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ABSTRACT

We live in a complex and highly dynamic risk society, and given the massive environmental changes, exposure to hazards has become a
critical concept that is part of all risk assessments made from a spatial perspective. In urban studies, evaluating exposure to different
risk phenomena influences targeted policies and planning that can shape cities while making them safer. As in other post-socialist
countries, in Romania, cities have had a highly divergent recent evolution, including processes such as urban shrinkage, the suburban
advancement of cities, and urban sprawl. Focusing on seven cities from the North-East Region of Romania, the current paper is an
exploratory study regarding the dynamics of exposure to landslides in relation to suburban advancement and densification of cities.
Using the official statistics, available GIS databases and information based on satellite images illustrating urban land use changes in the
last 20 years, the paper includes a general overview of the overall evolution of urban areas against landslide probability, followed by a
more in-depth assessment of specific areas that were subject to functional change and currently include buildings that are susceptible to
be affected by landslides. The results and conclusions converge towards the idea that the identified exposed areas, where actual ground
movements are currently registered, need special attention from experts and authorities to identify and manage risks. The significance
of our findings is underscored by their potential to inform and guide more effective territorial management and urban land use
planning strategies.

1. INTRODUCTION housing and infrastructure in urban, suburban and
peri-urban areas (Van Den Eeckhaut et al., 2012). As

In a world that is increasingly diverse, complex cities expand towards the peripheries of the build-up

and challenging, one of the reasons for the overall area, which still have the advantage of relative
increase in the risk and impact of disasters is the proximity to the city centre, this suburban advancement

expansion of human habitat and the densification of involves converting former industrial and agricultural
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land into residential and service areas. Moreover,
sometimes this advancement is done in former areas
with no specific function (“no man’s lands”), sometimes
in natural areas (forests, pastures, meadows) with lower
favourability for building and living.

As in other post-socialist countries, in
Romania, urban areas had a highly divergent recent
evolution: firstly, the shrinkage of cities, the de-
industrialisation followed by ex-urbanisation and de-
urbanisation, when core urban areas lost population
(Banica et al., 2017; Eva et al.,, 2021); secondly, the
suburban advancement of cities and the urban sprawl
manifested by the diffusion of the urban population in
the nearby rural areas, usually in a chaotic, unplanned
or insufficiently planned manner. This divergence also
manifested itself as an effect of lifestyle changes,
primarily mobility due to more and more advanced
motorisation of the population, temporary migration
for work abroad with effects on individual aspirations,
expansion of secondary residences, etc. (Suditu et al.,
2010; Grigorescu et al., 2012; Dumitrache et al., 2016).

Although the population of cities in Romania
decreased, in direct connection with de-
industrialisation and ex-urbanisation of urban activities
and against the background of urban sprawl, external
migration and the decrease in the birth rate, the
constructed areas continued to expand incrementally
not only outside the built-up area but also inside it
(Banica and Piciorus, 2012; Ungureanu and Soimosan,
2023). New residential areas in cities capitalised on the
positional advantages of some lands, benefiting from
both proximity to the city and a cleaner, less disturbed
environment. In the context of smart cities emergence,
these peripheral areas can become the interface of
diffusing “smartness” in rural areas (Ianos et al., 2021).

Urban expansion is often attributed to the
need for food, energy, space and other resources (Morar
et al., 2021) under the circumstances of the increasing
attractiveness of both suburban and peri-urban areas
that combine the advantages of urban proximity with
those of a quieter lifestyle in a quasi-rural, less polluted
and less crowded areas. These areas are found in the
previously unbuilt territory of the administrative-
territorial unit of the city and, often, in the
neighbouring communes. In the present study, we will
consider only the extensions inside the urban area. The
apparent deficiencies and lack of rigorousness of
legislation and practices in land use and urban planning
(Benedek, 2013) have favoured this uncontrolled
expansion and densification of the built space of the
cities and the emergence of new informal settlements.
However, they do not respect the building norms in
force. These new neighbourhoods are inhabited by
vulnerable social groups, which adds to the fact that
they are located in areas exposed to a significant
probability of hazard occurrence (Oliva-Gonzalez et al.,
2019). All these deserve the attention of the scientific
community, urban decision-makers, and responsible
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institutions. At the local scale, one can sometimes
notice an increase in the exposure degree to certain
natural or human-induced risk phenomena, e.g., the
installation or reactivation of landslides (Reichenbach
et al.,, 2014; Sujatha and Rajamanickam, 2015). Mass
movements, in general, and landslides, in particular,
are geomorphic hazards that can generate economic,
social and environmental consequences. It is shown in
the literature that among other causal factors such as
geology (lithology), slope, elevation, etc., which are
more stable, land use and land cover changes are
dynamic drivers of landslide hazards associated with
human activities (Rabby et al., 2022). Thus, changes in
slope geometry, vegetation density, and land use, in
general, will affect the runoff coefficient and rainwater
filtration, increasing the potential for landslides
(Andriani et al., 2021). Also, in the context of climate
change, studies show that landslide hazards are most
sensitive to precipitation variations in urbanised areas.
Therefore, the cities’ expansion through the
densification of existing constructed areas and the
development of new built-up areas by changing the land
use in specific locations can increase the probability of
landslide occurrence (Johnson et al., 2021).

In Romania, one of the most exposed countries
to landslides in Europe, which makes it a landslide
hotspot (Jaedicke et al., 2014; Micu, 2017; Jurchescu et
al,, 2017), these phenomena often represent the
dominant process of shaping the slopes. Landslides are
controlled by the geological factor, relief and land use
and triggered by torrential rains, earthquakes and
human activities. They can occur in all relief units but
have a greater frequency in areas with greater structural
and petrographic diversity, especially in hilly areas,
such as the Subcarpathian area, in sedimentary
mountainous areas (i.e. flish deposits in Eastern
Carpathians), but also plateau areas, such as the
Moldavian Plateau, the Transylvanian Depression, and
the Getic Plateau (Grecu et Coménescu, 2010; Mihai et
al., 2014; Micu, 2017; Balteanu et al., 2020; Grozavu
and Patriche, 2021). As mentioned, intensifying urban
land occupation in susceptible areas increases landslide
exposure. Some authors consider exposure as an
intrinsic component of vulnerability (Cutter, 2013;
Sharma and Ravindranath, 2019), while others argue
that it is separate from vulnerability, i.e., a simple
contact or overlap between hazard and vulnerable
society (Cardona et al., 2012). However, in general, the
exposure refers to the entire population and other
elements at risk that are located in the area prone to the
manifestation of a hazard (United Nations International
Strategy on Disaster Reduction, 2015).

Through the lens of the present study, two
types of evolution can increase the exposure to
landslides: the densification of constructed areas in
already exposed zones and the advancement of
constructions by land use changes in specific areas
where the susceptibility to landslide hazard is high.
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Population growth and a higher construction density
increase exposure (and often) vulnerability to landslide
hazards (Bourenane and Bouhadad, 2021). It is also a
fact that with the emergence of new construction
materials and technologies, some lands, once
considered unsuitable for construction, have become
usable in this sense (Alupoae et al., 2014).

Our study focuses on the relationship between
land use changes and exposure to landslide risk in
seven important cities from the North-East Region of
Romania. The central hypothesis is that densification
and extension of built areas within the limits of
cities/towns have increased the exposure to landslides.
The specific objectives are: 1) to assess, at a general
level, for all towns and cities in Romania, the
relationship between the suburban advancement of the
built space and the probability of the occurrence of
landslides; 2) to analyse the dynamics of the built space
in seven cities of the North-East region; 3) to assess the
overlap of the new areas of suburban advancement or
buildings densification within the administrative limits
of the city/town over the areas with a high probability of
landslides; 4) to discuss the appropriate policies and
measures to address emerging risks resulting from the
increasing exposure to landslides in the wurban
environment.

This approach integrates the concepts of built
space dynamics, exposure, representing people,
properties and activities located in hazard-prone areas
(Raduszynski and Numada, 2023) and landslide spatial
probability of occurrence, i.e., landslide susceptibility
(Guzzetti et al., 2006; Magliulo et al., 2008; Alexoudi et
al., 2011). The overall goal is to get a general picture of
these processes in the last two decades and to stress the
need for urban policies to counter these issues in order
to improve the safety and sustainability of urban areas.

2. DATA AND METHODOLOGY

Our study is based on open-access data from
various sources aggregated at the city/town level. Still,
it also tries to identify problematic areas within the
selected cities from the North-East Region. The article
starts with a general assessment of urban development
and the increase or decrease of the general level of
exposure to landslides at the national level for the 319
towns and cities, including 103 municipalities. Further,
the focus is moved to the scale of the North-East
Region, analysing as case studies the county’s capital
cities (Botosani, Suceava, lasi, Piatra-Neamt, Bacau,
Vaslui) as well as the Roman municipality (which is
essential both in terms of population number and
central geographical position within the region)
(Ungureanu, 2022).

Some categories of data were used to conduct
our research first at the city level and then at a micro-
scale (differentiations within the city built-up area).

a). For analysing the inter-urban and intra-
urban differentiations in the case of the selected cities
from the North-East region, the most important
indicators were extracted from an extensive database
created within the project “Elaboration of Urban Policy
as a Tool for Strengthening the Administrative Capacity
and Strategic Planning of Urban Areas in Romania”
(SMIS code 129720, SIPOCA code 711), implemented by
the Ministry of Development, Public Works and
Administration (MDLPA) with the support of the World
Bank (2019-2021) and made publicly available on the
site www.citadini.ro (Romanian Urban Policy, 2020).

In addition, some fundamental indicators were
taken directly from the National Institute of Statistics in
Romania database, Population and buildings statistics:
Tempo online — Romanian Institute of Statistics, or
from the Territorial Observatory provided by the
Government of Romania through the Ministry of
Regional Development and Public Administration (see
Table 1). The indicators were considered cover variable
periods, but we tried to identify temporal overlaps that
would allow us to conduct relevant statistical analyses.

b). For differentiation at a microscale, the
vector data of Corine Land Cover were used for the
years 2000, 2006, 2012, and 2018 to identify land-use
changes and highlight the areas intended for housing
construction. We considered it essential to identify the
areas that changed their previous functionality in the
interval 2000-2018. Regarding the susceptibility to
landslides within cities, we capitalised again on some of
the results of the Romanian Urban Policy (2020). A
methodology based on a statistical bivariate method —
the BSA model — was used to make a detailed
assessment (Rosca et al, 2016). Susceptibility
categories, based on the probability of occurrence of
landslide-degraded lands were designed by using the
classical methodology in effect in Romania (GD
447/2003), correlating expert opinion and the
information from the existing maps based on specific
predictors (MLPDA and WBG, 2020; Romanian Urban
Policy, 2020). These predictors include eight factors
weighted to obtain specific coefficients referring to
lithology, geomorphology, structure, hydrology,
hydrogeology, seismic, forest and anthropogenic
influences. We used the resulting GIS database based
on a probabilistic model of landslide susceptibility (BSA
model) based on the coefficients mentioned above,
which was applied and made available by the Romanian
Urban Policy documents in 2020. Of course, generating
a valid landslide susceptibility map is a challenging and
complex process (Kerekes et al., 2018), and there are
alternatives to this model. Still, our assessment aims to
derive only a general perspective on the issues that
could be detailed and analysed more in-depth in further
studies. We also used specific opportunities provided by
satellite data to highlight the actual processes of land
displacement. Thus, the European Ground Motion
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Service provides consistent and reliable information
regarding natural and anthropogenic ground motion
with millimetre accuracy (EGMS Explorer). However,
certain limitations exist in identifying some movements
in the direction of satellite displacement. Still, the

errors are relatively negligible at the scale and level of
detail for the landslide analysis in the present study. We
are interested in only a general picture of the areas that
create or will create problems in the future and possible
destruction or loss in the event of risk phenomena.

Table 1. The indicators used to assess exposure to landslides at town/city level.

Abbreviation Indicator Contents of indicators UM Period/Year Source
gl?l?ug%fr?g?\ifn(imen t The ratio between the extended
EXT_ BUILTUP urban area in 2018 and the % 2000 - 2018 INS-TEMPO
compared to the year Lo b .
B existing urban area in 2000

The built-up area of municipalities

BUILT UP Built-up area o sq km 2018 INS-TEMPO
and cities
The indicator represents the rate Copernicus
EXT_CONSTR ;r(})llfs%;sggé?::agf of change of the built surface % 2006-2018 Land
between 2006-2018 Monitoring
The ratio between land The relationship between the rate Copernicus
LAND_CONS consumption rate and of lanld gonsumpt}llon and % 2000-2018 Lanq .
opulation growth rate popu'atlon growth to promote Monitoring;
P sustainable urban advancement INS -TEMPO
Total no. of houses existing at the 1993-2020
HOUSES Number of houses end of the year in the selected houses LA ED

cities (growth rate %, o=year 1993)
The ratio between the number of

(2000-2018)  Database, INS
buildings/

DENS_BUILTUP | Buildings density T e | T | —— e 2018 INS-TEMPO
The percentage by which the
population in 2019 increased or
POP% 2010-2019 | Population growth rate  decreased compared to the % 2010-2019 INS-TEMPO
population from the 2010 census,
the latter being considered 100%
The population of the
territorial The population of the territorial .
E?SPIE LGOI LAE administrative unit administrative unit is subject to % 2019 E(r)]inainll’illlic
subject to the risks of the risk of landslides by risk class y
landslides by risk class
Classification by Classification by classes of low,
classes of the probability of occurrence of medium, R .
PROBABILITY likelihood of landslides. The indicator was medium- - U(;lr)r; T}l’ililic
occurrence of calculated at the level of the high, high y
landslides studied cities probability

DYNAMICS OF
CONSTRUCTIONS WITHIN
THE CITY AREA

LANSLIDE
(P Xy SUSCEPTIBILITY
Linear correlation |
Pearson matrix

GROUND
MOTION

LAND USE CHANGES | GRoiEs |

Overlapping areas of land use changes towards constructed
areas, changes in density, the landslides
probability/susceptibility and the actual land motion.

Period(s):
2000-2006-2012-2018

EXPOSURE TO LANDSLIDES ]

Fig. 1. Methodological scheme.

The scheme below (Fig. 1) is a synthesis of our
methodological approach, which aimed to demonstrate
the connections between the dynamics of the built space
within the city areas, determined by the successive
changes in the way of land use and landslide
susceptibility, which can be highlighted even better by
the current movements of the superficial layer.

The applied methods belong to classical
statistics, using linear correlations, respectively,
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correlation matrices (Pearson), to suggest the statistical
relationship between the elements taken into account.
The case studies were illustrated by cartographical
results made by overlaying the thematic layers in GIS to
highlight newly constructed areas currently exposed to
landslides.

3. RESULTS AND DISCUSSION

To establish some general coordinates for the
recent evolution of building densification in areas
exposed to landslides, we first conducted a statistical
assessment of the situation at the national level, taking
into account all towns and cities of Romania. Only then
we focused and deepened the analysis on the main cities
in the North-East region.

3.1. National level analysis

The advancement of constructed areas and the
densification inside the city are more present in smaller,
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more dynamic cities and towns. The surface occupied
by construction increased, especially in the cities in the
centre and North-East region, which had a more
pronounced dynamics, and some newer towns in the
metropolitan area of Bucharest. Still, larger cities were
also subject to densification and urban restructuring
(e.g. Baia Mare, Alba Iulia). In Figure 2, we highlight
this indicator and the study area of the present paper.

POP2019
. 10000
® 50000
@ 100.000

. 500.000
. 1.000.000

EXT_CONS

0,00000007

[ Region
] County

North-East Region

0 25 50 100 150 200
I —— <

Fig. 2. Expansion of built spaces within Romanian
municipalities (2000-2018). A focus on the study area (North-
East Region) (source: own elaboration; Data source:
Romanian National Institute of Statistics).

In some cases, this densification was achieved
in urban areas significantly susceptible to landslides,
especially in the centre of the country (Fig. 3a).

N [ region
| County
B EXT_COMNSTR
B PROB_TOTAL
High
Low
Low  High

¢ 25 B0 100 150 200
e —— T

Fig. 3a. The relationship between suburban
advancement and landslide susceptibility (source: own
elaboration; Data source: Romanian National Institute of
Statistics, Romanian Urban Policy).

Table 2. Correlation matrix (Pearson).

In terms of the total population and the
residential density, these have also increased primarily
in the cities bordering the capital of Romania,
Bucharest, but also in cities that have expanded their
urban areas (for example, the case of Vaslui, which
included areas previously located in the suburbs).
Towns and cities with relatively high demographic
growth between 2010 and 2019 and areas susceptible to
landslides are generally found in the North-West and
South-East Regions (Fig. 3b).

N [ Region
A | County
W POP3G 2010-2019
WS R_HIGH
High!
Lan _I
Low  High

0D 2550 10D 150 300
T — —

Fig. 3b. The relationship between population growth
and landslide exposure growth (source: own elaboration;
Data source: Romanian National Institute of Statistics,
Romanian Urban Policy).

By contrast, in certain areas, such as the
Romanian Plain and the Western Plain, the towns and
cities are virtually not exposed to landslides at all.
However, the direct link between the expansion of
inhabited areas and susceptibility to landslides must be
studied punctually, differentiated in each city,
employing case studies, i.e., the seven cities in the
North-East region analysed in the second section of the
results.

However, the extension of the constructed area
came with the downside of increased (very high and
total) probability exposure to landslides (correlation
coefficient of 0,159). On the contrary, the North-
Eastern Region’s densification occurred in medium-
high and medium probability areas (medium-high -
0,221, medium - 0,130).

LOW -0.030 -0.067 0.045 0.001 -0.041 -0.046 -0.049
MEDIUM -0.002 0.130 0.030 -0.041 -0.036 -0.158 0.055
MEDIUM_HIGH -0.043 -0.221 0.010 0.107 0.165 0.271 0.005
HIGH 0.034 0.036 -0.067 -0.049 -0.013 -0.010 -0.048
VERY_HIGH 0.159 -0.023 0.014 -0.090 -0.134 -0.077 -0.044
TOTAL 0.170 0.105 0.012 0.147 0.127 -0.037 -0.044

Values in bold are different from o with a significance level of alpha=0.05

It highlights once again that the highest share
of the population exposed to landslides is concentrated
in Romania’s North-Western and South-Eastern

regions. The Pearson correlation matrix also shows that
cities with a high density of built space in urban areas
have a MEDIUM-HIGH probability of landslides
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occurrence. Meanwhile, lower densities are found in
areas with MEDIUM susceptibility; therefore, we can
argue that there is a relative increase in landslide
susceptibility (see Table 2). We should note that, in the
current approach, we consider the terms of probability
and susceptibility as equivalent.

3.2. Landslide susceptibility and exposure in the
main cities from the North-East Region

The expansion of the built-up area within the
administrative area of the main cities in the North East
Region was carried out significantly differently.
According to the data available from the National
Institute of Statistics in Romania, in 1990-2000, the
growth rate varied between 3% (Bacdu) to more than
66.5% in Iasi and Suceava, which had the highest
growth rate. Intermediate values of this increase were
recorded in Piatra Neamt{ 58%, Roman 38.91% or
Botosani 46.8%. After 2000, these oscillations had
much lower values. Between 2001-2010 Iasi increased
its urban population by 17.03% and Vaslui by 19.44%,
while in the other municipalities, the growth was
reduced (Piatra Neamf, Roman, Botosani) or non-
existent (Baciu and Suceava). An even more minor
increase occurred after 2011 when only Piatra Neamt
added an area representing 11.17% to the existing urban
area, and in Bacdu, an additional area of 11.28% was
included. Except for Iasi, where the increase of
constructed areas began in the 1990s and continued at
an accelerated pace until 2010, after which the urban
expansion took place almost exclusively towards the

neighbouring communes (Fig. 4).
%

0+

==——Bacdu ===Botosani lasi Piatra Neamt ===Roman =—=Suceava Vaslui

Fig. 4. Total no. of houses existing at the end of the
year in the selected cities (growth rate %, o=year 1993) (data
source: TEMPO Database, INS).

The most spectacular such expansion was the
municipality of Suceava, with a maximum increase
between 2007 and 2010, and which, as a whole, reached
in 2020 the same growth rate compared to the
reference year 1993 (given the availability of data) as
the municipality of Iasi (about 17%).

On the contrary, Roman (approximately 6%)
and Piatra Neamt (10%) had the lowest growth rates. In
Suceava, the rhythm has accelerated since 2007. The
expansion of constructions was visible in Iasi, Botosani,

16

Vaslui, and Suceava, but much less in Roman or Piatra
Neamt in the context of massive de-industrialisation
and outmigration.

Meanwhile, the surface of the territorial unit
was expanded in Vaslui, Piatra Neamt and Iasi by
including areas more susceptible to landslides.
Meanwhile, the population of most of the larger
Romanian cities decreased in the 1990s and 2000s.
However, in the last decade, a population growth trend
in the city has been observed, for example, in Iasi,
Vaslui, and, to a lesser extent, in Suceava. Most of the
identified transformations/developments of newly
constructed areas within the city area occurred in the
2000s, while after 2006, most of the urban expansion
took place outside the city area. A large number of new
buildings appeared in Iasi and Botosani, while the built-
up areas of Piatra Neamt, Iasi and Bacdu had the most
significant growth. Comparatively, Suceava has
maintained the exact limits of the built-up area, while,
in terms of newly built buildings, the municipality of
Roman experienced the most unfavourable situation.
This issue, along with the specific geographical
conditions (location on the terraces of Moldova and
Siret rivers, near their confluence), also influences the
expansion of areas susceptible to landslides, which in
Roman used to be negligible.

On the other hand, Iasi and Baciu have
comparatively more extensive areas of land with very
high susceptibility. The areas of expanded built space
within the city limits emerged by land use changes from
agricultural use (predominantly arable land and
meadows) to densely built or more diffuse spaces or
other areas with constructions. These sometimes
overlap with less natural favourability, including areas
with potential landslides (Fig. 5).

The residential or commercial areas resulting
from reconfiguring former industrial sites have a more
favourable position. Most of these land use changes
occurred in Iasi (480.85 ha), followed by Bacau (174.53
ha), Suceava (141 ha) and Botosani (129 ha). Among
these extended areas marked by the change in land use,
we can use, for illustration, two sample areas. The first
(1) is located in Iasi in the Bucium neighbourhood
situated in the south of the city and where it is
observable (by using the data provided by Ground
Motion Service - EGMS Explorer), namely a downward
movement of the land by 5 mm in the period 2015-2021
(Fig. 6).

The second sample marked in Figure 5 and
Figure 6 belongs to a newly constructed area in the
Maratei neighbourhood of Piatra Neamt at the base of
the Pietricica rock massif, where the land movement
was around 8 mm in the five years of the assessment. In
the third (3) area, located in the Western part of the
municipality of Bacdu (towards the peri-urban
commune of Magura), the displacement reaches only 3
mm for the same period. Even if these values are not
close to the maximum values recorded in the three
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municipalities for ground motion, they are still
significant and indicate a considerable susceptibility in
the medium and long term. Inadequate occupation of
lands that are highly susceptible to landslides

(re)activation can be observed, for example, in the
south of Iasi (Bucium), but also in Roman (in the
northwest) and, to a lesser extent, in Botosani and
Suceava.
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Fig. 5. Landslide susceptibility, land-use change areas (2000-2018) and the selected ground motion samples (data source:

Romanian Urban Policy, 2020).

The suburban advancement of Vaslui city, with
newly constructed areas that present a significant
population exposed to landslides, has been added.
However, they are not areas known for active landslides
but lands identified as having potential for mass
movement occurrence. Even if, most often, the recently
built areas do not entirely overlap the most restrictive
areas, tendencies of expansion are noted towards areas
that are prone to landslides. Moreover, we can assume
that real estate pressure for more constructions in areas
with high or very high landslide susceptibility will
increase in the future.

Meanwhile, the exposure varies very much
across categories. The situation of the analysed cities is
very different: the pressure of the built space can be
more significant in the cities where there is no increase

in the constructed area, but only a more substantial
densification within the city’s limits. There are cities
where building areas are advancing and are being
densified to the same extent. Theoretically, the most
endangered city is Vaslui (especially in the
neighbourhoods included recently in the built-up city
area), followed by Piatra Neamt and Iasi; while looking
at the actual probability of occurrence and the current
events that are registered, the threat is higher in Iasi,
but also in Botosani and Suceava. According to the Risk
analysis and management plan (PAAR) in Vaslui, areas
with landslides could be reactivated, especially in the
eastern and western peripheral areas and the northern
part of the city. However, these areas were statistically
identified as areas susceptible to landslides, but not
many cases of actual (active) landslides were
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documented. On the contrary, in cities with
(theoretically) lower susceptibility, such as Botosani,
former assessments identified the highest number of

registered active landslides (33) in the NE Region
(Niculita et al., 2017).
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Fig. 6. Ground motion samples in selected cities (1 — Iasi; 2 — Piatra Neamt; 3 — Baciu) (source: EGMS Explorer).

Our results, even being general and having a
considerable margin of error, still give an insightful
picture of a problem that should be prioritised by the
decision-makers of many urban settlements where
there are densification processes or suburban expansion
of the habitat. The paper’s outcomes can be used to
ground the policies related to the national and regional
system of urban settlements and urban planning at the
territorial unit or neighbourhood level. Knowing the
natural favourability and the restrictions related to
building can be essential for adopting urban policies
that consider the opportunities and obstacles set by the
natural environment on the path of urban development.
The policy response of the decision makers should
concentrate on preventing the increase of risk through
hazard mitigation and land-use planning strategies and
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policies. Newly developed areas with higher
susceptibility to landslides and ongoing land
movements require greater attention from experts and
authorities to manage potential risks properly. A key
element is making transparent and responsible
decisions regarding the authorisation of constructions
in areas that could pose shorter or longer-term issues.
Also, the authorities should focus on consolidating the
existing buildings to reduce the potential damages.
More detailed studies must be done in all these cases
using appropriate and recent data that can be useful to
address the present global (and local) modification
related to climate changes, i.e. the increase in temporal
variability =~ of precipitations with  pronounced
alternation of drought and that could be triggers of
landslide especially in sensitive areas.
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4. CONCLUSIONS

The present study explored the relationship
between suburban construction advancement and
densification patterns in the Romanian cities’
administrative areas in relation to exposure to
landslides. We were limited to the official
administrative units. Therefore, we did not concentrate
on urban sprawl but on the in-situ transformations. The
current paper is a general overview that shows spatial
differentiation in susceptibility and consequent
exposure to landslides requiring differential territorial
planning and development policies. The assessment
made at the Romanian national level showed some
specific patterns of increasing exposure to landslides in
cities in the North-Western and Eastern regions of
Romania. Moreover, the seven case studies in the
North-East region illustrated various situations.
However, we only focused on a few areas of interest that
were subject to land use changes and are potentially
more susceptible to potential landslides. We also tried
to test these probabilities by confronting them with data
on ground motion obtained by Copernicus Land
Monitoring Service. However, more accurate methods
could be applied for better results (Necula et al., 2021).

Meanwhile, some concerns emerged mainly in
the case of the more Northern cities (Suceava, Botosani,
Tasi) and, to a lesser degree, in the case of others
(Bacdu, Piatra Neamt, Vaslui, Roman). The
agglomeration patterns (i.e. areas that did not change
their use but were densified) were not explored in
depth. Assessing the favourability and the restrictions
at different scales is vital for raising awareness about
the existing situation and informing targeted and
general national, regional and local urban policies. The
MDLPA and World Bank project (used by us in the
current assessment for assessing susceptibility to
landslides) covered a stringent need to analyse all urban
problems. Still, a comprehensive and ambitious
approach can make room for errors. The use of indirect
methods such as bivariate statistics (BSA) has several
drawbacks: simplification of the factors that condition
landslides (using only easy-to-map and available
indicators such as slope, angle or lithology) and the
high share of generalisation (in fact, landslides do not
happen under the same conditions in all areas and the
causal factors might be different for each landslide
individually (Kojima et al., 2000; Van Westen et al.,
2003). Therefore, more profound analyses need to be
done, especially when assessing landslide probability.
Also, the use of CLC is another limitation as the changes
in land cover are considered in a relatively basic
manner (with some errors that are challenging to detect
and manage), and the analysis needs to be
supplemented by a more careful look based on time-
series of satellite images to identify all changes, both
expansion and densification. Meanwhile, more accurate

results that can be obtained in the future need to be
integrated into development strategies to acknowledge
the restrictions and risks and to capitalise on the
opportunities offered by the territory for sustainable
urban policies.
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