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Abstract 
This study provides a quantitative seismic hazard and risk assessment for eight pro-
vinces in Türkiye’s Aegean Region by adapting the Fine–Kinney method to geological 
conditions. The method, commonly used in industrial safety, was modified by redefi-
ning probability (P), frequency (F), and severity (S) to reflect tectonic setting, historical 
seismicity, and structural vulnerability. Probability was based on each province’s shor-
test distance to active faults, frequency on the number of Mw ≥ 4.5 earthquakes over 
the past 35 years, and severity on total building stock. The model was applied to Izmir, 
Manisa, Aydin, Mugla, Denizli, Usak, Kutahya, and Afyonkarahisar. Izmir and Manisa 
were classified as “very high risk” (R = 2000), Denizli and Mugla as “high risk” (R = 
300), Afyonkarahisar and Aydin as “significant risk,” Kutahya as “definite risk,” and 
Usak as “acceptable risk.” Seismic hazard is generally high, with risk distribution sha-
ped by fault proximity and building density. The adapted method offers a practical fra-
mework for comparing provincial seismic risk and supports evidence-based decisions 
in disaster management, geoconservation, land-use planning, and earthquake-sensitive 
architectural and interior design.

Keywords:  Seismic Hazard, Geological Hazards, Risk Assessment, Fine–Kinney Method, Aegean Region, Structural Vulnerability, 
Disaster Risk Reduction, Türkiye.
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Introduction

Earthquakes are among the most destructive na-
ture-based hazards worldwide in terms of loss 
of life, economic damage, and long-term socie-
tal impacts, particularly in tectonically active re-
gions. Beyond being a geophysical phenomenon, 
earthquakes constitute a multidimensional risk 
that intersects numerous disciplines, including 
urban planning, architecture, interior architecture, 
and civil engineering. In this context, earthquake 
risk assessment requires a holistic approach that 

extends beyond the physical characteristics of 
seismic hazards to encompass building design 
principles, interior spatial organization, material 
behavior, and spatial safety strategies. In regions 
with high seismic potential, there is a growing 
need for decision-making processes in both disas-
ter management and the built environment to be 
grounded in risk-based, quantitative, and compa-
rable assessment frameworks.

Located in western Türkiye, the Aegean Region 
is one of the country’s most seismically active ar-
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eas, characterized by complex tectonic structures 
and frequent seismic activity. Although numerous 
studies have addressed seismic hazard assessment 
in Türkiye, a significant portion of the existing 
research focuses primarily on geological or engi-
neering-based parameters, while comprehensive 
and comparative risk prioritization models capa-
ble of supporting decision-makers at the provin-
cial scale remain limited. This highlights the need 
for practical, transparent, and adaptable method-
ologies that can support both policy development 
and design-oriented applications.

This study aims to conduct a quantitative earth-
quake risk assessment for selected provinces in 
the Aegean Region of Türkiye by adapting the 
Fine–Kinney risk analysis method to seismic haz-
ard dynamics. Although the Fine–Kinney method 
has been widely applied in the field of industrial 
safety, its application to periodic and geologically 
driven hazards such as earthquakes remains limit-
ed. Addressing this methodological gap, the cur-
rent study redefines the Fine–Kinney approach to 
incorporate components of seismic hazard, earth-
quake recurrence frequency, and structural vul-
nerability. The primary objective of the study is to 
determine the earthquake risk levels of eight prov-
inces entirely located within the Aegean Region 
(Izmir, Manisa, Aydin, Mugla, Denizli, Usak, Ku-
tahya, and Afyonkarahisar) within a comparable 
framework and to generate numerical risk scores 
for each province.

Risk assessment was carried out based on three 
core parameters: probability (P), frequency (F), 
and severity (S). The probability parameter was 
defined based on proximity to active fault lines, 
the frequency parameter was determined accord-
ing to the number of earthquakes with Mw ≥ 4.5 
recorded over the past 35 years, and the severity 
parameter was defined based on structural vul-
nerability indicators derived from building stock 
characteristics. Through this approach, earthquake 

risk was transformed into a quantitative model 
that holistically evaluates region-specific spatial 
and physical determinants. 

Theoretical Framework

Disasters have historically been among the prima-
ry threats to human societies, emerging as multidi-
mensional phenomena that directly affect physical 
structures and societal resilience (Tarakçı 2025a). 
Türkiye, due to its geological position, has a high 
exposure potential to various nature-based haz-
ards. Within the national borders, there are three 
major fault systems: the North Anatolian Fault, 
the West Anatolian Fault, and the East Anatolian 
Fault, all of which significantly increase Türki-
ye’s seismic hazard through their high seismic 
activity and the extensive geographical areas they 
affect. The impacts of earthquakes are closely re-
lated to local ground conditions, the characteris-
tics of the building stock, and how seismic energy 
is released. Therefore, studies conducted before 
and after earthquakes play a crucial role in seis-
mic risk assessment and building safety planning 
(Büyüksaraç et al. 2025; Tarakçı 2025b). Such 
studies enable more accurate identification of 
high-risk areas, analysis of damage levels, eval-
uation of structural safety, and improvement of 
disaster management strategies.

The Anatolian Peninsula is moving westward 
and southwestward under the compressional re-
gime between the Eurasian and African Arabian 
plates. Within this tectonic framework, the release 
of accumulated stress along the North Anatolian 
and East Anatolian fault zones results in large 
and destructive earthquakes (Sborshchikov et al. 
1981). The study conducted by Tarakçı and Kavut 
(2025) in August, based on Risk Management In-
dex data, revealed that Türkiye’s disaster risk level 
decreased from 5.0 in 2021 to 4.9 in 2025, tran-
sitioning into the “medium risk” category. How-
ever, according to recent data, this risk level has 
risen again to 5.2, placing the country back in the 
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Figure 1. Some of the results from the INFORM Risk Management Index (Inform Risk 2025).

“high-risk” category (Fig. 1). 

The destructive impacts of earthquakes in Türkiye 
have manifested repeatedly throughout history. In-
deed, the 1939 Erzincan, 1999 Gölcük, 2011 Van, 
2020 Izmir earthquakes, as well as the February 
6 2023 Kahramanmaras-centered earthquakes 
that affected 11 provinces, have demonstrated the 
country’s seismic fragility and the magnitude of 
its disaster risk in the most striking manner. The 

Emergency Event Database (EM-DAT), also 
known as the Emergency Disaster Database, is a 
comprehensive system that compiles disaster data 
obtained from various international organizations 
such as the International Federation of the Red 
Cross, United Nations agencies, Red Crescent so-
cieties, and national governments (Usta 2023).

Several earthquakes with a magnitude of Mw ≥ 
7 have occurred in Türkiye (Table 1). A total of 

Year Mw Detailed 
 Location Province(s) Total 

Deaths
Total  

Affected

1939 7.8 Erzincan city and surrounding districts Erzincan 32,962 585,000

1942 7.0 Niksar and Erbaa districts Tokat 3,000 —

1943 7.5 Ladik and Havza districts Samsun 4,020 5,000

1944 7.6 Gerede district (Western Anatolia) Bolu 3,959 —

1953 7.3 Yenice, Gonen and Balya districts Canakkale, Balikesir 1,200 50,000

1957 7.1 Abant region Bolu 53 119

1967 7.4 Mudurnu Valley and Adapazari area Bolu, Sakarya 183 326,073

1970 7.2 Gediz district Kutahya 1,086 83,448

1976 7.3 Muradiye district Van 3,840 216,000

1999 7.6 Izmit, Golcuk, Adapazari and Yalova Kocaeli, Sakarya, 
Yalova 17,127 1,358,953

1999 7.2 Duzce and Kaynasli districts Duzce, Bolu 845 224,948

2011 7.1 Van city and Ercis district Van 604 32,938

2020 7.0 Bornova, Bayrakli and Karsiyaka districts Izmir 115 6,034

2023 7.8 Pazarcik and Elbistan districts and sur-
rounding areas

Kahramanmaras, 
Hatay 53,000 16,107,000

Table 1. Major earthquakes with Mw ≥ 7.0 in Türkiye (EM-DAT 2025)
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26,949 disasters occurred worldwide between 
1900 and 2024, the majority of which were nat-
ural disasters, followed by technological events. 
In Türkiye, 211 natural and 175 technological 
disasters were recorded during the same period 
(EM-DAT 2025; https://public.emdat.be/)). Fur-
thermore, based on data retrieved on 01 Novem-
ber 2025, 994 disasters occurred globally between 
January 2024 and 1 November 2025, while Tür-
kiye experienced 7 natural and 1 technological 
disaster during this period (EM-DAT 2025). Be-
tween 1900 and 2024, EM-DAT recorded 17,606 
natural disaster events, with the most affected 
countries being the United States, China, India, the 
Philippines, Indonesia, Japan, Bangladesh, Mexi-
co, Brazil, Iran, Pakistan, Colombia, Afghanistan, 
Australia, Peru, France, Italy, and Russia, respec-
tively (Fig. 2). Türkiye ranks 16th among these 
countries. According to the same database, 116 of 

the 211 natural disasters that occurred in Türkiye, 
54.97% were earthquake-related. 

The Aegean Region has experienced intense seis-
mic activity as a result of the westward movement 
of the Anatolian Plate and has historically been 
affected by destructive earthquakes. The region is 
situated within the Aegean Graben System, which 
is bounded by east–west–trending normal faults, 
and is characterized by the temporal and spatial 
clustering of low- to moderate-magnitude earth-
quakes (Büyüksaraç et al. 2025). The Aegean Re-
gion and its surrounding areas have been affected 
by destructive earthquakes with magnitudes of 
Mw ≥ 7.0. In this context, the 1919 Ayvalık earth-
quake (Mw = 7.0), the 1953 Yenice–Gönen earth-
quake (Mw = 7.2), and the 1970 Gediz (Kutahya) 
earthquake (Mw = 7.2) stand out as the major 
large-magnitude events that impacted the region. 
In addition, numerous moderate-magnitude earth-

Figure 2. Disasters in the EM-DAT Database (EM-DAT 2025; Created by the Author).

https://doi.org/10.57647/j.gcr.2025.0802.15
https://public.emdat.be


Tarakçı (2025) Geoconserv. Res. 8(2), 082516 5

2588-7343[https://doi.org/10.57647/j.gcr.2025.0802.17]

quakes in the Mw 6.0–6.9 range are concentrated 
along the Simav, Gelenbe, Düvertepe, and Soma–
Kırkağaç fault zones, as well as the Gediz Graben 
System (Gündoğdu et al. 2020). Recent seismic 
activity includes the Mw = 6.1 Balıkesir–Sındırgı 
earthquake that occurred on 10 August 2025, fol-
lowed by an intense aftershock sequence. The seis-
motectonic characteristics and regional seismic 
hazard of the Aegean Region have been examined 
in numerous studies using different methodolog-
ical approaches (Korkmaz et al. 2010; Isik et al. 
2023; Makra et al. 2021; Sözbilir et al. 2016).

The assessment of earthquake hazards is a criti-
cal component of disaster risk reduction and pre-
paredness efforts worldwide (Xu et al. 2015; Is-
mail et al. 2024). In order to mitigate the inherent 
unpredictability not only of earthquakes but of 
all natural disasters, various methods have been 
developed to determine risk levels. The literature 
presents multiple approaches for this purpose: 
Huang et al. (1998) used fuzzy mathematical 
methods; Peduzzi et al. (2009) employed model-
ing techniques; Gong and Forrest (2014) applied 
a grey system method suitable for meteorological 
disaster risk analysis; Deng et al. (2001) utilized 
probability- and statistics-based uncertainty anal-
ysis; and Ranger et al. (2010) proposed scenario 
analysis. Additionally, numerous risk assessment 
studies using the AHP method exist (Ganguly & 
Guin 2013; Dagsuyu et al. 2021). Moreover, Chen 
et al. (2019) employed the TOPSIS and VIKOR 
methods for determining natural disaster risk, 
while Hong & Jeong (2019) proposed a multi-ob-
jective programming model for network design re-
lated to natural disasters. Among these approach-
es, the Fine–Kinney method is also a significant 
tool used in risk assessment.

The Fine–Kinney method is widely used in oc-
cupational health and safety risk assessment 
(Oturakçı & Dağsuyu 2017; Aker & Özçelik 2020; 
Cündübeyoğlu & Kayabaşı 2022). Aminbakhsh 

et al. (2013) conducted an important study eval-
uating safety risks at the planning and budgeting 
stages of construction projects using the Analytic 
Hierarchy Process (AHP). Gürcanlı et al. (2015) 
developed a comprehensive method for estimat-
ing safety costs in the early stages of tendering 
processes by applying various risk assessment 
techniques—including project planning data, the 
L-matrix, the Fine–Kinney method, and the ABC 
method—to construction projects. Tappura et al. 
(2015) examined safety-oriented decision-making 
processes in cost–benefit analyses and the role of 
management accounting in valuing human life. 
Sousa et al. (2014) developed a Potential Risk 
Model to estimate the statistical costs of occupa-
tional safety and health risks. 

In the area of natural disaster risk assessment, Lu-
chuan (1999) and Xu et al. (2015) focused on re-
gional disaster risk analysis; Emblemsvåg (2008) 
conducted an extensive risk analysis for rockfalls 
induced by nature-based hazards in Norway; and 
Osipov et al. (2019) evaluated risks associated 
with multiple disaster types such as earthquakes, 
floods, and landslides. Derse (2021) assessed the 
annual natural disaster risks of the provinces in 
the Aegean Region using a revised Fine–Kinney 
method, and due to the similarity of risk scores, an 
AHP-weighted ELECTRE I method was applied 
to determine the most vulnerable province. Fol-
lowing the identification of the most at-risk area, 
an optimal settlement location was selected using 
a goal programming approach that considered 
population and scope criteria. Kartal and Soyluk 
(2023) adapted the Fine–Kinney method to natu-
ral disasters and enhanced it through fuzzy log-
ic, concluding that the fuzzy logic Fine–Kinney 
method captured uncertainties in natural disasters 
more effectively and produced more realistic re-
sults than the classical method. Daneshvar Rouy-
endegh and Gür (2020) also applied the fuzzy log-
ic Fine–Kinney method to dam-related risks.
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This study develops and applies an adapted ver-
sion of the Fine–Kinney risk analysis method tai-
lored to the dynamics of natural disasters to quan-
titatively assess earthquake risk in the provinces 
of the Aegean Region. The adapted Fine–Kinney 
method seeks to provide decision-makers with 
a rapid and applicable risk screening tool by in-
corporating components of seismic hazard, earth-
quake recurrence frequency, and structural vulner-
ability.

Method

The Fine–Kinney method was preferred in this 
study because it provides a transparent, algebra-
ically simple, and numerically explicit framework 
that can be directly interpreted by decision-makers 
in both disaster risk management and design-relat-
ed disciplines. Unlike probabilistic seismic hazard 
analyses (PSHA) or purely GIS-based multi-cri-
teria models, the Fine–Kinney approach allows 
the three core components of risk probability, fre-
quency, and severity to be expressed as separate 
yet combinable indices. This structure is particu-
larly suitable for translating technical seismic in-
formation into prioritization schemes that can be 
readily used in urban planning, architecture, and 
interior architecture. 

The theoretical basis of the method was estab-
lished by Fine in the 1970s and later refined by 
Kinney, and it has been widely adopted in indus-
trial safety applications. In this model, the level 
of risk is calculated as the product of three main 
components: probability (P), frequency of expo-
sure (F), and severity of consequences (S) (Fine 
1971; Kinney and Wiruth 1976). Thus, the method 
provides a decision-making framework by identi-
fying risks through comparable numerical scores. 
The fundamental mathematical expression of the 
Fine–Kinney model is defined by the formula  
R = P × F × S.

Risk Scoring (R) = probability (P) × frequency (F) × Severity (S)   (1)

Kinney and Wiruth (1976) evaluated risk levels 
not by using direct mathematical ratios, but by 
relying on scores derived from these ratios. This 
approach enables the analysis of classified risk 
scores rather than the absolute numerical values 
themselves. 

Probability expresses the likelihood that a given 
hazard may cause damage or harm during a pro-
cess. In risk assessment models, this concept is 
used to quantitatively define the degree to which 
an event may occur (Table 2). Frequency (expo-
sure frequency) refers to how often a particular 
hazard is encountered by measuring the intensity 
and periodicity with which the hazard is experi-
enced (Table 3). Severity represents the magnitude 
of potential outcomes such as injury, loss of life, 
or property damage that may occur if the hazard 
materializes (Table 4). This parameter is used to 
characterize the seriousness of an event’s impact 
and the potential level of harm it poses to the sys-
tem.

The total risk value is obtained by multiplying the 
parameters defined in Tables 1, 2, and 3. Based 
on this approach, Kinney and Wiruth (1976) es-
tablished five distinct risk classes (Table 5). The 
calculated risk score ranges between 0.01 and 
10,000 and is evaluated in five categories. R < 20 
is defined as “acceptable,” 20–70 as “definite,” 
70–200 as “significant,” 200–400 as “high,” and 
R > 400 as “very high risk.” This classification 
provides a systematic decision-making frame-
work that determines the intervention priority for 
each risk level. 

It would be inappropriate to transfer the risk pa-
rameters from fields of industrial safety; for ex-
ample, classifying an annual event as “very rare” 
is not realistic for periodic natural phenomena 
such as earthquakes (Ekinci et al. 2020). We 
adapted the core components of the method to 
reflect the physical and structural determinants 
of seismic risk (Ersöz and Bayrak 2023). The 

https://doi.org/10.57647/j.gcr.2025.0802.15


Tarakçı (2025) Geoconserv. Res. 8(2), 082516 7

2588-7343[https://doi.org/10.57647/j.gcr.2025.0802.17]

Table 2. Probability Scale developed according to the method of Kinney and Wiruth (1976).

Probability (P) Description (Qualitative Definition)

0.1 Impossible

0.2 Practically impossible

0.5 Weak probability

1 Fairly low probability

3 Rare, but possible

6 Strong probability

10 Very strong probability

Table 3. Frequency scale developed according to the method of Kinney and Wiruth (1976).

Frequency (F) Explanation / Category

0.5 Very rare / Less than once per year

1 Rare / Once or several times per year

2 Occasional / Once or several times per month

3 Intermittent / Once or several times per week

6 Frequent / Once or several times per day

10 Continuous / Continuous or more than once per hour

Table 4. Severity scale developed according to the Kinney and Wiruth (1976) method.

Severity (S) Description / Type of Outcome

1 Should be considered, low / Minor, harmless or negligible

3 Significant / Minor work loss, small damage, first aid required

7 Serious / Major damage, external medical treatment, inability to work

15 Very serious / Disability, limb loss, environmental impact

40 Very severe / Permanent disability, death, severe environmental impact

100 Catastrophic / Multiple fatalities, major environmental disaster

Risk Level Risk Class  Required Action

R> 400 Very high risk The probability of occurrence is extremely high and almost certain.  
Necessary measures must be taken immediately with zero tolerance.

200 <R≤ 400 High risk
The probability of occurrence is high and possible. It is considered a fun-

damental risk and must be improved in the short term within a few months. 
Immediate action is required.

70 <R≤ 200 Significant risk
This is a serious risk with a measurable probability of occurrence. It should 

be reduced through long-term measures within approximately one year.  
Action must be taken, and an annual action plan should be prepared.

20 <R≤ 70 Definite risk There is a possibility of occurrence; therefore, it must be kept under 
 monitoring. It should be included in the action plan.

R≤ 20 Acceptable risk The probability of occurrence is low and the impact is negligible. However, 
precautions to be taken are not of high priority.

Table 5. Risk value classification according to the method of Kinney and Wiruth (1976).

https://doi.org/10.57647/j.gcr.2025.0802.15
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threshold values defined in the adapted probabil-
ity, frequency and severity scales (Tables 5–7) 
are based on a combination of existing literature, 
national guidelines and expert judgement.

The probability (P) was determined based on 
each province’s shortest distance (d, km) to ac-
tive fault lines. Fault-specific parameters such as 
maximum magnitude, slip rate, or PGA were not 
included due to data consistency limitations at the 
provincial scale (Table 6). Probability values were 
derived using data from the General Directorate 
of Mineral Research and Exploration (MTA) and 
the Disaster and Emergency Management Au-
thority (AFAD) Earthquake Hazard Map (MTA 
2025; AFAD 2025). Provinces located closer to 
fault zones, especially < 15 km, were considered 
to have a higher probability of earthquake occur-
rence.

The frequency (F) was determined from the to-
tal number (n) of medium- and large-scale earth-
quakes (Mw ≥ 4.5) recorded within the adminis-
trative boundaries of each province over the past 
35 years. Thus, the “exposure frequency” param-
eter in the Fine–Kinney method was adapted to 
represent the seismic activity level of each prov-
ince in the context of nature-based hazards. The 
relevant data were obtained from the Emergency 
Events Database (EM-DAT 2025; Usta 2023). For 
the frequency scale (Table 7), the ranges of the 
number of events (1 2–4, 5–9, ≥10) were selected 
to distinguish between very rare, rare, moderate 
and clearly recurrent seismic activity over a 35-
year window in a way that remains meaningful for 
decision-makers. 

The 35-year analysis window (1990–2025) and the 
magnitude threshold of Mw ≥ 4.5 were chosen for 
both methodological and practical reasons. Global 
earthquake catalogues, including EM-DAT, show 
improved completeness and consistency after 
1990 in event reporting and parametrization. Sec-
ond, focusing on Mw ≥ 4.5 events ensures that the 

frequency index reflects earthquakes with at least 
moderate damage potential. While smaller earth-
quakes are important for detailed seismotectonic 
analyses, they may inflate frequency values with-
out necessarily corresponding to significant risk 
for the built environment. EM-DAT was selected 
as the primary data source because it provides a 
harmonized, internationally comparable database 
of disaster events. However, national catalogues 
such as AFAD’s earthquake database are acknowl-
edged as valuable complementary sources, and fu-
ture work will seek to cross-validate the present 
frequency indices using higher-resolution national 
records.

The severity parameter (S) was determined from 
the total number of buildings ( btop ) in each prov-
ince. A low proportion of newly constructed build-
ings indicates increased structural vulnerability 
and consequently a higher severity value. Data on 
the building stock were obtained from the 2021 
Building and Housing Characteristics Survey con-
ducted by TÜİK (TÜİK 2025). The building-stock 
intervals (Table 8) were determined by exam-
ining the national distribution of total buildings 
and identifying breakpoints that separate provinc-
es with very large, large, medium and relatively 
small exposure levels. 

These thresholds should therefore be understood as 
semi-empirical, region-specific classes that trans-
late continuous variables into discrete Fine–Kinney 
scores, rather than as strict physical limits. To illus-
trate the application of the adapted P–F–S thresh-
olds, a representative example scenario is consid-
ered. A hypothetical province located within 10 
km of an active fault is classified as P = 10 due to 
near-fault strong-motion potential. If the province 
recorded 2–4 Mw ≥ 4.5 earthquakes between 1990 
and 2025, F = 2 is assigned, and if its total building 
stock is approximately 350,000, the severity pa-
rameter is set to S = 15. The resulting risk score is 
R = 300, corresponding to the ‘high risk’ category.

https://doi.org/10.57647/j.gcr.2025.0802.15
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Total number of 
buildings

Adapted 
Severity (S)

Fine–Kinney 
Equivalent Description

>700.000 100 Catastrophic Very high density of old buildings; high destruction 
potential

400.000-700.000 40 Very Severe High proportion of old buildings; substantial damage 
expected

300.000-400.000 15 Severe Partially renewed building stock

200.000-300.000 7 Serious Increased proportion of new buildings; decreasing 
damage risk

150.000-200.000 3 Significant Mostly new buildings; low structural vulnerability

<150.000 1 Acceptable risk Modern building stock; low likelihood of structural 
damage

Table 6. Probability scale adapted using the data defined by Kinney and Wiruth (1976).

Shortest distance to 
the fault line (km) Adapted Probability (P) Fine–Kinney equivalent Description

0 – 15 km 10 Very strong probability Located directly on or very 
close to an active fault

15 – 20 km 6 Strong probability Settlement area close to the 
fault

20 – 25 km 3 Rare, but possible Moderately distant settlement

25 – 30 km 1 Fairly low probability Relatively low hazard

> 30 km 0,5 Weak probability Area distant from the active 
fault

Table 7. Frequency scale adapted using the data defined by Kinney and Wiruth (1976).

Number of Mw ≥ 4.5 
earthquakes in the 

last 35 years
Adapted Frequency (F) Fine–Kinney Equivalent Description

≥ 10 6 Frequent Active seismicity; regularly 
recurring earthquakes

5 – 9 3 Occasional Moderate level of seismic 
activity

2 – 4 2 Rare Infrequent but periodic 
earthquakes

1 1 Very rare Earthquakes occurring at 
long intervals

0 0,5 Extremely rare Region with no recorded 
earthquakes

Table 8. Severity scale adapted using the parameters defined by Kinney and Wiruth (1976).

The provincial boundaries of the Aegean Region, 
located in western Türkiye, were included with-
in the scope of the analysis. Only the provinces 
entirely located within the Aegean Region were 
considered, limiting the study to the provinces of 

Izmir, Manisa, Aydin, Mugla, Denizli, Usak, Ku-
tahya, and Afyonkarahisar (Fig. 3). Since Canak-
kale, Balikesir, Bursa, and Bilecik are only partial-
ly included in the Aegean geography and most of 
their administrative areas belong to the Marmara 
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Figure 3. Selected study area (created by the author).

Region, these provinces were excluded. The ac-
tive fault zones associated with them constitute 
the fundamental factors that determine the seismic 
hazard of the region (Fig. 4).

Results

The shortest distances of the provinces to active 
fault lines in terms of 𝑑 (km/m) and in terms of 
probability in the Fine–Kinney method for seismic 
hazard range between P = 10 and P = 6 (Table 9). 
For seven of the eight provinces, 𝑑 < 7 km, and 
these were classified with the maximum probability 
score of P = 10 in the adapted scale. For the calcu-
lated distance vector (di) = (6.68, 0.10, 0.10, 0.10 
1.21, 0.669, 0.279 21), the corresponding probabil-
ity vector was obtained as (Pi) = (10 10 10 10 10 

Figure 4. Türkiye Earthquake Hazard and Active Fault Maps (AFAD; MTA 2025).

10 10, 6). Accordingly, Pi = 10 for Afyonkarahisar, 
Aydin, Denizli, Kutahya, and Manisa, and Pi = 6 for 
Usak. These results indicate that the region exhibits 
a highly homogeneous pattern in terms of seismic 
hazard, with 87.5% of the provinces located with-
in the critical threshold of 7 km from active fault 
zones, thereby falling into the high-probability cat-
egory. The average probability value for all prov-
inces is 9.25, which confirms that the likelihood of 
earthquake occurrence is high at the regional scale.

There are 116 records of earthquakes with Mw ≥ 
4.5 in Türkiye over the last 35 years (1990–2025; 
Table 10). A total of 16 earthquakes occurred with-
in the boundaries of the Aegean Region (Table 11). 
Earthquake frequency for each province is present-
ed in Table 12. The number of earthquakes with a 
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Table 9. Probability scale by fault-line distance.

Afyonkarahisar Aydin Denizli Izmir

Shortest Fault Distance 6,68 km 0 10 km 0 10 km 5.30 km

Adapted Probability (P) 10 10 10 10

Kutahya Manisa Mugla Usak

Shortest Fault Distance 1.21 km 0,669 km 0,279 km 21 km

Adapted Probability (P) 10 10 10 6

Table 10. Earthquake frequency and impacts in Türkiye (Mw ≥ 4.5 1990–2025).

Mw Range
Number of 

Earthquakes
Main Affected Provinces

Number of 
Provinces

Total 
Deaths

Average 
Deaths per 

Event

Total  
Affected

Total  
Damage

4.5 – 5.4 10 Istanbul, Izmir, Erzurum 7 23 2.3 4,180 0

5.5 – 6.4 23 Bingol, Manisa, Denizli 25 549 23.9 2,133,146 2,106,123

6.5 – 7.4 9 Erzincan, Kocaeli, Izmir 11 2,303 255.9 936,588 6,774,861

≥ 7.5 2 Kahramanmaras, Hatay 20 70,127 35,063.5 17,465,953 72,666,218

TOTAL 44 All provinces 37 73,002 1,659.1 20,539,867 81,547,202

Table 11. Compiled earthquake dataset for the Aegean Region (EM-DAT 2025).

DisNo Country Location Magni-
tude

Lati-
tude

Longi-
tude

End 
Year

Total 
Deaths

1928-0005-TUR Türkiye Torbah-Izmir 38,25 27,1 1928 50

1939-0023-TUR Türkiye Dikili 6,3 39,209 27,164 1939 60

1944-0046-TUR Türkiye Usak 6 38,9 29,3 1944 21

1969-0059-TUR Türkiye West Alasehir, Sarigol, 
Kirz 6,7 38,515 28,546 1969 53

1970-0019-TUR Türkiye Gediz 7,2 39,098 29,57 1970 1086

1970-0134-TUR Türkiye Demirci, Manisa 5,7 39,1 28,7 1970

1976-0056-TUR Türkiye Denizli 4,9 37,7 28,89 1976 4

1986-0183-TUR Türkiye Aydin area 5,5 37,931 28,574 1986

1995-0233-TUR Türkiye Dinar, Evciler 6,1 38 30,1 1995 94

1999-0376-TUR Türkiye Marmaris 5,2 1999

2002-0065-TUR Türkiye Bolvadin district (Afyon 
province) 6,5 38,573 31,271 2002 42

2003-0648-TUR Türkiye Buldan district (Denizli 
province) 4,5 38,111 28,887 2003

2003-0783-TUR Türkiye Seferihisar, Konak 
(Izmir province) 5,8 38,221 26,958 2003

2011-0170-TUR Türkiye Simav district (Kutahya 
province) 5,8 39,149 29,103 2011 3

2017-0280-TUR Türkiye Bodrum 6,7 2017

2020-0466-TUR Türkiye Izmir Bornova, Bayrakli 
and Karsiyaka 7 37,913 26,779 2020 115
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magnitude of Mw ≥ 4.5 in each province over the 
last 35 years gave a resulting earthquake count vec-
tor of (nᵢ) = (2 1 2, 4 2 2 2 1), and the corresponding 
adapted frequency coefficients are (Fᵢ) = (2 1 2 2 2 
2 2 1). Afyonkarahisar, Denizli, Kutahya, Manisa, 
Mugla, and Izmir which recorded four events, fall 
into the Fᵢ = 2 category. Since Aydin and Usak each 
recorded nᵢ = 1, these provinces were evaluated 
with Fᵢ = 1. The distribution of frequency coeffi-
cients indicates that 75% of the provinces are clus-
tered in the Fᵢ = 2 class, while the remaining 25% 
fall into the Fᵢ = 1 category. This confirms that the 
frequency parameter exhibits low variance and that 
earthquake recurrence rates across the region are 
concentrated within a narrow interval.

The severity parameter (Sᵢ), representing the po-
tential structural damage in the event of an earth-
quake, was determined using the total number of 

buildings, of which there are 25,329,833 dwell-
ings inhabited by households in Türkiye (Fig. 5; 
Table 13). The adapted severity scale, defined as 
S ∈ (1, 3, 7, 15, 40, 100), matches the distribution 
of the provincial building stock, given as (𝑏top)i = 
(124,856; 192,678; 218,348; 353,281; 362,287; 
391,460; 475,046; 1,503,086). According to these 
results, Usak, having the lowest building stock, 
falls into the lowest severity category with S = 1; 
Kutahya, with S = 3, is in the low-severity class; 
and Afyonkarahisar, with S = 7, represents a me-
dium severity level. Denizli, Mugla, and Aydin 
cluster within the same category with S = 15 due 
to their similar building stock levels. Manisa, with 
S = 40, is classified as a high-severity province, 
whereas Izmir, which has the largest building 
stock in the region, is represented by the maxi-
mum severity level of S = 100.

Table 12. Frequency scale (F) for Mw ≥ 4.5 earthquakes in the Aegean Region.

Provinces Number of Mw ≥ 4.5 Earthquakes (Last 35 Years) Adapted Frequency (F)

Afyonkarahisar 2 2

Aydin 1 1

Denizli 2 2

Izmir 4 2

Kutahya 2 2

Manisa 2 2

Mugla 2 2

Usak 1 1

Table 13. Severity scale (S) by total buildings.

Provinces Post-2000 Buildings Total Buildings Adapted Severity (S)

Afyonkarahisar 85.170 218.348 7

Aydin 155.356 391.460 15

Denizli 159.055 353.281 15

Izmir 609.038 1.503.086 100

Kutahya 79.367 192.678 3

Manisa 197.130 475.046 40

Mugla 146.849 362.287 15

Usak 52.629 124.856 1
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Figure 5. Türkiye Statistical Institute Population Statistics Portal (TÜİK 2025).

The calculated total risk coefficients (Ri) indi-
cate a wide distribution of seismic risk, ranging 
between 6 ≤ 𝑅𝑖 ≤ 2000 (Table 14). The spatial 
distribution of provincial-level risk scores across 
the Aegean Region (Fig. 2) are derived from the 
adapted Fine–Kinney method for earthquake haz-
ard assessment (Fig. 6). The highest risk coeffi-
cients (Ri = 2000) are for Izmir and Manisa, both 
falling in the “very high risk” category, indicating 
that the likelihood of occurrence is almost cer-
tain and that immediate intervention is required. 
Among the provinces with high-risk potential are 
Denizli and Mugla (R = 300), areas where long-
term mitigation measures should be planned with-
in approximately one year. In Afyonkarahisar and 
Aydin, the risk coefficients (Ri = 140–150) place 
them in the “significant risk” category; this level 
reflects a serious risk with a realistic probability of 

occurrence. Long-term mitigation actions should 
be implemented within about one year, and an 
annual action plan should be established. Kuta-
hya, with Ri = 60, is classified as “definite risk,” 
where the probability of an earthquake exists, but 
monitoring-based interventions are considered 
sufficient. Usak, located in the central part of the 
region, has Ri < 20, placing it in the “acceptable 
risk” category. For this province, earthquake risk 
is at a low level, and periodic monitoring along 
with measures aimed at strengthening the building 
stock are deemed adequate.

Conclusion and Recommendations

In this study, the Fine–Kinney risk assessment 
method was adapted to incorporate the geolog-
ical, seismic, and socio-structural determinants 
of earthquake hazards, and the seismic risk for 
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Figure 6. Fine–Kinney–based risk analysis of Aegean provinces (created by the author).

eight provinces in the Aegean Region was ana-
lyzed quantitatively. The probability (P) param-
eter was defined based on the shortest distance 
to active fault lines, the frequency (F) parameter 
on the number of Mw ≥ 4.5 earthquakes record-
ed over the past 35 years, and the severity (S) pa-
rameter on the total building stock of each prov-
ince. Through these adaptations, the Fine–Kinney 
method traditionally used in industrial safety was 
transformed into a region-specific model suitable 
for evaluating natural hazard risks. The analysis 
results indicate that the Aegean Region exhibits 
a generally high level of seismic risk. Izmir and 

Manisa, driven by the combined effect of their 
extensive building stock and proximity to active 
fault zones, were classified as “very high risk” 
with a score of R = 2000; for these provinces, the 
likelihood of occurrence is considered nearly cer-
tain, necessitating urgent intervention. Denizli and 
Mugla were identified as “high risk” with R = 300, 
whereas Afyonkarahisar and Aydin exhibited “sig-
nificant risk” levels with R ≈ 140–150. Kutahya, 
with a score of R = 60, falls in the “definite risk” 
category, requiring monitoring-based measures. 
Usak, located in the interior part of the region, 
was evaluated as having an “acceptable risk” level 
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PROVINCES P F S R Conclusion Required Action

Izmir 10 2 100 2000 Very High Risk The probability of occurrence is extremely 
high and almost certain. Necessary precau-

tions must be implemented immediately with 
zero tolerance.

Manisa 10 2 40 800 Very High Risk

Denizli 10 2 15 300 High Risk The event is highly likely and plausible. It is 
considered a primary risk and must be miti-
gated in the short term, ideally within a few 

months. Immediate action is required.
Mugla 10 2 15 300 High Risk

Afyonkarahisar 10 2 7 140 Significant Risk The probability of occurrence is consider-
able. Long-term measures should be taken 
to reduce the risk within approximately one 

year. Action is required, and an annual action 
plan should be developed.

Aydin 10 1 15 150 Significant Risk

Kutahya 10 2 3 60 Definite Risk
There is a clear likelihood of occurrence; 

therefore, the situation should be monitored. 
It must be included in the action plan.

Usak 6 1 1 6 Acceptable Risk

The probability of occurrence is low and its 
impact is minor. Mitigation measures are not 
prioritized, although they may be implement-

ed if necessary.

Table 14. Adapted Fine–Kinney Risk assessments for the Aegean region.

with R = 6, indicating relatively low seismic risk. 
This distribution reveals that even within the same 
regional system, risk levels vary substantially de-
pending on geological positioning and structural 
exposure characteristics.

The findings of this study are significant for three 
reasons. First, the adapted Fine–Kinney model 
explains seismic risk not through a single hazard 
indicator, but through the integrated assessment 
of probability, frequency, and severity compo-
nents, thereby providing decision-makers with a 
multidimensional analytical framework. Second, 
the quantitative risk scores generated for each 
province enable prioritization in intervention and 
resource allocation, contributing to the develop-
ment of disaster management policies grounded 
in rational and evidence based principles. Third, 
the study offers a regionally applicable model 
that complements the limited number of existing 
studies on adapting the Fine–Kinney method to 

nature-based hazards. The results of this research 
provide valuable insights not only for disaster 
management and geological sciences, but also for 
the fields of architecture and interior architecture. 
The province-based numerical risk scores support 
the design of safety strategies, material selections, 
fixed furniture details, and spatial organization 
decisions in a risk-sensitive manner. In partic-
ular, the severity coefficient derived from the 
building stock presents a scientific basis for eval-
uating interior-space vulnerability at the level of 
non-structural elements. Accordingly, the adapted 
Fine–Kinney model serves as a guiding tool for 
earthquake-responsive design and interior spatial 
planning, offering practical applicability within 
the architectural literature.

Based on the findings of this research, several pol-
icy and implementation recommendations can be 
developed. In provinces classified as “very high” 
and “high risk” notably Izmir, Manisa, Denizli, 
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and Mugla the strengthening of building stock and 
the implementation of urban transformation pro-
grams are of critical importance. In these areas, 
unsafe and old structures lacking proper engineer-
ing services should be identified and gradually 
reinforced. Additionally, comprehensive urban 
transformation strategies supported by microzo-
nation data should be developed for districts and 
neighborhoods with high-risk scores. In regions 
located near active fault zones or characterized by 
weak soil conditions, new construction should be 
restricted, and residential or critical infrastructure 
investments should be planned only when neces-
sary. In these processes, the risk scores and maps 
produced in this study should be treated as essen-
tial inputs. Within the scope of non-structural risk 
reduction, it is also important to update disaster 
logistics centers, assembly areas, and evacuation 
routes in high-risk provinces; expand regular 
earthquake drills in public institutions, schools, 
and hospitals; and prepare continuity plans to en-
sure the functioning of critical services. At the in-
terior-space scale, non-structural elements should 
be re-evaluated according to seismic performance, 
units with falling or overturning potential should 
be tested through analytical methods, design stan-
dards should be developed for securely anchoring 
fixed furniture to walls and floors, lightweight and 
impact-absorbing materials should be preferred 
over heavy interior finishes, and spatial layouts 
should be arranged to facilitate emergency cir-
culation. Furthermore, urban transformation pro-
grams should aim not only to improve structural 
elements but also to enhance interior safety simul-
taneously. Increasing community-based aware-
ness efforts in high-risk provinces, particularly 
in densely built-up urban areas, will raise public 
knowledge regarding building safety, strengthen-
ing methods, emergency kits, and proper behav-
ioral responses during earthquakes. The imple-
mentation of sustainable education and awareness 
programs through collaboration among local au-

thorities, universities, and non-governmental or-
ganizations is therefore essential.

Regular updates of earthquake, fault-line, and 
building-stock datasets, along with re-running 
the model with newly available information, are 
necessary for dynamic risk monitoring. As a lim-
itation, the adapted Fine–Kinney framework is a 
deterministic decision-support index and does not 
explicitly model aleatory/epistemic uncertainties 
in seismic hazard (e.g., ground-motion uncertain-
ty, site effects, and attenuation). The parameters 
used in this study were selected in line with data 
availability and the objective of regional compar-
ison. Variables such as soil classifications, max-
imum magnitude of fault segments, slip rates, 
building age, and structural system types were 
not included in the model due to considerations 
of data consistency and applicability at the pro-
vincial scale. Therefore, the proposed approach 
should be regarded as a decision-support tool in-
tended for prioritization and screening purposes 
rather than for detailed engineering analyses. In 
addition to the EM-DAT database, other databas-
es are also available. Therefore, the results should 
be interpreted as relative prioritization indicators 
rather than absolute loss estimates. Future re-
search would benefit from integrating additional 
variables such as population density, income level, 
critical infrastructure distribution, and soil class-
es into the model. Moreover, applying the adapt-
ed Fine–Kinney method to other seismic zones 
of Türkiye and to different types of nature-based 
hazards would help test and validate the robust-
ness of the framework.

In conclusion, this study provides a comparative 
and prioritization-oriented assessment framework 
for quantifying earthquake risk across the provinc-
es of the Aegean Region. The adapted Fine–Kin-
ney model constitutes a tool capable of contribut-
ing both to the systematic monitoring of disaster 
risk at the national scale and to the design of con-
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crete intervention programs at the local scale. En-
hancing the model with updated datasets and addi-
tional parameters will provide a strong foundation 
for developing evidence-based earthquake safety 
policies in Turkey.
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