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Abstract: In 2015, the 2030 Agenda for Sustainable Development was adopted by all United Nations
Member States and includes a set of 17 Sustainable Development Goals. The indicator, “Ratio of land
consumption rate to population growth rate” (indicator 11.3.1) was proposed for the monitoring
of urban development. The present study proposes the analysis of the built-up space evolution
in relation to the demographic growth in the main metropolitan areas of Romania using the 11.3.1
indicator. Land consumption rate and population growth rate (LCRPGR) is used to assess the sus-
tainability of urban growth, which takes into account both the change in the built-up area and in the
population. LCRPGR is calculated as the ratio of land consumption rate (LCR) and the population
growth rate (PGR). The analysis was conducted at the metropolitan area level for the 2006–2009,
2009–2015 and 2015–2020 periods. LCR and PGR proved to be very useful indicators for the monitor-
ing of the intensity of built-up changes in the eight metropolitan areas both in time and in space and
are useful for the local and central administrations, in both the context of achieving the sustainable
development targets and goals and in conducting urban design and planning.

Keywords: land consumption rate (LCR); population growth rate (PGR); land consumption rate and
population growth rate (LCRPGR); major metropolitan areas; Romania

1. Introduction

Cities are considered the “engines” of development, innovation and creativity [1,2].
Accelerated urban growth is a major present challenge. The world’s urban population
has recorded a rapid growth, from 751 million in 1950 to 4.2 billion in 2018 [3]. While
55.3% of the global population was living in urban areas in 2018 [3], the United Nations
report in 2020 showed that the urbanization process would continue, so that over the next
decade, an increase was estimated from 56.2% (year 2020) to 60.4% by the year 2030 [4].
In perspective, two thirds of the world’s population (68%) will live in cities by the year
2050, which will represent a major challenge for the use of natural resources [5,6]. Almost
73% of the population of the European continent lives in urban areas and it is estimated
that this percentage will reach 82% by 2050 [5,7]. The expansion of the built-up areas
was noticed in most of the European regions, even in the regions where the population
decreased [8,9]. There are also studies [10,11] which focus on the urban shrinkage as an
opposite phenomenon to urban growth.

Within the UN Summit of September 2015, the 2030 Agenda for Sustainable Devel-
opment was adopted. This includes a set of 17 Sustainable Development Goals (SDGs),
169 targets and 232 indicators to measure the progress [12]. Among these, the indicator,
“Ratio of land consumption rate to population growth rate” (known as indicator 11.3.1)
was proposed for the monitoring of urban development. This indicator is associated with
the SDG 11, “Make cities and human settlements inclusive, safe, resilient and sustainable”
and to the target 11.3, “enhance inclusive and sustainable urbanization and capacity for
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participatory, integrated and sustainable human settlement planning and management in
all countries” by 2030 [13]. To date, few studies and reports on the monitoring of SDG 11.3.1
have been conducted. According to the report published by the UK Office for National
Statistics [14], the land consumption in Great Britain grew more rapidly than the population
during the 2013–2016 period; the LCR increased by 4.3%, and the PGR increased by 1.5%.
The same report notes that in Wales, the LCR increased by 1.4% and the PGR increased
by 1.9%; in Scotland, the LCR increased by 6.1% and the PGR increased by 1.4%; while in
England, the LCR increased by 4.4% and the PGR increased by 2.3% over the analyzed
period. The study conducted by Nicolau et al. 2019 [15] revealed a growth of the urban
area and a decrease in the urban population in Portugal, leading to negative values in the
LCRPGR. During the 2007–2011 period, the LCRPGR was 64.4 in Mainland Portugal, while
at municipality level its value was negative in 72% of the cases. During the 2011–2015
period, the LCRPGR was −1.3 in Mainland Portugal and recorded negative values in 87%
of the municipalities. The results of the Wang et al. (2020) [16] study revealed that out
of the 340 analyzed cities in China, the number of cities where urban sprawl was not
synchronized with population growth increased from 93 (27%) in 1990–2000 to 186 (54%)
in 2000–2010; while in Mainland China, the LCRPGR value increased from 1.69 over the
1990–2000 period to 1.78 in 2000–2010. Zhou et al. (2021) [17] were also concerned with the
computation of LCRPGR for the Beijing–Tianjin–Hebei (BTH) region over the 2000–2020
period. A spatial expansion of urban areas located mainly outside the great cities was
noticed in Poland and Lithuania over the 2000–2018 period [18]. The average value of the
LCRPGR in Poland was 0.115, while in Lithuania it was −0.054. In Poland, the PGR was
0.0132 and in Lithuania it was −0.0067, while the LCR was 0.0462 and 0.0067, respectively.
According to Philip’s study in 2021 [19], the population growth rate in Hamilton, Canada
was higher than the land consumption rate. The values of indicator SDG 11.3.1 were
0.915, 0.841 and 0.783, respectively, during the analyzed periods 2000–2005, 2005–2010 and
2010–2015. Schiavina et al. 2019 [6] underestimated SDG 11.3.1 at several territorial scales
for the 1990–2015 interval, at global level, for certain regions and 10,000 urban centers. The
results of the study showed that the dense urban centers reported better performances in
the efficiency of land use as compared to other types of settlements [6].

In Romania, Benedek et al. (2021) [20] calculated 90 indicators, among which SDG
11.3.1 (land use efficiency) is used in order to measure the progress in reaching the SDG
at local and regional level. The present study complements the previous research and
provides a grid-level analysis of SDG 11.3.1, by identifying the spatial evolution of the
cities inside the administrative territorial units. This is the first study in Romania that uses
this set of indicators and aims to provide territorial administrations with tools that allow
monitoring progress and developing subnational strategies for SDG 11.3.1.

The urban growth models developed by the urban economy, regional science of human
geography focus either on economic development or on demographic development. The
novelty of our study is represented by the combination of the socio-economic and the
spatial dimensions of urban development, by combining the classical statistical data with
those achieved by terrestrial observations. Specifically, the main purpose of the study is
the analysis of the built-up space evolution in relation to the demographic growth in the
main metropolitan areas of Romania. The main work hypothesis is that the balanced and
sustainable urban growth takes place when there is a balanced ratio between the land
consumption rate and the population growth rate.

2. Materials and Methods
2.1. Study Area

In Romania, half of the country’s population is concentrated in the eight metropolitan
areas analyzed in this study (Bucharest, Bras, ov, Cluj-Napoca, Constant,a, Craiova, Ias, i,
Ploies, ti and Timis, oara) [21]. These metropolitan areas have recorded the highest economic
and social dynamics over the last two decades, by drawing significant economic and human
capital flows [22], but at the same time generating numerous risks and conflicts [23,24].
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The composition of the metropolitan areas analyzed in the present study (Figure 1) was
obtained from the most recent studies [21,25], but also from the websites of the metropolitan
areas that provide official reports. Each study area is composed of different TAUs (Territorial
Administrative Units) such as municipalities, cities and communes. We selected the largest
metropolitan areas (Figure 1), which are at the same time the areas with the highest
economic dynamics. The basic data of the eight analyzed metropolitan areas (Figure 1) are
shown in Table 1.
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Table 1. General data on the analyzed metropolitan areas.

Metropolitan
Area Surface (km2)

Population
(2020) Cities Communes Total TAUs

Braşov 1969.52 493,350 7 15 22
Craiova 1822.57 407,312 3 26 29

Bucharest 1804.23 2,612,781 9 32 41
Cluj 1740.7 447,714 1 19 20
Iaşi 1238.64 544,361 1 20 21

Timişoara 1173.23 435,775 1 15 16
Constanţa 1115.62 490,264 6 10 16

Ploies, ti 611.77 347,972 4 10 14
Source: National Institute of Statistics [26].

2.2. Data
2.2.1. Spatial Data

The spatial data used for the computation of the LCRPGR come from the official
European Union website, GHSL—Global Human Settlement Layer [27], which provides
free data and tools to investigate the human presence on Earth. The GHSL data are
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recommended by UN-HABITAT [13] in the metadata of the LCRPGR index [28] for the
computation of this index at grid level. This data were chosen for their quality and for their
complete coverage of the study interval.

For the computation of the indices, we used the GHS built-up grid data set [27] at
25 m resolution for the 2000 and 2014 reference years. According to the authors, this data
set contains the density of the built-up area aggregated in the set containing the built-up
surface at 30 m resolution. The initial data set was obtained by the processing of LANDSAT
collections for the reference years.

In the case of the grids rendering the population, the GHS-POP R2019A data set [29]
was used for the years 2000 and 2015, at a spatial resolution equal to that of the previous
set (250 m). According to the metadata of this index [30], for the building of this data
set, estimations of the resident population coming from the University of Colombia were
used [31], disaggregated from the level of administrative units to grid cells. From the same
source, we find that for this purpose, the built-up space density was considered from the
data set for the built-up surface described above.

2.2.2. Built-Up and Population Data

The data referring to the built-up space for the years 2006, 2009 and 2015 were obtained
from the Copernicus database, High Resolution Layers (HRL) Imperviousness Density [32].
This includes the spatial distribution of the impervious surfaces, expressed in impervious-
ness degrees 1–100%, as the result of a semi-automatic classification based on the NDVI
index [33]. The database is available in raster format (GeoTiff), with a 20 m resolution, in
the ETRS89, LAEA (EPSG:3035) coordinate system.

As the Copernicus database is updated once every 3 years, and the latest available
database is 2018, the built-up areas for the year 2020 were obtained based on the overlapping
of the set in 2015 with the satellite images in Google Earth.

The data referring to the population of the metropolitan areas for the years 2006, 2009,
2015 and 2020 were downloaded at TAU level, then summed up for each metropolitan area.
Their source was the official website of the National Institute of Statistics [26].

2.3. Methods
2.3.1. General Considerations

The indicator, “Ratio of land consumption rate to population growth rate (LCRPGR)”
measures the sustainable growth of urban development at the same spatial and temporal
scale. The widespread methodology used for the assessment of the indicator 11.3.1 is the
one proposed by the UN-Habitat which represents the ratio of land consumption rate (LCR)
and the population growth rate (PGR).

Some studies are based on the application of some satellite images classification tech-
niques (Isodata, maximum likelihood classification, object-oriented classification, artificial
neural network classification, support vector machines, etc.), regression analysis [34,35] or
on the use of various spectral indices such as: NDBI—Normalized Difference Built-up In-
dex [36], IBI—Index-based Built-up Index [37], NDISI—Normalized Difference Impervious
Surface Index [38], BCI—Biophysical Composition Index [39], MNDISI—Modified Normal-
ized Difference Impervious Surface Index [40,41], NDII—Normalized Difference Impervi-
ous Index [42], RNDSI—Ratio Normalized Difference Soil Index [43], CBI—Combinational
Build-up Index [44], CBCI—Combinational Biophysical Composition Index [45], ENDISI—
Enhanced Normalized Difference Impervious Surfaces Index [46], etc.

The increase in the mapping accuracy of the urban built-up space resides in the
combination of various techniques and types of remote sensing data. Therefore, there are
studies combining GaoFen-1 optical images with Sentinel-1 SAR [47], optical images with
radar images, Visible Infrared Imaging Radiometer (VIIRS) NTL with SRTM/ASTER DEM
data [48], classification of Sentinel-1 SAR images with texture analysis [49] or DMSP-OLS
NTL images (night-time light) and Landsat-8 images [50].
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2.3.2. LCR, PGR and LCRPGR Computation

Land consumption rate and population growth rate (LCRPGR) is an indicator used
to assess the sustainability of urban growth, which takes into account both the change
in the built-up area and of the population. The method is based on the change intensity
analysis inside the cities. The intensity analysis implies the comparison between a uniform
expected growth rate noticed over a certain period of time. This method assumes that a
stable growth rate over time characterizes sustainable growth (even if certain authors say
that stable growth rate does not implicitly imply sustainable growth) [51].

The initial assumption in computing this sustainable development indicator originates
in the claim that the built-up surface growth rate does not match the urban population
growth rate according to the power law for the analyzed period. LCRPGR is calculated as
the ratio between LCR and PGR (Equation (1)) based on the method of UN-Habitat [13]
(Figure 2).

LCRPGR = LCR/PGR (1)
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LCR indicates the intensity of change of the new built-up space over a period of time
in a certain spatial location (Equation (2)).

LCR = Ln (Urbt+n/Urbt)/y (2)

where: Ln—the natural logarithm, Urbt is the built-up space at the beginning of the
reference period, Urbt+n is the built-up space at the end of the reference period and y—the
number of years of the reference period.

As the LCR is subject to an exponential growth law, it is considered that the built-up
surface from the end of the reference period is:

Urbt+n = Urbt × eLCR xy (3)

PGR indicates the dynamics of the population (births, deaths, migratory balance) in a
certain period of time. This indicator is calculated according to the formula and it is subject,
just like LCR, to an exponential growth law:

PGR = Ln (Popt+n/Popt)/y (4)

Popt+n = Popt × ePGR xy (5)

where: Ln—the natural logarithm, Popt is the population at the beginning of the reference
period, Pop t+n is the population at the end of the reference period and y—the number of
years of the reference period.

According to the UN-HABITAT documentation [28], the accepted value for LCRPGR
is 1. This goal occurs when the development of the built-up surface is coordinated with the
increase in the population growth rate. The progress that a city makes for the achievement
of this development goal should be analyzed from the perspective of the efforts made to
bring this indicator towards the balance value. From this perspective, the UN-HABITAT
proposes an interpretation key of the values of this index, which is presented in the Table 2.
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Table 2. Classification of the LCRPGR values proposed by UN-HABITAT.

City Urban Extent Density Indicator Value

10–150 persons/hectare Below 1: Efficient land use
Above 1: Inefficient land use

151–250 persons/hectare Below 1: Moving toward efficiency
Above 1: Moving away from efficiency

Greater than 250 persons/hectare Below 1: Insufficient land per person
Above 1: Moving toward sufficient land per person

Source: UN-Habitat, 2018 [28].

2.3.3. Built-Up Change Rate Computation

For the extraction of the built-up areas at the metropolitan area level, after down-
loading the raster associated to Romania, the first step was to redesign it in the Stereo
1970 national coordinate system, using the ArcMap 10.6.1 software. After cropping the
built-up areas, these were converted into vector and the surfaces were computed in km2.
The present study considered that all polygons with an imperviousness degree higher than
0% were built-up areas.

After achieving the built-up areas in km2 at the level of each administrative territorial
unit, these were inserted in Excel, where the annual average growth rate of the built-up
(BU) space was calculated, using the following formula:

BU = [(BUt − BUt−1)/BUt−1 × 100]/t − (t − 1) (6)

BUt = built-up area at the time t; BUt−1 = built-up area at the previous year t−1.
Thus, by dividing the growth rate for the entire period to the number of years corre-

sponding to each interval, an annual average growth rate for each metropolitan area was
obtained. Considering that the analyzed intervals are not equal, by relating to the number
of years the data compatibility criterion was achieved.

Within this study, the data referring to the evolution of the built-up space have the
role of confirming and supporting the observations resulting from the analysis of the LCR,
PGR and LCRPGR indicators. In addition, by adding the images from Google Earth in the
Discussion section, certain building types can be spatially validated.

3. Results
3.1. The Grid Level Analysis

The identification of the spatial evolution patterns inside the administrative territorial
units for the 2000–2014 period was performed on the grid level analysis. The disaggregation
of information at grid level enables the identification of land consumption intensity for
urbanization and of the changes taking place in the population at a large scale of analysis.

3.1.1. The Spatial Dynamics of the Built-Up Area

Inside the metropolitan areas, but also inside the majority of the localities, the LCR
values increased from the center to the periphery, such as the city of Bucharest (Figure 3).
The LCR value within the city center was zero, and the LCR values in the suburbs ranged
between 0 and 0.2. Where the changes are very intense, the value exceeded 0.2 locally.
According to the formula used (Equation (2)), the zero values occur where the values of
the built-up areas at the beginning of the analysis period are equal to those at the end
of the analysis period (ln(1) = 0). This explains why the values in central areas of the
localities, where the space available for new constructions was depleted, were 0, indicating
the no-change areas.
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However, the city centers are not change-free during the analyzed period, but these are,
for all cities, within the 0–0.1 value class, indicating a modest land consumption rate. The
most affected by the changes in their central areas are the cities of Timis, oara, Ploies, ti and
Bucharest. The other cities and especially Cluj-Napoca have fewer changes in their central
part. This class is also very well represented in the localities surrounding the metropolis,
especially in those that are further from the center.

The LCR values ranging between 0.1 and 0.2, thus indicating moderate intensity
changes, have a much more modest spatial distribution. They occur as islands in the central
area of the cities (Bucharest and Timis, oara) or make the transition to the high intensity
change class (LCR > 0.2).

The highest LCR values could be observed mainly in the immediate proximity of the
metropolitan areas, where land was available for urbanization. The distribution analysis of
these values gives us a perspective on the preferred development trends. A radial concentric



Remote Sens. 2022, 14, 6016 8 of 19

distribution of the LCR > 0.2 values can be noticed in the cities on plains (Bucharest, Craiova
and Timis, oara) or on development axes in the other cities.

3.1.2. The Spatial Dynamics of the Population

In the case of grid distribution of the PGR values (Figure 4), one can see a completely
new distribution of the values as compared to the LCR values in the central area of the
cities throughout the 2000–2014 period. Most of these values are negative. According to
the computation formula (Equation (4)), this aspect indicates the fact that the population
from the end of the period is smaller than the one in the beginning. In all the analyzed
localities on the grid data we used, we can notice a decrease tendency of the population in
the central area of the metropolises.
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This finding is valid also for the localities orbiting around the metropolises, except
Bucharest. The positive values of the index predominate in all the localities around the
capital. Even if these values are positive, the ones in class 0–0.1 predominate, and these
indicate a low change intensity.

The PGR values higher than 0.1 are noticed in the areas around the metropolises that
also had a higher land consumption intensity. A part of these higher values can be noticed
also in the surrounding localities, with a similar distribution to those of the LCR. We can
notice that if we make an exception for the situation in Bucharest, the intensity of changing
the PGR values decreases as we move away from the metropolitan center.

3.1.3. Spatial and Temporal Dynamic Changes in LCRPGR

The distribution of the value classes of the LCRPGR index and the percentage share of
the classes is presented in Figure 5 and Table 3. For the analyzed period, one may notice
that if we take into consideration the entire surface of the analyzed urban areas, the class
with the highest share is efficient land use (in green). According to the UN-HABITAT
interpretation key, this situation occurs when the analysis period is marked either by
a balanced population decrease in relation to the decrease in the built-up area or by a
balanced population growth against the increase in the built-up area.

Table 3. The percentage distribution of the LCRPGR classes for the 2000–2014 period. (1—efficient
land use, 2—inefficient land use, 3—moving toward efficiency, 4—moving away from efficiency,
5—insufficient land per person, 6—moving toward sufficient land per person).

1 2 3 4 5 6

Bras, ov 72.2 19.6 5.4 0.0 2.7 0.0
Bucharest 56.2 19.2 5.7 0.6 18.1 0.1

Cluj 58.6 27.0 14.3 0.1 0.0 0.0
Constant,a 70.4 17.0 11.4 0.2 1.0 0.0
Craiova 70.0 20.4 4.0 0.0 5.6 0.0

Ias, i 66.2 21.5 6.0 0.0 6.3 0.0
Ploies, ti 76.1 15.0 8.9 0.0 0.0 0.0

Timişoara 54.1 28.6 16.9 0.1 0.2 0.0

Since there were no decreases in the built-up area recorded during the study period,
in our case, we speak about the second situation. For all the analyzed metropolitan areas,
this class occupies the percentage values higher than 50% and ranges between 54.1% in
Timis, oara and 76.1% in Ploies, ti. However, we can notice the values grouping around
56% (Bucharest, Cluj-Napoca and Timis, oara) and 72% (Constant,a, Craiova and Ploies, ti),
while in Ias, i, this is found somewhere around half of the interval (66%). If we analyze the
distribution of this class on the grid, we can notice that most of the pixels belonging to this
class occur in the localities that gravitate around the metropolis and, to a lower extent, in
the periphery of the metropolis.

The second class in terms of frequency is inefficient land use (in brown), which enables
the identification of the areas with a growth rate much higher than that of the built-up area
against population growth. Considering an average share of 21% for the eight analyzed
metropolitan areas, this class ranges between only 15% in Ploies, ti and over 25% in Cluj
(27%) and Timis, oara (28.6%).

If we analyze the spatial distribution of this class (Figure 5), we notice that it occurs
especially at the periphery of the metropolis and in the near localities where there are
extensive residential, commercial and industrial buildings. This aspect is visible mainly
around Bucharest and Cluj.

For most of the cities, except Bucharest, moving toward efficiency is the third frequency
class (in yellow). This class corresponds to the pixels where population density is average
(151–250 persons/ha) and one can notice a population decrease over the analyzed period.
This class characterizes the average density parts in the metropolis, where the population
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grid data indicate an increase in the number of inhabitants throughout the period of study.
The largest area percentages are in Cluj and Timis, oara (around 15%) and they characterize
the central part of the cities. A lower frequency is recorded in Craiova (4.0%) where the city
center has a higher population density.
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Moreover, if the population density exceeds 250 persons per hectare and the intensity
of the built-up area growth is reduced during the analyzed period, then we can consider
that there is insufficient land per person (in red). In the case of the analyzed urban areas,
such areas have a low share (below 7%) and some cities (Cluj-Napoca) do not have an
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LCRPGR class. Bucharest is an exception, as this class occupies 18.1%, with a compact
distribution in the central part of the metropolis.

The classes moving away from efficiency (urban areas of average density and a higher
population growth rate, in purple) and moving toward sufficient land per person (densely
populated urban areas with a significant growth rate of the built-up area, in light blue)
have very low shares in all cities (below 0.7%) and a low impact on the spatial distribution
of the LCRPGR values.

3.2. The Metropolitan Area Level Analysis

The overall analysis performed at the metropolitan area level enabled the identification of
the temporal dynamics of LCRPGR and the expansion of the analysis until 2020. Even
if the spatial information is lost by aggregation, we have the possibility to multiply the
analysis periods. In our case, the analysis was conducted for the 2006–2009, 2009–2015 and
2015–2020 periods.

3.2.1. LCR at Metropolitan Area Level

The temporal variability of the metropolitan areas enabled a deeper understanding
for us of the temporal dynamics of the built-up change intensity. A general remark is that
for all the areas and all the subperiods, the values of the index are positive and different
from 0. This aspect suggests that we do not have cities that lose their built-up area and that
in all situations we notice an increase in this area at different intensities.

If we analyze the development trajectories of the metropolitan areas, we notice that
the city of Cluj-Napoca is an exception (Table 4). The highest intensity (0.55) for all the cities
and for all the periods can be noticed here over the first period (2006–2009). The intensity
suddenly decreases to a modest value (0.006) over the next period and then we can again
notice an increase in intensity corresponding to the moderate class (0.011).

Table 4. Temporal variability of the LCR values at metropolitan area (MA) level (low 0–0.1, moderate,
0.1–0.2 and high > 0.2 intensity, the increasing values are in green).

MA LCR

2006–2009 2009–2015 2015–2020

Bras, ov 0.012 0.024 0.010
Cluj 0.055 0.006 0.011

Constant,a 0.002 0.009 0.003
Craiova 0.002 0.014 0.002

Ias, i 0.010 0.013 0.006
Ploies, ti 0.004 0.004 0.003

Timişoara 0.012 0.016 0.007
Bucharest 0.009 0.011 0.005

For all the other metropolitan areas, the maximum intensity was reached during the
intermediate period (2009–2015). These reached a high intensity in Bras, ov and a moderate
intensity in the other four cases. For the last analyzed period, we notice a decrease in
change intensity from the built-up area (with the exception mentioned previously) and the
reduction in the LCR values toward the low intensities class. For most of the metropolitan
areas, a period of at least average change intensity is highlighted. The exceptions are the
cities of Ploies, ti and Constant,a, which had a low intensity for all the subperiods.

3.2.2. PGR at Metropolitan Area Level

In terms of the PGR values’ variability during the analyzed subperiods (Table 5), we
can notice several trajectories. For most of the areas, we can notice a growth trend of
PGR values from one period to another and even the transition to a superior class for
Ias, i and Cluj. In the case of Bucharest and Constant,a, the intensity decreases during the
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second period (2009–2015). The third category of cities is represented by those which lost
population throughout all three periods (Ploies, ti and Craiova).

Table 5. Temporal variability of the PGR values at the level of metropolitan area (low 0–0.1, moderate,
0.1–0.2 and high > 0.2 intensity, the increasing values are in green and decreasing values are in red).

MA PGR

2006–2009 2009–2015 2015–2020

Bras, ov 0.001 0.002 0.003
Cluj 0.007 0.010 0.013

Constant,a 0.003 0.002 0.000
Craiova −0.001 −0.002 −0.003

Ias, i 0.006 0.016 0.018
Ploies, ti −0.001 −0.003 −0.006

Timişoara 0.006 0.007 0.009
Bucharest 0.004 0.001 0.009

3.2.3. LCRPGR at Metropolitan Area Level

The temporal variability of the LCRPGR classes helps us better understand how the
built-up area growth coordinates with the population dynamics for each metropolitan area.
Special attention should be paid to the metropolitan areas of Craiova, Ploies, ti and Bras, ov,
where we noticed either an inefficient land use or a moving away from the efficient use in
all the three periods along the time (Table 6).

Table 6. Temporal variability of the LCRPGR classes at metropolitan area level.

MA LCRPGR

2006–2009 2009–2015 2015–2020

Bras, ov Moving away from efficiency Moving away from efficiency Moving away from efficiency
Cluj-Napoca Moving away from efficiency Efficient land use Efficient land use

Constant,a Efficient land use Moving away from efficiency Inefficient land use

Craiova Inefficient land use Inefficient land use Moving away
from efficiency

Ias, i Moving away from efficiency Efficient land use Efficient land use

Ploies, ti Inefficient land use Inefficient land use Moving away
from efficiency

Timişoara Moving away from efficiency Moving away from efficiency Efficient land use
Bucharest Moving away from efficiency Moving away from efficiency Efficient land use

Constant,a is a special case, where there is a transition from an efficient use of the land
during the first period toward an inefficient land use over the last period. This continuous
degradation of the LCRPGR values can be due to its position on the Romanian seaside
of the Black Sea. Located in an important touristic area, it is possible that the extension
of the tourism infrastructure or secondary residences is not correlated to the resident
population growth.

For Bucharest, Ias, i, Timis, oara and Cluj, we can notice that after one or two periods
when the LCR values were not correlated with the PGR, towards the end of the analyzed
period the values of the two parameters synchronize and a correlation occurs between the
urban population growth intensity and the intensity of the built-up land increase.

3.3. Remarks on the Growth of the Built-Up Area in the Metropolitan Area

For the entire analyzed interval (2006–2020), Cluj had the highest average growth of
the built-up area (approx. 2% each year) (Table 7). A significant increase was recorded in
the Braşov, as well, with an annual increase of approx. 1.8%. The third place is occupied
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by Timişoara (1.32%), followed by Iaşi (approx. 1%). Bucharest and Craiova have had a
sub-unit growth (between 0.7–0.89%), while Constanţa and Ploieşti come last (below 0.53%).

Table 7. The evolution of the built-up area in metropolitan areas.

Metropolitan Area
Built-Up Space Difference (km2) Built Space Change Rate (%)

2009–2006 2015–2009 2020–2015 2020–2006 2006–2009 2009–2015 2015–2020 2006–2020

Cluj 11.45 2.68 4.60 18.73 5.96 0.59 1.18 2.09

Braşov 2.44 10.18 3.96 16.58 1.26 2.53 1.03 1.83

Timişoara 2.65 8.12 3.22 13.99 1.17 1.73 0.75 1.32

Iaşi 2.14 5.55 2.34 10.04 1.06 1.33 0.62 1.06

Bucharest 7.94 20.54 8.50 36.97 0.89 1.12 0.52 0.89

Craiova 0.60 7.47 0.84 8.91 0.23 1.44 0.18 0.74

Constanţa 0.61 5.68 1.57 7.86 0.20 0.90 0.28 0.53

Ploies, ti 0.97 1.59 1.16 3.72 0.45 0.36 0.31 0.37

Data source: processing based on the Copernicus data [32].

In the three analyzed periods (2006–2009, 2009–2015 and 2015–2020), the eight study
areas have occupied various positions in the ranking based on the annual increase rate of
the built-up space (expressed in percentages on the vertical axis), with the metropolitan
areas represented in ascending order on the horizontal axes in Figure 6. Cluj took the
leading position among all metropolitan areas, both during the 2006–2009 period and
2015–2020 period, while Braşov was the first place during 2009–2015 period. A consistent
position in the rank was maintained by Iaşi, Bucharest and Timişoara, while Constanţa,
Ploieşti and Craiova fell on the last positions in the ranking. Certain types of buildings
are considered (residential, industrial areas, communication ways, airport runways or
solar parks).
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Analyzing the annual average rate of the increase cumulated throughout the three
intervals (Figure 7), we notice that for most metropolitan areas (except Cluj), the highest in-
crease rate was recorded during the 2009–2015 interval, when major infrastructure elements
were built (European and national roads, airport runways) in Braşov, Timişoara, Craiova
and Constanţa. However, in Iaşi, Bucharest and Ploieşti, this aspect is not valid; the increase
is identified in the residential (Iaşi), industrial (Ploieşti) or mixed (Bucharest) areas. In Cluj,
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the explosive increase during the 2006–2009 interval is due also to the construction of a
highway. During the 2015–2020 interval, the increases are moderated in all metropolitan
areas, the highest increases are in the Cluj (1.18%), and the lowest increase is in Craiova
(0.28%).
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4. Discussion

A representative aspect for all metropolitan areas is related to the increase distribu-
tion within TAUs comprising the area. At both percentage level (Table 7) and grid level
(Figure 3), we can notice that it is not the county seat municipalities that record significant
increases in the built-up space. Within the LCR analysis (Figure 3), it is noted that the
major urban centers have moderate increases only towards the peripheries. Buildings
are constructed in the city built-up areas in few cases (such as Iaşi, Timişoara, Ploieşti
and Bucharest). This is due to the lack of free lands, as well as the high prices. Thus,
the preferred areas are the nearby communes that have significant space reserves, to the
disadvantage of the TAUs located at the periphery of the metropolitan areas, which are not
preferred for the expansion of the buildings due to the distance towards the major urban
center [52].

From the spatial LCRPGR distribution (Figure 5), it is noted that, generally, the expan-
sion of the built-up areas in the adjacent urban centers are mainly falling in the “Inefficient
land use” class, while the existing urban nuclei fall within the “Efficient land use” class.
This shows that there were different rhythms between the increase in the built-up space
and population growth, as the built-up space grew faster.

The analysis of the built-up space at TAU level, subsequently correlated to images in
the Google Earth archive, reveals that each metropolitan area had certain typologies of built-
up spaces which have expanded throughout the three intervals. The residential areas have
developed mainly in most of the metropolitan areas, especially in the TAUs near the urban
centers (Figure 8). The industrial areas are in the same situation (Figure 9). In addition,
significant increases in the built-up space in some of the TAUs were due to highway and
national roads construction (Figure 10). These were classified by the Copernicus database
as built-up spaces. Iaşi is the only one where no infrastructure elements were built. The
mixed development is the category which includes both the expansion of the residential
areas and of the industrial areas. The touristic infrastructure was developed both in the
mountain resorts in Braşov, and in Constanţa (Figure 11). Another category of built-up
spaces includes the photovoltaic parks. These are developed in Braşov, Craiova and Ploieşti.
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Remote Sens. 2022, 14, 6011 16 of 20 
 

 

highway and national roads construction (Figure 10). These were classified by the 

Copernicus database as built-up spaces. Iaşi is the only one where no infrastructure 

elements were built. The mixed development is the category which includes both the 

expansion of the residential areas and of the industrial areas. The touristic infrastructure 

was developed both in the mountain resorts in Braşov, and in Constanţa (Figure 11). 

Another category of built-up spaces includes the photovoltaic parks. These are developed 

in Braşov, Craiova and Ploieşti. 

 

Figure 8. Expansion of the built-up space in Valea Lupului, Iaşi: 2017 (left) and 2020 (right). 

 

Figure 9. Expansion of an industrial area in Dragomireşti Vale, Bucharest: 2015 (left) and 2020 

(right). 

 

Figure 10. Construction of a sector from the A3 highway Gilău-Nădăşelu: 2013 (left) and 2019 

(right). 
Figure 10. Construction of a sector from the A3 highway Gilău-Nădăşelu: 2013 (left) and 2019 (right).
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Furthermore, the evolution of the built-up space revealed that the areas where the
construction of such residential complexes started in a certain period have subsequently
developed and became denser over the next years. Due to the existence of the free space,
these have a potential for development in the future as well. Besides the residential



Remote Sens. 2022, 14, 6016 16 of 19

complexes, in some TAUs the individual buildings also expanded (for example in the
localities of Buftea; Berceni, Bucharest; Agigea, Constanţa; Bârnova; Ciurea, Iaşi; Poiana,
Braşov; Predeal; Zărneşti, Braşov). In Braşov, for example, on the Google Earth images,
there are many bounded plots in the TAUs near the county seat municipality, which
indicates that construction will continue in these areas. The industrial platforms also follow
the same trend. Companies that initially had one production hall, have expanded over time
and have the potential to do this in the future due to the existence of space reserves.

5. Conclusions

If the LCR values were positive for the locations and for all analyzed periods, in-
dicating an increased pressure on the lands, pursuant to the internal migration and the
expansion of social values with preferences to individual households, the PGR values
revealed that half of the towns underwent a stagnation period or even a decrease in the
population, as a result of population suburbanization.

The grid level desegregation enabled a finer spatial analysis and the identification
of the areas where the LCR and PGR values are not correlated. This situation may be
noticed especially at the periphery of the metropolises and in their vicinity. These require
increased attention for spatial planning, the only tool that enables the public intervention
in this regard.

Moreover, the analysis of the LCRPGR values in the metropolitan area enabled a
temporal investigation throughout three sub-periods, which identified the development
trajectories. While half of the metropolitan areas have made the transition from a LCRPGR
value class suggesting moving away from efficiency or even an inefficient use of the lands
to an efficient use, the other half had a trajectory towards the inefficient land use. The
results described above conclude that urban development is a contradictory process as
there is no dominant trend towards a higher sustainability state, but that there are areas of
significant progress in this regard.

As mentioned in the article [52], the main limitation of the indicator is the inability to
include the vertical dimension of constructions. Another limitation is the uncertainty in the
indicator relates to the concept of built-up area in the land-use classification.

LCR and PGR proved to be very useful indicators for the monitoring of the intensity
of built-up changes in the eight metropolitan areas, both in time and in space, highlighting
the urbanization models both at metropolitan level and at microscale level, where the land
consumption relates to population growth. These two indicators are useful for the local
and central administrations, both in the context of achieving the sustainable development
targets and goals and in conducting urban design and planning. Furthermore, LCRPGR
can be a good way to identify the spatial trajectory of the analyzed areas.

Author Contributions: Conceptualization, J.B.; data curation, K.T.-I.; formal analysis, I.-H.H., M.A.;
investigation, I.-H.H.; methodology, K.T.-I. and C.-D.U.; software, I.-H.H.; writing—original draft,
I.-H.H., J.B. and C.-D.U.; writing—review and editing, M.A., K.T.-I., I.-H.H. and C.-D.U. All authors
contributed equally to the research presented in this paper and to the preparation of the final
manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by a grant of the Ministry of Research and Innovation, CNCS-
UEFISCDI, project number PN-III-P4-ID-PCE-2020-0920, within PNCDI III. The publication of this
article was also supported by the 2022 Development Fund of the Babeş-Bolyai University.
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Appendix A

Table A1. The built-up space average increase rate ranking for the three intervals.

Position in the Rank
The Built-Up Space Average Increase Rate (%)

2006–2009 2009–2015 2015–2020

1 Cluj (5.96%) Braşov (2.53%) Cluj (1.18%)
2 Braşov (1.26%) Timişoara (1.73%) Braşov (1.03%)
3 Timişoara (1.17%) Craiova (1.44%) Timişoara (0.75%)
4 Iaşi (1.06%) Iaşi (1.33%) Iaşi (0.62%)
5 Bucharest (0.89%) Bucharest (1.12%) Bucharest (0.52%)
6 Ploieşti (0.45%) Constanţa (0.9%) Ploieşti (0.31%)
7 Craiova (0.23%) Cluj (0.59%) Constanţa (0.28%)
8 Constanţa (0.2%) Ploieşti (0.36%) Craiova (0.18%)
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