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Highlights
* Fire-related accidents accounted for 5.3% of all workplace accidents and 11.6% of fatalities.
* Gender-based analyses revealed that male workers were affected at a higher rate (»<0.001).
* Fatal fire accidents reveal ongoing structural risks in workplaces.
» A multi-layered fire safety model integrating data, technology, and policy was proposed.

Article Info Abstract

Fire incidents continue to pose a significant public safety and occupational health risk worldwide.
Received: 27 Apr 2025 According to the International Technical Committee on Fire Prevention and Firefighting (2023),
Accepted: 18 May 2026 fire-related death rates range from 3 to 5 per 100,000 people in developed countries such as the

United States, Germany, and Japan, while in developing countries such as India, Pakistan, and
Nigeria, these rates can reach 25 to 45 per 100,000 people. In Tiirkiye, the fire-related death rate

Keywords was approximately 7 per 100,000 people in 2022, placing the country in the middle-income group.
Industrial fires The absence of a centralized and standardized national fire incident database in Tiirkiye limits the
Fire risk assessment comprehensive analysis of fire-related workplace accidents. Therefore, this study examines the
Occupational safety distribution and characteristics of fire-related workplace accidents using Social Security
Workplace accidents Institution (SSI) data covering the 2012—-2022 period. Statistical analyses were conducted using
Fire prevention Pearson’s chi-square and Fisher—Freeman—Halton tests. The findings indicate that fire-related
strategies accidents account for approximately 5.3% of all workplace accidents and 11.6% of fatal cases.
According to SSI records, these accidents are predominantly concentrated in categories C1
(=42%) and C2 (=39%). A gender-based analysis indicates that male workers are significantly
more affected by fire-related workplace accidents (p<0.001). These findings should be considered
as preliminary evidence derived from existing official data. The results highlight the strategic
importance of establishing a transparent, centralized, and internationally compliant national fire
data monitoring system in Turkiye. Such an approach would also contribute to the achievement
of United Nations Sustainable Development Goals (SDGs) 8 and 9.
1. INTRODUCTION

The discovery of fire is a revolution in the history of civilization. The ability to control fire enabled humans
to meet a variety of needs. Being able to use it for purposes such as cooking, heating, and lighting is one of
the greatest advances in human history [1]. Combustion is an exothermic reaction in which a combustible
material combines with oxygen and a heat source in specific proportions to release heat and light energy
[2]. Although fire is an integral part of nature, human activities have significantly increased its frequency
and destructive power [3]. The development of technology and industry has increased the use of chemical,
electrical and hot work equipment in industrial facilities; this situation paves the way for industrial fires
and explosions if precautions are not taken. Such accidents, or fires known as uncontrolled combustion,
can affect not only the site of the incident but also the surrounding area due to leaking toxic and suffocating
gases, leading to chronic diseases in humans and environmental pollution in the long term [4-6]. One of the
most well-known examples of this is the ‘dioxin’ gas released into the environment following a reactor
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explosion in the Italian town of Seveso on 10 July 1976. This incident caused health problems such as
animal and human deaths, skin burns and cancer, and led to the European Commission issuing the ‘Seveso
Directives’ [7].

To assess the global impact of uncontrolled burning, organisations such as the International Association of
Fire and Rescue Services (IAFRS) and the World Health Organisation (WHO) regularly publish fire
statistics. According to the 2019 report by the International Association of Fire and Rescue Services Centre
for Fire Statistics (CTIF), among the countries with more than 300 fire-related deaths per year, India
(45,197), China (10,356) and Nigeria (8,950) ranked highest, while Tiirkiye (695) ranked 60th [8]. When
the 2022 data is examined, converted based on the 2019 annual threshold of 300 deaths, a decline of over
20% is observed in both India and Tiirkiye. As can be seen in Figure 1, such statistical data is critical for
accurately understanding fire risks and effectively allocating national firefighting resources. The most
dramatic increase occurred in South Africa, at 147.6 per cent [9].
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Figure 1. Percentage change in deaths per year statistics according to CTIF data

Another piece of data used in evaluating fire statistics is the number of fire calls. According to 2023 CTIF
data, Hong Kong (810,218) ranked first, Paris (495,397) second, and Istanbul (122,544) sixth in the number
of fire calls in cities worldwide between 2017 and 2021. A 6.7% increase in calls was observed in Istanbul
between 2019 and 2023, reflecting the high call volume in large metropolitan areas and the extensive
response areas assigned to fire stations; Istanbul controls an average area of 42.7 km? [8].

According to the 2018 report by the National Fire Protection Association (NFPA), a civil society
organisation that collects fire and disaster statistics in the USA, industrial fires caused an average of $1.2
billion in property damage per year between 2011 and 2015. Industrial fires occur less frequently than
residential fires but result in more heat and widespread material damage [10]. Another well-known civil
society organisation is the Emergency Events Database (EMDAT), maintained by the Centre for Research
on the Epidemiology of Disasters (CRED) at the Catholic University of Louvain in Belgium. Since 1988,
it has recorded more than 26,000 events related to technological and natural disasters. Criteria for an event
to be recorded as a disaster include at least 10 deaths or 100 injuries, a declaration of emergency, and a call
for international aid [11,12]. The largest event in Tiirkiye meeting these criteria was the mining disaster in
Soma, Manisa, on 13 May 2014, in which 301 people lost their lives [13,14].

In Tiirkiye, some civil society organizations share industrial accident statistics as unofficial data instead of
official institutions. One of these reports was published by the Chamber of Chemical Engineers for the
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years 2021 and 2022. Therefore, the findings are presented not as definitive and generalizable statistics, but
rather to highlight the current data gap and fragmented reporting structure in Tiirkiye. The 2022 industrial
fires report and a study published in 2021 report that the majority of fires and explosions (73%) are
concentrated in relatively high-risk sectors such as metal, textiles, wood, paper, furniture, rubber, and
plastics. In terms of geographical distribution, 50.6% of cases occurred in the Marmara Region, mainly in
Istanbul, and 28.8% were reported in the Aegean Region. Although the rate of factory fires in Istanbul and
other large cities appears relatively low, it is 2.8% for Istanbul [15, 16].

Figure 2 systematically summarizes the current legislation on fire safety, the main causes of industrial fires,
and the effects of fire-related injuries. The aim is to define the main headings and related structures, which
will be explained in detail in the introduction.

e o @ 1.Regulations Concerning Industrial Accidents
Fire Safety - )
(Compliance with Seveso and EU Directives)

Legislation

in Turkey 2. Occupational Health and Safety Law

3. Regulation on the Protection of Buildings
Against Fire

1. Dust Explosion
\I.a e 2.Hot Work Processes
of Industrial
Fires and
Explosions

3.Chemical Substances
4.Risk Assessment
5.Maintenance Deficiencies

6.Electrical Fires

1.Physical and Psychological Effects

Figure 2. Fire safety
1.1. Fire Safety Legislation in Tiirkiye

Tiirkiye has developed legislation compliant with the European Union (EU) Seveso Directives 2000 and
2012, which aim to prevent major industrial accidents [17]. An important part of these directives is the
European Commission Major Accident Reporting System (eMARS), where accidents and near misses are
reported. eMARS data shows that the main sectors with the highest concentration of accidents are general
chemical production (approximately 32%) and petrochemicals/refining (approximately 24%). Such
accidents associated with substantial economic losses [18,19].

With the law numbered 6331, which came into force in 2012, occupational health and safety was brought
together under a single umbrella. The regulations issued under this law impose certain legal obligations on
employers to both prevent and mitigate the effects of major industrial accidents, and to prevent and
eliminate risks [20]. In this context, the Regulation on the Prevention and Mitigation of the Effects of Major
Industrial Accidents (BEKRA) came into force in 2019, strengthening the system. The arrangement of
accident prevention measures according to the risk level of the facilities is implemented as a legal obligation
[21]. On the other hand, the Regulation on the Classification, Labelling and Packaging of Chemical
Substances and Mixtures guarantees standard classification and labelling of chemicals according to their
physical hazards [22, 23]. In workplaces with explosive atmosphere risks, reducing worker exposure,
managing explosion risks, ensuring equipment suitability, and marking hazard zones are among the
employer's legal responsibilities under the ATEX Regulations (ATEX 137/99/92/EC and ATEX
100a/2014/34/EU compliant) [24-27].
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In addition, regulations such as workplace opening permits and the Environmental Law also contribute
indirectly to fire safety processes and support the establishment of a comprehensive risk management
culture [28, 29]. The first comprehensive legal regulation in the field of fire safety in Tiirkiye was the
‘Istanbul Municipality Fire Prevention Regulation’ published in 1992. However, the fact that this regulation
was only applied at the local level and that standard differences emerged created a need for comprehensive
legislation at the national level. To address this shortcoming, the ‘Regulation on Fire Protection in
Buildings’ (BYKHY) came into force in 2007. BYKHY aims to protect life and property, set national
standards for fire prevention, and define effective intervention processes in the event of a fire [30].

1.2. Main Causes of Industrial Fires and Explosions

To ensure fire safety in industrial facilities, measures such as controlling combustible dust, implementing
hot work procedures, managing chemical usage, maintaining equipment, and conducting electrical
inspections must be integrated into the system. In sectors such as metal and food processing, secondary
dust explosions, which are much more destructive than the primary explosion, can be prevented by
incorporating regular cleaning procedures and engineering solutions into the process [31, 32]. Solutions
such as adapting “Work Permit Procedures” to the system [33-35] for hot work such as welding and cutting,
and storing chemicals in accordance with MSDS forms, are effective in prevention. In addition to all these,
control can be achieved with mathematical models that prevent the domino effect associated with chain
reactions in the event of possible chemical spills [36-40]. Periodic maintenance of mechanical friction,
insufficient lubrication, and overheated equipment is another factor [41, 42]. Furthermore, eliminating
faulty electrical installations, loose connections, and grounding deficiencies is often used to eliminate the
risk of fire at its source [43-48].

Fire safety literature is generally represented in three main categories: residential, forest, and industrial
fires. Industrial fires, in turn, are based on numerous sub-areas such as explosions, electrical accidents, and
structural fires. The classification of the Social Security Institution (SSI) has been used as a basis for this
study. Particular focus has been placed on fire and burn-related occupational accidents in industrial
processes. Figure 3, schematically illustrates the place of industrial accidents within the hierarchy of fire

types.

2
Industrial Fires uJL 2,
e e e ™ . s 1
. % 4
Causes \‘,“ ™/ The causes of Burn
Industrial Fires @ Injuries
e ———— = . o according to the SSI
. D
CI: Burns, scalds and frostbites
1. Dust Explosion
2. Hot Work P C2: Deviation due to electrieal
PASEANRS problems, explosion, fire
3. Chemical Substances C3: Contact with electrical
4.Risk Assessment voltage, temperature,

hazardous substances

5.Maintenance Defiencies
6.Electrical Fires

Figure 3. Causes of fire industrial burn injury categories according to SSI



1414 Suleyman SIMSEK, Habibe ER / GU J Sci, 39(3): 1410-1428 (2026)

1.3. Effects of Fire-Related Injuries

Industrial fires not only cause physical destruction but also lead to long treatment processes requiring
hospitalization. According to the literature, it is a serious public health problem, accounting for 29% of
burn cases [49,50]. There are publications indicating that the recovery process after injury is directly
affected by factors such as age, gender, and comorbidities. It is also reported that up to 65% of accident
victims experience psychological effects such as Post-Traumatic Stress Disorder (PTSD) and anxiety [51-
53]. In recent years, incentives have been provided to businesses in the Turkish economy to mitigate these
risks by relocating industrial facilities outside city limits. In this way, specialized Organized Industrial
Zones (OIZ) are being created from the outset [54]. An integrated structure is being established, ranging
from transportation to natural disaster plans. One of these is the prevention of industrial fires. According to
the NFPA, an industrial fire breaks out every 7 minutes worldwide. Fires exert pressure on the country's
economy with their environmental, human, and economic dimensions. In this sense, Tiirkiye is among the
countries with the potential to suffer serious economic damage from fires. Although not officially
published, indirect studies indicate that the total annual cost of industrial fires to the country's economy
reaches 19 billion . Despite this, it has been reported that only 40% of facilities are insured [15, 55]. This
information has been used to initiate discussion on the extent to which businesses are economically
vulnerable and should not be interpreted as definitive and verified official data.

The contribution of this study is twofold: (i) to provide an exploratory basis based on existing official data,
and (ii) to demonstrate the need for a centralized and standardized fire database in Tiirkiye. Therefore, the
findings should be evaluated in favor of indicative results that reveal existing data gaps, rather than as
definitive national statistics.

RQ1: What is the institutional structure of data collection, classification, and reporting systems related to
fire incidents in Tiirkiye, and to what extent do these systems comply with international data standards?

RQ2: What is the proportion of industrial accidents related to burns among the total number of workplace
accidents reported in Tiirkiye between 2012 and 2022, and how has this proportion trended over the years?

RQ3: Is there a statistically significant difference in the frequency of occurrence between the variables of
year and gender in fire-related occupational accidents between 2012 and 2022?

2. MATERIAL METHOD

During the study, the data systems of the Turkish Statistical Institute (TUIK) and the Disaster and
Emergency Management Presidency (AFAD) were examined. However, there is no central national and
epidemiological database on fire incidents and an integrated dataset on industrial fires in Tiirkiye.
Therefore, the analyses were limited to the SSI open-source reports for the years 2012-2022, accessed on
April 25, 2024. This research should be interpreted as a descriptive, exploratory, and retrospective study.
The causes of workplace accidents resulting in burns, their categorical distributions, and the associated
numbers of injuries and deaths were examined. Due to data gaps, certain indicators and subcategories were
inaccessible. This situation has been documented in existing studies and noted as a significant
methodological limitation for data users. In the second phase, the relationships between causes and
variations by gender and year were exploratorily analyzed using Pearson’s chi-square and Fisher—Freeman—
Halton tests.

The variables included year, gender, and type of accident. Pearson Chi-Square is a standard method used
to test for distribution similarities and frequency deviations between groups. This test is used if the expected
values in the cells are greater than 5. As for the Fisher-Freeman-Halton test, the Pearson test may yield
unreliable results due to low frequencies in rare accident types or small subgroups in some categories of
the data set. This non-parametric test was used in tables larger than 2x2 to prevent errors arising from
sample size and to maintain statistical accuracy.
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According to SSI annual reports cover death and temporary incapacity in three categorical variables and
has been processed as a separate Microsoft Excel file for each year [56]. Burn-related occupational
accidents were classified under three main categories. Burns, scalds and frostbites (C1), Deviation due to
electrical problems, explosion, fire (C2), and Contact with electrical voltage, temperature, hazardous
substances (C3). Statistical analysis of the data was performed using IBM SPSS v.27 (SPSS Inc., USA).
Descriptive statistics are expressed as numbers (n) and percentages (%). Filtering operations were
performed on the data set to first access the total incapacity periods and fatal accident statistics, followed
by an analysis of the distribution of fire-related accidents by year and gender-based differences. Differences
between the gender and year variables were evaluated using Pearson's Chi-Square and Fisher—Freeman—
Halton tests. Statistical significance was set at p < 0.05. The findings are supported by tables and graphs.

3. VISUAL DESCRIPTION OF WORK-RELATED ACCIDENTS CAUSED BY BURNS

This section visually presents the overall distribution and temporal trends of occupational accidents caused
by fire, thereby answering research question RQ2.In this section, fatal and injury-causing work accidents
are addressed in two main groups; within each group, three main accident cause subcategories are
evaluated: “burns, scalds, and frostbites (C1)”, “deviation due to electrical problems, explosion, fire (C2)”,
and “contact with electrical voltage, temperature, hazardous substances (C3)”. The relationships between
the distribution of disability duration and fatal accident numbers for these subcategories, broken down by
gender and year, were analyzed using Pearson's Chi-Square and Fisher—Freeman—Halton tests.

In this study, the rates of burn-related accidents within the total number of accidents between 2012 and
2022 were calculated using SSI data and are shown in Figure 4. In 2012, they accounted for 2.2% of total
work accidents based on the duration of incapacity to work, reaching the highest level of 6.21% in 2015.
There are fluctuations over the years. The graph reflects both numerical and proportional changes over the
years.
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Figure 4. Number of fire-related workplace accidents among total workplace accidents by duration of
incapacity (2012-2022)

The total number of insured persons who suffered work-related accidents was 422,463 in 2019, decreased
by 9.05% in 2020, but showed a significant increase of 33.01% in 2021. Despite this overall fluctuation,
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the proportion of fire-related accidents within the total number of accidents remained at similar levels in
2020 and 2021 compared to previous periods. Despite the widespread adoption of remote work during the
pandemic, there has been no change in the rate of fire-related workplace accidents. This indicates that fire-
related risks persist independently of pandemic conditions. Fire hazards must be assessed and controlled
separately and continuously as part of occupational safety management.

Total fatalities resulting from workplace accidents and their annual changes were analyzed for the period
2012-2022. The number and rate of fatalities resulting from burn-related accidents were calculated and are
presented in Figure 5. Since no data was available for the C1, C2, and C3 categories for 2012, this year is
shown as “N/A” (not available). The graph reflects both numerical and proportional changes over the years.
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Figure 5. Annual distribution of fire-related deaths among total work-related accidents in Tiirkiye (2012—
2022)

In 2013, the share of deaths resulting from burn-related occupational accidents among total work-related
deaths reached its highest level at 14.2%, while in 2017 this rate declined to 12.9%, the second highest
level.

4. STATISTICAL ANALYSIS OF BURN-RELATED WORK ACCIDENTS

This section aims to explain the answer to the research question RQ1. The analysis reveals that the
collection of fire data in Tiirkiye takes place within a fragmented and decentralized structure managed by
municipal fire departments.It has been observed that this data is transmitted to national-level institutions
such as AFAD only in the form of summary statistics [7, 17]. Furthermore, a lack of standardization in the
flow of data between institutions is evident. Furthermore, there is no full alignment with internationally
recognized standards such as the International Classification for Fire Statistics (CTIF) regarding the coding
of fire causes [8]. This situation has led to variations in the terminology and classification criteria used in
reports from different agencies. Additionally, detailed risk analysis variables such as building type and
ignition source are not statistically included in these reports. As a result, the current system demonstrates
only limited compliance with international reporting standards in terms of data standardization and
classification categories [28-30, 55].

In the second stage, the relationships between fire-related occupational accidents obtained from SSI data
and gender, year, and accident categories will be statistically analyzed and evaluated within the scope of
RQ3. In this subsection, burn-related occupational accidents were analyzed based on work disability



1417 Suleyman SIMSEK, Habibe ER / GU J Sci, 39(3): 1410-1428 (2026)

duration. Findings were evaluated based on the distribution between the gender variable and the C1, C2,
and C3 categories and years. The annual distribution and change rates are presented in Figure 6.
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Figure 6. Change in work incapacity periods related to fire injuries by year (2012-2022)

Category C1 has the highest incidence rate and reached its peak in 2022. Category C3 has a lower incidence
rate than C1 but has shown a similar upward trend over the years. Category C2 has a more balanced
distribution, with annual change rates showing less fluctuation compared to the other two categories.

The annual changes in these three work accident categories, based on burn-related disability periods
examined in SSI annual reports, are presented in Table 1 according to the gender variable. The data obtained

were statistically evaluated using Pearson Chi-Square and Fisher—Freeman—Halton tests.

Table 1. Annual distribution of fire-related incapacity periods by gender (2012—2022)

Workers by
Incapacity 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 X2, p
Days
M P 1138 1798 4570 5008 5396 6502 7553 7814 5974 7826 9096
Cl % 913 995 812 798 78.0 76.5 735 706 756 74.1 68.9 | %x2=1395.96,
F 0 108 9 1056 1269 1519 2000 2718 3258 1925 2740 4111 p<0.001
% 87 05 188 202 220 235 265 294 244 259 31.1
M P 0 2667 2852 3007 3070 3829 4180 3703 3182 3965 4753
2 % 0.0 944 929 925 922 920 89.8 888 90.7 90.2 86.1 x2=248.751,
F 0 0 159 218 245 260 332 474 467 327 431 767 p<0.001
% 00 56 71 75 7.8 80 102 112 93 98 13.9
M P 438 3793 4313 4715 5141 6363 7739 7529 6335 8585 10144
3 % 954 89.8 882 86.1 854 83.8 82.7 792 847 82.7 79.3 | x2=591.994,
F 0 21 431 578 762 878 1227 1621 1979 1143 1799 2653 p<0.001
% 46 102 11.8 139 146 162 173 208 153 173 20.7

C1: Burns, scalds and frostbites; C2: Deviation due to electrical problems, explosion, fire; C3: Contact with electrical
voltage, temperature, hazardous substances (M:Male, F: Female)
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The analysis results indicated statistically significant associations within the available dataset (p < 0.001).
Table 1 clearly shows that male workers are more exposed to fire-related occupational accidents. However,
recent data indicate that the rate of fire-related occupational accidents among female workers is increasing
(2 test: p < 0.001 in all categories). This gender disparity can be attributed, in part, to structural features of
the labor market, such as the higher concentration of male workers in high-risk industrial sectors where
fire-related hazards are more common, including heavy industry, metal production, and petrochemical
plants. Given the limitations of the primary data sources, these findings should be interpreted for research
purposes and as indicative only.

This subsection analyzes fatal burn-related occupational accidents by gender, accident category (C1-C3),
and year. The relationships between variables were examined using Pearson Chi-Square and Fisher-
Freeman-Halton tests. Figure 7 clearly shows that the C2 category was the most prominent cause of death
among workers who lost their lives as a result of fire-related occupational accidents throughout all years.
Burns following a fire appear to be frequently associated with fire-related deaths.
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Figure 7. Distribution of fatal work accidents related to fire by year (2012-2022)

Table 2 shows the distribution of fatal workplace accidents caused by fires over the years. According to
this table, there has been no significant decrease in the number of fatal fire-related accidents over the years.
In fact, there has been an upward trend in some years. This finding indicates shortcomings in the
effectiveness and sustainability of fire prevention culture, risk awareness, and emergency management
practices in industrial facilities.
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Table 2. Annual distribution of fire-related fatal occupational accidents by gender (2012—2022)
Fatal
accidents 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 ¥2,p

N 25 17 22 16 24 15 15 12 21 24
- % 0.0 100.0 77.3 100.0 100.0 100.0 93.7 93.7 100.0 100.0 0.96 |y2=13.715,
g 00 0 5 0 0 0 1 1 0 0 1 p=0.005

% 00 00 227 00 00 00 63 63 00 00 004

Mt 0 90 8 63 58 104 77 68 57 64 78
- % 0.0 989 96.6 984 100.0 100.0 98.7 98.7 95.0 97.0 100.0|y2=12.861,
g 00 1 3 1 0 0 1 1 3 2 0 | p=0.200

% 00 1.1 34 16 00 00 13 13 50 30 0.0

Mt 0 77 8 60 52 93 78 56 47 62 72
3 % 0.0 98.7 100.0 100.0 100.0 100.0 98.7 982 94.0 984 98.6 | %2=9.127,
p 0 0 1 0 0 0 0 1 1 3 1 1 p=0.136

% 00 13 00 00 00 00 13 18 60 16 14

C1: Burns, scalds and frostbites; C2: Deviation due to electrical problems, explosion, fire; C3: Contact with electrical
voltage, temperature, hazardous substances (M: Male, F:Female)

A statistically significant difference was found in the gender analysis of fatal occupational accidents caused
by fire in category C1 (p = 0.005). On the other hand, no significant difference was found in categories C2
and C3.

5. DISCUSSION

This study highlights that the lack of institutional standardization in Tiirkiye’s fire incident reporting system
leads to the fragmentation of data across various public authorities, such as the SSI, AFAD, and local
governments. This fragmentation limits the scientific representation of national fire safety statistics. Due to
this methodological inconsistency, significant discrepancies arise between official data and findings
obtained from the media and NGOs. This situation hinders the comprehensive analysis of industrial risks
and the development of preventive strategies. These uncertainties in the data sets constitute a structural
barrier to establishing a monitoring capacity that is internationally comparable, transparent, and evidence-
based. Consequently, the absence of a centralized data infrastructure disconnects national fire safety
management from a data-driven foundation (RQ1). Despite this structural issue, the Presidency of Strategy
and Budget (2023) presents a solution-oriented plan through steps taken under the Twelfth Development
Plan (2024-2028) [57, 58]. The Occupational Health and Safety Working Group established under the plan
is conducting work to prevent workplace accidents and occupational diseases. Within this scope, the focus
has been on priority areas such as the standardization of indicators, the modernization of record-keeping
systems, and the promotion of domestic equipment production. In particular, the development of data-
driven monitoring systems in high-risk sectors is targeted, and these initiatives are expected to play a critical
role in addressing the national data gap [59].

Despite shortcomings in the national data infrastructure (RQ1), analyses based on SSI data reveal that
industrial fire risks in Tiirkiye exhibit a systematic and persistent pattern. The findings indicate that fire-
related incidents account for approximately 5—6% of all workplace accidents. Notably, in the analysis of
fatal cases (Figure 5), the observed increase in Category C2 is striking, despite changes in working
conditions brought about by the COVID-19 pandemic. This situation confirms that fire risks are not limited
to direct burns alone; they impose a continuous burden on occupational health through secondary yet fatal
effects such as smoke inhalation, exposure to toxic gases, and physiological stress [39, 60—68].

On the other hand, when considering periods of incapacity, an upward trend was identified in the C1 and
C3 categories (Figure 4) [56]. These data concretely illustrate how critical the need for “data-driven
monitoring systems” and “improved record-keeping systems”—targeted in the Twelfth Development
Plan—truly is. Although the current findings do not establish a definitive causal relationship, they
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demonstrate that standardizing fire safety management at the national level and grounding it in a
comprehensive database is essential to breaking this persistent accident pattern.

Statistical analyses have revealed significant differences in industrial fire incidents in Tiirkiye based on
gender and sector (RQ3). Despite the low incidence rate, the data indicate a systematic continuity over the
years (RQ?2). In particular, the high incidence of accidents among male workers can be attributed to the
high concentration of employment in high-risk sectors such as heavy industry and petrochemicals [69].
These data indicate that fires stem not from isolated accidents but from structural weaknesses in production
processes, safety culture, and institutional control mechanisms [69-71].

On a global scale, the Global Fire Management Center, established through a partnership between the Food
and Agriculture Organization (FAO), the United Nations Environment Programme (UNEP), and the Global
Fire Monitoring Center (GFMC), the G7 countries’ the Kananaskis Forest Fire Condition, UNEP’s “Fire
Ready Formula” approach, the Transboundary Haze Pollution Agreement signed by the Association of
Southeast Asian Nations (ASEAN), and the European Union’s Civil Protection Mechanism, strive to ensure
data standardization and coordination; however, the lack of an integrated “global fire action plan” persists
[72-75]. In this context, the local findings from our study have been synthesized with global solution efforts
to propose the “Multi-Layered Fire Safety Model” in Figure 8. In the proposed model, technological,
organizational, and human elements are structured as mutually reinforcing layers.

These structural and operational solutions sought in the global literature, when combined with the analysis
of local statistical data obtained in our study, have concretized the need for a comprehensive intervention
framework. Accordingly, based on the risk patterns identified in the analyzed data, the Multi-Layered Fire
Safety Model presented in Figure 8 is proposed as a conceptual solution framework that minimizes global
deficiencies while managing local risks. In particular, the prevalence and persistence of fatal accidents in
the statistical findings presented in category C2, along with the demographic patterns identified in the
analysis, highlight systemic safety vulnerabilities. Technological monitoring and IoT-based solutions are
needed to prevent accidents. The persistent nature of accidents over the years necessitates strengthening the
emergency response and risk awareness layers. Addressing data gaps and thus the need for a centralized
digital database are clearly demonstrated for the effectiveness of this layer. Gender differences indicate the
need to integrate sectoral risk management and workforce policies into the model. In summary, this model
transforms statistical patterns of accidents and risks in the data into a layered security strategy.

The model’s objective is sustainable industrial safety. It argues that this can be achieved not only through
technological modernization but also through a synthesis of coordinated data management, policy
continuity, and human-centered design. In the management model, technological, organizational, and
human elements are structured as mutually reinforcing layers. The model is based on an Occupational
Safety and Health (OSH) system consistent with the literature. The second layer of the structure consists of
advanced technologies such as Artificial Intelligence (Al), the Internet of Things (IoT), and digital twins
[76-81]. Studies in the literature show that Al-based monitoring systems achieve an 85% success rate in
early fire detection. VR/AR-supported training has been shown to reduce emergency response times by
30% [82-84]. Furthermore, when local data is integrated into global prevention systems, the system can
become fully compliant with the Seveso/eMARS directives. In the face of the growing threat of the climate
crisis, early warning systems compliant with international standards must be adopted. At this point,
ensuring data transfer in accordance with EU and OECD standards is of utmost importance. This process
requires interdisciplinary coordination among institutions such as SSI, AFAD, and local governments [7,
17].
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Figure 8. Multilayered fire safety models

In addition to all this technological and organizational coordination, the system’s operation is based on the
principle of “risk-based prioritization.” In line with the concept of the welfare state, it must place people at
the center. The model should also include monitoring the rehabilitation processes of burn victims and
standardizing return-to-work programs. This approach can minimize labor force loss while enhancing social
resilience [66, 67]. Through the combination of data coordination and human-centered design, it can ensure
safe production policies and accelerate industrial modernization. This holistic approach can strengthen
Tiirkiye’s integration with international safety standards while also solidifying its global safety reputation.
Industrial fire safety is a multidimensional governance issue ranging from occupational health to economic
sustainability. Consequently, despite its theoretical soundness, this model may impose cost constraints on
small-scale businesses [72—74].

6. CONCLUSION AND RECOMMENDATIONS

The most important contribution of this study is to highlight the limitations of existing data and to
demonstrate the need for a nationally standardized fire database in Tiirkiye. Findings based on SSI annual
reports show that the proportion of fire-related occupational accidents within the total number of
occupational accidents is relatively low. However, a relatively stable trend has been observed in fire-related
occupational accidents over the years. Unfortunately, existing reports do not allow for direct linkage to
sectoral and structural factors. This clearly reveals the lack of a centralized and integrated data infrastructure

for industrial fires.

Therefore, the findings of this study should be evaluated not as definitive conclusions, but as exploratory
evidence indicating the steps needed to improve the current system. The Multilayered Fire Safety Model
proposed in this study synthesizes empirical findings with approaches in the literature, offering a holistic
framework that combines technological modernization, data management, policy continuity, and human-
centered design. Furthermore, this model can provide a framework fully aligned with United Nations
Sustainable Development Goals (SDGs) 3, 8, 9, and 13.

In conclusion, fire safety is a complex management issue requiring multi-layered solutions. While explicitly
acknowledging current data limitations, this study aims to provide an academic foundation for discussions
regarding the development of a more comprehensive and preventive fire safety system in Tiirkiye. The
findings provide guidance for policymakers and practitioners. The establishment of a transparent,
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centralized national fire data monitoring system that complies with international standards should be
considered a strategic priority.
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