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On site observation is the most common way of monitoring cultural heritage sites
and monuments in Cyprus. However, this procedure that includes data collection,
periodical observations, and multivariate risk assessment analysis is difficult to
accomplish with the traditional practices and methods since it is time consuming
and expensive. Furthermore, many archaeological sites and monuments are
located at inaccessible areas, far away from the main road network and urban
areas. Satellite remote sensing and Geographical Information Systems (GIS) can
successfully confront this problem by providing the scientists with integrated
monitoring of the study areas and the unique advantage to store and manipulate
a large amount of spatial and attribute data simultaneously. Actually the
monitoring and identification of several natural and anthropogenic hazards in
the vicinity of the cultural heritage sites in Cyprus, seems to be one of the main
priorities of its governmental and municipal authorities. This study aims to
integrate both satellite remote sensing techniques and GIS in a multidisciplinary
approach, for monitoring anthropogenic and natural hazards with the use of
archived and up-to-date multitemporal remotely sensed images in the study area,
namely in areas nearby cultural heritage sites and monuments in Cyprus. In this
study anthropogenic hazards include urbanisation and extended land use changes
in the surroundings of archaeological sites and natural hazards concern seismicity
and sea erosion.

Keywords: monitoring; natural risk; anthropogenic risk; satellite images; cultural
heritage conservation; geographical information systems

1. Introduction

This paper aims to examine and evaluate the overall risk of cultural heritage (CH)
sites in Cyprus due to anthropogenic and natural hazards. Cyprus is an island in the
Eastern Mediterranean Sea that hosts numerous CH sites from the late antiquity
until recent times. The risk evaluation will be performed using GIS and Remote
Sensing techniques in order to highlight the benefit of such tools for monitoring CH
sites and their surroundings in a systematic way. Because of the strong spatio-
temporal component of natural hazards, maps can play a decisive role in
communicating risk information (Dranch et al 2010). The regional GIS-based
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modelling of environmental resources, and therefore ecosystems in general, requires
setting up an extensive geo and model database (Bareth 2009). The conservation of
cultural heritage is endangered by different environmental and human hazards such
as air pollution agents, sea erosion and uncontrolled urban activities. The tools used
for the management of the archaeological, environmental and spatial information
should be able to transform different heterogeneous data to manageable form as well
as to enhance the integration and assessment capabilities (Carlon ez al. 2002). Indeed
such tools can homogenous all such different hazards that includes among others
earthquakes, tsunamis, landslide and mudslide, tornados, floods, coastal storms and
erosions, droughts, wildfires, volcanic eruptions, urban fires, uncontrolled urban
expansion and so on.

Both GIS and remote sensing have been applied to a wide range of different
environmental projects (Rajitha et al 2007, Vafeidis et al. 2007). Moreover, the
ability of GIS to store, manipulate and combine multiple heterogeneous data sets
classifies them as an invaluable tool for archaeological research and risk assessment
analysis. Nowadays, archaeology has become an application field for satellite remote
sensing and during the last decades archaeological sites are detected through the use
of high resolution satellite images (Menze and Sherratt 2006). A number of different
satellite sensors have been employed in different archaeological projects spanning
from the identification of spectral signatures within archaeological sites to the
management of archacological sites and mapping of subsurface remains (Cooper
et al. 1991, Sarris et al. 1996, Liu et al. 2003, Rowlands and Sarris 2007). On the
other hand, very few studies are dealing with the application of a risk assessment
model to archaeological monuments. Canuti et al. (2000) addressed the issue of
geomorphologic hazard with regard to erosion, landslide and flood processes for the
historical sites in Italy while Indirli (2009) highlights the use of the GIS database in
order to record natural hazards and structural vulnerability for historical centres.
Additionally, Carlon et al. (2002) used both anthropogenic and natural factors to
create a risk assessment model concerning archaeological monuments in Venice. This
specific study aims to create a hierarchy of the risk areas for an optimum future
planning and management of archaeological sites. Thus, GIS and satellite remote
sensing will be used simultaneously in an integrated, innovative approach combining
the huge analysing capabilities of GIS spatial tools with the broad spectral potential
of remote sensing images.

2. Cultural heritage sites

In the south coast of Cyprus eight of the most important archaeological and CH
sites of the island are located. Through a GPS survey of the research team all the
sited were recorded in GIS environment (Figure 1). These sites are (from west to
east): New Paphos, Yeroskipou, Palaepaphos, Kourion, Medieval Castle of
Limassol, Amathous, Kalavasos and Kition (Figure 2). All of them are exposed to
open air and therefore could potentially be seriously affected by any kind of
anthropogenic and natural hazards. The selected sites have been established in
different historical periods beginning from the Bronze Age up to the medieval times
with well preserved and visible archaeological and architectural remains although the
construction material of each site varies significantly. However, all these sites are
situated along the coastline surrounded by almost the same physical environment.
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Figure 1. Cultural heritage sites mentioned in the text.

Their significant archaeological and historical value highlights the necessity of their
protection from risky environmental and anthropogenic hazards.

3. Methodology and data resources
3.1. Risk assessment

For risk assessment analysis, four main steps should be applied in order to evaluate
the hazard and classify the monuments according to their vulnerability. These steps
are:

3.1.1. Identification of the risk

For the purpose of the study, both natural and anthropogenic hazards have been
examined. Regarding natural hazards, seismicity, sea water erosion (distance from
the sea) and erosion potential (geology and inclination) risk have been evaluated as
the most common possible hazards with the highest availability of processing data.
Concerning anthropogenic hazard four different factors such as air pollution, urban
growth, vicinity to urban centres and proximity of roads to CH sites have been
thoroughly analysed (Figure 3). In addition some other hazards such as floods, fires
and landslides are considered to be as occasional phenomena for Cyprus that
threaten the under study archaeological sites but not with the frequency and the
repeatability of other parameters. These hazards were selected among all the possible
hazards since these were considered — for the first step — as the main hazards for CH
sites in Cyprus. Secondary hazards will be evaluated and analysed in the future by
the authors. Additionally, the specific study as a preliminary research for estimating
risk of archaeological sites in a fast and flexible way does not take into account the
possible vulnerability of the sites that could be inserted as parameter to the model by
building up a detailed digital database concerning building structural and
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Figure 2. Photos of the CH sites. Data source: http://www.mcw.gov.cy.

architectonic characteristics. The case study area was set at the south coastal plains
of Cyprus where the main archaeological sites are located. Again more CH site will
be plotted and examined in the near future by the authors in order to provide a
useful tool and methodological framework to the local authorities.

3.1.2. Profile hazards

After the study region has been selected and the potential hazards to be examined
have been defined, the next step is the creation of a spatial ‘hazard’ database. Indeed
the authors, by using auxiliary data provided from the Geological Department of
Cyprus and the Department of Cadastral of Cyprus, created an integrated geo-
database in GIS environment. The data were geo-referenced in a common geodetic
system (WGS ’84, 36N) using standard techniques (control points from digital
maps). Moreover, concerning air pollution risk assessment and urban expansion,
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Figure 3. Risk parameters analysed in this paper.

satellite imagery data were acquired. Specifically, satellite imagery of medium
resolution from Landsat sensor was used. Regarding urban growth, Corine Land
Cover dataset and GlobCover data were used.

3.1.3. Risk analysis

After the identification of the risks, all the necessary data were collected in order to be
analysed with the use of spatial tools in GIS environment. Inventory data tables and
maps were used. The data included topographic and geological maps, satellite images,
digital elevation models and air pollution measurements.

Evaluation of the risk: the final step involved an overall in-depth evaluation of all the
risks regarding the selected archaeological sites and monuments. The risk assessment
outputs are in the form of tables and certain mitigation options are suggested by the
authors.

4. Analysis
4.1. Seismic Risk of the CH Sites

The complex tectonic regime of the eastern Mediterranean area is well recognised in
numerous research papers. The Cyprean arc is considered to be the presently active
plate boundary and accommodates the convergence between the African plate to the
south and the Anatolian plate to the north (Papadimitriou and Karakostas 2006). The
earthquake magnitudes can reach M = 7.0, according to historical data (Figure 4).
Moreover, it is well known that historical important sites of the island have been
destroyed or severely damaged from earthquakes in the past (Galanopoulos and
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Figure 4. Distribution of earthquakes in Cyprus from the antiquity (2150 B.C.) until 1995.
Data Source: Geological Survey Department of Cyprus 1995.

Delibasis 1965, Ambraseys and Adams 1993, Papazachos and Papaioannou 1999).
Indeed several earthquakes led to the destruction of Salamis (east coast) at the
beginning of the fourth century A.D. while Paphos (west coast) still suffers from
earthquakes (Demosthenous et al. 1999).

Although seismic analysis has been widely applied in buildings (Chrysostomou
et al. 2010) or even dams (Dai ez al. 2005) all over the world, it is quite rare to find a
seismic risk analysis for CH sites (e.g. Bani-Hani and Barakat 2006 for the historical
site of Petra in Jordan, Hemeda and Pitilakis (2010) for the Serapeum temple and the
ancient annex daughter library in Alexandria, Egypt). This can be explained since
CH sites are difficult to model and therefore difficult to examine in a seismic risk
assessment. However, the study of possible causes of earthquake damage can assist
the protection techniques from future earthquakes (Berilgen 2007).

Appropriate protection measurements from the local authorities can be carried
out if the danger of an earthquake is considered to be substantial. Such
measurements may include repairs or even strengthening of the historical monu-
ments. Therefore, it is important that the required preservation, conservation and
restoration actions of historical monuments are based on detailed studies of several
different factors including seismic hazard (Bani-Hani and Barakat 2006).

In order to evaluate the potential danger that the monuments are exposed to due
to earthquakes, seismic hazard maps were used (data source: Cyprus Geological
Survey). As it is shown in Figure 5, the most prone area of Cyprus is the coastal zone
that extends from Paphos to Limassol, Larnaca and Famagusta (west to east coastal
areas of Cyprus). All the archaeological sites mentioned in the specific study are
located in these seismogenic areas of the island. Starting from the available
information on the Earth’s structure, seismic sources, and the level of seismicity of
the investigated area, it is possible to estimate peak ground acceleration (PGA) or
any other parameter relevant to seismic engineering, which can be extracted from the
computed theoretical signals. This procedure offers the alternative for a realistic
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Figure 5. Map showing the seismic hazard for Cyprus. PGA values for the island of Cyprus
(percentage of average gravity of earth). Data source: Cyprus Geological Survey.

estimation of the seismic hazard in those areas for which scarce (or no) historical or
instrumental information is available and to perform the relevant parametric
analyses (Panza et al. 2001). Concerning the concept of the return period this is of
little value because all these archaeological sites should be handed down to next
generations as intact as possible. The peak ground acceleration (PGA) values for
Cyprus range from 0.16g to 0.42g (1 g =9.81 m s > — average gravity of earth)
(Figure 5). Earthquake energy is dispersed in waves from the epicentre, causing
ground movement horizontally (in two directions) and vertically. PGA records the
acceleration (rate of change of speed) of these kinds of movements. The values of
PGA vary depending on different factors such as the length of the relative fault, the
magnitude of earthquake and the geology of the study area (Figure 5).

According to Kyriakides (2007) PGA values have been recorded for the areas in
the vicinity of the under study archaeological sites. Specifically, PGA values were
estimated for a number of 15 major seismic events (magnitude >4 M;) in Cyprus
during a time period of 100 years (1897-1997) with the contribution of a dense
recording network (Table 1).

The statistics revealed that in the broader area of Limassol (Limassol Castle,
Kourion, Amathous) the mean value of PGA (as recorded from the stations of
Limassol, Limassol Water Refinery and Yermasoyia Dam) was 0.25g. Concerning
Kition and Kalavasos archaeological sites (Kalavasos Station) the mean value was
0.21 g, for archaeological sites in the area of Paphos (Yeroskipou, Paphos) the mean
value was 0.25 with a peak of 0.43 and for Palaepahos (Pissouri Station) the mean
value was 0.19g. For safety reasons against earthquakes, values of 0.2¢g to 0.3 g
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Table 1. List of 15 major seismic events in Cyprus.

Earthquake No. Date Longtitude Latitude M,
1 9/10/1996 32.12 34.41 5.74
2 13/1/1997 32.37 34.27 5.25
3 25/9/1999 32.3 34.49 4.69
4 11/8/1999 33.03 34.75 5.6
5 12/8/1999 33 34.79 4.13
6 13/8/1999 32.98 34.81 4.55
7 17/8/1999 33.02 34.79 441
8 23/8/1999 33.01 34.78 3.99
9 26/8/1999 32.99 34.83 4.27

10 23/4/2000 33.29 34.67 3.99

11 16/12/2000 33.32 34.27 4.27

12 1/9/2001 33.75 34.87 4.13

13 10/11/2001 32.51 34.94 4.2

14 25/4/2001 32.72 35.16 3.99

15 20/6/2002 33.16 34.75 4.06

(approximately) are taken into consideration for new building constructions in
Cyprus.

4.2. Sea water erosion of the CH Sites

The CH sites located nearby the coastline may be threatened by shoreline erosion,
sea wave storms, tsunamis, sea level rise and salt-decay (Alexakis and Sarris 2010,
Robinson ez al. 2010). For this purpose, buffer zones indicating the proximity of CH
sites to the coastline were drawn in GIS environment (Figure 6). The distance of CH
sites from the coastline was categorised into five different classes: < 500m, 500—1000 m,
1000-2500 m, 2500-5000 m and >5000m (Table 2).

A thorough look at the exported results, led us to the conclusion that the
majority of CH sites (four) are within a distance of less than 500m from the
coastline. Additionally, three CH sites (Kition, Palaepaphos and Kalavasos) are
established in a zone of 1000-2500 m away from coastline and only Yeroskipou site is
established in an area 2500m away from the coastline. Regarding these data,
preliminary draft researches from the Public Works Department of Cyprus
highlighted the rate of sea erosion for every case study. Specifically, the erosion of
coastline during the last decade was estimated as Im for Paphos (Paphos,
Yeroskipou), 10m for Kouklia (Palaepaphos), 1 m for Kourion (Kourion, Limassol
Castle), 3m for Kalavasos and 1 m for Kition. In addition the elevation profiles of all
the archacological sites from the coast denote that the rate of the present sea erosion
does not threaten the archaeological heritage for the moment but they highlight its
potential to the future (Figure 7).

Concerning tsunami mitigation, preparedness and early warning initiatives have
begun at the global scale only after the tragic event of Sumatra in 2004 (Nurcan et al.
2011) and it is not in the goals of this paper. However the drawing of buffer zones
from the coastline of the island is a measure of precaution against natural hazards
such as tsunamis.
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Figure 6. Distance of Cultural Heritage Sites from the sea.

4.3. Erosion

The phenomenon of erosion should never be ignored because of its importance in
affecting landscape sustainability (Jiao et al. 2008, Wilson et al. 2008). Searching any
possible erosion processes at the areas where the sites are established, two different
factors were considered: the geological regime and the inclination of the relief. Using
a 20 m pixel size Digital Elevation Model constructed in the GIS environment with
the use of air photos stereo pairs (data provided from the Department of Land and
Surveys, Cyprus), the slope map of the island of Cyprus was created in GIS
environment (Figure 8). All the sites are located at almost plain areas (lower than 5°)
besides Kourion and Palaepaphos sites which are located on approximately 7° slope
areas. Additionally, associating, in GIS environment, the inclinations with the
geologic regime of the sites (mainly alluvium deposits and limestones) the possibility

Table 2. Distance of CH sites from the coastline.

Distance from the Distance from the
CH site coastline (m) CH site coastline (m)
Paphos <500 Medieval Castle of <500
Limassol
Yeroskipou 2500-5000 Amathous <500
Palaepaphos 1000-2500 Kalavasos 1000-2500

Kourion <500 Kition 10002500
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Figure 7. Elevation profiles of the archaeological sites from the nearest coastline.

of erosion phenomena at the areas of CH sites was minimised. (A final geological
map of Cyprus was created by using the digital map of Geological Survey
Department of Cyprus and unifying the formations to a final number of 45
according to their petrologic characteristics — Figure 8.) The majority of the sites are
established at alluvium deposits (Medieval Castle, Kourion), carbonate sandstones
(Kalavassos, Paphos, Yeroskipou, Kition) and biogenic limestones (Paleapahos,

Amathus).
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4.4. Urban Expansion

Archaeological sites nearby the cities or villages are being threatened due to future
urban expansion. Urban expansion (e.g. new roads, buildings) has become a daily
phenomenon in some parts of the island. Local authorities, responsible for the
protection of cultural heritage are commonly called to excavate and study
archaeological remains brought to the surface from such kinds of activities. This
phenomenon has generally negative economical impacts and leads to significant
delays of the time schedule of many constructive projects.

The rapid urban expansion all over the island has been indicated from
Hadjimitsis er al. (2005, 2009) and Agapiou et al. (2010). Using archive satellite
images (CORONA) and multispectral Landsat and QuickBird images the surround-
ing areas in numerous CH sites were found to have suffered remarkable land use
change (Figure 9). Moreover, by applying the change detection techniques in satellite
remote sensing software ERDAS Imagine, it was proved that, in the surroundings of
the archaeological site of Paphos, a 20% differentiation in the land use has occurred.

In order to model the future urban expansion, the CORINE Land Cover (CLC)
database was used to map different human activity areas. The CLC data set provides
a high-resolution description of land use patterns, making use of 44 different land
cover classes (Janssen er al. 2008). All the villages and cities were mapped in GIS
environment and a buffer zone of 1500m was created around the towns.

Figure 9. (a) Amathous archaeological site in 1963 CORONA image and 2010 Google Earth.
(b) Amathous archaeological site in 2010 Google Earth image. (c) Palaepaphos archaeological
site in 1963 CORONA image. (d) Palaepaphos archaeological site in 2004 QuickBird image.
(Image © Digital Globe, © 2011 Europa Technologies, © 2011 Google Earth).
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Additionally, a buffer zone of 500 m was created around the villages so as to proceed
to a final extensive urban expansion analysis (Figure 10 and Table 3).

The results indicated that 50% of the selected archaeological sites are established
within urban areas and the rest are in close vicinity with them. In order to be
compared, urban changes over the last decade were recorded using the CLC and the
GlobCover data of 2009 (Figure 10c, d). As it was extracted from the direct
comparison of these two datasets, a medium increase of urban area cover has been
recorded during the last decade as it is indicated in Table 4. Specifically, the urban
sprawl of Limassol, Larnaka and Paphos for the period of 2002-2009 rises to
medium expansion rate between 2—6 km?. This fact is excused due to the vast urban
construction projects that took place all over the island during the period of the late
1980s and 1990s.

4.5. Proximity of CH sites to the roads

Proximity of CH sites to the local road network was another anthropogenic hazard
taken into account in this paper. Air pollution nearby highways or town centres very
often exceeds the regular limits and therefore can slowly deteriorate the building
elements of the monuments. Moreover, accessibility of an archaeological area by the
existing road network can promote future urban expansion with negative con-
sequences to the preservation of CH sites. The major road network of Cyprus was
created in digital format in GIS environment through the extensive digitisation of
topographic maps (Figure 11a). At a next step, buffer zones of 500 m and 1000 m
were created around the road network, in order to examine the proximity of CH sites
to the network (Figure 11b, ¢). Moreover, the road network was classified into four
categories according to its traffic vibration as follows: highway network, main road
network, secondary road network and rural road network (Figure 11d). Class 1
corresponds to the highway network of the island where the high capacity of vehicle
is observed. Similarly class 2 is for main road network, class 3 for secondary
road network and class 4 for rural road network. A value of one was assigned to the
areas (zones) of more than 500 m away from the road network and a value of zero
was assigned to the areas (zones) within a distance of 500 m from the road network
(Table 5).

The final results proved that all the CH sites are within a distance of 500 m from
the main road network revealing that the sites are exposed to danger. Regarding the
classification of the road network, the vast majority of the sites is in the vicinity of
main road network and only Amathous and Kalavassos sites are located nearby to
the highway road network of the island.

4.6. Air pollution and CH sites

Cultural heritage sites are under constant threat from air pollution (Brimblecomble
1991, Kucera and Fitz 1995, Metallo et al. 1995). Air quality monitoring stations
have been established in different areas and provide means for alert. The measuring
stations are scarcely distributed and they do not provide sufficient tools for mapping
air pollution since air quality is highly variable. However, earth observations made by
satellite sensors are certainly a valuable tool for assessing and mapping atmospheric
pollution due to their major benefit of providing complete and synoptic views of
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Table 3. Distance of CH sites from urban areas.

Minimum distance from Minimum distance from
CH site urban areas (m) CH site urban areas (m)
Paphos Inside urban areas Medieval Castle of Inside urban areas
Limassol
Yeroskipou Inside urban areas Amathous <500 m
Palaepaphos <500 m Kalavasos <1500 m
Kourion <500 m Kition Inside urban areas

large areas in one snap-shot. The use of earth observation to assess and map the air
pollution in different geographical areas and especially in cities, has received
considerable attention from researchers who developed a variety of techniques (for
example, Kaufman ez al. 1990, Wald ez al. 1999, Hadjimitsis et al. 2002). The key
parameter for assessing atmospheric pollution in photochemical air pollution studies
is the aerosol optical thickness (Kaufman ez al 1990) that is retrieved through the
atmospheric path radiance component, which is also the most important unknown
parameter of every atmospheric correction algorithm for solving the radiative
transfer (RT) equation and removing atmospheric effects from satellite remotely
sensed images. Recently, Themistocleous ef al. (2010) used the revised darkest pixel
method for assessing the air pollution in the areas located in the vicinity of cultural
heritage sites in Cyprus. The determination of the aerosol optical thickness is found
from the atmospheric path radiance component using standard calibration targets
defined on the image, preferably dark targets. Based on previous studies on relating
atmospheric path radiance and the aerosol optical thickness (Hadjimitsis and
Clayton 2004, Hadjimitsis 2008, 2009), the authors use the atmospheric path
radiance component as a tool for assessing the atmospheric conditions.

In order to analyse air pollution impact to the archaeological sites of Cyprus,
atmospheric path radiance (Lp) and aerosol optical thickness (AOT) was determined
for the cloud-free Landsat image (Figure 12) acquired on 23 August 2009 (Table 5).
Path radiance is an indicator of air pollution in the area. The determination of
atmospheric path radiance (and AOT) was carried out using the darkest pixel
atmospheric correction method that has been found to be an effective method for the
visible bands as shown by Hadjimitsis and Clayton (2009). Using the method
described by Hadjimitsis (2009) the image was divided in grid cells as it is indicated in
Figure 12 (10 x 10 Km) and the Lp for each grid was calculated.

Concerning Lp, values of Lp <47 correspond to AOT = 0.13 for not very hazy
atmospheres, values of Lp =47-60 correspond to moderate AOT = 0.3-0.5, while
values of Lp > 60-75 correspond to AOT > 0.5 that is considered as the starting
point of air pollution events. These values are considered to be empirical derived

Table 4. Urban expansion of Cyprus urban areas during the period of 2002—-2009.

Cities Urban cover (km?) — 2002 Urban cover (km?) — 2009
Larnaka 5491 60.44
Paphos 44.94 46.04

Limassol 41.36 45.48
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Figure 11. (a) Major road network of Cyprus. (b, ¢) Proximity of CH sites to road network.
(d) Classification of road network.
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Table 5. Distance of CH sites from the major road network. In brackets the class of the road
network is indicated.

Distance of CH from road Distance of CH from road
network (0 = < 500 m; network (0 = < 500 m;
CH site 1 > 500 m) CH site 1 > 500 m)
Paphos 0(2) Medieval Castle 02
of Limassol
Yeroskipou 02 Amathous 0(1)
Palaepaphos 02 Kalavasos 0(1)
Kourion 0() Kition 0()

from previous studies where they have already been applied (Hadjimitsis and Clayton
2004).

For retrieving the aerosol optical thickness from the darkest pixel approach, the
authors used the algorithm suggested by Hadjimitsis and Clayton (2009) and the
final results related with the Lp are presented in Table 6.

5. Overall risk assessment

In order to proceed to overall risk and vulnerability assessment of the archaeological
sites in Cyprus due to anthropogenic and natural impact, a risk index was attributed
to each different factor (urban activity, minimum distance of urban activity in the
vicinity of an archaeological site, seismic PGA and air pollution impact). Although
only seismic PGA can have an instant impact on the archaeological sites, however,

Figure 12. Division of Landsat TM in grid cells.
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Table 6. AOT measurements from satellite image (Landsat TM, 23 August 2009) for CH sites.

No. Site Atmospheric path radiance
Landsat TM, 2009/23/08

1 Paphos 43

2 Yeroskipou 43

3 Palaepaphos 51

4 Kourion 36

5 Medieval Castle 44

6 Amathous 45

7 Kalavassos 40

8 Kition 42

the impacts of urban activity, urban vicinity and air pollution can be far less severe
but yet equally serious. Specifically, concerning urban development, it is now
controlled in Cyprus through local plans and area schemes published under the
provisions of the planning legislation. However, planning in areas of the island that
are not covered by local plans is exercised through the Policy Statement for the
Countryside, which is accompanied by detailed designated land use and building
density zones. Both of these plans should have the ability to monitor and
immediately address spatial development issues.

The risk index was specified by the authors according to certain methodology:
For each participating parameter, a value of zero was assigned in GIS environment to
areas of low risk zones, a value of one was assigned to areas of moderate risk zones
and finally a value of two was assigned to high risk areas. Regarding the five different
factors:

5.1. Seismic PGA

According to historical data source (Cyprus Geological Survey) the peak ground
acceleration (PGA) values for Cyprus range generally from 0.16g to 0.42¢g
(1 g=9.81 m s ?) and values between 0.2 g and 0.3 g are attributed for safety
reasons against earthquakes to any new infrastructures in Cyprus. For the aims of
this study the three following categories were determined:

e Low risk (factor = 0) for PGA values less than 0.2 g
e Moderate risk (factor = 1) for PGA values from 0.2g to 0.3 g
e High risk (factor = 2) for PGA values over than 0.3 g

5.2. Sea erosion

CH sites nearby coastline are exposed daily to many threats including sea salt
erosion. Salt is considered as a principal agent of decay in porous building and
decorative materials. Indeed salt-decay can be identified either as efflorescence (salt
growth on the surface of materials) or cryptoflorescence. The distance from the
coastline is a key parameter for this threat. For this purpose the following distances
were defined according to the risk of the CH sites:
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e Low risk (factor = 0) for distance from the sea more than 2500 m
e Moderate risk (factor = 1) for distance from the sea from 500 to 2500 m
e High risk (factor = 2) for distance from the sea less than 500 m

5.3. Urban expansion

The cover area expansion of major urban centres of the island and how this socio-
economic phenomenon affects the preservation of CH sites was recorded and
classified as follows:

e Low risk (factor = 0) urban expansion between 0 and 2 km?
e Moderate risk (factor = 1) urban expansion between 3 and 10 km?
e High risk (factor = 2) urban expansion of more than 10 km?

5.4. Distance from urban centres

The policy of Department of Antiquities and Department of Town Planning and
Housing of Cyprus is authorised to protect by law the construction of parcels around
the archaeological sites. This fact has inevitably caused serious problems to a holistic
approach regarding urban activity near archaeological sites. For the aims of the
study, the following categories were determined:

e Low risk (factor = 0) for distance from urban areas more than 1500 m

e Moderate risk (factor = 1) for distance from urban areas more than 500 and
less than 1500 m

e High risk (factor = 2) for distance from urban areas less than 500 m

5.5. Proximity to road network

Distance of the CH sites from the current road network of the island was examined in
this study. At the same time the road network was classified according to its traffic
vibration. The final results were classified to the following classes:

e Low risk (factor =0) for a distance of more than 1000m from the road
network

e Moderate risk (factor = 1) for a distance of less than 500m from the road
network and vicinity to major road network

e High risk (factor = 2) for a distance of less than 500 m from the road network
and vicinity to highway road network

5.6. Air pollution (Lp values) impact

According to the relevant literature (Hadjimitsis and Clayton, 2009) values of
Lp <47 correspond to AOT =0.13 for not extremely hazy atmospheres, values of
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Lp =47-60 correspond to moderate values of AOT ranging from 0.3 to 0.5, while
values of Lp > 60-75 correspond to AOT values greater than 0.5. Therefore, the
impact of air pollution was categorised as follows:

e Low risk (factor =0) for Lp values of less than 47
e Moderate risk (factor = 1) for Lp values from 47 to 60
e High risk (factor =2) for Lp values over than 60

5.7. Erosion

Although the geological formations where the sites are established are considered to
be vulnerable to erosion phenomena, the low inclination (except Kourion and
Palaepaphos) values minimise this possibility. Therefore the impact of erosion will be
categorised as follows:

e Low risk (factor = 0) for slope values of less than 5°
e Moderate risk (factor = 1) for slope values from 5 to 10°
e High risk (factor = 2) for slope values over than 10°

The researchers used the AHP (analytic hierarchy process) in order to compare the
different factors and their relative importance. The AHP is a flexible way of
analysing complicated problems. It is a multicriteria objective decision-making
approach that initiates the user to arrive at a scale of preferences drawn from a set of
alternatives (Yalcin er al 2011). According to the specific methodology, the final
weight of significance for each factor can be defined using the eigen-vectors of a
square reciprocal matrix of pairwise comparisons between the different factors.
Moreover a certain grade is assigned to all the different pairs from 1 to 9 when the
factor is ‘not important at all’ to 9 where the factor is ‘extremely important.” Finally
a total value of the sum weights of all rows is estimated and the final division of this
value with the sums of each factor provides the final normalised weight of each
individual factor (Table 7).

Finally, according to the above categories, the statistical results of the risk
assessment analysis (Table 8) were calculated. Examining the final results, Kourion,
Limassol Medieval Castle and Amathous archacological sites appear to have the
most hazard potential taking into account both anthropogenic and natural factors.
Considering the factors separately (anthropogenic and natural) once again the same
sites seem to be the most prone to all encountered kinds of risk.

6. Conclusions

The beneficial integrated use of satellite remote sensing with GIS has been
demonstrated in this study for exploring the natural and anthropogenic hazard
risk of the most significant cultural heritage sites in Cyprus.

Concerning the seismic risk assessment, the peak ground acceleration values
indicated that all the monuments are located within the spatial limits of the most
seismic prone areas in Cyprus. Additionally, regarding sea erosion, the study proved
that 50% of the sites are within a distance of only 500 m away from the coastline
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Table 7. Application of AHP methodology.

Environmental Seismic Sea Urban Distance from Proximity to  Air pollution Normalised
Factors PGA erosion  expansion urban centres road network impact Erosion Total sum weights

1 Seismic PGA 1 3 5 5 3 3 3 23 0.321

2 Sea erosion 1/3 1 3 5 7 1/3 1/7 16.74 0.2339

3 Urban expansion 1/5 1/3 1 1/3 5 /5 1/3 7.39 0.1032

4 Vicinity to urban 1/5 1/5 3 1 1/3 1/5 1/3 2.47 0.0345
centres

5 Proximity to road 1/7 1/7 1/3 1/3 1 1/5 1/5 2.288 0.031
network

6 Air pollution 1/3 3 5 5 5 1 1/3 19.66 0.2747
impact

7 Erosion 1/3 7 3 3 5 3 1 22.33 0.31
Sum 71.548
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Table 8. Final statistic results of the risk assessment analysis.

Urban Distance from
Seismic PGA  Sea erosion Expansion urban centres  Proximity to road  Air pollution Erosion
Archaeological Weight Weight Weight Factor: ~ Weight Factor:  network Weight  impact Weight Weight
No. site Factor: 0.321 Factor: 0.2339 0.1032 0.0345 Factor: 0.031 Factor: 0.2747 Factor: 0.31 SUM
1 Paphos 2%0.321 2%0.2339 0*0.1032 2%0.0345 1*0.031 2%0.2747 0*0.31 1.7952
2 Yeroskipou 2*%0.321 0*0.2339 0*0.1032 2%0.0345 1*0.031 2%0.2747 0*0.31 1.7952
3 Palaepaphos 2%0.321 1*0.2339 0*0.1032 2%0.0345 1*0.031 1*0.2747 1*0.31 1.5606
4  Kourion 2%0.321 2%0.2339 1*0.1032 2%0.0345 1*0.031 2%0.2747 1*0.31 2.1724
5 Medieval 2%0.321 2*%0.2339 1*0.1032 2%0.0345 1*0.031 2%0.2747 0*0.31 1.8624
Castle
6  Amathous 2%0.321 2%0.2339 1*0.1032 2%0.0345 2*0.031 2%0.2747 0*0.31 1.8934
7 Kalavasos 2*%0.321 1*0.2339 1*0.1032 2%0.0345 2*%0.031 2*%0.2747 0*0.31 1.6595
8  Kition 2%0.321 1*0.2339 1*0.1032 2*0.0345 1*0.031 2%0.2747 0*0.31 1.6285
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making them vulnerable to related coastal hazards such as sea water erosion. The
creation of buffer zones in GIS environment around CH sites explored the significant
problem of extensive urbanisation in the vicinity of cultural heritage sites. Almost
50% of the CH sites are under severe urban pressure and 37.5% of the sites are within
a radius of 500 m from the urban centres. Unfortunately, all the sites are in a distance
of less than 500 m away from primary national road network, which does not protect
them from irretrievable deterioration of their construction materials due to air
pollution. The synoptic coverage of all the CH sites using a Landsat TM image
permitted the retrieval of aerosol optical thickness in the broader area of all the
archacological sites and can assist the local authorities to the systematic monitoring
of air pollution. Finally, the overall examination of the results proved that four of the
most invaluable archaeological monuments in Cyprus are under substantial natural
and anthropogenic pressure.

Contemporary technological means such as GIS and satellite remote sensing
proved to be really efficient to the detailed mapping of the regime of CH sites in the
island of Cyprus. This specific study revealed the different kind of natural and
anthropogenic hazards that threaten the preservation of valuable CH sites. In
addition it highlighted the urgent need for the construction of new local plans and an
update of planning legislation in order to achieve the future goal of sustainable
management of cultural heritage monuments. This task will include the control of
urban expansion in the vicinity of the archaeological sites (including the control of
air pollution and road network) and, of course, the designation of sophisticated
plans for protecting the sites from any possible erosion and seismic events.
Concerning estimation of losses from a possible destruction of standing architecture
these are mainly dependent from the cover area of the site and mainly from its
cultural asset either for the whole humanity or for the local society. Moreover, this
study provides the authorities with the basic knowledge that can help them to specify
the actions they need to take for the protection of national heritage from natural
phenomena and anthropogenic impacts. The article should underline that this is a
preliminary analysis, in order to identify the most prone sites. A deeper analysis
should be done for each site in the future.
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