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Abstract

:

A reliable road network is a vital local asset, connecting communities and unlocking economic growth. Every year landslides cause serious damage and, in some cases, the full disruption of many road networks, which can last from a few days to even months. The identification and monitoring of landslides with conventional methods on an extended and complex road network can be a rather difficult process, as it requires a significant amount of time and resources. The road network of the Chania regional unit on the island of Crete in Greece is a typical example, as it connects, over long distances, many remote mountainous villages with other local communities, as well as with the main urban centers, which are mainly located across the shore. Persistent scatterer interferometry (PSI) is a remote-sensing technique that can provide a reliable and cost-effective solution, as it can be used to identify and monitor slow-moving and ongoing landslides over large and complex areas such as those of the mountainous road networks. This study applied PSI in the Chania regional unit, using the novel parallelized PSI (P-PSI) processing chain, developed by the Operational Unit Center for Earth Observation Research and Satellite Remote Sensing BEYOND of the Institute of Astronomy and Astrophysics, Space Applications and Remote Sensing of the National Observatory of Athens (BEYOND) for the rapid identification of the areas, most critical to landslide in a local road network. The application of P-PSI speeded up the total required processing time by a factor of five and led to the rapid identification and monitoring of 235 new slow-moving landslides. The identified landslides were correlated with a pre-existing landslide inventory and open access visual data to create a complete landslide inventory and a relative landslide inventory map, thus offering a valuable tool to local stakeholders.
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1. Introduction


Throughout history, road networks have been essential for human societies, as they have been used for both passenger and freight transport [1]. Their good condition and safety are often considered paramount for socio-economic development [2,3]. Nowadays, despite the existence of many alternatives (such as railways and airports), road networks remain the main transportation infrastructure, especially in rural areas [3,4]. At the same time, the complexity of modern societies has led to a steady growth in transportation volume to cater to their everyday needs. According to McKinnon [5], if transportation by trucks and lorries were halted, severe damage would occur to major sectors of the economy (such as the food supply, hospital–medicine supplies, rubbish management) in only four days, pushing parts of society into complete chaos.



In Greece, most of the regional road networks consist of one or two lanes in each direction [6], rendering the whole network extremely vulnerable to landslides. Consequently, in roads connecting villages in mountainous areas, even a single event can cause serious damage to, or even result in the full disruption of, the road network. For example, during medicane (Mediterranean tropical-like cyclone) Ianos, which affected several regions in Greece from 18 to 20 September 2020, devastating landslides were activated that blocked several local, narrow, mountainous roads, leading to several villages being cut off [7]. Moreover, the mountainous landscape and the inexistence of any alternative routes significantly delayed emergency response and restoration efforts by the authorities [7]. These severe impacts highlight the value of developing a process for the rapid and effective identification and monitoring of the landslides in a regional and mountainous road network. This, however, comes with many difficulties, such as the inexistence of a complete local landslide inventory and the usually large extent of the road network.



According to [8,9], landslides tend to be repeated under the same or similar conditions in areas where they have occurred in the past. Hence, a complete landslide inventory, which includes as many of the landslides that have occurred in a study area as possible, could be a helpful decision-making guide, as it provides direct indications for potential future landslides. Moreover, it can help researchers identify more effectively which, and to what extent, of the local factors (e.g., slope, aspect, precipitation, proximity to rivers/faults) are correlated with the local landslide mechanism [10]. However, in many countries, a national landslide inventory does not exist [11]. In addition, many landslides, and especially the slow-moving ones, are not recorded at all. This is because small rocks or mudflows, which can be the result of such events, are rapidly removed from the road pavement by the authorities in their attempt to restore road traffic/circulation as quickly as possible [7]. However, besides its significant contribution to the formation of a complete landslide inventory, mapping of slow-moving landslides can also provide evidence of micro-ground movements with a precision of millimeters or centimeters, which can be a critical indication of an evolving landslide [12].



Moreover, mapping of slow-moving landslides over an extended area, such a regional road network, requires significant resources and time. Conventional methods, such as the installation of inclinometers and piezometers, are not a cost-effective solution, mostly due to the large extent of a regional road network [11].



Persistent scatterers (PS) [13] and small baseline subset (SBAS) [13], are interferometry synthetic aperture radar (InSAR) methods [14] that have been progressively used over the last years for the systematic mapping and recording of slow-moving landslides [12,15]. While both methods have been proved to be rather effective, PS appears to be slightly more accurate compared to SBAS [16], and was therefore selected for this study. An extensive analysis and comparison of these InSAR techniques is provided by [13,16].



Since PS is basically a remote-sensing technique, which uses open access SAR images as well, it has the advantage of not intervening with the examined area [17], which makes it a low-cost and, at the same time, a rather effective method. In addition, it can be applied over an extended area [17], such as a regional road network, and can cover a long period of time [18]. However, the processing of such a large volume of data is a time-consuming procedure, which can render the method invalid for the rapid identification of landslides or the regular update-monitoring of an existing database. Therefore, the use of the parallel PSI (P-PSI) processing chain [15], developed by the Operational Unit Center for Earth Observation Research and Satellite Remote Sensing BEYOND of the Institute of Astronomy and Astrophysics, Space Applications and Remote Sensing of the National Observatory of Athens (BEYOND), significantly contributed to minimizing the processing time of Sentinel-1 data. The efficiency of P-PSI compared to a typical InSAR time-series analysis lies in the parallelization of time-consuming processing steps. Taking advantage of parallel resources, an overall speed-up of up to five times is achieved compared to a typical PSI [13]. Algorithmic interventions are performed to existing open-source PSI software, creating a parallelized, fully-automated PSI processing chain tailored to big data SAR processing. Recent studies exploit the potentiality of applying the PS method in combination with efficient and automated processes for the detection of structural deformations, either on individual elements of a road network, such as bridges [19], or on large parts of road networks [20]. These studies automate the whole procedure and provide critical insights about the potentiality of PS, and have therefore been applied to different areas in Italy (the highway and motorway networks of Rome and Bari), as well as in the USA (Los Angeles highway and freeway network). While both [19,20] methods are very effective and novel, they are based on Geographical Information System (GIS) algorithms, which are applied after the production of the PS, which, as was mentioned before, can be a rather time-consuming procedure. Thus, while a significant part of the whole process is accelerated by using these methods, a critical part of the process is left out, i.e., the processing of the large volume of satellite data that is needed to produce the PS.



To overcome this limitation, the parallelized-persistent scatterer interferometry (P-PSI) chain, which was developed by the BEYOND center, can be applied, as it can speed up the PS production by a factor of five [21].



The main aim of this study is to present how P-PSI along with GIS techniques can be used to identify and monitor slow-moving landslides across an extended and complex geomorphological road network, thereby providing an initial and rapid indication of potentially ongoing landslides. These findings, along with an existing landslide inventory, can then be used to create a complete landslide inventory map, providing an overall estimation of the condition of the regional road network. The acquired information can be a valuable guide for stakeholders interested in putting in place prevention measures. At the same time, based on its rapid and low-cost applicability, the presented method can be further used as a tool for the periodical examination of the efficiency of these measures and for the re-estimation of the condition of the road network.



In this direction, the Chania regional unit on Crete Island, Greece, is selected as a case study, due to its rather extended and complex geomorphological road network. It is significant to note that this study mostly focuses on potential landslides occurring on the cuttings of the road network, rather on the potential subsidence of its embankments.




2. Study Area


The Chania regional unit is one of the four administrative regions of Crete Island, Greece, with an extent of over 2.000 km2. It borders at the north with the Cretan Sea, at the west with the Ionian Sea and at the south with the Libyan Sea. As illustrated in Figure 1, it has a rather complex landscape as it combines an extended coastline with hilly and mountainous areas.



Most of the biggest cities are located on or near the shore, while most of the villages are located inland, where hills and mountains mostly dominate. As a result, the road network that has been developed over the years follows the relative local landscape and connects over long distances mountains and lowland areas.



The diverse and extended terrain has progressively led to the development of a rather dense and complicated road network. In the north, the road network consists of a large part of motorway A90, which mostly stretches along the shoreline and is the longest and most important road in Crete. A90 mainly consists of one lane (and in some regions two lanes) in each direction separated sometimes by a median barrier, plus an emergency lane. Furthermore, three primary roads branch out from motorway A90, connecting the plains of the north with the mountainous regions of the south. These primary roads have a north–south direction and usually consist of one lane in each direction, plus an emergency line, and lack a median barrier. A great part of the Chania south is characterized by a relatively intense relief, which in some cases exceeds 2.000 m. Several smaller secondary roads connect the various communities of the area. They usually consist of only one lane in both directions, while an emergency lane either does not exist or is very narrow and therefore inadequate even for stranded vehicles to use in case of an emergency. Due to their small size, and the usual lack of precautionary measures, these parts of the road network are expected to be the most vulnerable to landslides.



There are ten main geological formations which dominate the study site, with Phyllites–Quartzites in the west and Plattenkalk Limestones (mainly consisting of schists, dolomites, limestones, evaporites, and quartzites) in the east being the major ones. Trypalion carbonate formations are found between these two formations, from the south up until the northeast at Souda’s Bay, as well as in the easternmost peninsula of the regional unit. Tripolis Carbonate formations are observed at the other two peninsulas of the region, which are located at the northwest of the examined area. At the same time, Neogene sediments are mostly located in the northwest and northeast of the regional unit, while small concentrations are found at its southwest shores. Quaternary Deposits Alluvium covers many different sections, which are mostly located in the west of the examined area. Finally, Flysch Tripolis, Ophiolite complex, and Pindos Carbonates cover the remaining smaller and dispersed regions of the examined area. Due to the extensive geological fragmentation, landslide activity on the road network is expected to be frequent. A more detailed description of the geology of Chania regional unit, along with its geological map, can be found in [22].




3. Data and Methods


3.1. Data


For this study, satellite, landslide, and visual data were used. The following sub-sections outline them in greater detail.



3.1.1. Sentinel Data


Sentinel images are high-resolution satellite images provided freely by the European Satellite Agency (ESA) as part of the Copernicus program [23]. Sentinel-1 are radar satellite images received at C-Band (5.405 GHz) that can provide all-weather, day-and-night information [24]. During this study, Sentinel-1 interferometric wide swath (IW) single look complexes (SLC) were downloaded for the period spanning 2016 to 2020 from the Alaska satellite facility (ASF) hub. Sentinel images were selected due to their short repeat cycle of the satellite mission, which, for the same geometry, is down to 6 days (or 12 days when using only one satellite) [25]. Thus, they provide a quite sufficient temporal coverage of the area of interest. Information on the data used is summarized in Table 1.



The extent of the examined area, spatially covered by almost an entire Sentinel frame, and of the examined period, which spans close to 4 consecutive years, resulted in the creation of large stacks of radar satellite images of more than 2 Terabytes.




3.1.2. Landslide Inventory Data


An initial landslide inventory was created by using landslide data derived from the Hellenic Survey of Geology and Mineral Exploration (HSGME). The inventory was enriched by landslide data from literature [22,26] and concerns only landslides that occurred on the slopes affecting the road network. The initial landslide inventory that was created consists of 130 landslides and is illustrated in Figure 1.




3.1.3. Visual Data


The visual data used were obtained either with in situ investigations or open access sources such as historical street view images (such as google, mapillary and kartaview street view) and google satellite images. These data were obtained only for the specific critical areas of the initial landslide inventory and for the slow-moving landslides determined with P-PSI. Otherwise, the required processing time for the examination of such an extended road network would lead to serious delays and would render the whole method inefficient. Moreover, these data are freely available and regularly enriched with more up-to-date images. Thus, they can contribute to the regular, direct, and rapid update of the following method.





3.2. Methodology


In general, the methodology followed consists of three steps. Initially, the P-PSI chain is implemented to determine the line-of-site (LOS) displacements of the PSs for the ascending and the descending satellite passes. Next, the LOS PSI displacements are analyzed along with visual data, to evaluate the slow-moving landslides of the study area. Finally, the slow-moving landslides are used to identify potential ongoing landslides. The slow-moving landslides and the landslides provided by the initial landslide inventory are then merged in a new file, which provides an integrated and complete landslide inventory of the examined road network. It is significant to note that each of these landslides retains their origin (slow-moving landslide or initial inventory) as an attribute record. Using the produced complete landslide inventory, a relative landslide inventory map is created, which shows the region’s most critical to landslide in the examined area. Figure 2 provides an overview of the methodology followed.



3.2.1. Persistent Scatterers (PS) Analysis


InSAR techniques have been widely used over the last years for detecting ground deformations, such as earthquakes [27] and landslides [21]. Persistent scatterer interferometry (PSI) is an InSAR technique used for the identification of landslide events [28], as it has been proven to be rather effective, especially in difficult-to-access areas, where conventional methods usually fail to provide reliable results [12]. The PSI technique is based on the characteristics of some objects, such as outcropping rocks and buildings, to backscatter the radar signal differently due to their shape or their multispectral reflectance. Based on the difference between the phase of the emitted and the received signal of these objects, so-called persistent scatterers (PS), useful information can be extracted about the deformation of the surface.



However, PS analysis can be a rather time-consuming technique when applied in a broad area [29], such as the road network examined in this study. Τo address this problem, the parallelized persistent scatterer interferometry (P-PSI) processing chain was applied. P-PSI is a novel InSAR technique that was created by the BEYOND center. P-PSI accelerates the whole process by using distributed computing techniques and prioritizing the time-bottleneck and the most demanding processing tasks [21], such as the parallelized InSAR Scientific Computing Environment (ISCE), which is used for the stacks’ creation, and the parallelized Stanford method for persistent scatterers (StaMPS), which is used for the multi-temporal SAR interferometry [30]. The open-source Toolbox for Reducing Atmospheric InSAR Noise (TRAIN) was also used to remove the effects of the atmosphere in the created interferograms. As a result, the PS line-of-sight (LOS) displacements for the ascending and descending orbits were determined (Figure 2).




3.2.2. Displacements Analysis


As already explained, PSI can be used to detect extremely slow-moving ground movements with millimeter precision [12]. However, over an extended area, such as the one examined, the identification of slow-moving landslides based on the examination of each PS can be a rather difficult and cumbersome process due to the large number of generated PSs. In our case, as shown in Table 1, the PSs resulting from the PSI analysis were over 650.000.



Thus, it is critical to reduce the PS number. This can be achieved through GIS techniques and PS clustering, as explained in the following paragraphs. Subsequently, visual data derived from in situ investigations and open access data can be used in a GIS environment, along with the areas’ special features, to identify slow-moving landslides along with their characteristics, such as their orientation and the limits of their spatial extension.




3.2.3. Identifying Areas Most Critical to Landslide


According to Wang [31], before a landslide event there is always some micro-displacement. Thus, the examination of previously identified slow movements over a region, in conjunction with the prevailing local hydrological and geomorphological characteristics of the area, as well as pertinent visual data, can provide critical indications of potential ongoing landslide events. Due to the short repeat cycle of the Sentinel satellite mission, the described process can be regularly updated, providing further up-to-date information concerning landslides’ activation, which can be from 1 to 3 days old. Thus, the followed method, due to its direct and rapid applicability, even in such an extended area, can be part of a low-cost early warning system used to monitor landslides’ activity. To this end, recent visual data can be also used to validate the effectiveness of this method (Figure 2).



Furthermore, as illustrated in Figure 2, the spatial recording of the slow-moving landslides can also contribute to the formation of a complete landslide inventory. In some cases, slow-moving landslides are not recorded, and the created inventories are incomplete. However, a complete landslide inventory is very significant as it can aid researchers to better understand the function of the local landslide mechanism and to identify the hydrological and geomorphological causal factors that can lead to its activation. Moreover, they can also be used to update the elements of an existing landslide inventory, such as the geometry and extent of previously recorded landslides, their orientation, or their status of activity. Therefore, following the aforementioned procedure, a complete landslide inventory can be formed.




3.2.4. Landslide Inventory Map (LIM)


The landslide inventory maps (LIMs) show the locations where landslides have occurred in the recent or distant past, providing simple and direct indications about possible future landslides [29]. Their biggest advantage is that they can be easily, directly, and rapidly used to acquire the necessary information, without requiring any prior experience or knowledge.



Thus, the creation of a LIM, which can be easily and effectively updated in a short period and at a low cost, over an extended area, such as the examined road network of the Chania regional unit, can be a valuable tool for local stakeholders.






4. Results and Discussion


4.1. Implementing the P-PSI Chain


As shown in Figure 2, after downloading the necessary Sentinel-1 images from ASF hub, the P-PSI chain was used to evaluate the line-of-sight (LOS) displacements for both ascending and descending orbits.



A common reference area that is expected to be relatively stable must be selected for the produced stacks [15]. Moreover, this area must be away from agricultural fields, to avoid possible seasonal deformations due to pumping activities [32]. Thus, an area of low relief at the outskirts of Chania City was selected as the reference area.



Subsequently, an image was selected as the main image to obtain the minimum temporal and perpendicular baselines. This image was that of 21 October 2018 for the ascending orbit and of 13 April 2019 for the descending orbit. These images were characterized as the “primary” image for each orbit, while the rest were characterized as “secondary”.



Afterwards, the relative standard deviation was evaluated to determine the outliers from the mean PS velocities and to estimate the noise on the LOS deformation velocities [12]. These outliers were discarded as they were affected by the temporal decorrelation and the atmospheric noise created by the local topography, in order for the final standard deviation values to be under 2. Figure 3 illustrates the LOS displacements that were created for both the ascending and descending orbits.



It should be noted that the LOS displacement velocities of the examined area are up to 6 mm/year, which is a regular value compared to the results of other studies in regions with similar geomorphological characteristics [32]. In some cases, relatively high values of negative-sign velocities were recorded, mainly at the peak of the Lefka Ori mountain. These results are due to the climatic conditions that usually dominate in that area, as suggested by previous studies [33].



However, the method did not provide enough PSs over densely vegetated regions, which was expected due to the inherent difficulty of InSAR methods to identify PSs over such areas.




4.2. Identifying Landslides


From the PSI analysis, the LOS displacement deformations were evaluated, creating a large number of PSs (as shown in Table 1). To overcome this problem and reduce the number of PSs, GIS techniques were applied to identify which of these PSs are associated with the road network.



Thus, as a first step, it was determined for both the ascending and descending orbit which of the PS LOS displacement deformations were close to the road network (i.e., closer than 50 m, 30 m, and 20 m at each side of the motorway’s, the primary roads’, and the secondary roads’ central line markings, respectively), and the rest of them were discarded.



To further reduce the number of examined cases, the PSs should be clustered into groups or classes [25], providing a recent example of PSI clustering over a large area. Thus, the PSs were clustered according to their LOS velocity [17]. It is significant to note that the reduction in the PS number was also automated by applying the Model Builder tool of the open access QGIS software to combine a series of individual GIS tools such as:




	
the buffer tool to create linear surfaces in 50 m, 30 m, and 20 m at each side of the motorway’s, the primary roads’, and the secondary roads’ central line markings, respectively,



	
select by location to include only the PSs that intersect with these surfaces, and



	
select by expression to exclude the PS movements with a velocity smaller than the threshold of −2 mm per year.








Due to the significantly reduced number of areas most critical to landslide, and based also on visual data (e.g., Google Earth historical satellite images), as well as the local hydrological and geomorphological characteristics of the examined area, it was feasible to rapidly identify slow-moving landslides. Figure 4 illustrates the use of visual data to identify slow-moving landslides in the entrance to Askifou village.



It is important to note that, as was expected, the majority of the identified slow-moving landslides were not included in the pre-existing landslide inventory. This finding, which is consistent with the findings of other studies [12], highlights the significance of recording slow-moving landslides in order to acquire a complete landslide inventory.



Furthermore, as was previously mentioned, a slow-moving landslide can be the initial evolvement of an ongoing landslide. Indeed, as shown in Figure 5, the slope over the road network in the entrance of the Macheri village was between the areas where micro-movements were identified and where a landslide also occurred in December of 2021 (outside of the examined time period) [35].



Moreover, as shown in Figure 2, visual data were used to enrich the characteristics of the initial landslide inventory. Thus, as shown in Figure 6, visual data derived from google street view were used to identify a past landslide event that was reactivated on the local road that connects Tavronitis village with Paleochora town.



Relatedly, as shown in Figure 7, visual data derived from open access sources can also be used to monitor the evolution of an ongoing landslide and the effectiveness of the applied protective measures.



Consequently, as a result of the acquired information, further preventive actions can be adopted by the authorities to stabilize the slope.




4.3. Creating the Landslide Inventory Map


The complete formed landslide inventory, consisting of 365 landslides, was used to create the landslide inventory map (LIM) of the examined road network of the Chania regional unit, which is provided in Figure 8.



The inventory includes 130 landslides of the initial landslide inventory and 235 landslides identified using the P-PSI process. The produced LIM allows the direct, simple, and rapid identification of the regions, most critical to landslides. It can therefore be used by the authorities for the identification of the areas, most prone to landslide that require the implementation of support measures to stabilize the slope.



Based on the created LIM, the following road sections along the motorway A90 were identified as rather prone to landslide events. The road sections where stakeholders should focus their preventive measures for a potential landslide are:




	
Kissamos to Tavronitis (near Nopigia village),



	
Platanias to Chania (near Stalos and Kato Galatas villages), and



	
Souda to Agioi Pantes (near Platani, Megala Chorafia, Kalami, and Kalives villages).








The large number of identified landslides, even at the motorway A90, the largest on Crete Island, also highlights the value of a complete and accurate geotechnical study during road construction.



Due to the LIM’s ability to be easily updated with recent satellite data, it can also act as an early warning system [20], providing authorities with the necessary time to either:




	
apply preventive measures for stabilizing the slope on that particular section of the road network, or, if this is not feasible.



	
prevent citizens from using it and identify safer alternative routes in the existing road network.








Moreover, the LIM can be used to identify safer areas less prone to landslide. It can therefore be effectively used by authorities during land use/land planning processes, such as, for example, when seeking appropriate and safe areas for constructing new motorways. Supplementary Material Figures S1–S4 and Supplementary Material Tables S1–S4 provide the statistical comparison of new landslides with the initial landslide inventory, according to the outcropping geology, the slope angle, the slope aspect, and the type of relief.



The present study identified the areas, most prone to landslide of a rather complex road network by applying the P-PSI chain along with GIS techniques, an initial landslide inventory, and visual data. Yet, the combination of the proposed GIS techniques with those proposed by other studies [19,20] is proposed as an area for future work, which can help examine if further acceleration of the whole process is being achieved.





5. Conclusions


As shown in this study, the P-PSI chain performed rather well in identifying slow-moving landslides. It provided adequate and accurate information that was used to identify more than 235 new slow-moving landslides. Moreover, it provided evidence for ongoing landslides, while at the same time it was used to enrich the existing initial landslide inventory.



The combination of the existing landslide inventory with the identified slow-moving landslides is significant, as it can help researchers understand which factors, and to what extent, are responsible for a landslide event. Moreover, the potentiality of PSI’s applicability for rapidly, and at low cost, identifying and monitoring landslide events over a road network was also presented. Furthermore, the augmented value of the open access visual data for the identification and the temporal monitoring of the landslides was also highlighted by this study.



The applied method, because of its rapid and low-cost applicability, can be used for the systematic enrichment and updating of landslide inventories, even on extended and complex road networks, such as the one in the Chania regional unit. Thus, it can be a valuable tool for local stakeholders, as it can provide complete and easy-to-use landslide inventory maps, while at the same time it can also act as part of an early warning system for monitoring ongoing landslides.
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Figure 1. Chania road network. 
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Figure 2. Flowchart of the methodology followed. 
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Figure 3. LOS displacements for the ascending (a) and descending (b) satellite pass, along with the initial landslide inventory provided by the HSGME. 
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Figure 4. Identification of a slow-moving landslide on the road outside Askifou village [34] for the (a) ascending satellite pass and for the (b) descending satellite pass. 
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Figure 5. Identification of potential ongoing landslide events in the entrance of the Macheri village [36]. 
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Figure 6. Enriching the landslide inventory about the activity status of an existing landslide in the road connecting Tavronitis village with Palaiochora city using Google Street view: (a) Image obtained in 2014 [37]; (b) Image obtained in 2019 [38]. 
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Figure 7. Monitoring of potential ongoing landslide events using open access data of: (a) Google Earth Satellite view at Stalos village Jun 2013 [39]; (b) Google Earth Satellite view at Stalos village March 2022 [40]; (c) Google Street view at motorway A90 outside Stalos village May 2019 [41]; (d) Mapillary Street view at motorway A90 outside Stalos village [42]. 
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Figure 8. Landslide inventory map of the road network of Chania regional unit. 
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Table 1. Characteristics of the Sentinal-1 images processed and of the created products.
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Orbit

	
Path

	
Frame

	
Examined Period

	
Number of

Interferograms

	
Number of PS




	
From

	
To






	
Ascending

	
102

	
113

	
19/9/2016

	
27/12/2020

	
98

	
291.234




	
Descending

	
109

	
473

	
8/10/2016

	
22/12/2020

	
90

	
382.017
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