 0.558 (p < 0.01) indicates 
that relationship between population and the ranking exists.  The correlation be-
tween the log of the population and each of the individual indices is calculated and 
indicates that the strongest relationship exists between the education measure and 
the number of residents in municipality. In order to resolve this issue authors use 
an approach to adjust for population. Regression between the log of the population 
and each of the indices is run and standardized residuals of each regression are used 
as the standardized measures for each index: health, education and training, work, 
economic well-being and services. These new standardized scores are then averaged 
to obtain an overall ranking. While the relationship between the mean-standardized 
rank method and the population-adjusted method is positive and significant (r = 
0.544, p < 0.01), it is clear that for many municipalities, the difference between 
the population-adjusted rank and the mean-standardized rank can be dramatically 
different. 

It is important to emphasize there is a fair amount of agreement between the two 
ranking methods in the top municipalities. A total of eight municipalities place in the 
top fifteen for both ranking methods. However, significant differences appear in bot-
tom municipalities. In order to examine which municipalities are over performing, 
and which municipalities are under performing based on the size of their population, 
a regression is run. The predicted amount of change in rank for each municipality, 
given its population equals (R2= 68%). All municipalities with a negative residual 
(below the regression line) are over-performers, while those with positive residual 
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are under-performers. A positive change means that the municipality actually moved 
closer to the bottom of the ranking; and a negative change means that the municipal-
ity moved closer to the top of the rank. There are under-performing municipalities 
that are large, as well as small. Clearly, the actual change in rank is negative for the 
larger municipalities – they did not rise as much as expected, and the actual change in 
rank is positive for the smaller municipalities – they fell in rank more than expected.
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