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Abstract

In this study, a multi-hazard risk analysis at the neighborhood scale was conducted for the historic
Ferhatpasa Mosque located in Catalca, Istanbul. Within the scope of the research, eight different
parameters were evaluated: slope, elevation, aspect, precipitation, distance to fault lines, hydrological
structure, land use, and soil capability. As a result of the modeling process, which was based on
Geographic Information Systems (GIS)-based Weighted Overlay analysis and shaped through
interdisciplinary expert opinions, 71.99% of the study area was classified as medium risk, 28% as low
risk, and 0.02% as high risk. The mosque, as a cultural heritage asset, was found to be located within
the medium-risk zone. These concrete findings provide technical guidance that can directly inform
the cultural heritage conservation and strategic risk mitigation planning efforts of both local and
central authorities.

Keywords: cultural heritage; disaster risk; disaster resilient planning; risk management; GIS

1. Introduction

1.1. Cultural Heritage Management and the Multi-Hazard Approach

The Cultural heritage is increasingly exposed to complex and interconnected risks arising from
natural, technological, environmental, and human-induced hazards. In this context, the identification
of threats that may lead to the deterioration, damage, or loss of heritage assets requires a clear
understanding of the fundamental concepts of disaster risk management, including hazard,
vulnerability, risk analysis, and risk assessment [1]. These concepts are particularly important for
heritage studies, as cultural assets are not only physical structures but also carriers of collective
memory, identity, and historical continuity.

A hazard refers to a phenomenon or process with the potential to cause damage to a cultural
asset or disrupt its functioning. Such hazards may include natural events, such as earthquakes, floods,
and storms, as well as human-induced events, including armed conflict, uncontrolled urbanization,
or inappropriate interventions [2]. According to UNISDR [3], hazards may generate loss of life, injury,
property damage, social and economic disruption, environmental degradation, and the loss of
services and livelihoods. Vulnerability, on the other hand, refers to the degree to which a community,
system, or asset is susceptible to the damaging effects of a hazard [2,3]. In the case of cultural heritage,
vulnerability is shaped not only by the physical condition of the structure, but also by its
environmental setting, maintenance history, surrounding land use, governance capacity, and
exposure to multiple hazards.

Risk is commonly defined as the combination of hazard and vulnerability [2]. It refers to the
probability of a hazardous event occurring and producing adverse consequences for a specific asset
or system. Nirupama [1] expresses the standard risk relationship as follows:
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R(risk) = H(hazard) x V(vulnerability)

However, risk should not be reduced to probability alone. As Pedersoli, Antomarchi, and
Michalski [4] argue, risk assessment must consider both the likelihood of an event and the magnitude
of its potential impacts. When hazard and vulnerability are analyzed together, it becomes possible to
anticipate potential damage and develop more effective prevention, preparedness, and conservation
strategies.

Disasters are generally defined as natural, technological, or human-induced events that disrupt
the normal functioning of society, exceed existing coping capacities, and cause physical, economic,
social, and environmental losses [5]. While AFAD [5] classifies disasters broadly as natural and
human-induced, Gokce and Tetik [6] distinguish between sudden-onset disasters, such as
earthquakes, storms, floods, avalanches, rockfalls, and landslides, and slow-onset disasters, such as
drought, erosion, environmental pollution, sea-level rise, and deforestation. For cultural heritage, this
distinction is crucial, since historic buildings and sites may be affected not only by sudden destructive
events but also by cumulative environmental pressures that gradually weaken their structural and
material integrity.

Disaster risk is not produced by hazards alone. As Varol and Giiltekin [7] emphasize, disasters
of similar magnitude may result in different levels of damage depending on the vulnerability,
preparedness, and coping capacity of societies. This perspective is also underlined by the United
Nations Office for Disaster Risk Reduction (UNDRR), which frames disaster risk as socially produced
rather than merely natural. According to the UNDRR 2024 report, poverty, inequality, unhealthy
urban development, and failures in environmental governance are among the main drivers of
increasing disaster risk [8]. In historic urban areas, these drivers are reflected in the deterioration of
heritage structures, the degradation of surrounding landscapes, inadequate infrastructure, and the
lack of risk-sensitive planning.

The UNDRR 2025 report further stresses that the expected outcome of the Sendai Framework —
reducing losses in economic, physical, social, cultural, and environmental assets—has not yet been
fully achieved [9]. This positions cultural heritage not as a secondary concern, but as an integral
component of disaster risk reduction and sustainable development. From this perspective, the
protection of heritage assets requires moving beyond object-based conservation toward spatially
integrated, risk-informed, and sustainability-oriented management frameworks.

Cultural heritage structures are rarely exposed to a single type of hazard. Instead, they are often
affected by cascading and compounding hazards. For example, seismic shaking may be followed by
soil liquefaction, slope instability, hydrological changes, increased surface runoff, or rainfall
infiltration into foundation systems. These interactions may intensify structural vulnerability and
accelerate the deterioration of historic buildings. Therefore, multi-hazard risk assessment provides a
more realistic basis for identifying priority areas, guiding conservation interventions, and supporting
disaster risk reduction policies.

Within this framework, this study contributes to the literature in three ways. First, it shifts
cultural heritage risk assessment from a single-hazard perspective to a multi-hazard and spatially
integrated framework. Second, it bridges GIS-based environmental risk modeling with sustainable
heritage management. Third, it offers a replicable neighborhood-scale decision-support model that
can inform local governments, conservation authorities, and disaster risk reduction agencies.

1.2. Study Area: Catalca and Ferhatpasa Mosque

Istanbul is the most populous and one of the most densely built metropolitan areas in Tiirkiye.
Due to its location within the seismically active Marmara region, the city has long been the subject of
studies addressing the potentially destructive consequences of a major earthquake. Ertiirk [10]
developed a possible Mw 7.6 earthquake scenario for Istanbul by mapping seismicity data, rupture
probabilities, and the spatial distribution of risk across the city. The study discusses in detail the high
seismic potential of the Marmara region and the possible scale of destruction that such an earthquake
may generate in Istanbul [10]. Similarly, the Istanbul Metropolitan Municipality Directorate of
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Earthquake and Ground Investigation prepared the “Istanbul Province Probable Earthquake Loss
Estimation Update Project” based on a Mw 7.5 scenario earthquake [11]. This project estimates
expected building damage, infrastructure losses, casualties, injuries, and temporary shelter needs
under 15 different earthquake scenarios.

Within this broader seismic risk context, Catalca and, more specifically, Ferhatpasa
Neighborhood were selected as the case study area for three main reasons. First, Catalca has a large
surface area and a relatively low-rise settlement pattern, which makes it significant for post-
earthquake temporary shelter planning for Istanbul’s dense population. Second, according to the
Istanbul Metropolitan Municipality, Department of Earthquake Risk Management and Urban
Improvement [11], Catalca ranks among the districts with a notably high estimated number of
buildings expected to experience different levels of damage in a possible earthquake scenario. Third,
Ferhatpasa Neighborhood contains 39 registered cultural heritage assets, making it a critical area for
examining the relationship between disaster risk, cultural heritage protection, and sustainable urban
resilience.

In this context, Ferhatpasa Mosque, one of the most important cultural heritage assets in
Ferhatpasa Neighborhood, was selected as the focal heritage site of this study for disaster risk
assessment (Figure 1a). Built in the sixteenth century by Mimar Sinan, Ferhatpasa Mosque has
preserved the architectural characteristics of the classical Ottoman period to the present day [12].
Located in the western part of the district, the mosque is situated on sloping terrain. Since it stands
at a higher elevation than the street level to the east, its ablution courtyard is enclosed by retaining
walls on three sides. In the event of seismic shaking, the combined effects of local slope conditions,
soil characteristics, and excessive rainfall may trigger mass movements, settlement, or slope
instability, thereby directly threatening the structural safety of the building. A fountain is located on
the fagade facing the street, while a domed sibyan school is situated in the northeastern corner of the
mosque courtyard (Figure 1b).

........

(b)

Figure 1. (a) Ferhatpasa Mosque plan and axonometric perspective [12]; (b) Primary school (by authors,
01.11.2024).

The square-planned prayer hall of the mosque is covered by a dome with a diameter of 9.20
meters (Figure 2). On the exterior, the dome is surrounded by a low octagonal drum and is carried
by pendentives that transfer the load to the main walls. Ferhatpasa Mosque was registered as a
cultural heritage asset by the decision of the High Council of Immovable Antiquities and Monuments
dated 8 January 1983 and numbered 14541. Its registered status was later confirmed by the decision
of the High Council for the Conservation of Cultural and Natural Assets dated 14 November 1985
and numbered 1566.
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(a) (b)
Figure 2. Interior details (by authors, 01.11.2024) (a) Prayer Hall; (b) Narthex.

2. Materials and Methods

2.1. Determination of GIS-Based Multi-Hazard Criteria and Rationale for Selection

Assessing the vulnerability of a region to disasters requires the collection, analysis, updating,
and spatial mapping of detailed information on both the study area and relevant natural hazards.
Disaster risk reduction depends on the capacity to transform such information into preventive and
risk-informed planning measures. Since natural hazards are spatial phenomena and their impacts
vary according to topography, land use, soil characteristics, hydrology, and built environment
conditions, Geographic Information Systems (GIS) provide an effective tool for conducting multi-
parameter risk analyses.

In this study, a GIS-based disaster risk assessment was conducted at the neighborhood scale for
a historical heritage asset. The Weighted Overlay method was used as the main analytical procedure.
Factor maps obtained from different sources and at different spatial scales constituted the basis of the
analysis. Through these maps, eight parameters were collected, processed, and evaluated: slope,
aspect, elevation, precipitation, distance to hydrological structures, distance to fault lines, soil
capability, and land use.

This article builds upon a graduate research project entitled “Geographic Information Systems
(GIS)-Based Disaster Risk Analysis for the Protection of Cultural Heritage: The Case of Ferhatpasa
Mosque, a Work of Mimar Sinan, in Catalca, Istanbul,” prepared at Istanbul Gelisim University. In
the first stage of the research, relevant literature on disaster risk assessment, cultural heritage
vulnerability, and GIS-based spatial analysis was reviewed. Based on this review, the criteria to be
included in the disaster risk model were identified. The rationale for selecting these criteria is
presented in Table 1.

Table 1. Rationale for selecting the criteria.

Relationship with Historic Buildings,
Earthquakes, and Disaster Risk
Directly determines the seismic shock waves
Distance to Fault Lines and acceleration values to which the [13]; [14]
structure may be exposed.
Determine slope instability during
earthquakes, including landslides, as well as

Selected Criterion Literature Reference

1 d Elevati 1
Slope and Elevation the effect of topographic amplification of [15]
seismic waves.
Alluvial or clayey soils, including vertisols,
Soil Capability / Soil Type may amplify seismic waves and increase the [16]; [17]

risk of settlement or liquefaction during
earthquakes.
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Increase the water saturation level of the soil
and may intensify liquefaction, slope
instability, and retaining wall failure under [18]; 19]
seismic triggering through hydro-seismic
interaction.

Precipitation and
Hydrological Structure

The datasets used in the GIS analyses are detailed in Table 2. In the second stage of the study,
all spatial data were digitized in ArcGIS 10.5 within the boundaries of the study area. The eight
parameters—slope, aspect, elevation, precipitation, distance to hydrological structures, distance to
fault lines, soil capability, and land use —were converted into spatial data layers. These layers were
standardized in terms of coordinate reference system, spatial resolution, and analysis boundary
before being used in the weighted overlay model.

Table 2. Structure and type of data layers.

Data Layer Data Structure Data Type

Slope Raster. Pixel
Elevation Raster. Pixel
Aspect Raster. Pixel
Precipitation Raster. Pixel

Land Use Vector Polygon

Soil Capability Vector Polygon

Fault Lines Vector Polyline

Hydrological Structure Vector Polyline

The Digital Elevation Model (DEM) of the study area was downloaded from the ALOS PALSAR
EarthData platform with a spatial resolution of 12.5 meters. Using this DEM, slope, aspect, elevation,
and hydrological structure maps were generated through GIS-based tools. The hydrological map
produced from the DEM was compared with the hydrological data provided by ISKI. Since the DEM-
based analysis offered a more detailed representation of local hydrological patterns, it was used as
the primary basis for hydrological distance analysis. Distance maps for hydrological structures and
fault lines were produced by creating buffer zones within the GIS environment. Land use and soil
capability data were mapped by selecting the relevant attribute data within the neighborhood
boundary. For precipitation, measurement data obtained from the relevant institution were used to
calculate average annual precipitation. This calculation was carried out in the GIS environment using
the Schreiber formula in combination with DEM data. Subsequently, precipitation distribution was
analyzed using the IDW (Inverse Distance Weighted) interpolation method.

2.2. Expert Opinions and Criteria Weighting Process

In the disaster risk analysis, the selected parameters were reclassified into three risk levels based
on the literature: 1 =low risk, 2 = medium risk, and 3 = high risk. The classification intervals and effect
values were determined by referring to AFAD’s local ground investigation guidelines and the
literature on seismic risk mitigation for cultural heritage, including ISMEP [20], while considering
the structural tolerance limits of historic buildings.

To reduce subjectivity in assigning the relative importance of the eight parameters, the study
employed an expert-based evaluation process similar to the Delphi technique. Five senior experts
from different disciplines—architecture, urban and regional planning, civil engineering, geomatics
engineering, and geodesy and photogrammetry engineering—were consulted. The experts were
asked to assess the direct and indirect effects of each criterion on the structural integrity of a historic
building according to its location. The ranking data obtained from the experts were normalized and
used as input for the Weighted Overlay analysis. Based on the resulting scores, the relative influence
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of each parameter was ranked, percentage distributions were calculated, and weight values were
assigned to each criterion.

2.3. Weighted Overlay Modeling

In the third stage of the study, the reclassified spatial layers and their corresponding weight
values were integrated into the Weighted Overlay model. The layers were overlaid to identify and
map areas with different levels of disaster risk potential. The resulting disaster risk map was then
spatially compared with field observations conducted in the study area. This comparison provided a
field-based plausibility check for the model and supported the interpretation of the final risk map

(Figure 3).
Identification of Parameters —> Acq:z‘:_‘;l::i:r ;:;: and

Mapping and —
s & Classification of
Standardization of Organization of Spatial ¥
; -> > lcd Parameters According to
Coordinate Systems and Non-Spatial : 5
; Their Attributes
Attributes

Digitization of

Parameters in the
GIS Environment

ANALYSIS

{

Reclassification within = Expert Opinions for = Determination of
the Same Layers Determining Weights Weights
Weighted Overlay of 3 Assessment of Risks against
Reclassified Data Potential Disasters

Figure 3. Methodological workflow of the GIS-based multi-hazard risk assessment model (by authors).

SYNTHESIS
AND

ASSESSMENT

The Weighted Overlay method was selected because it enables the integration of multiple spatial
criteria with different weights into a single composite risk surface. In this approach, input layers are
scored, normalized, weighted, and overlaid in order to evaluate the combined spatial distribution of
risk. All layers were standardized within the same coordinate system, cell size, and study area
boundary before the analysis was performed.

The risk score was calculated using the following formula:

Risk Score = = (Parameter Effect Value x Parameter Weight)

This formulation allowed the model to combine both the classified risk level of each parameter
and its relative importance in relation to the vulnerability of the heritage asset.

Table 3. Data used in the methodology and the institutions from which they were obtained.

Data Source Institution

Boundaries of Catalca District and Ferhatpasa
Neighborhood
Digital Elevation Model (DEM) of Catalca
District

Istanbul / Catalca Cadastral Directorate

ALOS PALSAR EarthData Platform

Ministry of Agriculture and Forestry, Soil, Fertilizer
and Water Resources Central Research Institute
General Directorate of Mineral Research and
Exploration
Istanbul Metropolitan Municipality, ISKI General
Directorate
Ministry of Environment, Urbanization and Climate
Change, Turkish State Meteorological Service

Soil capability and land use
Fault lines
Hydrological structure

Precipitation data

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Location of Ferhatpasa Mosque and
information on cultural heritage assets in
Ferhatpasa Neighborhood

Istanbul Metropolitan Municipality, Directorate of
Cultural Heritage Conservation

Registration decisions and historical General Directorate of Foundations, 1st and 2nd
photographs of Ferhatpasa Mosque Regional Directorates of Foundations
3. Results

A review of the scientific literature shows that the Weighted Overlay method has been widely
used in the analysis of flood/inundation risk, earthquakes, avalanches, landslides, fires, and seismic
hazards. While most flood/inundation and avalanche risk studies focus on the watershed scale,
studies addressing landslides, earthquakes, and general disaster risk tend to concentrate on the
provincial or district scale. The factors used in these studies were reviewed, and the parameters
employed in the present research were determined accordingly.

According to the reports published by the Directorate of Earthquake and Ground Investigation
(DEZIM) [11], estimated numbers of damaged buildings were provided for Catalca District under a
deterministic Mw = 7.5 scenario earthquake. For Ferhatpasa Neighborhood, located in the southern
part of the district, the projections indicate that 8 buildings are expected to suffer severe damage, 40
buildings moderate damage, 225 buildings slight damage, and 550 buildings very slight damage.
When Ferhatpasa Neighborhood is compared with other neighborhoods, it ranks among the most
vulnerable areas in terms of estimated building damage and exhibits a considerable degree of fragility
in its building stock. The same reports also identify Ferhatpasa Neighborhood as the area with the
highest vulnerability in terms of potential population loss.

3.1. Disaster Risk Factors Affecting Ferhatpasa Mosque

The parameters generating disaster risk were examined under two main categories. A total of
eight parameters related to the natural and built environment were evaluated within the spatial
analysis process.

These consisted of natural-environment parameters—including topographic characteristics
(slope, elevation, and aspect), meteorological factors (precipitation), and geological/hydrological
factors (soil capability, distance to fault lines, and distance to hydrological structures) —and one built-
environment parameter, namely land use.

In this study, the disaster risk affecting the historic Ferhatpasa Mosque was comprehensively
assessed through the analysis of slope, elevation, aspect, precipitation, distance to fault lines,
hydrological structure, land use, and soil capability. These parameters were classified as follows:

) Slope (%): 0-5, 5-10, 10-15, 15-20, 20-25, and above 25

e  Aspect: east-west; south (south, southeast, southwest); north (north, northeast, northwest)

e  Elevation (m): 0-50, 50-100, 100-150, 150-200, and above 200

e  Precipitation (mm/year): 897.8-930; 930-960; 960-990; 990-1120; 1120-1127

¢  Distance to fault lines (m): 25,000-27,000; 27,000-29,000; 29,000-31,000

e  Distance to hydrological structures (m): 10, 50, 90, 130, 170

e  Soil capability (soil types): alluvial soils, brown forest soils, non-calcareous brown forest soils,
non-calcareous brown soils, vertisols, settlement areas

e Land use: dry farming (rainfed), pasture, settlement areas

3.1.1. Slope Factor

Slope, which is considered one of the most significant topographic factors in the context of
erosion risk [23], refers to the inclination of the land surface relative to the horizontal plane and is
expressed in either degrees (0-90°) or percentage (%). Erosion may occur depending on slope
conditions. The transport of soil material from one place to another is directly related to slope, and
there is a linear relationship between slope and erosion risk [22]. According to Sar1 [24], irrespective
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of vegetation cover and soil properties, surface runoff and the associated erosion begin from the point
where the slope starts. The most intense erosion occurs on slopes with high gradient [25].

Slope is also an important factor in the formation of floods and constitutes one of the
geomorphological characteristics of a watershed. When all other conditions are assumed to be
constant, steeply sloping areas retain less soil moisture; consequently, the infiltration of rainwater
into the soil decreases, while surface runoff increases [26]. Slope is also a critical topographic
parameter in relation to avalanche formation. In addition, slope strongly influences the direction and
rate of fire spread [27]. Under otherwise equal conditions, fires spread more rapidly on sloping terrain
than on flat surfaces. As slope increases, fire risk also rises [28]. Therefore, slope increases the risk of
erosion, flooding, avalanches, and forest fires, while slope-induced structural instability may also
adversely affect the integrity of buildings during disaster events. These risk potentials make slope a
parameter that directly affects the vulnerability of the structure.

According to the slope map produced from the Digital Elevation Model (DEM) of the study area,
slope values range between 0% and 41%. The slope factor was classified into six categories: 0-5%, 5—
10%, 10-15%, 15-20%, 20-25%, and above 25% (Figure 4). Areas with higher slope values are located
in the western part of the neighborhood. Approximately 88.59% of the neighborhood falls within the
0-10% slope range, while 9.17% lies within the 10-20% range. As slope increases, the amount of water
transported by surface runoff also increases; accordingly, the risks of erosion, flooding, avalanches,
and forest fires are considered to rise.

| FETHATPASA MAHALLESH EGIM ANALIZI

LEJAND

Figure 4. The slope map of Ferhatpasa Neighbourhood (by authors).

3.1.2. Elevation Factor

Climatological factors such as temperature, pressure, wind, precipitation type, and snow cover
thickness vary depending on elevation [29]. As elevation increases, precipitation also tends to
increase; this may lead to greater water accumulation within the basin and, under favorable
conditions, may result in surface runoff and flooding [15]. In mountainous areas, high elevation
combined with steep slopes increases susceptibility to avalanche events, particularly in regions where
snowfall persists for long periods [30]. In addition, erosion risk increases in areas where high
elevation is accompanied by steep slopes [31]. In this context, when evaluated together with slope,
elevation directly affects structural vulnerability.

According to the elevation map of the study area, elevation values range between 37 and 321
meters. Approximately 63.27% of the area lies within the 37-75 m range, 26.8% within the 75-150 m
range, and 9.93% within the 150-321 m range. High-elevation areas are considered zones where
disaster risks such as avalanches, erosion, floods, and inundation increase (Figure 5).
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Therefore, the elevation profile of the study area, particularly when considered together with
slope conditions, constitutes an important parameter for assessing the environmental exposure and
structural vulnerability of Ferhatpasa Mosque.

FETHATPASA MAHALLES] YUKSELTI ANALIZI

Figure 5. Elevation Analysis of Ferhatpasa Neighborhood (by authors).

3.1.3. Aspect Factor

Aspect is an important parameter affecting flood risk. On north-facing slopes, the soil generally
becomes more saturated with water, which leads to the rapid flow of surface water. In contrast, south-
facing slopes have a higher infiltration capacity than north-facing slopes. Therefore, north-facing
slopes have a greater influence in terms of flood risk.

On south-facing slopes, evapotranspiration rates are higher, resulting in greater water loss from
the soil and an increased likelihood of drought. Conversely, on north-facing slopes, higher soil
moisture and greater saturation may reduce infiltration capacity, making these areas more vulnerable
to floods and inundation [19]. Aspect is also significant in terms of avalanche risk; north-facing slopes
are associated with higher values in relation to avalanche formation [32]. The fact that slopes with
different orientations have different disaster risk potentials directly affects the vulnerability of
buildings.

According to the aspect map generated using the Digital Elevation Model (DEM) of the study
area, 34.86% of the area faces north, northeast, and northwest, while 27.25% faces south, southeast,
and southwest. North-facing slopes are therefore considered high-risk areas in terms of flood and
inundation risk (Figure 6).
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| FETHATPASA MAHALLESI BAKI ANALIZI

LEJAND

[

Figure 6. The aspect map of Ferhatpasa Neighbourhood (by authors).

3.1.4. Precipitation Factor

Flood events generally occur after prolonged, excessive, and intense rainfall, particularly in
areas with steep slopes and impermeable soil structures [18]. Heavy precipitation is one of the
primary causes of flood disasters. Areas with limited water absorption capacity and inadequate
drainage systems are particularly vulnerable to extreme rainfall.

According to the annual precipitation analysis map of the study area, since there is no
meteorological station directly measuring precipitation within the neighborhood, the analysis was
first conducted at the district scale. Annual precipitation in the district ranges between 897.8 mm and
1,127 mm. At the district scale, annual precipitation was classified into the following intervals: 897.8—
930 mm, 930-960 mm, 960-990 mm, 990-1,120 mm, and 1,120-1,127 mm.

For a more detailed analysis, the neighborhood boundary was then delineated and the annual
precipitation data were reclassified at the neighborhood scale. Within the boundaries of Ferhatpasa
Neighborhood, annual precipitation was observed to range between 897.8 mm and 1,027 mm. The
annual precipitation classes determined for the neighborhood are as follows: 897.8-925 mm, 925-950
mm, 950-975 mm, 975-1,000 mm, and 1,000-1,027 mm.

The results show that 64.47% of the area falls within the 897.8-925 mm range, 23.39% within the
925-975 mm range, and 12.14% within the 975-1,027 mm range. Increasing precipitation is considered
a factor that intensifies the risks of flooding, inundation, and erosion (Figure 7).

In this context, precipitation becomes a critical parameter for assessing the exposure of
Ferhatpasa Mosque, particularly when combined with slope, soil permeability, and hydrological
proximity.
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Figure 7. Yearly Precipitation Amount Analyses of Catalca District / Ferhatpasa Neighbourhood (by authors).

3.1.5. Distance to Fault Lines Factor

Distance to fault lines is one of the most influential criteria in determining the potential damage
risk during earthquakes. The proximity of a region to active fault lines significantly increases the risk
of damage, particularly when soil quality and structural resistance are low [13]. Due to its proximity
to the North Anatolian Fault Line, Istanbul is exposed to a high level of seismic risk, and potential
economic losses are estimated to exceed USD 50 billion [20]. Areas intersected by fault lines have also
been found to present higher risks of landslides and avalanches [30]. Therefore, distance to fault lines
is a factor that directly affects the potential damage to which a structure may be exposed due to
sudden ground shaking and seismic shock waves at the surface level.

According to the fault-line distance analysis map of the study area, the distance to active fault
lines was classified into the following intervals: 0-5,000 m, 5,000-10,000 m, 10,000-15,000 m, 15,000—
25,000 m, 25,000-50,000 m, 50,000-75,000 m, 75,000-100,000 m, 100,000-125,000 m, 125,000-150,000
m, and 150,000-172,300 m.

However, in the neighborhood-scale analysis, this classification was further refined using
narrower intervals. According to the fault-line distance analysis map of Ferhatpasa Neighborhood,
the study area is located within the 25,000-31,000 m distance range from the fault line. Accordingly,
fault-line distance was evaluated under three classes for the neighborhood-scale analysis:

e  25,000-27,000 m
e  27,000-29,000 m
e 29,000-31,000 m

As proximity to the fault line increases, seismic hazard increases, and this may also intensify
secondary hazards such as slope instability and mass movements (Figure 8).
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Figure 8. Active fault lines and distance analysis to fault lines of Ferhatpasa Neighborbood (by authors).

3.1.6. Distance to Hydrological Features Factor

FImproper interventions in streambeds, unplanned land-use decisions, and construction
activities that narrow existing waterways are among the main causes of flood risk [33]. While river
valleys are generally exposed to high levels of flood risk, areas located at higher elevations and
characterized by lower levels of construction are considered to have lower risk levels [15]. The
distance to water sources, such as rivers and streams, as well as construction within streambeds, may
generate potential flood-related damage and increase the vulnerability of buildings to such hazards.

According to the hydrological analysis map of the study area, the area contains streams,
tributaries, watercourses, and dry streambeds. Based on the data obtained from the Istanbul Water
and Sewerage Administration (ISKI), there are no watercourses in the region that can be classified as
rivers or streams of significant size. The watercourses in Catalca District are relatively short, and the
hydrological network mainly consists of small-scale streams.

The main water resources located within the boundaries of Ferhatpasa Neighborhood are
Karasu Stream, Tahtakoprii Stream, Lomborlos/Vezirhane Stream, icadiye/Ortasofa Stream, the
Biiyiikcekmece Lake Water-Surface Protection Area, and the Hamzali Dam Protection Area. The
naming and classification of these water resources were based on ISKI data.

The first analysis of the study area was conducted using Geographic Information Systems (GIS)
tools based on the Digital Elevation Model (DEM). A second analysis was then carried out using the
hydrological map generated from the data obtained from ISKI. ISKI defines the 10-meter buffer zone
surrounding stream lines as a “risky protection area.” When the ISKI data and the DEM-based
analysis were compared, the DEM-based analysis was found to provide a more detailed
representation of local hydrological conditions. Therefore, distances to hydrological features were
calculated based on the DEM-derived analysis.

According to the hydrological distance analysis for Ferhatpasa Neighborhood, the area was
classified into five distance classes:

e 10m
e 50m
e 90m
e 130m
. 170 m

The buffer zone generated in this analysis covers approximately half of the neighborhood area.
Although there is no large water body, such as a river, within the neighborhood boundaries, the
existing local water resources are significant in terms of flood risk. Areas located close to existing
streambeds are considered to have higher flood and inundation risk depending on their distance
from these hydrological features (Figure 9).
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Figure 9. (a).Hydrology analysis with DEM data for Ferhatpasa Neighborhood (b) Hydrology analysis with ISKI
data (c). Distance analysis to hydrological structures in Ferhatpasa Neighborhood (by authors).

3.1.7. Land Use Factor

Inappropriate land use, the destruction of natural vegetation, new construction on valley floors,
and the conversion of agricultural lands into urban areas may transform natural processes such as
landslides, erosion, and flooding into disasters [16]. As the proportion of urbanized areas, including
settlement areas, asphalt surfaces, and concrete-covered surfaces, increases, the surface permeability
of the soil decreases [34]. Reduced surface permeability directly affects flood and flood-related
hazards.

Areas with high concentrations of population and infrastructure, such as industrial zones and
urban settlements, have a high risk potential in terms of loss of life and property during disasters. In
contrast, forests, pasturelands, agricultural lands, and meadows may not necessarily involve direct
risks of loss of life or structural damage; however, they should still be considered in terms of potential
economic losses that may occur during droughts, fires, and floods [35].

In non-rotational dry farming areas, where precipitation is limited, the success of agricultural
production depends more heavily on soil management. Excessive tillage increases the risk of erosion
and water loss [36]. In fallow practices, land is left uncultivated every two years to allow the soil to
regain its productive capacity. Pasturelands, which are generally broader than meadows and often
consist of rugged, sloping areas unsuitable for cultivation, provide grazing areas for livestock during
the growing season; however, they may lose their nutritional value during hot and dry summer
periods [37].

If continuously cultivated agricultural lands and non-rotational dry farming areas are not
properly managed, the natural balance may be disrupted, increasing the risks of drought and erosion.
Similarly, overgrazing and fire risk may increase erosion potential in pasturelands. However, when
used in accordance with natural cycles, these areas may also contribute to ecological resilience.
Therefore, inappropriate land-use practices and the potential risks associated with them are among
the factors that directly affect the vulnerability of buildings.

According to the land-use analysis map of the study area, three different land-use types were
identified:

e non-rotational dry farming areas
e  pasturelands
e  settlement areas

The analysis revealed that 37.61% of the area is used for dry farming, while 60.99% consists of
pastureland. Settlement areas were classified as high-risk zones in terms of disaster risk (Figure 10).
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Figure 10. Land use map of Ferhatpasa Neighborhood (by authors).

3.1.8. Soil Capability Factor

Brown forest soils are generally young soils that develop on calcareous parent material, under
broad-leaved forest cover, and in rugged and mountainous areas. Non-calcareous brown forest soils,
on the other hand, are mostly formed on non-calcareous and acidic parent material in semi-humid
and semi-arid climatic regions, particularly on valley slopes and undulating terrain where forest and
shrub vegetation gradually transition into pastureland [38].

These soils support the development of dense and humid forests, especially on north-facing
slopes. Due to intense leaching, rainwater normally infiltrates rapidly into the lower soil layers.
However, since these soils develop under forest cover and may contain a hard horizon in their lower
layers, they can indirectly contribute to surface runoff. Therefore, they may increase the risk of
flooding and inundation.

Non-calcareous brown soils may develop on both acidic parent material and limestone. These
soils are considered among the soil types with the highest erosion risk [39]. Vertisols are dark-colored
soils rich in clay. They shrink during dry periods and expand during wet periods. Their workable
period is short, and their permeability is low. The cracks that form when they dry may damage the
fine roots of plants and negatively affect crop development. Drainage in these soils is highly limited,
and their natural vegetation generally consists of short grasses and sparse understory plant
communities. Particularly in sloping areas, vertisols are continuously exposed to erosion risk.

Alluvial soils are mostly found in riverbeds and, in some cases, in depression areas, where they
are formed by the accumulation of gravel, sand, and silt. These soils generally occur where slope
begins to decrease and are formed by the deposition of materials such as clay, sand, and gravel
transported by rivers. Alluvial soils with a high groundwater level are highly fertile for agriculture;
however, they also present a considerable risk of flooding and inundation.

The soil type on which a building is located directly affects its potential vulnerability during a
disaster. According to the soil capability analysis map of the study area, six different soil types were
identified:

e  alluvial soils

e  brown forest soils

e non-calcareous brown forest soils
e non-calcareous brown soils

e  vertisols

e  settlement areas
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The analysis results indicate that 56.44% of the area consists of alluvial soils, non-calcareous
brown soils, and settlement areas. Compared with the other soil types, these three categories present
a higher level of risk in terms of erosion, flooding, and inundation (Figure 11).

FETHATPASA MAHALLESI TOPRAK KABILIYETI ANALIZI

Figure 11. Soil capability analysis of Ferhatpasa Neighborhood (by authors).

3.1.9. Reclassification and Assessment of Risk Classes

The parameters generated from the datasets obtained from relevant institutions for spatial
analysis in the study area were reclassified in terms of disaster risk. This reclassification was carried
out under three main risk categories: low risk, medium risk, and high risk.

The low-risk class represents areas with the lowest level of disaster risk and was assigned an
effect value of 1, corresponding to the lowest value within the 1-3 scale.

The medium-risk class represents areas with a moderate level of disaster risk and was assigned
an effect value of 2.

The high-risk class includes areas with the highest level of disaster risk and was assigned an
effect value of 3.

This reclassification method enables a more detailed examination of disaster risks and makes it
possible to identify high-risk areas before intervention, thereby supporting the development of
appropriate preventive measures. Analyses produced using data obtained from relevant institutions
contribute to more effective preparedness against disasters (Table 4).

Table 4. Classification information on parameters.

Parameter Values CDII::ssith;ZaI:ilzll(l Effect Value
Slope (%) 0-10 Low risk 1
0-10 Medium risk 2
20 and above High risk 3
Elevation (m) 0-75 Low risk 1
75-150 Medium risk 2
150-321 High risk 3
Aspect East-West Low risk 1
South, Southeast, Southwest Medium risk 2
North, Northeast, Northwest High risk 3
Soil Capability Vertisols Low risk 1
Brown forest soils Low risk 1
Non-calcareous brown forest soils Medium risk 2
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Non-calcareous brown soils High risk 3
Alluvial soils High risk 3
Settlement areas High risk 3
Land Use Pastureland Low risk 1
Dry farming / rainfed agriculture Medium risk 2
Settlement areas High risk 3
Distance to Fault 29,000-31,000 Low risk 1
Lines (m)
27,000-29,000 Medium risk 2
25,000-27,000 High risk 3
Distance to
Hydrological 170 Low risk 1
Features (m)
130 Low risk 1
90 Medium risk 2
50 High risk 3
10 High risk 3
Precipitation 897.8-925 Low risk 1
Amount (mm)
925-975 Medium risk 2
975-1,027 High risk 3

3.2. Determination of Weight Values for the Factors

Within the scope of the Weighted Overlay method, after the reclassification stage, it is necessary
to determine the relative weight of each parameter. In this study, the weight values of eight factors—
slope, elevation, aspect, soil capability, land use, distance to fault lines, distance to hydrological
features, and precipitation amount—were calculated based on expert opinions for the purpose of
disaster risk analysis.

The experts evaluated the priority level of these eight parameters in terms of disaster risk,
considering the location of a historic building within its surrounding terrain. Each parameter was
ranked and scored on a scale from 1 to 8, with the highest score assigned to the factor considered to
have the highest priority (Figure 12).
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Architecture -”- “,r, “

Geodesy and Photogrammetry -- _-
Engineering =

0 10 20 30 40
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Figure 12. Expert opinions on the prioritization of parameters (by authors).

The scores obtained from five experts were combined and ranked from highest to lowest
according to their priority levels. The results showed that distance to fault lines and precipitation had
the highest priority, each receiving 31 points. Aspect ranked eighth with 4 points. The total scores
assigned to the other parameters were as follows: distance to hydrological features and soil capability
received 25 points each, slope received 24 points, land use received 23 points, and elevation received
14 points (Figure 13).

35
30
25
20 |

15

10

Figure 13. Total score values in parameters after expert opinions (by authors).

The location of the historic building within its terrain was evaluated according to the total score
values of the eight parameters considered in the disaster risk assessment, and percentage
distributions were calculated based on expert opinions (Table 5). The reclassified parameters were
normalized using their assigned weight values and overlaid through the Weighted Overlay method
to produce the final disaster risk analysis.

Table 5. Weight Values of Parameters.

Parameter Weight Value (%)
Distance to Fault Lines (m) 17,22
Precipitation Amount (mm) 17,22
Distance to Hydrological Features (m) 13,89
Soil Capability 13,89
Slope 13,33
Land Use 12,78
Elevation (m) 7,78
Aspect 3,89

According to the expert-based weighting process, distance to fault lines and precipitation
amount received the highest weight values, each accounting for 17.22% of the total. These were
followed by distance to hydrological features and soil capability, each with 13.89%. Slope accounted
for 13.33%, land use for 12.78%, and elevation for 7.78%, while aspect had the lowest weight value at
3.89%.
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According to the disaster risk analysis conducted with reference to the location of Ferhatpasa
Mosque, a work of Mimar Sinan, 71.99% of the study area was classified as medium risk, 28% as low
risk, and 0.02% as high risk (Figure 14). Ferhatpasa Mosque is located within the medium-risk zone
and is approximately 310 m from the nearest low-risk area. The proportion of high-risk areas is very
limited, and the nearest high-risk zone is located approximately 320 m south of the mosque.

The mosque is approximately 250 m from the nearest water source, which is a dry streambed,
and approximately 800 m from the nearest water source classified as a stream within the
hydrographic system. In the area where Ferhatpasa Mosque is located, elevation values range
approximately between 120 and 160 m, the aspect is northeast-facing, and slope values range between
5% and 15%. In addition, the mosque is situated within a settlement area; the soil type in its
immediate surroundings was identified as calcareous brown soil, while the land-use type was
identified as pastureland. The mosque is located approximately 29,600 m from active fault lines, and
the annual precipitation at its location is approximately 1,005 mm.
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Figure 14. Disaster risk analysis of Ferhatpasa Neighborhood (by authors).

The analysis results indicate that Ferhatpasa Mosque is located within the medium-risk zone,
which accounts for 71.99% of the study area. Although the mosque is positioned at a relatively safe
seismic distance due to its 29,600 m distance from active fault lines, the combined effects of its local
slope of 5-15%, northeast-facing aspect, and surrounding calcareous brown soil create a cumulative
multi-hazard vulnerability. In other words, while the seismic hazard level is low to medium,
environmental and ground-related factors increase the overall risk level.

4, Discussion

Ferhatpasa Mosque’s main walls, which are 1.20 m thick, together with its 9.20 m diameter dome
and pendentive transition elements, indicate a certain level of inherent structural robustness derived
from its historical construction system. However, the GIS-based analysis shows that the mosque is
located on terrain with a local slope of 5-15%. In addition, since the mosque is positioned at a higher
elevation than the street level to the east, its ablution courtyard is enclosed by retaining walls on three
sides. These conditions may generate a risk of local ground instability during seismic shaking.

Previous studies on historic buildings constructed on sloping terrain indicate that seismic shock
waves may create additional earth pressure, or dynamic soil pressure, on retaining walls. In the event
of retaining wall failure, the main structure may also be affected at foundation level. Therefore,
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although the mosque’s massive wall system and domed structural configuration point to a certain
degree of historical construction resilience, the slope conditions and the necessity of retaining walls
increase the overall risk level of the site to a medium-risk category. Since this study does not provide
a detailed building-scale structural performance analysis, the seismic safety level of the mosque
should be further examined through engineering-based assessments.

According to the analysis results, Ferhatpasa Mosque is located approximately 29,600 m from
active fault lines, which may be considered a relatively safe distance in seismic terms. Nevertheless,
its classification within the medium-risk zone demonstrates that the risk level is not determined by
seismic hazard alone, but by the cumulative effects of soil and meteorological parameters. The annual
precipitation value of approximately 1,005 mm in the area and the soil characteristics around the
mosque help explain this condition.

The surrounding brown soil is sensitive to erosion and leaching processes. When combined with
high precipitation, this may cause the slope soil to become water-saturated, creating a hydro-seismic
interaction. Water-saturated ground may contribute to the amplification of seismic waves during a
possible Istanbul earthquake scenario of Mw 7.5 and may increase hydrostatic pressure behind the
retaining walls, potentially leading to sudden failures. This finding indicates that earthquake risk
should not be assessed only in relation to proximity to fault lines, but through an integrated multi-
hazard approach that considers soil, topography, hydrology, and climatic conditions together.

According to DEZIM [11], under a possible Mw 7.5 Istanbul earthquake scenario, 8 buildings in
Ferhatpasa Neighborhood are expected to suffer severe damage, while 40 buildings are expected to
experience moderate damage. The neighborhood is also identified as one of the vulnerable areas in
terms of potential population loss and building stock fragility. This urban vulnerability directly
affects the post-disaster management of the historic Ferhatpasa Mosque. Possible building collapses
and infrastructure damage in the surrounding settlement areas may obstruct access to the historic
structure after a disaster, particularly for fire brigades and emergency response teams.

On the other hand, Catalca District has the potential to serve as a post-earthquake temporary
shelter area for Istanbul due to its low-rise settlement pattern and extensive pasturelands. The fact
that the immediate surroundings of the mosque are characterized by pastureland and a relatively
low-rise urban fabric suggests that the area around the mosque may also function as a gathering
space during a disaster. However, for the historic building to safely assume such a public and
logistical role, its current medium-risk level should first be reduced, and the retaining walls
surrounding the courtyard should be seismically assessed and strengthened where necessary.
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5. Conclusions

This Disaster risk analysis is a critical step in ensuring the protection and long-term
sustainability of cultural heritage. Disasters may threaten both the structural and cultural integrity of
historic buildings; therefore, risk analysis plays an important role in identifying potential damage
before it occurs. It also supports the development of post-disaster response strategies and increases
the effectiveness of conservation measures.

The Index for Risk Management (INFORM), which aims to measure and rank the risks of
humanitarian crises and disasters across 191 countries, defines risk groups according to index scores.
According to the 2018 report, Tiirkiye’s INFORM risk index score was calculated as 5.0, ranking the
country 45th among 191 countries. Although disaster response and crisis management processes are
carried out at national and urban scales, disaster culture and risk awareness have not yet been
sufficiently embedded in Tiirkiye, indicating that some stages of risk management remain
incomplete.

In this study, disaster risk parameters related to the location of Ferhatpasa Mosque in Ferhatpasa
Neighborhood, Catalca District, Istanbul, were examined. Using Geographic Information Systems
(GIS) tools and the Weighted Overlay method, the study aimed to identify areas with potential
disaster risk and to evaluate the risk level of the site where the mosque is located.

According to the disaster risk analysis, the study area was classified as follows:

e 71.99% as medium risk;
e  28% aslow risk;
e 0.02% as high risk.

This classification was based on eight parameters: slope, elevation, aspect, precipitation, distance
to fault lines, hydrological features, land use, and soil capability. The risk analysis of the study area
was conducted through a GIS-based model, in which these eight parameters were defined as spatial
variables.

While many disaster risk analysis studies in the literature, such as those by Ozsahin (2013) and
Partigo¢ and Dinger (2024a), generally focus on macro-scale analyses at the provincial or district level,
this study differs by placing a registered cultural heritage asset at the center of a neighborhood-scale,
micro-level analysis. Unlike conventional seismic risk maps, which mainly focus on ground-shaking
intensity, the Weighted Overlay method applied in this study enabled the normalization and
integration of eight different parameters, including slope, hydrology, precipitation, and land use, into
a composite risk score.

The fact that distance to fault lines and precipitation received the highest weight values, based
on the evaluations of experts from five different disciplines—architecture, civil engineering, urban
planning, geomatics engineering, and geodesy —supports the relevance of a multi-hazard approach.
This finding indicates that the disaster risk affecting cultural heritage cannot be explained through
seismic proximity alone, but should instead be assessed through the combined effects of
environmental, topographical, hydrological, and climatic parameters.

The findings of this study are expected to contribute to central and local governments, non-
governmental organizations, the private sector, academic research, and international institutions
working on cultural heritage protection. By proposing a GIS-based, neighborhood-scale, and
heritage-oriented decision-support model, the study aims to address a gap in the integration of
cultural heritage conservation with disaster risk reduction and sustainable urban resilience planning.
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