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Research Article

Concrete paradox: Economic importance, environmental
impacts, and the sustainability of concrete material

Hayri Baytan Ozmen™?, Baris Tanriverdib

Department of Civil Engineering, Faculty of Engineering and Natural Sciences, Usak University, Usak, Ttirkiye

Article Info Abstract
Article History: Concrete is the most consumed man-made material on Earth, with global
Received: production exceeding 30 billion metric tons annually. This article critically

examines the economic significance, functional advantages, environmental costs,

1Aug 2025 and sustainability strategies surrounding concrete. While the concrete industry
Accepted: generates over USD 500 billion in annual revenue and supports 13+ million jobs,
10 Sept 2025 it is also responsible for approximately 7-8% of global CO, emissions, largely due

to the cement production process. The paper evaluates the historical trajectory of
Keywords: concrete, assesses technological innovations such as supplementary cementitious

materials, carbon capture, and geopolymer binders, and reviews the feasibility of
alternative materials like engineered timber, rammed earth, and bamboo. a life-
cycle and function-based comparative assessment is presented to determine when

Alternative materials,
Carbon emissions,

Cement, concrete use is economically and structurally justified and when substitution or
Concrete sustainability, reduction is environmentally preferable. The article concludes with policy
Infrastructure recommendations to align concrete use with global climate targets, emphasizing a

function-driven, lifecycle-conscious approach to material selection. The article
also concludes that concrete is not inherently unsustainable, but it must be used
strategically and responsibly, as the sustainability of future generations will be
affected by the material choices we make today.

© 2025 MIM Research Group. All rights reserved

economics,
Life-cycle assessment

1. Introduction: The Concrete Paradox

Concrete stands as one of the most transformative materials in the history of human
civilization. Its invention and widespread adoption have fundamentally reshaped the built
environment, facilitating the construction of infrastructure, housing, and industrial
facilities on an unprecedented scale. As of today, concrete is the second most consumed
substance on Earth after water, with an estimated 30 billion metric tons produced globally
each year [1]. Its universality is unmatched—concrete forms the foundation of
urbanization, supports national economies, and sustains vital public services. Yet, this very
necessity conceals a deep paradox: while concrete has become a cornerstone of modern
development, it concurrently poses one of the most significant threats to environmental
sustainability.

The dual nature of concrete’s global presence—its economic necessity and its
environmental burden—constitutes what may be termed the “concrete paradox.” On one
hand, it provides economic value by creating jobs, enabling mobility through roads and
bridges, and facilitating social welfare through hospitals, schools, and housing. On the
other, its production is highly carbon-intensive, accounting for approximately 7-8% of
global CO, emissions, primarily due to the calcination process involved in cement
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manufacturing [2, 3]. The extraction of raw materials such as limestone, sand, and
aggregates leads to ecosystem degradation, while the energy demands of production
further intensify environmental pressure.

This paper seeks to interrogate this paradox by evaluating concrete not merely as a
material, but as a socio-economic and ecological phenomenon. The analysis explores the
historical trajectory of concrete’s adoption, trace the economic logic underpinning its
dominance, assess its functional strengths and technical limitations, and examine its
environmental impacts. The article studies whether the continued large-scale production
and use of concrete remains justifiable in an era defined by climate change and resource
shortage. It considers emerging technologies, alternative materials, and policy
interventions that might reconcile concrete’s economic benefits with the constraints of
sustainability.

Concrete’s widespread use is not a product of inertia alone; it is driven by performance,
availability, and cost-effectiveness. Yet, the sustainability crisis demands that we re-
evaluate this legacy material’s role in shaping the future. The goal of this paper is not to
dismiss concrete outright, but to inspect the conditions under which its use remains viable
and responsible. As such, the central research question: Is concrete still worth producing
and using at the current global scale, given its economic utility and environmental costs?
Addressing this question requires a multi-dimensional exploration that considers not just
the material properties of concrete, but also its entanglement with economic systems,
technological trajectories, and environmental thresholds.

2. Historical Evolution and Global Trends

The history of concrete is closely tied to the progression of human civilization, from ancient
construction techniques to modern industrialized economies. While basic forms of
concrete—mixtures of lime, volcanic ash, and aggregates—were used by the Egyptians,
Greeks, and Romans, it was the development of Portland cement in the early 19th century
that marked a turning point in the material's technological evolution and global spread.
Patented by Joseph Aspdin in 1824, Portland cement became the cornerstone of modern
concrete, offering improved strength, durability, and stability. This invention laid the
groundwork for what would become the most widely used construction material in the
world [4].

The 20th century witnessed a rapid acceleration in concrete usage, particularly after World
War II, when the reconstruction of war-torn Europe and the expansion of suburban
infrastructure in North America drove massive demand. The post-war economic boom saw
concrete as a facilitator of rapid urbanization, industrial expansion, and infrastructural
connectivity. In the 1970s and 1980s, concrete continued to be the material of choice for
large-scale public works, including highways, dams, airports, and housing estates. During
this period, industrialized nations dominated both the production and consumption of
concrete.

However, the past two decades have marked a geographic and economic transformation in
global concrete trends. With industrialization shifting toward the Global South, particularly
Asia, concrete production and consumption have surged in developing economies. China,
in particular, has dramatically altered the global concrete landscape. In 2020 and 2021
alone, China consumed more cement than the United States did in the entire 20th century
[5]. This explosion in demand has been driven by aggressive urbanization policies, mega
infrastructure projects, and an expanding real estate market. Other emerging economies
such as India, Indonesia, Brazil, and Nigeria have followed suit, further reinforcing the
centrality of concrete to modern economic development.
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Global cement production—the primary binder in concrete—has followed this trend,
rising from approximately 1.5 billion tons in 2000 to over 4.3 billion tons in 2021 [6]. This
increase reflects not only population growth and urban expansion but also the material’s
cost-effectiveness and adaptability. At present, over 60% of cement production occurs in
Asia, with China alone accounting for more than half of the total output [7].

In parallel to this growth, several new trends have emerged. First, the shift from manual to
mechanized and automated production has improved output efficiency but raised
questions about energy consumption and emissions. Second, precast and modular concrete
technologies have gained prominence, particularly in high-density urban developments.
Third, the emergence of “green” concrete and low-carbon cement technologies reflects the
mounting pressure to reconcile concrete’s economic benefits with climate necessities.
Despite these innovations, global demand continues to climb. Forecasts estimate that total
concrete production could reach 20 billion cubic meters annually by 2050, especially as
emerging economies pursue infrastructure-driven growth strategies [1].

Importantly, this rising demand has been accompanied by growing criticisms. While
concrete remains central to development agendas, its high environmental cost has fueled
debates around sustainable alternatives and lifecycle emissions. In response, regulatory
frameworks—particularly in the European Union, Japan, and parts of North America—
have started to incorporate environmental performance metrics into building codes and
procurement policies. Simultaneously, multilateral organizations such as the United
Nations Environment Programme (UNEP) and the Global Cement and Concrete Association
(GCCA) have begun issuing decarbonization roadmaps for the industry[8].

The historical trajectory of concrete is one of technological ingenuity, global expansion, and
profound economic impact. Yet, as this trajectory converges with the realities of climate
change and finite natural resources, it becomes crucial to contextualize concrete within a
broader socio-environmental framework. Understanding how and why concrete became
the material of choice globally provides the necessary background for evaluating its
contemporary challenges and future viability.

3. Economic Value of Concrete

Concrete plays a pivotal role in the global economy, both as a direct contributor to gross
domestic product (GDP) and as an enabler of broader economic development. Its
significance extends across multiple sectors, including construction, transportation,
energy, and manufacturing. The concrete industry—comprising cement production,
concrete mixing, transportation, and construction services—generates an estimated USD
500 billion in annual revenue worldwide [9, 10]. Its economic value is not merely derived
from volume, but from its foundational role in facilitating the physical infrastructure that
underpins modern economies.

3.1 Direct and Indirect Employment

The concrete sector is a major source of employment. It is estimated that over 13 million
people globally are directly employed in cement and concrete manufacturing, with tens of
millions more in ancillary services such as logistics, construction, mining, and machinery
[11]. In regions with growing infrastructure demands—particularly South Asia, Sub-
Saharan Africa, and Southeast Asia—the labor-intensive nature of construction offers
essential employment opportunities, especially for low-skilled and semi-skilled workers.
Furthermore, the presence of concrete production facilities often stimulates local
economies through demand for aggregate materials, transportation, and engineering
services.
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3.2 Enabler of Infrastructure and Economic Development

Concrete is essential to public and private infrastructure. Roads, highways, ports, airports,
water systems, schools, hospitals, and energy plants are overwhelmingly built using
concrete due to its structural strength, cost-efficiency, and durability. This makes concrete
a keystone inputin national development plans and international aid programs. The World
Bank and regional development banks often link infrastructure investment directly to
economic growth, where concrete is the material of choice due to its availability and
affordability [12, 13].

For example, studies have shown that every dollar invested in infrastructure yields
approximately $1.30 to $1.60 in GDP growth in developing countries, and concrete is a
critical enabler of that return [14]. Mega-projects such as China’s Belt and Road Initiative,
India’s Smart Cities Mission, and Africa’s Programme for Infrastructure Development all
rely extensively on concrete-based construction, highlighting its centrality in large-scale
economic planning.

3.3 Local Production, Supply Chain, and Economic Resilience

One of concrete's underappreciated economic strengths is its local production model.
Unlike steel or polymers that often rely on globally distributed raw materials and
centralized manufacturing, concrete is produced close to where it is used. Cement plants
and batching facilities are typically located within a 100 km radius of major construction
zones, reducing transport costs and fostering regional self-sufficiency [2]. This
decentralization supports local quarries, small businesses, and municipal economies.

Moreover, this localized model enhances economic resilience by insulating construction
industries from global supply chain disruptions. During the COVID-19 pandemic, while
international shipping of manufactured goods was severely constrained, many concrete
supply chains remained relatively stable due to their local sourcing and distribution
networks [15].

3.4 Economic Multiplier Effect

The economic influence of concrete extends through multiplier effects. Concrete-intensive
construction projects often generate upward and downstream economic activities, from
equipment manufacturing and building services to real estate and finance. In high-income
countries, infrastructure renewal—including the maintenance of bridges, tunnels, and
buildings—continues to be a significant economic stimulus tool. In low- and middle-
income economies, new construction creates demand-side momentum, catalyzing urban
growth and real estate development.

Additionally, the financialization of concrete-related sectors—such as infrastructure
investment funds, public-private partnerships (PPPs), and real estate investment trusts
(REITs)—reflects how integral concrete is not only to physical development but also to
financial systems. Concrete-based projects often underpin debt instruments, sovereign
infrastructure bonds, and macroeconomic forecasting models [16, 17].

3.5 Costs and Trade-offs

Despite these economic benefits, it is essential to acknowledge the economic externalities
associated with concrete. These include environmental remediation costs, health impacts
from air pollution, and infrastructure maintenance burdens. For instance, aging concrete
bridges and buildings in North America and Europe require billions in rehabilitation
spending annually [18, 19]. Moreover, the lack of circularity in most concrete lifecycles
implies future costs related to demolition waste and landfill management.
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Nevertheless, from an economic standpoint, concrete remains a highly rational choice,
especially in contexts where durability, availability, and affordability are paramount. The
economic argument for concrete is thus not merely historical or structural—it is active,
dynamic, and, for now, largely indispensable.

4. Functional and Structural Advantages of Concrete

The continued global reliance on concrete is not merely a consequence of economic
convenience but is also rooted in its exceptional functional performance and structural
characteristics. Concrete combines material versatility, local availability, and durability in
a way that few construction materials can rival. Its technological maturity, adaptability to
various design requirements, and compatibility with diverse climatic and geological
conditions have rooted it as a default material for public, residential, and industrial
infrastructure worldwide.

Table 1 consolidates the main advantages and disadvantages of concrete, providing a quick
reference to the technical, economic, and environmental factors that influence its selection
in construction projects.

4.1 Mechanical Strength and Structural Reliability

One of the most prominent functional advantages of concrete is its high compressive
strength, which makes it particularly suitable for load-bearing structures such as
foundations, columns, dams, and retaining walls. Although concrete is weak in tension and
requires reinforcement, typically with steel bars or meshes (reinforced concrete), this
composite system delivers superior structural performance. When properly designed and
constructed, reinforced concrete can achieve lifespans exceeding 100 years, offering long-
term reliability [20]. In addition to compressive strength, concrete exhibits excellent fire
resistance and can maintain structural integrity during high-temperature events, making
it ideal for fire-prone environments and critical infrastructure.

4.2 Durability and Low Maintenance

Concrete’s resistance to weathering, corrosion (when properly treated), and
environmental wear underpins its widespread use in exposed applications such as bridges,
marine structures, and highways. Compared to materials like timber or steel, concrete
requires relatively low maintenance over its service life, particularly in arid or temperate
climates. Innovations such as high-performance concrete (HPC) and self-healing concrete
have further enhanced its longevity by improving resistance to cracking, sulfate attack, and
freeze-thaw cycles [21, 22].

The capacity of concrete to withstand time and environment not only reduces life-cycle
costs but also aligns with the principles of sustainable construction, especially when
evaluated using life-cycle assessment (LCA) methodologies. Long-lasting infrastructure
reduces the frequency of reconstruction and the embedded emissions associated with
repeated material usage.

4.3 Moldability and Design Flexibility

Concrete’s plasticity in its fresh state allows it to be poured into a virtually infinite variety
of forms. This makes it highly adaptable for both standardized and architecturally complex
structures, from monolithic bridge piers to expressive facades in modern architecture. The
material can be precast or cast in situ, enabling both mass production and custom, on-site
fabrication.

Furthermore, advances in formwork technology and 3D concrete printing have expanded
the material’s design potential. Free-form architecture and digital fabrication techniques
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are increasingly leveraging concrete’s moldability, reducing construction time and labor
costs while offering new aesthetic possibilities [23, 24]. This functional advantage also
contributes to modular construction approaches, which promote efficiency and minimize
site disruption.

Table 1. Comparative advantages and disadvantages of concrete in relation to other
common construction materials

Category Advantages Disadvantages
e High compressive strength (superior to
timber, comparable to masonry). * Low tensile strength—requires steel
« Excellent fire resistance (better than  reinforcement.

Structural timber; steel loses strength at high e Heavier than steel or timber,
temperatures). increasing foundation needs and

« Dimensional stability—does not warp ~ seismic loads.
like timber.

» Maintenance for aging concrete
* Lower initial cost than structural steel (spalling, cracking) is less costly than

in most regions. steel corrosion repairs but higher than
. e Local raw materials reduce transport low-maintenance timber systems in
Economic gt (less true for steel). some climates.
« Long service life with proper « Slow on-site curing increases project
maintenance. time compared to prefabricated steel or

timber modules.

« Versatile—can form complex shapes

) s . Long curing time delays load-bearin
and massive monolithic structures unlike .g 8 y ) J

i readiness compared to prefabricated
steel or timber.

i steel /timber.
Practical Thermal mass benefits energy

efficiency in buildings (better than steel,
lower than masonry in some cases).

« Difficult to modify after curing (less
adaptable than timber or steel frames).

» High CO, footprint from cement

production—greater than steel per
« Long service life reduces replacement mass for equivalent compressive
frequency compared to untreated timber. strength.

Environment Some incorporation of recycled . Recyclin'g potential limited to
aggregates and supplementary downcycling as aggregate, unlike steel’s
cementitious materials possible (steel ~ closed-loop recycling or timber’s
also recyclable, timber renewable). biodegradability.

» High water and aggregate demand
compared to steel and timber.

4.4 Local Material Availability and Economic Efficiency

Concrete’s primary components—cement, aggregates (sand and gravel), and water—are
generally abundant and locally sourced, reducing the need for long-distance transportation
and enabling cost-effective production. This availability makes concrete uniquely scalable
and suitable for use in both high-income and resource-constrained settings. Unlike steel or
polymers, which often depend on imported raw materials and complex supply chains,
concrete supports localized construction economies.

In disaster-prone or remote regions, this local availability is critical. Concrete allows for
rapid deployment in emergency shelters, water infrastructure, and transport networks. Its
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favorable strength-to-cost ratio further contributes to its dominance in both large-scale
infrastructure and small-scale residential construction.

4.5 Thermal Mass and Energy Performance

Concrete also offers advantages in energy efficiency through its thermal mass properties,
which help regulate indoor temperatures by absorbing, storing, and gradually releasing
heat. In temperate and hot climates, this can lead to significant reductions in energy
demand for heating and cooling, particularly when combined with passive solar design
principles [25]. While concrete is often criticized for its energy-intensive production phase,
its operational energy performance over the building’s lifespan can partially offset these
impacts.

Moreover, innovations in insulating concrete forms (ICFs) and composite wall systems
have expanded the role of concrete in achieving high-performance building envelopes.
These systems contribute to building energy codes and green certification standards such
as LEED and BREEAM.

5. Limitations and Economic Drawbacks

Despite its widespread adoption and manifold advantages, concrete presents significant
technical, economic, and functional limitations that complicate its uncritical use in
contemporary construction. These drawbacks are particularly noticeable in light of
growing environmental, economic, and urban sustainability challenges. Understanding the
limitations of concrete is essential not only for balanced material selection but also for
guiding innovations that can mitigate its downsides.

5.1 Structural Limitations and Material Vulnerability

One of the primary structural disadvantages of concrete is its inherent brittleness and low
tensile strength, which necessitate the use of reinforcing materials such as steel [20]. While
reinforcement improves overall performance, it introduces complexity in design, increases
cost, and creates long-term risks associated with corrosion of steel reinforcements.
Chloride ingress, carbonation, and freeze-thaw cycles can lead to degradation of reinforced
concrete structures, particularly in marine and humid environments, significantly reducing
their service life and raising maintenance demands [26].

Moreover, shrinkage, creep, and cracking are common concerns that compromise both
structural integrity and aesthetic appeal. These issues often lead to increased costs related
to crack repair, waterproofing, and durability enhancements, particularly in high-
performance or exposed structures.

5.2 High Embodied Energy and Resource Intensity

Economically, while concrete may appear cost-effective at the point of construction, it
carries externalized environmental costs due to its high embodied energy and resource
extraction footprint. The production of Portland cement, which constitutes 10-15% of
concrete by weight, is extremely energy-intensive and emits significant levels of CO,. Each
ton of cement emits approximately 0.9 tons of CO,, making it one of the most carbon-
intensive materials in use today [3]. Additionally, the extraction of aggregates contributes
to landscape degradation, water pollution, and ecosystem disruption, especially in regions
with unregulated mining operations [27].

These environmental externalities have economic implications, especially in jurisdictions
where carbon pricing, environmental impact assessments, or ecological restoration
obligations are imposed. As regulatory frameworks tighten globally, the true cost of
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concrete may increase, thereby diminishing its appeal relative to emerging, more
sustainable alternatives.

5.3 Maintenance and Infrastructure Lifespan Challenges

In aging urban centers across North America, Europe, and parts of Asia, concrete
infrastructure built during the mid-20th century is reaching or has exceeded its design life.
Bridges, tunnels, overpasses, and public housing blocks are increasingly requiring
expensive retrofitting, reinforcement, or demolition. For instance, the American Society of
Civil Engineers (ASCE) estimates that deferred maintenance on aging concrete
infrastructure in the U.S. alone will require over $2.5 trillion in investments by 2025 [19].
These escalating lifecycle costs challenge the perception of concrete as a low-maintenance
material and raise questions about long-term sustainability and public sector budgeting.

In addition, structures built with poor quality control, substandard mixes, or inadequate
reinforcement are prone to early deterioration, especially in rapidly urbanizing regions
where regulatory oversight is weak. The 2008 Sichuan earthquake, for example, exposed
widespread failures in concrete school buildings, attributed in part to substandard
materials and poor construction practices [28, 29].

5.4 Limitations in Design and Adaptability

While concrete excels in compressive applications, it is less suited for flexible, modular, or
rapidly deployable construction. Its weight, rigidity, and need for curing time limit its
usefulness in situations where speed, lightness, and reconfigurability are critical. For
instance, in temporary shelters, mobile architecture, or lightweight vertical extensions,
materials like engineered wood or steel often outperform concrete in terms of logistics and
design adaptability.

Furthermore, concrete construction is labor- and time-intensive, requiring skilled labor,
quality control, and extensive site preparation. These constraints can become cost-
prohibitive in contexts where labor shortages, site access issues, or tight project timelines
are prevalent.

5.5 Lifecycle and End-of-Life Challenges

Concrete's end-of-life scenario poses significant environmental and economic concerns.
Unlike metals or plastics, concrete cannot be reprocessed into the same material without
significant downcycling. While recycled concrete aggregate (RCA) is used in sub-base
applications, it typically exhibits lower strength, higher porosity, and reduced durability,
limiting its utility in structural applications [30, 31]. The demolition and landfilling of
concrete structures contribute to construction and demolition (C&D) waste, which now
constitutes 25-30% of total solid waste in many developed countries [32].

Moreover, deconstruction and recycling costs are often not factored into initial economic
evaluations, creating a distorted view of concrete’s cost-effectiveness. As circular economy
principles gain traction in the construction industry, these end-of-life limitations may
become increasingly problematic.

6. Environmental Impacts of Concrete Production

Concrete, while indispensable in contemporary infrastructure, exerts a profound and
multifaceted burden on the environment. The environmental costs arise not only from the
energy- and emission-intensive production of cement—the primary binder in concrete—
but also from aggregate extraction, water consumption, urban heat island effects, and end-
of-life waste management. As the scale of concrete production has expanded, these impacts
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have reached global proportions, contributing significantly to anthropogenic climate
change, resource depletion, and ecological degradation.

6.1 Cement Production and CO, Emissions

The most critical environmental issue associated with concrete is the carbon dioxide
emissions from cement manufacturing, which accounts for approximately 7-8% of global
CO; emissions [3, 6]. The emissions result from two main sources: (depending on energy
sources and Kkiln efficiency) the calcination of limestone (CaCOs) to produce clinker (the
key component of cement), which alone releases about 60% of the CO,, and the combustion
of fossil fuels to reach the high kiln temperatures required, which contributes the
remaining 40% [2]. Given the anticipated rise in global infrastructure demand, especially
in developing nations, cement emissions are projected to remain a major barrier to
achieving global carbon neutrality targets.

While technological interventions such as carbon capture and storage (CCS) and
alternative fuels are being explored, widespread deployment remains limited by cost,
technical feasibility, and regulatory inertia. Moreover, attempts to lower clinker content
through the use of supplementary cementitious materials (SCMs)—such as fly ash, ground
granulated blast furnace slag (GGBFS), and calcined clay—are constrained by regional
availability and inconsistent performance metrics [1].

6.2 Resource Depletion and Aggregate Mining

Concrete’s demand for natural resources is immense. Producing one cubic meter of
concrete typically requires over 2,400 kg of raw materials, including cement, sand, gravel,
and water. The extraction of sand and gravel—key aggregate components—has become
one of the most ecologically destructive activities globally. According to recent estimates,
humans extract more than 50 billion tons of sand and gravel annually, a figure that far
exceeds natural replenishment rates and has led to severe riverbed degradation, coastal
erosion, and biodiversity loss in numerous regions [27].

Unregulated or illegal sand mining, particularly in Southeast Asia, India, and parts of Africa,
has resulted in not only ecological collapse in some freshwater ecosystems but also social
conflicts, often involving corruption, violence, and displacement. The depletion of high-
quality natural aggregates has also pushed extraction into increasingly remote or
ecologically sensitive areas, thereby compounding environmental risks [33-36].

6.3 Water Use and Pollution

Concrete production is also water-intensive, especially during the curing phase and in
ready-mix concrete operations. The World Business Council for Sustainable Development
(WBCSD) estimates that cement production alone consumes approximately 1.7 billion
cubic meters of water annually. In water-stressed regions, this demand competes directly
with agricultural and domestic needs, worsening local water scarcity [37-39]. Additionally,
cement and concrete plants contribute to surface and groundwater contamination through
wastewater discharge and runoff containing high alkalinity and particulate matter.
Improper handling of slurry waste and washing effluents can pollute aquatic habitats and
soil systems, raising both environmental and public health concerns.

6.4 Urban Heat Islands and Land Use

Another indirect environmental impact of widespread concrete usage is its contribution to
the urban heatisland (UHI) effect. Concrete surfaces have low albedo (reflectivity) and high
thermal mass, causing urban areas to retain heat during the day and release it at night, thus
increasing average temperatures in densely built environments [40]. UHIs elevate energy
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consumption for cooling, intensify air pollution, and deteriorate public health, particularly
during heatwaves.

In addition, the conversion of permeable land into impermeable concrete surfaces disrupts
natural hydrological cycles, reducing groundwater recharge and increasing stormwater
runoff, which can lead to urban flooding and water pollution. The ecological consequences
of large-scale land sealing by concrete infrastructure—such as habitat fragmentation and
loss of soil carbon—are often overlooked in life-cycle assessments but remain ecologically
significant.

6.5 End-of-Life and Waste Generation

Concrete’s end-of-life phase also carries a significant environmental burden. Demolition
waste from concrete structures constitutes a major share of global construction and
demolition waste, estimated at over 2.5 billion tons per year globally [32]. Although a
portion of this waste is downcycled into road base material or fill, true recycling into new
structural concrete remains limited due to technical and quality challenges.

The lack of circularity in the concrete lifecycle implies a linear consumption model—
extraction, use, disposal—that runs counter to the principles of a sustainable, circular
economy. This model not only exacerbates landfilling and environmental degradation but
also necessitates continuous input of virgin raw materials, thereby perpetuating the cycle
of environmental harm.

7. Innovations and Sustainability Strategies

In response to the mounting environmental challenges posed by conventional concrete
production and use, significant technological, material, and policy-driven innovations have
emerged over the past two decades. These strategies aim to reduce concrete’s carbon
footprint, conserve resources, and promote lifecycle efficiency without compromising its
structural integrity and economic viability. The transition toward more sustainable
concrete practices is being driven by a combination of industry innovation, academic
research, regulatory mandates, and market pressures aligned with global climate goals
such as the Paris Agreement and United Nations Sustainable Development Goals (SDGs)
[41].

Table 2 presents info regarding emerging low-carbon technologies in the cement and
concrete sector. SCM substitution is already widely adopted, while carbon capture and
geopolymer technologies hold higher long-term promise but face cost and scalability
barriers [6, 42-45].

Table 2. Low-carbon concrete innovations

Emission Reduction

Technology Potential Cost Impact Example Use Case
SCM substitution 20-40% Neutral to Ready-mix concrete in EU & US
(fly ash, slag) lower
- 0
Geopolymer binders 40-80% 10. 20% Precast elements in Australia
higher
- 0,
Carb.on Fapture 60-90% 30. >0% Pilot plants in Norway, Canada
in kilns higher
Recycled aggregates 10-20% S}iig}}:gry Japan & EU road bases
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7.1 Supplementary Cementitious Materials (SCMs)

One of the most widely adopted strategies to reduce emissions in concrete production is
the substitution of Portland cement clinker with supplementary cementitious materials
(SCMs). Common SCMs include fly ash (a byproduct of coal combustion), ground
granulated blast furnace slag (GGBFS) (from steel manufacturing), silica fume, and calcined
clay. These materials not only reduce clinker demand—which accounts for the bulk of
cement-related CO, emissions—but can also improve durability, workability, and chemical
resistance [1].

Blended cements incorporating SCMs have demonstrated up to 30-50% reduction in
embodied CO, emissions, depending on the blend and application [2]. The growing interest
in limestone calcined clay cement (LC?) is especially notable, as it uses abundant and low-
cost materials to achieve performance comparable to ordinary Portland cement with
significantly lower emissions [46].

However, the adoption of SCMs is not without challenges. The availability of industrial by-
products like fly ash and slag is regionally variable and declining in some cases due to the
global energy transition away from coal and blast furnaces. Moreover, performance
variability and lack of standardized specifications in some regions hinder large-scale
implementation.

7.2 Carbon Capture and Utilization Technologies

A promising frontier in decarbonizing cement production is the integration of carbon
capture, utilization, and storage (CCUS) technologies. These approaches seek to either
sequester CO, emitted during the calcination process or incorporate it directly into
concrete products. For instance, carbonation curing, used in precast concrete, involves
injecting CO, into fresh concrete to accelerate strength gain while permanently
sequestering carbon in the form of calcium carbonate [47, 48].

Companies such as CarbonCure and Solidia Technologies have begun commercializing such
systems, reporting 5-15% reductions in net CO, emissions per cubic meter of concrete.
Nonetheless, widespread adoption of CCUS is hindered by cost, scalability, and
infrastructure requirements, such as proximity to CO, sources and transportation logistics
[49-51].

7.3 Alternative Binders and Geopolymer Concrete

Beyond partial replacement strategies, research is expanding into alternative binder
systems that do not rely on traditional clinker. Geopolymer concrete, made from
aluminosilicate-rich industrial waste (e.g., fly ash or metakaolin) and activated with
alkaline solutions, offers substantial environmental advantages. Life-cycle assessments
claimed to shown that geopolymer concrete can reduce CO, emissions by up to 80%
compared to conventional Portland cement [52]. However, long-term performance and
standardization may be barriers to achieve this goal.

However, technical barriers such as alkaline handling safety, long-term durability
validation, and standardization issues limit current market uptake. Despite these hurdles,
geopolymer technology holds long-term promise for zero-clinker concrete systems,
particularly in specialized applications like precast elements and fire-resistant structures.

7.4 Recycled Aggregates and Circular Economy Models

Efforts to promote material circularity have led to increased interest in the use of recycled
concrete aggregate (RCA) and construction and demolition (C&D) waste in new concrete
formulations. While RCA typically results in slightly reduced mechanical properties, recent
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innovations in pre-treatment methods (e.g., acid washing, carbonation, and thermal
processing) have improved its performance, making it viable for use in non-structural and,
increasingly, structural applications [30].

Adopting recycled aggregates contributes to reduced lower extraction pressures on
natural resources and shorter transportation distances. These benefits align with broader
goals of transitioning to a circular economy, as encouraged by the European Green Deal
and emerging national strategies in countries like the Netherlands and Japan.

7.5 Digital Technologies and Smart Construction

Technological innovation is also transforming how concrete is produced and applied.
Digital fabrication techniques, such as 3D concrete printing, enable precise material usage,
minimized waste, and complex architectural forms with fewer resources. Additionally,
building information modeling (BIM) and digital twin technologies are optimizing concrete
mix design, structural performance predictions, and maintenance planning, contributing
to more efficient lifecycle management [23].

Smart sensors embedded in concrete can also monitor structural health, humidity, and
carbonation depth, enabling predictive maintenance and extending infrastructure life,
thereby lowering overall environmental and economic costs.

7.6 Policy Instruments and Green Certifications

Policy mechanisms are essential for accelerating sustainable practices in concrete
production and use. Carbon pricing, green public procurement, and building energy codes
are increasingly incorporating low-carbon concrete criteria. Certifications such as LEED
(Leadership in Energy and Environmental Design), BREEAM (Building Research
Establishment Environmental Assessment Method), and Envision incentivize the use of
eco-efficient materials and lifecycle assessment in construction.

Furthermore, the Global Cement and Concrete Association (GCCA) and the Cement
Sustainability Initiative (CSI) have developed roadmaps for carbon neutrality, setting
benchmarks and timelines for reducing emissions. These initiatives reflect growing
alignment between industry leadership and climate policy objectives.

8. Alternatives to Conventional Concrete

As the sustainability challenges of conventional concrete become increasingly urgent,
researchers, engineers, and policymakers are exploring alternative construction materials
that can reduce environmental burdens while fulfilling similar structural and functional
roles. These alternatives vary widely in terms of their mechanical performance, resource
intensity, and regional applicability. While no single material currently matches concrete
in terms of global scalability and versatility, various low-carbon or renewable substitutes
show promise in targeted applications, particularly in low- to mid-rise construction,
modular systems, and climate-specific designs.

8.1 Engineered Timber and Mass Timber Products

Among the most widely discussed alternatives is engineered timber, especially in the form
of cross-laminated timber (CLT), glulam, and laminated veneer lumber (LVL). These
materials offer significant advantages in terms of embodied carbon. Timber acts as a
carbon sink, storing atmospheric CO, absorbed during tree growth, and engineered forms
of wood have improved strength, dimensional stability, and fire performance compared to
traditional lumber [53].
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Engineered timber structures have been successfully implemented in mid-rise and even
high-rise projects, such as the Mjgstarnet in Norway (85.4 meters). These developments
illustrate timber’s potential to replace concrete in specific sectors. Moreover,
prefabrication and modular construction with timber enables faster assembly, less site
disturbance, and lower construction waste.

However, engineered timber also has limitations. It is less suitable for long-span or highly
loaded structures, is susceptible to moisture degradation if not properly treated, and often
faces code restrictions or lack of familiarity among contractors in many regions.
Additionally, large-scale timber use must be matched by sustainable forestry practices to
avoid unintended deforestation or biodiversity loss.

8.2 Rammed Earth and Stabilized Soil Construction

Rammed earth, an ancient building technique, is experiencing renewed interest due to its
extremely low embodied energy and minimal processing requirements. It involves
compacting layers of moistened subsoil into formwork to create solid walls. When
stabilized with cement or lime, rammed earth offers improved mechanical strength,
making it suitable for structural and load-bearing elements [54].

This method is particularly relevant in arid and semi-arid climates, where thermal mass is
beneficial and local soil resources are readily available. Rammed earth buildings have high
durability, excellent fire resistance, and low maintenance demands. However, limitations
include labor intensity, long construction times, and variable performance based on soil
composition and compaction quality. As such, its use is best suited for context-specific, low-
rise, and residential applications.

8.3 Bamboo and Bio-Based Composites

In tropical and subtropical regions, bamboo is gaining attention as a renewable and high-
strength construction material. Engineered bamboo products, such as laminated bamboo
panels and bamboo-reinforced composites, demonstrate excellent tensile strength, rapid
renewability (with growth cycles of 3-5 years), and biodegradability [55].

However, bamboo construction remains niche, constrained by limited standardization,
vulnerability to biological decay, and poor fire performance without treatment. Despite
these drawbacks, bamboo presents strong potential for temporary structures, low-income
housing, and lightweight modular components, especially in Asia, Latin America, and parts
of Africa.

Similarly, hempcrete, made from the woody core of the hemp plant mixed with a lime-
based binder, provides high thermal insulation and carbon sequestration potential.
Though not structurally load-bearing, it is increasingly used for non-load-bearing walls and
insulation, particularly in green building contexts [56].

8.4 Steel and Hybrid Structural Systems

Structural steel offers an established alternative to concrete in high-rise, long-span, and
industrial structures due to its high strength-to-weight ratio, tensile capacity, and
prefabrication potential. Steel allows for lighter foundations, quicker erection times, and
adaptability in seismic zones. Moreover, steel is recyclable at high rates—often over 90%
in construction contexts—supporting circular economy models [57].

However, steel’s production is energy- and emissions-intensive, and it typically carries
higher upfront costs. Additionally, thermal and acoustic insulation requirements often
necessitate complementary materials, making steel more suitable in composite systems
rather than as a sole substitute for concrete.
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Hybrid systems, combining steel frames with timber floors or precast concrete panels, aim
to capitalize on the advantages of each material while mitigating their drawbacks. Such
configurations offer design flexibility, performance optimization, and potential reductions
in both emissions and costs.

8.5 Material Selection Based on Context

It is crucial to recognize that material substitution must be context-sensitive. Climatic
conditions, resource availability, labor skill levels, building codes, and project scale all
influence the suitability of alternative materials. For example, while CLT may be ideal for a
mid-rise commercial building in Canada, rammed earth may be more appropriate for rural
housing in Sub-Saharan Africa. Similarly, in high-density urban areas, steel-concrete hybrid
systems may offer the best trade-off between performance and sustainability.

A critical challenge in evaluating alternatives to conventional concrete lies in the scarcity
of region-specific life-cycle assessment (LCA) data. While global studies often highlight the
potential of engineered timber, rammed earth, or geopolymer concretes, their actual
environmental performance depends heavily on local resource availability, transportation
distances, and energy mixes. For instance, engineered timber may yield substantial carbon
savings in regions with sustainable forestry practices, but its benefits diminish in areas
requiring long transport chains. The lack of comprehensive regional LCA datasets
therefore limits the reliability of substitution assessments, underscoring a significant
research gap in sustainable construction studies [1, 58].

No single material currently offers a universal replacement for concrete, but a diversified
approach, leveraging regionally appropriate alternatives and hybrid designs, can
significantly reduce reliance on traditional concrete and align with sustainable
development goals.

9, Is It Still Worth It? Economic Validation vs. Environmental Costs

The dual identity of concrete—as both an essential engine of development and a significant
contributor to environmental degradation—poses one of the most profound sustainability
dilemmas in modern construction. As climate concerns escalate and resource constraints
intensify, the question of whether concrete remains a justifiable material of choice
demands critical re-examination. This section synthesizes the economic and
environmental arguments developed thus far, assessing under what circumstances
concrete’s continued large-scale use is rational, and where its reduction or replacement
may be warranted.

9.1 Contexts Where Concrete Remains Indispensable

There are several infrastructure domains where concrete's economic utility and technical
performance remain unmatched. In large-scale infrastructure projects—such as highways,
bridges, tunnels, ports, dams, and high-rise foundations—the compressive strength,
durability, and local availability of concrete make it the most practical material.
Alternatives, while promising in low-rise or specialized applications, often fall short in
load-bearing capacity, scalability, or cost efficiency at such scales.

Moreover, the economic multiplier effects associated with concrete infrastructure
continue to be vital in developing economies, where physical infrastructure directly
correlates with productivity, connectivity, and poverty alleviation [14]. Concrete enables
job creation, local industrialization, and regional self-sufficiency, particularly where
imported or technologically advanced materials are prohibitively expensive or
inaccessible.
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Even in high-income countries, concrete remains a key material in urban renewal,
transport modernization, and climate adaptation projects such as sea walls and flood
defenses, where structural integrity under extreme conditions is paramount.

9.2 Cases for Reduction, Substitution, or Optimization

Conversely, many applications currently relying on conventional concrete could transition
toward low-carbon or alternative materials without sacrificing performance. In low-rise
residential construction, for instance, engineered timber, earth-based materials, or
modular steel systems can achieve similar outcomes with significantly lower
environmental costs. The overuse of concrete in contexts that do not require its full
structural capacity represents a form of material inefficiency and, increasingly,
environmental irresponsibility.

Moreover, in non-structural elements—such as pavements, partition walls, and urban
furniture—there is growing scope to use recycled materials, SCM-rich blends, or even
geopolymers, thereby reducing clinker dependency. Smart design, material efficiency, and
performance-based specifications, rather than prescriptive norms, can guide architects
and engineers toward optimal material use and functional sufficiency, avoiding the over-
engineering of concrete elements.

The principle of sufficiency—using “enough concrete but no more than necessary”—is a
powerful paradigm shift in sustainable design, encouraging not only material reduction but
also a broader cultural change in construction ethics [59].

9.3 Economic Rationality vs. Environmental Responsibility

From an economic perspective, concrete remains appealing due to short-term
affordability, established supply chains, and low volatility in cost. However, this economic
logic often externalizes environmental costs—greenhouse gas emissions, land
degradation, biodiversity loss, and waste generation—that are borne collectively and over
time. Traditional cost-benefit analyses, which emphasize upfront expenditure and
immediate returns, fail to account for life-cycle emissions, maintenance liabilities, and
ecological impacts, thereby distorting the real “price” of concrete.

As climate regulations tighten, these externalities are likely to be internalized through
carbon pricing, green taxes, and extended producer responsibility (EPR) frameworks. In
this evolving policy landscape, continuing to rely on conventional concrete without
innovation will become economically irrational. On the other hand, eco-efficient concrete
technologies, material substitution, and digital optimization tools offer a path to align
economic and environmental objectives.

9.4 A Conditional Justification

Concrete is not inherently unsustainable; rather, its sustainability hinges on how it is
produced, where it is used, and for what purpose. In critical infrastructure and structural
roles, its benefits may outweigh its environmental drawbacks—especially if enhanced
through clinker substitution, low-carbon cement, carbon capture, and recycling. In
marginal or non-critical applications, however, continued use of traditional concrete is
increasingly hard to justify.

The future of concrete lies in selectivity: using it where truly necessary, optimizing it
through technological innovation, and complementing it with alternative materials
elsewhere. This nuanced approach, balancing performance, cost, and ecological
responsibility, represents the most rational path forward in the era of climate constraint.
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10. Conclusion and Policy Implications

Concrete has underpinned the structural and economic foundation of modern civilization.
From transportation networks and housing developments to industrial facilities and
coastal defenses, its widespread application has enabled unprecedented urbanization,
connectivity, and socio-economic development. However, this material's extensive use
comes at a steep environmental cost, particularly through its contribution to global carbon
emissions, resource extraction, and ecological degradation. As the climate crisis intensifies
and sustainability becomes a central policy priority, the continued use of conventional
concrete must be critically reevaluated.

This article has demonstrated that while concrete remains functionally indispensable in
certain applications—particularly large-scale and load-bearing infrastructure—it is
increasingly difficult to justify its universal, default use, especially in non-critical or low-
rise settings where more sustainable alternatives exist. The economic rationale for
concrete, long centered on affordability, durability, and local availability, must now be
balanced against the hidden environmental costs that are becoming harder to ignore or
externalize.

The emergence of eco-efficient technologies, such as blended cements, supplementary
cementitious materials, carbon capture and utilization, and digital design optimization,
offers promising pathways to reduce concrete’s environmental footprint. Likewise, the rise
of alternative construction materials—including engineered timber, geopolymer concrete,
recycled aggregates, and earth-based systems—illustrates a growing diversification in
sustainable building practices. However, these innovations must be supported by robust
regulatory frameworks, public procurement standards, and industry incentives to
overcome technological inertia and market resistance.

Policy intervention is essential to accelerating this transition. Governments must establish
clear targets for decarbonization in the construction sector, integrate life-cycle assessment
metrics into building codes, and implement carbon pricing mechanisms that internalize the
environmental costs of cement and concrete production. Public-sector infrastructure
projects should prioritize low-carbon material use through green procurement strategies,
while urban planning policies should support adaptive reuse, modular construction, and
material circularity. At the same time, educational and professional institutions must equip
architects, engineers, and developers with the knowledge and tools to design for material
efficiency and sustainability.

Furthermore, the construction industry must move toward a function-driven approach—
evaluating materials not solely based on tradition or habit, but on performance relative to
need, environmental impact, and long-term resilience. This paradigm shift calls for
interdisciplinary collaboration, involving materials scientists, environmental economists,
urban planners, and policy makers. Only through such a coordinated effort can the industry
transition toward a future in which concrete remains a part of the solution—rather than a
persistent contributor to the problem.

In conclusion, concrete is not inherently unsustainable, but its future use must be strategic,
optimized, and environmentally accountable. The challenge lies not in discarding concrete
entirely, but in reforming its production, rethinking its applications, and reframing its role
in the built environment. Achieving this balance is not only a technical and economic
imperative but also a moral one, as the sustainability of future generations will, in part,
depend on the material choices we make today.
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This study examines the strategic role of game theory in financial markets through
a literature-based analysis. Game theory, as a powerful tool that enables the
mathematical analysis of rational decision-makers’ strategic interactions, provides
significant contributions to understanding key processes such as competition,
cooperation, arbitrage, pricing, speculation, and manipulation in financial markets.
The study first explains the fundamental concepts of game theory (players,
strategies, payoffs, and equilibrium points) and emphasizes the critical importance
of the Nash equilibrium and its extensions in market analyses. Within the context
of financial markets, different types of markets—such as money markets, capital
markets, organized and over-the-counter markets—are examined, and the
integration of game theory into strategic decision-making processes is discussed.
The literature reveals that game theory has broad applications in areas such as
portfolio optimization, risk management, market equilibrium analysis, oligopoly
models, and the investigation of speculative bubbles in cryptocurrency markets. In
conclusion, game theory emerges not only as a theoretical analytical tool but also

as a practical method for understanding the dynamics of financial markets,
supporting strategic decision-making processes, and strengthening market
stability. In this regard, the study contributes to the theoretical literature while
also offering insights for strategic decision-makers in financial markets.

© 2025 MIM Research Group. All rights reserved

1. Introduction

Game theory, as a mathematical and analytical discipline that examines the strategic
interactions of rational decision-makers (players), has acquired a significant position
across many fields of the social sciences. Its fundamental assumption is that players do not
merely attempt to maximize their own payoffs, but must also take into account the
strategies and behaviors of other actors [39, 65]. In this respect, game theory provides a
framework for modeling strategic relationships among individuals, firms, and institutions,
and offers a theoretical basis for analyzing different competitive environments.
Particularly in the fields of economics and finance, game theory has found wide application,
providing a rational and systematic approach to decision-making processes and
contributing to a better understanding of market mechanisms [32, 79]

The increasing adoption of game theory in the economics literature from past to present
clearly demonstrates its strength in analyzing decision-making processes within dynamic
market structures and competitive settings. Core concepts such as Nash Equilibrium reveal
how stable outcomes can emerge from strategic interactions among players, making them
frequently used analytical tools in financial markets [59, 60]. Game theory, by considering
elements such as information sharing, competition, cooperation, and uncertainty in
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decision-making processes, stands out as a mathematical model that enables the
identification of the most appropriate strategic equilibrium [2, 14, 75].

The aim of this study is to explore the role of game theory in strategic decision-making and
market equilibria within financial markets. In this context, the research first focuses on
game theory-based studies specifically addressing financial markets in both national and
international literature, evaluating these studies comparatively in terms of their objectives,
methods, and results. Subsequently, the study discusses in detail how game theory has
been applied in financial markets, and which models and approaches have been used for
analysis. In doing so, it seeks to provide a framework that enhances the understanding of
the analytical contributions of game theory for both researchers and market participants.

Finally, the conclusion presents a general assessment of the role of game theory in financial
markets, summarizing the findings with respect to strategic decision-making processes
and market equilibria. In this regard, the study not only contributes to the theoretical
literature but also offers insights for practitioners in developing policies and strategies.

2. Literature Review

A review of the literature on the applications of game theory in financial markets reveals
that studies have concentrated on a wide variety of areas. Huang [39] examined the
strategic effects of game theory on financial decision-making by combining qualitative and
quantitative datasets, emphasizing its risk-reducing role particularly in mergers,
acquisitions, and portfolio management. The role of game theory in energy markets is also
noteworthy; Janan et al. [42] and Jiang et al. [43] focused on evolutionary games,
Stackelberg models, and pricing strategies in blockchain-based energy trading. Vidler and
Walsh [95] identified liquidity games in the bond market, while Song and Wu [87]
discussed the effectiveness of Bayesian games in post-forecast decision-making processes.

In the field of portfolio optimization, Acar and Unal [2] demonstrated, using BIST data, that
game theory enhances Sharpe ratios; meanwhile, Simonion [85] applied the Shapley value
in portfolio diversification. Similarly, Ibrahim et al. [40] and Pekkaya & Gilimiis [71]
analyzed the effects of political changes on portfolio selection and trends in the literature.
In this context, cooperative models (e.g., Shapley value, coalition games) provide
diversification benefits by distributing portfolio risk based on marginal contribution
across assets, whereas non-cooperative models (e.g.,, minimax, robust games) generate
conservative allocations under uncertainty, thereby reducing model risk. However, the
outcomes of these two approaches sometimes diverge: cooperative models enhance
diversification, while non-cooperative models yield more cautious but higher opportunity-
cost strategies.

Regarding the relationship between financial regulation and innovation, An et al. [100]
employed an evolutionary game theory model to reveal the mutual interdependence
between regulatory policies and financial innovation, thereby providing an analytical
framework for balancing regulation and innovation. In the context of financial risk
management, Moosakhaani et al. [57] used Nash equilibrium in flood risk modeling, while
Liu et al. [52] examined the role of game theory in blockchain security and mining
economics. More recently, Wang [108] employed evolutionary game theory to study
Chinese household financial investment behavior, and Langenohl [105] demonstrated how
social coordination in decentralized finance (DeFi) projects can be achieved through game
theory. These studies highlight the potential of game theory in blockchain-based financial
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applications, while also bringing to light significant challenges such as regulatory
uncertainty, scalability, and security.

In terms of pricing and liquidity in financial markets, Evangelista et al. [103] modeled price
formation processes using multi-player and mean-field game approaches; Pagliarani et al.
[107] analyzed the strategic impact of renewable energy producers on market prices
within the framework of Nash equilibrium. Lavigne and Tankov [106] examined the
decarbonization of financial markets using a mean-field game approach, modeling how
investors’ strategies are shaped by carbon footprint considerations and contributing to the
literature on sustainable finance. Bao [102] integrated game theory into option pricing
through a binomial tree model, proposing a novel pricing method, while Azarberahman &
Mohammadnejadi Modi [101] developed a fuzzy logic-based game-theoretic approach to
financial market competition using a Kalman-Jacobi hybrid model.

Historically, Yildirim [97] developed strategic investment models for ISE sectors, while
Deng et al. [23] and Farias et al. [29] employed minimax models in portfolio selection.
Thakor [90] on the other hand, provided a theoretical perspective on the potential
applications of game theory in finance.

Overall, this literature demonstrates that game theory has a broad and growing influence
on portfolio management, market equilibria, risk management, pricing strategies, and
emerging technological platforms (e.g, blockchain and DeFi) in financial markets.
However, common limitations in the literature include the predominance of theoretical
models, the lack of empirical validations, and the uncertainty of regulatory frameworks,
particularly in blockchain-based markets. A summary of the literature review is presented
in Table 1.

Table 1. Literature review

Author(s) Topic / Purpose  Method / Model Findings Contribution Sources
Huang (2025) Strategic effects ~ Qualitative and Game theory is Enhances portfolio [39]
on financial quantitative critical in management,
decision-making  datasets; Nash determining contributes to market
equilibrium, strategic actions; stability
cooperative/non- reduces risks in
cooperative mergers and
games, acquisitions
evolutionary
games
Janan et al. Pricing and Evolutionary Optimization of Proposal of a [42]
(2025) financing in games, energy sales prices;  sustainable financing
blockchain- Stackelberg model efficiency in model in blockchain-
based energy financing processes based energy
markets
Azarberahman & Financial Kalman-Jacobi Developed a hybrid Proposed a hybrid [101]
Mohammadnejadi ~ competition hybrid model + equilibrium modelin game-theoretic model
Modi (2025) fuzzy logic market competition
Vidler & Walsh  Liquidity games Non-cooperative  Strategic decisions New model proposal [95]
(2024) in bond markets  game; 'liquidity determine market  for market design and
game' model liquidity regulation
Bao (2024) Option pricing  Binomial model + Developed an Innovation in pricing [102]
game theory alternative approach literature
to option pricing
Pagliarani et al. Renewable Nash equilibrium, Modeled price Strategic game [107]
(2024) energy market  stochastic game effects among application at the
renewable energy-finance
producers intersection
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Author(s) Topic / Purpose  Method / Model Findings Contribution Sources
Song & Wu Post-forecast Bayesian games  Early action proves Theoretical framework [87]
(2023) game theory and beneficial; forecasts  explaining forecasting
decision-making influence investor behavior
behavior
Wang (2023) Household Evolutionary Revealed strategic Explains investment [108]
investment game theory interactions of behavior at the micro
behavior Chinese investors level
Koliechkina &  Automated stock Analysis of game Showed impact of Game-theoretic [104]
Vuzii (2023) trading systems  theory methods strategic behavior approach to
on trading algorithmic trading
algorithms
Lavigne & Tankov Decarbonization Mean-field game Modeled interaction Opens new perspective [106]
(2023) of financial approach of investors on sustainable finance
markets considering carbon using game theory
footprint in financial
decisions
Acar & Unal Portfolio Minimax + Portfolios calculated ~ Application of game [2]
(2022) optimization in  simplex algorithm  with game theory theory in portfolio
BIST 100 achieve higher management in Turkey
Sharpe ratios
Moosakhaani et  Financial model Nash equilibrium Optimal equilibrium Model for risk sharing [57]
al. (2022) for flood risk when insurance and and distribution of
management state support are financial
combined responsibilities
Evangelistaetal. Price formation Mean-field games Modeled price New perspective on [103]
(2022) dynamics in multi- market microstructure
player interactions
Langenohl (2022) Social Game theory + Examined Demonstrated the [105]
coordination in sociological mechanisms of social role of game
DeFi analysis coping with theory in DeFi
uncertainty in DeFi
projects
Anetal. (2021) Inter- Evolutionary Showed how Provides analytical [100]
relationships game theory regulatory policies framework for
between model and financial balancing regulation
financial innovation influence and innovation
regulation and each other
innovation dynamically
Pekkaya & Glimiis Literature Review of 300 Limited use of game Identification of a gap [71]
(2021) review on studies theory in portfolio in the literature
portfolio studies
optimization
Ibrahim et al. Portfolio Cooperative game; Changes observed in Explains political [40]
(2020) selection during Shapley value portfolio selection impacts on financial
Malaysian before and after markets through game
elections elections theory
Jiang et al. (2020) Electricity Stackelberg game  Win-win outcomes Proposal of a [43]
trading in + algorithms in buyer-seller blockchain-based
blockchain- interactions pricing model
based energy
markets
Liuetal. (2019)  Applications of Selfish mining, Solutions proposed  Systematic framework [52]
game theoryin  majority attack, for security and for blockchain security
blockchain DoS models economic challenges using game theory
Simonion (2019) Portfolio Shapley value- Facilitated portfolio = Cooperative solution [85]
selection using based model diversification approach in portfolio
Shapley value selection
Yildirim (2006)  Game theory in Mathematical Sector-based One of the early [97]
ISE sector modeling monthly investment applications in the
analysis recommendations Turkish stock market
developed
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Author(s) Topic / Purpose  Method / Model Findings Contribution Sources
Deng et al. (2005) Portfolio Minimax + linear Developed anon-  Analytical contribution [23]
selection with programming  negative equilibrium to portfolio selection
equilibrium price system under uncertainty
prices
Farias et al. Portfolio MV, Minimax, Minimax model Comparison of different [29]
(2004) optimization in Weighted yielded higher game-theoretic models
the Brazilian Minimax models returns
stock market
Thakor (1991) Potential of Theoretical Predicted growing Pioneering [90]
game theory in analysis importance of contribution to finance
finance cooperative and

evolutionary games

3. Game Theory

Game theory is a mathematical approach that enables the systematic analysis of decisions
made by individuals under different conditions and the impact of these decisions on other
actors. Rooted in human behavior, this discipline is not limited to a single field of study but
has gained prominence for its applicability across economics, social sciences, biology,
engineering, computer science, and even philosophy [24]. The central premise of game
theory is that individuals’ decisions directly influence the decisions and outcomes of others
in society, and this interdependence requires an examination of how rational behavior is
shaped in such contexts. For this reason, game theory is often described as the study of
“cooperation or competition within mutual interaction.”

For a game to emerge, there must first be players—decision-makers—who make choices
under specific strategic conditions. The structure of a game is defined by the information
available to players, their strategy sets, and the payoffs resulting from these strategies.
Games are mathematical models that capture players’ strategies for each possible
situation, the potential outcomes of these strategies, and the resulting gains or losses. In
this way, game theory provides a formal framework for analyzing how actors with different
modes of reasoning make moves against each other [14].

One of the most important contributions of game theory is its ability to explain strategic
decision-making in competitive environments. When considering the counter-moves of
rival players, the key question becomes: “How should a player develop the most
appropriate strategy while maximizing their own payoff in response to the rival’s actions?”
Accordingly, game theory contributes to the identification of optimal strategic decisions in
any sector where competition exists [67]. Each player must therefore account not only for
their own interests but also for their rivals’ potential strategies. Since every strategy
determines the player’s payoff or loss, the mathematical analysis of these outcomes
enables more rational decision-making [54].

The historical development of game theory dates back to the 17th century. The foundations
were laid by Emile Borel’s work in 1921, followed by John von Neumann’s 1928 research
on strategic games, which gave the discipline a mathematical character. In 1944, John von
Neumann and Oskar Morgenstern published The Theory of Games and Economic Behavior,
which systematized game theory and introduced it into modern economics [31]. From the
1960s onwards, the theory attracted not only mathematicians but also economists, rapidly
advancing due to its robust theoretical foundations and practical success. After the 1980s,
the development of more advanced models for addressing complex economic and social
problems turned game theory into a vital analytical tool [61].

Over time, game theory has found applications not only in economics and finance but also
in disciplines such as biology, genetics, engineering, industry, social sciences, sports
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sciences, and computer science. Particularly in economics and finance, game theory has
guided both theoretical and applied research on market functioning, competitive
strategies, auctions, portfolio management, and market equilibria. Concepts such as the
Nash equilibrium have become indispensable analytical tools, showing how equilibrium
states arise in strategic interactions [6, 27]. In this sense, game theory continues to provide
a multidimensional perspective in strategic decision-making and market analysis,
contributing significantly to interdisciplinary research.

3.1 Game Theory Terminology

Game theory is grounded in conceptual foundations that enable the systematic analysis of
strategic interactions. These foundations are generally defined as players, strategies,
payoffs, and equilibrium points [8, 32, 37, 59, 65].

3.1.1 Games and Players

One of the most fundamental concepts in game theory is the notion of players. Players are
defined as actors who make decisions within strategic interactions; these actors may be
individuals, firms, institutions, or even states. Each player seeks to maximize their own
interests while simultaneously being influenced by the strategies of others. Therefore,
game theory examines not only individual decisions but also the processes of mutual
interaction [27, 65, 76, 89].

A game is defined within the framework of players’ strategy sets, the payoffs or losses that
result from these strategies, and the rules governing this process. In competitive
environments, players do not merely pursue their own benefits; they also attempt to
constrain or redirect the moves of their rivals. Thus, a game represents a decision-making
environment where two or more actors engage in strategic interaction. Information
asymmetry, uncertainty, and risk are significant elements in this decision-making
environment [32, 59].

Games are generally divided into three categories: cooperative, non-cooperative, and
mixed-motive games. In cooperative games, players form coalitions to maximize their
common interests, and the resulting outcomes reflect both individual and collective
benefits. In non-cooperative games, each player acts independently, with conflicts of
interest becoming more pronounced as players conceal their strategies to gain advantage.
Mixed-motive games, on the other hand, combine elements of both cooperation and
competition, reflecting situations where players’ interests partially converge and partially
conflict [4, 50, 86].

In particular, zero-sum games represent situations in which one player’s gain is exactly
equal to the other player’s loss. Conversely, in non-zero-sum games, all players may win or
lose simultaneously. Hence, non-zero-sum games are of critical importance for
understanding cooperation, bargaining, and negotiation processes [65, 86, 89].

In conclusion, the concepts of games and players form the foundation of the theoretical
framework of game theory. The level of players’ access to information, the range of
available strategies, and the quality of their choices play a decisive role in shaping
outcomes and equilibrium conditions within the game [4, 27, 32, 59, 76].

3.1.2 Strategies

One of the most fundamental elements of game theory is the concept of strategy. A strategy
is defined as a comprehensive plan of action that specifies what moves a player will make
under all possible circumstances. In other words, a strategy is not merely a momentary
choice but a systematic decision rule that applies throughout the course of the game. Since
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players’ efforts to maximize their own interests must take into account the potential moves
of their opponents, strategy lies at the very core of both individual rationality and mutual
interdependence [89, 99].

The concept of strategy was first introduced by John von Neumann as part of the
mathematical foundation of game theory and has since been extensively developed in both
theoretical and applied contexts. The decisions that players make against one another are
shaped by the rules of the game, and each strategy reflects an attempt to anticipate the
possible moves of rivals. Consequently, strategies constitute the basis for key solution
concepts in game theory, such as the Nash equilibrium [32, 59].

In the game theory literature, strategies are generally divided into two main categories:
pure strategies and mixed strategies. A pure strategy involves a player choosing a single
specific action in every situation, while a mixed strategy refers to selecting among possible
actions with certain probabilities. Under conditions of uncertainty, mixed strategies allow
players to behave more flexibly and unpredictably. In recent years, the application of mixed
strategies has expanded in fields such as artificial intelligence, algorithmic games, and
market design, making them an indispensable component of modern equilibrium analysis
[41, 50].

Strategies also differ depending on whether the game is static or dynamic. In static games,
players make their decisions simultaneously, whereas in dynamic games, decisions are
made sequentially, and past moves influence future strategies. In this context, “repeated
games” and “reputation models” highlight the long-term dimensions of strategies [53].

In conclusion, strategy is not merely an abstract notion within game theory but a central
concept with broad applications, ranging from economic models to political decision-
making, from international negotiations to artificial intelligence algorithms. Strategies not
only safeguard players’ interests but also shape cooperation or competition, the resulting
equilibrium conditions, and the overall functioning of the system [25].

3.1.3 Payoffs

One of the fundamental components of game theory is the concept of payoffs. In a game,
players may face three basic outcomes: winning, losing, or withdrawing from the game.
These outcomes are expressed as positive, zero, or negative values. In this way, the benefits
players gain or the losses they incur can be represented in measurable numerical or
proportional terms. An important point here is that the units of measurement must remain
consistent under all conditions, ensuring that the payoffs and losses of different players
can be compared reliably [88].

The results obtained by players, depending on their strategies, are systematically
represented in a table known as the payoff matrix. The payoff matrix is one of the most
important tools of the mathematical structure of game theory, as it demonstrates the gains
or losses associated with every combination of strategies. The values in the matrix can take
three forms: positive (benefit), negative (loss), or zero (neutral outcome). If the value is
positive, the column player transfers or generates that amount of benefit for the row
player. If it is negative, the row player pays the column player the absolute value of that
number. If the value is zero, no transfer occurs [64, 68].

In a zero-sum game, where one player has n strategies and the other has m strategies, the
payoff matrix is of size m x n. Each entry in the matrix, such as ai4, 212, ..., amn, represents
the payoff resulting from the chosen strategy pair, thus capturing the fundamental
competitive logic of the game.
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In any payoff matrix, player A is placed in the rows, while player B is represented in the
columns. If player A has m strategies and player B has n strategies, the payoff matrix
becomes an m x n matrix. The entries of the matrix (a4, a12, ..., amn) indicate the payoffs
corresponding to each pair of strategies chosen by the players [48, 84].

In the context of zero-sum games, the payoff matrix plays an even more critical role. In such
games, the gain of one player is exactly equal to the loss of the other; therefore, the sum of
all values in the payoff matrix is zero. This structure represents the mathematical
embodiment of a perfectly competitive game. For example, if player A has m strategies and
player B has n strategies, the resulting payoff matrix of size m x n specifies, through its
entries, the exact gain or loss each player experiences under every strategic combination
[48, 50].

Recent studies show that the payoff matrix is not only a theoretical tool but also a critical
analytical method in applied economics, market design, international negotiations, and
algorithmic game theory. Particularly in artificial intelligence systems and multi-agent
digital platforms, payoff matrices are widely used to optimize different strategies and to
model system behaviors [62, 80].

In conclusion, payoff matrices do not only display the individual gains and losses of the
players but also provide a framework to understand the equilibrium structure and
strategic dynamics of a game. For this reason, payoff matrices have become indispensable
tools in modern game theory, both in classical economic analysis and in today’s complex,
data-driven decision-making processes.

3.1.4 The Outcome of the Game or the Equilibrium Point

One of the most critical concepts in game theory is the equilibrium point reached as a result
of players’ strategic interactions. Under the assumption that competing players proceed
with unbiased strategies, the final outcome of the game is defined as the game’s result or
equilibrium point. The most well-known form of this concept is the Nash Equilibrium,
developed by John Nash [60, 65].

Nash equilibrium refers to a situation in which no player can improve their payoff by
unilaterally changing their strategy, given that the strategies of all other players remain
fixed. In other words, no individual player has an incentive to deviate, since such deviation
would not yield a better outcome. As such, Nash equilibrium embodies the principle of
“mutual rationality” and remains one of the foundational concepts for analyzing games [32,
86].

The notion of equilibrium plays a vital role not only in theoretical discussions but also in
practical applications. In financial markets, for instance, equilibrium concepts are
employed to explain price formation, auction design, competitive behaviors in oligopolistic
markets, and strategic decision-making in international relations [59, 89]. Moreover,
extended forms of Nash equilibrium—such as subgame perfect equilibrium, Bayesian
equilibrium, and the evolutionarily stable strategy—are widely applied today, especially in
addressing games that involve uncertainty and asymmetric information [34, 53].

Recent studies demonstrate that Nash equilibrium has also found applications in artificial
intelligence, machine learning, and algorithmic game theory. In particular, in multi-agent
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systems, Nash equilibrium serves as a basis for the coordination and cooperation of
autonomous agents [50, 62]. More recently, Al-supported equilibrium analyses have been
developed to predict player behavior in complex digital platforms [18, 80]. Additionally,
research in behavioral economics has revealed discrepancies between Nash equilibrium
predictions and actual human decision-making, enriching classical equilibrium theory with
experimental and psychological insights [15, 20].

In conclusion, the outcome of the game or the equilibrium point lies at the core of game
theory from both theoretical and practical perspectives. Nash equilibrium and its
extensions not only reflect the maximization of individual payoffs but also represent the
rational balance of strategic interdependence among players.

4, Financial Markets

Economic units initially use their own internal resources to meet their funding needs.
When the savings of an individual or institution can be allocated to investment, this
condition is defined in the literature as having “financial capacity.” However, when internal
resources are insufficient, investors must turn to other economic institutions to meet their
financing requirements. At this point, investors direct their demands to companies or
institutions with surplus funds and satisfy their needs through financial markets [97].

There are three primary economic units within economic activity: households, firms, and
the government. These units may experience imbalances in their income-expenditure
levels over time. In some periods, income exceeds expenditure, while in others,
expenditures surpass income. Thus, economic units must either invest their savings or
access financing sources to balance income and expenditure [45]. Units with a savings
surplus make their funds available in exchange for a return, whereas those with a savings
deficit seek to utilize these resources.

The fundamental rationale for the existence of financial markets lies in the inability of
individual or institutional actors to balance savings and investment independently.
Consequently, the mechanisms that bring together suppliers and demanders of funds
constitute financial markets. In a country, the institutions that facilitate resource flows
between fund suppliers and demanders, the securities that make these transactions
possible, and the legal-administrative framework that regulates these interactions
collectively form the structure of financial markets [13, 16].

Today, financial markets extend beyond traditional debt instruments and securities,
having become increasingly complex due to technological advances and globalization.
FinTech applications, crypto-assets, digital payment systems, and green bonds are now
integral components of modern financial markets. Within this context, financial markets
play a critical role in supporting economic growth, ensuring efficient capital allocation, and
distributing risk [7, 49].

Financial markets are indispensable both at the micro and macro levels for ensuring
economic stability, regulating the flow of funds, and enabling the efficient allocation of
resources. Therefore, the institutions, instruments, and regulations within financial
systems must be continuously updated in light of contemporary developments. Figure 1
presents the components of financial systems [13].
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Figure 1. Components of the Financial System [13]

4.1 Types of Financial Markets

Financial markets can be classified from different perspectives based on their structure
and functions. One of the most common classifications is made according to the maturity
of funds being lent. In this context, markets are generally examined under two main
groups: money markets and capital markets [56, 96].

4.1.1 Markets According to the Maturity of Funds Lent

Money Markets: Money markets are markets where financial instruments with maturities
typically of one year or less are traded. In these markets, the supply and demand for funds
are met through short-term instruments. Therefore, the risk of default is relatively low,
while liquidity is high. These features make money markets critical for the short-term fund
management of the economic system [13, 72, 96]

The main instruments used in money markets include checks, promissory notes, bills of
exchange, commercial papers, certificates of deposit, repurchase agreements (repos), and
treasury bills. Since these instruments are short-term, price fluctuations are limited while
liquidity remains high. Especially during periods of high interest rates, investors tend to
prefer short-term instruments, which increases the importance of money markets [28, 96].

Capital Markets: Capital markets are markets where the supply and demand for funds with
maturities longer than one year meet. Because the maturity is longer, interest rates and
risk factors are relatively higher. There is a continuous flow of funds between money
markets and capital markets, and the two operate in a complementary manner [7, 45, 49].

Capital markets are further divided into primary and secondary markets:

ePrimary Markets: These are markets where financial instruments (such as stocks,
bonds, and promissory notes) that have never been traded before are issued and
enter circulation for the first time. Thus, they serve as a direct source of capital for
institutions demanding funds.

eSecondary Markets: These are markets where previously issued securities are
traded among investors. Secondary markets not only provide liquidity for investors
but also contribute to the pricing of financial assets and the improvement of market
efficiency [5, 45, 56]
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4.1.2 Markets by Transactions

Financial markets can also be classified according to the nature of the transactions carried
out, and are divided into organized (regulated) markets and over-the-counter (OTC)
markets [45, 56]

Organized Markets: Organized markets are those in which transactions take place within
centralized exchanges under a set of well-defined rules. Their key characteristics include:

*The presence of a physical location or, in modern settings, advanced electronic
trading platforms,

eTransactions conducted under strict supervision and regulatory oversight,
eStandardized rules and procedures governing transactions.

Financial instruments traded in organized markets typically operate under transparent
pricing mechanisms and are subject to strong investor protection regulations. Examples
include the Tokyo Stock Exchange, the New York Stock Exchange (NYSE), and Borsa
[stanbul [45, 81].

Over-the-Counter (OTC) Markets: In contrast, OTC markets are decentralized markets
where transactions are executed outside centralized exchanges, without a physical trading
floor. Trades are often carried out via telecommunications networks, telephones, computer
systems, or electronic platforms. The main feature of OTC markets is that oversight and
regulation are either limited or more flexible. This provides participants with greater
freedom of negotiation and the possibility of designing customized contracts. Examples
include the London OTC market and the global foreign exchange (Forex) markets [5, 46,
96].

In recent years, the scale of OTC markets has expanded significantly, especially with the
growth of derivative instruments, foreign exchange trading, and cryptocurrency markets.
This development has raised critical questions about transparency, regulation, and
systemic risk management in global financial systems [7, 9].

5. The Role of Game Theory in Financial Markets and Strategic Decision-Making

5.1 The Role of Game Theory in Financial Markets

In financial markets, game theory is used to model dynamic processes such as competition
and cooperation, arbitrage and pricing strategies, and speculation and manipulation. The
analysis of strategic interactions is critically important for understanding market
mechanisms and enhancing rational decision-making processes [65, 91].

5.1.1 Traditional / Competition and Cooperation

In traditional competitive models, long-term information sharing is highly limited. The
most important criterion in supplier selection is the price of the product to be purchased.
Parties prefer to act independently while minimizing communication; information transfer
is restricted to the features of the demanded products [63, 82].

Conversely, the importance of cooperative relationships has grown steadily. For example,
when British manufacturers began to lose their global competitive advantage, they
regained it by transforming competitive supplier relationships into collaborative models
[58]. In cooperative market structures, the objective is not only to reduce prices but also to
increase risk-sharing, knowledge transfer, and innovation capacity [11, 73].
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5.1.2 Arbitrage and Pricing Strategies

Game theory is a powerful tool for analyzing arbitrage opportunities and pricing models.
Arbitrage pricing strategies explain how investors optimize the risk-return balance.
Within this framework, investors account for factors such as default risk, interest rate risk,
market risk, purchasing power risk, and management risk to establish a risk-return
relationship [30].

In modern literature, this approach has been extended through the Arbitrage Pricing
Theory (APT) and game theory-based pricing methods. It has been demonstrated that,
especially in multi-period models, investors’ strategic behaviors play a decisive role in
price stability [30]. Furthermore, in the context of artificial intelligence and algorithmic
trading, game theory-based pricing models have emerged as a current research area for
understanding market microstructure [10, 26].

5.1.3 Speculation and Manipulation

Manipulation refers to the attempts of individuals or institutions to influence markets for
their own benefit by spreading false or misleading information [21, 66]. Such practices
often involve generating false news, spreading rumors, or artificially inflating trading
volumes [98].

Speculation, on the other hand, is the risky trading activity based on expectations about
future price movements. Game theory models how speculation and manipulation can
distort market pricing [78]. Recent studies highlight that speculative activities have been
amplified by algorithmic trading, cryptocurrency markets, and the influence of social
media [12, 19, 83].

5.2 Market Equilibria and Game Theory

Game theory is applied to the analysis of different types of market equilibria, such as
perfect competition, oligopoly equilibrium, and speculative bubbles and crises.

Perfect Competition Equilibrium: Markets with many buyers and sellers where prices are
not influenced by individual firms. Game theory is used to explain price formation and
optimal strategies in these settings [3].

Oligopoly Equilibrium: Emerges in markets dominated by a small number of players. An
example is when major banks set interest rates in the banking sector. Cournot, Bertrand,
and Stackelberg models are widely used in these markets [91, 93].

Speculative Bubbles and Crises: Occur when players imitate one another, causing asset
prices to deviate excessively from their intrinsic values, followed by sudden collapses.
Typical examples include the 2000 Dot-Com Bubble and the 2008 Global Financial Crisis
[1, 33,47, 75]. More recently, bubbles observed in cryptocurrency markets have also been
analyzed within the framework of game theory [17, 19].

5.3 Strategic Decision-Making

Strategic decisions are defined as choices made in environments characterized by intense
competition, constant change, high levels of uncertainty, risk, and complexity. These
decisions have long-term implications and directly shape the future direction of the
organization. The primary objective of strategic decisions is to secure a more advantageous
position relative to competitors and to ensure sustainable competitive advantage [70, 92].

Such decisions are expected to be original, pioneering, innovative, sustainable, and
effective in addressing dynamic environmental conditions and organizational needs [69].
By their nature, strategic decisions often require the integration of analytical reasoning,
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managerial foresight, and adaptive capabilities. The fundamental characteristics of
strategic decision-making are summarized in Table 2 [69].

One of the most decisive factors in the strategic decision-making process is the nature of
the environment in which the decision is made. The decision-making environment directly
influences the quality of the decision, as it determines the type of information available to
managers, the level of uncertainty, and the perception of risk. Within this framework,
strategic decisions are addressed under different classifications. In the literature, decision
types are examined under five main categories: (i) decisions based on the environment in
which they are made, (ii) decisions according to the level of management, (iii) decisions
according to their structure, (iv) decisions based on the degree of interconnection, and (v)
decisions according to the evaluation criteria considered [35, 69].

Table 2. Fundamental Features of Strategic Decision-Making

Category Definition Practical Implication

Creative and Innovative The ability to adapt to change Creating new businesses in
and respond to competitive competitive settings by
conditions disrupting (transforming)

existing industries

Change-Oriented Persistently pursuing Anticipating the future of the
transformation and organization and striving to
development in the face of differentiate from competitors

evolving expectations, needs,
products, time, space,
environment, and ideas

Sustainable Ensuring continuity in Expanding the organization’s
competition, growth, access to resources and
permanence, and eco- markets
environmental protection

Effective The ability to set the right Using resources at the right
goals and achieve them, place and time while
ensuring decision-makers minimizing risks

reach accurate outcomes

This classification demonstrates that the strategic decision-making process cannot be
reduced to a single dimension; rather, it is shaped by a combination of factors such as the
level of information, risk conditions, organizational hierarchy, the structural
characteristics of the decision, and the diversity of criteria. Particularly in recent years,
with the growing prevalence of uncertain and risky decision-making environments,
behavioral approaches [44], multi-criteria decision-making techniques [77, 94], and data-
driven decision support systems [74] have become increasingly utilized.

Therefore, distinguishing decision types in this way enables a more systematic analysis of
strategic decision-making processes and provides managers with the ability to make more
rational choices under varying conditions [22, 38].

5.3.1 Decisions According to the Environment in Which They Are Made

The decision-making environment is one of the most critical factors shaping the nature of
the decision process. In the literature, these environments are generally classified under
three categories [22, 35, 36]:
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eCertain Decision-Making Environment: Situations in which decision alternatives
and possible outcomes are known, and information flow is relatively complete.
Rational decision-making models dominate in such contexts.

eUncertain Decision-Making Environment: Situations characterized by a lack of
information, where probabilities of outcomes are unknown. Decision-makers
typically operate under bounded rationality.

eRisky Decision-Making Environment: Circumstances where alternatives and
probabilities are known, but outcomes remain uncertain. Decisions are often based
on measures such as expected value, variance, and standard deviation. This
environment is particularly common in modern financial markets [44, 55].

5.3.2 Decisions According to the Level of Management

Decisions can also be classified according to the hierarchical level of management [35, 51]:

eStrategic Decisions: Taken by top management, these decisions are long-term,
complex, and have broad organizational consequences.

eTactical Decisions: Made by middle-level managers, these decisions serve to
implement and operationalize strategic goals.

eOperational Decisions: Taken by lower-level managers, these decisions focus on
routine, day-to-day operations.

5.3.3 Decisions According to Their Structure
The structural nature of decisions further determines the characteristics of the decision-
making Process [35, 51]:

eStructured Decisions: Routine and repetitive, these decisions follow standardized
procedures.

eSemi-Structured Decisions: Partially guided by established procedures, but
requiring intuition and judgment for unresolved aspects.

eUnstructured Decisions: Novel, non-routine decisions made under conditions of
high uncertainty and complexity.

5.3.4 Decisions According to the Degree of Interconnection

Decisions may also be distinguished based on their degree of interdependence [35, 51]:

«Single-Stage Decisions: Independent decisions where outcomes are determined by
a single choice.

eMulti-Stage Decisions: Sequential decisions in which one decision affects
subsequent ones, creating a chain of interrelated outcomes.

5.3.5 Decisions According to Evaluation Criteria
Finally, decisions may be classified based on the number of criteria considered in the
evaluation process [35, 51, 77]:

eSingle-Criterion Decisions: Decisions based on the optimization of a single
objective or criterion.

eMulti-Criteria Decisions: Decisions involving the simultaneous optimization of
multiple objectives. In contemporary practice, these decisions are increasingly
supported by Multi-Criteria Decision-Making (MCDM) methods, such as the
Analytic Hierarchy Process (AHP).
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6. Conclusion

Game theory emerges as an indispensable tool in analyzing complex and uncertain
situations encountered both in daily life and in professional contexts. The resolution of
strategic interactions through mathematical models allows for a deeper understanding of
the processes of competition and cooperation among individuals, firms, and institutions.
In particular, the determination of strategies and the accurate analysis of the information
derived from these strategies are of critical importance for rational decision-making
processes in markets. The reliability and timeliness of the datasets used directly affect the
accuracy of the results obtained, which clearly highlights the necessity of proper modeling.

In this study, the role of game theory in strategic decision-making and market equilibria
within financial markets has been examined, with national and international literature
comparatively assessed in terms of objectives, methods, and findings. The results show
that game theory makes significant contributions to portfolio optimization, risk
management, market liquidity, pricing strategies, and blockchain/DeFi-based systems.
Cooperative models provide advantages in risk sharing and diversification, while non-
cooperative models generate more conservative strategies under uncertainty. This
contrast offers a strong framework for explaining the strategic behaviors of market
participants.

Nevertheless, certain limitations in the literature are noteworthy. Most studies remain at a
theoretical level, while empirical validations and behavioral dimensions are insufficiently
addressed. Applications concerning blockchain and cryptocurrency markets are
promising; however, they face critical challenges such as regulatory uncertainties,
scalability issues, and data reliability. Furthermore, the integration of experimental
economics and Al-supported game theory models into financial markets remains quite
limited.

In terms of future research, the following concrete directions stand out:

1. Broader applications of game theory in cryptocurrency and DeFi ecosystems,

2. Integration of behavioral game theory with investor psychology in decision-making
models,

3. Development of game theory-based early warning mechanisms for speculative

bubbles and financial crises,

Integration of multi-criteria decision-making (MCDM) methods with game theory,

Enhancement of market forecasts through Al-supported algorithmic game theory

models.

v1 e

In conclusion, game theory is not merely a theoretical modeling tool in financial markets;
it also stands out as a powerful analytical approach that makes strategic decision-making
processes more rational, effective, and realistic. This study provides both conceptual and
applied contributions to the existing literature, while also offering concrete
recommendations and shedding light on new research avenues for scholars and
policymakers.
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This study presents a theoretically-grounded gamification framework designed to
address the critical challenge of maintaining emotional labor at sustainable levels
within organizational contexts. The research introduces a comprehensive
approach that integrates emotional intelligence development with interactive
learning methodologies, specifically targeting the enhancement of empathy,
communication culture, and collaborative feedback processes among employees
and managers. Through the implementation of the "Emotional Journey Mapping
with Emotion Cards" game system, this framework addresses three distinct player
types: philanthropic, social, and questioning personalities. The methodology
employs both intrinsic and extrinsic reward mechanisms while incorporating
assessment tools to measure behavioral transformation and skill acquisition.
Importantly, this framework represents a conceptual design proposal synthesized
from existing empirical literature rather than a tested intervention. Based on
meta-analytic evidence from similar interventions in the literature, this
framework hypothesizes potential improvements of 10-40% in team
collaboration, employee engagement, and conflict resolution effectiveness,
pending empirical validation through controlled implementation studies. The
study concludes that gamified approaches to emotional labor management offer
significant potential for contributing to organizational wellbeing while
maintaining productivity standards. Key limitations include the absence of
empirical validation and dependency on organizational commitment for successful
implementation. Future research should prioritize controlled implementation
studies to validate the framework's effectiveness across diverse organizational
contexts. This research contributes to the growing body of literature on workplace
emotional intelligence and provides practical implications for human resource
management practices.
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1. Introduction

Emotional labor has emerged as a critical factor influencing employee wellbeing,
productivity, and organizational culture in contemporary organizations [1]. Emotional
labor, defined as the regulation of feelings and expressions to fulfill organizational
expectations, represents a significant yet often overlooked aspect of workplace dynamics
[2]. Organizations increasingly recognize emotional intelligence as critical for collaborative
environments. This recognition creates urgent demand for systematic approaches that
develop and sustain emotional competencies.
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The challenge of maintaining emotional labor at sustainable levels while enhancing
organizational performance requires innovative solutions that address both individual
development and systemic cultural transformation. Traditional training approaches often
fail to create lasting behavioral change in emotional and social skills development [3].
Consequently, there is a growing interest in gamification as a methodology for enhancing
learning engagement and promoting sustained behavioral modification in professional
contexts.

This study introduces a comprehensive gamification framework specifically designed to
address the dual objectives of strengthening emotional labor sustainability and creating
improved communication cultures within organizations. By systemic cultural
transformation, we refer to organization-wide shifts in norms, values, and behavioral
patterns that influence how emotions are expressed, managed, and valued in professional
contexts—moving beyond individual skill development to reshape collective workplace
practices and expectations. The framework incorporates human-centered design
principles, targeting the enhancement of emotional intelligence among both employees
and managers through interactive, collaborative learning experiences. By examining the
intersection of emotional labor theory, gamification principles, and organizational
development practices, this research contributes to the understanding of how innovative
learning methodologies can address complex workplace challenges.

The primary research question guiding this investigation focuses on how gamified
approaches to emotional intelligence development can effectively support sustainable
emotional labor practices while fostering improved communication cultures in
organizational settings. Additionally, this study explores the differential impacts of
gamification on various personality types and examines the long-term sustainability of
behavioral changes achieved through game-based interventions.

2. Literature Review

2.1 Emotional Labor in Organizational Contexts

Hochschild [1] established the theoretical foundation of emotional labor by examining the
commodification of human feelings in service industries. Subsequent research has
expanded this concept to encompass the broader organizational context, recognizing
emotional labor as a fundamental component of job performance across various sectors
[4]. Contemporary studies demonstrate that excessive emotional labor demands lead to
burnout, job dissatisfaction, and decreased organizational commitment. Conversely,
appropriate emotional regulation enhances team cohesion and customer satisfaction [5].

Recent investigations have highlighted the bidirectional relationship between emotional
labor and organizational culture, suggesting that supportive work environments can
mitigate the negative effects of emotional demands while enhancing the positive outcomes
associated with emotional regulation [6]. This perspective underscores the importance of
developing organizational interventions that address both individual emotional
competencies and systemic factors that influence emotional labor sustainability.

2.2 Emotional Intelligence and Workplace Performance

Goleman [7] conceptualized emotional intelligence as encompassing four key domains:
self-awareness, self-management, social awareness, and relationship management.
Empirical research has consistently demonstrated positive correlations between
emotional intelligence and various organizational outcomes, including leadership
effectiveness, team performance, and employee satisfaction [8]. Furthermore, studies have
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shown that emotional intelligence can be developed through targeted interventions,
making it a viable focus for organizational development initiatives [9].

Meta-analytic reviews reveal that emotional intelligence training programs demonstrate
moderate to large effect sizes when implemented with methodological rigor [10]. However,
traditional training approaches often struggle with engagement and retention issues,
particularly when addressing complex behavioral competencies that require sustained
practice and application.

2.3 Gamification in Organizational Learning

Gamification, defined as the application of game design elements in non-game contexts, has
emerged as a promising approach for enhancing learning engagement and motivation [11].
The theoretical foundation for gamification effectiveness draws from self-determination
theory, which emphasizes the importance of autonomy, competence, and relatedness in
driving intrinsic motivation [12].

Research demonstrates that well-designed gamification interventions significantly
improve learning outcomes, engagement levels, and behavioral change sustainability [13].
Recent studies have particularly emphasized the importance of temporal focus and flow
theory in gamified environments, where participants' temporal orientation affects their
engagement with game-based learning activities [14]. Key design principles include
meaningful challenges, immediate feedback, social interaction opportunities, and progress
visualization [15]. However, the effectiveness of gamification approaches depends heavily
on alignment with learning objectives and careful consideration of individual differences
in motivation and engagement preferences.

2.4 Integration of Emotional Intelligence and Gamification

The intersection of emotional intelligence development and gamification represents a
relatively nascent area of research, with limited empirical investigations examining the
effectiveness of game-based approaches to emotional competency development [16].
Preliminary studies suggest that gamified emotional intelligence interventions may be
particularly effective due to the social and experiential nature of game-based learning,
which aligns well with the interpersonal focus of emotional competencies.

Recent advances in escape room design have demonstrated the educational potential of
puzzle-based gamification approaches across various learning contexts [17]. The
typological classification of mental, physical, and meta-puzzles provides a framework for
understanding how different game mechanics can support emotional intelligence
development through collaborative problem-solving and narrative engagement.

The theoretical rationale for combining these approaches rests on the assumption that
emotional intelligence development requires safe spaces for practice, immediate feedback,
and opportunities for reflection—all elements that can be effectively incorporated into
game-based learning environments [18]. Furthermore, the collaborative nature of many
emotional intelligence competencies aligns well with multiplayer game formats that
emphasize teamwork and communication.

3. Methodology

3.1 Framework Development Approach

It is crucial to establish at the outset that this study adopts a theoretical framework
development methodology, explicitly positioning the research as a conceptual contribution
rather than an empirical investigation involving primary data collection from
organizational settings. This methodological positioning aligns with design science
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research principles, wherein the primary objective is to create and specify innovative
artifacts—in this case, a gamification framework—that address identified practical
problems through theory-informed design decisions. Consequently, the framework
presented herein represents a theoretically-grounded design proposal synthesized from
existing research evidence, rather than a framework validated through empirical testing in
actual workplace environments. This approach suits nascent research areas where limited
validated tools exist, such as gamified emotional intelligence development in
organizational contexts.

The gamification framework development followed human-centered design methodology
through iterative cycles and stakeholder feedback. The approach integrated principles
from instructional design theory, game design best practices, and organizational
development methodologies to create a comprehensive intervention framework.

The framework emerged through an iterative, cyclical process rather than linear
development. This process consisted of four interconnected phases: (1) systematic
literature review and theoretical foundation establishment, (2) framework
conceptualization and design specification, (3) player typology development based on
motivational theory, and (4) assessment mechanism design informed by evaluation
frameworks in organizational learning. Each of these phases is described in detail in the
subsequent sections to enhance methodological transparency, enable potential replication
or adaptation by other researchers and practitioners, and clearly communicate the
evidence-based rationale underlying each design decision.

The framework development process consisted of five primary phases: problem definition,
goal setting, target audience analysis, mechanics design, and assessment planning. Each
phase incorporated evidence-based design principles and drew from established
theoretical frameworks in emotional intelligence, gamification, and organizational
learning.

The first phase involved a comprehensive, structured review of the peer-reviewed
literature in three key areas: (a) emotional labor and emotional intelligence in
organizational settings, (b) gamification theory and application in professional learning
contexts, and (c) instructional design principles for behavioral competency development.
Systematic database searches employed Boolean strategies across Google, Scholar and
ResearchGate. Keyword combinations included: "emotional labor", "emotional intelligence
training”, "workplace gamification", "organizational learning", "behavior change
interventions”, "game-based learning”, and "employee development.”" The search strategy
specifically prioritized systematic reviews and high-impact empirical research to ensure
both current validity and the inclusion of key theoretical work that has shaped the field.
Inclusion criteria required that studies address organizational or workplace contexts,
explicitly focus on behavioral or competency development outcomes, and provide

empirical evidence or robust theoretical frameworks relevant to intervention design.

From this comprehensive literature synthesis, several key evidence-based design
principles were extracted and integrated into the framework development process. These
principles included: (a) the demonstrated necessity of addressing both surface-level
emotional display and deep-acting emotional regulation strategies to achieve sustainable
emotional labor management, as evidenced by Mesmer-Magnus et al.'s [6] discordance-
congruence perspective; (b) the centrality of autonomy, competence, and relatedness in
sustaining intrinsic motivation within learning interventions, as articulated in Ryan and
Deci's [12] self-determination theory; (c) the proven effectiveness of collaborative, team-
based learning formats in developing interpersonal and emotional competencies, as
demonstrated by research on group emotional intelligence; and (d) the critical
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requirement for immediate feedback, progress visualization, and meaningful challenge
progression in gamified learning environments to maintain long-term engagement, as
established by Kapp [15] and Deterding et al. [11]. These synthesized principles served as
the theoretical foundation and primary design criteria for all subsequent framework
development decisions, thereby ensuring that the proposed intervention was firmly
grounded in established empirical evidence rather than untested assumptions or
unexamined intuitions. The hierarchical structure of this framework is illustrated in Figure
1, which demonstrates the progression from theoretical foundations through design
components to expected outcomes at individual, team, and organizational levels.

L’Iheoreucal FoundationsJ

(Self-Detenmnatlon Theor_v) (Emotxonal Intelhgence) [Ganuﬁcatwn Pnnaplesj

Framework Design Components

.,

Player Typology Game Mechanics Assessment Framework
[(Phﬂanthmpl’c, Soélal,lgdesnonmg)j [(45~card sygtem, 3 rounds)j [SE Implementation Modelj [ (4 levels)

Expected Outcomes

Individual: Team: Organizational:
EI Development Collaboration Enhancement Culture Transformation

Figure 1. Total economic losses from earthquakes as % of national GDP

Note: Figure 1 illustrates the hierarchical structure of the gamification framework,
showing the progression from theoretical foundations through design components to
expected outcomes at individual, team, and organizational levels. This hierarchical
architecture demonstrates how self-determination theory and emotional intelligence
theory inform design decisions, which subsequently shape implementation strategies and
multilevel outcomes.

3.2 Game Design: Emotional Journey Mapping with Emotion Cards

Building upon the theoretical foundations established through the literature review, the
second phase systematically translated abstract principles into concrete, actionable design
features for the gamification framework. This translation process drew extensively on
established instructional design models, particularly the ADDIE framework (Analysis,
Design, Development, Implementation, Evaluation) and the 5E instructional model (Entice,
Enter, Engage, Exit, Extend), which together provided both structural rigor and learner-
centered implementation guidance.

The core intervention, "Emotional Journey Mapping with Emotion Cards," is a collaborative
card-based game targeting emotional recognition, communication skills, and empathy
development. The game utilizes 45 specially designed cards, including 30 cards featuring
emotion words paired with symbolic representations and 15 blank cards for participant
customization. The game structure consists of three distinct phases, as detailed in Table 1,
which outlines the duration, primary learning objectives, and assessment methods for each
round.
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Table 1. Game Structure and Learning Objectives

Game Round Duration Primary Learning Objective Assessment Method
Round 1: Emotion 5 minutes Accurate emotion identification Correct guesses (10

Recognition and communication points each)
Round 2: Emotion 2 minutes  Emotional categorization and Proper emotion

Mapping decision-making placement (10 points
each)
Reflection Phase 10 Application to workplace Qualitative feedback and
minutes contexts discussion

Note: Table 1 was created by the author based on the game framework specifications.

The game mechanics operationalize Goleman's [7] four emotional intelligence domains,
ensuring direct alignment between game activities and learning objectives. As shown in
Table 1, Round 1 (Emotion Recognition, 5 minutes) explicitly targets the self-awareness
and social awareness domains by requiring participants to accurately identify and
communicate emotional states through multiple modalities—specifically, verbal
description, visual representation, and physical action. This multimodal approach
accommodates different communication preferences and learning styles while developing
emotion recognition accuracy, which represents a foundational emotional intelligence skill
upon which other competencies are built. Round 2 (Emotion Mapping, 2 minutes)
addresses the self-management domain by necessitating rapid categorization decisions
based on emotional valence (positive/negative continuum) and energy dimensions
(high/low arousal levels), activities that directly mirror the cognitive processing and
evaluative decision-making required for effective emotional regulation in complex
workplace contexts. The Reflection Phase (10 minutes) integrates the relationship
management domain by facilitating structured discussions about workplace application
scenarios, collaborative problem-solving exercises, and peer feedback exchanges—
activities that directly develop the interpersonal emotional competencies essential for
effective team functioning and organizational citizenship.

The game incorporates multiple communication modalities, including verbal description,
visual representation, and physical action, to accommodate different learning preferences
and communication styles. Participants work in teams to identify emotions, categorize
them according to valence and energy dimensions, and apply their insights to workplace
scenarios.

3.3 Player Type Classification System

The third phase developed a theoretically-grounded player typology by synthesizing
motivational theory and existing player classification frameworks in gamification research.
The theoretical foundation drew primarily from Ryan and Deci's [12] self-determination
theory, which identifies autonomy, competence, and relatedness as fundamental
psychological needs driving human motivation across diverse contexts. Additionally, the
typology incorporated insights from Bartle's [19] taxonomy of player types in gaming
contexts (achievers, explorers, socializers, killers), while deliberately adapting these
categories for organizational learning environments where motivational dynamics differ
substantially from recreational gaming contexts due to factors such as organizational
authority structures, professional identity concerns, and instrumental versus intrinsic
participation motivations.

The three-category classification system was derived through systematic integration of
Bartle's [19] player taxonomy, Ryan and Deci's [12] self-determination theory, and
organizational motivation research, specifically adapting these frameworks for workplace
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emotional intelligence contexts. Bartle's [19] taxonomy identified four player types:
achievers, explorers, socializers, and Kkillers. This framework excludes the "killer"
archetype—characterized by competitive dominance and disruption—as incompatible
with collaborative emotional intelligence development. The remaining three types were
reconceptualized through the lens of workplace motivation research. The philanthropic
type emerged from synthesizing Bartle's "socializer" with organizational citizenship
behavior theory [20], emphasizing prosocial contribution over mere social interaction. The
social type retained Bartle's relational emphasis while incorporating principles from social
learning theory [21]. The questioning type was developed by merging Bartle's "achiever”
and "explorer" characteristics with competence-oriented motivational research and
continuous improvement literature, reflecting analytically-oriented employees who seek
systematic understanding and optimization opportunities. HR practitioners and
organizational psychologists validated this adapted typology to ensure ecological validity
in workplace contexts.

The framework incorporates a three-category player typology designed to address
different motivational orientations and engagement preferences within the organizational
context: Table 2 presents the comprehensive characteristics of each player type, including
their primary motivations, onboarding strategies, scaffolding approaches, and anticipated
mastery outcomes.

Table 2: Player Type Characteristics and Journey Stages

Player Type Primary Onboarding Scaffolding Mastery
Motivation Strategy Approach Outcome
Philanthropic Supporting HR-organized Team-based Knowledge
others and training communication transfer to
creating announcement channels and peer colleagues
harmonious motivation needing
environments assistance
Social Building Voluntary Efficient Human relations
relationships and  participation in interpersonal awareness-
sharing HRM-announced communication raising with
knowledge training and teammate others
insight
Questioning Systematic HRM selection Perspective Process
improvement and and process sharing through deficiency
innovative inclusion enhanced social identification
solutions relations and correction

Note: Table 2 was created by the author based on the player type analysis in the
framework. The motivational underpinnings of these three player types are visually
represented in Figure 2, which maps each type to the core psychological needs identified
in Self-Determination Theory [12].
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Figure 2: Player Type Motivational Profiles

Note: Table 2 maps the three player types to the core psychological needs identified in Self-
Determination Theory [12]. The philanthropic type primarily aligns with relatedness
(supporting others and creating harmonious environments), the social type balances
relatedness with autonomy (building relationships while maintaining voluntary
engagement), and the questioning type predominantly aligns with competence (systematic
understanding and optimization). The triangular structure illustrates that while each type
has a dominant motivational driver, all three types remain connected to all three
psychological needs, reflecting the integrated nature of human motivation in
organizational contexts.

As illustrated in Figure 2, the philanthropic player type was conceptualized based on
prosocial motivation theory and research on organizational citizenship behavior, thereby
recognizing individuals who are driven primarily by contribution to collective welfare,
supporting others' success, and creating harmonious work environments that benefit all
members. This type aligns closely with the "relatedness" component of self-determination
theory and resonates with the "socializer" element of Bartle's taxonomy, though it is
specifically adapted to emphasize workplace helping behaviors and collective benefit
orientation rather than purely social interaction for its own sake. The social player type, as
depicted in Figure 2, draws more directly from social learning theory [21] and research
demonstrating the importance of interpersonal connection, knowledge sharing, and
collaborative learning in workplace satisfaction and learning effectiveness. This type is
particularly relevant in organizational gamification contexts because workplace learning
is inherently social and collaborative, occurring primarily through interaction with
colleagues rather than through individual study.

The questioning player type incorporates characteristics from innovation literature,
problem-solving orientation research, and studies of workplace learning preferences that
emphasize systematic improvement, analytical approaches, and evidence-based decision-
making. This type resonates strongly with the "competence" component of self-
determination theory and specifically addresses the needs of analytically-oriented
employees who engage most effectively when they understand underlying mechanisms,
can identify improvement opportunities, and perceive learning activities as contributing to
process optimization. While these three categories necessarily simplify the full complexity
of human motivation and represent ideal types rather than discrete, mutually exclusive
groups into which all individuals perfectly fit, they nevertheless provide a practically useful
framework for customizing implementation strategies based on workforce composition
and organizational culture characteristics without requiring extensive individual
psychological assessment.
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Each player type was systematically characterized across four dimensions to enable
practical application, as comprehensively outlined in Table 2: (a) primary motivational
drivers that energize engagement and sustained participation, (b) optimal onboarding
strategies for generating initial interest and facilitating entry into the learning experience,
(c) scaffolding approaches that support progressive skill development and maintain
motivation through challenge calibration, and (d) anticipated mastery outcomes
representing the distinctive contribution each type makes to organizational learning
culture. This multidimensional characterization enables organizations to design
differentiated implementation pathways while maintaining a coherent overall framework
structure, thereby addressing individual differences without fragmenting the intervention
into disconnected components.

3.4 Assessment and Evaluation Framework

The fourth and final phase involved designing a comprehensive assessment framework to
enable multi-level evaluation of intervention effectiveness, explicitly aligned with
Kirkpatrick and Kirkpatrick's [3] four-level training evaluation model, which remains the
predominant and most widely accepted framework for assessing organizational learning
interventions. This model evaluates interventions hierarchically across four levels: Level 1
(Reaction—participant satisfaction, engagement, and affective responses), Level 2
(Learning—knowledge acquisition, skill development, and competency improvement),
Level 3 (Behavior—workplace application, behavioral transfer, and sustained behavioral
change), and Level 4 (Results—organizational outcomes, performance impacts, and return
on investment). The framework specifies both quantitative metrics and qualitative
feedback mechanisms for each level, thereby reflecting best practices in mixed-methods
evaluation design that captures both measurable outcomes and nuanced insights into
participant experiences.

The assessment methodology incorporates both quantitative metrics and qualitative
feedback mechanisms to evaluate intervention effectiveness. Key performance indicators
include badge acquisition rates, correct response frequencies, behavioral change
indicators, and participant engagement levels.

At Level 1 (Reaction), assessment focuses on measuring immediate participant responses
through participation rates (indicating initial appeal and accessibility), engagement
indicators observed during sessions (such as active discussion, question-asking, and
collaborative behavior), and satisfaction scores collected through post-session
questionnaires employing Likert-scale items. At Level 2 (Learning), quantitative metrics
include badge acquisition rates indicating successful completion of specific learning
objectives, correct response frequencies during game rounds measuring emotion
recognition accuracy and categorization skill, and pre-post comparisons using
standardized emotional intelligence assessments such as the Emotional and Social
Competency Inventory (ESCI) or the Trait Emotional Intelligence Questionnaire (TEIQue).
At Level 3 (Behavior), assessment employs behavioral observation protocols implemented
by trained observers, peer and supervisor ratings of emotional intelligence competencies
using 360-degree feedback approaches, and frequency counts of specific target behaviors
such as constructive conflict resolution attempts, empathetic communication instances, or
emotional support provision to colleagues. At Level 4 (Results), organizational-level
outcomes are assessed through longitudinal tracking of employee engagement survey
scores, voluntary turnover statistics, team performance metrics on collaborative tasks, and
organizational climate measures administered at regular intervals.

These projections serve multiple important methodological and practical purposes within
the research design: (a) they provide theoretically-justified benchmarks against which
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future empirical implementations can be systematically evaluated, enabling researchers to
determine whether actual outcomes align with, exceed, or fall short of evidence-based
expectations; (b) they offer organizations considering adoption of the framework
reasonable, research-grounded expectations for potential outcomes, thereby facilitating
informed decision-making about resource allocation and implementation investment; and
(c) they establish explicit hypotheses that can be formally tested through controlled
implementation studies, quasi-experimental designs, or randomized controlled trials.
Consequently, future research implementing this framework should systematically track
actual outcomes against these theoretically-grounded projections using appropriate
statistical methods to validate the framework's effectiveness, identify necessary design
refinements or contextual adaptations, and contribute substantively to the evidence base
on gamified emotional intelligence interventions in organizational settings.

To ensure methodological clarity, it is essential to acknowledge both the strengths and
limitations of this theoretical framework development approach. The primary strength lies
in the systematic, evidence-based design specification, wherein all decisions are traceable
to established theoretical frameworks, empirical research findings, and meta-analytic
syntheses, ensuring the framework represents a rigorous synthesis of best practices rather
than untested innovation. However, this study does not present empirical data from actual
organizational implementations, pilot testing, or field trials; consequently, the
effectiveness claims and projected outcomes are based on extrapolation from related
research rather than direct observation of this specific framework's impact. Actual
implementation outcomes may vary significantly from theoretical projections due to
contextual factors including organizational culture, implementation fidelity, participant
characteristics, leadership support, and environmental conditions. This methodological
positioning is both appropriate and valuable within intervention development research, as
theoretical framework development represents an essential preliminary stage that
provides the foundation for subsequent empirical investigation. Future research should
build upon this theoretical foundation through controlled implementation studies, quasi-
experimental designs, or randomized controlled trials to empirically validate the
framework's effectiveness, identify boundary conditions, and determine necessary
modifications for diverse organizational contexts.

The evaluation framework addresses five primary outcome areas: game element statistics,
player level distribution, improvement metrics, permanent behavioral change indicators,
and interaction frequency measures. Pre- and post-intervention assessments utilize
validated emotional intelligence instruments and organizational climate surveys to
measure systemic changes.

4. Implementation Framework

4.1 The 5E Model Application

The implementation strategy follows the 5E instructional model (Entice, Enter, Engage,
Exit, Extend), originally developed for science education but adapted here for
organizational gamification. This structured five-stage approach was selected based on its
proven effectiveness in facilitating systematic participant progression through sequential
learning stages while simultaneously maintaining engagement and motivation throughout
the intervention lifecycle. The model's alignment with both constructivist learning
principles and self-determination theory makes it particularly suitable for emotional
intelligence development, where learners must actively construct understanding through
experience rather than passively receive information.
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Each 5E stage serves distinct pedagogical and motivational functions supporting
comprehensive learning and behavioral change. The Entice stage addresses the critical
challenge of initial participant recruitment and interest generation in organizational
settings where training participation may be perceived as mandatory or burdensome
rather than genuinely valuable. The Enter stage facilitates the transition from awareness
to active participation, recognizing that initial engagement requires careful scaffolding and
social support. The Engage stage represents the core learning experience where
participants actively develop targeted competencies through structured game-based
activities. The Exit stage ensures appropriate closure, recognition, and assessment that
validate participant effort and achievement. Finally, The Extend stage addresses the crucial
challenge of transfer and sustainability, ensuring that learning translates into lasting
workplace behavioral change rather than remaining confined to the training context. These
five stages are operationalized through specific employee actions, HR actions, and expected
outcomes, as detailed in Table 3.

Table 3: 5E Model Implementation Strategy

Stage Employee Actions HR Actions Expected Outcomes
Entice  Awareness of HR activities Information dissemination via Initial interest and
through workplace email and internal curiosity generation
channels communications
Enter  Participation in emotional Team formation ensuring Active engagement
mapping competition emotional awareness initiation
development
Engage Active participation in Team management and game  Skill development and
Emotional Journey facilitation learning reinforcement
Mapping game
Exit Game completion and Badge, reward, and progress Achievement
performance assessment indicator determination recognition and
validation
Extend Feedback provision and Performance comparison and  Sustained behavioral
system personalization motivation analysis change and transfer

Note: Table 3 was created by the author based on the 5E implementation framework. The
iterative and cyclical nature of this implementation process is visually represented in
Figure 3, which emphasizes how the Extend phase connects back to renewed engagement
cycles.

ENTICE
EXTEND

Figure 3: The 5E Implementation Cycle

Note: Figure 3 illustrates the iterative nature of the 5E implementation model, emphasizing
that the Extend phase can lead to renewed engagement cycles through continuous
improvement and personalization.

As shown in Figure 3, the Entice stage strategically leverages multiple organizational
communication channels to generate initial awareness and curiosity among potential
participants. Rather than relying solely on top-down mandates, this stage emphasizes
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informational messaging that highlights the personal and professional benefits of
participation, thereby appealing to intrinsic motivation. Employee actions at this stage are
primarily passive (awareness building), while HR actions focus on strategic information
dissemination through emails, internal communications platforms, team meetings, and
informal networks. The expected outcome—initial interest and curiosity generation—
establishes the motivational foundation necessary for subsequent engagement.

The Enter stage, as detailed in Figure 3, facilitates the critical transition from passive
awareness to active participation through carefully designed entry mechanisms. The
framing of participation as involvement in an "emotional mapping competition" serves
multiple strategic purposes: it introduces game-like elements that reduce anxiety
associated with formal training, creates social motivation through team-based
participation, and positions the activity as an opportunity for achievement rather than a
remedial intervention. HR actions during this stage focus on team formation that ensures
diverse composition and emotional awareness development potential, recognizing that
team dynamics significantly influence learning outcomes. The expected outcome—active
engagement initiation—represents successful onboarding into the learning experience.

According to Figure 3, the Engage stage constitutes the primary learning experience where
participants actively develop emotional intelligence competencies through structured
gameplay. Employee actions involve full participation in the Emotional Journey Mapping
game, including emotion recognition activities, categorization exercises, and collaborative
discussions. HR actions shift to facilitation roles that involve team management, game
administration, conflict resolution, and ensuring adherence to game rules while
maintaining psychological safety. The expected outcomes—skill development and learning
reinforcement—represent the core pedagogical objectives of the intervention, with
learning occurring through experiential practice, immediate feedback, and social
interaction.

Figure 3 outlines how the Exit stage provides appropriate closure to the game experience
while ensuring recognition and validation of participant achievement. Employee actions
include game completion and participation in performance assessment activities that may
involve self-reflection, peer evaluation, or formal testing. HR actions focus on determining
and distributing badges, rewards, and progress indicators that recognize different levels of
achievement and competency development. The expected outcome—achievement
recognition and validation—addresses fundamental psychological needs for competence
acknowledgment and social recognition, which are essential for sustaining motivation and
reinforcing the value of participation.

As indicated in Figure 3, the Extend stage addresses the crucial challenge of ensuring that
learning transfers to actual workplace contexts and produces sustained behavioral change
rather than temporary engagement spikes. Employee actions include providing feedback
on the intervention experience, identifying opportunities for personalization based on
role-specific needs, and committing to specific behavioral goals for workplace application.
HR actions involve conducting performance comparisons across teams or departments,
analyzing engagement patterns and learning outcomes, and developing strategies to
maintain motivation beyond the initial intervention. The expected outcome—sustained
behavioral change and transfer—represents the ultimate success criterion, as emotional
intelligence development only generates organizational value when it translates into
improved workplace behaviors, enhanced communication patterns, and more effective
emotional labor management.

This structured implementation approach offers several advantages over less systematic
intervention strategies. First, it provides clear role definition for both employees and HR
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professionals at each stage, reducing ambiguity and facilitating coordinated action. Second,
it ensures that critical implementation elements are not overlooked or inadequately
addressed, as each stage has explicit action requirements and outcome expectations. Third,
it enables systematic evaluation of intervention effectiveness at each stage, allowing
organizations to identify and address implementation challenges before they compound.
Finally, it aligns implementation strategy with established learning theory and
instructional design principles, increasing the likelihood of achieving intended outcomes.
However, successful implementation requires adequate HR capacity, organizational
support, and flexibility to adapt the model to specific organizational contexts while
maintaining its core structural elements.

4.2 Reward System Architecture

The reward system incorporates both intrinsic and extrinsic motivational elements,
designed to address different player preferences and sustain long-term engagement.
Intrinsic rewards focus on recognition, access privileges, and status indicators, while
extrinsic rewards include tangible benefits such as vouchers and holiday opportunities.

The achievement progression system includes three levels: novice (first-time participants),
expert (minimum three departmental participations), and master (inter-departmental
competition promotion). This tiered approach provides clear advancement pathways
while maintaining motivation across different experience levels.

5. Results & Discussion

5.1 Projected Performance Improvements

Based on established research, the framework projects significant improvements across
multiple organizational metrics. Employee engagement and satisfaction improvements are
estimated at 10-30%, reflecting the enhanced sense of recognition and competency
development that typically accompany successful emotional intelligence interventions.

Team collaboration and performance metrics demonstrate projected improvements of 15-
40%, attributable to enhanced communication skills, empathy development, and conflict
resolution capabilities. These estimates align with existing research demonstrating the
positive correlation between emotional intelligence and team effectiveness [22].

Turnover reduction projections of 10-25% reflect the anticipated improvement in
workplace satisfaction and employee connection that typically result from enhanced
emotional intelligence and communication culture. Additionally, innovation and creativity
increases of 10-30% are projected based on the improved psychological safety and open
communication fostered by the intervention.

5.2 Framework Strengths and Limitations

The framework demonstrates several notable strengths, including its comprehensive
approach to both individual skill development and organizational culture transformation.
The integration of multiple learning modalities accommodates diverse learning
preferences, while the team-based format addresses the inherently social nature of
emotional intelligence competencies. Furthermore, the theoretically-grounded design
synthesizes established principles from self-determination theory, emotional intelligence
research, and gamification science, providing a robust conceptual foundation. The
framework's flexibility in accommodating different player types (philanthropic, social, and
questioning) enables customization based on workforce characteristics, while the
structured 5E implementation model offers clear procedural guidance for systematic
deployment across varied organizational contexts.
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However, several substantial limitations require acknowledgment for appropriate
interpretation and realistic implementation. First and fundamentally, this framework
represents a theoretical design proposal that has not undergone empirical validation
through organizational implementation. The projected outcome improvements are
derived from meta-analytic evidence on related interventions rather than direct empirical
observation of this specific framework's effectiveness. Consequently, actual
implementation results may vary significantly from theoretical projections based on
contextual factors, organizational culture characteristics, implementation fidelity, and
participant demographics.

Second, the framework's effectiveness depends heavily on sustained organizational
commitment, adequate resource allocation, and supportive leadership. Organizations
lacking robust human resource infrastructure, dedicated training budgets, or leadership
buy-in may encounter significant implementation challenges. The requirement for 40-60
hours of HR facilitation time per intervention cycle, combined with participant time away
from regular duties, necessitates substantial organizational investment that may not be
feasible in resource-constrained environments.

Third, gamification approaches carry inherent risks that require careful management. The
competitive elements embedded within the framework (point systems, badges, inter-team
comparisons) may inadvertently generate performance anxiety, interpersonal conflict, or
unhealthy competitive dynamics. These risks are particularly salient in high power-
distance cultures or organizationally anxious environments, potentially undermining the
collaborative spirit essential for emotional intelligence development. Participants who
perceive themselves as "losing" or performing poorly relative to peers may experience
reduced psychological safety, potentially triggering disengagement or defensive behaviors
that contradict the intervention's core objectives. Additionally, gamification systems are
vulnerable to gaming behaviors, wherein participants focus on maximizing scores through
strategic manipulation rather than genuinely developing emotional competencies. For
instance, participants might prioritize rapid correct responses over thoughtful reflection,
or engage in performative empathy displays to earn recognition rather than cultivating
authentic emotional understanding.

Fourth, cultural factors significantly influence the framework's applicability and
effectiveness across diverse organizational contexts. Emotional expression norms, display
rules, and the acceptability of discussing feelings in professional settings vary substantially
across cultures. The framework was conceptualized primarily within Western
organizational paradigms that emphasize individualism, direct emotional communication,
and egalitarian team structures. Organizations operating in high power-distance cultures,
collectivist societies, or contexts where emotional restraint is professionally valued may
require substantial adaptations. For example, the framework's emphasis on openly sharing
emotional experiences and providing peer feedback may conflict with cultural norms
favoring hierarchical deference, emotional reserve, or indirect communication. Similarly,
the player typology's emphasis on individual motivational profiles may inadequately
capture collectivist orientations wherein group harmony supersedes personal preferences.
Cross-cultural implementations would necessitate careful examination of emotional labor
conceptualizations, appropriate emotional display expectations, and culturally-congruent
facilitation approaches.

Fifth, the framework's focus on emotionally-intensive content necessitates adequately
trained facilitators capable of managing complex group dynamics and supporting
participants through potentially vulnerable experiences. Facilitators require specialized
competencies beyond standard training delivery skills, including emotional attunement,
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conflict de-escalation capabilities, trauma-informed approaches, and ethical sensitivity
regarding emotional disclosure boundaries. Discussing workplace emotional experiences
may surface unresolved conflicts, trigger distressing memories, or expose interpersonal
tensions that require skillful navigation. Facilitators lacking appropriate training may
inadvertently create unsafe learning environments, mismanage emotional disclosures, or
fail to recognize participants experiencing psychological distress. Consequently,
organizations must invest in comprehensive facilitator training programs that address
psychological safety creation, ethical boundaries in emotional work, crisis response
protocols, and culturally-responsive facilitation techniques. This training requirement
represents an additional implementation cost and prerequisite that organizations must
address before deployment.

Finally, the long-term sustainability of behavioral changes achieved through gamification
remains an open empirical question. While the framework incorporates design elements
intended to promote transfer and maintenance—such as workplace application exercises,
reflection phases, and extended follow-up activities—the extent to which game-based
emotional intelligence development translates into sustained workplace behavioral
modification requires longitudinal investigation. Organizations should anticipate the need
for reinforcement strategies, periodic refresher interventions, and environmental
supports that maintain and strengthen initial learning gains beyond the immediate
intervention period.

5.3 Implications for Practice

The practical implications of this framework extend beyond immediate training
applications to encompass broader organizational development strategies. The human-
centered design approach provides a replicable methodology for developing gamified
interventions targeting other organizational competencies.

When compared to existing emotional intelligence training models, this framework offers
several distinctive advantages. Traditional classroom-based emotional intelligence
programs, such as those described by Cherniss and Goleman [8], typically employ lecture-
based instruction, role-playing exercises, and individual reflection activities. While
effective for knowledge transfer, these approaches often struggle with sustained
engagement and workplace application. Digital emotional intelligence platforms, such as
competency-based e-learning modules, provide scalability and self-paced learning but
frequently lack the social interaction essential for developing interpersonal emotional
competencies. In contrast, this gamified framework combines the engagement benefits of
game mechanics with the collaborative learning advantages of team-based formats, while
maintaining cost-effectiveness through physical rather than technological infrastructure.
Unlike purely competitive gamification systems used in some sales training contexts—
which can generate anxiety and undermine psychological safety—this framework balances
competitive elements with collaborative objectives, explicitly addressing multiple player
motivations through typological differentiation. Compared to experiential learning
interventions such as outdoor team-building exercises or simulation-based training, the
card-based format offers greater accessibility, lower logistical complexity, and more direct
alignment with workplace emotional intelligence competencies. The structured 5E
implementation model provides clearer procedural guidance than many existing
interventions, facilitating consistent deployment across organizational units while
maintaining fidelity to theoretical principles.

Furthermore, the player type classification system offers insights into how different
personality orientations respond to gamified learning environments, potentially informing
future intervention design decisions. The integration of assessment mechanisms provides
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organizations with data-driven approaches to measuring intervention effectiveness and
identifying areas for improvement.

6. Future Research Directions

Future research should empirically validate the framework through controlled
organizational interventions examining both short-term learning outcomes and long-term
behavioral sustainability. Longitudinal studies investigating the durability of emotional
intelligence improvements and their impact on organizational climate would provide
valuable insights into intervention effectiveness.

Comparative studies should examine gamified versus traditional emotional intelligence
interventions to strengthen the evidence base for game-based professional development.
Cross-cultural investigations could explore the applicability of the framework across
different organizational contexts and cultural settings.

Research into the optimal balance between intrinsic and extrinsic reward systems within
gamified emotional intelligence interventions would provide practical guidance for
implementation decisions. Finally, investigations into the scalability of such interventions
across different organizational sizes and structures would inform broader adoption
strategies.

7. Conclusion

This study presents a theoretically-grounded gamification framework addressing
sustainable emotional labor maintenance while enhancing workplace communication
culture and emotional intelligence competencies. The "Emotional Journey Mapping with
Emotion Cards" intervention represents an innovative synthesis of emotional intelligence
theory, gamification principles, and human-centered design methodologies, offering
organizations a structured, evidence-based approach to developing emotional
competencies through engaging, collaborative learning experiences. Drawing upon
established theoretical foundations in self-determination theory, instructional design
models, and emotional intelligence research, the framework provides a comprehensive
blueprint for organizations seeking to address the complex interplay between emotional
labor demands and employee wellbeing.

The framework's primary contribution lies in simultaneously addressing individual
competency development and systemic organizational transformation. By integrating
Goleman's four emotional intelligence domains with evidence-based gamification design
principles, the intervention moves beyond traditional, often ineffective training
approaches that fail to produce lasting behavioral change. Moreover, the incorporation of
player type differentiation—encompassing philanthropic, social, and questioning
personalities—recognizes the heterogeneity of organizational populations and provides
practical guidance for customizing implementation strategies to accommodate diverse
motivational profiles. The structured 5E implementation model (Entice, Enter, Engage,
Exit, Extend) further enhances practical applicability by offering clear procedural guidance
that facilitates systematic deployment across different organizational contexts while
maintaining theoretical integrity.

Nevertheless, several critical considerations must inform potential implementation efforts.
Fundamentally, organizations considering adoption must recognize that this framework
represents a theoretical proposal requiring rigorous empirical validation before definitive
effectiveness claims can be substantiated. The projected outcome improvements, while
grounded in meta-analytic evidence from related interventions, remain hypothetical for
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this specific design. Consequently, early adopters should approach implementation with
appropriate measurement strategies to document actual outcomes and identify necessary
refinements. Additionally, the framework's success depends critically on organizational
readiness factors, including leadership support, resource availability, cultural alignment,
and existing communication infrastructure.

From a practical implementation perspective, organizations must carefully consider
scalability and resource requirements when evaluating the feasibility of adopting this
framework. Based on current market research and industry benchmarks in Turkey, the
initial material investment for the 45-card game set (30 emotion cards with professionally
designed symbolic representations and 15 customizable blank cards) represents a
relatively modest one-time cost. According to 2024-2025 custom game card printing data,
professional-quality card sets with premium cardstock (280-310 GSM) range from
approximately 250-400 TL per complete deck when ordered in quantities of 500-1,000
units, translating to an initial material investment of approximately 125,000-400,000 TL
for organizations planning to equip multiple facilitators or departments simultaneously.
However, the more substantial and ongoing investment involves human resource
allocation, particularly for HR professionals who must facilitate game sessions, coordinate
team formations, manage assessment processes, and analyze intervention outcomes. For a
medium-sized organization (200-500 employees), comprehensive implementation
requires approximately 40-60 hours of dedicated HR facilitation time per complete
intervention cycle, including preparation, delivery, and follow-up activities. When
accounting for average HR professional compensation rates—according to Eleman.net [23]
data, HR specialists earn an average salary of 36,000 TL monthly, equivalent to
approximately 160 TL per hour—this translates to roughly 6,400-9,600 TL in direct
personnel costs per cycle. Additionally, organizations must budget for participant time
away from regular duties; a typical 90-minute intervention session with 20 participants
represents approximately 30 person-hours of opportunity cost, estimated at 2,940-5,880
TL depending on average employee compensation levels—as of 2025, the net minimum
wage is 22,104.67 TL/month, equivalent to approximately 98 TL per hour [24]. Therefore,
the total cost per comprehensive intervention cycle ranges from approximately 134,000-
415,000 TL for medium-sized organizations, positioning this framework as a cost-effective
alternative to traditional training programs. Importantly, the framework's scalability
characteristics strongly favor larger organizations, as material costs remain relatively fixed
while per-participant costs decrease substantially with scale. Organizations implementing
the framework across multiple departments can achieve significant economies of scale by
training internal facilitators rather than relying exclusively on external consultants,
thereby reducing ongoing facilitation costs by an estimated 40-60% after initial
implementation. Furthermore, the card-based physical format enables simultaneous
sessions across geographically dispersed locations without requiring technological
infrastructure, platform subscriptions, or ongoing software licensing fees, making the
framework particularly cost-effective compared to digital gamification solutions. When
evaluating return on investment, organizations should consider that employee turnover
rates in Turkey are substantial and departures create significant costs. As noted by Idenfit
[25], high turnover rates generate direct costs through recruitment, training, and
orientation processes, while also producing indirect costs such as productivity losses and
quality deterioration. According to Kolay IK [26] data, in 2025 the employer cost for a
minimum wage employee is 30,555.53 TL, with this cost increasing when recruitment,
orientation, and training expenses are included. If the framework achieves even
conservative estimates of 10-15% reductions in voluntary turnover- a realistic projection
based on meta-analytic evidence- the intervention costs could be recovered within 6-12
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months exclusively through decreased recruitment, onboarding, and replacement training
expenses, without accounting for additional substantial benefits in productivity
enhancement, collaborative effectiveness, and employee satisfaction improvements.

The theoretical and practical implications extend beyond immediate emotional labor
management to encompass broader questions about innovative learning methodologies in
addressing complex organizational challenges. As organizations increasingly recognize
that technical competencies alone are insufficient for contemporary work environments,
frameworks that systematically develop interpersonal and emotional capabilities become
increasingly valuable. Future research endeavors should prioritize empirical validation
through carefully designed implementation studies that track both proximal learning
outcomes and distal organizational impacts. Longitudinal investigations are particularly
crucial for understanding whether game-based emotional intelligence development
produces lasting behavioral changes. Ultimately, the success of such initiatives will depend
not only on design quality but also on organizational commitment, sustained
implementation support, and continuous refinement based on empirical feedback and
participant experiences.
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Insurance companies operate with the aim of generating profit, growing, and
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10 Oct 2025 failure, which in some cases can lead to bankruptcy. Therefore, identifying

potential negative factors that could lead to financial failure at an early stage and
Keywords: taking necessary measures in a timely manner is crucial for reducing or completely

eliminating the risk of failure. In this context, regular financial analysis and
measurements that contribute to the current and future decision-making
processes of insurance companies must be performed periodically. This study
attempts to predict the financial success of non-life insurance companies operating
in Turkey. The research focuses on financial failure prediction models and uses ten
years of financial data covering the period 2014-2023. The Altman Z-Score model
was applied by calculating the companies’ annual financial ratios, thereby
assessing each company's probability of financial failure. According to the findings,
among the companies analyzed, only one company was financially successful
throughout the entire period, two companies showed financial success for five
years, while twelve companies failed to achieve financial success in any year
during the ten-year period examined. This situation indicates that these
companies are at risk of bankruptcy and that uncertainty prevails across the
sector. For companies whose financial success status was determined to be
uncertain, it is considered useful to conduct additional analyses using alternative
financial failure prediction models (e.g., logit, probit, or machine learning-based
approaches) to evaluate the current findings in greater depth.
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1. Introduction

People have always sought to develop systems that can provide security against the
uncertainties and risks inherent in life [7]. Societies' perception of risk and cultural
structure have played a decisive role in shaping these systems; over time, this process has
paved the way for the emergence of the insurance system as it is practiced today in its
modern sense. The insurance system is an important component of the financial sector due
to its capacity to generate funds. In addition to contributing to economic growth, it also
contributes significantly to the development of a culture of solidarity and mutual aid in
society [18]. The insurance system, which can be defined as a pool mechanism where
individuals or organizations obtain coverage against risks by paying a certain premium,
can also be considered a risk transfer and risk management tool [13]. The establishment,
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execution, and supervision of insurance activities are carried out within the framework of
legal regulations determined by the state. In Turkey, insurance companies are established
as joint-stock companies or cooperatives and begin their insurance activities after
completing the necessary licensing processes. These companies assume certain risks
under the insurance contracts they issue and are responsible for fulfilling their obligations
to cover any damages arising from these risks . Insurance is considered a system based on
trust. Therefore, the competitiveness and sustainability of insurance companies in the
sector are directly related to the soundness of their financial structure. Consequently, it is
of great importance for companies to use all their resources effectively and efficiently.
Otherwise, inefficient use of resources can lead to negative consequences, ranging from
financial difficulties to even bankruptcy [3]. A decrease in a company's cash inflows can
cause liquidity problems, making it difficult to meet short- and long-term obligations on
time and in full. In this case, the business faces the risk of financial failure. Financial failure
can be defined as the company's current cash flows or assets being insufficient to cover its
debts. In contrast, bankruptcy is a legal process that arises when the company's total debts
exceed its assets and this situation is certified by a court decision. In other words,
bankruptcy is the legally defined and formalized form of failure to meet financial
obligations. The financial failure or bankruptcy of insurance companies has the potential
to create chain reactions not only in the insurance sector but also in the general economy,
among policyholders, and all stakeholders involved in the sector [19]. Therefore, it is
crucial to take comprehensive measures to strengthen risk management, internal audit,
and capital adequacy mechanisms in order to reduce the likelihood of insurance companies
being exposed to similar financial risks and to prevent potential crises. As of 2023, a total
of 72 insurance companies operate in the insurance sector in Turkey. Fifty of these
companies operate in non-life insurance, 15 in pensions, 3 exclusively in life insurance, and
4 in reinsurance. By the end of 2023, the total assets of insurance companies reached TRY
1.471 trillion; the share of the insurance and private pension sectors in the financial system
was 5.3%. During the same period, total premium production reached TRY 1.427 trillion,
while premium production in the non-life branch alone reached TRY 507 billion [23].
According to the Swiss Re Institute's (2022) World Insurance Report, while the ratio of
total premium production, defined as insurance penetration, to gross domestic product
(GDP) was 7% worldwide in 2021, this ratio was only 1.3% in Turkey. The same report
states that the annual premium per capita was $874 worldwide and $124 in Turkey.
Considering these indicators, Turkey ranks 68th in terms of premium production per
capita [18-29]. Global insurance sector data show that approximately 80% of total
insurance premium production in the 2004-2023 period belonged to OECD member
countries [10]. In this context, Turkey's share in the global insurance market rose from
0.11% in 2003 to 0.24% in 2022. The amount of direct premium production in the
insurance sector worldwide for the period 1980-2022 is presented in Figure 1 in five-year
periods.

Figure 1 show that there has been a significant increase in the amount of direct premium
production in the global insurance sector over the years. While total direct premium
production was $497.987 billion in 1980, this figure increased approximately 13.61 times
to reach $6.782 trillion in 2022. Total premium production, which stood at US$2.760
trillion in 2000, increased approximately 2.46 times in 2022. Non-life insurance premium
production also showed a remarkable increase during the same period. Non-life direct
premium production, which was 1.169 trillion US dollars in 2000, rose to 3.969 trillion US
dollars as of 2022. While life insurance premium production was higher than non-life
insurance premiums in 2000, the non-life insurance sector has come to the fore with a
faster growth rate since 2015. According to Swiss Re Institute (2023) data, total premium
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production in the life and nonlife sectors worldwide reached US$7.2 trillion. During this
period, the real growth rate was 1.3% in the life sector and 3.9% in the non-life sector.
When evaluated on a regional basis, the highest growth in life insurance premium
production was recorded in the Asia-Pacific region, while the highest growth in non-life
insurance premiums was recorded in the Americas. Direct premium production amounts
for the global insurance sector for the period 1980-2022 are presented in five-year periods
in Figure 2. Similarly, premium production amounts for the insurance sector in Turkey for
the period 2014-2023 are presented in five year periods in Table 1 and Figure 2.
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Figure 1. Direct premium production worldwide (billions of $) (1980-2022) [8]

When the SEDDK Activity Report data and the indicators presented in Table 2 are
evaluated together, a significant upward trend in the share of non-life insurance branches
in the Turkish insurance sector has been observed in recent years. The non-life insurance
branch, which had an 81.96% share of total premium production in 2004, increased by
approximately 7.7% to reach 88.26% in 2023. These data reveal that awareness and
confidence in non-life insurance products are gradually increasing in society. The
increasing share indicates that both individuals and institutions have developed risk
management awareness, and therefore participation in the insurance system has evolved
into a stronger structure.

Table 1. Premium production amounts of the insurance sector in Tiirkiye [17]

Premium Production 2014 2018 2023
Non-Life (TL) 14.978.744.186 47.742.569.680 426.020.334.846
Life (TL) 3.395.325.062 6.920.646.675 56.648.419.662
Total 18.374.069.248 54.663.221.655 482.668.754.508
HD/Total(%) 81,52 87,34 88,26
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Figure 2. Insurance premium production pmounts in our country [17]

When examining global insurance market data, it is seen that Turkey's share in total
insurance premium production decreased from 0.248% in 2014 to 0.239% in 2022. This
situation shows that, despite our country's high insurance potential, its share in the global
insurance market remained relatively stagnant during the period under review. This study
aims to predict the probability of financial failure of non-life insurance companies
operating in Turkey. To this end, the Altman Z-Score model, one of the most widely used
financial early warning models in the literature, was used. In applying the model, various
financial ratios commonly used in the insurance sector were calculated using Microsoft
Excel 2016, and a data set was created for use in the analyses. The concept of financial
failure began to appear in the literature in the 1960s; its importance for businesses has
increased, particularly since the oil crisis of the 1970s. Different statistical models and
empirical formulas have been developed to enable businesses to anticipate potential risks
before experiencing financial collapse. Today, artificial intelligence-based methods are also
widely used in these forecasting processes. Literature reviews show that statistical models
are frequently preferred for predicting financial failure. These models are classified as
univariate or multivariate statistical models, depending on the number of independent
variables used in the model. Financial failure modeling provides managers with early
warning information due to its potential to identify the risk of bankruptcy in advance.
Indeed, research shows that such models provide effective and reliable results to
businesses, making it possible to reduce or completely prevent the effects of potential
failures [6]. In this context, while there are many financial prediction models developed in
the literature, the Altman Z-Score model, one of the most widely used methods, has been
chosen as the primary analytical tool in this study.

The study consists of four main sections. The first section explains the subject, purpose,
and scope of the research; the second section covers previous studies on financial failure
prediction. The third section details the research method and the analysis process applied;
the fourth and final section discusses the findings and presents conclusions and
recommendations.

2. Literature Review

A review of the literature reveals that the Altman Z-Score model is frequently used to
measure the financial soundness and performance levels of businesses. This model is
considered one of the most common statistical tools that enables the early identification of
financial failure risk. However, although the model's scope of application has expanded in
recent years, it is noteworthy that its application to the insurance sector remains relatively
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limited. Specifically, the complex and multi-component nature of insurance companies'
financial structures has resulted in fewer studies in this area compared to other sectors.
Based on this situation, the present study aims to contribute to this gap in the literature by
examining the applicability of the Altman Z-Score model specifically to the insurance sector
and to provide a comparative basis for future research.

The Altman Z-Score model is considered an advantageous method for measuring financial
soundness and bankruptcy risk because it allows meaningful results to be obtained
through simple calculations using accounting-based financial data. Thanks to this feature,
the model is more widely used than other statistical methods in evaluating the financial
structure of businesses, particularly in the banking sector [1-11-15]. However, the unique
risk structure of the insurance sector and differences in accounting practices have led to
the limited use of the Altman Z-Score model in financial analyses in this field. The model is
considered a tool with limited validity for this sector because it cannot comprehensively
cover the risk factors specific to the operational structure of insurance companies [16].

Altman developed the Z-Score model using multivariate discriminant analysis based on the
financial data of 66 companies (33 successful and 33 unsuccessful) operating in the
manufacturing sector between 1946 and 1965. His study revealed that bankruptcy could
be predicted two years in advance and that the model could correctly classify future
failures at a 95% rate one year before bankruptcy. However, it was also emphasized that
the model's predictive power decreased as the period preceding failure lengthened. The
Altman working model has laid the foundation for its widespread use today due to both its
ease of application and high predictive accuracy [5].

Giilencer and Hazar (2020) applied the Altman Z-Score model to test the financial failure
and bankruptcy risks of companies traded on the Istanbul Stock Exchange (BIST). In the
study, which analyzed the financial data of 19 companies for 2019, it was concluded that
only the Index company was in the risky zone, while the other companies did not carry a
risk of bankruptcy [9].

Isseveroglu (2005) developed an original model to measure the financial success of
insurance companies and predict the probability of failure. The study used data from 45
insurance companies and formed two hypotheses based on one dependent and seventeen
independent variables. Comparing multiple discriminant analysis and multiple regression
analysis methods, the study concluded that the developed model accurately reflected the
actual situation and met the analysis requirements [12].

Kendirli and Citak (2022) assessed the bankruptcy risks of companies in the paper and
forest products sector traded on BIST using the Altman Z-Score model; the analysis
determined that 7 out of 15 companies were at risk of bankruptcy [14].

Moreno et al. [2022] examined 1,382 observations from 183 insurance companies
operating in Spain between 2010 and 2017, aiming to determine the most appropriate Z-
Score calculation approach for insurance companies. The study concluded that the
indicator obtained by dividing the sum of return on assets and the ratio of equity to assets
by the standard deviation of return on assets is the most appropriate performance measure
for insurance companies [16].

Pavi¢ Kramari¢ et al. (2019) analyzed the determinants of financial soundness of insurance
companies in Croatia, Hungary, and Poland (2013-2017) using the Altman Z-Score model.
The findings showed that company size in Croatia and reinsurance practices in Hungary
and Poland had positive effects on the financial soundness of insurance companies [20].
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Putawska (2021) examined the effects of the COVID-19 pandemic on the financial
performance of insurance companies operating in Europe. The study used return on assets,
Z-Score values, and the capital adequacy ratio calculated according to the Solvency II
Directive as dependent variables. The findings revealed that the pandemic negatively
affected the overall functioning of the European insurance sector, but there was no
statistically significant effect on Z-Score values [21].

Yildiz and Giirkan (2022) analyzed the bankruptcy risks of companies in the tourism sector
using the Altman Z, Springate, and Fulmer models. The study determined that the results
regarding bankruptcy risk varied depending on the different models used [26].

Yi (2012) analyzed the financial risk and uncertainty levels of real estate companies
operating in China and concluded that the accuracy rate of the Altman Z-Score model
remained below 90%. The researcher emphasized that due to the structural differences
between the Chinese stock market and American markets, the model did not yield accurate
results during global crises and that alternative bankruptcy prediction models should be
developed in this context [27].

A review of the literature revealed that the Altman Z-Score model, commonly used to
predict financial failure, is effectively applied in various sectors, particularly banking,
manufacturing, tourism, and real estate. However, the number of studies on the insurance
sector is quite limited. The risk structure of insurance activities, capital adequacy,
reinsurance ratio, and technical reserves, which are specific financial dynamics of the
sector, have made it difficult to adapt the model to this field. This situation reveals a
significant research gap in the form of a lack of empirical studies testing the applicability
of the Altman Z-Score model in the insurance sector.

Furthermore, most studies in the literature focus on a single country, and there are very
few international studies comparing the impact of economic conditions and accounting
systems in different countries on the model's predictive performance. In this context, a
comprehensive analysis using data specific to the Turkish insurance sector would
contribute significantly to the literature by testing the model's applicability in emerging
economies.

Furthermore, most existing studies analyze specific periods using cross-sectional data,
while longitudinal studies evaluating the impact of crisis periods or macroeconomic
fluctuations on the model's predictive power remain limited. Increasing uncertainties in
financial markets following the COVID-19 pandemic, in particular, necessitate a
reassessment of the Altman Z-Score model's performance across different periods.

On the other hand, the Altman Z-Score model has mostly been applied using traditional
statistical analyses. However, the increasing use of artificial intelligence, machine learning,
and hybrid models in predicting financial failure in recent years highlights the need to
integrate classical models with these new approaches. The lack of studies in the insurance
sector that use the Altman model in conjunction with these modern methods presents new
research opportunities from a methodological perspective. In this context, the current
study aims to:

¢ To test the validity of the Altman Z-Score model by applying it specifically to the
Turkish insurance sector,

¢ To adapt the model to the sector by including financial ratios specific to the
insurance industry,

¢ contribute to the early prediction of financial failure risk.
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In this respect, the study not only fills the existing gap in the insurance sector literature but
also aims to establish a methodological basis for future comparative, multi-period, and
artificial intelligence-supported research.

3. Research Methodology

This section introduces the mathematical and statistical models most frequently used in
the literature for financial failure prediction; explains the theoretical framework of the
model used in the analysis process; and presents the relevant analysis results and
evaluations in the findings section.

3.1 Methods Used in Financial Failure Prediction: Altman Z-Score

Although numerous different models have been developed in the literature for predicting
the financial failure of businesses, the most commonly used methods include the Altman Z-
Score Model, Beaver Model, Springate S-Score Model, Fulmer H-Score Model, Ohlson O-
Score Model, and Zmijewski J-Score Model [22-26]. In this study, the Altman Z-Score model
was chosen from among these models. The reason for choosing this model is that it offers
a structure based on multivariate discriminant analysis using accounting-based financial
data and can quantitatively measure the risk of financial failure in businesses. Below are
some basic details about the model's development and structure.

Edward I. Altman (1968) argued that traditional financial ratio analysis alone was
insufficient for predicting corporate financial failure and developed a model based on
multivariate discriminant analysis to overcome this limitation [5]. In his study, he
examined the financial data of 33 successful and 33 unsuccessful (bankrupt) publicly
traded companies in the manufacturing sector (bankruptcy) for the period 1946-1965.
Altman tested the 22 financial ratios identified for these companies for their significance
levels and grouped them into five main categories: profitability, liquidity, debt-paying
power, financial leverage, and operating efficiency. Representative ratios selected from
each group were weighted using coefficients obtained through discriminant analysis, and
the sum of these values was defined as the company's Z-Score [4-5].

In the years following the model's introduction, various researchers debated its
generalizability and sectoral applicability. In response to these criticisms, Altman
developed three separate models to accommodate the financial structures of different
sectors. These models are [5]:

¢ Publicly traded manufacturing sector companies,
¢ Non-publicly traded (privately owned) industrial companies,

¢ Three different versions of the Altman Z-Score developed for service sector
companies.

This has transformed the model from one specific to the manufacturing sector into a
versatile tool that can be used to measure the risk of financial failure for companies in
different sectors.

The calculation formula and variables used in the Altman Z-Score model developed for
publicly traded manufacturing companies are presented in Equation (1) [5].

Z=0.012X1+0.014 X2 + 0.033 X3 + 0.006 X4 + 0.999 X5 (D)
X1: Net Working Capital / Total Assets

X2: Retained Earnings / Total Assets

X3: Pre-tax Profit / Total Assets

X4: Market Value of Equity / Total Liabilities
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X5: Net Sales / Total Assets

The calculation formula and variables used in the Altman Z-Score model developed for
privately owned industrial enterprises are presented in Equation (2) [24].

Z=0.717 X1+ 0.847 X2 + 3.107 X3 + 0.420 X4 + 0.998 X5 (2)
X1: Net Working Capital / Total Assets

X2: Retained Earnings / Total Assets

X3: Pre-tax Profit / Total Assets

X4: Book Value of Equity / Total Liabilities

X5: Net Sales / Total Assets

The calculation formula for the Altman Z-Score model, developed based on four key
financial ratios for companies operating in the service sector, is presented in Equation (3)
[28].

Z=656X1+3.26X2+6.72X3+1.05X4 (3)
X1: Net Working Capital / Total Assets
X2: Retained Earnings / Total Assets
X3: Pre-tax Profit / Total Assets
X4: Book Value of Equity / Total Liabilities

The Altman Z-Score reference values for these three models are presented comparatively
in Table 2.

Table 2. Altman Z-score reference values [2-22-25]

Z-score values for publicly Z-score values for private Z-score values for service
traded manufacturing industrial companies sector companies
companies
7>2.99 ; Successful (Low 7>2.90; Successful (Low Z >2.60; Successful (Low
probability of bankruptcy) probability of bankruptcy) probability of bankruptcy)
(Green zone) (Green zone) (Green zone)
1.81<Z<2.99; Uncertain (Gray = 1.23<Z<2.9; Uncertain (Gray = 1.10<Z<2.60 ;Uncertain (Gray
zone) zone) zone)
7<1.81; Failed 7<1.23; Failed 7<1.10;Failed
(Red zone) (Red zone) (Red zone)

As indicated in Table 2, if the Z-Score value calculated for publicly traded manufacturing
companies is greater than 2.99 (Z>2.99), the company is financially successful and has a
low risk of bankruptcy. If it is greater than 1.81 but less than 2.99 (1.81<Z<2.99), it means
that the company is in an uncertain financial position and its financial situation needs to be
monitored. If it is less than 1.8 (Z<1.81), it is interpreted and evaluated as the company
being financially unsuccessful with a high risk of bankruptcy. For private industrial
companies, a Z-Score value greater than 2.90 (Z>2.90) indicates that the company is
financially successful and has a low risk of bankruptcy, while a value greater than 1.23 and
less than 2.90 (1.23<Z<2.90), it means that the business is in a financially uncertain area
and its financial situation needs to be monitored. If it is less than 1.23 (Z<1.23), it is
interpreted and evaluated as the business being financially unsuccessful and having a high
risk of bankruptcy. For service sector businesses, a calculated Z-Score value greater than
2.60 (Z>2.60) indicates that the business is financially successful and has a low risk of
bankruptcy, while a value greater than 1.10 and less than 2.60 (1.10<Z<2.60), it means that
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the company is in an uncertain financial position and its financial situation needs to be
monitored. If it is less than 1.10 (Z<1.10), it is interpreted and evaluated as the company
being financially unsuccessful with a high risk of bankruptcy [22]. In financial failure
prediction studies conducted using Altman Z-Score models, the Z-Score values calculated
for businesses are compared with the reference values specified in Table 2, and evaluations
are made for financial failure prediction.

3.2 Findings and Analysis

In this study, ten years of financial data from 2014 to 2023 for 37 non-life insurance
companies operating in Turkey were used. The Altman Z-Score model, developed for the
service sector, was applied to determine the probability of financial failure for the
companies. The names of the companies included in the analysis have not been disclosed
in accordance with the principle of confidentiality; each company has been coded as C1, C2,
C3 .. C37, respectively.

The financial data used in the research was obtained from the financial statements
published by the companies on open sources and their official websites. Four basic
financial ratios required by the model were calculated for each company:

¢ X;: Ratio of net working capital to total assets,

¢ X,: Ratio of retained earnings to total assets,

¢ Xs: Ratio of pre-tax profit to total assets,

¢ X,: Ratio of book value of equity to total liabilities.

Using these ratios, Z-Score values were calculated for each company on an annual basis
using the following formula in Equation (4):

7=6.56X1+3.26X2+6.72X3+1.05X4Z = 6.56X_1 + 3.26X_2 + 6.72X_3 + 1.05X_4Z=6.56X1
+3.26X2+6.72X3+1.05X4 (4)

The obtained Z-Score values are presented in Table 3 and Figure 3 to show the change in
the financial status of the companies over years.

Table 3. Calculated Z-score values for non-life insurance companies
Company 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Mean

C1 1,99 0,56 1,28
C2 1,85 1,29 161 1,70 161 159 149 150 1,05 1,26 1,50
C3 203 145 1,28 1,78 1,40 145 132 286 083 1,31 1,57
C4 382 4,02 148 1,28 2,65
C5 1,47 1,18 1,01 1,09 1,13 109 101 184 0,68 0,42 1,09
Cé 390 357 328 138 216 1,77 187 223 083 0,86 2,18
Cc7 15,37 1,49 2,42 6,43
C8 1,93 1,06 1,49
C9 264 189 191 164 194 169 1,74 3,06 145 2,00 2,00
C10 1,57 090 1,16 1,26 1,32 047 0,93 1,09
C11 081 1,45 2,04 0,77 1,03 1,22
C12 1,92 149 159 056 058 1,17 135 2,28 060 0,75 1,23
C13 3,85 3,34 3,59
C14 1,50 155 1,20 1,07 163 2,19 0,80 0,93 1,36
C15 1,40 1,23 1,39 147 1,37 152 148 323 1,24 1,25 1,56
C16 4,50 4,50
C18 415 414 574 411 533 546 508 635 3,83 3,78 4,80
C18 10,87 -1,86 1,34 - 2,58
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Company 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Mean

C19 866 3,38 284 273 241 409 140 1,15 3,33
Cc20 299 254 244 229 163 1,28 145 2,06 1,06 1,78 1,95
C21 1,27 1,27
C22 6,56 258 3,12 253 195 155 186 241 0,76 0,68 2,40
C23 15,49 13,98 11,84 0,35 2,01 1,38 147 1,01 1,81 1,00 5,03
C24 212 150 1,35 1,68 095 095 1,33 195 043 041 1,27
C25 6,11 243 1,81 1,77 235 3,55 395 6,29 287 2,01 3,31
C26 8,98 4,07 6,53
C27 1,18 094 097 153 180 1,26 1,40 1,30
C28 3,20 2,65 2,67 221 1,64 152 1,22 2,28 083 1,05 1,93
C29 1,03 0,71 o080 1,38 1,20 1,25 1,21 2,83 0,57 1,21 1,22
C30 1,92 194 1,73 226 2,76 1,23 1,34 1,88
C31 14,75 1,03 -0,98 3,13 - 3,59
C32 259 1,79 2,72 1,09 091 1,82
C33 3,23 295 1,76 1,32 1,24 1,16 1,04 0,74 099 1,20 1,56
C34 2,05 343 0,70 1,05 1,80
C35 393 1,07 146 1,29 1,32 1,16 2,79 084 1,44 1,70
C36 1,89 1,98 1,93
C37 259 210 1,83 2,03 205 160 235 384 1,36 1,37 2,11
Average 3,69 287 283 1,75 1,72 220 215 2,88 1,559 143 2,31
60.00
50.00 0
40.00 ‘ 1
30.00 |
20.00 i I I
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Figure 3. Companies' annual Z-Score value
The classification of non-life insurance companies' financial performance based on their

calculated Z-Scores is shown in Table 4.

Table 4. Classification of financial performance based on calculated z-scores for non-life
insurance companies

Company 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

C1 1,99 B8
C2 1,85 129 161 1,70 161 159 149 150 1,05 1,26
C3 203 1,45 128 1,78 140 145 1,32 286 @088 131
C4 . 402 1,48 1,28
C5 1,47 1,18 @8 113 @68 1,84

Cé 390 3,57 1,38 216 1,77 187 223
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Company 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
C7
C8
Cc9
C10
C11
C12
C13
C14
C15
Cle6
C18
C18
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36

N

As indicated in Table 4, a total of 255 Z-Score values were calculated for the companies for
the period under review. Based on these values, 56 were unsuccessful (22%), 56 were
successful (22%), and 143 were uncertain (56%). Furthermore, considering these Z-Score
values, it can be said that the financial success of companies is gradually shifting towards
uncertainty over the years. Numerical data showing the success status of companies during
their operating period, based on Z-Score values for the companies examined, are provided
in detail in Table 5.

EW
=

35

i

.

Table 5. Numbers related to the financial performance of non-life insurance companies
based on their Z-scores

Company Successful Uncertain Unsuccessful Company Successful Uncertain Unsuccessful

C1 0 1 1 C20 1 8 1
C2 0 10 0 C21 0 1 0
C3 1 8 1 C22 2 6 2
C4 2 2 0 C23 3 4 3
C5 0 4 6 C24 0 6 4
Cé 3 5 2 C25 5 5 0
c7 1 2 0 C26 2 0 0
C8 0 1 1 C27 0 5 2
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C9 2 8 0 C28 3 5 2
C10 0 4 3 C29 1 5 4
C11 0 2 3 C30 1 6 0
C12 0 6 4 C31 2 0 3
C13 2 0 0 C32 1 2 2
C14 0 5 3 C33 2 5 3
C15 1 9 0 C34 1 1 2
C16 1 0 0 C35 2 5 2
C17 10 0 0 C36 0 2 0
C18 1 1 2 C37 1 9 0
C19 5 3 0

5. Discussion & Conclusion

In this study, the financial failure situations of 37 non-life insurance companies operating
in Turkey were analyzed using financial data from the 2014-2023 period and the Altman
Z-Score model developed for the service sector. Z-Score values were calculated for each
company, and financial success, failure, and uncertainty situations were determined based
on these values. During the analysis process, since not all companies were active
throughout the study period, only the years in which they were active were considered.
Thus, a total of 255 Z-Score values were calculated over the ten-year study period (see
Table 4). According to the results obtained, 22% of the companies were financially
unsuccessful, 22% were successful, and 56% were in the uncertainty zone. These findings
show that there is a trend towards uncertainty in the financial situation of companies over
the years. In other words, while the sector generally presented a stronger financial outlook
in its early years, this picture weakened towards the end of the period, with an observed
increase in the likelihood of uncertainty and failure. This situation indicates that financial
risks in the non-life insurance sector have entered an upward trend over time. The
calculated Z-Score values range from 0.35 to 15.37, and it has been determined that the
annual average values vary between 3.69 and 1.43. When examining the average Z-Score
values of the companies, the highest average was 3.69 in 2014, and the lowest average was
1.43 in 2023. This result indicates a downward trend in the sector's financial soundness
over time. When comparing the annual average Z-Score values with the model's reference
ranges, it was found that nonlife insurance companies were financially successful in 2014,
2015, 2016, and 2021, while they were mostly in the uncertainty zone in other years.
Therefore, it is not possible to speak of a clear trend of success regarding the sector's
financial situation throughout the analysis period. Furthermore, it was determined that no
company showed continuous financial failure throughout the period, but some companies
entered a risky position in certain years. Examining Table 5, it is seen that only company
C17 was financially successful in all years during the 2014-2023 period. However,
company C19 was successful five times and unsuccessful three times, while company C25
was successful five times and in the uncertainty zone five times. The financial performance
of these companies is considered to be above average. In terms of financial failure risk,
company C5 was unsuccessful six times, while companies C12, C24, and C29 were
unsuccessful four times each. It can be stated that these companies carry a risk of
bankruptcy. When examining the companies that were in the uncertainty zone the most, it
was seen that Company 2 was in the uncertainty zone 10 times, Company 37 was in the
uncertainty zone 9 times, and Companies 3, 9, and 20 were in the uncertainty zone eight
times each. This finding indicates that the financial structures of these companies followed
an unstable course. For companies in the uncertainty zone, when Z-Score values are close
to the financial success threshold, it is considered useful to conduct additional assessments
using alternative financial failure measurement models (e.g., logit/probit analyses or
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artificial intelligence-based classification methods). It was determined that 12 of the 37
companies examined during the research period did not achieve financial success in any
given year. When a general assessment is made, it is seen that a significant portion of the
companies are concentrated in the uncertainty zone. The findings obtained are limited by
the scope and period of the study. A review of existing studies in the literature reveals that
the Altman Z-Score model is generally applied to businesses outside the insurance sector,
while studies related to the insurance sector focus on fewer companies and shorter time
periods. In this context, this study's comprehensive analysis of 37 non-life insurance
companies operating in Turkey over a long period of 10 years provides a unique and in-
depth contribution to the literature.
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Associations and visual imagery are frequently used in advertisements and
represent a significant focus within semiotic studies. This study aims to analyze

Received: the online advertisements of leading multivitamin brands in Turkey within the
10 Sept 2025 context of consumer perception, examining how their visual and textual strategies
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and impressions formed through engagement with advertisement visuals. The
study focuses on the online advertisements of Supradyn, Orzax, Solgar, and
Pharmaton, employing Roland Barthes’ semiotic framework to analyze color
usage, figures, and symbolic elements. The analysis demonstrates that brands
produce both denotative and connotative meanings: Supradyn conveys energy and
renewal, Orzax emphasizes preparedness and conscious living, Solgar promotes a
scientific and gender-specific approach, and Pharmaton communicates inclusive
energy and dynamism. Color analysis reveals that yellow and white dominate
across all brands, while blue and black appear in some, reinforcing perceptions of
energy, trust, and purity. Consumer evaluations show high satisfaction for
Pharmaton and Supradyn, while Orzax and Solgar cater to a more niche audience.
Overall, the findings indicate that optimizing visual and strategic meaning layers
can enhance both consumer perception and brand loyalty.
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1. Introduction

Advertising is one of the most influential communication tools designed to shape audience
perceptions and persuade consumers by promoting products and services [23]. In order for such
perception to be formed, the target audience must first be aware of the product. Advertising—
carried out in exchange for payment—has the power to construct gender roles and alter human
behavior [9]. As David Ogilvy famously states, “If your advertising doesn’t sell, it isn’t creative,”
emphasizing the importance of accurate positioning for shaping consumer perception. Advertising
conveys multiple messages to consumers within a short timeframe. While these messages
seemingly aim at informing and persuading consumers to purchase, they simultaneously seek to
implant certain meanings in their minds. At this point, semiotics becomes relevant, as it aids in
decoding the linguistic and visual layers of advertising messages. Semiotics serves as a positioning
tool that helps clarify both explicit and implicit meanings behind the verbal and visual components
presented in advertisements.

Semiotic analysis in advertising gained momentum during the 1980s. Semiotics has made
significant contributions to marketing and consumer studies, particularly through the models
introduced by Saussure and Peirce [6,14]. Mick et al. [24] emphasize that semiotics-based
advertising research reveals how consumers interpret and construct meaning from signs within
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institutional, societal, and cultural contexts. Semiotics substantially contributes to addressing
methodological challenges in advertising research by simplifying complex messages and ensuring
effective communication [25]. It provides a key framework for brands seeking to build strong
emotional and symbolic connections with consumers.

This study examines the advertisements of the four most highly rated multivitamin brands on
Turkish online platforms, considering their impact on consumer perceptions. Employing Roland
Barthes’ semiotic framework enables an analysis of how textual and visual elements convey not
only surface meanings but underlying ideological and cultural messages. Although semiotic
analysis in advertising has a long history, only a small number of recent studies (2021-2025)
systematically adopt Barthes’ perspective-and those that do are generally limited to certain
product categories (e.g., beauty, fast food) rather than nutritional or wellness advertising. By
focusing on multivitamin advertising in Turkey and positioning consumers as active co-creators of
meaning (rather than passive recipients), this research fills a clear gap in the literature and offers
an original contribution: the integration of Barthesian semiotics with contemporary digital
advertising contexts to illuminate how wellness oriented brands construct symbolic meaning and
how target audiences negotiate it.

2. Roland Barthes’ Semiotic Analysis Method

The term semiology originates from the Greek word semeion (sign). John Locke (1632-1704)
conceptualized the analysis of signs under the term semeiotics. Later, the American philosopher
Charles Sanders Peirce used the term semeiotic, while the Swiss linguist Ferdinand de Saussure
referred to the field as sémiologie. Today, the term semiotics is the most widely used. Semiotics is
an interdisciplinary field that examines how meaning is constructed through signs, how individuals
produce and interpret signs, and how communication systems function within these sign
structures. Saussure’s linguistic work precedes formal semiotic studies, focusing on language's
function, coding, and communicational significance in society. Over time, linguistic research
evolved into a subfield of semiotics [22]. Saussure conceptualized the sign as composed of a
signifier (expression) and signified (content). While signifiers carry universal meaning, signifieds
vary culturally [10,21,26]. Peirce, on the other hand, defined sign processes through the triadic
model: the sign itself, the object, and the interpreter [17]. Roland Barthes (1915-1980)
significantly expanded semiotics in the second half of the 20th century by applying it in social
sciences and across fields such as advertising, architecture, and medicine [20]. Barthes’ key
contribution lies in distinguishing between denotation (literal meaning) and connotation (cultural
meaning). According to Barthes, meaning emerges through the interaction of visual elements, and
analysis should proceed through formal description, semantic exploration, evaluation of
alternative meanings, and final synthesis [5,13].

3. Roland Barthes’ Semiotic Model and Its Use in Advertising Research

Roland Barthes’ semiotic model most commonly applied in advertising research involves
examining signs within the framework of the signifier and the signified. Signs identified in
advertisements are analyzed at both denotative and connotative levels. As the connotative
dimension of signs is shaped by diverse subcultural structures within society, researchers are
expected to conduct detailed analyses of the historical and cultural context surrounding the signs.
Otherwise, they may limit their interpretations to only the denotative level or risk making
inaccurate evaluations in an attempt to extract meaning. In many advertising studies utilizing
Barthes’ signifier-signified framework, researchers also incorporate his other semiotic models into
the analytical process. Toptas [11] for instance, examined how the female image is represented in
promotional posters of domestically produced films released in Turkiye. Treating film posters as
commercial products that function similarly to advertisements, the researcher analyzed them as
advertising texts. Unlike many studies employing Barthes’ model in an exploratory manner, Toptas
formulated hypotheses regarding the characteristics of female figures across different film genres
and gender norms. These hypotheses were tested by analyzing the denotative-connotative
meanings, codes, and syntagmatic and paradigmatic relationships of the signs present in the
posters. Similarly, Ozkantar [18] first explored the concepts of racism and semiotics and then
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analyzed Benetton advertisements using Barthes’ approach to ideology as a cultural construct. The
study demonstrated that although the advertisements appear to embrace an anti-discriminatory
approach at first glance, a deeper analysis revealed the presence of racially charged meanings. The
research indicated that Benetton advertisements—selected through purposive sampling and
analyzed semiotically—contributed negatively to racial discourse, reflecting implicit racist
undertones. Boyaci Yildirim [7] examined the “Turkcell Fiber Support for Families” advertisement,
aiming to identify the associative mechanisms used to shape consumers’ cognitive perceptions.
Employing Barthes’ semiotic method, the study decoded the linguistic and visual messages and
revealed that the brand enriched meaning through various associations. The analysis showed how
the advertisement employed linguistic codes, audiovisual symbols, myths, metaphors, metonymies,
and archetypes to construct rich layers of meaning and influence consumer perception through
cultural symbols. Ar1 [1] applied Barthes’ semiotic method to analyze two Elidor commercials,
highlighting the influence of modern advertising on gender politics and cultural values. The study
demonstrated that the advertisements strongly emphasized themes of female empowerment and
challenged traditional gender norms, contributing to broader cultural transformations. In this
study, Barthes’ model was selected as the most appropriate method for analyzing the online
advertisements of four major multivitamin brands. The model allows for the examination of both
the messages conveyed to consumers and the cultural and social connotations embedded in the
underlying meanings through the use of color, figures, and symbols. Thus, the study enables the
analysis of advertisements not only as marketing strategies but also as sites of cultural and social
meaning production, contributing to the broader tradition of semiotic research.

4. Method and Materials

The aim of this study is to conduct a semiotic analysis of advertisements published on Facebook,
Instagram, and YouTube for the multivitamin brands Supradyn, Orzax, Solgar, and Pharmaton,
which operate in the over-the-counter pharmaceutical sector, and to decipher the perceptions
created in the target audience. The research employs a non-probability purposive sampling
method, frequently used in qualitative studies. In qualitative research, the primary goal is not
generalization, but rather developing an in-depth and holistic understanding. Purposive sampling
techniques are particularly useful for exploring and explaining phenomena and events in detail
[19]. Accordingly, this study adopted purposive sampling and identified four advertisements from
the specified multivitamin brands across relevant social media platforms. In the analysis of the
advertisements, Roland Barthes’ semiotic analysis model was applied to decode the messages
embedded within the commercials.

4.1 Findings

Using Roland Barthes’ semiotic framework, the advertisements of the four leading multivitamin
brands that received the highest engagement on social media—Supradyn, Orzax, Solgar, and
Pharmaton—were analyzed. The analysis was conducted across the dimensions of Sign, Signifier
(visual representation), Signified (conceptual meaning), Denotation (surface meaning), and
Connotation (cultural and ideological meaning). The evaluations are presented in Table 1.

Table 1. Semiotic analysis of Supradyn, Orzax, Solgar, and Pharmaton advertisements

Brand Sign Signifier Signified Denotation Connotation
Women who use
A woman jogging Supradyn can
on a tree-lined A woman with maintain their
path where leaves . her hair tied vitality and
e A physically .
transition from ) up, wearing a perform regular,
A woman fit and ) .
Supradyn . green to yellow, fitness tracker healthy exercise
running . healthy :
wearing grey on her arm, even during
woman .
sportswear and running autumn;
fluorescent outdoors Supradyn
running shoes supports energy

and renewal
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A woman wearing

a white top,
brown-white
polka-dot skirt,
with long brown
hair, black

A woman who
stops while

A woman who is
prepared for life’s
surprises and

sunglasses, grey A woman walking as her ;
A woman 2 . . carries valuable
Orzax : boots, standing in  preparing for phone rings .
walking , supplements with
front of Istanbul’s autumn and places her ..
. , ) . her, symbolizing
Maiden’s Tower; vitamins on the g
) conscious health
her phone rings pavement .
and readiness
and she removes
eight Orzax Ocean
products from her
bag
A split
background mn Since 1947, the
purple and mint
brand has
green; the purple :
emphasized
background e
scientific
(women) features . :
. innovation,
a small vase with . .
sustainable high-
flowers, and a Multivitamins uali
pink bottle with Gender- . ty
. . e formulated ingredients, and
Two vitamin yellow cap and specific .
Solgar ) . . separately for  global production;
bottles purple tabletsin ~ multivitamin
. women and products reflect a
front; the mint products . .
men vision of meeting
background o
gender-specific
(men) features a : s
daily nutritional
coffee cup and . .
needs, reinforcing
eyeglasses, and a 2 premium and
blue bottle with p .
yellow cap and science-driven
green tablets in identity
front
A background
split into orange
and yellow with A message of
: continuous
floating bubbles;
. energy and
. multiple et
Appearing vitality,
L ; Pharmaton boxes .
multivitamin appear in A A product promoting an
boxes with pb multivitamin suitable for active lifestyle
Pharmaton sequence, . .
orange and . designed for  both men and and energetic
featuring male
yellow both genders women weekends shared
and female .
bubbles with a partner;

silhouettes; the
hashtag “Don’t
Stop Yourself

with Pharmaton

Vitality” appears

inclusivity and
motivation
highlighted

In Supradyn’s advertisement, the image of a woman running in a forested area where the leaves
shift from green to yellow, wearing grey sportswear and fluorescent running shoes, represents a
fit, healthy, and energetic body. At the denotative level, the viewer sees “a woman exercising.” At
the connotative level, however, she is constructed as “a modern woman who maintains her energy
in every season and derives her vitality from Supradyn.” The fitness tracker on her arm and her
tied-up hair symbolize order and self-discipline. Thus, the advertisement presents the female body
as a symbol of health and willpower, while positioning the brand as “the key to resisting seasonal

fatigue.”
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In the Orzax advertisement, the woman walking in front of the Maiden’s Tower—an iconic
landmark of Istanbul—who pauses when her phone rings and takes Orzax Ocean products out of
her bag, constructs the image of a modern individual who takes care of herself amid the fast pace
of daily life. At the denotative level, the scene is simply “a woman walking in the city.” At the
connotative level, it represents “a lifestyle that is balanced, self-confident, and prepared for life’s
surprises.” Her colorful outfit and interaction with her phone highlight the brand’s reference to an
urban, youthful, and active target audience. Orzax positions health not only as a physical state, but
also as a form of social empowerment.

In Solgar’s advertisement, the vitamin bottles placed against a background split into purple and
mint green emphasize a gender-specific approach to health. While the denotative message is “two
vitamin bottles,” the connotative layer foregrounds “a vision of personalized health that respects
biological differences between women and men.” The purple background symbolizes elegance,
while the mint green connotes freshness and naturalness. With a reputation built on sustainable
production and science-based innovation since 1947, Solgar reinforces its reliability. Accordingly,
the advertisement encodes a message of “science-driven individualized wellness.”

Pharmaton’s advertisement, designed in orange and yellow tones, foregrounds themes of energy
and vitality. The sequential appearance of multivitamin boxes creates the impression of
“continuously renewed energy.” The message accompanied by the hashtag “Don’t Stop Yourself”
refers to the modern individual’s capacity for motivation and renewal amid a fast-paced lifestyle.
The denotative image—"“a multivitamin suitable for both men and women”—transforms at the
connotative level into an ideal of “living life energetically and together.” Thus, Pharmaton
constructs an inclusive health image that supports gender equality.

4.2 Semiotic Analysis of Color Use

Colors are among the most powerful meaning-making elements in advertising discourse. Barthes
(1977) notes that colors are not merely aesthetic components, but also cultural codes that function
as “myths.” Vitamin brands imbue their products with meanings beyond health—such as life
energy, dynamism, and modern identity—through their use of color. The colors used by Supradyn,
Orzax, Solgar, and Pharmaton in their advertisements, along with the overlapping colors among the
brands, are evaluated in Table 2.

Table 2. Color usage in advertisements of multivitamin brands

Colors Supradyn Orzax Solgar Pharmaton Colors Used by Colors Common to

All Brands Three Brands
Yellow v v v v v
Red v
Blue v v v v
Orange v v v
Green v v
Purple v v
Pink v
Gray v
Brown v
Shadow
tones
Black v v v v
White v v v v v

e Yellow: Yellow is defined as the color of energy and vitality. Kress & Van Leeuwen [16]
emphasize that yellow functions as a symbol of “high energy and attention-grabbing appeal,”
particularly in health and food advertisements. Present in all four brands, yellow evokes
myths of “sunlight,” “life force,” and “optimism.” In Supradyn and Pharmaton advertisements,
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yellow is associated with metabolic strength and alertness; in Orzax and Solgar campaigns, it
conveys balance, natural energy, and zest for life.

e Orange: Orange, a hybrid of red and yellow, symbolizes movement, warmth, and enthusiasm.
Heller [15] notes that orange triggers “social energy” and “optimism.” As a shared color in
Supradyn, Orzax, and Pharmaton advertisements, orange communicates messages of an
“active lifestyle” and “continuous motivation.” In Barthes’ terms [3], this color becomes a
“mythic representation of energy.”

e Blue: Blue is a signifier of trust and scientific credibility [12]. Used by Orzax, Solgar, and
Pharmaton, blue represents “rationality, reliability, and stability.” In Solgar advertisements,
it highlights scientific production processes; in Orzax, it symbolizes inner balance and calm;
and in Pharmaton, it functions as a metaphor for “scientific energy.” According to Kress &
Van Leeuwen [16], blue is the most effective color for constructing “institutional trust.”

e (Green: Green symbolizes naturalness, renewal, and sustainability. Arnheim [2] states that
green creates a sense of “balance and tranquility” in visual perception. In Orzax and Solgar
advertisements, green is associated with botanical ingredients, environmentally friendly
production, and sustainability values. This positions both brands within a “nature-derived
health” ideology.

e Purple: Purple has historically been associated with luxury, sophistication, and wisdom [15].
In Orzax and Solgar advertisements, purple conveys meanings of “conscious consumer
identity” and “quality.” Solgar's purple background invokes wisdom and scientific depth,
while in Orzax it represents self-awareness and self-care ideals. On the connotative level,
purple becomes a symbol of “modern femininity” in Barthesian terms.

e White: White appears across all brands, evoking “purity, cleanliness, and trust.” Chandler [8]
argues that white acts as a metaphor for “clarity and purification” in advertising. Associated
closely with the vitamin concept, white reinforces perceptions of health and freshness. It also
functions as a visual balancing element, enhancing the impact of other colors.

e Black: Seen in Supradyn, Orzax, and Solgar, black signifies power, professionalism, and
authority. Arnheim [2] explains that black generates a sense of “visual weight and
seriousness.” In Solgar’s packaging, black underscores the brand’s scientific prestige. Aligned
with Barthes’ mythology concept [3], black supports a myth of science-based strength and
authority.

e Other Colors: In the Orzax advertisement, red signifies “attention and action.” Solgar’s use of
pink represents “elegance and feminine sensitivity,” while brown symbolizes “naturalness
and roots.” Gray tones in Orzax reflect what Kress & Van Leeuwen [16] describe as the
“neutral security of modern metropolitan life.”

e Shared Color Code Universe: Yellow and white, common across all brands, converge around
values of “energy and purity.” Meanwhile, blue and black shared by three brands represent a
semantic network of “scientific credibility and trustworthiness.” This pattern indicates that
vitamin brands aim to construct meaning simultaneously on emotional (energy and
happiness) and rational (science and trust) levels.

Semiotic analysis of color demonstrates that advertisements are not merely visual compositions
but cultural sites of meaning production. Colors are reconstructed as Barthesian “myths” that
reinforce the ideological narrative of each brand and establish emotional resonance with
consumers.

4.3 Semiotic Analysis of Star Ratings

User evaluations on social media platforms serve not only as indicators of a brand's marketing
performance but also as reflections of brand perception in the consumer’s mind. Accordingly, star
ratings are considered meaningful semiotic markers of both brand image and consumer
satisfaction. Table 3 presents the distribution of star ratings for the four brands:
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Table 3. Star Rating Distribution of Multivitamin Brands

Star Rating Supradyn Orzax Solgar Pharmaton
1% 86 13 138 487
2 %% 29 2 15 179
3 %k ok 106 8 6 482
4 ok Kk 226 22 5 1100
5 Yk okok 1348 178 1 6789
Total 1348 223 165 9037

In the Supradyn brand, the highest concentration of ratings is found at the 5-star level (1348 votes).
This suggests that the brand’s promises of “energy, continuity, and renewal” are positively received
by consumers. The relatively low number of total ratings for Orzax (223) indicates a comparatively
limited market presence; however, the high proportion of 5-star reviews (178) demonstrates a
strong satisfaction level among its existing users. For Solgar, the high proportion of 1-star reviews
(138 out of 165) suggests that the brand’s premium pricing strategy and “exclusive” brand
positioning may not be perceived as accessible or satisfactory by certain consumer groups.
Pharmaton, with 6789 five-star reviews, reinforces its image as a brand associated with “trust,
vitality, and consistency.” This result indicates that Pharmaton has evolved into a widely
internalized “trust myth” among consumers [4].

5. Conclusion and Recommendations

In this study, the online advertisements of four leading multivitamin brands in Turkey were
examined through their use of color, figures, and symbols, alongside consumer evaluations, and
analyzed using Barthes’ semiotic approach. The findings indicate that vitamin brands not only
communicate messages about physical health but also construct identity through lifestyle,
dynamism, self-care, and cultural layers of meaning. Supradyn conveys the theme of “active
energy,” Orzax “prepared living,” Solgar “scientific personalization,” and Pharmaton “shared
energy,” delivering unique and mythical messages to their target audiences. Barthes’ semiotic
framework reveals both the denotative and connotative levels of these messages, clarifying how
advertisements consciously employ cultural codes and social roles in their underlying narratives.

Consumer evaluation data demonstrates how these meanings are perceived by users. The high five-
star ratings for Pharmaton and Supradyn confirm the impact of color and visual strategies on
perception, while Orzax and Solgar’s more niche user bases indicate the limited effect of their
communication and accessibility strategies. These findings show that “energy and trust myths,”
created through color, movement, and iconography, directly influence consumer perception and
can enhance the effectiveness of brand marketing strategies. Theoretically, this study makes
significant contributions to understanding the relationship between semiotic analysis and
consumer perception. While previous studies [7,18] have examined the layers of meaning in
advertisements within cultural and social contexts, an analysis at this level has not been conducted
specifically for vitamin brands. By integrating semiotic analysis with consumer evaluations, this
study concretely demonstrates both the production of mythical meanings and their impact on user
perception, thereby offering a unique contribution to both semiotic theory and consumer
perception literature. For future research, similar semiotic analyses could be conducted across a
broader range of products and industries to better understand how cultural codes operate in
different product categories. Additionally, a deeper analysis of social media interactions and user
comments could evaluate the impact of digital marketing strategies on consumer perception.
Finally, experimental studies could be designed to measure the psychological effects of color and
visual strategies on consumer perception and brand loyalty.

In conclusion, this study provides significant theoretical and academic insights: advertisements
shape consumer perception not only as a tool for product promotion but also as part of a cultural
and social meaning-making process. Barthes’ semiotic model offers a powerful tool for analyzing
these layers of meaning and demonstrates the link between marketing and cultural meaning
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production with concrete evidence. Within this framework, the findings from multivitamin
advertisements offer new insights for the semiotic research tradition and guide future academic
investigations.
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This study examines the economic impact of earthquakes through a comparative
analysis of eight major seismic events. The research evaluates both direct
damages—such as the destruction of housing and infrastructure—and indirect
consequences, including business interruption, supply chain disruption, and GDP
contraction. Total losses per event ranged from US$8 billion (Haiti 2010) to
US$510 billion (Japan 2011), with the ratio of indirect to direct losses spanning
0.42-0.60, underscoring the systemic economic consequences beyond physical
destruction. Losses as a share of GDP varied dramatically, from 3% in China to
120% in Haiti, highlighting structural vulnerability in lower-income economies.
On average, housing (35%) and infrastructure (25%) comprised the bulk of direct
losses, while business interruption (20%), transport/logistics disruptions (12%),
and spoilage (5%) accounted for other costs. High-income economies experienced
elevated indirect losses due to supply chain interdependence, while low-income
countries faced disproportionate economic scarring from service delays and
governance gaps. These different vulnerability profiles demonstrate that post-
disaster economic impacts stem not only from the magnitude of damage but also
from the organizational structure of economic systems and the level of
institutional capacity. Therefore, the need for more comprehensive loss
accounting frameworks and integrated resilience planning that prioritize both
structural safety and economic continuity is of critical importance. Earthquakes
function as macroeconomic shocks whose true costs extend far beyond immediate
physical destruction, particularly in a globalized economy.

© 2025 MIM Research Group. All rights reserved

1. Introduction

Earthquakes are not only considered disasters that cause widespread loss of life and
serious physical destruction, but also complex socio-economic events that create deep and
long-term disruptions in economic systems at local, national, and even global levels. The
economic consequences of seismic disasters have a multidimensional structure and
encompass both direct and indirect economic losses.

Direct economic losses are mostly related to physical damage occurring during or
immediately after an earthquake. This damage includes the destruction of housing stock,
commercial and industrial buildings, critical infrastructure networks (transportation,
energy, communications, etc.), and public service facilities. Such losses can generally be
expressed in measurable monetary terms, such as insurance claims, reconstruction costs,
and emergency response expenditures.
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In contrast, indirect economic losses consist of more complex and often difficult-to-
measure effects, seriously disrupting the continuity of economic activity in the post-
disaster period. The cessation of production activities, disruptions in supply chains and
logistics networks, bottlenecks in transportation corridors, and high losses, particularly in
perishable products such as food, are the main components of these losses. Furthermore,
these effects are not limited to regional economies but can also affect global trade flows
and price balances.

Although it is known that indirect economic effects play a decisive role in long-term socio-
economic stability, these effects have often been insufficiently considered, and in some
cases completely ignored, in disaster risk management, economic assessment, and
recovery planning processes. This situation reduces the effectiveness of the post-disaster
recovery process and can lead decision-makers to act on incomplete or misleading
information in resource allocation and policy development processes.

Over the last four decades, the economic toll of earthquakes has surged dramatically, with
total losses from all natural disasters—earthquakes being a major contributor—tripling
since the 1980s [1]. The 20th century alone witnessed 1,248 major earthquakes,
collectively causing over US$1 trillion in damages when adjusted for inflation [2]. Recent
high-profile disasters illustrate the gravity of this trend: the 2011 Great East-Japan
earthquake and tsunami resulted in just direct losses of approximately US$360 billion,
making it the most expensive natural disaster on record [3]. Similarly, the 2008 Sichuan
earthquake in China caused direct economic damage of around US$130 billion [4], while
the 2015 Nepal earthquake incurred losses equivalent to nearly 50% of the nation's GDP
[5]. In the United States, annualized earthquake damage is estimated at US$14.7 billion [6].

The global economic implications of these events are particularly pronounced in urban
settings, where the concentration of infrastructure, housing, and industry multiplies
vulnerability. Disasters that strike densely populated and economically integrated regions
(such as Tokyo, Istanbul, or Los Angeles) not only result in overwhelming property losses
but also disrupt national and international supply chains, delay exports, and halt
manufacturing operations. These ripple effects can depress GDP, reduce employment, and
increase inflation through elevated transport and goods costs, as shown in post-disaster
Japan [2, 7].

Yet, current economic impact assessments tend to privilege direct physical damage over
more complex, harder-to-measure indirect effects. While quantifying collapsed buildings
is straightforward, evaluating how long a port closure affects automotive exports or how
power outages lead to perishable goods spoilage requires more advanced modeling
frameworks, such as Computable General Equilibrium (CGE) models, Input-Output (I0)
simulations, or Synthetic Control Methods [8-12]. These tools have proven essential in
exposing the full scale of post-earthquake economic disruption.

This paper aims to provide a comprehensive and comparative assessment of the direct and
indirect economic losses resulting from large-scale earthquakes occurring worldwide. The
research is based on case studies selected from different geographical regions and various
economic structures, thereby enabling it to highlight the differences in the effects of
seismic disasters between developed and developing countries. The analysis examines not
only direct damage to physical assets such as housing and infrastructure, but also indirect
effects on the functioning of the economic system, such as disruption of transportation
networks, disruption of business continuity, and disruptions in production and supply
chains.
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In this context, the study addresses the macroeconomic, industrial, and infrastructural
dimensions of seismic disasters in a multifaceted manner, assessing their effects on both
short-term economic contractions and long-term development processes. The findings
emphasize that disaster preparedness plans, policy interventions, and resilient urban
planning approaches must take into account not only visible physical destruction but also
the invisible economic disruptions that emerge after an earthquake, which are often
difficult to measure. Thus, the study aims to contribute to the development of a holistic and
system-based assessment framework for disaster risk management.

The paper ultimately seeks to understand the patterns of direct and indirect economic
losses resulting from major earthquakes. It aims to improve awareness for quantifying
indirect costs, with a particular focus on disruptions in manufacturing, logistics, and the
supply of perishable goods. Furthermore, the study utilizes comparative case studies to
identify vulnerabilities and capacities within diverse economies, specifically contrasting
developing and developed nations. By addressing these fundamental points, the research
aims to contribute to the development of the interdisciplinary field of disaster economics
and to provide actionable recommendations for various stakeholders. The outputs will
guide policymakers in developing pre-disaster preparedness and post-disaster recovery
strategies, urban planners in designing resilient cities, the insurance sector in properly
managing risk, and global supply chain strategists in creating plans to mitigate the effects
of disruptions.

2. Literature Review

The economic assessment of earthquake impacts has evolved considerably over the past
several decades, shaped by growing access to empirical data, the refinement of economic
modeling techniques, and a deepening awareness of the multifaceted nature of disaster-
induced losses. While early studies primarily focused on direct damages (the measurable
costs associated with destroyed assets, collapsed infrastructure, and emergency relief
efforts) recent literature has expanded to address the indirect and systemic economic
consequences that persist long after the seismic event has subsided. This section provides
a critical overview of the major strands of research, the methodologies used in estimating
economic losses, and the identified gaps in existing approaches.

2.1 Direct Economic Losses: Scope and Estimation

Direct economic losses from earthquakes are typically the easiest to observe and quantify.
These include the destruction of housing stock, commercial buildings, transportation
infrastructure, energy systems, and public facilities such as hospitals and schools.
Methodologically, these losses are often assessed using engineering-based damage models,
Geographic Information Systems (GIS), and scenario-based simulations such as FEMA’s
HAZUS-MH (Hazards U.S. Multi-Hazard), which has been widely used in the United States
for estimating probable physical and financial losses from future earthquakes [6]. HAZUS
integrates ground motion modeling with building inventory data and fragility curves to
project structural and economic damage at the city or regional scale.

Numerous empirical studies have reinforced the dominant role of housing and
infrastructure in the direct economic footprint of earthquakes. For instance, it is reported
thatin the 2008 Sichuan earthquake, housing accounted for over half of the estimated ¥845
billion in losses (~US$130 billion) [4]. Similarly, the Earthquake Commission of New
Zealand estimated that residential property losses during the 2010-11 Canterbury
earthquake sequence reached approximately NZ$9 billion, out of a total NZ$15 billion in
overall damages [13]. These examples underscore the disproportionate burden borne by
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the built environment and the critical importance of building standards and retrofitting
policies in reducing vulnerability.

2.2 Indirect Losses: Business Interruption, Supply Chains, and Macroeconomic Effects

Direct economic losses are usually observable immediately after a disaster and can be
measured in the short term, while indirect economic losses generally emerge over a longer
period of time and affect a much broader segment of the economy. Such losses are not
limited to the area where the damage occurred; they encompass multidimensional
processes such as the cessation or disruption of production activities, the temporary or
permanent displacement of the workforce, the knock-on effects of delays in transportation
and logistics networks, and, in particular, the loss of perishable goods with a short shelf life
or those requiring a cold chain. According to Botzen et al., indirect effects can, in some
cases, surpass direct damages in monetary terms, particularly when supply chain networks
are tightly integrated or geographically concentrated [14].

Empirical evidence increasingly supports this assertion. In the aftermath of the 2011 Great
EastJapan Earthquake, Tokui et al. documented widespread industrial slowdowns not only
in the directly affected Tohoku region but also in peripheral zones hundreds of kilometers
away [7]. Disruptions to automotive and electronics supply chains caused temporary
production halts in companies such as Toyota and Sony, revealing the systemic fragility of
just-in-time manufacturing models. A study by the European Bank for Reconstruction and
Development (EBRD) employing synthetic control methods estimated that the real GDP of
Japan declined by 0.43 percentage points due to earthquake-induced disruptions, a figure
notably higher than the regional share of output directly affected by the disaster. These
findings align with broader evidence indicating that even five years post-quake, countries
impacted by major seismic events experienced export volumes approximately 16% below
counterfactual levels [2].

Similar dynamics have been observed in other regions. In Chile, the 2010 Maule earthquake
disrupted ports and highways critical to the country’s wine and fruit export sectors, leading
to both direct product losses and reputational damage in international markets [15].
Meanwhile, in the 1999 Marmara earthquake in Turkey, damage to transport
infrastructure and industrial zones in the economically vital Marmara region caused
cascading effects across national production chains [16]. Yet, despite this growing body of
evidence, indirect losses remain significantly underrepresented in disaster loss databases
and insurance assessments, highlighting a persistent methodological and institutional
blind spot.

2.3 Modeling Frameworks: From 10 Tables to CGE and Econometrics

The estimation of indirect earthquake impacts requires sophisticated modeling techniques
capable of capturing intersectoral linkages, substitution effects, and feedback loops.
Several approaches have been developed for this purpose:

Input-Output (IO) models, based on the Leontief framework, offer a relatively
straightforward way to quantify how disruptions in one sector affect others through
backward and forward linkages. However, these models are inherently static and lack price
dynamics, making them less suitable for capturing long-term or behavioral responses [14].

Computable General Equilibrium (CGE) models address these limitations by incorporating
substitution effects, resource reallocation, and price adjustments. For example, the Shifang
County study by Shi et al. employed a spatial CGE framework to simulate a hypothetical
earthquake scenario, estimating a total of over US$8 billion in supply-side losses and
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demonstrating the resilience of economic systems through intra-regional adjustments
[17].

Synthetic Control Methods, drawn from econometrics, use counterfactual comparison to
estimate what a region’s GDP or export levels would have been in the absence of an
earthquake. This technique has been employed to great effect in quantifying long-term
macroeconomic effects of earthquakes across multiple countries and time periods [2, 12,
18].

Each of these models brings distinct strengths and limitations. IO models excel in short-
term, sector-specific disruption analysis, CGE models offer dynamic and policy-relevant
simulations, and Synthetic Controls provide empirical validation across broader economic
aggregates. The current trend in the literature suggests that hybrid approaches combining
these tools may provide the most comprehensive assessments.

2.4 Research Gaps and Critical Perspectives

Despite advances in modeling and empirical analysis, several critical gaps persist in the
literature on earthquake economics. First, while direct damages are generally well-
documented, comprehensive and standardized assessments of indirect losses remain rare,
particularly in low- and middle-income countries. This is due in part to data limitations,
but also to the inherent complexity of tracing economic disruptions that often diffuse
across time and geography. Many national disaster databases either exclude or
inconsistently record secondary effects such as lost productivity, tourism decline, or
perishables spoilage—despite their recognized impact on national GDP and livelihoods.
This situation often leads to the true extent of indirect losses being systematically
underreported and policymakers failing to adequately consider these effects in their risk
management strategies. Furthermore, the lack of comparative international data makes it
difficult to clearly analyze differences in economic vulnerability and resilience between
countries.

Second, sector-specific losses (especially in logistics, agriculture, and services) have
received insufficient attention. Most studies aggregate losses at the macroeconomic level
or focus on manufacturing and housing, neglecting the nuanced vulnerabilities of sectors
that depend on cold chains, just-in-time inventory systems, or informal labor. For instance,
while food spoilage due to power outages or blocked transport routes has been reported
in post-earthquake Chile and Japan, no standardized methodology exists for quantifying
such losses [7, 19]. These shortcomings can lead to misallocation of resources, overlooking
priority areas for intervention, and increased costs in the post-disaster recovery process.

Third, there is a lack of longitudinal analysis exploring how earthquake-induced economic
shocks evolve over time. Recovery trajectories, productivity rebounds, and reconstruction-
driven growth (often referred to as the “build back better” effect) are inconsistently
modeled, leading to conflicting interpretations about whether earthquakes merely
displace growth or cause permanent economic scars. Moreover, while some studies have
shown a post-disaster boost in GDP due to infrastructure investment others argue that
such effects are often overstated and benefit only certain economic strata or urban centers
[8].

Finally, cross-country comparative studies remain limited, particularly those that adjust
for institutional quality, resilience capacity, or disaster preparedness. Developing
countries tend to experience higher relative losses, not only because of weaker
infrastructure but also due to inadequate social safety nets, slower response mechanisms,
and limited access to international insurance markets [2, 20, 21]. However, most global
loss estimates fail to adjust for these variables, limiting the generalizability of findings.
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While the literature on earthquake-induced economic losses has matured considerably,
important conceptual, empirical, and methodological deficiencies remain. Future research
must prioritize multidimensional loss accounting, sectoral disaggregation, and
standardized methodologies that allow for global comparability. This approach aims to
reveal the full extent of losses by measuring not only physical damage but also the ripple
effects across sectors such as manufacturing, services, agriculture, logistics, and others.
Furthermore, basing data collection, classification, and analysis processes on a common
methodology will enhance the reliability of scientific studies and the feasibility of policy
recommendations, enabling comparisons between countries. A more granular and
integrated approach, spanning engineering, economics, and social science, will be essential
to capturing the true economic burden of earthquakes and informing more equitable and
resilient recovery strategies.

3. Methodology

The methodological framework for assessing the economic impact of earthquakes must
reflect the multifaceted and often nonlinear ways in which seismic events disrupt
economic activity. Unlike narrowly defined physical damage assessments, the economic
effects of earthquakes span both visible and latent dimensions—including physical asset
losses, sectoral production shocks, transportation bottlenecks, and cascading supply chain
failures. In this study, a comparative case study approach is employed, integrating
qualitative insights with quantitative estimations to analyze the economic impact of major
earthquakes across a range of geographical, temporal, and developmental contexts. The
methodological design is structured to incorporate both direct and indirect losses, drawing
from multiple data sources and modeling strategies to provide a holistic and globally
relevant perspective.

3.1 Case Selection and Comparative Framework

The selection of earthquake case studies is purposive, designed to capture a diversity of
contexts in terms of economic structure, governance capacity, and exposure to seismic risk.
The study focuses on eight major earthquakes occurring between 1995 and 2023,
including events in both high-income countries (e.g., Japan, New Zealand) and lower-
income economies (e.g., Nepal, Haiti). Criteria for selection include: (i) the availability of
disaggregated economic data on direct and indirect losses, (ii) the representativeness of
the event in terms of global seismicity, and (iii) its relevance to policy and scholarly
discourse on economic resilience. The events are analyzed comparatively along
dimensions such as total monetary loss, loss as a percentage of GDP, estimated recovery
time, and distribution of damage across economic sectors.

3.2 Definitional and Analytical Framework

To ensure conceptual clarity, the study distinguishes between direct economic losses and
indirect economic losses, following standard definitions from the United Nations Office for
Disaster Risk Reduction (UNDRR) and the World Bank [22]. Direct losses are defined as the
measurable monetary value of physical damage to assets such as buildings, roads, utilities,
and industrial facilities. These are typically one-time, spatially concentrated losses that can
be documented through structural assessments and engineering surveys. Indirect losses
refer to the secondary and tertiary economic disruptions caused by the earthquake,
including but not limited to lost income, decreased productivity, business interruption,
elevated transportation costs, spoilage of perishable goods, and long-term effects on
investment and trade. These losses are often distributed across time and space, and require
modeling approaches to estimate. Both types of losses are considered essential for
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capturing the full economic footprint of each event. Where available, monetary values are
reported in inflation-adjusted U.S. dollars to facilitate comparability.

3.3 Data Sources

The study synthesizes data from multiple sources to ensure robustness and triangulation.
These include:

e Official reports from national disaster agencies (e.g., FEMA, AFAD, EQC, NDMA) and
international organizations (e.g., EM-DAT, GFDRR, World Bank, UNDP)

e Peer-reviewed academic studies analyzing specific events or employing relevant
modeling techniques

e Media and news archives, particularly for estimates of sectoral and short-term
losses

e Scholarly databases such as ScienceDirect, Scopus, etc, for empirical and
methodological literature

e Open-source encyclopedic platforms (e.g., Wikipedia), used cautiously and only for
cross-verifying baseline event data (e.g., magnitude, location, affected population)

The synthesis of these heterogeneous sources allows for a multi-layered understanding of
how earthquake losses are recorded, modeled, and interpreted across different
institutional and national contexts.

3.4 Assumptions and Limitations

Like any interdisciplinary disaster economics study, this methodology is constrained by
several assumptions and inherent limitations:

Data incompleteness and inconsistency: National and sectoral loss data vary significantly
in availability and precision, especially for indirect effects. In some cases, figures are
extrapolated from partial assessments or third-party estimates, introducing potential bias.

Cross-context comparability: Although monetary standardization is applied, institutional,
cultural, and economic differences among case countries may affect the comparability of
disaster response and loss accounting.

Model dependency: For indirect losses, reliance on CGE, 10, or econometric estimates
means that findings are subject to model assumptions (such as elasticity values,
substitution effects, or production function structures) that may not hold across all
contexts.

Temporal variation: The impacts of earthquakes evolve over time, and many studies
provide only snapshots (e.g., 6 months or 1 year post-disaster). This study captures mid-
range effects (1-5 years), but not the full long-term trajectory of economic recovery or
decline.

Sectoral aggregation: While every effort is made to disaggregate data, some sector-specific
losses (e.g., informal labor markets, micro-enterprises) are not available in a quantifiable
format and are discussed qualitatively.

Nonetheless, these limitations are mitigated by the triangulation of diverse data sources
and the transparency of methodological choices. Rather than offering a deterministic
model of earthquake economics, this study aims to illuminate the complex, interconnected
pathways through which earthquakes affect economies, highlighting patterns and
vulnerabilities that are often masked in single-event or single-country analyses.
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4. Case Study Summaries

To elucidate the real-world economic implications of earthquakes, this section presents a
set of comparative case studies focusing on eight major seismic events that occurred
between 1995 and 2015. These cases were selected not only for their geographic and
economic diversity but also for the availability of disaggregated data on both direct and
indirect losses. The objective is to identify recurring patterns, sectoral vulnerabilities, and
variations in economic impact across different national contexts. Each case study
synthesizes damage assessments, sectoral losses, and macroeconomic consequences
within a standardized framework, allowing for meaningful cross-case comparison.
Emphasis is placed on housing and infrastructure damage, business and supply chain
disruption, GDP impact, and recovery timelines.

4.1 The Great East Japan Earthquake (2011)

The magnitude 9.1 The Great East Japan Earthquake, followed by a massive tsunami, stands
as the costliest natural disaster in recorded history, with total direct economic damages
estimated at US$360 billion (adjusted for year 2023) [3, 23]. Direct damages were
immense, including the destruction of over 120,000 buildings, substantial damage to
critical infrastructure (including roads, ports, and the Fukushima Daiichi nuclear power
plant) and widespread disruption of energy and water supply systems. Indirect losses were
equally devastating: rolling blackouts, transport delays, and disruptions to automotive and
electronics supply chains significantly impaired Japan’s industrial output [7]. Estimates
suggest that indirect economic losses reached US$150 billion, and the national GDP
declined by approximately 0.43 percentage points in the fiscal year following the disaster
[2]. Recovery and reconstruction efforts spanned over a decade, with significant financial
stimulus allocated through the Reconstruction Agency of Japan.

4.2 Sichuan Earthquake, China (2008)

With an epicenter in Sichuan province, the earthquake caused direct economic losses of
¥845 billion (~US$130 billion), with more than 4.8 million people left homeless and
widespread destruction of educational, health, and transportation infrastructure [4].
Housing damage accounted for the majority of the loss, with entire urban districts reduced
to rubble. Indirect economic consequences included agricultural losses, export disruptions,
and diminished industrial output in Sichuan's manufacturing hubs. Although detailed
econometric evaluations are scarce, Food and Agriculture Organization (FAO) estimates
put agricultural damage alone at over US$6 billion [24]. The Chinese government launched
a multi-year, trillion-yuan reconstruction plan, partially offsetting longer-term
macroeconomic shocks.

4.3 Canterbury Earthquake Sequence, New Zealand (2010-2011)

The series of earthquakes that struck Christchurch and its surrounding areas—most
notably the February 2011 event—resulted in US$40 billion in total damages, with NZ$9
billion attributed to residential property losses alone [13]. Despite New Zealand’s high
level of disaster preparedness, significant disruption occurred in the Central Business
District (CBD), which was cordoned off for months due to building collapse and
infrastructure failure. Business interruption claims surged, and indirect losses—though
difficult to quantify precisely, were estimated in the range of US$15-20 billion,
encompassing tourism decline, service sector shutdowns, and reconstruction delays.
Insurance penetration was high, which accelerated economic recovery but revealed new
vulnerabilities in the financial underwriting of seismic risk.
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4.4 Gorkha Earthquake, Nepal (2015)

The Gorkha earthquake had devastating consequences for Nepal, a low-income country
with limited infrastructure resilience. Total damages were estimated at US$10 billion,
equivalent to nearly 50% of the country’s GDP [5]. Housing destruction was severe, with
more than 500,000 homes either destroyed or damaged, particularly in remote and rural
areas. Infrastructure failures hampered emergency relief and post-quake reconstruction.
Indirect losses included a collapse in tourism revenues, delays in agricultural exports, and
food spoilage due to blocked roads and power outages. The lack of diversified income
sources and high reliance on foreign aid further prolonged the recovery process,
highlighting the asymmetric burden borne by vulnerable economies.

4.5 Haiti Earthquake (2010)

The magnitude 7.0 earthquake that struck Haiti’s capital region resulted in an estimated
US$8.5 billion in damages, including the collapse of 250,000 residences and widespread
destruction of government buildings and public services [16, 18, 25]. Indirect economic
losses were difficult to quantify, due in part to the country’s large informal sector and the
destruction of baseline statistical infrastructure. Nevertheless, disruptions to food supply
chains, imports via the damaged Port-au-Prince, and widespread displacement likely
added billions in indirect economic costs. International assistance temporarily filled some
economic voids, but chronic underdevelopment and political instability hindered long-
term recovery, leading many to characterize the economic impact as permanently
regressive.

4.6 Maule Earthquake, Chile (2010)

The Maule earthquake, registering a magnitude of 8.8, struck central Chile and caused
economic damages exceeding US$30 billion, representing around 18% of the national GDP
[15, 16, 26]. While the event occurred in a seismically prepared and economically middle-
income country, the high intensity and widespread reach of the earthquake overwhelmed
even Chile’s relatively robust building codes. Direct damage included the collapse of over
370,000 homes and serious impairment to ports and road infrastructure, particularly in
regions critical to Chile’s wine and fruit export industries. Perishable spoilage from export
delays and the temporary shutdown of cold storage and logistics hubs resulted in
substantial, though poorly quantified, indirect agricultural losses. These disruptions
highlighted the sensitivity of globally integrated supply chains to infrastructure
vulnerability.

4.7 Marmara Earthquake, Turkey (1999)

Striking the industrial heartland of Turkey, the 1999 Marmara earthquake caused US$17.1
billion in direct damages and claimed over 17,000 lives. Much of the loss was concentrated
in housing and urban infrastructure, with widespread destruction in the cities of Izmit,
Adapazari, and parts of Istanbul. Indirect losses were severe due to the disruption of the
Gebze and Kocaeli industrial zones, where automotive, textile, and manufacturing plants
were temporarily shut down. Transport networks were also heavily affected, with damage
to highways and bridges impeding relief and commercial flows. While comprehensive CGE
or 10 modeling of indirect losses has not been published for this event, post-quake
economic indicators suggest output in key sectors contracted sharply, and recovery
required years of financial intervention and international lending [2, 16].

4.8 Kashmir Earthquake, Pakistan (2005)

The 2005 Kashmir earthquake, though smaller in absolute economic terms, had
catastrophic human and fiscal impacts in Pakistan’s Azad Kashmir and Khyber
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Pakhtunkhwa regions. Estimated losses totaled US$5.2 billion, equivalent to roughly 5% of
Pakistan’s GDP [27]. The region’s rugged terrain and limited infrastructure exacerbated
access problems and emergency response times, inflating the economic impact. Direct
damages included widespread housing collapse, school and hospital destruction, and road
failures. Indirect effects included labor displacement, reduced agricultural productivity,
and long-term educational discontinuity due to school closures. The humanitarian nature
of the crisis attracted international aid, but systemic vulnerabilities and administrative
delays undermined efficient reconstruction.

4.9 Comparisons and Insights

The comparative review of these eight case studies is listed in Table 1 and 2. Please, note
that the "Economic Loss (% of GDP)" column in Table 1 includes direct and indirect losses
combined and sources given in Table 1 are valid for Table 2, as well. Values given in both
tables illustrates a number of important patterns. First, the magnitude of an earthquake
does not alone determine its economic impact; rather, the structural vulnerabilities,
economic integration, and resilience capacity of the affected region play a critical role.
Countries with pre-existing economic fragility, such as Haiti or Nepal, tend to suffer
disproportionately in relative GDP terms, whereas highly industrialized nations, like Japan
or New Zealand, may incur higher absolute losses but often exhibit more rapid recoveries
due to insurance penetration and institutional capacity.

Second, across nearly all cases, housing and infrastructure consistently emerge as the
largest components of direct damage, while indirect losses, particularly related to business
interruption, supply chains, and perishables, are both substantial and underreported.
Where CGE or I0 models are applied, such as in Japan and New Zealand, indirect losses
frequently rival or exceed physical damages, indicating the need for more systematic
incorporation of these elements in economic loss assessments.

Third, the tables show that sectoral dependence matters. Countries with economies heavily
reliant on tourism, agriculture, or manufacturing exhibit particularly acute vulnerabilities.
For example, Nepal’s post-earthquake GDP contraction was driven not only by physical
damage but also by plummeting tourism and remittance flows. Chile’s and Japan’s export
sectors similarly faced multi-billion dollar losses due to port closures and logistics
breakdowns, suggesting that economic globalization can amplify the reach of local
disasters. These insights underscore the need for a holistic and sector-sensitive approach
to earthquake economic impact assessment—one that considers not only the collapse of
buildings but the complex socioeconomic systems they support.

5. Results & Analysis

The comparative evaluation of eight major earthquake events reveals a complex interplay
between direct structural damages, indirect economic disruptions, and the broader
macroeconomic resilience of affected regions. By analyzing both numerical data and
contextual features across case studies, several critical themes emerge regarding the scale,
composition, and distribution of earthquake-induced economic losses. These findings
deepen our understanding of how seismic events shape not only the physical landscape but
also the economic trajectories of nations and communities.
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Table 1. Estimated economic impacts of major earthquakes (direct losses)

Earthauake Direct Loss Housin Economic
(quar) Country Mag. (USD, Dama § Infrastructure Damage Deaths Injured/Homeless Loss Sources
Billion) & (% of GDP)
Severe; over Extensive: ports,
Toheku Japan 9.1 360 120,000 buildings  power plants, roads, 19,759 450,000 ~6% 3,7,
(2011) . homeless 23]
destroyed nuclear disaster
Sichuan . ~5 million Roads, rail, dams . [4, 24
) ) ) ~ ~ 0 ) )
(2008) China 7.9 130 homeless schools 87,000 ~375,000 injured 3% 28]
Christchurch  New Major in CBD and Infrastructure and 0
(2011) Zealand -2 40 residential areas water systems 185 50,000 homeless 8% [13,29]
Gorkha Over 500,000 Roads, bridges, public ~3 million 0 [5, 29,
(2015) Nepal 78 10 houses destroyed services 9,000 affected 2 30]
Haiti . Collapsed 250,000 Government buildings, 1.5 million 1900 [18, 23,
(2010) Haiti 7 8.5 residences roads, port 230,000 homeless 120% 25]
Izmit/Kocaeli Widespread Infrastructure, bridges, ~250,000 0 [2, 16,
(1999) Turkey 7.4 171 residential collapse industrial areas 17,000 displaced 7% 29]
Maule ) >500,000 houses Power grid, highways, - 0 [15, 26,
(2010) Chile 8.8 30 damaged ports 525 >2 million affected 18% 29]
Kashmir . Over 400,000 Schools, hospitals, 3.5 million 0
(2005) Pakistan 7.6 5.2 houses roads 86,000 homeless 5% [27,29]
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Table 2. Estimated indirect economic impacts and disruptions

Indirect
Earthquake Loss . . . . . Perishable Goods Notable Supply
(Year) (USD, Business Interruption Transport Disruption = Manufacturing Halt Spoilage Chain Effects
Billion)
Tohoku 150 National-scale outages, Ports & roads Toyota, Sony, etc.  Food, pharma losses in agg}ﬁtgﬁgﬁc s
(2011) auto and electronics unusable halted production cold chains
shortages
Sichuan ~65 Regional factories, Mountainous roads Local mining & Large agricultural China’s cement
(2008) agriculture exports collapsed construction paused losses (FAO) industry delayed
Christchurch 15-20 Downtown closed for Minor but persistent Local retail and service Low. mostly local CBD inactivity affected
(2011) months detours sectors halted ’ y tourism & insurance
Nepal -6 Tourism, trekking Rural access roads Handicraft and exports Food, aid spoilage in Remittances hit, aid
(2015) halted blocked delayed warehouses logistics delayed
Haiti -5 Almost total commerce Port collapsed; Informal sector lost Cold storage failure for = Relied heavily on
(2010) halt in capital imports delayed income aid & food external food imports
Izmit/Kocaeli -8 Industrial downtime in Rail and road network Major industry (Ford, Not well documented Long-term reduction
(1999) Marmara Region blocked Argelik) halted in exports from region
Maule ~10-15 Ports closed; wine ~ Major roads and ports Food processing plants = Wine, fruit exports  Losses in agro-export
(2010) industry losses disrupted stopped delayed/spoiled value chains
Kashmir 2.3 Remote villages Landslides, blocked Minimal industr Local food losses in (?elia:g ll;ec;)glceerg;
(2005) isolated roads y mountains yissu}és
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5.1 Distribution of Losses: Direct vs. Indirect

A key finding from the case analysis is the consistent dominance of housing and
infrastructure losses in the direct damage category, typically comprising 50-70% of total
direct losses. For instance, in the 2008 Sichuan earthquake, housing alone accounted for
over half of the ¥845 billion in total losses [4] while in New Zealand’s Canterbury
earthquakes, residential property losses reached NZ$9 billion out of NZ$15 billion in total
damages [13]. This pattern highlights the concentration of economic value in built
environments and the heightened exposure of residential areas in seismic zones.

However, the data also indicate that indirect losses—particularly those associated with
business interruption, supply chain breakdowns, and logistics failures can rival direct
physical damage. In Japan’s 2011 Tohoku earthquake, indirect losses stemming from
power outages, factory shutdowns, and disrupted global supply chains were estimated at
approximately US$150 billion, almost half the total economic cost [2, 7]. Similarly, indirect
effects in Chile’s 2010 Maule earthquake, though less well quantified, were substantial in
sectors like agriculture and export logistics, where shipping delays and spoilage disrupted
revenue streams for weeks.

This evidence supports the growing consensus in the literature that disaster loss
accounting systems underestimate the full economic impact when indirect effects are
excluded [14]. Particularly in industrialized economies with complex supply chains and
service-driven sectors, indirect economic consequences are magnified by
interdependencies across infrastructure networks and just-in-time production systems.

5.2 Economic Resilience and Recovery Dynamics

Another important finding concerns the variation in recovery speed and resilience across
countries. High-income nations with robust institutional frameworks, insurance markets,
and financial capacity (such as Japan and New Zealand) demonstrated relatively faster
economic rebounds. In contrast, low-income countries like Nepal and Haiti faced
prolonged reconstruction periods, dependency on external aid, and slow economic
recovery, even years after the disaster.

For example, New Zealand’s high insurance penetration facilitated capital inflows and
rebuilding after the Canterbury earthquake, cushioning macroeconomic impacts despite
the disaster’s large cost relative to GDP [21]. Conversely, in Nepal, where losses reached
nearly 50% of GDP, the recovery was hampered by administrative bottlenecks and limited
domestic financing options [5]. Haiti’s situation was even more severe; with economic
losses exceeding 100% of GDP, the country became reliant on external donor financing,
and the rebuilding process was mired in governance challenges and political instability.

These contrasting experiences underscore the importance of pre-existing institutional
capacity, financial instruments, and governance quality in shaping the economic aftermath
of earthquakes. Countries with integrated disaster risk financing strategies and efficient
administrative structures tend to absorb and distribute losses more equitably and rapidly.
Furthermore, strong institutional structures and financial mechanisms not only accelerate
post-disaster recovery but also contribute to maintaining long-term economic stability.
Conversely, in countries lacking such mechanisms, disasters can deepen economic
vulnerabilities, leading to permanent setbacks in the development process.

5.3 Sectoral Sensitivities and the Role of Global Integration

The results also highlight the differential vulnerability of economic sectors to seismic
shocks. Manufacturing and heavy industry often suffer immediate output losses due to
damage to production facilities and logistical networks. However, sectors such as tourism,
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agriculture, and retail (especially those reliant on seasonal flows and perishables) face
unique vulnerabilities that are frequently overlooked in aggregate economic assessments.

In Nepal, the tourism sector, a key source of foreign exchange and employment, collapsed
following the 2015 earthquake, contributing to a steep decline in GDP and household
income [31]. In Chile, blocked transport routes and port closures led to fruit and wine
spoilage, resulting in temporary export shortfalls. Similarly, in Japan, the disruption of
semiconductor and automotive parts supply chains echoed globally, temporarily halting
production lines as far afield as the United States and Germany [7].

These findings point to the increasingly globalized nature of disaster impacts. In a world
where supply chains span continents and industries rely on tightly scheduled deliveries,
localized seismic events can generate transnational economic ripple effects. This further
complicates post-disaster recovery, as firms must manage not only local reconstruction but
also upstream and downstream coordination failures. Particularly in sectors integrated
into the global value chain, such as high technology, automotive, and food, such disruptions
make it difficult to quickly restore production capacity and increase costs. Furthermore,
these disruptions in international trade flows directly affect not only the country where
the disaster occurred but also other countries that are economically dependent on it.

5.4 GDP Impact and Long-Term Economic Scarring

A final dimension of analysis concerns the macroeconomic consequences of major
earthquakes. As shown in the case studies, GDP losses vary significantly in both absolute
and relative terms. Japan’s Tohoku disaster caused a 0.43 percentage point decline in GDP
growth in 2011 [2], a significant macroeconomic event in a high-income country. In
contrast, the same magnitude of loss in a country like Haiti (estimated at over 100% of
GDP) represented a near-complete erasure of annual economic output, with long-term
effects on investment, employment, and public finances.

While some studies suggest that reconstruction efforts may produce a short-term GDP
boost, this so-called “build back better” phenomenon is often overstated. Many
reconstruction programs are constrained by absorptive capacity, lead to inefficient
allocation of resources, or create dependency on donor funds. Furthermore, temporary
growth may mask underlying structural damage, especially in labor markets and informal
economies. Thus, while macroeconomic statistics may eventually return to pre-disaster
levels, the distributional and sectoral scars often persist much longer. For this reason, in
post-earthquake economic recovery assessments, it is crucial to consider the lasting effects
on different sectors of the economy rather than focusing solely on growth figures.

5.5 Theoretical Interpretation and Implications

The empirical findings from the case studies resonate strongly with insights from disaster
economics and system resilience theory. In particular, the “cascading failure” model—
where damage in one subsystem (e.g., transport infrastructure) triggers failures in others
(e.g., production, logistics, service delivery)—is repeatedly borne out in the observed
dynamics of post-earthquake economies [32]. The extent to which these cascades lead to
systemic breakdown or are absorbed and redirected depends on the structural flexibility
and redundancy of the affected system.

For example, the ability of firms to reallocate production, source inputs from alternative
suppliers, or switch to substitute goods and services determines the overall scale of
indirect losses. This underscores the value of economic diversification and supply chain
redundancy as resilience strategies. In regions with high dependence on a single sector or
supplier chain, earthquakes tend to cause more sustained economic contractions.
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Conversely, economies that exhibit high degrees of adaptive capacity, supported by
efficient institutions, flexible labor markets, and robust monetary frameworks, are better
positioned to recover.

These findings also lend empirical support to the use of Computable General Equilibrium
(CGE) models in disaster planning, which emphasize substitution effects and market
dynamics rather than linear propagation of losses assumed in traditional input-output
models [8]. The ability of CGE frameworks to simulate behavioral responses, such as shifts
in consumer spending or government investment, provides a more nuanced view of post-
disaster recovery paths, particularly when combined with empirical calibration using case
study data.

Finally, the variation across countries in terms of loss-to-GDP ratios, recovery timelines,
and indirect loss magnitudes highlights the need for context-sensitive disaster policy
frameworks. One-size-fits-all approaches fail to account for local economic structures,
governance regimes, and social vulnerability profiles. The evidence suggests that countries
must design tailored risk mitigation strategies, combining retrofitting and zoning policies
with economic instruments such as contingent credit lines, catastrophe bonds, and
business interruption insurance to enhance resilience comprehensively.

6. Discussion

The findings of this study reinforce and extend a growing body of scholarship that
repositions earthquakes not solely as geophysical disturbances but as systemic economic
shocks with wide-ranging consequences for development, financial stability, and social
well-being. This section critically examines the implications of the empirical results
through the lens of established literature on disaster economics, with particular attention
to the comparative dynamics of direct and indirect losses, the mediating role of
institutional and financial capacity, and the broader contours of economic resilience.

6.1 Earthquakes as Economic Shocks

Numerous scholars have emphasized that natural disasters like earthquakes should be
understood not only in terms of physical destruction but as external macroeconomic
shocks that disturb production functions, labor supply, and consumption [33, 34]. This
study's comparative analysis supports this view, illustrating how earthquakes produce
asymmetric economic consequences that depend more on institutional and sectoral
configuration than on magnitude alone. For instance, although both Japan and Haiti
experienced catastrophic seismic events, the economic outcomes were vastly different due
to differences in GDP structure, financial systems, and governance quality.

The results align with the findings of Felbermayr and Groschl [35], who show that large
disasters can have long-term negative effects on GDP, particularly in low-income countries.
In Nepal and Haiti, where the Gorkha and Port-au-Prince earthquakes respectively caused
losses equivalent to half or more of annual GDP, the limited absorptive capacity of public
institutions hindered both immediate response and long-term recovery. This stands in
contrast to countries like New Zealand and Japan, where institutional mechanisms,
including insurance frameworks and reconstruction agencies, helped buffer
macroeconomic volatility and stabilize post-disaster growth trajectories [36].

The comparative data also underscores how the macroeconomic burden of earthquakes is
deeply unequal across countries. As visualized in Figure 1, which shows the total economic
losses as a percentage of national GDP, low-income countries such as Haiti and Nepal
experienced losses equivalent to 120% and 50% of GDP, respectively, compared to 6% in
Japan and just 3% in China. These extreme proportional losses indicate not only physical
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vulnerability but a lack of economic buffers, diversified income sources, and financial
resilience.

This gradient supports finding by Noy and Felbermayr and Groschl, who have shown that
disasters impose greater proportional costs on countries with smaller, less diversified
economies, despite possibly lower absolute damage [33, 35]. Thus, even modestly sized
disasters can destabilize entire economies in low-income contexts.

125 120
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Figure 1. Total economic losses from earthquakes as % of national GDP

6.2 Balance of Direct and Indirect Losses

While direct damages to housing and infrastructure are typically well-documented in
global disaster databases [37], this study confirms the literature's long-standing concern
that indirect economic losses remain underrepresented in risk assessments [8, 38]. In high-
income, industrialized contexts, indirect losses, such as production halts, lost wages, and
disruptions to supply chains, often rivals the initial valuation of direct damage. This was
especially evident in the 2011 Great East Japan Earthquake, where business interruption
and global supply chain failures contributed to indirect losses estimated at nearly US$150
billion [7].

These findings are consistent with the synthetic control analysis by Cavallo et al. [34],
which demonstrated that countries exposed to large earthquakes typically suffer sustained
export losses and reduced industrial output unless offset by substantial reconstruction
investment. The results also echo those of Koks et al. [39], who argue that traditional
disaster models systematically underestimate economic risk by neglecting the
compounding effects of indirect losses, particularly in interconnected systems.

To illustrate the significance of these secondary effects, Figure 2 presents the ratio of
indirect to direct losses for the eight earthquake events analyzed. Across all cases, the ratio
ranges between 0.42 and 0.60, with the highest ratios recorded in Nepal (0.60) and Haiti
(0.59), both low-income countries with severe institutional and logistical limitations.
Interestingly, even in high-income settings like Japan and New Zealand, indirect losses still
comprise over 40% of total economic impact.
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Figure 2. Ratio of indirect to direct economic losses in major earthquakes

These findings challenge the assumption that indirect losses are marginal or secondary.
Rather, they are consistently comparable in scale to direct losses, regardless of national
income level. This reinforces prior modeling work by Okuyama and Santos [38] and Koks
et al. [39], who argue that indirect effects, especially in supply chains and services, are not
residual, but co-primary components of disaster economics.

6.3 Financial Mechanisms and Institutional Capacity in Recovery

The literature strongly supports the observed correlation between insurance coverage,
institutional robustness, and recovery efficacy. Studies by Cummins and Mahul [40] and
Hallegatte et al. [36] have shown that countries with developed catastrophe risk financing
instruments recover faster and with less social disruption. This study confirms those
findings, as evidenced by New Zealand’s relatively swift post-earthquake rebound,
underpinned by the Earthquake Commission’s insurance scheme, compared to the
prolonged fiscal crisis in Haiti, where insurance coverage was negligible.

In line with Melecky and Raddatz [41], the analysis also suggests that governments in low-
income countries often face a financial trap: lacking pre-disaster savings or contingent
credit, they must reallocate scarce development funds for emergency response and
reconstruction, thereby delaying long-term investments and compounding vulnerability.
Such trade-offs underscore the urgent need for integrating financial resilience into national
disaster strategies, particularly in fragile contexts.

6.4 Sectoral Vulnerability and Globalization of Risk

The study's findings reaffirm concerns raised by Henriet et al. [42] and Hallegatte [36]
about the sector-specific nature of disaster exposure, particularly in supply-chain
dependent and export-oriented industries. For example, the Maule earthquake's
disruption of agricultural exports revealed the fragility of value chains that depend on
functional ports, roads, and refrigeration infrastructure. Similarly, Japan’s loss of electronic
components production affected automotive manufacturing across East Asia and North
America.

These effects are magnified in an era of economic globalization, where even localized
disruptions can generate transnational ripple effects. Rose [32] and Santos & Haimes [43]
have previously modeled such “ripple effects” in economic systems, stressing that
resilience is not only a local property but one embedded in the configuration of trade,
logistics, and inter-firm networks. The present study supports these insights and further
argues that countries must view earthquake risk as not only a domestic challenge but a
potential contributor to global economic instability.
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6.5 Geography, Development, and the Type of Losses

The location of an earthquake, both in geographical and economic terms, has a profound
influence on the composition of economic losses. Figure 3 illustrates the distribution of
direct and indirect economic losses across the eight case studies, highlighting how the
relative shares vary with development level, urbanization, and economic structure.

400
350 B Direct Loss M Indirect Loss
300 (USD, Billion) (USD, Billion)
250 |
200
150
100
< i Bm
0 I—J | [SU— — - e
> Q X > > N & N
N & < S
S U & 5
A o) (\‘:}(J %’b
oy

Figure 3. Comparison of direct and indirect earthquake losses by country

High-income countries such as Japan (Tohoku) and New Zealand (Christchurch) show high
absolute direct losses due to the high asset value in urban environments, but they also
exhibit significant indirect losses, largely attributable to tightly integrated supply chains
and dense service sectors. In Japan, for example, indirect losses (US$150 billion) accounted
for over 42% of the total, due to disruptions in automotive and electronics production that
affected markets worldwide [7].

By contrast, in lower-income countries such as Nepal and Haiti, indirect losses are also
proportionally high (59-60%), but the mechanisms differ. Here, indirect effects stem not
from complex supply chains but from prolonged business closures, tourism declines, and
aid delivery inefficiencies. These contexts lack logistical redundancy and functional
insurance systems, which delays recovery and deepens economic scarring [34, 41].

Middle-income countries such as Turkey (izmit) and Chile (Maule) occupy an intermediate
position, where the damage is more evenly distributed. This suggests that the balance
between direct and indirect losses is shaped by both economic complexity and governance
capacity.

In sum, the considered cases support a geographically differentiated damage distribution
of earthquake economics:
¢ Inhigh-income contexts, indirect losses are driven by supply chain interdependence

¢ In low-income settings, indirect losses are amplified by governance and service
bottlenecks

¢ In middle-income contexts, the composition depends on industrial density and
disaster preparedness

These distinctions underscore the necessity for context-specific resilience strategies that
align with local economic structures and institutional capacities.
6.6 Disaggregating Economic Losses: A Functional Typology

Understanding the full spectrum of earthquake-related economic losses requires
disaggregation beyond the standard categories of “direct” and “indirect” damage. Figure 4
illustrates the conceptual composition of earthquake-induced economic losses, averaged
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from considered earthquake events, post-disaster studies and modeling literature [7, 15,
22,31, 37, 38, 44, 45]. The distribution is not universally fixed but reflects common trends
observed across high-profile seismic events.

Spoilage &
Perishable Loss:
3-7%

Housing
Damage:
30-40%

InfrastructJre Damage:
20-30%

Figure 4. Average composition of earthquake-related economic losses by category

Housing Damage (30-40%)

This category includes the destruction or severe damage of private residential buildings
(both owner-occupied and rented) along with temporary shelter costs and full or partial
reconstruction expenditures. Housing losses are generally the largest single component of
direct damages, particularly in countries with outdated building stock or poor zoning
enforcement, as seen in Haiti and Nepal. Methodologies such as HAZUS-MH and GEM
typically estimate these using building inventory databases and unit replacement costs.

Infrastructure Damage (20-30%)

Infrastructure losses encompass public belongings such as transport networks (roads,
bridges, ports), lifeline utilities (electricity, water, sanitation), and social infrastructure
(schools, hospitals). In urban or industrially dense areas like Christchurch (2011) or
Tohoku (2011), infrastructure damages were particularly high due to dense asset
concentration and the cascading cost of service restoration. These losses often trigger long-
term economic strain on municipalities and national governments.

Business Interruption (15-25%)

This refers to the loss of revenue or productivity due to temporary or extended shutdowns
in commerce, manufacturing, and services. Particularly vulnerable are SMEs, whose
liquidity and risk buffers are limited. These losses are often difficult to measure directly
and are estimated using input-output (I0) or computable general equilibrium (CGE)
models, as well as insurance claim data. For example, in the Tohoku earthquake, halted
operations in electronics and auto manufacturing accounted for billions in unrealized
output [7].

Transport & Logistics Disruption (10-15%)

These losses stem from damage to key transport nodes and networks, particularly ports,
rail systems, and road corridors. The impact is not limited to the immediate region; it can
reverberate through global supply chains. The 2011 Japan earthquake, for instance, caused
automotive production halts in the United States and Europe due to missing components.
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These costs include delays, rerouting, and increased transport premiums, and are often
embedded in broader business interruption metrics but deserve discrete attention.

Spoilage & Perishable Goods Loss (3-7%)

An often underreported category, this includes losses due to cold storage failures,
transport delays, and distribution bottlenecks affecting food, pharmaceuticals, and
agricultural exports. These are especially critical in agriculture-dependent or export-
oriented economies like Chile, Turkey, and Pakistan, where produce loss directly affects
trade balances and rural income. Because such losses are seldom captured in traditional
damage assessments, their presence in insurance records and humanitarian logistics data
Serves as a proxy.

The figure 4 highlights that while housing and infrastructure consistently dominate the
damage profile, indirect and functional economic effects account for at least one-third of
total losses. These latter categories, business interruption, transport disruption, and
spoilage, are often underestimated or omitted in official assessments, which skews policy
priorities and underfunds resilience in non-structural domains. For example, investing in
supply chain redundancy or cold-chain stabilization may yield high resilience returns but
receives less attention than retrofitting housing.

Moreover, the distribution underscores the multisectoral nature of earthquake risk,
necessitating disaster preparedness strategies that go beyond physical reconstruction.
This typology encourages policymakers to view earthquake economics not only through
the lens of engineering, but through systems thinking—identifying interdependencies
across critical services and market functions.

6.7 Toward an Integrated Economic Resilience Paradigm

The literature increasingly promotes a shift from post-disaster response to pre-disaster
resilience, and this study provides additional empirical justification for that transition.
Hallegatte et al. [46] propose a systems approach to disaster resilience, wherein adaptive
capacity, economic diversification, and institutional redundancy serve as core pillars. The
cases analyzed in this study affirm this model, particularly in the differential outcomes
observed in recovery timelines and GDP stabilization.

Importantly, resilience must be understood not only as the ability to rebuild but as the
capacity to sustain economic function during and after disruption. As Rose [32] notes,
economic resilience includes behavioral responses such as resource reallocation,
production substitution, and market adaptation, all of which can significantly mitigate
disaster impacts when institutions are capable of enabling such responses.

7. Conclusion

The economic consequences of earthquakes are far more than the sum of collapsed
structures and disrupted roads. As this study has demonstrated through a comparative,
cross-national analysis of eight significant seismic events, earthquakes function as
systemic economic shocks, with repercussions that extend beyond immediate physical
damage into the realms of production, trade, livelihoods, and long-term development.
Systemic economic shocks are chain reactions and multidimensional disruptions that can
affect not only the affected region but also other regions and global markets through
economic networks. Such shocks serve as critical stress tests that challenge both the
continuity of economic activities and the social and financial resilience of societies. The
findings affirm and extend prior literature in disaster economics, suggesting that the scale
and structure of a nation's economic system, rather than the seismic magnitude alone,
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largely determine the depth and duration of economic disruption. The findings affirm and
extend prior literature in disaster economics, suggesting that the scale and structure of a
nation's economic system, rather than the seismic magnitude alone, largely determine the
depth and duration of economic disruption.

One of the study’s key contributions lies in emphasizing the overlooked importance of
indirect economic losses, echoing the arguments of Okuyama and Santos and Koks et al.
[38, 39]. While direct damages, particularly to housing and infrastructure, dominate early
assessments, this study shows that indirect effects such as business interruption, supply
chain failures, transport disruptions, and perishables spoilage often account for 40-60%
of total economic losses. As shown previously, indirect-to-direct loss ratios consistently
range from 0.42 to 0.60 across varied income contexts. These findings demand a
recalibration of both disaster loss accounting frameworks and financial preparedness
strategies, especially in countries where traditional assessments omit economic system-
level impacts. In this context, the systematic measurement of indirect losses will contribute
to understanding the true economic scale of the disaster and to the more effective
allocation of resources. Furthermore, such comprehensive assessments will facilitate the
development of policy designs that will accelerate the post-disaster recovery process and
reduce economic vulnerabilities.

Moreover, the comparative evidence reinforces the view, advanced by previous studies
that earthquake impacts are highly unequal across income groups [33, 35]. While Japan’s
Tohoku earthquake resulted in US$510 billion in damages but only ~6% GDP loss, Haiti’s
earthquake caused damage exceeding 120% of its GDP. Low-income countries not only lose
more in relative terms but also experience prolonged and uneven recoveries, due to limited
financial space, weak insurance markets, and institutional fragility. Earthquakes in such
contexts compound structural vulnerabilities and can reverse years of development
progress. Furthermore, this situation systematically erodes resilience to disasters,
increasing countries' vulnerability to the economic and social impacts of future shocks.

In addition to loss magnitude, the composition of losses offers insight into risk
concentrations. On average, housing (30-40%) and infrastructure (20-30%) comprise the
majority of direct damage, while business interruption (15-25%), transport and logistics
delays (10-15%), and spoilage of perishable goods (3-7%) are considerable but often
excluded from formal evaluations. The high share of non-structural losses underscores the
need for broader resilience strategies that protect not just physical assets, but also the
economic systems that depend on them. This situation necessitates the development of
comprehensive and multi-layered resilience strategies aimed at protecting economic
systems dependent on physical assets, such as manufacturing, trade, logistics, and service
sectors. Such strategies should aim not only to mitigate the effects of direct damage, but
also to accelerate the post-disaster recovery process and protect long-term development
goals by ensuring the continuity of economic activities.

Institutional and financial capacity emerge as central mediators in this dynamic. Countries
with established disaster financing instruments, catastrophe insurance, and contingency
planning, such as New Zealand and Japan, tend to recover more rapidly and equitably [36,
40]. In contrast, economies dependent on unplanned aid flows or external loans taken after
disasters often face delayed reconstruction processes, increased fiscal pressures, and
unsustainable debt cycles. These patterns demonstrate that effective disaster resilience is
not limited to the level of exposure to hazards; it is also directly related to the ability to
absorb shocks, redistribute resources effectively, and sustain post-crisis recovery capacity.
Therefore, strengthening institutional capacity should be a key priority in disaster risk
management strategies.

167



Ozmen & Yalginer Cal / Research & Design 2(2) (2025) 147-170

These findings argue strongly for a paradigm shift in disaster risk management—from
reactive, asset-focused approaches to proactive, system-wide economic resilience
planning. This involves integrating seismic risk into macroeconomic and spatial policy,
enforcing adaptive zoning and building codes, and expanding access to financial risk
transfer tools. Moreover, it requires rethinking earthquakes not as isolated events, but as
stress tests for national economic systems, capable of revealing hidden fragilities,
structural weaknesses and capacity gaps under pressure.

As global supply chains grow more interdependent and urban regions concentrate
increasing economic value, the risk landscape is evolving in both scale and complexity. The
evidence presented in this study supports recent calls in the literature for multi-scalar,
interdisciplinary approaches to resilience, grounded in empirical data, modeling, and
localized knowledge systems. While earthquakes are geophysically inevitable, their
economic devastation is not. With the right data infrastructure, strong institutional
capacity, and effective risk governance strategies, countries can not only mitigate the
effects of disasters but also move toward building lasting and sustainable economic
resilience.
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