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ABSTRACT 

 

It has been shown that in Eastern Croatia population decrease, mainly due to the Croatian War 
of Independence, bad economic situation and low fertility rates, is present more than 20 years. 
The main urban economics laws, such as Fibonacci growth sequence and Zipf’s law, however 
assume that the population is increasing. The aim of this paper is to investigate whether urban 
economics law hold in the case of decreasing population. The analysis is conducted by 
observing settlements sizes in five counties that together form the area of Eastern Croatia: 
county of Osijek-Baranja, county of Požega-Slavonia, county of Slavonski Brod-Posavina, 
county of Virovitica-Podravina and county of Vukovar-Sirmium. The settlements size data are 
collected from the official population censuses conducted in 1991, 2001 and in 2011. The 
conducted analysis has shown that the structure of Eastern Croatia’s urban population system 
comports with the Fibonacci sequence. Precisely, mean absolute percentage errors (MAPE) 
has showed that Fibonacci method 2, which takes into account population of each successive 
city and divides it by the golden ratio constant, is more accurate than Fibonacci method 1 
(8.32% vs 13.08%) implying little error in regard to Fibonacci sequence. In addition, when the 
settlements larger than 500 inhabitants were included in the analysis, another urban regularity 
known as Zipf’s law, seems to hold for Eastern Croatia in general and for the each observed 
county except in the case of Slavonski Brod-Posavina. The brought conclusions shed new light 
and bring insight to the problem of Eastern Croatia depopulation process from another 
perspective. New population census is planned to be conducted in 2021. It is highly 
recommended to repeat the analysis with the new data. 
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1. Introduction 
 
The region of Eastern Croatia has experienced sharp population decrease in the last decades, 
mainly due to the Croatian War of Independence, bad economic situation and low fertility rates. 
It is important to understand what implications have this population decline on the structure of 
Eastern Croatia urban system. Main urban economics laws which will be inspected in the paper 
are Fibonacci growth sequence and Zipf’ law or rank-size rule. Fibonacci sequence is found in 
nature and is applicable in various fields of human activity such as architecture, biology, 
astronomy and economy. It is also used in prediction of population of settlements. Another 
urban regularity in the field of urban economics which seems to hold in empirical testing is 
Zipf’s law. It states that population or city size should be proportionate to the city rank. 
 
Goal of the paper is investigation of urban (ir)regularities in Eastern Croatia and answering the 
important question are the main urban economics laws followed or not in the case of negative 
demographic trends and depopulation in the last three decades. First research question or 
hypothesis which will be answered is whether the structure of Eastern Croatia’s urban system 
complies with the Fibonacci growth sequence. In the process of hypothesis testing standard 
methods of statistics and econometric techniques will be used. The first research question will 
be answered with the help of two forecasting methods; first method which takes the population 
of the largest city and divides it by golden ratio constant and second method takes the population 
of each successive city and divides it by the golden ratio constant. The precision of the two 
forecasting methods will be tested using mean squared error (MSE), root mean squared error 
(RMSE) and mean absolute percentage error (MAPE). Second research question will be proved 
by calculating Zipf’s exponents using ordinary least squares (OLS) regression. If the Zipf’s law 
holds the values of exponents should be close to the value of -11. In this case it will be inspected 
whether the population decline in Eastern Croatia in last three censuses have affected the rank 
size rule. Due to negative demographic trends in Eastern Croatia, this analysis will be departure 
from the standard Zipf’s law testing model in the case of population growth.  
 
Paper is structured in six chapters. After the brief introduction second chapter elaborates on 
regional development and demography of the Eastern Croatia and a depopulation problem. 
Literature review of chosen urban economics laws is explained in section three while data and 
methodological issues are presented in section four. Main results of the analysis and discussion 
is given in chapter five. In the last chapter concluding remarks are summarized.  
 
 
2. Regional development and demography of the Eastern Croatia and the depopulation 

problem 
 
Croatia has been experiencing very unfavourable demographic trends for many years so far. 
The Croatia’s macro region of interest in this paper is the region of Eastern Croatia. Five 
counties that together form the area of Eastern Croatia are county of Osijek-Baranja, county of 
Požega-Slavonia, county of Slavonski Brod-Posavina, county of Virovitica-Podravina, and 
county of Vukovar-Sirmium. The region of Eastern Croatia covers the area of 12,486 square 
kilometre and extends to more than fifth (22%) of Croatia’s land territory. It has 805,998 
inhabitants representing 18% in total population of Croatia. It is the least developed 

                                                
1 Or one if the absolute value of the coefficient is used. In economics absolute value of this coefficient is often 
used for easier interpretation of results. 
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makroregion in Croatia with the GDP per capita of 6,947€ having only 69.2% of the average 
Croatian GDP in 2011, Institute for tourism (2014, 11).  
 
According to the development index by counties all five counties from the region of Eastern 
Croatia have the lowest index of development in Croatia. Matišić and Pejnović (2015) main 
causes of Eastern Croatia lagging behind in regional development of Croatia found in the 
Homeland War and war damages, demographic and migration losses due to demographic aging 
and natural depopulation, the process of deindustrialization and others. Eastern Croatia has 
recently proven to be the most problematic area of Croatia. Negative economic and 
development trends have resulted in emigration leaving deep marks in demographic 
development. Čipin and Ilieva (2017) noted that from January 2007 to December 2016 Croatia 
lost 160,000 persons while out-migration has become the main demographic driver of 
depopulation in Croatia. 
 

Figure 1: Map of Croatia’s macroregions 

 

 
 

Source: Stipančić, G. et al, 2012, 143 
 
Akrap (2015) made projection for total number of inhabitants per county by 2051 starting from 
the hypothesis that there will be no social interventions in the area of fertility and economic 
development policy with a pronounced spatial aspect. The projection predicted that the 
population of Eastern Croatia will be reduced by one third of inhabitants, from 805.998 
inhabitants in 2011 to 536.844 inhabitants in year 2051. According to Jurun, Ratković and 
Ujević (2017) Croatia has neither national demographic strategy nor national population policy 
carried out while the Croatian population is one of the oldest in the world with negative ageing 
index.  
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3. Literature review of chosen urban economics laws 
 
In this chapter literature review of chosen urban economics laws will be given. Firstly, 
theoretical and empirical aspects of using the Fibonacci sequence in economics will be 
presented and elaborated. Fibonacci sequence has a wide application in economics. It is mostly 
used for stock price market prediction. Gaucan and Maiorescu (2011) analysed Fibonacci 
retracements as an important tool for prediction on forex market. Fibonacci retracements 
showed as an unavoidable part of technical analysis represented with graphics like Fibonacci 
arcs, channel, fan and expansion. Giryn and Kozubski (2012) also stressed the role of Fibonacci 
numbers as an important tool for technical analysis. Twenty currency pair patterns were 
examined with the results showing that Bat patterns were more effective than Butterfly patterns 
with the effectiveness of 90%. Kumar (2014) analysed retracements and relationship between 
Fibonacci sequence and waves in predicting the stock market behaviour. The falling wave 2 
was found to be predicted more precisely than wave 1. Proposed model could be further 
subjected to machine learning techniques to remove the subjectivity. Lahutta (2016) highlighted 
the role of technical analysis and consequently Fibonacci sequence for supporting investors’ 
decisions on Warsaw Stock Exchange. Special emphasis was given to price patterns created 
using Fibonacci sequence. Magazzino, Mele and Prisco (2012) applied Elliott’s wave theory on 
the index S&P 500 in the period from 2008 to 2011. Main finding of their analysis is that in the 
case of turbulent financial markets technical analysis and the Elliott’s wave theory adequately 
predict movements on the financial markets. Another application of Elliott’s wave theory and 
Fibonacci sequence was for analysing the equity share fluctuations in India, Talreja (2014). 
Fonseca (1988) used Fibonacci sequence to analyse urban rank-size hierarchy of U.S. urbanized 
areas calculating predicted populations on data for 1970 and 1980 censuses. Conclusions of the 
paper go in the way that spiral constant is better tool for prediction urban distributions than the 
rank-size rule but both instruments should be tested on national urban systems. Furthermore, 
spiral constant can explain concavity in rank size distributions as a deviation from theoretically 
expected straight line. 
 
Second urban economics law which will be used in the analysis is Zipf’s law or rank-size rule. 
Auerbach (1913) was first to point to the relationship between city rank and city size. The term 
Zipf’s law was named after the George Kingsley Zipf (Zipf, 1949). There are many papers in 
this field that investigated the validity of Zipf’s law. Common conclusion is that rank-size rule 
holds in the upper tale of the distribution, Rosen and Resnick (1980), Krugman (1996). Gabaix 
and Ibragimov (2011) introduced a new method to improve the OLS estimation of the tail 
exponents by using rank minus one half instead of rank variable alone. The advantages of a new 
method are that it reduces the bias in a small samples and performs better under heavy-tailed 
distributions. While Zipf’s law is in static form, his dynamic version is presented by the Gibrat’s 
law which states that growth of city population should be independent of city size. Those two 
laws are often being studied together because of their complementarity. Luckstead and 
Devadoss (2014) investigated if the world’s largest cities follow the Zipf’s and Gibrat’s laws 
by applying nonparametric estimations. Both laws held with Zipf’s exponent being around one 
in almost 95% of total observations. Modica, Reggiani and Nijkamp (2015) also explore the 
validity of both laws and interdependencies between them. They derived the conclusions that 
the mean is independent of city size and the coefficient of the rank-size rule is different from 
one implying that the variance is dependent of city size. Studies about the validity of Zipf’s law 
in Croatia are related to work of Jošić and Nikić (2013) and Jošić and Bašić (2018). Both 
research corroborated to the existence of Zipf’s law for city proper and city agglomerations 
using 2011 Census of Population Survey.  
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4. Data and methodology 
 
In the paper settlements and their sizes from Eastern Croatia will be observed. Under Eastern 
Croatia here it will be considered geographical area which was previously defined by following 
five counties in Croatia: county of Osijek-Baranja, county of Požega-Slavonia, county of 
Slavonski Brod-Posavina, county of Virovitica-Podravina, and county of Vukovar-Sirmium. 
The analyses will be conducted for each county separately but the main focus will be given to 
counties as a whole. 
 
The data about settlements and their sizes will be collected from the official censuses which are 
conducted by Croatian Bureau of Statistics (2018a, b). It has been decided that only censuses 
from the periods of Republic of Croatia independence will be observed. Consequently, the last 
three censuses, conducted in 1991, in 2001 and in 2011, will be taken into account.  
 
In the first step descriptive analysis of settlements in Eastern Croatia will be conducted. The 
results should reveal whether the number of settlements and the average settlements size are 
decreasing and point out the variability level in settlement sizes. In addition, growth rates of 
settlements between the three observed censuses will be observed as well.  
 
Fibonacci series is the first urban economics law which will be examined. Fibonacci series is 
based on sequence of numbers where the following one is represented by the sum of the 
previous two values. 

   (1) 
 
The main use of Fibonacci series in urban economics is to forecast settlements size. In order to 
forecast settlement size by using Fibonacci series two different methods will be applied. At both 
methods, first, settlements are ranked according to their size in decreasing order. After that 
Fibonacci series is used to select certain number of settlements (the number of selected 
settlements depend on the number of observed settlements). Finally, forecasting is applied only 
for the selected settlements by applying the two forecasting methods. Forecasts at method 1 are 
calculated as follows: 

,    (2) 

where  is forecasted settlement size,  is the settlement rank according to the Fibonacci 
series,  is the actual settlement size of the largest settlement,  is the golden ratio (value of 

). On the other hand, forecasts at method 2 are calculated by using following 
equation: 

,    (3) 

where  is forecasted settlement size,  is the settlement rank according to the Fibonacci 
series,  is the actual settlement size at the previously Fibonacci ranked settlement,  is 

the golden ratio (value of ). In order to measure precision of those two 
forecasting methods, following two overall forecasting errors will be calculated: 
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,     (5) 

where  is root mean squared error,  is the settlement rank according to the Fibonacci 
series,  is the actual settlement size of certain Fibonacci ranked settlement,  is 

forecasted settlement size of certain Fibonacci ranked settlement,  is the number of observed 
Fibonacci ranked settlements,  is mean absolute percentage error. Of course, the lower 
forecasting errors are, the used forecasting method can be considered as more accurate. 
 
The validity of Zipf’s law for the counties of Eastern Croatia separately and the whole region 
in general will be tested using rank-size distribution. It ranks cities according to their size. 
Largest city gets the value of one, the next biggest city gets the value of two and so on. Rank-
size distribution is based on Pareto distribution (Auerbach, 1913). 
 

,      (6)  
 
where  is a city rank,  is a constant,  is a city size representing the number of citizens 
while  is a Pareto exponent. Rank-size distribution can be written using natural logarithms.  
 

.     (7) 

 
Lower values of Pareto exponent  indicate more even urban system while the higher values 
of Pareto exponent indicate that the urban system is more unequally distributed. In hypothetical 
cases where  all cities are of the same size and if  there is only one city. 
 
 

5. Analysis of settlements in Eastern Croatia 
 
In this chapter the analysis of settlements in Eastern Croatia will be conducted. After the 
descriptive statistics the results of Fibonacci growth series and rank-size rule will be displayed 
and discussed.  
 
5.1. Descriptive statistics of settlements in Eastern Croatia 
 
According to census conducted in 2011, Eastern Croatia has near one thousand settlements in 
which live about 800 thousand citizens (Croatian Bureau of Statistics, 2018b). So, in the five 
counties, which together geographically form the area of Eastern Croatia, lives about one 
quarter of the total number of citizens in Croatia. In Table 1 are given detailed main descriptive 
statistics results for each county separately and for Eastern Croatia in all three observed census 
years.  
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Table 1: Descriptive statistics results for settlements in Eastern Croatia, five counties, 
censuses conducted in 1991, in 2001 and in 2011 

County Census 
Statistics 

No of sett. Mean St. dev. CV Skew. Med. Min. Max. 

Osijek-Baranja 
1991 260 1,412 6,706 475 14 521 1 104,761 
2001 261 1,266 5,844 462 14 440 1 90,411 
2011 257 1,182 5,490 464 14 357 1 84,104 

Požega-Slavonia 
1991 275 361 1,407 390 12 138 4 21,046 
2001 269 319 1,356 425 13 102 1 20,943 
2011 262 306 1,284 419 13 104 1 19,506 

Slavonski Brod-Posavina 
1991 184 951 4,204 442 12 403 5 55,683 
2001 182 971 4,435 457 12 356 2 58,642 
2011 181 876 4,056 463 12 302 2 53,531 

Virovitica-Podravina 
1991 189 554 1,531 277 8 244 9 16,167 
2001 189 494 1,477 299 8 196 2 15,589 
2011 179 461 1,427 310 8 170 3 14,688 

Vukovar-Sirmium 
1991 84 2,753 6,150 223 6 1,307 126 44,639 
2001 84 2,438 4,985 204 5 1,012 88 33,239 
2011 84 2,137 4,600 215 5 862 47 32,029 

All 
1991 992 985 4,440 451 17 312 1 104,761 
2001 985 905 4,011 443 16 274 1 90,411 
2011 963 836 3,754 449 16 247 1 84,104 

Note: No of sett. – number of settlements; St. dev. – standard deviation; CV – coefficient of variation; Skew. – 
skewness; Med. – median; Min. – minimum; Max. – maximum. 

Source: Authors, Croatian Bureau of Statistics (2018a, b). 
 
Generally speaking, Table 1 shows that both, the number of settlements and the average 
settlement size, are decreasing at each consecutive census. However, there are some small 
exceptions. For example, at county of Vukovar-Sirmium the number of settlements stayed the 
same but the average settlement size has decreased dramatically. The rest descriptive statistics 
results are showing that there are present huge differences in settlement sizes in all observed 
counties. According to the coefficient variation values, the highest variability level, when 
settlement sizes are considered, is present at county Osijek-Baranja. 
 

Table 2: Total settlement size of settlements in Eastern Croatia and the growth rates, five 
counties, censuses conducted in 1991, in 2001 and in 2011 

County 
Total settlement size Growth rate (%) 

1991 2001 2011 2001/1991 2011/2001 2011/1991 
Osijek-Baranja 367,193 330,506 303,764 -9.99 -8.09 -17.27 

Požega-Slavonia 99,334 85,831 80,263 -13.59 -6.49 -19.20 
Slavonski Brod-Posavina 174,998 176,765 158,520 1.01 -10.32 -9.42 

Virovitica-Podravina 104,625 93,389 82,531 -10.74 -11.63 -21.12 
Vukovar-Sirmium 231,241 204,768 179,521 -11.45 -12.33 -22.37 

All 977,391 891,259 804,599 -8.81 -9.72 -17.68 
Source: Authors, Croatian Bureau of Statistics (2018a, b). 

 
In Table 2 are observed total settlement sizes in the observed five counties and in the whole 
Eastern Croatia. According to the results presented in Table 2, when total settlement sizes are 
considered, county of Osijek-Baranja is the largest one whereas the county of Požega-Slavonia 
is the smallest one in all observed census years. Unfortunately, the second part of Table 2 shows 
that the growth rates at all counties, except at county of Slavonski Brod-Posavina in 2001, are 
negative. The total settlement size in Eastern Croatia decreased by 17.68% in 2011 in compare 
to 1991. 
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5.2. Fibonacci series and settlements in Eastern Croatia 
 
In order to apply Fibonacci methods 1 and 2, all settlements were ordered in decreasing order 
according to their size. After that Fibonacci series was used to select just some settlements for 
which settlement size was forecasted by using Fibonacci methods 1 and 2. In case of the whole 
Eastern Croatia, total 15 settlements were selected from 1991 census whereas 14 settlements 
were selected from 2001 and 2011 census. Actual settlements sizes of selected settlements in 
Eastern Croatia and forecasted settlement sizes by using data from the three observed censuses 
are shown in Figure 2. In addition, in Figure 2 are presented so called Fibonacci spirals in which 
observed settlements are shown. However, due to clarity, Fibonacci spirals are showing only 
first eight selected settlements. 
 
Figure 2: Comparison of actual settlement sizes with forecasted settlement sizes calculated by 

using Fibonacci methods 1 and 2 (left column) and Fibonacci spiral (right column), all 
settlements in Eastern Croatia, censuses conducted in 1991, in 2001 and in 2011 

Actual settlement sizes vs Fibonacci method 1 and 2, 
census 1991 

Fibonacci spiral, census 1991 

 
 

Actual settlement sizes vs Fibonacci method 1 and 2, 
census 2001 

Fibonacci spiral, census 2001 

 
 

Actual settlement sizes vs Fibonacci method 1 and 2, 
census 2011 

Fibonacci spiral, census 2011 
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Source: Authors. 
 
Figure 2 reveals that both used forecasting methods seems to be quite precise because the lines 
of forecasts are almost exactly on the top of lines that represent the actual settlement sizes. In 
addition, it seems that the precision of forecasting method is the highest at the latest census 
conducted in 2011. However, it is hard to conclude, based on Figure 2, which forecasting 
method is more precise. Because of that overall forecasting errors are calculated and the results 
are shown in Table 3. 
 

Table 3: Root mean squared errors (RMSE) and mean absolute percentage errors (MAPE) 
between actual settlement size of settlements in Eastern Croatia and Fibonacci methods 1 and 

2, five counties, censuses conducted in 1991, in 2001 and in 2011 

County Census 
Fibonacci method 1 Fibonacci method 2 
RMSE MAPE RMSE MAPE 

Osijek-Baranja 
1991 17,179 176.77 13,453 49.75 
2001 13,773 162.28 10,637 47.87 
2011 12,673 179.04 9,861 52.63 

Požega-Slavonia 
1991 2,126 72.30 1,499 21.53 
2001 2,936 160.25 2,478 63.76 
2011 2,631 169.32 2,182 67.37 

Slavonski Brod-Posavina 
1991 9,560 217.26 6,712 51.51 
2001 10,274 215.05 7,408 42.07 
2011 9,422 221.84 6,831 42.22 

Virovitica-Podravina 
1991 571 19.76 610 18.14 
2001 549 24.60 571 21.60 
2011 534 36.47 502 27.32 

Vukovar-Sirmium 
1991 3,624 23.05 4,482 23.21 
2001 3,492 17.46 3,943 23.96 
2011 2,540 19.45 2,956 24.43 

All 
1991 2,944 185.28 4,085 196.25 
2001 940 14.64 1,189 8.44 
2011 551 13.08 565 8.32 

Source: Authors. 
 
The results from Table 3 confirmed that, if Eastern Croatia is observed, the precision of used 
forecasting methods is the highest at census conducted in 2011. However, still it is hard to 
unambiguously determine which forecasting method performed better. According to 2011 
census results when RMSE is observed the Fibonacci method 1 is more accurate than the 
Fibonacci method 2 (551 citizens vs 565 citizens) but if MAPE is observed then the Fibonacci 
method is more accurate than Fibonacci method 1 (8.32% vs 13.08%). Similar concerns are 
present at county level as well. Because of that it has been decided than the decision will be 
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made by observing only MAPE. Accordingly, in general, it can be concluded that Fibonacci 
method 2 gave more precise forecasts than Fibonacci method 1. 
 
5.3. Zipf’s law and settlements in Eastern Croatia 
 
In Figure 3 are showed scatter diagrams for individual counties and whole population of Eastern 
Croatia for the censuses conducted in 1991, 2001 and 2011. On the horizontal axis is displayed 
variable ln settlement rank and on the vertical axis is displayed variable ln settlement size. Due 
to the depopulation the number of settlements was in a sloping path. 
 

 

Figure 3: Scatter diagrams of natural logarithms of settlement sizes and their ranks, all 
settlements in Eastern Croatia, censuses conducted in 1991, in 2001 and in 2011 

Census 1991, n=992 Census 2001, n=985 Census 2011, n=963 

   
Source: Authors. 

In Table 4 are presented calculated values of the Pareto coefficient  for each individual county 
and region of Eastern Croatia.  
 
Table 4: The Pareto coefficient ( ) values, censuses conducted in 1991, in 2001 and in 2011 

County 
Pareto coefficient ( ) 

1991 2001 2011 
Osijek-Baranja -1.2471 -1.3193 -1.3650 
Požega-Slavonia -1.1739 -1.5481 -1.5241 
Slavonski Brod-Posavina -1.0657 -1.2251 -1.2457 
Virovitica-Podravina -1.1222 -1.4091 -1.3712 
Vukovar-Sirmium -1.1005 -1.1657 -1.2120 
All -1.2831 -1.4901 -1.4779 

Source: Authors. 
 
From the results displayed in Table 4 it can be seen that the values of Pareto coefficient  for 
each individual county and Eastern Croatia in general are greater than one (in absolute sense) 
with a tendency of increase in each subsequent census. It can be concluded that validity of 
Zipf’s law cannot be approved when all settlements are taken into account. 
 
 
 
 
 
 
 
 
 

b

b
b
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Figure 4: Scatter diagrams of natural logarithms of settlement sizes and their ranks, 
settlements larger than 500 in Eastern Croatia, censuses conducted in 1991,  

in 2001 and in 2011 

Census 1991, n=354 Census 2001, n=318 Census 2011, n=281 

   
Source: Authors. 

 
In order to check whether Zipf’s law holds for upper-tail of the distribution, the sample of 
settlements larger than 500 in Eastern Croatia were taken into analysis presented in Figure 4. 
 

Table 5: The Pareto coefficient ( ) values, settlements larger than 500,  

censuses conducted in 1991, in 2001 and in 2011 

County 
Pareto coefficient ( ) 

1991 2001 2011 
Osijek-Baranja -0.8817 -0.9045 -0.9409 
Požega-Slavonia -0.9832 -0.9880 -1.0156 
Slavonski Brod-Posavina -0.7929 -0.8377 -0.8373 
Virovitica-Podravina -0.8940 -0.9113 -0.9924 
Vukovar-Sirmium -0.9738 -0.9973 -1.0083 
All -0.8732 -0.8886 -0.9056 

Source: Authors. 
 
Results from Table 5 indicate that the values of Pareto coefficient  have been lower compared 
to the case when the whole population was observed and have been close to one depending on 
the each individual county. In 2011 the value of Pareto coefficient  was -0.9056. It can be 
concluded that Zipf’s law generally holds for the settlements larger than 500 inhabitants in the 
case of individual counties and region of Eastern Croatia which is in the line with previous 
investigations about validity of Zipf’s law in upper-tail distribution in Croatia. 
 
 
 
 
 
 
 
 
 
 
 
 
 

b

b
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Table 6: Kolmogorov-Smirnov, the Anderson-Darling and the chi-square goodness-of-fit 
results for the log-normal distribution, observed variable ln settlement size, settlements larger 

than 500, censuses conducted in 1991, in 2001 and in 2011 

County 
Census 1991 Census 2001 Census 2011 

K-S A-D  K-S A-D  K-S A-D  

Osijek-Baranja 0.14*** 5.33*** 48.94*** 0.15** 5.40*** 55.03*** 0.15** 4.76*** 46.64*** 
Požega-Slavonia 0.18 1.51 3.82 0.18 0.97 5.04* 0.15 0.63 ----- 
Slavonski Brod-
Posavina 

0.13 2.28* 35.31*** 0.13 1.69 23.09*** 0.11 1.62 12.37*** 

Virovitica-
Podravina 

0.20** 2.80** 9.56*** 0.24** 3.08** 14.98*** 0.26** 2.62** 14.36*** 

Vukovar-
Sirmium 0.08 0.75 9.68 0.08 0.72 8.28 0.10 0.74 8.57 

All 0.12*** 10.72*** 99.22*** 0.12*** 9.94*** 99.23*** 0.13*** 8.65*** 83.14*** 

Note: K-S – Kolmogorov-Smirnov test, A-D – Anderson-Darling test,  – chi-square test, statistically 

significant results at: * – 10% significance level, ** – 5% significance level, *** – 1% significance level. 
Source: Authors. 

 
In Table 6 are presented results of Kolmogorov-Smirnov, the Anderson-Darling and the chi-
square goodness-of-fit results for the log-normal distribution. If the underlying distribution is 
lognormal, then goodness of fit tests will categorically reject the Pareto distribution, Eeckhout 
(2004, 1432). In all three applied tests the null hypothesis includes assumption that the variable 
settlement size, given in natural logarithm values, follows lognormal distribution. The Pareto 
distribution is very different from the lognormal distribution, so the expected results should be 
to accept the alternative hypothesis. The test results from Table 6 in majority of observed cases 
suggest that the variable ln settlement size does not follow lognormal distribution. The 
exceptions are the counties Požega-Slavonia and Vukovar-Sirmium in which cases the null 
hypothesis about presence of lognormal distribution cannot be dismissed. It can be explained 
with the fact that if only the upper-tail of distribution was observed and not the whole 
population, the density function of lognormal and Pareto distribution can be very similar. They 
are both downward slopping although Pareto distribution is a more convex. For lower truncation 
point Pareto distribution fits the data less which was shown in the case when the whole 
population of Eastern Croatia was observed. 
 
 
6. Conclusions 
 
Goal of the paper was investigation of main urban economics laws in Eastern Croatia in the 
case of decreasing population. Two research questions or hypotheses were formed. First 
research question investigated whether the structure of Eastern Croatia’s urban system comply 
with the Fibonacci growth sequence. Two forecasting methods were used while the precision 
of them was tested using MSE, RMSE and MAPE metrics. Both forecasting methods seemed 
to be quite precise because the lines of forecasts were almost exactly on the top of lines that 
represent the actual settlement sizes. According to 2011 census results when RMSE was 
observed the Fibonacci method 1 was more accurate than the Fibonacci method 2 (551 citizens 
vs 565 citizens) but if MAPE is observed then the Fibonacci method 2 was more accurate than 
the Fibonacci method 1 (8.32% vs 13.08%). It can be concluded that Fibonacci sequence is a 
good predicting tool to forecast settlements size even in the case of decreasing population. 
Second research question which was answered investigated whether Zipf’s law or rank-size rule 
holds for Eastern Croatia in general and for its counties individually. Results of the OLS 
regression testing have shown that values of Pareto coefficient  for each individual county and 
Eastern Croatia were greater than one with a tendency of increase in each subsequent census. 

2c 2c 2c

2c

b
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Therefore, validity of Zipf’s law could not be approved when all settlements were taken into 
account. But when the sample of settlements larger than 500 in Eastern Croatia were taken into 
analysis Zipf’s law seems to hold. Limitations of the study are related to the uneven number of 
settlements in censuses due to the fact that some settlements cease to exist over time. 
Recommendations for future research can go in the way by inclusion of additional censuses 
before the year 1991 into analysis in order to test dynamic version of rank-size rule known as 
Gibrat’s law.  
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