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Abstract  

According to a study by United Nations (UN) on urbanization, the world population living in cities has 

been increasing exponentially and will continue to do so in the next years. From 1950 to 2007 the 

percentage of urban population has increased from 29% to nearly 50% and UN projections say that in 

the year 2050 this number will be 70%. These numbers lead us to raise some questions: How will 

urbanization evolve in the future? How will it influence the development of each region/country? 

In this paper we describe the preliminary results obtained where in the analysis of the relation between 

urbanization rate and economic development (GDP per capita). We also describe the next steps into 

creating a macroeconomic model with contributions from urban economics and some empirical 

studies.  

 

1. Introduction 

Historically, cities have always been centers for development either economic, scientific, 

political or even artistic; places like Rome, Paris, London and New York impacted 

development in several ways. In today’s paradigm cities are relevant, not only as dispersed 

hubs, but also as a whole; cities concentrate about half of the global population and urban 

energy consumption represents 75% of the total, as stated in a CNN article (CNN, 2007; 

United Nations, 2007).  

The issues about city growth and what drives their development are currently under the 

interest of many researchers, but these are relatively recent themes in the scientific world. 

Studies over city development have taken many different approaches, through computational 

or theoretical models to empirical studies. However, in the background research we haven’t 

found a model that studied the city development using a macroeconomic model.  

Urban economics is a field of economics that deals with these questions (Fujita, et al., 

2001; Fujita, 2010). It studies the reasons and mechanisms by which agglomerations of 

populations and economic activity appear in a specific region. It uses microeconomics 

dynamics, like the balance of offer and demand and optimizations of profits by companies and 

families. In 2008, Paul Krugman received the Nobel Prize in Economic Sciences for his work 
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in the development of spatial economics and trade theory. His biggest contribution was the 

core-periphery model which is a general equilibrium model of how increasing returns in the 

economy could impact spatial economic structure (Krugman, 1991). Other work, done in 

parallel to this one, relates urban growth with human capital with different city types (defined 

by the dominant economic activity) which created a model for cities sizes – measured by 

population – and number of cities by calculating, again, market equilibriums and tracking the 

decision that maximizes the utility of each agent (Black, et al., 1999). 

A macroeconomic perspective has the big advantage of simplicity. By looking for general 

trends without describing the processes within it with detail, it is possible to consider less 

inputs that are, in most cases, easier to obtain. Find disaggregated data is often one of the 

hardest parts of modeling.  Using data aggregated at the country level makes this task easier. 

Other than that, most microeconomics studies rely on the hypothesis that the market is in 

equilibrium which, in reality, doesn’t exist. Therefore, what we aim to do with this work is 

understand how to create a model that would answer the questions highlighted. This model 

would have, essentially, the philosophy of a macroeconomic model but will also include some 

issues discussed in urban economics. To do so, we will try to understand the trends of 

countries’ urbanization rates and the dynamics between city size and its development. 

 In this paper it’s described the work that has been done and the plans for the future work 

as this study is still under way. First, we will give an overview of the current trends in 

urbanization and some preliminary results obtained in our analysis. Afterwards, we will 

mention the methodologies and existing studies that will be used in the study of how to 

calculate city sizes and, with it, economic growth.  

 

2. Urbanization 

2.1. Available data and observed trends 

According to the information available in the database of UN, summarized in Graph 1, the 

world population living in cities has been increasing exponentially (United Nations, 2008). 

The urban population grew from 0,9 billion in 1955 to more than the triple, 3,2 billion in 

2005. This growth has been caused by two different processes:  

1. Growth of population as a whole. The world population in 2005 is 2,3 times larger than 

it was 50 years before; 

2. Migration from rural to urban areas. World urban population percentage grew from 31% 

in 1955 to 49% in 2005. 
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It is also possible to see that, in less developed regions, the urbanization process is due to 

both processes. The population in these regions is increasing tremendously and the share of 

urban population more than doubled (from nearly 20% to more than 40%). However, in more 

developed regions, the increase of urban population is explained mostly by the migration 

process translated in the increase of the percentage of urban population from 56% to 74%. 

Total population in these regions has increased slightly showing stabilization in the latest 

years. Although there are some concerns about the standardization of the definition of what 

must be considered urban population or not (United Nations, 1974; Cohen, 2004; Cohen, 

2006), the UN data this is, to the date, the most complete collection of data that exist. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

One other fact to take into consideration is how this urbanization happens in terms of its 

distribution throughout the cities. A study made in the United States found that urban 

population growth happened, mostly, in smaller cities and not in mega cities such as New-

York or Los Angeles whose population has been stable in the latest years (Alig, et al., 2004). 

Looking at the statistics of the census of the United States it is also possible to see that the 

number of cities has grown significantly, which also shows that urbanization is happening in 

smaller population aggregations (U.S. Census Bureau, 1993). However, it is important to 

stress that, in developing countries, the population growth occurs in all cities, which means 

that population is growing in small cities as well, but also in the largest ones (Cohen, 2004). 
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Graph 1 – World population distribution between rural and urban areas between 1955 and 2005  

(United Nations, 2008)   
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That is in the origin of new mega cities in developing countries that have emerged in the last 

decades. 

2.2. Prediction of future trends 

In order to study the role of cities in the future development of a region it is very important 

to understand and make scenarios for the trends of urban population growth.  

 

2.2.1. Extrapolation of temporal trends 

UN are the providers of the projections of urban and rural population that have been 

widely used in the scientific community. The most recent document available that describes 

the methods used is from 1974 (United Nations, 1974). In the absence of any information 

about the update of this methodology we assumed that it did not suffer a significant change 

until today and we will analyze it as it was described in that report.  

The projections made are based in past trends of population evolution throughout the years 

in urban and rural zones. The tempo of urbanization (as the trend of urban developments is 

called in this study) is estimated using the difference between the rates of urban and rural 

population growth. This measure was chosen because it eliminates a number of existent 

problems in other used measures of it such as the annual gain in percentage of urban 

population or the annual rate of gain in percentage of urban population. It delivers reasonable 

results for an indefinite period of time independently of the level of urbanization, the rate of 

growth in total world population observed and no matter if the rural population is increasing 

or decreasing. One other reason to this option is that it describes the dynamics of 

attractiveness of cities in comparison with urban areas. 

However, we believe that an analysis that only uses time trends don’t illustrate the 

dynamics of the urbanization process. A correlation between the level of development of a 

region and its level of urbanization seems evident looking at the difference between the 

profiles of more and less developed regions shown in Graph 1. Considering this fact, we 

believe that, to calculate more accurate projections, they must include, at least, one input 

related with the level of development in resemblance with other studies such as demographic 

transition (Myrskylä, et al., 2009).  

 

2.2.2. Relation of urbanization and economic growth 

Processes that lead to change of urbanization levels, such as migrations from rural areas to 

cities and different fertility rates, are heavily influenced by economic decisions. In fact, the 

change of sectors that dominate the economy that most countries go through (from 
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agriculture, to industry, to services) fosters a continuously higher level of population 

concentration (Henderson, 2003). As the shift of sectors is linked to economic development 

one may argue that growth is one of the most important factors that influence the evolution of 

the urban population percentage.  

Henderson (2003) tested the hypothesis that urbanization and urban concentration (here 

measured as primacy) drives growth. Although this is the opposite relation that we are trying 

to find, this might be a cyclic relation as already purposed in a paper in which he had 

participated (Black, et al., 1999). Using panel data he found that there was only a clear causal 

relation between urban concentration and growth. Other studies followed performing similar 

analysis (Bertinelli, et al., 2007). Asadoorian (2008) has also used economic indicators to 

make projections of urban growth until 2100 so they could be used in the EPPA (Emissions 

Predictions and Policy Analysis) model being developed at MIT. He used as proxy for 

population density the national population per unit of arable land to avoid the problems of 

urban zones definitions, already mentioned. 

 

2.2.3. Analysis of the impact of economic growth in urbanization 

As mentioned before, we believe there is a strong relation between the economic growth of 

a country and its urbanization rates. To verify this hypothesis we gathered a set of data which 

includes 180 countries in the period between 1960 and 2005 with annual records (with a few 

exceptions). In our analysis we used demographic data (total and urban population) collected 

by UN, available in the website NationMaster (NationMaster, 2010). Economic development 

proxy used was GDP per capita as constant prices (US dollar being 2000 the base year) also 

available in the NationMaster website (NationMaster, 2010). 

To create a function that could describe the relation we had to consider the following 

boundary conditions: 

1. When GDPper capita = 0 ï Urb=0. When the level of economic activity of a regions is 

zero it is assumed that that area is deserted. 

2. Urb§1, " GDPper capita œ [0,+¶[. Urbanization rate can’t exceed the 100% so the 

function has to consider the existence of a plateau that can be equal or less than 1. 

Taking into consideration these conditions, the logarithm function, which seems, for most 

cases, the function that describes the curve seen, cannot be applied. So, we used a function 

similar to the logarithm but that satisfies the above conditions, being β0 e β1 the parameters of 

the function: 
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Urb =
��×�	
�� ������

����	
�� ������
   [1] 

 

We chose to make the analysis independently to each country as we expected that, 

although equation [1] fits most of countries data, the parameters obtained would be different 

as, because of cultural diversity and geographical factors, for example, the behavior of the 

curve may vary. Looking at equation [1] we can see that the limit of Urb when GDPper capita 

tends to infinity is β0, being the parameter β1 the one that indicates how fast the plateau is 

reached. To estimate the parameters we used a non-linear least square minimization method 

that was implemented using STATA. 

Dividing the results according to the countries’ classification by the UN of developing and 

developed countries (United Nations, 2009), we get the plotting shown in Graph 2. 

 

Graph 2 – Values for the parameters obtained for developing and developed countries 

There are a few results that don’t respect the second condition (β0§1), mainly for 

developing countries. This happens as most of these countries are in the initial phase of the 

curve and the plateau values are yet difficult to predict. The dispersion observed in 

developing countries graph is due to the same reason. In the developed countries, the 

distribution of the parameters’ values is much more concentrated as most of them have 

reached the asymptotical value for urbanization rate or that are near of it. The three countries 

that are in the bottom left corner  are (from the left to the right): Slovenia, Czech Republic 

and Brunei; which are, among the developed countries, a sample which growth is recent and 

very inconstant with the GDPper capita increasing and decreasing during the years of the data 

collected. 

We don’t present a statistical evaluation of the results as, for that, we still have to test the 

robustness of our analysis. 

There is one other problem with this analysis which is the non standardization of the 

definition of what is urban area or not between different countries, already mentioned. As the 
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meaning of urban population change so do the parameters estimated here, not because the 

trend is different, but because the definition differs. 

 

2.3. Distribution of city sizes 

People living in cities are growing in number as we have seen in the previous section. 

However, to understand what this implies in terms of city growth, one should know how the 

urban population is distributed. Scenarios where only few large cities exist are very different 

from others where urban population is distributed through multiple cities which size does not 

differ one from the other significantly.  

Since the beginning of the XX
th

 century, it has been proposed by a number of researchers 

that the distribution of city sizes obeys to a Pareto Distribution described by equation [2].  

 

log�r� = log�A� − δ log�S�   [2] 

r - rank of the city; S – size of the city (population); A - positive constant; δ – constant; 

 

More recently, using data from the Statistical Abstract of the United States, it has been 

found a strong statistical relation between the rank of a city (in terms of population 

dimension) and its size; a relation that is described by equation 1 in the particular case where 

δ equals to one. This specific case of the Pareto Distribution is called Rank Size Rule [3] or, 

most commonly, Zipf’s Law because George Zipf was the first, in 1949, to show a number of 

empirical patterns in social sciences of this form, including city sizes distribution. This same 

equation can be written in terms of probability distribution (3) which provides the possibility 

of dealing with a continuous function (Gabaix, 1999; Gabaix, 1999; Fujita, et al., 2001; 

Ioannides, et al., 2003). A recent study proved that this law holds even for cities with 

population as low as around 10,000 inhabitants (Rozenfeld, et al., 2009). 

 

log�r� = log�A� − log�S�  ⇔ r = A S⁄        [3] 

 

P�Size > S� = α S⁄      [4] 

α – positive parameter 

 

Gabaix (1999) gave an explanation to this distribution behavior that has shown 

considerable support. He shows how it is possible to obtain Zipf’s Law mathematically, 
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considering that Gibrat’s Law is true. Gibrat’s Law is a statement of what happens if it is 

considered that cities grow stochastically: 

 “(…) there are a fixed number of cities (…), and that, over time, their sizes grow (and 

possibly shrink) stochastically. Assume only that, at least for a certain range of (normalized) 

sizes, the cities follow similar processes; i.e., their growth processes have a common mean 

(equal to the mean city growth rate) and a common variance.” 

(Gabaix 1999) 

However, the hypothesis that cities growth behaves stochastically goes against the very 

own basis of urban economics that cities emerge and develop due to economic driven choices 

of industries and people. Taking this into consideration, Fujita et al (2001) argues that the 

power law observed in Zipf’s Law is due to randomness of connections of cities in space and 

not of cities growth. 

Despite all of the controversy behind the explanations of this phenomenon, the empirical 

studies have shown that Zipf’s Law is a good form to describe the distribution of a country’s 

cities sizes. Knowing the total urban population and the number of cities it is possible to 

calculate the population of each city in a country: 

 

P&'( = ∑
*�

+

,
+-. ⇔ S. =


/0

∑
�

�
1
�2�

    [5] 

Purb – total urban population; N – number of cities; S1 – size of the largest city 

 

3. Cities development 

As mentioned before, there is a branch of economics that studied the reasons and processes 

that lead to the formation of agglomeration of people: urban economics. However, for the 

purpose of this work, we intend to follow a slightly different perspective using the 

neoclassical theory of growth developed by Solow where output (Y) is modeled using capital 

(K) and effective labor (LA - L being labor and A labor efficiency) (Romer, 1996). This 

model is mainly applicable to entire countries or whole economies, so the application to an 

urban system requires a few adaptations. Cities are dynamic systems, with changing 

boundaries and a big flow of materials and people. Transportation costs are crucial to the 

layout and attractiveness of a city, as first concluded by Von Thünen in the XIX
th

 century 

(Fujita, et al., 2001; Katzman, 1974). 

Looking at cities included in the same country it is possible to observe a relation between 

their sizes and different indicators of their activity (Bettencourt, et al., 2007). In fact, larger 
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cities have bigger productivities per capita, following a scaling law of the form give by 

equation [6] with a coefficient β superior to one.  

 

I = I4S� [6] 

I – indicator value; I0 – positive constant; S – size of the city (population); β – relation coefficient 

Therefore, the size of a city has an influence in its output! But how can we model this?  An 

explanation for this relation has been presented (Arbesman, et al., 2009) but it uses merely a 

tree network configuration of society and relations between people. In our model we aim to 

relate our inputs with city size in a way that this relation can also be explained in an economic 

way. 

 

4. Impact of urbanization on countries’ development 

This final issue refers to the final goal of this research work. In this phase I want to 

understand what the impacts of a country’s growing urbanization in its economic 

development are. Some authors found that urban concentration is statistically related with 

growth, at least until a certain limit (Black, et al., 1999; Bertinelli, et al., 2007), but the 

concentration of population in urban areas (big or small), and the way that the population is 

distributed has also an impact in the way development occurs as it has been studied in urban 

economics and other empirical studies. 

The proposed methodology to construct a solid model to analyze these issues will use 

much more facts and models, some of them that are planned to be developed in answering the 

previous research questions. Here is a description of it: 

1. Use the urbanization trends found to obtain the total urban population of a 

region/country, considering that the total population of that area is known.  

2. Apply Zipf’s law of distribution of cities so the size of each city depends only on the 

number of how many exist. 

3. Model development of the urbanized part of the region through cities sizes. By 

development I consider, in this case, the economic growth (production function). For 

this, we will use the model mentioned in the previous chapter. 

For the values of the rural part of the region, which are not calculated in point three, I will 

calculate the economic output as: 

 

X6&'78 = X, 2⁄ × P6&'78       [7] 

XRural – total rural economic output; XN - economic output of the smallest city; PRural – rural population 
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This approximation is possible due to the small scale of these systems being considered, 

for these cases that economic output and energy use are linear functions of city size (linear 

approximation). For the values of the total population within the region/country we will use 

the projections made by the UN where demographic processes (such as demographic 

transition) are already included in the methodology. 

 

5. Final remarks 

As this is an ongoing work, there are no specific conclusions to highlight. For the 

preliminary results it seems that a relation between the growth of urban population percentage 

and economic development of a country are related. However, it is not possible to identify 

clearly a pattern of how this relation is analyzing the results for different countries. Further 

work is needed such as the inclusion of other inputs in the function and the analysis of the 

importance of time trends in the urbanization evolution.  

The proposal of a theory with a new perspective that joins models from different areas of 

economy is the biggest achievement of this work.  
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