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Abstract
The impact that geohazards have on cultural heritage requires continuous research in order to assess
risks, prevention and conservation. This study has as the main research object, a uniquen monument in
terms of its connection with the risk phenomena. It is about a wooden church historical monument from
the village of Corbești, Romania, which was destroyed at the beginning of the tenth decade of the last
century by a meteorological hazard, later reconstructed on a new site (in Oradea Municipality), and
currently there is a risk of being affected by a geological hazard. The study focused on three main
directions of research, namely: reconstructing the �lm of events, analyzing current risks and �nding viable
methods for future conservation and promotion. The methodology is based on extensive �eld research
and the use of digital technologies. The results obtained con�rmed the church's tendency to be affected
by the emergence of a new risk phenomenon - landslides. In order to conserve and rebuild in case of need,
the monument was digitized and a three-dimensional model of high accuracy was developed. This
approach has the advantage of being low-cost, fast, non-invasive and providing large volumes of
valuable information in the process of cultural heritage conservation.

Introduction
The cultural heritage represents an implementation of the customs, practices, values and artistic
expressions (Nicu 2017a) of a community from the past, into our days. This bridge that connects the
elements of the cultural heritage create between the past and the present (Indrie et al. 2019) is of
indisputable value for the contemporary society, giving the citizen the idea of belonging to a certain
society, of cultural identity. Their ability to interact with memory (Vecco 2010) is perhaps the main quality
that ensures their persistence; over time, the people being aware of the value of these works so they tried
to protect them. In order to ful�ll our responsibility and the role of intermediaries in the process of
protecting, preserving and transmitting the cultural heritage, it is fundamental to understand the dangers
these elements are exposed to and how they can be evaluated and inhibited.

Due to the fragility and the need for authenticity, the cultural heritage is vulnerable to damage caused by
anthropic hazards (expansion of localities, enlargement of the modern road network, accentuated soil
erosion, pollution, vandalism, etc.) (Nicu 2017b; Agapiou et al. 2015; Hadjimitsis et al. 2013), as well as
natural hazards (earthquakes, tsunamis, tornadoes, landslides, rock falls, �oods, droughts, etc.) (Wang
2015; Lollino and Audisio 2006; Parisi and Augenti 2013; Nicu  2016; Badiali et al. 2018). If the �rst
category of risks is easier to counteract in the future knowing the triggering factors, the predisposed areas
and the necessary regulations; the second is even more dangerous, being characterized by
unpredictability in space and time. The negative effects of natural hazards on the integrity of the
population, economy and society are well known. A report by the Center for Research on the Epidemiology
of Disasters (CRED 2019) states that in 2018 there were 315 natural hazards considered disasters, which
affected over 68 million people, resulting in 11,804 deaths and material losses worth about $ 131.7
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billion. As regards the cultural heritage, and especially the immovable one, the consequences of these
phenomena are often disastrous, being able to produce major damage or even the complete destruction
of the goods, without being able to be restored (Nicu 2017a; Lanza 2003; Spennemann and Graham,
2007). But the occurrence of natural hazards does not only harm the elements that make up the cultural
heritage of a region, there are also positive aspects of their activity. Examples include the extreme drought
of the summer of 2003, which caused a record low �ow of the Danube on the Romanian territory,
discovering the submerged ruins of a Byzantine city; or the �oods of 1971 from Dobrogea (Romania) that
revealed a paleo-Christian basilica of the fourth century, in a very good state of conservation (Mara and
Vlad 2008).

Geohazards are a separate category of risk phenomena, being de�ned as potentially harmful events for
the population or the environment, directly related to the geological status and processes (Tomas and Li
2017; Wang et al. 2019). Most often, geohazards have as the main cause of triggering the natural
phenomena and processes, but in some cases these can also occur as a result of human modeling
interventions on the natural component (Zhu et al. 2017); thus, geohazards are individualized as
geohazards of natural origin (landslides, earthquakes, tsunamis, volcanic eruptions, �oods, rockfalls) and
geohazard of anthropogenic origin (land subsidence, water contaminasion, extreme weather events due
to atmosphere pollution etc.).

As previously shown, the safety of cultural heritage in the face of the hostility of nature is a delicate
problem facing today's society (Frodella et al. 2020), involving many variables and unknown facts. But
one thing is certain, namely the need to protect and preserve these living evidences of the past. This
requires a better understanding of the risk factors and the initiation of diagnostic studies in order to
implement measures to mitigate the risks and their consequences (Vojtekova and Vojtek, 2020). The
technological progress of mankind has created many alternative methods to the traditional ones of risk
assessment and conservation of cultural heritage elements (Pavlidis et al. 2007). These include GIS and
digitization techniques, which have the advantage of being more e�cient, less restrictive, cheap and non-
invasive. Recent studies (Hadjmitsis et al. 2013; Iriarte et al. 2010;  Agapio et al. 2015; Alexakis et al.
2013; Robinson et al. 2010) use GIS techniques to monitor in a systematic and integrated way the
relation between the elements of cultural heritage and the support areal. Digitization as a conservation
strategy is a relatively new concept that focuses on obtaining highly accurate geometric models for long-
term conservation, assessing future evolution and reconstruction in case of disaster (Ruggiero et al.
2012). The viability of this approach is certi�ed by the large number of studies (Madanan et al. 2018;
Doulamis et al. 2012; Newell 2012; Marutoiu et al. 2017) that have used this as a working method for
evaluating and protecting the cultural heritage. All these innovative techniques work together to create a
virtual reality, facilitating the protection of the data obtained by digital storage, for future use; which
should not be neglected for responsible custody.

Wooden churches – a rich legacy of Romania



Page 4/25

                Romania is a country with a rich cultural heritage, the Romanian people actively contributing
along the historical stages in creating a cultural heritage with a strong touch of individuality and
uniqueness. Among the most important remains are the wooden churches, as evidence of the craftsman's
skill and of the Christian past of the Romanian people (Baias et al. 2015). The great signi�cance and the
central position that these constructions occupied in the life of the Romanians resides in the impressive
number (1200) of wooden churches built before 1900, which are still preserved today (Droj et al. 2010).

The wooden churches in Romania have been extensively studied over time, from an architectural, cultural
and spiritual value point of view (Ilieș et al. 2016), as well as from the point of the safety of the internal
microclimate for the preservation of the monument and the health of the parishioners (Ilieș et al. 2018a;
Ilieș et al. 2018b; Ilieș et al. 2020).  A less researched issue is the relationship between the wooden
churches and the support areal. Due to their age and the inevitable deterioration of the organic materials
out of which they are built, are prone to damage caused by the human activity and nature.

                The wooden church with the dedication "Saints Archangel Michael and Gabriel" (Fig. 1), which is
the subject of this study, was built at the beginning of the 17th century in Corbești Village, Bihor County
and was painted on the inside in 1807. It was done, like the great majority of wooden churches, by
popular craftsmen and �nanced through the collective efforts of the local community. Since 1993, it has
been moved to the Holy Cross Monastery in Oradea, where it is still located today. Starting with 2010, it is
on the new list of historical monuments, being considered a building of local interest.

The past is the element that highlights this monument between the multitude of wooden churches that
populate Romania and Bihor County; being closely related to natural hazards. Its evolution over time is
in�uenced by a meteorological phenomenon of risk which is often assumed by both researchers and the
general public that appears very rarely in Europe and has low intensity, a tornado (Antonescu et al. 2017).
This event totally destroyed the church in the village of origin, Corbești, on July 3, 1991, practically
causing it to be moved and rebuilt at the Holy Cross Monastery, two years later. The move was seen as a
new chance for this monument di�cult to try to prevail, to transmit further the legacy of civilizations that
now appear on the verge of extinction, more than ever. But due to the current position, at the foot of
Oradea hills, an area whose geology is a factor favoring the initiation and evolution of the slope
processes, the wooden church is threatened to be affected by a geohozard, the landslides.

Based on this consideration, the present study aims both to determine the conditions that favored the
destruction of the church and to evaluate the geohazards risks to which the edi�ce is currently exposed.
All these actions have as �nal aim the elaboration of preventive and reactive methods in order to
conserve the place for a long period of time.

Methodology
The methodology for carrying out the present study followed three main research directions. The �rst two
were focused on accumulating information related to natural hazards that affected or had the potential
to affect the place of worship; while the latter, based on previous analyzes, has as its main purpose the



Page 5/25

preservation of the church through the use of digital methods frequently used in the study of cultural
heritage.

A. Meteorological hazard
                In order to prevent the possible effects of natural hazards on the wooden church for its
preservation for a long period of time, the impact that the tornado of July 3, 1991 had on the future
evolution of the monument cannot be neglected. In order to obtain the data regarding the conditions and
the mode of production, the damage caused and the repercussions of the event, required an exhaustive
consultation of specialized literature, archives and cartographic representations available. At the same
time, �eld investigations were undertaken in order to reconstruct the thread of the events and carry out
interviews with the eyewitnesses. Cartographic representations and expressive images were processed
using ArcGis 10.6 and Adobe Photoshop CC 2015.5.

B.Geohazards - The current risks
                The assessment of risks to which the church is currently exposed to was carried out through
extensive �eld research, as well as using the territorial analysis techniques related to ArcGis 10.6
software. Following the examination it was found the tendency to be affected by the initiation of the
landslides.

                For a correct assessment of the risk, the map of the susceptibility index of the landslide zone
(LSI) was developed in ArcGis 10.6 using the Frequency Ratio (FR) method. This method is based on the
ratio between the probability of occurrence and the probability of non-coincidence (Lee and Evangelista
2005); the calculation mode for the landslides being the percentage of the area occupied by the slides
compared to the percentage of the class of each parameter considered (Blaga et al. 2014; Solaimani et al.
2012; Pradhan and Lee 2010). Maps and orthophotoplans were used to establish the locations and
mapping of the existing landslides, and further in the LSI creation, eight parameters (Fig. 2) were
considered as determinants in triggering the landslides in the targeted area (Kalantar et al. 2018). The
information needed to compile the parameters used for the FR method were extracted from Digital
Elevation Models (DEM) derived from topographic plans and maps, orthophotoplans and thematic maps;
all of which are complemented by �eld observations.

Considering that lithology is one of the most important triggering factors for landslides, a deep well
drilling was dug to determine the underground deposits in the immediate vicinity of the monument, which
con�rmed the risk of triggering these phenomena. At the same time, the preliminary factors were
identi�ed and examined in the territory.

C. Digitization for conservation and promotion
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Digitization is very important in the process of evaluation-preservation-restoration of the elements that
make up the cultural heritage, and can also have attributions in the dissemination of knowledge. In the
�eld of research related to cultural heritage and geohazards, with the advancement of digital technology,
new methods are identi�ed in order to conserve heritage assets, photogrammetry and 3D scanning
(Alshawabkeh et al. 2020). By the three-dimensional models resulted, one can map, compare and study
aspects of cultural heritage; these possibilities making them ideal for conservation and restoration
(Scopigno et al. 2011; Akoglu et al. 2019).

The disadvantage of these practices is that the advanced processing tools often have a very high cost,
and the �eld of cultural heritage research is often characterized by small budgets, low funds that are
di�cult to obtain. But 3D models with high resolution can also be made using cheap scanning devices,
low cost or even open source software.

In order to obtain information, conservation and restoration in case of need of the wooden church within
the Holy Cross Monastery in Oradea Municipality, it was considered to develop a three-dimensional model
based on the photogrammetry method. In this case, this involved the semi-automatic generation of highly
precise geometric details and textures, using 2D terrestrial images, processed only with cheap or free
tools and software (Nicolae et al. 2014). In order to achieve this, four main steps were followed, as shown
in Figure 3 (Themistocleous et al. 2016).

Due to the fact that the wooden church is an immovable object, located in the open air, it required a very
careful planning of the photo acquisition process. The environment not offering controlled light, which
could lead to a lack of texture and quality of the �nal model, it was decided to take pictures during
daylight with mostly diffused natural light, as less direct as possible (Themistocleous et al. 2016). Thus
the process of texturing mapping did not register any errors. At the same time, due to the vegetation and
the surrounding constructions, the data acquisition was done with even greater attention, requiring in
advance a �eld inspection to become familiar with the objective and calibration of the camera.

Step 2

                The photos were taken using a Canon EOS-1D Mark III camera with a CMOS sensor of 28.1 x
18.7 mm. In order to have the best coverage of the object, terrestrial photographs were taken from
different angles around the object (Fig. 4 - in blue), thus the coverage is almost complete. The camera
was moved around the object keeping a relatively constant distance from it. In order to obtain an as
accurate as possible model, the photographs thus obtained were �rst sorted by eliminating those that
showed distortions, deformations or blur; as a result of this process, 186 viable photos are chosen for
further processing.

Step 3

The processing of images implied introducing them into digital software in order to build the 3D model.
For this, Meshroom 2019.2.0, CloudCompare and Agisoft Metashape 1.6.2 Professional Edition were



Page 7/25

used; the �rst two are open source programs, and the second one low cost. The processing step involved
the fully automated reassembly of the object's shape by interpolating all the photographs in a reference
space (Remondino 2011). In recreating the monument, the �rst step called Structure for Motion (SfM)
(Ystikli 2007; Themistocleous et al. 2015) is of utmost importance because it analyzes the database and
digitally reconstructs the position and orientation of the cameras around the object.

The automatic determination of the correspondences between the images has generated 190,359
individual points through matching algorithms (Fig. 4), forming the weak cloud of points on the basis of
which the dense point cloud and the polygonal model were further constructed by meshing and texturing
operations.

Step 4

For the �nal 3D cleaning and construction process, the model was imported in another open source
program, MeshLab. Here all the surrounding objects that were not part of the formation of the monument
were removed; being eliminated or blurred at the same time, any possible errors that might appear when
the model is built, which affects its quality (Fig. 5).

The very good resolution of the photos taken allowed the large color details to be preserved. But in the
end, the color projection on the wooden church was carefully checked and corrected in order to present
the authentic aspect of the edi�ce as best as possible.

Results And Discussions
The three distinct sub-chapters in which the present chapter is fragmented practically represent analyzes
on the past, present and future of a de�ning monument for the Romanian society. The investigations
being centered on how the meteorological hazard from the past and the damage are caused, the
assessment of the current geohazard risks, as well as the conservation methods. Thus, knowing the past,
in the present the wooden church must be offered visible horizon in order to persist in the future.

A.         Meteorological hazard
                Meteorological hazards belong to the category of natural hazards and are divided into several
categories according to the triggering speed. Tornadoes are perhaps among the most unpredictable fast-
triggering weather phenomena. Precisely because of the speed of occurrence, the uncertainty in space
and time, combined with the vulnerability of humans, the destructive potential of tornadoes is greatly
ampli�ed (Rauhala and Schultz 2009). Supercellular storms are the main factors accountable for the
occurrence of most of the meteorological phenomena of risk; mostly all tornadoes from weak to violent
being associated with these (Jones 2015; Spiridonov et al. 2010). This is also the case of the tornado of
July 3, 1991 from Corbești, which was generated by a convective supercell responsible for producing a
wide range of risk phenomena during the evolution in the region (Cristea 2004).
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                On July 3, 1991, at 12 o'clock, about three hours before the event that took place in Corbești, the
synoptic situation in Europe was characterized by the presence of a deep barric depression over the
Balkan Peninsula, while the northeast of the continent was under the in�uence of a dorsal of the Azoric
Anticyclone (Fig. 6). The positioning of Romania at the connexion between the North and East Azoric
Anticyclone, characterized by warm air masses (over 20°C) and the barric depression from southern
Europe, with a cold air core (8-10°C) (Fig. 7) (Cristea 2004), created the ideal premises for the production
of risky weather phenomena.

Around 16 o'clock, on the radar map from that date, a convective radio echo with all the characteristics of
a super cell (elliptical shape, cumulonimbus clouds strongly developed vertically, high re�ectivity, etc.)
appears well de�ned in the south of Oradea (Cristea 2004), moving at a speed of about 50 km/h in the
west-north-west direction. On the outskirts of Oradea there is also the village of Corbești, where the
tornado appeared just before 16 o'clock. The tornado's trajectory was channeled on a valley that connects
the villages of Corbești and Topa de Sus, leaving behind traces in which the effects were devastating, in
one of them being the wooden church. The material losses following the event escaladed to 15 buildings
destroyed, about 100 affected and over 1000 hectares of crops damaged and also registering a death.

In order to reconstruct the thread of the events, but also for a better understanding of the experiences of
the locals, interviews were conducted in which the eyewitnesses participated. Thus, at the time of the
event, most of the members of the local community were present at a funeral, on one of the hills
bordering the village, at a considerable distance from the high intensity areas of the tornado. It is just
sheer luck that the loss of human life is limited. Witnesses describe that before the tornado began, the
sky "... had darkened, as if it were an eclipse or as it got dark ..." / "... it darkened. As if it was night ..." / "...
it got dark, like a kind of fog", and later on the phenomenon would be accompanied by a ".... very strong
sound", similar to the locals with the noise of a mill "... which grinds everything" . The witnesses'
statement leaves no room for interpretations on the typology of the meteorological phenomenon, the vast
majority of them resembling "... a whirlwind ...", others even identifying it as a tornado.

                Despite the short time it took, "... about 6-7 minutes" up to "... 10 minutes", the tornado left
behind a distressing view of the village, with houses completely destroyed or uncovered and trees
removed from the roots (Fig. 9, b and d). Of all, perhaps most had to suffer the wooden church historical
monument of the village, the primal point, the core of spiritual and social life of any Christian settlement.
This was practically destroyed completely, only the bell tower remaining standing in a precarious balance
(Fig. 9, a and c). The remnants of the sanctuary were the main subject of a �lm made by representatives
of the Episcopate of Bihor, about eight hours after the disaster, with the purpose of immortalizing the
damage caused by this unexpected phenomenon.

The feeling of repulsion stemming from the superstitions of the locals, as well as their need for a more
spacious place of worship, to inspire more security, led the old wooden church not being rehabilitated.
After two years when it was torn down, the opportunity arose to relocate it to the Monastery of the Holy
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Cross in Oradea Municipality. Therefore, like a phoenix bird, the once destroyed church was reborn from
its own ash to become the �rst church of the newly established monastery in Oradea.

B.         Geohazards - The current risks
                The monastery of the Holy Cross, being located at the foot of the Oradia Hills, an area whose
geology is a factor favoring the installation and development of the slope processes, thus creating the
risk that both the monastic settlement in general and the monumental wooden church in particular to be
affected by a new risk factor - landslides.

The hills of Oradea are presented as a low hilly component, which does not exceed 300 meters (max. 292
m in the Osorheiu hill) from a morphometric point of view. They have the shape of long ridges oriented
predominantly east-west, which make the transition from the hill area to the plain of Western Romania. In
general, their lithology varies vertically from marly deposits belonging to the Pontian with massive and
compact appearance in the subsoil, to sandy-clay complexes with thicknesses of a few meters at the top.
Along with the lithological formation, the inclination of the layers in a cuesta type relief, the rich
precipitations especially in the spring-summer period, the massive deforestation in the last decades and
the overloading of the hills with constructions, they collaborate in creating favorable conditions for the
initiation of landslides in the region. These phenomena occur with a very high frequency, especially on
the hills on the right side of Crisul Repede River in the perimeter of Oradea Municipality; area where the
wooden church is located.

                The index map of the landslide susceptibility, based on local conditions, presents the spatial
probability of producing new landslides in the targeted area. This is a useful tool for managing the
geohazards induced by these phenomena, through higher land use planning, as well as better decision-
making in predisposed areas (Pham et al. 2016). The interpretation of the map indicates that the area
has a great tendency with regard to the appearance of these slope processes. Evidence in this regard is
also the multitude of such risk phenomena that cover the hills of Oradea. The analysis on the four value
categories of the susceptibility of the area to landslides reveals a relatively homogeneous distribution.
The areas with the highest risk (31.9%) have the largest extension, followed by those with medium risk
(26.8%), no risk  (20.8%) and small risk  (20.5%). The area with medium susceptibility where the wooden
church is positioned, is guarded at the top by a sector with a large spatial terrain which is de�ned by a
high susceptibility of landslides.

In order to determine the in�uence that the lithological composition has in determining the occurrence of
these processes, in the immediate vicinity of the monument a drilling was done in order to determine the
nature of the underground deposits. The interpretation of the results obtained after the drilling (Fig. 10),
indicates that above a dense-looking marly substrate there are successive layers that consist of different
types of clays and sands with a consistency of the soils from soft to hard, of about 20 meters thick. The
alternation of the different layers with distinct cohesion leads to the evolution of soil degradation
processes, facilitating the landslides. The balance of the slope in the immediate vicinity of the monument
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church is also affected by the aggressive anthropic intervention, taking place mainly in the last two
decades. In this sense, it can be seen in �gure 10 that the surfaces built with buildings and road
alignments occupy a large area, being scattered throughout the hills. The risk is even higher as the area is
constantly expanding in terms of construction, being a residential area in demand by the population of
the municipality.

The �eld surveys in the immediate vicinity of the monastic settlement, reveal the presence of the activities
preceding the landslides, sign that the slope is active and presents a risk of geohazards. In this sense we
can mention deep cracks in the soil that decrease the cohesion of the material, cracks in the network of
roads and sidewalks etc. In Figure 11a we can see the inclination by about 8° compared to the right angle
of an electricity pole, in the direction of the material movement from the slope. The case is not an isolated
one, this aspect being ascertained at most of the electricity poles in the area. At the same time, the cracks
in the concrete post on which the church is located (Fig. 11b) denote an increased instability of the slope.

                The occurrence of the harbinger phenomena of the landslides must be an alarm signal for the
decision-making bodies regarding the risk situations. The integrated action of the factors set out above
may affect the safety of the citizens and their property; and in particular to the security of a national
heritage asset, the wooden church.

C.         Digitization for conservation and promotion
                The position of the wooden church, set exactly on a sliding wave of land, greatly limits the
preventive measures that can be taken to preserve the monument. But, through digital techniques,
reactive measures can be provided, which prove to be of great help in restoring the church in case if it will
be affected by geohazards in the future. In this context, photogrammetry is shown to be a key factor in
obtaining three-dimensional models of heritage buildings, which can reconstruct the destroyed or
damaged heritage element, �rst digitally, and then in reality,

                The 3D model (Fig. 12a) obtained from the processing of the �eld photographs depicting the
wooden Church "Saints Archangel Michael and Gabriel", can stimulate the way the edi�ce is kept, viewed,
registered and reconstructed in case of need.

This approach facilitates the virtual presentation of the areas affected by the slope movement, in order to
make the best intervention and reconstruction decisions. Monitoring the effects of landslides on the
church can be done by making such models periodically, and by comparison the most susceptible parts
can be displayed.

                The advantages of photogrammetry include not only the fact that it allows access to objects at
great distances, but also supports their analysis. Photogrammetry thus becomes a viable alternative to
direct �eld measurement of object dimensions; an analysis of this kind is presented in Figure 12b.
Following the introduction of a reference measurement (performed in the �eld) and resetting the
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computing algorithms, the model allowed with centimeter precision the measurement of the wooden
church dimensions. These data prove to be of great value in the event of geohazards. The information
thus obtained can be made available to the restorers. Moreover, based on the model created, the
destroyed parts of the church can be scanned and inserted into the system, and with the help of the
MeshLab program, they can be digitally reassembled by manual repositioning at the original location. At
the same time, the replica allows an approximate estimation of the volume of material needed to perform
certain repair interventions.

                The opportunities offered by the three-dimensional models practically minimize the possibility
that the main features of the church will be modi�ed again following a restoration process. A very
advantageous situation considering that through a comparative analysis of the three photographs that
make up Figure 1, it can be seen that over time, through successive repairs, the authentic aesthetic aspect
of the monument has been obsolete.

                The model achieved mostly reproduces the original features of the monument. But in order to
conserve, recover and rehabilitate, the limits of the model created must also be taken into account, which
in the present situation is given by the absence of crosses on the roof. This limit was obligatory due to
the material it was made of and the color of crosses (silver sheeting), which having a very high light
re�ectivity it caused the loss of the contour and �nally the inappropriate reconstruction. Due to this fact,
those elements were eliminated from the �nal model.

This approach not only represents a cheap and non-invasive opportunity for the preservation and
rehabilitation of the monument, but also constitutes a way of promoting geotourism, taking into account
the important scienti�c-didactic and spiritual valences of the area. This place could represent a �rst
complex stop from an urban geotourism trail of Oradea Municipality, Romania.

Conclusions
The evolution over time of the wooden church "Saints Archangel Michael and Gabriel" within the Holy
Cross Monastery of Oradea is closely linked to natural hazards and especially with geohazards.
Presenting the way the tornado took place, which resulted in the destruction of the church, the archival
images depicting the magnitude of the material losses and the rendering of the experiences of the locals,
should not only represent a simple rediscovery of this tragic event in the history of the monument, but
also a signal of alarm on the need for the protection and conservation of the cultural heritage. These
actions are more important now after it has been proven through territorial analysis and �eld research
that the wooden church is in an area prone to landslides, and the indications of the processes preceding
these phenomena are already visible.

                In this case, digital preservation seems to be the only solution. The 3D model created by the
photogrammetry method based on overlapping 2D image, has the advantage of being able to be done
with limited �nancial resources, also allowing for advanced analysis. Even if it does not provide effective
protection against geohazards, three-dimensional models represent an important tool for reconstruction
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in case of need. By animating the way in which the cultural heritage is researched, organized, visualized
and conserved, it must represent a fundamental approach for research in the �eld.
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Figures

Figure 1

Wooden church with the dedication "Saints Archangel Michael and Gabriel" a.The church from Corbești
village in a photo from 1971; b. The church from Corbești village in a photo from the ‘80s; c.The wooden
church within The Holy Cross Monastery in a photo from 2019



Page 17/25

Figure 2

The parameters considered for the realization of the Landslide Susceptibility Index (LSI)

Figure 3

Methodology for obtaining the three-dimensional model
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Figure 4

The weak cloud of points and the position and orientation of the camera at the time of taking each photo
(in blue)

Figure 5

The process of cleaning and making the �nal three-dimensional model
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Figure 6

500 hPa geopotential at 12:00 UTC on 3 July 1991 (source: www.wetterzentrale.de)
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Figure 7

Temperature at 850 hPa at 12:00 UTC on 3 July 1991 (source: www.wetterzentrale.de)
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Figure 8

The radar map from July 3, 1991, 4 pm and tornado trajectory at the level of Corbesti and Topa de Sus
villages (processed with improvements after Cristea, 2004)
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Figure 9

The material losses caused by the tornado in the village of Corbesti a and c. The remains of the wooden
church; b and d. The damage created to the homes of the villagers
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Figure 10

Susceptibility of the area to landslides expressed by LSI
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Figure 11

Preliminary processes of landslides in the vicinity of the monument a. Inclination of an electricity pillar in
the direction of the material displacement; b. cracks in the plateau on which the church is located
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Figure 12

3D model of the wooden church "Saints Archangel Michael and Gabriel" a.The overview of the model;
b.The dimensions of the monument calculated based on the model obtained
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