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Abstract:
Although the importance of urbanization has been repeatedly stressed out, especially during the
adverse ecological consequences resulting from the fragmentation of natural habitats and consequent
reduction of their ecosystem services, controversies exist with respect to its magnitude, mechanisms
and drivers. This study was aimed at assessing whether population and its density are significant
predictors of urbanization. The methodology included geo-statistical analyses carried out in the 25
Romanian cities with a population of at least 100,000 in 1992, for the three periods covered by
CORINE data: 1990-2000, 2000-2006 and 2006-2012. The findings suggest on the one hand that only
population is a marginally significant predictor for the changes occurred in all the three periods, and
that the urbanization rate is better correlated with population and its density than the raw area affected
by urbanization. The lack of statistical significance is most likely due to the reduced sample size.
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Introduction:
The increase of urban population is a fact demonstrated by numerous studies.
Nevertheless, its perspective becomes more and more alarming. In 2003, the share was
expected to exceed 50% by 2013 (Cohen, 2003); this happened actually in 2008 (Grimm et
al., 2008a). Three years later, another study projected a share of 69% by 2050 (Lederbogen et
al., 2011). The urbanization process has adverse ecological consequences, as it fragments,
simplifies and replaces the adjacent natural and agricultural systems with urban fabric (Luck
and Wu, 2002; Poelmans and Van Rompaey, 2009; Petrişor and Sârbu, 2010; Petrişor et al.,
2016). These changes affect the green infrastructure, which responds by decreasing the level
of ecosystem services (Pauleit et al., 2005; Taylor Lovell and Taylor, 2013; Badiu et al.,
2016).
Debates are also present with respect to the causes and forms; the greater political stability
determined less land cover and use changes in Western Europe compared to Eastern Europe
(Kupková et al., 2013). In fact, the extent of urbanization was hard to assess in Romania,
where cities make up only a small fraction of the national territory; the process became visible
when the increase was assessed in terms of its share of the urban area (Petrişor, 2012b).
Moreover, Eastern-European urbanization occurred though the transformation of agricultural
land in the metropolitan areas (Pauchard et al., 2006; Václavík and Rogan, 2009; Grigorescu
et al., 2012). Similar findings come form a study of Madrid (Díaz-Palacios-Sisternes et al.,
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2014), distinguishing between three processes: (1) transformation of agricultural land into
urban land, (2) development of agriculture and transformation of urban land into agricultural
land, and (3) colonization of urban and agricultural land by nature. These results are
strengthened by Iaţu and Eva (2016), who show that the abandonment of cropland can be also
a precursor of the urbanization process.
Previous studies carried out in Romania pinpointed urbanization as one of the most important
transitional dynamics (Ianoş et al., 2011; Petrişor et al., 2010, 2014; Petrişor, 2012a, b, 2015a,
b; Popovici et al., 2013). A study by Puşcaşu (2011) indicated four drivers of Romanian
urbanization: (1) the expansion of residential housing (second or vacation house) following
the abandonment of agriculture; (2) tourism; (3) changes of large cities due to socio-economic
drivers; and (4) loss of the traditional rural space and consequent dissolution of borders
between urban and rural areas. However, Ianoş et al. (2016) differentiate between the
consequence of developing tourism, commercial, and residential facilities between 1990 and
2000, and the metropolitan urban sprawl in the next period.
Divergent opinions exist also with respect to the determinants of urbanization, although
authors conceptually agree upon their geographic, socio-economic and demographic nature:
area of the city, presence of adjacent urbanized areas, age (date of foundation), topographic
heterogeneity, and geographical position (latitude, longitude, altitude) (Aronson et al., 2014),
urban population dynamics, water provisioning, transportation, institutional factors, and
topography (Shrestha et al., 2012), geographical characteristics, population, income,
agriculture GDP, presence of adjacent urbanized areas, and household size (Alig et al., 2004),
human socio-demographic changes (Grimm et al., 2008b), GDP, population growth,
geographic density, and political and institutional variables (openness and democracy) (Annez
et al., 2010), demographic data, investments in capital construction, agricultural and urban
output, wage rates in different sectors, foreign direct investments, and rents (Seto and
Kaufmann, 2003), population, its density, and economic growth (Güneralp and Seto, 2013),
population density, and socio-economic drivers (Ramalho and Hobbs, 2012), population
growth and demographic trends, footloose international capital, governance and institutional
structures, and agglomeration forces (Seto et al., 2010), or political, economic, and cultural
determinants (Fahmi Fikri et al., 2014).
This study aims to see whether population and its density are significant predictors for
explaining the urbanization within and around the large Romanian cities during 1990-2012.
Data and methods
The study used CORINE land cover and use changes data, provided free of charge by
the European Environment Agency (http://www.eea.europa.eu/data-and-maps/) for 1990-2006
and by the Copernicus Land Monitoring Service (http://land.copernicus.eu/paneuropean/corine-land-cover/lcc-2006-2012/view) for 2006-2012 in a shape file format, usable
by ArcView/ArcGIS. Since their projection was ETRS 1989 Lambert Azimuthal Equal Area
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L52 M10, it had to be changed unto Stereo 1970 in order to use them and draw the maps.
Urbanization was defined as a transformation of agricultural, natural, wetland or water areas
in urban areas or urban changes indicating the urban development within the city limits
The cities included in the study were those 25 with a population exceeding 100,000 at the
1992 census (Fig. 1). They were also selected for the geographical consideration represented
by an approximately balanced position in the country. Demographic data were obtained from
the censuses and statistical yearbooks (National Commission of Statistics, 1993, National
Institute of Statistics, 2003, 2007, 2012). The following parameters were computed:
• Average population for each period: defined as the average between the 1992 and
2002 census for the period 1990-2000, between 2002 and 2006 for 2000-2006 and
between 2006 and 2011 for 2006-2011. Although the demographic periods do not
coincide with those of CORINE data, the closest census data were preferred despite of
1-2 years gaps due to their reliability;
• Density: computed as the ratio between the average population and area of each city.
Surfaces were computed using the X-Tools extension of ArcView 3.X;
• Urbanization rate: share of the total area affected by urbanization from the total city
area.
The data were processed and analyzed by taking the following steps:
• Clip the data by the administrative contours of cities using the Spatial Analyst
extension of ArcView 3.X;
• Define the transitional dynamics and eliminate all others than urbanization;
• Compute the area affected by urbanization for each period and city using the X-Tools
extension of ArcView 3.X;
• Intersect the resulting polygons with the administrative territories of cities in order to
obtain a database including the city name and surface affected by urbanization within
its administrative territory;
• Dissolve the polygons affected by urbanization for each city and period keeping the
total area affected as an attribute;
• Compute the correlations using MS Excel 2003 (implementing the formulae for
Pearson-Spearman coefficient of linear correlation and its significance).
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Fig.1. Romanian cities selected in the study: geographical position in Romania and Europe.

Results and discussions:
The results are presented in Table 1. The table displays the value of Pearson-Spearman
coefficient of linear correlation and its significance.

Period
1990-2000
2000-2006
2006-2012
1990-2012

Total area affected by urbanization
Density
Population
r
p
n
r
p
n
0.04 0.88 18 0.19 0.44 18
0.06 0.78 24 0.07 0.76 24
0.24 0.29 22 0.34 0.12 22
0.12 0.35 64 0.21 0.10 64

Urbanization rate
Density
Population
r
p
n
r
p
n
0.49 0.04 18 0.49 0.04 18
0.19 0.37 24 0.08 0.71 24
0.68 0.00 22 0.69 0.00 22
0.38 0.00 64 0.33 0.01 64

Table 1. Correlations between the population and its density and total area affected by urbanization and the
urbanization rate within the 25 Romanian cities with a population exceeding 100,000 in 1992. Bold values are
significant at α = 0.01, and Italic values marginally significant at 0.05 < α ≤ 0.1

The results indicate that no significant correlation was found between the population and its
density and total area affected by urbanization in any period or overall. However, the overall
correlation between the population and area affected by urbanization per city is marginally
significant (0.05 < p ≤ 0.1); this finding suggests that if the sample is extended to include
more cities, the results may become significant. The urbanization rates are significantly
correlated with population and its density for all periods except for 2000-2006 and overall.
Furthermore, the results suggest that urbanization is not necessarily determined by population
or its density only, but also by other socio-economic factors, such as the spatial planning and
real estate policies, the economic situation etc.; this claim is supported by the fact that,
although not significant with respect to the area affected by urbanization, the results from the
last period (2006-2012), reflecting the consequences of the 2007 real estate boom (Popa and
Giurcă Vasilescu, 2009), approach significance with respect to the area affected by
urbanization, and most results related to the urbanization rate are significant.
Conclusion:
The study aimed to test whether population and its density are significant predictors of
urbanization in the large Romanian cities. Population was found a marginally significant
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predictor overall. Most likely, the reduced sample size is responsible for not finding
statistically significant correlations.
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