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The purpose of this study was to investigate and detect potential topographic changes of a mega landslide by using multi- temporal UAV
datasets. The landslide is induced at the community of Ropoto and pose a great risk while a large part of the village has been affected
(approximately 280m wide and 750m long). At the community of Ropoto, several movements have been recorded during the last decades.
First movement occurred in 1963, while the last episodic large landslide happened in 2012.
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Ropoto before the landslide Ropoto after the landslide Ropoto today

Ropoto village, belongs to the  perfecture of Trikala in the Central part of Greece and
according to the geological map (1:50.000), with the title  “Mouzakion”, belongs to
the geotectonic zone of Pindos.

Main geological settings:
• Paleocene-Eocene ?ysch formations (transition ?ysch units in this
• Transition beds consisted of thick-bedded limestones with  sandstone and shale

(M. Maastrichtian-L. Paleocene). 
• The thin-bedded limestone formation (Turonian-M. Maastrichtian) 
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Concluding, Ropoto landslide constitutes a large and active landslide effecting a big part of the village and shows gradually 
evolving movements through the years. As so, the continuous monitoring of the landslide, it is required to determine the 
extent, magnitude and style of landslide movement, for risk and even emergency risk management assessments. Last but 
not least, the need of implementing Unmanned Aerial Vehicles (UAV) in landslide risk  assessments is constantly increasing 
while they provide a safe, quick and potentially more accurate way of inspecting large scale and difficult to access areas 
requiring minimal human resources. However, in order to process these results, the contribution and critical evaluation of 
an expert is needed
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Results
By setting these multi-temporal photogrammetric products under the foregoing
procedures, two similar results were given, while according to the visual interpretation 
they displayed the same volume of movement. As a result, we have two DEM's of 
difference involving quantifying  volumetric  change between these multi-temporal 
photogrammetric products, showing parts with gain or loss material .
As we can see in the figure: 
1. The crown and the foot of the landslide among with the left flank  display the major 

loss of material (blue parts) )  down to 30 metres.
2. The right flank of the landslide has gained material (red parts) up to 20 meters.
By comparing the procedures between this two methods, the Minus Method is the  
simplest one because it provides quick and accurate results. On the other hand, the 2nd

method is complicated and time-consuming while can only calculate the volume of the 
surface on the Z factor and as a result, the original data can’t be modifed. By using the 
ArcGIS tools for the change detection assessment valuable time can be saved requiring 
minimal human resources. Even though the accuracy that the software provides, there is 
a margin of error due to vegetation cover. Therefore, the results in certain areas are 
incorrect.
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The tectonic development of the Ropoto area affected all of the formations and mainly the younger
ones concering the age flysch and transition formations), thus isoclinal folds and thrust faults were
created.

Failure Mechanism
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Flysch has thus suffered from compressional forces being highly deformed. Shear zones and
smaller faults are also present in the site specfic area due to this tectonic disturbance.

These geological characteristics produced very weak rock masses and weak joints. Brittle rock
formations, such as limestones, have created high permeable zones, so very high pore water
pressure is often developed.
Consequently, the activation of the landslide is linked with the forgoing geotechnological conditions
combined with 12 hours of intense rainfall that manifested in 2010. As a result the water flow due
to the change of the groundwater table, is remarkable. The latter, explains the high water presence
between the flysch and thick-bedded limestone formations covered by scree.
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Methodology
In order to understand the mechanism of the landslide, field
mapping was held by using classifications and terminology of
structural geology since the geometry and relative sense of
displacements that have been observed can accurately depicted.
Structures such as
• Faults
• Flank ridges
• Joints and
• Back-tilted surfaces
are expression of local variations in boundary geometry and
surface volume.
Furthermore, active and inactive earth flow areas were
differentiated based on differences in the relative topographic
roughness or relief of structures.

Except the visual interpretation, high resolution images were captured
with a UAV platform. The latter provide us ultra-high resolution
datasets. The UAV took 340 aerial photos of the study area with 75%
side and forward overlap and 2400/m3 density.
For the change detection assesement a DEM of Difference should be
created in order to compare the results. The technique of producing a
DEM of Difference (DoD) involves quantifying volumetric change
between successive topographic surveys. Initially, pre-disaster data is
required. The reference data are Digital Elevation Models (DEM) - LSO
(Large Scale Orthophotos) from 2007 that were provided by the Land
Registry of Greece.
Subsequently, two techniques for change detection analysis over a
period of 11 years, have been evaluated in this study by these multi-
temporal photogram-metric products (2007 and 2018) using ArcGIS
software.

Post-Flight image processing
In order to develop a Dem of Difference (DoD) the initial data 
should share the same raster dataset so pre-processing is 
mandatory

DEM
2007

DEM
2018

Transform into:
Greek Grid

Transform into:
Greek Grid

Clip according 
to DEM 2018

Resample 
according 

to DEM 2007

Hillshade
DEM 2018

Project Raster Project Raster

Clip Resample

Hillshade Hillshade

1st: MINUS Method ( Spatial Analyst)

Value=NoData

This procedure subtracts the value of the second input raster from
the value of the first input raster on a cell-by-cell basis. Also the
order of inputs is relevant for this tool.

2nd: Raster calculator-Extract by Attributes-Surface
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This procedure first, builds and executes a single Map Algebra
expression by using Python syntax in a calculator-like interface.
Secondly, extracts the cells of a raster based on a logical query.
Finally, calculates the area and volume of the region between a surface
and a reference plane.

Landslide loose materials (consisted of  ysch and fl
transition bed materials)

Scree material composed of fallen and eroded limestone blockes

Folded-highly disturbed thin bedded limestone with silstone and angulrar rocks formed by many intersecting 

discontinuity sets(Turonian-M. Maastrichtian).

Strongly disturbed, intensively folded rock mass with siltstone and san stone d
interlayers. Siltstone strata are heavily sheared. (Paleocene-Eocene)

Transition formation with alternations of thin beds of limestone and yschfl (M. Maastrichtian-L. Paleocene)
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Subsequent folded and disturbed limestone

Strongly disturbed, intensively folded 

rock mass with siltstone and sanstone
interlayers. Siltstone strata are heavily
sheared.Weathering alters therock 

mass strength signi cantly. Siltstone (or fi
marly) members are very vulnerable to

weathering ,and their structure brakes 
down (disintegration forms) from 
wetting – drying processes.

Flysch formation

Folded-highly disturbed thin bedded limestone
with claystone and angular blocks formed by many

intersecting discontinuity sets. Loose and open 
stucture due to poor contact of the blocks with

di erent ff deformation characteristics. Bedding
planes are di cult maintaining their parallelismffi
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