
remote sensing  

Article

Geodetic and UAV Monitoring in the Sustainable Management
of Shallow Landslides and Erosion of a Susceptible
Urban Environment

Paul Sestras 1 , S, tefan Bilas, co 2,3 , Sanda Ros, ca 2 , Branislav Dudic 4,5,* , Artan Hysa 6

and Velibor Spalević 7
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Abstract: Landslides are a worldwide occurring hazard that can produce economic impact and even
fatalities. The collection and monitoring of data regarding active landslides are important for predicting
future landslides in that region, and is critical to minimize the losses caused. In the expanding metropoli-
tan area of Cluj-Napoca, Romania, drastic changes of land use and increasement of construction zones
represent a current evolution issue. The urban sprawl phenomenon imposed the expansion of the city
limits and outside the old built-up area, and due to the hilly terrain and geomorphology, natural hazards
such as landslides and erosion processes are susceptible to appearance or reactivation. The study
incorporates interdisciplinary research composed of evaluation of a landslide susceptible hotspot located
in an area of interest to the municipality by means of geodetic and topographic precise measurements,
combined with the use of unmanned aerial vehicles (UAV) monitoring of surface movement and GIS
spatial analysis. The data obtained in a span of over two years reveal that the investigated slope is
subjected to a shallow active landslide of a few centimeters per year, and based on the 64 individual
placed landmarks the highest displacement value was 67 mm. Through geomatic tools the exchange
rate of the slope surface was evaluated with comprehensive volume calculations, such as displacement,
erosion, and accumulation that illustrate a volume of material displaced of 107.2 m3 and the accumulated
one of 55.7 m3. The results provide valuable insight into the complex landslide and erosion dynamics
that are crucial when predicting future movements and prevention measures.

Keywords: topography; GNSS; total station; fly survey; GIS spatial analysis; geomatics; surface erosion

1. Introduction

In the constant expanding and increasingly populated Cluj-Napoca metropolitan area
(Transylvania, Romania), the evolution imposed by the changes of land use and increase-
ment of construction zones represents a current issue [1–3]. With a general move toward
urbanization, land is becoming an increasingly difficult resource to obtain and the construc-
tion market is a desideratum. The unprecedented urban sprawl phenomenon imposed the
expansion of the city limits and the transformation of adjacent villages from Cluj-Napoca
into unprepared suburbs [4,5]. Given the hilly terrain and geomorphology, natural hazards
such as landslides and erosion processes are susceptible to appearance or reactivation.
Although most of this area is stabilized, pressure on the slopes by overburdening with
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construction and transport infrastructure, combined with anthropogenic intervention in
the territory can induce changes in slopes stability, trigger landslides, and have drastic
repercussions to the population and environment [6]. These issues call for an imperative
and interdisciplinary research regarding the acquisition of valuable data from the field,
to aid land monitoring in risk-induced hotspots and susceptible hazardous areas. The
study incorporates detailed and accurate collected measurements using geodesy and land
survey principles, modern UAV technology for 3D modelling and monitoring of surface
movement, combined with the smart integration of GIS spatial analysis [7,8].

Landslides are a worldwide phenomenon that accounts for 9% of the world’s disas-
ters [9]. They are defined as the movement of soil, debris, and rocks under the influence
of gravity, and it is most common in hilly and mountainous areas [10,11]. Landslides can
have dramatic economic impact and sometimes tragically result in fatalities, as they cause
damage to infrastructure, built area, and agricultural land [12,13]. There are multiple factors
that can make an area prone to landslide, often classified as predisposing and triggering
factors. Predisposing ones generate suitable conditions for landslides (slope, altitude, aspect,
geology, land use etc.), and triggering factors initiate the landslides [14–18]. The triggering
factors can occur naturally, such as intensive or prolonged rainfall, seismic and volcanic
activities, snow melting etc., or human factors such as excavation, deforestation, land clearing
(removal of vegetation), hillslope cutting, construction, traffic vibration etc. The collection of
data about active landslides is important for predicting future landslides in that region, and is
critical to minimizing the losses caused [19–21].

Landslide monitoring requires continued assessment of the terrain, evaluating rate
of displacement and surface topography changes. Precise measurements of vertical and
horizontal displacements improve the understanding of landslide mechanisms that are
responsible for landslide dynamics and are useful for predicting future movements [16,17].
There are numerous instrumentations and technologies used in landslide monitoring,
such as: total stations, GNSS systems, terrestrial laser scanners, airborne or UAV LiDAR,
synthetic aperture radar (SAR) interferometry technology, and many more geomatics appli-
cations [22–26]. Each one of the instrumentations and techniques have certain advantages
or disadvantages, that range from cost, to survey coverage, time efficiency, precision, and
learning curve. Although time-consuming and having sparse spatial coverage, terrestrial
solutions such as GNSS systems and total stations have pinpoint accuracy and can yield
precise observations regarding possible displacements and surface movements [27–33].
When combined with placed markers or landmarks, the obtained results can provide
insight into complex mechanism produced inside a certain area, such as values on all
movement axis with a millimetric precision. In spite of the increasing use of new tech-
nologies, total stations remain a fundamental instrument for different monitoring projects,
including land and constructions. Accurate angle and distance measurements are vital
when surveying surfaces and measuring the displacements of selected points in order to
evaluate morphological evolutions [27].

A popular new method, that emerged in the past decade, for landslides monitoring is
to utilize unmanned aerial vehicles (UAVs) in order to collect high-resolution imagery for
use in complex photogrammetry and geomatics techniques [34,35]. UAVs, commonly called
drones, provide indispensable help, efficiency in terms of speed and precision, as well as
cost savings especially in inaccessible or difficult to navigate locations. UAVs are rising
among many industries and have become very popular in numerous interdisciplinary
researches, but for survey engineering they represent a quantum leap [36,37]. Several
studies have demonstrated the usefulness and reliability of structure from motion (SfM)
software and their implementation in landslide monitoring. SfM is an image-processing
technique based on computation that allows the reconstruction of a photographed surface.
Combined with the presence of ground control points (GCPs) of known coordinates on the
ground, the obtained georeferenced deliverables allow the monitoring of surface features
and understanding of landslide mechanisms [38]. Three-dimensional (3D) modelling of
landslides, such as the creation of digital elevation models (DEMs) and digital surface
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models (DSMs), allow for different volume calculations, such as displacement, erosion, ac-
cumulation etc. These calculated features are related to the amount of landslide movement,
which can provide valuable understandings of the mechanisms responsible for landslide
dynamics and are crucial when predicting future movements [22,39].

The present research stem from a larger scientific objective, that included the creation
of a landslide susceptibility map using the bivariate statistical analysis (BSA) method based
on twelve analyzed factors that can influence the landslide processes, with the desideratum
of obtaining hotspots of high risk and of great importance to the municipality and society,
in order to evaluate and further monitor the areas by means of direct measurements and
remote sensing. The current case study is one of the chosen hotspots, that represents
a multiannual monitoring of an important urbanized area, by means of geodetic and
topographic measurements with instrumentations such as GNSS systems and total stations
for the best obtainable precision. The ground survey is also accompanied and elevated
by a flight survey with UAVs and geomatics techniques, in order to evaluate the entire
study area as opposed to the survey points (markers or landmarks). By combining the two
methods, the obtained results are comprehensive and provide a better understanding of
the complex movements and displacements present in the monitored landslide.

2. Materials and Methods
2.1. Study Area

In the center of the historical province of Transylvania, Romania, is the county of Cluj,
within which there is a hilly region, known as “Dealurile Clujului” (Cluj Hills). Because
the hilly areas and their slopes are exposed to specific hazards, represented by landslides,
research in this field is justified and of current importance. As a geographical location,
Cluj County is located in the central-western part of Romania and has an area of 6674 km2

(area representing 2.8% of the country). The county has a relief that can be considered
plateau, hills, and mountain, the mountainous area being approximately a quarter and
being located in the southwest of the county (Figure 1).

The present case study took place in the form of a complex and multiannual research,
conducted at the border junction of the territorial administrative unit (TAU) between
the city of Cluj-Napoca and Floresti village, at the end of Grigorescu neighborhood that
continues with the current northern beltway, which connects Cluj-Napoca and Floresti
(Figure 2). If only five years ago, this road was unpaved, used for agricultural purposes
for the parcels in the area, mostly meadows and pastures, now the situation has changed
radically, the area is experiencing a significant development in recent years [2,5]. With the
major expansion of Cluj-Napoca municipality and the metropolitan area, many adjacent
areas developed rapidly, the price of land exploded, and the pace of construction works
increased rapidly [4]. The area under study, located at the entrance of Floresti TAU, is
known as Donath West or even Donath Park, after the name of the first real estate complex
located in this area. From a real estate point of view, investors, builders, and real estate
agents promote this area as part of Grigorescu neighborhood of Cluj-Napoca, to capitalize
on the fact that this neighborhood is one of the best ranked and sought-after in the city.
The appreciation enjoyed by the Grigorescu neighborhood is due to its relatively small
size, the preponderance of single-family buildings, which implicitly gives a low population
density and a significantly lower traffic than in other areas. To these is added the location
on the Somes, Corridor, an area with promenades, with green spaces, parks and beaches on
the bank of the Somes, River. However, the emerged small western Donath neighborhood
belongs to Floresti administration, the largest village in Romania, with a population of over
60,000 inhabitants. Because it is located at a distance of less than 10 km from Cluj-Napoca,
Floresti has developed at a great pace in the past decade, due to the facilitation of obtaining
building permits, cheaper land than in the city, and ease of built area expansion due to
the predominantly flat character of the territory [40,41]. As the price of the apartments
is at least 40% lower compared to the prices in Cluj-Napoca, and the property taxes are
lower, because of the fact that it is a rural environment, Floresti has attracted a large
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number of new inhabitants and constructions, but this unprecedented and rapid expansion
transformed it in patches of chaotic suburb with lacking infrastructure and services.

Figure 1. The geographic location of the study area.

 

Figure 2. Aerial photo of the emerged residential complex and monitored study area.
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The area chosen for the study has recently become important not only because of the
newly emerged neighborhood, but also because of the transformation of the old agricultural
road into the northern beltway that connects Cluj-Napoca to Floresti. Thus, in addition to
the increased number of residents of this small neighborhood, the area is transited daily
by thousands of cars, especially during peak hours, in the morning in the direction of
Cluj-Napoca, respectively in the afternoon and in the evening in the opposite direction.

2.2. Methodological Approach and Geological Background

Monitoring the selected slope is a complex and long process requiring the follow-up of
distinct and adapted methodological steps for each survey stage. The landslide monitored
in the present study induces risk in the territory, first on the residential complex developed
as a result of the extension of the residential areas in the suburbs of Cluj-Napoca, and
second on the related infrastructures. Considering the potential risk impact as well as the
high probability of occurrence due to previous spatial landslide analysis, it was decided
to establish the development of the monitoring process based on a complex methodology.
The framework is interconnected with the two main methods of analysis, first the geodetic-
topographic method that focuses on the displacement evaluation of the points marked on
the ground using precise measurements and made in different time periods, 2017 and 2019.
Second, the UAV method which focuses on the analysis of changes in the configuration of
the terrain based on geomatic techniques using the photos and GCPs obtained as a result
of the flight missions from 2017 and 2019, in order to obtain comprehensive results with a
higher degree of accuracy and precision.

The whole approach of this research (Figure 3) is structured based on three main stages
of database acquisition, landslide monitoring, and presentation of results. Depending on
the requirements of the two methods of investigation (methods developed in the form
of sub-models of spatial analysis) the acquisition of spatial databases was made, which
is the foundation for the development of models, directly based on geodetic measure-
ments and indirectly using UAV techniques for obtaining digital elevation models with a
high spatial resolution and sufficient accuracy. The effective landslide-monitoring stage
is outlined, on the one hand, in the form of a digital comparison of geodetic measure-
ments performed in different years to highlight the axial displacements of the surveyed
markers/landmarks, and on the other hand in the form of a model of spatial analysis to
identify the spatial/territorial changes in the topography of the analyzed slope based on
the comparative analysis of the digital elevation models obtained for characteristic years.

The obtained results highlight the dynamics of the landslide process, direction of
movement, speed of development, as well as critical hotspots, spatially identifiable, in terms
of displacement, erosion, and material accumulation. An important step in this research is
the validation of the final results. The validation step is based on the procedure of direct
comparison of the results obtained based on the spatial analysis implemented in the second
method with the results obtained as a result of the implementation of the first method
(geodetical and topographic validated results). This way of validation is very useful and at
the same time necessary to highlight the need for the simultaneous implementation of both
methods to obtain complete and correct results in terms of dynamics and spatial, temporal,
landslide development [8,38]. Based on the integrated analysis of the results, warnings
can be issued regarding the probable impact of the landslide analyzed and suggestions
regarding the future implementations of appropriate technical measures to reduce the
dynamics of the analyzed process as well as suggestions regarding the arrangement of the
adjacent land in order for the risk exposure of developed or developing infrastructures to
be reduced.
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Figure 3. Methodological flowchart.

The friable geological substratum represented by the sedimentary rocks from the Transyl-
vanian Depression that were deposited in a marine and lacustrine regime has a high structural
diversity. It can be observed that in the peri urban area of Cluj-Napoca predominates the
quaternary formations (Figure 4) formed by the fluvial sediments from the area of Somesul
Mic riverbed and by the terraced sectors created by pleistocene gelisolifluction movements.

Thus, the geological structure and lithology conditions the occurrence of mass dis-
placement processes, favoring their occurrence when the rest of the causative and triggering
factors are met. The analysis of slope instability phenomena induced by the geological
factor involves the use of geological engineering methods and geo-spatial methods to mea-
sure the susceptibility to landslides of an area. The current methodology in this study is
part of two categories of noninvasive methods to determine the spatial-temporal dynamics
of the slopes.

The study area is in the category of the geological class of clays, marl-calcareous (rp)
Oligocene (Rupelian), (based on the Geological Map of Romania, 1:200,000) category at
which the highest frequency of active landslides was identified at the level Cluj County,
representing 28.75% of the active landslides [42]. As no geological profiles and laboratory
analyses have been performed so far at the level of the study area, in order to avoid the
generalization of rock stability parameters, a geospatial analysis was performed based
on bivariate statistical analysis that highlighted the geological classes with the highest
density of landslides in order to identify the hotspots in the peri-urban area. At the level
of these hotspots, the applicability of UAV technology and detailed geodetic-topographic
measurements was tested to monitor and evaluate the areas with the greatest instability.
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2.3. BSA

The current case study and multiannual monitoring of a shallow landslide was cho-
sen after careful consideration based on a previous research [6,43]. The identification of
susceptibility of the investigated area to landslides by means of bivariate statistical analysis
method allowed the comparison of the landslide inventory map with maps of landslide
influence parameters and the ranking of the corresponding classes according to their role
in landslide formation [44]. The original model of the analyzed territory, located in the
eastern sector of the Transylvanian Depression, in Cluj County, on an area of 1041 km2,
including Cluj Hills.

The model ensured the development of landslide vulnerability maps according to the
analyzed factors that can influence the processes of mass movement on the slope: altitudes,
slopes, fragmentation density, depth of fragmentation, slope orientation, WI (wetness
index), and SPI (stream power index), land-use, geology, the distance to the hydrographic
network, to human settlements and to the roads [45–47]. Thus, specific maps were created
for each factor involved in possible landslides or in their triggering, respectively their
favoring, on five classes of vulnerability: low, medium, medium-high, high, very high. The
individual analysis of the factors taken into account to finalize the landslide vulnerability
model based on the implementation of the BSA equation, provided relevant and useful in-
formation on the different and differentiated influence on susceptibility classes suggestively
illustrated by the maps created for each factor (Figure 5).

The results obtained by applying the spatial analysis equation based on the ArcGIS
geoinformation software and creating the raster database with the spatial representation
of the cumulative susceptibility for the entire analyzed territory were extremely conclu-
sive. This is because the Natural Breaks (Jenks) classification method with the spatial
identification of five susceptibility classes faithfully highlighted the characteristics of the
analyzed territory, compared to the other classification methods available in geoinformation
software [48,49].
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For all identified hotspots, as well as for the rest of the territory included in the high
and very high susceptibility class (with a major impact on the human component), it is
recommended to carry out land improvement and stabilization works to reduce the risks to
which they are exposed [50–53]. In this regard, concrete measures and actions are required,
on the basis of which these areas should no longer belong to the very high risk categories.
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roads (g), hydrography (h), wetness index (i), stream power index (j), land-use (k), geology (l), depth of fragmentation (m),
and fragmentation density (n).

The final result of the modeling highlighted some “hotspots” (critical areas on the
map) of major importance, including for the city of Cluj-Napoca. An example of this is
the present case study located at the border junction of the territorial administrative unit
between Cluj-Napoca and Floresti. This superimposed surface near the newly emerged
neighborhood is part of the Cluj Hills, and is classified in the category of medium-high
and high susceptibility, with induced risk on territorial housing and services, but also on
networks of communication and local infrastructure.

Although there were many other indicated hotspots on the previously developed
vulnerability map with very-high probability class, this area chosen for geodetic and UAV
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monitoring is of special importance because of previously mentioned reasons, such as
number of buildings with residents and the transited traffic of the beltway.

2.4. Established Geodetic Network

In order to monitor landslides, depending on the area studied, the existing geodetic
points in the area, the measurement methods used and the accuracy required, classical
measurement technologies as well as modern technologies or a combination thereof can be
used. The geodetic-topographic methods used to monitor the movements of land require
the design of a geodetic network and the materialization of landmarks for repeated surveys
consisting of directional alignments with the direction of the landslide.

In the case of small areas, a local geodetic network is created, from which the coor-
dinates of the tracked landmarks are determined, by repeated measurements, in order to
determine the parameters of the displacement process on the slopes.

The geodetic support network, related to the case study, consisted of points P1, P2, P3,
P4, materialized by anchorable geodetic markers, determined by GNSS satellite positioning
technology, ROMPOS RTK. The precise determination of the coordinates of the observation
points was taken into account, because a wrong determination of them may influence the
final information on possible surface movements in the studied area (Figure 6). It was opted
for the GNSS technology for the creation of the geodetic monitoring network, because of
the efficiency, the lower cost price, and the short time to perform the measurements. In
the case of classical methods of determining new geodetic points, by means of resection
or traverse networks, the current great deficiency is the lack of reliable control points or
geodetic points, almost completely destroyed in the past decades.

The planimetric and altimetric determination of the points was performed by the method
of control points, using Trimble R10 receiver and the TSC3 control unit. The measurement and
recording method used was configured for 180 determinations, with a one-second recording
rate and an overall centimeter horizontal accuracy. The ROMPOS–RTK method requires dual
frequency receivers, direct Internet access from the field, via GSM/GPRS.
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Figure 6. Established local geodetic network.

The Trimble R10 GNSS system was mounted on a pole on each of the four anchorable
geodetic markers to determine the coordinates of the points in the locally created geodetic
network. The points of the geodetic support network have the role of providing accurate
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measurements and determine the directions of movement of the monitored elements. As
the observation points can change their position because of landslides and subsidence,
accidental hitting of the geodetic marks, etc., the aim was to locate them in areas as well
stabilized as possible, outside the monitored objective, so as to provide good visibility
between station points, as well as their mutual targeting. In addition, the existence of at least
one station point from which observations could be made to all the measured landmarks
in the studied area was taken into account, for a better and more precise determination
of them. In this case, points P2 and P4 provided the necessary visibility to the monitored
directional and transverse profiles. As point P4 was located at the top of the hill offered
the best visibility over the studied area, but being above the movement mass stored on the
slope, the probability of its displacement was very high. Thus, point P2 located at the base
of the slope, but at a sufficiently distance from it, close to a building with collective housing,
respectively a relatively stabilized area, was used as the base station for all measurements.
For additional protection of the geodetic marks, they were well anchored in the ground,
but also buried to their top, so as not to attract the attention of passers-by and to reduce
possible disappearances or destruction (Figure 7).
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Figure 7. The four geodetic control points for slope measurement and monitoring.

The ROMPOS system is an ANCPI (National Cadastral and Land Registration Agency)
project that ensures precise positioning in the European ETRS89 reference system and
coordinates, based on a national network of permanent GNSS stations. The values of the
coordinates resulting from the GNSS measurements, were based on the readings from
the permanent station Cluj (RTCM 0022) and processed with Trimble Access program,
and displayed as WGS84 and in the 1970 stereographic projection plan, the Romanian
projection system (Table 1).

Table 1. Obtained control point coordinates.

Control
Point

Geodetic Coordinates WGS84 Stereographic 1970 Coordinates

Geodetic
Latitude

Geodetic
Longitude

Ellipsoidal
Altitude X [m] Y [m] Normal Altitude

[m] (Quasigeoid)

P1 46◦45′52.08593”N 23◦31′50.01769”E 442.299 586,030.984 387,897.331 401.273

P2 46◦45′54.10074”N 23◦31′44.52045”E 438.808 586,095.348 387,781.876 397.779

P3 46◦45′55.55597”N 23◦31′42.45429”E 442.286 586,141.087 387,738.883 401.257

P4 46◦45′57.19164”N 23◦31′47.58694”E 484.077 586,189.558 387,848.699 443.053
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For the verification of the geodetic network obtained with the GNSS RTK method,
with a large number of determinations (180), their resulted average and the achieved sub
centimeter level accuracy, the unconstrained model method was chosen. This implies the
existence of starting elements, namely the coordinates of two points or the coordinate of a
point and the orientation toward another. It was considered that two of the four points in
the established geodetic network are fixed (P1 and P2), without coordinate variations, and
their corrections are “0,” and the other two points (P3 and P4) are provisional coordinates,
at which they were to be calculated corrections to obtain the most likely coordinates values.
Based on these considerations, the system of correction equations was developed. To
reduce the number of unknowns and the number of equations in the case of two old points,
Schreiber’s equivalence rules were applied. The system turns into a normal system of
equations, which is solved by the method of successive reductions, the Gauss-Doolittle
method, presented in Appendix A.

The corrections of the provisional coordinates were calculated both by the Gaussian
method and by matrix calculation, and the values of the corrections are identical, respec-
tively for the control point P3 dX was 0.008 m and dY-0.008 m, and for the point P4 dX was
0.011 m and dY 0.009 m. The basic values were obtained by the GNSS RTK method for the
four control points of the geodetic network. As the values of the coordinate corrections
obtained based on the measurements are millimetric, it was considered that the accuracy
of the instrumental observations satisfies the accuracy of determining the coordinates of
the network points.

2.5. Land Survey Data Aquisition

In the established geodetic monitoring network, observations were made using the
Stonex R2Wplus total station, at an interval of 2 years, respectively the basic measurement
(measurement zero), on September 2017 and then the measurements from the second stage
on October 2019. In the case of the studied area, for the materialization in the field of the
landmarks that represented the monitoring parameters for the sliding process on the slopes,
eight directional alignments were staked-out on the direction of the slope, with eight points
each. The choice for positioning of these alignments was made according to the relief of
the land and the ownership boundary limit of the terrain for which the agreement to locate
these landmarks was obtained. The alignments were staked-out and then measured with
the Stonex R2Wplus total station, which has a very good measurement accuracy of angles
of 2” and distances of ±2 mm + 2 ppm. The materialized landmarks were wooden stakes
with universal cross head screws. A good fixing of them in the field was ensured, and
throughout the cross head screw a good fixation and precise positioning of the reflector in
the measurement stages was ensured (Figure 8).
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After the materialization of the landmarks in the field, followed the stage of planimet-
ric and altimetric measurements of their positioning, using the total station. The application
of the topographic method of indirect measurements consisted in determining the coordi-
nates of the landmarks (X, Y, Z), which were used to determine the possible displacements
and deformations of the terrain, by comparisons and differences with measurements made
in the second stage and the application of analytical relationships. The landmarks were
numbered according to the alignment, for a better designation; each mark received a
two-digit index, the first digit being the number of the alignment (1 to 8) and the second
the position of the landmark within that alignment, 1 to 8, from top to bottom. Thus, the
coordinates of the eight directional alignments were obtained, numbered from 11, 12, . . . ,
88 (Figure 9).

The scientific approach has taken into account the fact that periodic observations are
a very effective means of analyzing landslides. Therefore, the measurements performed
in two distinct stages over time, aimed to record any displacements and deformations
of the slope due to landslides. The model is useful because based on displacements and
deformations, the evolution of the sliding process can be established, and the information
is used in the elaboration of the sliding forecast.
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The second stage of the measurements in the investigated area took place in October
2019, so that the time period from the initial measurement to the second was slightly longer
than two years (25 months). As changes occurred in the field during the two years, the
first operations in the second stage were to identify and stake-out the geodetic marks and
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monitored landmarks, but also to evaluate the number of missing or destroyed landmarks. Of
the total 64 landmarks located in the researched area, during the two years between the first
and last measurement, 12 disappeared or were destroyed. In the second stage of monitoring,
the observations with the total station were repeated under the same conditions, in order to
highlight the possible movements of the terrain, based on the comparison of the position of
the landmarks between the first and the second survey.

2.6. UAV Implementation and Flight Metrics

Slope monitoring was performed by two methods: by geodetic-topographic measure-
ments with GNSS instruments and total stations, and by digital processing of 3D models
and DEMs obtained by UAV scans. The techniques used for UAV monitoring consisted of
digital photogrammetry combined with mathematical processing of software and hardware
in order to derive 3D information. The slope monitoring was obtained using aerial images
acquired with a medium-cost semi-professional UAV system. The drone used was a DJI Phan-
tom 4 Pro equipped with a 4K camera, manufactured by Da-Jiang Innovations Science and
Technology Co. The drone is equipped with an active stabilizing camera cradle head in order
to compensate for the UAV vibrations and the wind-induced tilt, and the 4K camera ensures
sharp images [37,38]. The same model of UAV is very popular in numerous interdisciplinary
researches as well as commercial or civil use. The popularity is due to overall affordable cost
of the system, relative medium learning curve, very good compatibility with different mission
planners and processing software, as well as the overall good accuracy of deliverables (3D
models, DEMs, orthophotos) if used under optimal conditions and parameters [34,35].

Medium-cost UAVs and structure from motion (SfM) software is a popular method of
obtaining impressive outputs with positive metric results, such as centimeter-level accuracy.
Throughout complex and precise parameters, processing power, and software, based on
projective geometry it converts the data extracted from the images into three-dimensional
metric coordinates and colors. Given the present case study, difficult terrain conditions
of the monitored slope associated with precise land surveying, this paper assesses the
traditional monitoring of established techniques and instrumentation with the use of UAV
that ensures accuracy and viability as an affordable and efficient method that accompanies
traditional surveys for more comprehensive results [54–59].

The UAV method combined with ground control points ensures a good accuracy,
thus planimetric and altimetric positioning of GCPs were obtained with a Stonex S8plus
GNSS in Real Time Kinematics (RTK) mode (Figure 10). This topographic and geodetic
instrument measures the coordinates of the center of the GCPs with a horizontal precision
of 0.014 m to 0.030 m and vertical precision of 0.020 m to 0.040 m at each point. The flight
mission used was a specialized open-source application in order to obtain the desired
flight parameters, as follows: mapping flight speed of 3 m/s, fly height ground level 40 m,
image forward overlap 85%, image side overlap 85% and image overlap >9. A total of
twelve GCPs distributed over the study area were used as ground reference during the
georeferencing process. Additionally, GCPs must be spread across the terrain and slope
area of the flight zone and is essential to cover both high and low elevations [60,61]. To
evaluate the accuracy and precision of the final position in the created geometric model, the
coordinates of the GCPs were referenced in the orthophoto images using Agisoft Metashape
software. The deviations were calculated based on the cartesian directions northing, easting,
and elevation. From the twelve total GCPs used, eight of them with the best distribution
were used as GCPs in the georeferencing process, and the remaining four were used as
check points (CPs). The results highlight that the calculated RMSE values were 0.021 m in
the horizontal direction and 0.027 m in the vertical direction, which are acceptable results
for georeferencing and sufficient for the majority of engineering projects. Also, the obtained
ground resolution was ~1.08 cm/px. In order to establish the orthophoto and DEM, all
suitable images were processed using Agisoft Metashape, in a customary workflow that
includes image alignment, manual georeferencing, optimization procedure, sparse and
dense point cloud generation, orthomosaic and DEM generation (Figure 11).
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Figure 10. Ground control points (GCPs) and CPs GNSS RTK measurement and unmanned aerial vehicles (UAV) mis-
sion preparations.

 

Figure 11. Obtained orthophoto with GCPs and CPs positioning.

The presented UAV application was first implemented in 2017, concomitant with the
traditional field survey, and was repeated with the 2019 stage of monitoring. In order to
obtain accurate and analogous 3D models and DEMs between the two flight missions, the
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parameters used in the 2017 flight survey were reproduced in the 2019 mission, that includes:
same mission planner and settings, same instrumentation and data processing, similar em-
placement of GCPs, etc. The desideratum was to obtain eventual slope displacements caused
by landslides by means of GIS spatial analysis using the two DEMs obtained over a period of
two years.

3. Results

The results of the multiannual landslide monitoring research near the newly emerged
residential neighborhood, west of Cluj-Napoca, have been extremely scientifically consis-
tent. Both the topographic-geodetic measurements and the 3D UAV modeling confirmed
the fact that the analyzed slope recorded surface movement by means of a shallow land-
slide. It represents a risk-generating factor induced on the local infrastructure and also
on the near-by constructions over a longer period of time, if some measures of land im-
provements and slope stabilization are not considered and proposed. In the second stage
of measurements, besides the observations on the positioned landmarks on the slope, the
geodetic monitoring network was verified again using principles and techniques previ-
ously presented. Thus, by considering the control points P1 and P2 as fixed points, the
displacement of P3 that is situated in a stabilized area was negligibly low, with dX−0.011 m
and dY 0.010 m; the displacement of P4 that is situated at the top of the hill was predictably
higher, with dX −0.053 m and dY −0.045 m.

Hills and slopes are often affected by landslides due to the simultaneous or prolonged
action of several factors. Many landslides are slow and regular, and their triggering is
generally favored by the presence of excess water in the soil and surface, the slope of
the terrain and gravity. Regular field observations provide a very effective means of
monitoring and assessing landslides. These observations aim to measure displacements
and deformations following landslides, thus helping to establish the evolution and the
elaboration of the displacement forecast. The scientific investigations carried out in the
research, presented in the first part of the paper, highlighted the importance and usefulness
of the analyzes regarding the risks of landslides.

3.1. Results and Discussions Following the Geodetic-Topographic Measurements

The data obtained from the observations of the two stages, respectively September
2017 and October 2019, located at an interval of just over two years (25 months), were
processed and the results were represented graphically, through diagrams, to facilitate
understanding the geomorphological phenomena that occurred on the analyzed area. The
results obtained are presented for each directional alignment, with the values of landmark
displacements calculated as linear displacement, obtained as a distance composed of dX,
dY, dZ and expressed in millimeters (Figure 12). The alignments are shown in Figure 9.

The linear displacements on the directional alignments have the maximum values in
the upper part of the slope, after which these values decrease toward the lower part, where
they register a slight increase, due to the tendency of accumulation of the sliding mass.
This fact was also found by visual observations on the ground, as at the bottom of the slope
the landmarks had a discordant shape with the slope of the land, the stakes being oriented
toward the hill, because of the accumulation of displaced land.

The value of the coefficient of determination calculated for the linear displacements of
the points (landmarks) on the directional alignments means a good fit of the regression
line with the data recorded by field measurements. With the proportion of the dependent
variable, predictable from the independent variable, of almost 85%, the linear displacements
on the directional alignments are influenced by the position of the landmarks. In case of
alignments with disappeared or destroyed landmarks, this value is lower.

Following the analysis of the results regarding the eight alignments, it can be observed
that the investigated slope is subjected to a shallow active landslide of a few centimeters
per year. The displacement of the order of a few centimeters to 10 cm of the landmarks,
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corresponds to the phenomenon of surface landslide, most likely shallow, with a tendency
to creep.
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3.2. Results and Discussions Following the 3D UAV Modelling

The evaluation of the exchange rate of the slope surface was analyzed based on
the identification of surfaces with positive and negative deformations, as a result of the
analysis of raster databases. These represented the digital surface models (DSMs), obtained
as a result of UAV flights in the two mission surveys from 2017 and 2019. The software
used to identify territorial changes is Geomorphic Change Detection (part of ArcMap
10.8 extensions).

The analysis of the obtained result, based on the operation of DSM geomorphic change
detection from the two flights, showed a slight instability of the territory, identifying at
the same time areas with low to moderate instability in the central-east and central-west
part characterized mainly by shallow landslides and erosion, and more pronounced in
the west, central, and south part where there was both instability in terms of erosion and
accumulation of displaced material (Figure 13).
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In order to highlight the dynamic character of the landslide, the analysis was performed
in two main directions, as follows: (a) Analysis of the entire studied area, as vertically identi-
fied changes in the surface, which highlighted the existence of landslides and accumulation
areas; and (b) the large-scale analysis of five plots (samples) of the territory, identified from
measurements made on the surveyed landmarks, as representative areas in terms of the
particularity of shallow landslides in the area (Figure 14).

Regarding the analysis of the quantitative values of the surface changes identified
as altitudinal variation of the terrain, the accentuated surface erosion is highlighted. The
values regarding the volume of the material displaced on the investigated surface is of
107.2 m3 and the accumulated one of 55.7 m3. The dynamic character of the analyzed
landslide is very well highlighted by comparing the accumulated volumes, calculated
based on the areas identified as areas of erosion and accumulation. After comparing them,
it is noticeable that the displaced volume is higher (by approx. 50%) than the accumulated
volume, which illustrates the terrain displacement, and not only the surface erosion. The
difference between the displaced volume and the accumulated volume is represented by
the material detached by surface erosion and transported as suspended material through
natural drainage channels, which in some places are shaped to be streams and gutters
present on the slope. The transported solid material is stored in the gutter at the base of
the landslide, observing very well the influence of the road embankment which acts as a
stabilizing factor at the base of the hill.



Remote Sens. 2021, 13, 385 18 of 28
Remote Sens. 2021, 13, x FOR PEER REVIEW 18 of 29 
 

 

 
Figure 14. Rate of surface movement with the five plots highlighted. 

Regarding the analysis of the exchange rate throughout the plots, there is a strong 
correlation between the result based on the GIS spatial analysis with UAV obtained data-
bases, and the measurements performed directly in the field. Thus, it was analyzed the 
five plot cases identified spatially as the areas in the immediate vicinity of the field land-
marks with the largest displacement on the X, Y, and Z axes. The analysis of the five plots 
highlights the instability by the amount of eroded and accumulated material in the imme-
diate vicinity of monitored landmarks. In the case of plot number 1, there is increased erosion 
in the upper part and accumulation in the immediate vicinity. This process is also observed in 
plots 2 and 4, correlating with the field measurements of adjacent surveyed landmarks. 

In the case of plots 3 and 5, there is very relevant erosion in the immediate vicinity of 
the monitored landmarks and the accumulation of eroded material at a greater distance 
from these points, which indicates a strongly accentuated dynamics, which can be corre-
lated with the runoff direction of the slope. It also conforms to the direction of movement 
of the surveyed landmark points. 

The analysis of the cause and the direction of movement was performed having as a 
basis of interpretation two defining factors regarding the evolution of the process: the 
slope and the direction of flow of the terrain. Both factors were analyzed independently, 
and a visible correlation was identified, with respect to the entire study area and in par-
ticular for each of the five previously chosen plots. 

Because the slope is an important trigger factor of the landslide process, it was chosen 
as the basis of analysis to identify the direction of movement, depending on the general 
direction of the slope and with its value expressed in degrees. The percentage analysis 
performed for the entire study area, highlights very well the accentuated rugged character 
of the territory, the interval 15.1°–25.0° with a territorial area of 11,219.75 m2 representing 
approximately 42% of the total analyzed territory. The rugged character of the analyzed 
area is highlighted by the relatively large territorial extension of the slope intervals be-

Figure 14. Rate of surface movement with the five plots highlighted.

Regarding the analysis of the exchange rate throughout the plots, there is a strong cor-
relation between the result based on the GIS spatial analysis with UAV obtained databases,
and the measurements performed directly in the field. Thus, it was analyzed the five plot
cases identified spatially as the areas in the immediate vicinity of the field landmarks with
the largest displacement on the X, Y, and Z axes. The analysis of the five plots highlights
the instability by the amount of eroded and accumulated material in the immediate vicinity
of monitored landmarks. In the case of plot number 1, there is increased erosion in the
upper part and accumulation in the immediate vicinity. This process is also observed in
plots 2 and 4, correlating with the field measurements of adjacent surveyed landmarks.

In the case of plots 3 and 5, there is very relevant erosion in the immediate vicinity of
the monitored landmarks and the accumulation of eroded material at a greater distance
from these points, which indicates a strongly accentuated dynamics, which can be corre-
lated with the runoff direction of the slope. It also conforms to the direction of movement
of the surveyed landmark points.

The analysis of the cause and the direction of movement was performed having as a
basis of interpretation two defining factors regarding the evolution of the process: the slope
and the direction of flow of the terrain. Both factors were analyzed independently, and a
visible correlation was identified, with respect to the entire study area and in particular for
each of the five previously chosen plots.

Because the slope is an important trigger factor of the landslide process, it was chosen
as the basis of analysis to identify the direction of movement, depending on the general
direction of the slope and with its value expressed in degrees. The percentage analysis
performed for the entire study area, highlights very well the accentuated rugged character
of the territory, the interval 15.1◦–25.0◦ with a territorial area of 11,219.75 m2 representing
approximately 42% of the total analyzed territory. The rugged character of the analyzed
area is highlighted by the relatively large territorial extension of the slope intervals between
25.1◦–30.0◦ and 30◦–35.0◦, which occupies a significant territorial extension, representing
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over 30% of the analyzed territory. The surfaces characterized by low slope, with high
stability, between 0◦ and 15.0◦ have a small territorial extension at the level of the analyzed
territory, of 23%. Areas with a very steep slope, over 35.0◦ were identified on a very small
area of the total analyzed area, of 1374.75 m2, respectively approx. 5% of the total analyzed
territory (Figure 15).
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The general analysis of the surfaces with different degrees of land inclination high-
lights the predisposition of the analyzed land for the landslide process, considering the fact
that most of the territory falls into the categories of high and very high slope, susceptible
to landslides.

Very large slope categories, higher than 30.0◦, are identified spatially in the central
southern part of the analyzed landslide, where secondary, superficial landslides, in the
form of creeps, develop on the main landslide body. These form small depressions behind
them, which allow the accumulation of water from precipitation and its infiltration into the
main sliding body, thus favoring the dynamics of the sliding process and also constituting
as a secondary triggering factor.

The analysis performed at the level of plots, highlights displacements conditioned by
the inclination of the terrain in all five plots, noting in the cases of plots 4 and 5 (upper part
of the hill) slopes in the large and very large range (25◦–35.0◦). For both plot number 1
and plot number 5, the slope directly influences the movement, also identified by the
measurements from the two field surveys (2017 and 2019). For the other plots located on
the plane of the slope, their movement is highlighted and corelated by the direction of the
water flow on the slope (Figure 16).
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Figure 16. Slope of the study area with the five plots highlighted.

The direction of water flow on the terrain is an important factor for the analyzed
process, which must be taken into account especially when analyzing the general direction
of displacement. As in the case of the slope, the analysis of the direction of water flow
was analyzed in relation to the entire study area and based on the five plots previously
identified (Figure 17).

 

Figure 17. Flow direction of the study area.
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Regarding the areas identified with certain directions of water flow, the predominant
general direction can be observed as oriented toward S-E and S, with a proportion of
approximately 72% of the total analyzed area. The direction of the runoff on the body of the
landslide is identified and correlated with the surfaces of medium slopes, which represent
the ruptures of the high slope, behaving from a functional point of view similar to the
gutters because of the deepening of streams formed during heavy rains due to the lack of
vegetation on the monitored land (Figure 18).
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The comparative analysis based on the five plots highlights that the direction of
displacement of the field surveyed landmarks is in accordance with the direction of water
flow on the slope. Thus, we obtain a good correlation between the slope, the direction of
water flow, and the displacement of the surveyed landmarks. The probability of future
terrain movement remains mainly on the S-E or S direction.

The information obtained through the use of UAV implementation and the spatial anal-
ysis carried out contributed to the understanding of the complex processes that manifest in
the studied area, exhaustively completing the data and information obtained through field
observations, measurements, GIS risk maps, and data interpretations.

The results as a whole highlight the fact that the analyzed hill slope is in a relative
dynamic stability, identifying a displacement mainly in the NW-SE direction, accompanied
by soil erosion processes. These processes can be the triggering factors of violent landslides
in the future, if the studied area continues to be influenced by anthropogenic factors and
no measures on land improvement or slope stabilization are taken.
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4. Discussion

As an overall perspective of the triggering factors in this study, the slope of the land
can be included, with a slope of over 30◦, relatively poor vegetation, as well as other factors,
of which anthropogenic intervention has obviously become more pronounced [8,38]. The
growing real estate interest in the area and the development of the new neighborhood,
the beltway that has been heavily circulated in recent years, the continuous vibrations
due to traffic, the heavy equipment used in the local development of buildings, etc., are
the main elements of anthropogenic intervention with unfavorable consequences on land
stability [43,62–65]. To these can be added factors related to the exploitation of the land from
an agricultural point of view, the grazing of the sheep contributing to the drastic restriction
of the shrubby and even grassy vegetation that increase the risk of soil erosion [63,66].

The data in table allow the analysis of the parameter values on each alignment,
respectively the elevation difference, alignment length, tilt angle, the slope expressed in
percentage, and the average displacement. Although directional alignments 4 and 5 have
the steepest slope and should intuitively present the highest displacement values, the actual
data differ from the expected (Table 2). In histograms and bivariate density plots (Wessa,
2020) [67] presented in Figure 19, it can be observed that between average displacement and
the analyzed parameters (the slope, elevation difference and tilt angle) there is an inverse
relation. Bivariate Kernel density plots suggestively illustrates not only the decreasing line
of the relationship between the surface displacement and the parameters, but also where
the concentration and dispersion of the points are placed.

Table 2. Alignment parameters.

Alignment Elevation Diff. [m] Alignment Length [m] Tilt Angle [gon] Slope [%] Av. Displacement [mm]

1 40.108 106.026 23.0189 36.16 33.26

2 40.310 102.915 23.7661 37.33 30.53

3 37.223 94.763 23.8260 37.43 35.78

4 39.930 95.029 25.3239 39.78 37.89

5 39.792 94.528 25.3653 39.84 39.75

6 39.039 105.919 22.4760 35.31 52.18

7 34.730 98.921 21.4950 33.76 52.72

8 35.871 108.580 20.3124 31.91 44.56

Higher values of these parameters can be found on alignments 6 and 7, because most of
the time the main triggering factor contributing to the slope displacement is the accumulation
of water on the surface and underground (Figure 20). On a hilly terrain, such as the monitored
slope, the presence of water from heavy or long-lasting rainfall proves to be the main causative
factor, with shallow landslides and erosion being produced as the soil layer is thin and the
slope relatively high.

Based on the generated 3D model of the monitored slope, but also through field
investigations, a special character of the relief was found, namely the presence of a thalweg
in the southeast, in the area of the surveyed directional alignments 6 and 7. The thalweg
is also called a water concentration line and is the lowest part of a valley, dry in this case.
Returning to the GIS analysis of landslide vulnerability using the BSA method, according
to the stream power index factor, the risk class is high to very high in that exact area
(Figure 21). Because of the particularity highlighted, in addition to the landslide, there is a
strong erosion of the land on the surface in question.
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Figure 19. Bivariate Kernel density plots illustrating low correlation between the average displacement and the align-
ment parameters.
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Figure 21. 3D model of the slope with the highest displacement and erosion zone highlighted (left); stream power index
factor from the bivariate statistical analysis (BSA) susceptibility map (right).

Erosion is a natural, continuous process and consists in the movement of the soil, mainly
under the action of water. The studied slope suffers from a surface water erosion, defined
as the process of detachment and transport of soil particles by the action of water [68–70].
The material drains on the slope under the action of the erosive agent (water), resulting
from rains, melting snow, and groundwater. In this case, the erosion process is amplified by
anthropogenic interventions, a phenomenon also called accelerated or anthropogenic erosion.
The process identified in the experiment is the most common form of erosion and depends on
several factors: precipitation, soil characteristics, slope, land use category, and the condition
of the vegetation. The presence of water has a double effect, as it facilitates the reduction of
shear strength and also increases the unit weight of the soil [38,62].

The results obtained and the exhaustive analyses of the complex processes that contribute
to the mechanisms that can favor or trigger the sliding movements on the slope in the
researched area, also allow the elaboration of some protection measures. These must take into
account the overall situation of the area and the new risks posed by profound changes with
human intervention. In this regard, the detailed information obtained is useful in designing
plans for technical measures in the area such as water collection wells, drains, retaining
walls, etc., as well as biological measures, such as land use changes, cultivation of species
with potential for soil improvement, and increased resistance of the land to displacement
and erosion.

5. Conclusions

The results obtained from the landslide monitoring research near west of Cluj-Napoca,
have a special practical importance determined by the substantial changes suffered by the
study area in the recent years and the socio-economic aspects, with the emergence of the
new residential neighborhood and the heavily circulated beltway, Floresti—Cluj-Napoca.

The established geodetic network allowed a thorough analysis of the mass movement
processes that took place on the slope, the obtained results, interpretation, and discussion
provided exhaustive information of scientific and practical interest valid for the investi-
gated area. The results obtained indicated that the monitored slope is subject to a slow
surface landslide, of a few centimeters per year. The UAV 3D modeling of the investigated
slope, highlighted a special character of the relief, represented by a thalweg located in
the southeastern part of the investigated area, where the GIS analysis of landslides vul-
nerability using the BSA method, especially in accordance with the stream power index
factor, indicated a high to very high risk class. On the surface in question, in addition
to displacements, there was a strong presence of erosion of the land. The UAV flights,
even if they do not have the millimetric precision obtained by the geodetic-topographic
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measurements, accompany very well in a complex monitoring of the terrain, and allowed
the evaluation of the exchange rate of the terrain configuration and the identification of
surfaces with positive and negative deformations.

Given the obtained results and the confirmation of an active shallow landslide present in
the investigated area, future investigations can be projected. It is a desideratum to continue
the periodical monitoring of the slope using the geodetic control network established and
the presented methods and techniques, as well as further expansion of the instrumentation.
Thus, in future LiDAR-equipped UAV systems will be deployed, as well as InSAR-monitoring
techniques. In order to establish stabilization and risk mitigation works, interdisciplinary
investigations such as geotechnical studies and laboratory tests need to be carried out.

The results obtained from the multi-annual monitoring of the slope are of great
interest because the socio-economic factors confirmed the efficiency and importance of
the developed model of susceptibility to landslides using the BSA method. Thus, similar
hotspots identified in risk maps and which are of particular importance to the municipality
must be monitored continuously for good understanding, predicting, and combating
natural hazards, before they cause significant losses.
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Appendix A

The functional mathematical model for processing indirect measurements in the micro
triangulation network is presented as:

P1


aP1P3dxP3 + bP1P3dyP3 + lP1P3 = vP1P3; p = 1
aP1P4dxP4 + bP1P4dyP4 + lP1P4 = vP1P4; p = 1
aP1P3√

3
dxP3 +

aP1P3√
3

dyP3 +
aP1P4√

3
dxP4 +

aP1P4√
3

dyP4 = v′P1P3; p = −1

P2


aP2P3dxP3 + bP2P3dyP3 + lP2P3 = vP2P3; p = 1
aP2P4dxP4 + bP2P4dyP4 + lP2P4 = vP2P4; p = 1
aP2P3√

3
dxP3 +

aP2P3√
3

dyP3 +
aP2P4√

3
dxP4 +

bP2P4√
3

dyP4 = v′; p = −1

P3


−aP3P4dxP3 − bP3P4dyP3 + aP3P4dxP4 + bP3P4dyP4 + lP2P4 = vP3P4; p = 1
−aP3P1dxP3 − bP3P1dyP3 + lP2P4 = vP3P1; p = 1
−aP3P2dxP3 − bP3P2dyP3 + lP3P2 = vP3P2; p = 1
− [a]√

3
dxP3 − [b]√

3
dyP3 +

aP3P4√
3

dxP4 +
bP3P4√

3
dyP4 = v′; p = −1

P4


−aP4P1dxP4 − bP4P1dyP4 + lP4P1 = vP4P1; p = 1
−aP4P2dxP4 − bP4P2dyP4 + lP4P2 = vP4P2; p = 1
−aP4P3dxP4 − bP4P3dyP4 + aP4P3dxP3 + bP4P3dyP3 + lP4P3 = vP4P3; p = 1
− [a]√

3
dxP4 − [b]√

3
dyP4 +

aP4P3√
3

dxP3 +
bP4P3√

3
dyP3 = v′; p = −1

When writing the system of correction equations, the known points P1 and P2 and the
new points P3 and P4 were considered. At the minimum condition, the system transforms
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into a normal system of equations, which is solved by the method of successive reductions,
the Gauss–Doolittle method. The system is in the form of:

[paa]dxP3 + [pab]dyP3 + [pac]dxP4 + [pad]dyP4 + [pal] = 0
[pbb]dyP3 + [pbc]dxP4 + [pbd]dyP4 + [pbl] = 0

[pac]dxP4 + [pad]dyP4 + [pal] = 0
[pad]dyP4 + [pal] = 0
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43. Sestras, P.; Bondrea, M.; Cetean, H.; Sălăgean, T.; Bilaşco, Ş.; Nas, , S.; Spalevic, V.; Fountas, S.; Cîmpeanu, S. Ameliorative,
ecological and landscape roles of Făget Forest, Cluj-Napoca, Romania, and possibilities of avoiding risks based on GIS landslide
susceptibility map. Not. Bot. Horti Agrobo. 2018, 46, 292–300. [CrossRef]

44. Bălteanu, D.; Micu, M.; Jurchescu, M.; Malet, J.-P.; Sima, M.; Kucsicsa, G.; Dumitrică, C.; Petrea, D.; Mărgărint, M.C.; Bilaşco, S.T.;
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