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Abstract
The article presents recent capabilities of active and passive earth observation sensors along with related processing image chains, for monitoring UNESCO World Heritage properties. Exceptional heritage sites and landscapes are found in dynamic environments, whereas both anthropogenic and natural changes are observed. The use of radar and optical satellite imageries can be used as a systematic observation tool for stakeholders, to map drastic or slowly driven landscape changes towards the better protection and management of these sites and their surrounding areas. The study presents the results from the analysis of the European Copernicus Sentinel-1 and Sentinel-2 satellite images over two broader areas in the Eastern Mediterranean basin that hold important UNESCO World Heritage properties. Initially, a recent strong earthquake of a 6.7 magnitude scale in the Aegean Sea is studied using radar Sentinel-1 images. These radar images were processed through the Hybrid Pluggable Processing Pipeline (HyP3) cloud platform for analyzing both significant changes of the VV (vertical transmit, vertical receive) and VH (vertical transmit, horizontal receive) backscattering signal as well as through an Interferometric Synthetic Aperture Radar (InSAR) analysis. Then, long-term changes in Cyprus during the last two decades are monitored by a Sentinel-2 image compared to the European Corine Land Use Land Cover data of 2000. These changes are mapped after a supervised classification process using the random forest (RF) classifier. The overall results demonstrate that the recent developments of the space sector in all its segments (resolution of the sensors, the capacity to storage in the cloud, processing advancements and open-access datasets and tools) can be beneficial for monitoring UNESCO World Heritage properties.
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Introduction
Based on the records, more than 1100 heritage sites are enlisted under the UNESCO World Heritage list, combining 869 cultural and 213 natural sites. In comparison, another 39 sites are characterized as mixed (both cultural and natural) [1]. UNESCO World Heritage properties are scattered in more than 160 state parties worldwide [2], in different landscapes that are continuously evolving and changing through time. Therefore, monitoring of these sites needs to be systematic and reliable at the same time. In addition, for the implementation of the Disaster Risk Management (DRM) cycle concept, as this was established after the International Strategy for Disaster Reduction [3], the "context" of a site cannot be considered as "constant". The "context" is dynamic, whereas various agents of deterioration and loss are taken place [4, 5].
Environmental and landscape changes can occasionally be drastic with a catastrophic impact on the monument itself, as is the case of an earthquake event [6, 7]. Other environmental agents linked with the economic and demographic growth and the land-use changes driven by the urbanization process may need more time to become detectable [8, 9]. Therefore, the systematic monitoring of heritage sites and their surrounding environment is important for their better understanding of the "context" in which a heritage site is situated [10].
Relevant studies [11–14] have already demonstrated the benefit of using archival information (historical maps and aerial images) to monitor and detect changes in the landscape. In addition, the role of earth observation for supporting cultural heritage management has been widely investigated in the recent past [15–18]. Due to their capacity to map in a short time extensive region, earth observation sensors have attracted the interest of scholars as this is evidence from the relevant literature landscape. In their recent work of Luo et al. [19] and Agapiou and Lysandrou [20], the relevant state-of-art regarding the use of remote sensing technology is presented. These reviews also included space-based observations for supporting archaeological research and heritage management. Indeed, in the recent past, and with the continuous improvements of the space sector technology, several applications and research studies have showcased the beneficial use of earth observation for monitoring archaeological landscapes. Lately, an unknown flooding event in the area of Sergiopolis in Syria was documented by high-resolution radar satellite images [21]. At the same time, the use of optical and radar sensors have been explored for the documentation of looted areas in the conflicted zone of Syria [22–24].
The latest potentials of space-based observation can be further maximized by using big-earth data analysis platforms, like the use of Google Earth Engine [25–27] and the NASA HyP3 cloud-based beta platform [28]. This new technological shift, observed in the space sector- both in terms of availability of satellite sensors [29] and in terms of image processing- is expected to impact the traditionally known methods of remote sensing, and this will eventually -early or late- impact the remote sensing in archaeology.
This article aims to showcase some of the current potentials of the space sector for archaeological monitoring sites around the world, like those enlisted as UNESCO World Heritage monuments, through change detection techniques. The recent improvements of the satellite sensors and the exploitation of big-data cloud platforms may transform the existing way of monitoring heritage sites towards their systematic observation in the near future.
This paper showcases two examples from optical and radar satellite datasets for monitoring UNESCO World Heritage properties in the Eastern Mediterranean basin. The analysis is based on radar-image analysis through the HyP3 big data cloud platform and processing of optical satellite image through the use of open access platform. The overall results are presented below.
Case study and methodology
Case studies
For the needs of the study, three UNESCO World Heritage sites, located in the area of the Eastern Mediterranean basin, were selected (Fig. 1). On the western part of the island of Cyprus, the "Paphos" World Heritage site was selected due to the dramatic urban expansion observed in the last decades in the area. Τhe "Ephesus" (Turkey) and the "Pythagoreion and Heraion of Samos" (Greece) were also selected due to a recent strong earthquake of a 6.7 magnitude scale earthquake, just north of the island of Samos (see red star at Fig. 1). The "Paphos" site is situated in the District of Paphos in western Cyprus. The enlisted monument includes the remains of ancient "Nea Paphos" and the so-called "Tombs of the Kings". Below some further details regarding the selected case studies are provided.[image: ../images/40494_2021_542_Fig1_HTML.png]
Fig. 1Selected UNESCO World Heritage properties in the area of the eastern Mediterranean basin. The red star indicates the epicentre of a recent 6.7 magnitude scale earthquake


The "Paphos" site, is situated in the District of Paphos in western Cyprus. The enlisted monument includes the remains of ancient "Nea Paphos" and the so-called "Tombs of the Kings". Archaeological excavations are still on-going in these areas in an attempt to better understand their role and function in the antiquity [30].
"Ephesus" comprises successive Hellenistic and Roman settlements. The Ancient City of Ephesus is an outstanding example of a Roman port city with a sea channel and harbour basin. Excavations at the area have revealed important findings of the Roman Imperial period, including the Library of Celsus and the Great Theatre, and a few remains of the famous Temple of Artemis, one of the "Seven Wonders of the World" [31].
The" Pythagoreion and Heraion of Samos" site was an important centre from the prehistoric era until almost the Middle Ages. The site is located on the northeast coast of the island of Samos, and it consists of the fortified city, known as Pythagoreion, and the ancient Temple of Hera (Heraion). The great Temple of Hera (Heraion) had its origins in the 8th century BC when it was the first Greek temple to be one hundred feet in length (Hecatompedos). A prominent feature of the site is the Eupalinus' tunnel dating from the 6th century BC. The tunnel runs more than 1km through the mountainside to bring water to the ancient city BC [32].
Methodology
Radar processing
The study exploits freely distributed and open-access satellite datasets provided by the European Copernicus programme [33]. Both radar and optical satellite images acquired from the Sentinel-1 and Sentinel-2 sensors can provide systematic datasets with almost global coverage. The radar Sentinel-A and 1B sensors offer a six-day repeat cycle, with a repeat frequency (ascending/descending) of 3 days at the equator and 1–3 days over Europe. These data are delivered to Copernicus services within an hour of acquisition [34]. Optical Sentinel-2A and 2B sensors are set into a sun-synchronous orbit, providing data with a swath width of 290km and a revisit time of 5 days at the equator and 2–3 days at mid-latitudes [35]. The radar Sentinel-1 datasets were obtained through the Alaska Satellite Facility (ASF) services [36], while the optical Sentinel-2 image was downloaded from the Copernicus Open Access Hub [37].
The radar images were explored to map changes that occurred after the strong earthquake, North of the island of Samos, and near to the UNESCO World Heritage areas of "Ephesus" (Turkey) and the "Pythagoreion and Heraion of Samos" (Greece). Radar Sentinel-1 images were processed through a big-data cloud platform, currently running in a beta version, operated by the NASA ASF services, the so-called Hybrid Pluggable Processing Pipeline (HyP3) [38]. HyP3 platform was initially used to estimate a change detection map using a pair of Radiometrically Terrain-Correct (RTC) Sentinel-1 data. The change detection map was estimated using the log difference for both VV and VH backscattering gamma 0 amplitude polarization of the RTC Sentinel-1 images, as well as using the coherence values. The log difference of the VV and the VH backscattering polarization was estimated using Eq. (1), while the degree of coherence was calculated upon Eq. (2), as shown below. The degree of coherence is defined as the normalized complex correlation coefficient of the complex backscatter intensities s1 and s2 [39].[image: $${\text{Change detection }} = {\text{ Log1}}0\left( {{\text{D2}}/{\text{D1}}} \right),$$]

 (1)



Where, D1 refers to the Sentinel-1 with an acquisition date (before the earthquake), and D2 refers to the Sentinel-1 image taken after the earthquake.
Coherence is estimated as the normalized complex correlation coefficient of the complex backscatter intensities S1 and S2 [39] and can be estimated using Eq. (2), where the * denotes the complex conjugate.[image: $$\gamma \, = |\langle {\text{S}}_{{2}} {\text{x S}}_{{1}} *\rangle /\surd (\langle {\text{S}}_{{1}} {\text{x S}}_{{1}} *\rangle \langle {\text{S}}_{{2}} {\text{x S}}_{{2}} *\rangle )|$$]

 (2)



Coherence values may range from 0 to 1. Pixels with coherence values close to 1 indicate areas with a high coherence between the pairs of images. In contrast, values close to 0 indicate areas that have changed between the pairs of the overpasses of the Sentinel-1 radar sensors.
Both techniques are applied under the assumption that any changes can be linked to this natural event in between the overpass of the two images (before and after the earthquake). A significant change of the gamma-0 amplitude and coherence values can therefore be used as a first signal to local authorities to monitor the cultural heritage sites, including the UNESCO World Heritage properties. Positive values of the backscattering polarization indicate an increase in radar backscatter from the first date to the second, while negative values indicate a decrease.
Following the change detection analysis, the InSAR analysis map was performed. The InSAR analysis of an ascending and a descending pair of Sentinel-1 images was carried out using the Gamma software from the HyP3 platform. The InSAR methodology follows the following steps (further details can be found in [38]): step-1: define the overlapping area of the Sentinel-1 images. Step-2: download the Digital Elevation Model (DEM) and fused it with a weighted averaging approach over the area of interest. Step-3: create a lookup table for SLC co-registration between the DEM and Sentinel-1 datasets. Then the data are filtered with adaptive data filtering (ADF). Step-4: create a differential interferogram using the DEM height along with the co-registration with the DEM. Step-5: removal of the flat earth phase. Step-6: remove the topographic phase. Step-7: refinement of the first image (before the event) with the master image (after the event). A check for convergence is performed using the azimuth offset as a limit (less than 0.02 pixels). Step-8: resampling of the slave to match the master image. Step-9: create the final interferogram. Step10: unwrapping the phase using the Minimum Cost Flow algorithm. The algorithm executes a global automatic optimization robust phase unwrapping taking into consideration disconnected areas of high coherence. Step-11: geocoding the results. The sub-products and the end-products developed through this processing chain of the InSAR analysis are also available for downloading by the end-user. The relative vertical displacement map was estimated using Eq. (3).[image: $${\text{Vertical displacement}}_{{({\text{mm}})}} = (\varphi_{{{\text{unwrapped}}}} \cdot \lambda \left( {_{{{\text{mm}}}} } \right))/{ 4}\pi \cdot {\text{cos}}\theta_{{{\text{incident}}}}$$]
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Optical processing
The optical Sentinel-2 image was used to map the land use properties over the archaeological site of "Paphos" in Cyprus. These results were then compared with the Corine Land Use Land Cover urban areas over the area as mapped in 2000. This comparison will illustrate the land-use changes, especially the urban sprawl's footprint for the last two decades over the area (i.e. 2000–2020).
The multispectral Sentinel-2 image was processed using the Random Forest (RF) classification algorithm [40]. The classification analysis was performed at the Sentinel Application Platform (SNAP) software [41], an open-source software, freely distributed to the scientific community.
Datasets
This section provides more details regarding the datasets used for the analysis presented in the following section. Regarding the change detection analysis using Eq. (1), a pair of Sentinel-1 images were used, as shown in Table 1. Two Sentinel-1B Interferometric Wide (IW) images with an acquisition date of 24th Oct. 2020 and 30th Oct. 2020 were analyzed for the change detection process. The images were taken from the same sensor (Sentinel-1B) and the same pass direction (ascending orbit) to minimize any noise.Table 1Sentinel-1 images used for the change detection analysis


	Name
	Characteristics
Prior to the event (reference—D1)
	Characteristics
After the event (secondary—D2)

	Date
	24th Oct. 2020
	30th Oct. 2020

	Time (UTC)
	16:06:25
	16:07:09

	Mode
	Interferometric Wide swath (IW)
	Interferometric Wide swath (IW)

	Satellite
	Sentinel-1B
	Sentinel-1B

	Absolute orbit number
	23957
	22790

	Pass direction
	ASCENDING
	ASCENDING

	Polarization
	VV + VH
	VV + VH

	Product type
	Ground range (GRD)
	Ground range (GRD)

	Path
	131
	131

	Frame
	119
	119




For the InSAR and the coherence analysis, another two pairs of Sentinel-1B images in descending and ascending orbits were used. For the first pair, the images were taken on 30th Oct. 2020 and 05th Nov. 2020 in a descending orbit (Table 2), while for the second pair, the radar images were taken on 24th Oct. 2020 and 30th Oct. 2020 in ascending orbit (Table 3).Table 2Sentinel-1 images used for the InSAR analysis (descending orbit)


	Name
	Characteristics
Prior to the event (reference—D1)
	Characteristics
After the event (secondary—D2)

	Date
	30th Oct. 2020
	05th Nov. 2020

	Time (UTC)
	04:14:39
	04:15:32

	Mode
	Interferometric Wide swath (IW)
	Interferometric Wide swath (IW)

	Satellite
	Sentinel-1B
	Sentinel-1A

	Absolute orbit number
	24037
	35108

	Pass direction
	DESCENDING
	DESCENDING

	Polarization
	VV + VH
	VV + VH

	Product type
	Single Look Complex (SLC)
	Single Look Complex (SLC)

	Path
	36
	36

	Frame
	464
	467



Table 3Sentinel-1 images used for the InSAR analysis (ascending orbit)


	Name
	Characteristics
Prior to the event (reference—D1)
	Characteristics
After the event (secondary—D2)

	Date
	24th Oct. 2020
	30th Oct. 2020

	Time (UTC)
	16:06:24
	16:07:08

	Mode
	Interferometric Wide swath (IW)
	Interferometric Wide swath (IW)

	Satellite
	Sentinel-1B
	Sentinel-1A

	Absolute orbit number
	23957
	35028

	Pass direction
	ASCENDING
	ASCENDING

	Polarization
	VV + VH
	VV + VH

	Product type
	Single Look Complex (SLC)
	Single Look Complex (SLC)

	Path
	131
	131

	Frame
	118
	119




In addition, a Sentinel-2 optical image was acquired over the Paphos district of Cyprus for mapping the urban fabric around the UNESCO World Heritage properties. The Sentinel-2 image was obtained from the Copernicus Sentinel Hub, accessed directly from the SNAP platform. The image was acquired in Level 2A, which is already geometric, radiometric, and atmospherically corrected, while the date of acquisition was 05th Oct. 2020. The classification results of this image were compared with the Corine Land Cover (CLC) 2000. The CLC is a European programme coordinated by the European Environment Agency (EEA), providing consistent and thematically detailed information on land cover and land cover changes across Europe. CLC products are based on the classification of satellite images by the national teams of the participating countrie—the EEA member and cooperating countries (EEA39). National CLC inventories are further integrated into a seamless land cover map of Europe. Further details can be found in [42].
Results
This section presents the overall results for all selected case studies after processing both radar and optical satellite data.
Radar processing
Change detection
Figure 2 presents the results from the change detection analysis using the log difference of the VV and the VH backscattering polarization (see Eq. 1) and the Sentinel-1 dataset of Table 1. Significant backscattering polarization changes are highlighted with red and blue colour, indicating negative and positive differences. Even though this type of analysis needs to be further investigated for correlating the damages resulting from the earthquake, it can be used as a damage and change detection proxy map for assisting local authorities [43]. Change detection analysis indicated negative differences in the west of the "Pythagoreion and Heraion of Samos" site and the North of "Ephesus".[image: ../images/40494_2021_542_Fig2_HTML.png]
Fig. 2Change detection maps as derived from the Sentinel-1 SAR images (Table 1) using the VH log difference and VV log difference. Earthquake's epicentre is shown with the red star, while the UNESCO World Heritage properties are shown with a yellow colour ("Pythagoreion and Heraion of Samos" of the left and "Ephesus" on the right)


A similar pattern as those of the change detection analysis is also observed in the coherence maps (see Fig. 3) for descending (Fig. 3a) and ascending (Fig. 3b) orbits. Low coherence values, close to zero, can be linked with changes over the area. Significant changes are observed in the north-western part of the island of Samos in both change detection analysis and the coherence maps.[image: ../images/40494_2021_542_Fig3_HTML.png]
Fig. 3Coherence maps as derived from the Sentinel-1 SAR images from the descending (Fig. 3a, Table 2) and the ascending (Fig. 3b, Table 3) orbits. Earthquake's epicentre is shown with the red star, while the UNESCO World Heritage properties are shown with a yellow colour ("Pythagoreion and Heraion of Samos" of the left and "Ephesus" on the right)


The previous result indicates that changes have been observed in the radar signal at both the "Pythagoreion and Heraion of Samos" and in the "Ephesus" archaeological site (Log10(D2/D1 < − 0.1). These changes should be primarily linked with surface displacements (deformation) of the site ("Pythagoreion and Heraion of Samos") due to the earthquake event. For this reason, an InSAR analysis was followed.
InSAR analysis
With InSAR analysis, various products can be generated, as these are presented below. These products should be taken into consideration with caution, as in any satellite remote sensing application, as these need to be verified with ground measurements. However, as in our case, these results can be used as a first proxy map of the impact of the earthquake for monitoring purposes of UNESCO World Heritage sites.
The first result generated from the InSAR processing is the wrapped interferogram. Wrapped interferogram indicates phase fringes corresponding to half the radar wavelength [44]. Figure 4 shows the deformation fringes related to the earthquake of 30th Oct. 2020, as derived from the Sentinel-1 SAR images in descending (Fig. 4a) and ascending (Fig. 4b), in mm. Each estimated fringe corresponds to a change in range of λ/2, where λ is the Sentinel-1 radar wavelength (estimated to 5.54 cm for the Sentinel-1 radar satellite). The closer the fringes are together, the higher the deformation on the ground. Though that the different viewing geometry of the ascending and descending orbits and the different period of observation, Fig. 4a, b results show some similarities, such as the ground movement of the north-western part of the island of Samos and the western part of Asia Minor just west of the island. The epicentre of the earthquake is shown in Fig. 4 with a red star.[image: ../images/40494_2021_542_Fig4_HTML.png]
Fig. 4Deformation fringes related to the earthquake of 30th Oct. 2020, as derived from the Sentinel-1 SAR images in descending (Fig. 4a, Table 2) and ascending (Fig. 4b, Table 3) orbits. Earthquake's epicenter is shown with the red star, while the UNESCO World Heritage properties are shown with a yellow colour ("Pythagoreion and Heraion of Samos" of the left and "Ephesus" on the right) (units:−π to + π, 0–28 mm)


The unwrapped interferogram as derived from the Sentinel-1 SAR images related to the earthquake of 30th Oct. 2020, in descending and ascending orbits, is shown in Fig. 5. The unwrapped interferogram is a continuous scale (of multiples of pi) of the wrapped 2-π scale (Fig. 4). This procedure was executed in the HyP3 cloud platform using the Minimum Cost Flow (MCF).[image: ../images/40494_2021_542_Fig5_HTML.png]
Fig. 5Unwrapped interferogram as derived from the Sentinel-1 SAR images related to the earthquake of 30th Oct. 2020, in descending (Fig. 5a, Table 2) and ascending (Fig. 5b, Table 3) orbits. Earthquake's epicenter is shown with the red star, while the UNESCO World Heritage properties are shown with a yellow colour ("Pythagoreion and Heraion of Samos" of the left and "Ephesus" on the right)


It should be mentioned that the unwrapped values, as shown in Fig. 5, corresponds to the change in the distance along the line of sight (LOS) of the sensor. Positive values indicate movement away from the sensor (subsidence), while negative values indicate movement towards the sensor (uplift). The uplift observed on the island of Samos has been interpreted by [45] because of co-seismic motion along a normal offshore fault. This fault runs through the E-W direction and dipping to the North.
The final product of the InSAR analysis is a relative vertical displacement map generated from both ascending and descending orbits, through the HyP3 platform. The results of the relative vertical displacement analysis are shown in Fig. 6. Once again, values greater than zero (0) indicate an uplift phenomenon, while value lower than zero (0) indicate subsidence. The north-western part of the island of Samos indicates a relative uplift phenomenon. These estimations of a general uplift of the island by 18–25 cm were also reported in the media [46].[image: ../images/40494_2021_542_Fig6_HTML.png]
Fig. 6Relative vertical displacement as derived from the Sentinel-1 SAR images from the descending (Fig. 6a, Table 2) and the ascending (Fig. 6b, Table 3) orbits. The earthquake's epicentre is shown with the red star. In contrast, the UNESCO World Heritage properties are shown with a yellow colour ("Pythagoreion and Heraion of Samos" of the left and "Ephesus" on the right)


The InSAR analysis indicates vertical displacement over the surface near the "Pythagoreion and Heraion of Samos" site, estimated at + 0.08 m uplift phenomenon. In comparison, for the area of "Ephesus" this was estimated to be at + 0.07 m. While these estimations for the uplift phenomenon are estimated on a relative basis, not absolute measurements through ground stations, the results indicate a similar trend for both case studies after the earthquake event.
Optical processing
Optical Sentinel-2 image was used in the case of the archaeological site of "Paphos" in Cyprus. The Sentinel-2 multispectral image, with an acquisition date of 05th Oct. 2020 was processed through a supervised classification to map urban areas in the vicinity of the protected site. The classification process was performed through the Sentinel Application Platform (SNAP), using the Random Forest (RF) classifier. Training areas were selected through visual interpretation of the multispectral image, using different pseudo colour composites. The accuracy was estimated to be more than 96%, while the precision was found to be more than 86% for all thematic classes used in training (i.e. urban, water, vegetation, and soil).
The classification results from the Sentinel-2 image are shown in Fig. 7e, while a closer look around the area of the "Nea Paphos" and the "Tombs of the Kings" (both enlisted under the "Paphos" UNESCO World Heritage property) is shown in Fig. 7f. Urban areas are indicated with a red colour. A visual interpretation of the result can be performed from a high-resolution optical image shown in Fig. 7a, b (images from ESRI ArcGIS). Fig. 7c, d show the classification result of the same areas as depicted from the CORINE Land Use Land Cover program of the 2000 survey. Once again, the urban areas are depicted with red colour.[image: ../images/40494_2021_542_Fig7_HTML.png]
Fig. 7a High-resolution satellite image over the UNESCO World Heritage site of "Paphos". b a closer look at the archaeological sites of "Nea Paphos" and the "Tombs of the Kings". c CORINE Land Use Land Cover dataset over the area from the 2000 campaign. Urban areas are shown with red colour. d a closer look at the CORINE dataset as before. e Classification results of the Sentinel-2 image taken in 2020. Urban areas are shown with red colour and f a closer look at the classification results of Fig. 7e as before


Comparing the CORINE 2020 dataset (Fig. 7c, d) with the classification analysis of 2020 (Fig. 7e, f), it is evident that urban areas have been expanded in the southern part of the archaeological site of "Nea Paphos" (black circle on Fig. 7f). Comparable observations can also be reported for the northern and eastern part of the "Tombs of the Kings" archaeological site (black dashed circle at Fig. 7f).
Discussion
The previous results indicate some of the potential benefits of earth observation sensors to support UNESCO World Heritage properties worldwide. The technological changes observed in the last decade in terms of the provision of higher resolution radar and optical datasets and the big-earth data cloud platform processing can increase the applicability of remotely sensed sensors to this domain.
As presented in the case studies of "Pythagoreion and Heraion of Samos" and "Ephesus", the radar-related products showcases that Copernicus Sentinel-1 images can provide in a few hours proxy maps for large areas in relation to land displacements after an earthquake event. The utilization of satellite-based monitoring assessment has apparent advantages, especially in areas that are limited to access. The use of space-borne sensors can be used to retrieve information on sites, especially in cases where this cannot be performed on the ground. As already mentioned by [47], this kind of analysis can provide details for monitoring sites over an extensive period and provide reliable results regarding the main factors that might endanger the cultural heritage site as a basis for future preservation measures. This information remains important as it can provide in a short period, especially after emergencies like earthquake events
The previous results have showcase the contribution of satellite sensors for detecting changes after specific events, hazards and other emergencies, like the earthquake event near the Samos island. The processing of satellite image in short time, with the use of big-data cloud platforms can provide outcomes to local stakeholders for studying the impact of the event. Furthermore, multitemporal changes that took place through an extensive period, as the example of the urban sprawl of almost 2 decades in the area of Paphos city, can also be studied through optical imageries. Therefore, satellite sensors and image processing can highlight changes and damages, corroborate some hypotheses or unveil otherwise unknown aspects related to the conservation of heritage sites.
The role of earth observation as a monitoring tool for archaeological sites is indicated in Fig. 8 below. White traditional methods for monitoring sites with archaeological interest are mainly focused on periodic observations and in situ campaigns, there might be a gap of observation when an emergency event like a hazard (e.g. earthquakes) is occurred. In contrary earth observation sensors can deliver systematic data, covering large areas and therefore provide accurate and in short-time information even after the event of an earthquake and other hazards.[image: ../images/40494_2021_542_Fig8_HTML.png]
Fig. 8A schematic approach for indicating traditional methods for monitoring archaeological sites through inside observations in periodic times (left). the role of elephant survey shun as a monitoring tool of archaeological sites (right). Emergency events like hazards (e.g. earthquakes) are shown with black dots


However, despite the high accuracy of the vertical displacement maps and the line-of-sight products, these measurements remain relative. Relative ground movements and displacements should be linked with ground data like Global Navigation Satellite Systems (GNSS) for validation purposes. Similar observation can also be reported for the optical processing of the Sentinel-2 image for mapping urban areas. These results need to be validated and confirm with ground investigations. However, the use of satellite-based products and reltive results are fundamental for understanding the context of the archaeological site, especially when this context is changing.
Conclusion
The geographical distribution of UNESCO World Heritage Sites around the globe highlights the importance of the development of a systematic observation tool, especially for monitoring purposes after a disastrous event, like a natural hazard.
The use of ready products like those of the CORINE datasets, the access to big-data earth observation platforms (like the HyP3), the fully and freely distributed policy of the Copernicus program (freely distributed Sentinel datasets and software platforms like the SNAP) were presented above. In this paper, freely distributed and open-access satellite sensors were used for selected UNESCO World Heritage site in the Eastern Mediterranean basin. Both radar and optical Copernicus Sentinel satellite data were processed and analyzed towards the better understanding of anthropogenic and natural hazards in the vicinity these UNESCO World Heritage sites. A recent earthquake event north of the island of Samos, as well as slowly driven changes from the urban expansion, have been presented as case studies.
The article summarized some of the benefits of the use of earth observation, also highlighting the changes that are currently taken place in the domain of the space sector. Indeed, the traditional way of remote sensing is expected to change in the near future. The use of big-data earth observation cloud platforms like HyP3 and the use of open access software like SNAP, showcase the technological shift towards the use of ready products and services. This change can only act for the benefit of the cultural heritage sector: more reliable data will be becoming accessible to end-users and stakeholders responsible for the protection of heritage sites, including UNESCO World Heritage properties.
This type of analysis and the results generated here need to take into consideration other ground (truth) data for validation purposes. Again, this information then should be seen an input layer of the context of a site towards its better protection and preservation.
The effort should be expanded not only to the optimization of the data and services but to how these space-based related technological changes can be fully exploited for the benefit of the cultural heritage sector, like the systematic monitoring of the sites. The challenge to this is expected to be not to the data processing per se, but rather to the development of sophisticated methodologies for the automation of the imaging process to be delivered ready products that can be used by local and national stakeholders.
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