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Abstract: Assessing the relentless expansion of built-up areas is one of the most important tasks
for achieving sustainable planning and supporting decision-making on the regional and local level.
In this context, techniques based on remote sensing can play a crucial role in monitoring the fast
rhythm of urban growth, allowing the regular appraisal of territorial dynamics. The main aim of
the study is to evaluate, in a multi-scalar perspective, the built-up area expansion and the spatio–
temporal changes in Ilfov County, which overlaps the surroundings of Bucharest, capital of Romania.
Our research focuses on processing multi-date Landsat satellite imagery from three selected time
references (2000, 2008, 2018) through the supervised classification process. Further on, the types of
built-up area dynamics are explored using LDTtool, a landscape metrics instrument. The results
reveal massive territorial restructuring in the 18 years, as the new built-up developments occupy a
larger area than the settlements’ surface in 2000. The rhythm of the transformations also changed over
time, denoting a significant acceleration after 2008, when 75% of the new development occurred. At
the regional level, the spatial pattern has become more and more complex, in a patchwork of spatial
arrangements characterized by the proliferation of low density areas interspersed with clusters of
high density developments and undeveloped land. At the local level, a comparative assessment of the
administrative territorial units’ pathway was conducted based on the annual growth of built-up areas,
highlighting the most attractive places and the main territorial directions of development. In terms
of the specific dynamics of built-up areas, the main change patterns are “F—NP increment by gain”,
followed by “G—Aggregation by gain”, both comprising around 80% of the total number of cells.
The first type was prevalent in the first period (2000–2008), while the second is identified only after
2008, when it became the most represented, followed in the hierarchy by the previously dominant
category. The spatial pattern differentiations were further explored in three complementary case
studies investigated in correlation with socioeconomic data, revealing a heterogeneous landscape.

Keywords: built-up growth; remote sensing; post-socialist context; territorial planning; Ilfov County

1. Introduction

The increasing demand for land reclaimed for the incessant process of built-up area
expansion represents a major concern around the world [1,2], as it leads to irreversible
changes to, and negative impacts on, the environment. In this regard, urban expansion
is considered a threat to sustainable development goals [3,4], as previous research re-
ported detrimental consequences related to soil sealing [5], air and water pollution [6,7],
biodiversity loss [8,9], land use conflicts [10–13].

However, land is a finite natural resource [14–16], which is why better planning that
will control the spread of built-up areas is critical [4,17]. For this reason, studies addressing

Remote Sens. 2021, 13, 3969. https://doi.org/10.3390/rs13193969 https://www.mdpi.com/journal/remotesensing

https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com
https://orcid.org/0000-0002-7012-192X
https://orcid.org/0000-0003-4665-9620
https://doi.org/10.3390/rs13193969
https://doi.org/10.3390/rs13193969
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/rs13193969
https://www.mdpi.com/journal/remotesensing
https://www.mdpi.com/article/10.3390/rs13193969?type=check_update&version=2


Remote Sens. 2021, 13, 3969 2 of 25

the territorial impact of urban expansion, its patterns and its driving forces have become
essential for researchers, planners and policy makers.

Lately, the topic of urban growth has been the focus of a huge amount of literature [18]
in the context of various fields and geographical regions. While its pace differs from one
continent to another or even from region to region, the process of urban growth is one of
the most visible in the landscape today [19,20]. Although this phenomenon is global, the
biggest territorial transformations due to the augmentation of built-up areas are found in
Asia [21]. In this respect, there are numerous studies that deal with single metropolitan
regions [22–29], cross-sectional comparisons between two or more cities [30–33], as well
as studies that focus on much larger areas [34–36]. In the African continent, overall,
the tempo of urban development is considered low [21], but is anticipated to increase
significantly [8]. The number of studies is more limited [30], and tackle some of the largest
urban regions, such as Kinshasa [37], Cairo [38], Nairobi [39], Lagos [40], Lusaka [41] and
Pretoria [42]. Meanwhile, other research make comparisons between different places across
the continent [43–47]. All these studies emphasize the fast pace of built-up area expansion
that occurs in an unplanned and unregulated manner.

On the other hand, Europe has registered a generally moderate rhythm of urban
growth over the last few decades [21], but, nevertheless, many regions exhibit a signifi-
cant increase in built-up areas, which is expected to continue [4]. The phenomenon has
been consistently observed even in areas that have experienced population decline [48].
Previous studies have concluded that the different spatial structure and patterns of urban
growth are related with historical and political backgrounds, but also with socioeconomic
and cultural features [49,50]. In this regard, Central and Eastern European (CEE) coun-
tries had a distinct urban development pathway compared with the rest of the continent
[49,51–54]. This macro-region is considered one of the most impacted in the world, in the
last 30 years, by complex transformations (political, socioeconomic, cultural and institu-
tional) as a result of the communist regime dismantling and the subsequent transition
from centralized planning to free market capitalism [55–59]. A relentless process of spatial
reconfiguration was registered and the compact shape of the socialist city and the once
well-defined boundaries [60–62] faded gradually, along with the dispersion of built-up
areas in fragmented, less regular development in the surrounding regions [63,64]. In fact,
recent studies revealed that the CEE city regions are generally characterized by a more
dispersed pattern of development than Western Europe [52,56] in view of higher rates of
urban growth [65]. The main challenges are the inefficient policies and loose regulatory
framework [66,67] that foster an uncontrolled development of built-up areas in the vicinity
of large cities [56,68].

Still, beyond this general trajectory, regional variations related to the management of
territorial transformations within CEE countries have been observed, variations that were
deeply connected to national place-specific factors [52,68]. This situation is also rooted
in the European Union’s approach, which assigns the land use management and spatial
planning responsibilities to each member state [16,17]. In this respect, robust analysis at
regional level, which will provide in-depth knowledge regarding the spatial patterns of
growth and their determinants, is essential [69]. Such investigations will be extremely
useful, if not downright necessary, for further comparative analysis.

Previous studies have outlined the pressing need for the quantitative assessment of the
urban expansion territorial impact in CEE countries [70], as the majority of research uses
qualitative approaches to describe the political and socioeconomic context, as well as the
factors that influence built-up area growth and its overall characteristics [56,62,63,71–73].
Even though qualitative research brings valuable findings, quantitative appraisal is essen-
tial in the support of better governance, which will ultimately lead to sustainable planning.
In this regard, it has been emphasized that the spatial impact of urban expansion around
large cities, as well as its socioeconomic and environmental effects, have been insufficiently
investigated [54].
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Bucharest, the capital of Romania, is considered the largest post-socialist city [74,75]
in the European Union and its neighboring Ilfov County the most dynamic, predominantly
urban, region in terms of the growth rate of inhabitants for the period 2004–2014 [76]. The
first decade after the fall of communism was marked by modest territorial transforma-
tions [57] followed, after 2000, by an ongoing process of unplanned built-up area expansion
into the predominantly agricultural landscape of Ilfov County. Given the rapid pace of
territorial change, more information about the resultant complex spatial patterns is needed
to substantiate further decision-making on the local and regional levels.

Lately, various studies have pointed out Landsat satellite images as valuable resources
for investigating the territorial impact of built-up area expansion, as they allow a compre-
hensive, integrated regional overview [77–83]. One of the strengths of using geospatial
information is that it enables longitudinal analysis, in view of the long temporal coverage
based on consistent archives with data [80]. They can play a critical role in depicting vari-
ous spatio–temporal patterns [84]; evaluating the impact of enforced policies, urban plans
and strategies [85]; and sustaining effective measures to improve territorial management
and land use [4,49,79,86,87].

Of the few studies that applied quantitative measurements in CEE countries, several
have utilized the Landsat dataset to explore urban growth from different perspectives in
different contexts: the structural changes in Berlin and its surroundings [88], urban change
detection in the Ljubljana region [89], the built-up area development in the surroundings
of Prague [90]. Another paper addressed the dynamics of urban expansion and its spatial
patterns in a cross-national comparison of several post-socialist cities [70]. The aforemen-
tioned studies revealed the general pattern of development, while the current research
goes beyond this perspective, using a more complex approach and seeking deeper insights
into the expansion of the built-up area through a multi-scalar territorial vision.

Regarding Bucharest and its surroundings, previous studies used Landsat to outline
the overall trends of built-up area expansion until 2010, focused on the capital and the first
ring of administrative territorial units (ATUs) located nearby [75], or on its fringes—20–
25 km distance from the city center [91]. A more recent study treated Bucharest and Ilfov
County as a laboratory region for comparing Corine Land Cover and Landsat datasets
with each other and the ground truth, thus revealing their strengths and limitations in
assessing the built-up area’s changes [64]. The current study is distinguished by a more
comprehensive framework: a gradual evaluation of the expansion of built-up areas on
a regional level followed by comparative assessment of the local ATU’s trajectory. The
potential for using the results as a basis for qualitative analysis is explored in correlation
with ancillary, socioeconomic data. Moreover, the research provides up-to-date information
by investigating the most dynamic period (after 2000) in terms of land cover changes.

In any case, in-depth knowledge about the built-up area expansion process around
Bucharest is limited compared with other post-socialist capitals [57,61]. One of the reasons
for this may be that the impact of Bucharest’s urban expansion became visible in the
landscape much later—after the turn of the millennium—whereas the deconcentration of
urban functions took place more rapidly in some of its CEE counterparts (such us Prague
and Budapest).

Considering all of the above, the goal of this study is to contribute to filling this
knowledge gap by analyzing the territorial transformations induced by the built-up area
expansion that reconfigured the Bucharest surroundings after 2000, through a multi-scalar
approach.

The paper follows several stages: (a) mapping built-up area coverage for three years:
2000, 2008, 2018; (b) investigating the intensity of built-up area expansion and associ-
ated spatio–temporal changes for two distinct periods: 2000–2008 and 2008–2018 on the
macroterritorial (regional perspective) and medium level; (c) exploring the distribution
patterns of the built-up area.

The results of the study reveal an overview of the territorial impact of built-up area
expansion, providing a valuable scientific approach and data support which can be used
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for better planning, sustainable land use management and the design of efficient develop-
ment plans.

2. Materials and Methods
2.1. Study Area

The study focuses on Ilfov County, located in the southern part of Romania, overlap-
ping the surrounding area of Bucharest (Figure 1). From an administrative point of view,
Ilfov County is divided into eight urban settlements and 32 communes, covering a total
area of 1583.3 km2 [92]. The registered population is around 430,000 inhabitants (Romanian
National Institute of Statistics—NIS) but there are estimates, even from local authorities,
that the actual number of people is much higher, since there is no obligation to register
changes of legal residence [57]. However, between 2000 and 2018, the number of people
more than doubled and this trend is expected to continue, stimulated by the proximity to
Bucharest [64].
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Figure 1. Location map of the study area.

Traditionally, Ilfov County was known for its agricultural profile, as around 70% of
the total surface was composed of agricultural land in the 1990s (NIS). The settlements
featured a high degree of compactness—a result of highly regulated communist central
planning [75]. The area registered numerous spatial transformations, mainly after 2000,
under the auspices of a free market economy, as new built-up areas (residential and non-
residential) emerged in the landscape. Furthermore, Ilfov, together with Bucharest, is
considered the richest region of the country [50,93], attracting newcomers and investors
which leads to a continuous process of territorial reorganisation. This process is not uniform,
as there is spatial differentiation between the local entities in terms of attractiveness, natural
resources, level of economic development, etc. One of the main challenges remains the
uncontrolled growth of built-up areas in a fragmented spatial pattern, with no integrated
vision or strategy for governing urban expansion at the regional level.
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2.2. Methodology

The methodology includes several phases to capture the spatio–temporal changes of
the built-up area through a multi-scalar perspective. Key time points (2000, 2008, 2018)
were selected for mapping the extent of the built-up area to allow a stepwise evaluation of
the recorded transformations.

The year 2000 was chosen as a reference point because the urban expansion spilled
over significantly into the surrounding territory of Bucharest only after the turn of the 21st
century, significantly transforming the area’s previous spatial pattern.

The year 2008 was selected as a benchmark in light of the global economic crisis, which
hit Romania in the second half of the year. Previous evidence reported a subsequent sharp
decline in construction in CEE countries [66,90,94]. Thus, the long term territorial impact
of the crisis was investigated a decade after its occurrence, in 2018.

Our analysis is based on Landsat satellite imagery at 30 m spatial resolution, as it
constitutes the longest record of observation data with free availability [95]. In this regard,
up to three cloud free scenes from the summer–autumn seasons were selected from different
Landsat sensors for each reference moment: Landsat 7 Enhanced Thematic Mapper (ETM+)
for 2000, Landsat 5 Thematic Mapper (TM) for 2008 and Landsat 8 Operational Land
Imager (OLI) for 2018. All the images, downloaded at Level-2 processing in terms of
surface reflectance from the USGS archives, helped create multi-date stacks of Landsat
imagery for each temporal moment. The multi-date approach was preferred because of the
demonstrated higher performance of the classification algorithms, as opposed to single-
date imagery [96], especially in areas with confusion between some built-up features and
bare lands because of the spectral similarities, as is the case in our study area.

The approach follows several steps, as presented in Figure 2.
First, the training sample datasets for the land cover features were created for each

reference moment. This was performed by visual interpretation of the input satellite
images in different band combinations together with independent data sources, including
orthophotos and field observations, with special focus on built-up features.

Second, a thematic supervised classification method was applied on each multi-date
stacked dataset, resulting in a thematic classification of land cover features, grouped later
in two main classes: built-up area and non-built-up area. Different methods of supervised
classification were used and tested on multispectral data in the last 30 years, in order to find
the most efficient classifier for data extraction from remote sensing images. However, the
effectiveness of the classification algorithms strongly depends on various factors, including
the image properties and resolutions, the complexity of land cover/use classes, and the
training datasets. Our purpose is to accurately isolate the built-up features from other land
cover/use classes for a large area with heterogeneous landscape. The most challenging
task was to reduce the confusions caused by the spectral similarities between built-up
features and barren lands, less arable vegetation plots, and landfills. In this context,
several supervised classification learning methods were tested and compared, including
the parametric algorithm Maximum Likelihood and the non-parameter algorithms Support
Vector Machine and Neural Network. The Neural Network classifier returned better
results for built-up area discrimination in our study area, with fewer confusions and
a higher precision of the features. As several other studies previously mentioned, the
Neural Network algorithm has the ability to solve large scale complex problems, such
as pattern recognition, nonlinear modelling, association and control [97–99]. Contrary
to parametric classifiers, which are highly dependent upon statistical distribution [100],
non-parametric classifiers, including Neural Network, can handle large amounts of noisy
data from dynamic and nonlinear systems [101], and identify the relationship from given
patterns [100]. This is why the Neural Network classifier was preferred for built-up feature
extractions in different study areas [102,103].

Third, a double validation of the binary classifications was performed, by comparison
with the input images and independent datasets (such as Google Earth imagery, orthopho-
tos and field observation). The objective of the qualitative approach of visual comparison
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between resulted classification and independent data was to identify and correct the mis-
classifications generated by the spectral similarities between built-up features and other
land cover classes, especially bare lands or landfills.
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The quantitative method of confusion matrices [104,105] was based on a number of
300 ground control points (GCPs) randomly distributed over the study area, with binary
attributes (built-up and non-built-up), created for each reference moment through visual
interpretation of input imagery and independent datasets. The number of the GCPs was
determined through a statistically solid sampling scheme [104], accounting for various
parameters, such as the level of probability assigned to the estimation, the estimated
percentage of successes, the percentage of errors and the level of error allowed. In the case
of classified images, where the variable is categorical, the preferred approach is a bimodal
distribution of probability [104]. The results consisted in statistical indicators of accuracies,
such as overall accuracy (%) and a kappa coefficient.

Finally, geographical information systems (GIS) techniques were used for built-up
area change detection analysis and interpretation, in a spatial and statistical manner, at the
regional and local administrative levels, as well as for data mapping.

In order to quantify the magnitude of urban expansion and the main territorial di-
rections of development at the ATU level, the annual growth (AG) of built-up areas was
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calculated for two periods: 2000–2008 and 2008–2018. This indicator can be defined as the
measurement of the newly developed built-up areas as the annual average over a given
period and is expressed as follows:

AG = (At2 − At1)/n (ha/year),

where At2 and At1 represent the size of the built-up area at the final and initial years, and
n refers to the time span between the two dates. The values were ranked in four categories
to reveal the spatial differentiation (under 10 ha/year; 10–20 ha/year; 20–30 ha/year; over
30 ha/year) and to allow further comparisons.

The type of built-up area dynamics between 2000 and 2018 was evaluated with the
help of LDTtool, a landscape metrics instrument that focuses on accounting for both
composition and configuration changes of the binary land cover classes [106]. This tool is
based on the combination of the characteristics of two spatial metrics (area and number of
patches—NP) that can increase, decrease or remain the same between both reference times,
resulting in a set of landscape dynamics types. The analysis was run using the built-up
area polygons from all three moments of reference (2000, 2008 and 2018) on an artificial
sampling grid. The chosen grid cell size was 250 m, a value we consider large enough
(comparing to building dimensions) to ensure a proper spatial resolution and, at the same
time, to minimize patch intersection with the spatial grid which could lead to an increased
number of patches.

From the group of ATUs recording the highest annual growth of built-up area (over
30 ha/year) in the period 2008–2018, three complementary case studies denoting various
spatial patterns of development were chosen, in connection with socioeconomic data.
The development patterns erected in the post-socialist context were examined using high
resolution Google Earth Images.

3. Results
3.1. Spatial and Temporal Features of Built-Up Area Expansion

The spatial configuration of the built-up area in the three key temporal moments (2000,
2008, 2018) is represented in Figure 3.

The accuracy assessment of the satellite based spatial data was performed by both
qualitative and quantitative approaches. First, the resulted datasets were visually compared
to independent geospatial layers as orthophotos and Google Earth imagery. Second,
confusion matrices were used to explain the evaluation in a quantitative formula, based on
a set of 300 GCPs generated with a random distribution over the study area.

Table 1 provides a synthetic view over the statistical validation of the built-up datasets
extracted from Landsat satellite images with the GCPs.

Table 1. Main accuracies of the built-up datasets extracted from Landsat imagery.

2000 2008 2018

Landsat 7 Landsat 5 Landsat 8

Overall accuracy (%) 95.6667 96.0000 95.6667
Kappa coefficient 0.9356 0.9344 0.9409



Remote Sens. 2021, 13, 3969 8 of 25

Remote Sens. 2021, 13, x FOR PEER REVIEW 3 of 26 
 

 

3. Results 
3.1. Spatial and Temporal Features of Built-up Area Expansion 

The spatial configuration of the built-up area in the three key temporal moments 
(2000, 2008, 2018) is represented in Figure 3. 

 
Figure 3. Built-up area coverage in Ilfov County at different temporal moments. 

The accuracy assessment of the satellite based spatial data was performed by both 
qualitative and quantitative approaches. First, the resulted datasets were visually com-
pared to independent geospatial layers as orthophotos and Google Earth imagery. Second, 

Figure 3. Built-up area coverage in Ilfov County at different temporal moments.

The values of the global accuracies and of the calculated Kappa coefficients (over 95%
and over 0.9, respectively) are encouraging; they illustrate the results’ performance.

The result map highlights the process of territorial restructuring with a significant
increase in built-up areas on previously undeveloped land, mainly through the conversion
of greenfield sites.

To better understand the changes, the analysis was further centered on two phases:
2000–2008; 2008–2018. In 2000 the built-up area covered around 9822.3 ha, after which it in-
creased by 31%, reaching 12,891.4 ha in 2008 (Table 2). Analysis of the spatial configuration
revealed that the spread of newly built-up areas followed certain directions of develop-
ment, more obviously along major communication routes and on the edges of previously
existent settlements. Additionally, some significant nuclei of development in terms of land
consumption emerged far away, highlighting a fragmented spatial pattern. Usually, these
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clusters were comprised of residential complexes, but non-residential expansion has also
been observed.

Table 2. The built-up area expansion and the annual growth increase (2000–2018).

2000 2008 2018

Built up area (ha) 9822.3 12,891.4 21,948.3

2000–2008 2008–2018

Built up area expansion (ha) 3069.1 9057.0
Annual growth (ha/years) 383.6 905.7

Overall, a higher concentration of newly built-up areas is noted in several places
located near Bucharest. Still, generally, some settlements in the southern, south-western
and even western side proved to be less appealing.

Between 2008 and 2018, the amplitude of built-up area expansion heightened, as the
newly developed constructions increased by 70%, meaning 9057 ha. In 2018, the built-up
area encompassed 21,948.3 ha. The map highlights large area construction increases and
a general tendency for more spread development into the territory. The most noticeable
changes occurred nearby the compact edges of settlements or next to previously post-
socialist nuclei of development. Additionally, an infilling process can be observed in
several places, as well as an attractiveness of the open spaces close to the boundaries of
Bucharest. Still, the emergence of new fragmented clusters can be observed almost all over
the county.

As far as the general spatial pattern is concerned, the preferred territorial directions
seem to have preserved the pre-existing radial layout. Nevertheless, compared to the
previous period, it is obvious that the overall configuration is moving towards a more
circular development in the immediate vicinity of Bucharest.

The territorial extent of the newly built-up area between 2000 and 2018 encompasses
12,126 ha, revealing a massive spatial reconfiguration as the new developments are oc-
cupying a larger area than the settlements’ surface in 2000. Further analysis of the map
shows that this process is more than visible in many places, such as Chiajna, Bragadiru,
Corbeanca, etc. In fact, for 65% of ATUs, the surface of the new constructions exceeded the
initial size of settlements at the turn of the millennium. Overall, the territorial reconversion
did not follow the same pace, considering that between 2000–2008 only 3069.1 ha were
built, while in the next decade the impact was much higher—9057 ha were converted
into new buildings. In fact, an enormous 75% of the entire development took place in
the last decade. Analysis of the annual growth of built-up area confirmed the substantial
acceleration of urban decentralisation in the second interval, 136% higher than the values
recorded between 2000 and 2008.

The initially prevalent compact form of the settlements with clearly established bound-
aries, a legacy of the communist policy, has faded in the areas experiencing the most
dynamic development, as the open spaces between them have been swallowed up by new
constructions. As a result, in several places, a relative continuum of built-up areas, includ-
ing clusters of isolated buildings, has become visible in the landscape. In addition, low
density developments proliferated in a scattered way all over the territory. This situation is
also supported by the conversion of a large part of the agricultural surface to land available
for construction, boosting the building sector.

From a morphological point of view, the settlements’ structures became increasingly
complex: in addition to the main core, more and more new secondary built-up areas
have been identified. It is important to investigate these features to evaluate the financial
resources needed to ensure adequate infrastructure and basic services. Meanwhile, other
settlements maintain their previously linear structure, along the roads, even though new
built-up areas emerged. This pattern is distributed mostly in the northern part of the
county, but also in the south and south-west.
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3.2. Comparison of Built-Up Area Expansion in a Medium-Scale Perspective

Extending the analysis to the local level is relevant for exploring the spatial differ-
entiations and for identifying the places with the most significant development of new
constructions. This type of analysis can be useful for planners and policy makers as the
basis for further assessment of the local land use management, urban plans and strategies.
For an accurate evaluation of the territorial dynamics, the annual growth of built-up areas
was calculated for two periods (2000–2008; 2008–2018).

In the first interval, between 2000 and 2008, the majority of ATUs (65%) presented a
limited spread of built-up areas, under 10 ha each (Table 3). Higher values were registered
in several places in the first and second ring of ATUs near Bucharest, mainly in the northern,
north-eastern, and north-western side. Only two attractive places are located in the south-
eastern (Popes, ti-Leordeni) and south-western part (Bragadiru), both granted with an
urban status (Figure 4). This denotes a prevalence of development in certain areas. New
developments, comprising over 20 ha, were registered in places with a good accessibility to
Bucharest, in settlements located in the first ring of ATUs. The town of Voluntari, located
in the north-eastern part of Romania’s capital, recorded the highest increase for this period
(about 50 ha/year).

Table 3. Annual growth of built-up areas (%).

2000–2008 2008–2018

under 10 ha 65 17.5
10–20 ha 22.5 27.5
20–30 ha 10 27.5

over 30 ha 2.5 27.5
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In the second interval (2008–2018) the majority of ATUs in Ilfov County saw an
accelerated expansion of built-up areas. In this regard, just 17.5% of the ATUs were less
appealing, located in the north or south extremities, and in the south-east—Glina, known
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for its environmental issues. In the first place in terms of attractiveness is a town located in
the southwestern side (Bragadiru) with about 59 ha/year land consumption, followed by
Voluntari (about 55 ha/year) and Chiajna (about 52 ha/year). Analysis of the map reveals
that the most attractive places are located near Bucharest or along an axis of territorial
development which extends to the northern part of the county, following one of the main
communication routes to the capital.

Thus, comparing the maps enables the conclusion that, in the second period, signifi-
cant real estate investments expanded to other parts of the county as well. For example,
some settlements in the south and south-west side which did not use to be appealing now
attract investors and Bucharest residents.

Confronting the annual growth of built-up areas for the two intervals, only a few
ATUs have maintained a limited extent of transformations over the whole period—below
10 ha—although, even in these cases, a slight increase has been recorded. Meanwhile, the
others maintain the same, relatively high, pace of transformations (Popes, ti-Leordeni) or one
substantially amplified (e.g., Bragadiru went from about 14 ha/year to about 59 ha/year).
This process gradually leads to a trend of densification in certain areas, even though
divergent spatial patterns can be noticed in many places, through a mixture of low density
developments with high-rise complexes, sometimes inside the same settlement.

3.3. Identifying the Types of Built-Up Area Dynamics

The types of built-up area dynamics, for the period 2000–2018, as revealed by LDTtool,
is presented in Figure 5. The map denotes the intensive spatio–temporal transforma-
tion patterns of built-up area expansion, which is further interpreted according to the
characterizations of dynamics types established by Machado et al. in 2020 [106].

Overall, the main change patterns are represented by “F—NP increment by gain”,
including 3435 cells, followed by “G—Aggregation by gain” with 2835 cells (Figure 6), both
visible almost all over the county. These two forms of dynamics comprise around 80% of
the total number of cells. The first type expresses the development of multiple new patches
of built-up areas not contiguous to the existing ones, more frequent in some of the ATUs
located in the first or second ring near Bucharest, such as: Chiajna, Bragadiru, S, tefănes, tii
de Jos, Corbeanca. The second most identified type of dynamics—“G—Aggregation by
gain”—denotes situations in which new nuclei of built-up areas or the augmentation of
previous clusters generate the fusion of patches.

At the same time, Ilfov County registered some losses, framed especially in the “H—
NP decrement by loss” class, identified in 658 cells, more obvious in the south-eastern and
northern parts. This category can reflect a variety of situations, presumably disused former
construction sites or disassembled ruins of economic units from the communist period
which have yet not been reused. Another example is temporary agricultural constructions
that have been dismantled.

In the general hierarchy, the following type of built-up area dynamics is “D—gain”,
which occurred in 493 cells, dispersed among several ATUs, expressing an increase in the
built-up area with no influence on the NP.

A comparison of the number of cells between 2000–2008 and 2008–2018 denotes some
significant differences concerning the dynamics of built-up area types. One of the most
notable changes is related to the “G—Aggregation by gain” type, identified only in the
second interval, when the largest number of cells—3172—was registered. In the first period,
the “F—NP increment by gain” category was predominant, presumably boosting the fusion
of patches after 2008. Indeed, this type reached the second highest number of cells in the
last period. Meanwhile, in the first interval, the category “A—No change” was identified in
1090 cells, leading to the assumption that no modifications were registered. Subsequently,
after 2008, only 193 cells were found, expressing a significant increase in the construction
sector. The categories “B—Fragmentation per se” and “C—Aggregation per se” reflect
pure geometric variations, without amount changes [106,107].
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3.4. Various Development Patterns of Built-Up Area at the Local Level

Our study is enriched with complementary case studies, in order to explore the
spatial pattern differentiations and to better understand the utility of Landsat datasets for
sustainable planning and for substantiating further qualitative analysis. The case studies
illustrate different administrative statuses and geographical locations: an urban settlement—
Bragadiru, and a commune—Chiajna, nearby Bucharest; a commune in the second ring of
ATUs—Corbeanca, further away from the capital. In all three ATUs (Bragadiru, Chiajna
and Corbeanca) the human pressure has been unprecedented and the spatial pattern was
completely redesigned as the new construction exceeds the built-up area outlined in 2000.

Bragadiru, a town granted with urban status in 2005, is located in the south-west
part of Ilfov County. Traditionally, this settlement was well known for industrial and
agricultural functions (around 91% agricultural land in 2000) (Figure 7).

As a legacy of the communist policy of the territorial reorganization of rural areas,
Bragadiru’s central part includes several blocks of flats. Single-family houses and nonresi-
dential constructions were also diffused into the territory. Subsequently, during the 1990s,
limited transformations were reported. Meanwhile, a large share of agricultural plots was
rezoned for urban use, with residential developments and other types of constructions
for secondary and tertiary activities. In the first interval (2000–2008), the annual growth
of built-up area was reduced (about 14 ha/year), mainly along the main roads towards
Bucharest or at the edge of the existent settlement. Isolated nuclei of new constructions
emerged in a fragmented pattern in a few places.
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In the second period (2008–2018), Bragadiru saw a fast rhythm of development,
presenting the highest annual growth of built-up land in Ilfov County (about 59 ha/year).
The highest development was registered on greenfield sites located between Bucharest’s
limits and the beltway. In this regard, this communication route fragments the spatial
pattern, as it is widely known for frequent traffic jams. In addition, a more limited surface
occupied by new constructions is noticed in the expansion of Bragadiru’s old core, on
the western side, possibly related with its proximity to a leisure area. Overall, a surface
of 699 ha of land was consumed for urban growth between 2000 and 2018. The spatial
pattern is complex, comprised of an overall mixture of residential and non-residential areas
(commercial, industrial, logistics, etc.). The latter are usually concentrated in several places,
sometimes at the edge of built-up areas, but interspersed among residential neighborhoods.

In terms of residential expansion, clusters of single-family houses or multi-family
residential complexes stand out in several places, but a more common feature is the
disordered intermingling of the two. Some of the newly emerged residential clusters are
the result of large scale projects developed almost entirely after 2008, including several
blocks of flats.

Another case study explores the spatial dynamics of three villages—Chiajna, Dudu
and Ros, u—in the Chiajna commune, on the western edge of Bucharest (Figure 8).
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In 2000 the largest part of the territory was composed of agricultural land (67%),
typical villages and some small scale post-socialist developments. The latter included a
few commercial and logistics spaces at the junction of the Bucharest beltway and the A1
highway. Subsequently, this commune has become one of the most attractive places for
the Bucharest population and investors, transforming it into an area of intense economic
activity and residential development. Thus, between 2000–2008, the annual growth of
built-up area was the second highest registered in Ilfov County (about 30 ha/year).

Over the next period, this trend intensified, reaching around 52 ha/year between
2008–2018, placing it third in the region. The total surface converted into built-up area
between 2000 and 2018 was around 750 ha. From a functional point of view, two major
areas of development can be delineated: the largest one, in the eastern part, predominantly
recorded a spread of residential buildings; meanwhile, in the western side non-residential
activities were concentrated.

A previous analysis even noted that some of the largest logistic spaces and clusters
of logistics parks in Ilfov County are located in the western side of Chiajna [108]. These
developments were established along the Bucharest beltway and the A1 highway. In terms
of the types of land consumption, between 2000 and 2008, it was mostly non-residential
areas that expanded. New houses were developed mainly in an unplanned, fragmented
way at the edges of the pre-existent villages, but also expanding largely into the nearby open
space. After 2008, even though the deconcentration of non-residential activities continued,
residential buildings made up the lion’s share of built-up area expansion, spilling over into
greenfield sites. Large scale projects and multi-family residential complexes are definitive
characteristics of this area in recent years.

The last case study addresses the territorial reconfiguration of the Corbeanca com-
mune, in the second ring of ATUs, north of Bucharest, and composed of four villages:
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Corbeanca, Ostratu, Petres, ti and Tamas, i. In terms of accessibility, these villages are located
around 20 km from the capital center. In 2000, rural settlements were characterized by a
linear structure surrounded by agricultural plots (84% of the entire land surface), forests
and bodies of water. Distinguished by attractive natural settings, this area was among the
earliest to be developed for residential expansion, with some new single-family houses
built in the first post-socialist decade. However, in terms of land consumption, in the period
2000–2008, Corbeanca presented a modest spread of built-up areas (about 11 ha/year),
compared with 40 ha/year between 2008–2018, making it the sixth fastest expanding place
in the region. The total surface transformed into built-up area between 2000 and 2018
encompasses 492 ha. Regarding the growth patterns, in the first interval the spread of
constructions generally went beyond the edges of the old villages, in a more scattered
way into greenfield sites (Figure 9). Some of these new developments were placed on
isolated patches far away from the old built-up areas. After 2008 there was a new wave of
construction, creating a significant nucleus of new built-up area in the open space between
the four villages—a greater diffusion of new buildings into the territory. This led to the
creation of a more articulated spatial pattern, comprised of almost a continuum of built
space, fragmented by patches of forest, bodies of water and agricultural land. Gradually,
the pressure on land near forest intensified, much like it did for waterfront plots. A rarer
trend is the development of new houses interspersed between previously built dwellings.
The predominant functional use of the land is residential constructions, followed by de-
velopments in the service sector. Generally, the landscape is dominated by single-family
homes mixed with residential complexes with detached houses built as part of several
large scale projects. Still, a few blocks of flats may be observed in some areas.Remote Sens. 2021, 13, x FOR PEER REVIEW 3 of 26 
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4. Discussion

The result maps illustrate the gradual expansion of the built-up area in the surround-
ings of Bucharest, which allows an overview of the structural changes that have occurred
after the turn of the millennium. Previous research noted that, generally in CEE countries,
the uncontrolled expansion of built-up areas was embraced as a positive measure, regard-
less of the long lasting detrimental effects [5,109]. Thus, such quantitative approaches
based on Landsat datasets enable the understanding of the urban development pathway,
the resulting spatial outcome and related challenges, which can then be used to improve
policy making that might sustain better planning.

Our results reinforce previous findings that indicated substantial territorial transfor-
mations in the Bucharest city region in the post-communist period, under the increasing
pressure of real estate developers, investors and the growing population [64,75,91,110]. The
large amount of greenfield land and its lower costs, as compared with the capital, are con-
sidered the main attractive factors for establishing new developments [111]. Moreover, the
preferences for the open space adjacent to large cities is common in CEE countries [5,53,63],
fostered by the interest of local authorities to increase their budget revenues [68].

Deepening our analysis, we have revealed spatial and temporal variations of processes
related to urban growth, both at regional and local level, shedding light on the trajectory of
the largest post-socialist city in the European Union. The employed up-to-date information
brings a new, integrated perspective to the last decade’s territorial changes. Considering all
this, the resulted knowledge can serve as a starting point for further qualitative approaches.

The noteworthy differentiations recorded between the two analyzed periods are
anchored in the socioeconomic context. The fall of communism was followed by economic
restructuring, a profound downturn and the late implementation of the reforms necessary
for the transition from a centralized economy to a free market. As a result, the economic
recovery was late [50], stimulated also by the mandatory reforms required for joining the
European Union (2007). In this context, between 2000 and 2008, the development of newly
built-up areas has augmented progressively—a total increase of 31%, according to our
findings.

Initially the urban expansion process and the development of large scale projects
were thought to be delayed in this region compared to its CEE counterparts [91], but
now it seems that those times are long gone. In fact, after 2008, the annual growth of
built-up development significantly accelerated, to a concerning degree, and it shows no
signs of slowing down; on the contrary, there are hints of an upward trend. The human
pressure has become greater and greater as the number of players in the real estate market
multiplied. The 2008 economic crisis was expected to trigger a significant decrease in built-
up area expansion, as reported in other CEE countries [63]. Moreover, the deep economic
recession detrimentally impacted the Romanian construction sector, as noted in previous
research [112,113]. Still, a decade later, an assessment of the territorial impact of built-up
area expansion reveals that the share of land overtaken for urban growth is significantly
higher than in the previous period, encompassing 75% of the entire development. One of
the main reasons for this unexpected trajectory was the governmental decisions made in
2009 to encourage the construction sector, still in effect today, which boosted the residential
sector.

This situation confirms previous findings that national policies play an essential role in
guiding built-up area expansion [63,83]. In this context, the legislation in the field of spatial
and urban planning is considered inefficient [114,115], even though a framework law
was adopted in 2001. This normative act registered several structural changes, especially
beginning with 2008. Still, these legal provisions failed in ensuring effective regulations for
limiting urban expansion.

The analysis of the development trends and urban growth intensity at the local level
outlines that, prior to 2008, the most dynamic territorial transformations (over 20 ha/year)
took place in 12.5% of the ATUs located in the first ring near Bucharest. In the last decade,
however, a similar intensity of development was registered in 55% of the ATUs dispersed



Remote Sens. 2021, 13, 3969 18 of 25

across Ilfov County. The newly emerging clusters were more territorially concentrated in
the first period, but, after 2008, amid the increasing magnitude of urban expansion, other
parts of the county which initially experienced modest development also became very
appealing. These results confirm several intraregional differences, broadly suggested by
other studies [75], as well as the significant rise of land consumption.

In addition, LDTtool provides valuable findings. Through quantitative measurements,
it identifies the specific dynamics of built-up area and the overall fragmented spatial way
of development hinted in other studies [57,75]. Still, some interesting differentiations were
revealed, as the prevailing change pattern was “F—NP increment by gain” before 2008, but
afterwards the “G—Aggregation by gain” type of dynamics became the most represented,
followed by the previously dominant category. Thus, we notice an obvious shift in the
last decade toward a spatial homogenization in several places, as the fusion of patches
fosters this process [106]. Still, overall, the results demonstrate the maintenance of the
general development pathway, with new built-up areas springing up further away from
the existing ones, but which can, afterward, support a process of densification. These
findings demonstrate the area’s unsustainable urban expansion, given that one of the
countermeasures indicated on the European level is to clearly designate building zones to
sustain compact growth [4].

Exploring the three complementary case studies, we have captured several similarities
and differences between the patterns of development at the local level. In Bragadiru and
Chiajna the overall pattern is much more complex than in Corbeanca, with residential
development and substantial areas occupied by non-residential activities (commercial,
industrial, logistics, etc.). In Bragadiru, concentrations of non-residential activities are
interspersed among residential neighbourhoods in several places, while in Chiajna they
are mostly clustered on the western side, at the junction between the Bucharest beltway
and the A1 highway. In Chiajna, the communication routes seem to have stimulated new
activities; meanwhile, in Bragadiru, the beltway has fragmented the spatial pattern, as
the largest development took place between the beltway and Bucharest’s city limits. In
Corbeanca, the majority of newly emerged areas are residential, with the prevalence of
single-family detached houses. In addition, in Chiajna and Bragadiru, clusters of multi-
family residential complexes emerged in several places, developed almost entirely after
2008. These three case studies illustrate various development patterns, even inside the
same settlement boundaries—a result of an incoherent planning policy, as suggested by
previous studies [110,116,117].

Concerning the planning process, while the elaboration of a master plan for Ilfov
County has been publicly discussed since 2016, it has yet to be completed. However, such a
master plan will only provide a guiding character to the territorial impact of socioeconomic
development. Clearly enforceable regulations for land use management and built-up
area development are established only at the local level entities through specific plans.
Thus, the local authorities at the ATU level decide land development independently,
being in permanent competition with each other to attract more investments. The lack of
coordination between these entities, coupled with the absence of a joint development plan
at the regional level, has led to uncontrolled development, labelled even as chaotic [118].
This situation is likely to persist, as there are no plans for cooperation in the foreseeable
future. In this sense, it seems that the space is structured more according to the private
interests of developers and newcomers, than for the public’s benefit. Previous research
reported these practices as common in other CEE countries as well [109], even though in
several places progress has been made toward more sustainable planning [5,66].

Uncontrolled urban expansion is perceived as a negative way of development [4,94],
in and of itself. It is stimulated by the fast pace of transformations, illustrating the lack
of proper planning, characterized by ad-hoc decisions [5,67,68] without coordination
between different projects [111], which all lead, more often than not, to a patchwork of
spatial arrangements. One of the most visible results is the lack of clear functional zoning
that fosters a heterogeneous mixture of residential (single-family houses or multi-family
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residential complexes) and non-residential areas (commercial, logistical, high-rise offices,
industrial, etc.), sometimes tightly intertwined on the same parcels of land. Another
serious negative dysfunctionality is the emergence of residential development nuclei near
landfills. In this sense, previous studies have drawn attention to inappropriate solid waste
management in the surroundings of Bucharest [119].

Other detrimental consequences are related to the increasing human pressure over
attractive natural amenities, considering that new clusters have appeared near or even
inside forests and along bodies of water [64], some of which are protected areas. This type
of aggression is a continuous process, leading to the progressive degradation of natural
resources, as well as limiting recreational areas for Bucharest residents. Another common
dysfunctionality in many places is the lack of, or undersized, basic infrastructure and
services, which further on may lead to water and soil pollution. Additionally, frequent
traffic congestion was reported [118] which seems to lead to a higher attractiveness of the
more accessible places located near Bucharest.

In terms of land consumption, the urban growth has led to the fragmentation of
greenfield land and proliferation of low density areas interspersed with clusters of high-
density developments and undeveloped land. The latter is not usually used for agricultural
production [111], but is more often acquired for speculative purposes, and abandoned until
profitable opportunities arise for investors.

Previous studies have argued that, in Europe, discontinuous spatial development
represents an intermediary phase toward a more contiguous pattern [52,120]. It is true that,
in several places in Ilfov County lately, as revealed by our analysis, one of the tendencies
has been to build on the open spaces between previously dispersed buildings. Still, this
potential evolution does not erase the long term detrimental impacts of uncontrolled
development in terms of the degradation of natural resources, pollution, inefficient land
use, etc., all of which have negative repercussions on the inhabitants’ quality of life.

These findings reinforce the conclusions of previous studies that call for urgent ac-
tion [4,17,121] and for up-to-date information that will allow the design of appropriate
policies and strategies for a more sustainable future. Local urban plans are updated once
every few years, usually after more than a decade, and they focus on the territorial devel-
opment trends at the time of their elaboration. Thus, complementary instruments, such as
the Landsat dataset, have become essential for the constant monitoring of the fast paced
dynamics of built-up areas, as revealed in previous researches [22,27,31,34,44,122–126]. In
this regard, different studies highlighted the importance of analyzing temporal and spatial
characteristics [22,126], the main directions of urban expansion [25,123] and the spatial
pattern of land changes [31,34,44,124]. All these studies focused on different places and
are in the same line of thought, illustrating the fast rhythm of urban growth, as we have
identified in the case of Bucharest. In addition, our results confirm previous findings that
point out that investigating built-up area dynamics based on remote sensing can serve as a
basis for decision-making [26,29,35,122,127]. For getting deeper insights about territorial
transformations, LDTtool has proven suitable for detecting the types of local dynamics,
as suggested in previous research [106,107]. Still, there are some limitations related to the
modifiable areal unit problem (MAUP) which refers “to the fact that the areal units can be
set arbitrarily and are modifiable” [106].

5. Conclusions

The study explores the built-up area expansion process and the resulting spatio–
temporal changes between 2000 and 2018 in Ilfov County, which overlaps the surroundings
of Bucharest, capital of Romania. The research is approached from a multi-scalar per-
spective on a regional and local level, through the comparative assessment of the ATUs’
pathway, based on Landsat satellite data at a medium spatial resolution of 30 m. Addition-
ally, the types of built-up area dynamics were identified by using the LDT tool.

The results illustrate a massive spatial reconfiguration that took place under the
relatively recent conditions of free market capitalism, as the built-up area has more than
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doubled in the 18 years. The pace of territorial transformations has also changed, with
a significant acceleration after 2008, when 75% of the entire development was registered.
Regarding the overall growth pattern between 2000 and 2008, prevalent directions of
development with a higher expansion concentrated in several places closer to Bucharest.
After 2008, a more widespread development trend was noticed in the territory, even though
some areas remain more appealing than others. The annual growth of built-up areas at
the local level reflect that the greatest territorial impact (over 20 ha/year) was recorded
in 12.5% of the ATUs in the first period, but in the last interval a similar increase was
registered in 55% of the entities. In some cases, tremendous changes were recorded: from a
limited transformation in the first period to substantial development after 2008.

Concerning the specific dynamics of built-up area for the entire period, the number
of cells classified as dynamics related to gain is predominant (“F-NP increment by gain”,
“G-Aggregation by gain”, “D—gain”), encompassing around 87% of the total.

The overall spatial configuration became more and more complex and heterogeneous,
in a mosaic of spatial arrangements, with low density developments interspersed with
high density clusters and undeveloped areas. The analysis of the three complementary
case studies illustrates various development patterns, even inside the same settlement
boundaries. The results reveal that the largest part of the newly built-up area emerged
through fragmentation of greenfield land.

Our research enriches the knowledge on CEE countries by bringing the largest post-
socialist city in the European Union into the spotlight, and thus contributing to filling the
recognized gap for more quantitative assessment of the built-up area’s territorial impact.
At the same time, the results draw attention to the fast pace of transformations in this
macro-region, and to the crucial role of Landsat dataset and other related tools in capturing
spatio–temporal changes, especially in the context of lacking relevant socioeconomic
data. Compared with other studies that focused on Bucharest’s surroundings, or even
beyond, the approach implies a more comprehensive framework, displaying the multilevel
territorial dynamics for two distinct periods.

The present study highlights the importance of deeper insights into the trajectory of
different CEE city regions to understand the fast rhythm of changes and monitor the spatial
outcome. These findings provide a valuable scientific approach that can be exploited by
decision-makers to evaluate the territorial impact of implemented plans and strategies, as
well as to inform future development decisions for better planning.

In addition, the approach can be used to investigate the trajectories of other places
with similar development patterns. Moreover, it provides a basis for further comparative
analysis in the wider post-socialist framework.

Future research should link these findings with other types of data from a more
comprehensive perspective, to understand the local impact and the causal mechanisms
that triggered the territorial reconfiguration.
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5. Pichler-Milanović, N. Confronting Suburbanization in Ljubljana: From “Urbanization of the Countryside” to Urban Sprawl. In

Confronting Suburbanization; Stanilov, K., Sýkora, L., Eds.; John Wiley & Sons, Ltd.: Chichester, UK, 2014; pp. 65–96. [CrossRef]
6. Larkin, A.; van Donkelaar, A.; Geddes, J.A.; Martin, R.V.; Hystad, P. Relationships between Changes in Urban Characteristics and

Air Quality in East Asia from 2000 to 2010. Environ. Sci. Technol. 2016, 50, 9142–9149. [CrossRef]
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