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Abstract. This paper highlights the importance of using Remote Sensing and
GIS for assisting the seismic risk assessment for historical town centres in Cy-
prus. The selected case study is the Paphos town centre including the archaeo-
logical area of Nea Paphos. The authors present their proposed methodology for
inventory collection, which is based on the integrated use of aerial photos and
satellite imagery and the application of digitisation process. A 3D representa-
tion of the area using the heights of the buildings and the orthophotos was
produced in the ArcGIS software for a more realistic result. The information
produced in this pilot project will be used for the seismic risk assessment of the
case-study area.
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1 Introduction

The simulation of earthquake losses is the principal basis for the development and
implementation of a wide range of planning, zoning, and building ideas that should
provide cities with greater safety protection and lower economic losses in the event of
a future earthquake that might affect a city. A key and important question that arises
in the planning and development of an urban area is: “If earthquakes present a risk of
economic loss to area of a city, what are the characteristics and extent of the losses
that might occur?”. While seismic hazard studies of urban areas are increasingly more
common, it is not so common to apply hazard results to estimate future earthquake
losses. Without the estimation of the nature and extent of future losses, it is more
difficult to improve emergency relief measures, land use planning, and the seismic
provisions of building code in order to mitigate the effects of possible future earth-
quake losses.

Earthquake loss (risk) assessment consists of three elements: a) an inventory; b)
vulnerability relationships; and, c) an earthquake hazard model. Inventory is defined
as the geographical distribution and description of things at risk that are included in
the study. Vulnerability is defined as the relationships between the hazard assessment
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and the inventory that result in losses. Vulnerabilities may be developed for anything
at risk (buildings, lifelines, population, etc), although, in practice, vulnerability may
be an exceedingly difficult parameter to determine. The earthquake hazard model or
models used depends on the kind of risk simulation or assessment required.

One of the most difficult parts of such studies is the determination of the inventory.
This is both time consuming and expensive. A number of researchers have studied the
possibility of using satellite images [1 and 2] and synthetic aperture radar (SAR) [3
and 4] for the development of inventory of buildings as well as a tool for post-
earthquake reconnaissance. Mansouri et al [5] describe such a methodology for the
development of a seismic loss model for Tehran, while Chrysostomou et al. [6] for
Nicosia, Cyprus.

In this paper the historical town-centre of Paphos in Cyprus is used as a case-study
to show how remote sensing techniques can be used to obtain the inventory to be used
for the seismic risk assessment of historical centres.

2 Case Study

The historical town centre of Paphos was selected as the case study area for the seismic
risk assessment analysis. The historical town centre of Paphos, can be characterized as
of equal importance as it is the area that keeps the historical and cultural continuity of
the town from the ancient times till today. Paphos historical centre is located in the SW
area of Cyprus and it is very near to important archaeological sites (Tombs of the Kings
and Nea Paphos) which are listed as UNESCO World’s cultural heritage monuments.

Fig. 1. Historical centre of Paphos (NE) and the archaeological sites of Tombs of the Kings and
Nea Paphos (W) (background image Google Earth)

Some of the historical buildings of this area are the first Manor houses of Ktima
(dated in the early 20th century), Paphos Holy Bishopric (1910 building), Agios
Theodoros Metropolitan Church (built in 1896), Ethnographical Museum (build be-
tween the late 19th and early 20th century), Town Hall (built in 1955), the Municipal
Library (built during the 1940s) a.o.
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Fig. 3. The first Manor houses of Ktima (left) and the Town Hall of Paphos (right)

3 Methodology

For seismic risk assessment analysis, a detail data collection was carried out. This
includes cadastral maps, geological maps, earthquake hazard maps, aerial photo-
graphs and orthophotos over the area. Moreover a detail database was created in GIS
software (ArcGIS 9.3) where the attributes characteristics of each building were re-
corded. In situ observations were carried out in order to verify these characteristics
regarding the buildings (e.g. height of the building). The overall methodology applied
for this study is shown in Fig. 4.

Aerial photography (1963)
Orthophoto (2008)
Digitize process 5 GIS database
Geological and A *
earthquake hazard maps Risk assessment
analysis

In situ
observations

Fig. 4. Methodology applied
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4 Data Collection

4.1 Digitization of the Data

In order to observe the changes occurred in the case study area over the last 50 years,
nine aerial images (scale 1: 5000) were used dated back to 1963. All these aerial im-
ages were georeferenced using an affine polynomial transformation (Fig 5). The digi-
tized procedure was performed in the AutoCAD environment. Distortions due to
elevation and geolocation accuracy were considered not be important for the purpose
of the study, since the center is located in a flat area. However a more accurate cor-
rection of the aerial images is expected to be complete in the future creating an ortho-
photos mosaic using Digital Elevation Model and Ground Control Points (GCP).

Fig. 5. Georeference of the aerial images (left) and the digitized of the buildings (right)

The same area was digitized using recently obtained orthophotos images of 2008,
scale 1: 5000 (Fig. 6 left). The buildings were digitized in AutoCAD software (Fig. 6
right) giving special attention to the area of interest (Fig. 7).

Fig. 6. Orthophoto of the area (left) and digitization procedure of the buildings in the 2008
orthophoto (right)
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Fig. 7. Detail digitization procedure of the buildings in the area of interest

Soil types and geological zones were also recorded as it is indicated in Fig. 8. As it
was found, the case study area is located in terrace deposits formations while three
soil types cover the majority of the area. These are: a) the lithic and epipetric types
which cover the coastal area of Paphos (where the Nea Paphos archaeological site is
located) and the historical town centre of Paphos, b) the epipetric and leptic-chromic
soil type, which cover the southern area of Paphos and c) the calcaric-fluvic and vertic
type which are located in the historical town center.

Fig. 8. Geological zones (left) and soil zones (right) in the case study area (polygon)

4.2 GIS Database

Building heights were recorded in a GIS database (ArcGIS 9.3). The data were pro-
vided from the Department of Surveys and Cadastral of Cyprus. However in situ
observations were carried out in order to complete the entire case study and moreover
to verify the data and record any changes. Thematic maps were produced in order to
visualize this procedure (Fig. 9).
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Fig. 9. Buildings height of the area

A 3D representation of the area using the heights of the buildings and the ortho-
photos was made in the ArcScene software for a more realistic result. For this purpose
the orthophotos were draped over the DEM of the area (accuracy + 10m) (Fig. 10).

Fig. 10. 3D terrain of the area

The 3D buildings were also categorized according to their height for better inter-
pretation (Fig. 11). The overall area is shown in Fig. 12.

Fig. 11. 3D buildings in the ArcScene software
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Fig. 12. The overall area in 3D

5 Seismic Risk Assessment

Figs. 11 and 12 give a clear picture of the distribution of the height of the buildings in
the area under study. The height of the buildings is one of the main parameters used
for the determination of the seismic vulnerability of buildings. Once the location of
the various buildings are established in a GIS database, then additional information
regarding the buildings that is very useful for the accurate determination of the vul-
nerability of these structures, such as construction material, type of construction,
structural systems, age of the buildings etc., can be assigned. This will assist in the
designation of vulnerability relationships as well as site specific earthquake hazard to
each building and site. The presence of this information in a GIS database, will give
the opportunity for a graphical representation of the data that can be used both for
planning as well as earthquake response purposes, and it will be an invaluable tool for
the seismic risk assessment of the case-study area.

6 Conclusions

In this paper the methodology of using aerial photography combined with satellite
images and a GIS database for the development of the inventory that will be used for
the determination of the seismic risk of a case-study is presented. The combination of
the above technologies provides a tool that can be used for the accurate documenta-
tion of the required inventory in an economic way. The immense graphical capabili-
ties of the GIS database provide the means for continuous build-up of necessary
information along with accurate representation of this information, which is impera-
tive for seismic risk analysis. The same tool can be also used for post-earthquake
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planning and response. In future work, this tool will be further developed to include
the vulnerability and hazard parts that are necessary for the determination of the seis-
mic risk of the case-study area.
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