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PREFACE

Climate change refers to long-term changes resulting from the disruption
of the natural balance in climate systems worldwide. The primary cause of these
changes is the increase in greenhouse gases in the atmosphere due to human
activities, which trap heat emitted from the Earth’s surface, leading to a rise in
global temperatures. Today, climate change has become one of the major global
and environmental problems affecting not only specific regions but the entire
world.

The effects of climate change have negative consequences on cities at the
macro level, while at the micro level, they cause significant problems in the built
environment and daily life. In this respect, climate change has become a disaster
affecting all societies on a global scale. If necessary measures are not taken in
the coming years, it is predicted that the ecological, sociological, cultural, and
economic damage that may arise due to climate change could lead to serious
disasters.

Therefore, there is a growing need for comprehensive and sustainable
measures and actions that combine scientific knowledge with practice, local
experience with academic expertise in spatial planning, design, and management
processes within the scope of reducing the effects of climate change and the
adaptation process.

This book has been prepared to contribute to the fight against climate
change and the adaptation process by strengthening this common ground. The
scientific book titled Systematic Approaches to Climate Change in Architectural
Sciences contains 16 book chapters.

In this context, the book chapters prepared in collaboration with graduate
students aim to serve as a scientific, original, comprehensive, and informative
resource.

We would like to express our sincere gratitude to all the valuable chapter
authors and reviewers who contributed to the preparation of this book. Their work
not only contributes to the academic literature but also serves as an important
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guide for the formation of new perspectives in the fight against climate change.
We would like to thank Livre de Lyon Publication and the entire team for their
support in publishing this book.

We hope this book will be useful to all stakeholders. Best regards.

April 24, 2026
EDITORS

Prof. Dr. Asena SOYLUK
Prof. Dr. Atila GUL
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1. Introduction

limate change is the disruption of the climate system through the release

of carbon dioxide (CO:) and other greenhouse gases over a period of

ten or more years as a result of human activities such as the burning of
natural or fossil fuels, deforestation, and industrial processes (Broecker, 1975;
Keeling et al., 1995). Climate change results in increased temperatures, more
frequent natural disasters such as severe storms, irregular rainfall, floods, and
droughts, and changes in ocean currents. As a result of these changes, areas
such as agriculture, public health, water consumption, the energy sector, and
biodiversity are negatively affected (Rawat et al., 2023). Between 2011 and
2020, global surface temperature rose by approximately 1.1°C compared to the
average of the 1850—1900 period. The temperature increase on land is 1.59°C, and
in the oceans it is 0.88°C. The observed warming is human-induced; Warming
caused by greenhouse gases such as carbon dioxide (CO:) and methane (CHa) is
partially masked by the cooling effect of aerosols (IPCC, 2023).

No national or international studies on the effects of climate change on
cultural heritage were found before 2000. Studies on this subject began after
2004, spearheaded by Europe (Gokmen Erdogan, 2022). The Noah’s Atk project,
funded under the European Commission’s Sixth Framework Programme, ran
from 2004-2007 and aimed to identify the risks posed by climate change on
architectural cultural heritage using existing data. Although it is impossible
to understand a concept with such a multifaceted impact as climate through
superficial parameters, progress has been made in this area in recent years
(Deniz Demirel & Umar, 2023).

Climate change is accelerating the deterioration of cultural heritage
worldwide through temperature fluctuations, changes in humidity, extreme
weather events, and disasters. Traditional conservation methods rely on expert
supervision and intervention only when deterioration is observed; however, this
approach is insufficientto combat climate change. While automated monitoring
systems are used as an alternative, limited site access, high costs, and the long
duration of the deterioration process also limit this method (Roqui et al., 2025).

Because cultural heritage sites are located in different regions of the world,
the effects of climate change also vary. According to data from a 2008 study, 46
World Heritage sites affected by climate change include archaeological remains,
churches, mosques, temples, castles, and cultural landscapes (UNESCO World
Heritage Centre, 2007).
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Historical buildings are structures dating back to prehistoric and historical
periods, constructed using the original materials and building techniques of their
time. These structures reflect the architectural, social, cultural, religious, and
economic characteristics of the era to which they belong. (Law No. 2863, 1983;
Celik, 2021).

2. Causes of Deterioration In Historical Buildings

Deterioration in historical buildings is defined as the loss or alteration of
the originality, material integrity, or aesthetic value of a building or material
due to physical, chemical, biological, or mechanical factors, whether natural or
human-induced (Agan, 2017).

Agan (2017), address the factors causing deterioration in historical
buildings under four main headings:

e Atmospheric effects

e Biological formations

e Human-induced causes

e Natural factors (Agan, 2017)

Table 1 shows the factors that cause deterioration in historical buildings.

Table 1. Factors Causing Deterioration in
Historical Buildings (Prepared by the author.)

Factors that Cause Deterioration in
Historical Buildings

]
[ I I 1

Hi Induced! Atmospheric Biological
Causes [ Effects Formations Naturl Factors
Abandonment Temperature .
{—of the Historical||-{  Tourism ||| and Thermal ||| E“Fm"“ | Damage?“““.ha
N Lichens Structure's Location
Structure Expansion
| | Misuseand || | Air Pollution | Waterand || | Eungi Damage Due to Soil
Repairs Humidity e B Characteristics
Insects and -
i Fres ||| Traffic || solarRadiation ||  Other Deb}::réT‘B?:agZ;to
Organisms
Errorsin
= Wars t~| Structural || Frostand Thaw ' Lichens
Design
| Vandalism || FeultyMateral || |y
Use
. Poor Workmanship
— p“:::ré;’k! { and Attention to
4 Detail
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2.1.Deterioration by Natural Causes

It is examined under three headings.

2.1.1.Damage Due to the Structure’s Location

According to Feilden (2003), the location of the structure affects the
deterioration of historical structures in terms of climatic, topographical,
geological and environmental conditions.

e Climatic conditions; wind direction, duration of exposure to sunlight,
amount of precipitation, humidity and temperature differences

e Topography; land slope and drainage characteristics

e Geological and local soil conditions; soil type, settlement of the structure,
groundwater, fault lines

e Environmental conditions; determine the effects of construction, traffic,
air pollution (Feilden, 2003)

2.1.2. Damage Due to the Soil Characteristics

The low strength or non-homogeneity of the soil on which the structure
sits can cause deterioration in the structure and its elements over time due to
movements such as bending, rotation, and buckling. In addition, if the structure
is located on a fault line or on rock with cracks, this situation can also cause soil-
related damage (Ahunbay, 2009, p.38; Asimgil & Erdogdu, 2013).

2.1.3.Deterioration Due to Natural Disasters

Disasters such as earthquakes, floods, landslides, and typhoons, which are
defined as sudden and violent catastrophes whose timing cannot be determined
in advance, cause damage to cultural heritage and historical environments
(Ahunbay, 2009, p.45-46).

According to Shrestha et al. (2024), deterioration caused by natural
disasters is divided into two main categories:

-Those that occur suddenly; floods, earthquakes, large landslides, and
storms

-Those that occur at frequent intervals; events such as rainfall, temperature
changes, and wind (Shrestha et al., 2024).
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2.2.Deterioration by Human-Induced Causes
2.2.1.Abandonment of Historical Structures

The abandonment of a building or settlement leads to the neglect of the
spaces and their exposure to external influences. Places are abandoned as a
result of the death of the building’s first owner, legal disputes, or migrations due
to economic and social problems. (Ahunbay, 2009, p.50; Perker & Akincitiirk,
2000).

2.2.2. Misuse and Repairs

Human-induced deterioration is evaluated in two groups: intentional and
unintentional damage. Intentional damage is deterioration resulting from direct
and conscious human activities. Unintentional damage, on the other hand, is the
effects that occur unintentionally. Faulty use and incorrect repair practices are
included in this group (EI-Gohary & Abdel Moneim, 2021).

Misuse and substandard repairs of historical buildings occur when property
owners migrate or move, and old residences are transferred to new users. This
happens through effects such as adding new partitions, constructing mezzanine
floors, and altering window and door openings. Building repair is a field
requiring expertise. Substandard and incorrect repairs carried out by unqualified
individuals accelerate the deterioration process (Ahunbay, 2009, p.50-53).

2.2.3.Wars

Wars, which cause widespread negative consequences as a result of their
damaging effects, continue to this day. The use of air power in wars has facilitated
destruction and increased its area of impact. Damaged cultural heritage sites
have been rebuilt and returned to society. However, in some examples, such as
the Reichstag Building, the German Federal Parliament, the building has lost
its originality (Durmaz, 2019). Aleppo is among the cities affected by the war.
The city, which has hosted many civilizations throughout history and has a rich
cultural heritage, has faced many destructive effects on its historical fabric and
daily life with the Syrian civil war. Important structures such as the Aleppo
Citadel, the Umayyad Mosque, the Covered Markets, and the Carlton Hotel
have been largely destroyed. One of the war-related damages is the Mostar
Bridge. Built in 1566 by the architect Hayreddin, the bridge was destroyed in
1993 under artillery fire that lasted for 3 days (Elvan, 2024).
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2.2.4.Fires

Fires, which are natural disasters and cause damage to many structures in our
country, especially damage wooden structures. Fires resulting from negligence,
carelessness, and arson are among the human-caused damages (Ahunbay, 2009,
p-53). There are rules and regulations aimed at protecting historical structures,
but since these regulations prioritize saving human lives, cultural and artistic
values are relegated to the background. The aim of conservation experts is to
prevent fires and minimize the damage caused. According to Feilden (2003), the
problems in historical buildings are listed as follows:

e Inadequate communication with the fire department

e Insufficient maintenance and inspection

e Fires caused by cigarettes (11% of all fires)

e Kitchen-related practices (21% of all fires)

e Electrical installation problems (21% of all fires)

e Use of flammable materials

e Insufficient durability

e Inadequate escape routes

e Arson (especially in historical buildings, 10%) (Feilden, 2003).

2.2.5.Public Works Impacts

The construction of new roads, dams, and public spaces are urban
development activities that threaten historical environments (for example, road
widening projects in Istanbul in 1950, the construction of the Keban and Atatiirk
dams). Archaeological sites and rural settlements are submerged under dams,
historical silhouettes surrounded by high structures are destroyed, narrow streets
are widened, and activities such as deep excavations and tunnel construction
near old buildings cause destruction and deterioration in historical areas.
(Ahunbay, 2009, p.56; Amman, 2012). In particular, to ensure that underground
work does not damage historical structures, thorough soil surveys and analysis
of the vibrations caused by excavation are essential.

2.2.6.Tourism

Although historical areas have a positive impact in terms of the interest and
economic gain from tourists, the large crowds of visitors to historical buildings
are corrosive and stressful for the structure. Although some measures are taken
for visitors (covering the visitor route, reducing the speed of circulation), misuse
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by visitors, entry into protected areas, and damage to structures occur. (Meydan
Uygur & Baykan, 2007). Authorities need to seriously consider and implement
measures to prevent visitors from damaging historical structures.

2.2.7.Vandalism

The concept of vandalism was first used in 1794 by Abbé Henri Grégoire
in his work “Report on the destruction carried out by vandalism and the means
of suppressing it” to describe the destruction and damage caused by uprisings in
the early days of the French Revolution (Merrills, 2009). Over time, the word
has become more comprehensive, encompassing not only the damage caused
by uprisings but also disrespect and destruction of cultural and public heritage
(Sengel, 2023).

It is possible to encounter examples of vandalism worldwide in public
spaces, parks, and historical sites. Structures that bear the traces of history and
are part of the city’s identity are under threat from vandalism. According to
research, the most common type of vandalism is that caused by war and terrorism
(Sengel, 2023). The lack of protection, supervision, and maintenance of historical
artifacts exacerbates this effect. Table 2 shows the types of vandalism.

Table 2. Types of Vandalism (Edited by the author,
referencing the article, Dominic, 2024)

Deliberate :
: Thoughtlessness Negligence
vandalism
S S
. Lack of Breach of
= Violation .
awareness authority
) S — | —
S S
|| Graffiti | Tourist activity Substitution
) S — |
S
Faults Reconstruction
) S —

Regardless of the type of vandalism that could damage historical buildings,
international conservation boards need to work together with authorities to
implement the necessary sanctions.
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2.2.8. Air Pollution

Air pollution is defined as the disruption of the natural composition of
the atmosphere by pollutants such as dust, smoke, odor, and water vapor, and
the negative impact of this change on living systems in other ecosystems.
Atmospheric pollution is a byproduct of industrial and commercial activities,
fossil fuel use, and traffic. Industrial pollution has international consequences.
In regions exposed to industrial pollution (North America, Europe, Japan), rain
is acidic (Feilden, 2003).

Acid rain occurs as a result of the conversion of compounds such as carbon
dioxide, sulfur, and nitrogen into sulfuric acid, carbonic acid, or nitric acid in
humid environments or with precipitation due to air pollution. Acid rain causes
erosion in historical buildings, and details such as ornamentation, decoration,
and paintings become illegible (Ahunbay, 2009, p.57).

A dark, impermeable layer of soot forms on wet surfaces. Due to the soot
layer accumulating on the facades, architectural details become imperceptible,
and the surfaces beneath the layer lose their properties. The interaction of acids
with the material causes the formation of salts within the material, and this
sulfation on the surface fills the pores of the stones with sulfates. Depending on
the degree of deterioration, the stones flake off in layers from the surface to the
wetting area boundary (Ahunbay, 2009, p.57).

The study by Alessandro De Rosa and colleagues examines the deterioration
of a cultural heritage site made of stone in an urban area, caused by air pollution
such as traffic and heating, in the context of the facade elements of the Gesu
Nuovo Church in Naples, Italy (De Rosa et al., 2025).

2.2.9.Traffic

Historic cities have narrow street layouts designed for light vehicle
traffic, and opening these roads to heavy vehicle traffic causes damage
to historical structures due to vibrations and pressure on the foundations
(Ahunbay, 2009). Vehicle-induced ground-based vibrations occur when
vehicle wheels encounter irregularities in the road surface (Department
for Transport, 1996). Vibrations contribute to crack formation in materials
exposed to temperature and humidity changes, or to fatigue processes in
building materials. In extreme cases, they cause glass breakage, cracks in
plaster, and instantaneous damage to poorly secured panels. In some cases,
they affect the subsoil, reducing the foundation strength. According to
Feilden (2003), the problem is twofold:
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e [oss of foundation strength
e [oss of structural strength of the building body (Feilden, 2003).

The intensity of vibrations is affected by many independent components.
Factors such as the disproportionate amount of force applied, vehicle speed,
suspension system, and road surface determine the intensity of vibration
(Hunaidi, 2000).

2.2.10. Errors in Structural Design

If the vertical load bearing elements in the structural system are not
designed or constructed in sufficient size, cross-section, and number resist the
vertical and horizontal loads that will be placed on them. They can cause serious
damage such as collapse in the upper coverings like the dome, and cracking
in the walls and supporting piers. One of the structures with an incorrectly
designed structural system is Hagia Sophia. In its initial design, the structure,
covered with a low sail vault, did not have a buttress system to support a dome
with a span of 31 m, so the side walls opened up due to the static forces exerted
by the dome, and it collapsed after the first seismic event (558) (Ahunbay, 2009,
p-39-40; Amman, 2012).

2.2.11. Faulty Material Use

Monumental structures such as temples and theaters found in archaeological
sites in Anatolia (for example, the Temple of Apollo in Didyma, the Temple of
Artemis in Ephesus, the Theater of Aspendos) were built from durable stones.
In traditional architecture, however, some of the structures have survived to this
day because they were built with organic materials such as stone, adobe, brick,
and wood. The poor quality of materials used today and the deterioration of
their natural composition accelerate wear and deterioration. Using materials
that conform to the natural stratification of stone in buildings, properly firing
bricks, the quality of mortar binding the main materials in masonry structures,
and using hardwood in wooden structures ensure the longevity of the building
(Amman, 2012).

2.2.12. Poor Workmanship and Attention to Detail

Poor workmanship results from the use of inappropriate materials and
details, and skills not matching the design (Feilden, 2003). According to
Josephson &Hammarlund (1999), most defects stem from human factors such
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as forgetfulness, carelessness, lack of information, and insufficient motivation.
According to a study conducted in Singapore, the most frequently encountered
defects during construction were identified as joint defects, rough surface
finishes, piece breakage, irregularities, cracks, staining, voids, and alignment
errors (Wai & Sui, 2006). These defects are fundamentally based on poor
workmanship.

According to Abdul Rahman et al. (1996), the factors causing poor
workmanship are listed as:

e [ ack of management and supervision

e [ack of experience and competence

e Communication problems

e Use of incorrect equipment

e Time and budget constraints

e Unfavorable weather conditions (Abdul Rahman et al., 1996).

2.3. Deterioration Caused by Biological Formations
2.3.1. Bacteria and Lichens

Bacteria chemically interact with building materials, causing acid
formation. The acids formed create small holes on surfaces at first glance,
leading to surface loss in the future. The changes not only progress chemically
but also form a black sediment layer on the surface (Dolar & Yilmaz, 2014).

Lichens are a combination formed by the merging of algae and bacteria.
Although they may appear aesthetically attractive on some surfaces, they
accelerate stone decay due to acid production. In addition, they slow down
drying after rainfall, creating a predisposition to frost damage (Uz, 2021).

2.3.2. Deterioration Caused by Insects and Other Organisms

Due to its physical and chemical composition, wood has an organic
structure and therefore retains moisture. Because of this moisture, wood provides
a favorable environment for the formation of fungi and insects. Especially wood
used as a structural material is significantly damaged and weakened (Uz, 2021).

2.3.3. Fungi

Fungi, which particularly affect wood, thrive best in environments where
the humidity is above 20% and the air temperature is between 20-22 °C (Segkin,
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2010). When sufficient conditions are met, fungi spreading on the material
cause the wood to rot. Rotting wood is subject to negative consequences such
as cracking, slipperiness, discoloration, visual deterioration, odor changes,
and loss of durability. Fungal deterioration is more common in areas with high
humidity such as basements, floors, behind baseboards, roof elements, and
window frames (Uz, 2021).

2.4. Deterioration Caused by Atmospheric Effects
2.4.1. Temperature and Thermal Expansion

Increasing the temperature of a building by 1 °C requires a significant
amount of heat. Since heat travels slowly through the walls and mortar, the
exterior facade heats up faster than the interior. This time delay causes
expansion and contraction in the exterior while keeping the conditions inside
constant. These expansion and contraction-related deteriorations are called
thermal expansion. Factors such as the color, reflectivity, flexibility, load-
bearing capacity, bonding method with other structural elements, and moisture
content of the material directly affect this situation (Seckin et al., 2017). The
stresses resulting from thermal expansion are approximately 330 kN/m? (48 1bf/
in?) per 1 °C in a typical limestone with a compressive strength of 21,000 kN/m?
(approximately 200 tonf/ft*). While rapid daily temperature changes penetrate
only a few centimeters, the effects of seasonal temperature changes are more
pronounced; this is because the wall core heats up and the entire structure tends
to expand (Feilden, 2003).

According to Feilden (2003), stresses caused by thermal change in building
materials depend on the following factors:

e Material elasticity

e Material size, coefficient of expansion

e Material’s resistance capacity under load

e Material’s capacity for movement in connection with other elements
e Change in evaporation and moisture content (Feilden, 2003).

The thermal conductivity coefficient in building materials affects their
degradation performance. In regions with large daily temperature differences,
different stresses occur within the material during the heating-cooling cycle. For
example, there is a temperature difference between the surface and the interior
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of a material exposed to sunlight. This temperature difference causes different
expansions in the material (Bayik & Bedirhanoglu, 2022).

2.4.2. Water and Moisture

The main factors causing moisture-related deterioration in historical
structures are rain, condensation, rising humidity, moisture accumulation
within the structure, and water seepage. Material properties and environmental
conditions determine the dynamics of the deterioration process.

Water exists in material voids as solid ice and gaseous water vapor. Excess
water vapor in structures is considered moisture. Moisture causes physical
deterioration such as chipping, chemical deterioration such as salt formation,
and biological deterioration such as fungal growth in building materials. In
addition, water in crack voids freezes, expands, and swells, causing material
deterioration (Uz, 2021).

Wetting and drying cycles play a role in determining the direction of
water penetration within the material. Rising humidity determines the physical
process on the interior and exterior surfaces of masonry walls. Water causes
wetting in the structure through pores in the material, capillary attraction of
groundwater, and condensation of rainwater and atmospheric moisture. Soluble
salts are transported to structural elements in direct contact with the ground via
a capillary rise mechanism. Soluble ions carried by rainwater and from adjacent
materials also contribute to salt crystallization, which causes deterioration over
time. The Lecce Cathedral in the historic city of Lecce in southern Italy has been
subjected to salt crystallization due to moisture (D’ Agostino, 2013).

2.4.3. Freezing and Thawing

Cold climates damage buildings, but it’s not the extreme cold itself that
causes damage, but rather the freezing cycles. The expansion and contraction of
ice during freezing and thawing is what causes the main damage.

Freezing causes damage, especially in water-saturated, porous materials
like brick and stone. The durability of materials depends on pore size and
hydrophilic structure. In materials without a suitable pore structure, when water
freezes within the pores, it expands, damaging the material (Feilden, 2003).

In masonry structures, water seeping into the structure and undergoing
freezing and thawing causes structural damage such as peeling, cracking, and
material deterioration, as well as long-term effects on aesthetic integrity. In
porous structures, the occurrence of this damage depends not only on freezing
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conditions but also on the moisture saturation exceeding a critical level (Sahyoun
et al., 2025).

Studies show two different views on the effect of climate change on freezing
and thawing. It is thought that the risk of damage will decrease with increasing
temperatures and increase due to increasing humidity (Sahyoun et al., 2025).

According to Sahyoun et al. (2025), certain factors are evaluated to
determine the risk of freeze-thaw damage during the construction or renovation
phase of masonry structures. These factors are listed as follows:

e Properties of the masonry material

e Presence of moisture

e Water absorption rate

e Type of insulation used

e Environmental conditions to which it is exposed (Sahyoun et al., 2025).

According to the research by Sahyoun et al. (2025), interior insulation
increases the risk of freeze-thaw damage in wall materials. Breathable and
moisture-managing materials such as mineral wool and calcium silicate reduce
this risk. Since moisture accumulation is high on the north, east and northeast
facades, this feature should be taken into consideration when applying insulation
(Sahyoun et al., 2025).

2.4.4. Solar Radiation

Materials exposed to radiation of different wavelengths react differently
because their rates of light reflection and absorption vary. The ultraviolet
(UV) spectrum of light has a more destructive effect, particularly damaging
organic materials such as wood, textiles, and color pigments. It causes fading,
embrittlement, and loss of surface matter in color pigments. Unprotected wood
surfaces can undergo erosion of 5-6 mm in approximately one century due to the
effects of ultraviolet light and sudden humidity changes (Feilden, 2003).

2.4.5. Wind

Wind is formed as a result of atmospheric pressure differences. The
direction, speed, sudden gusts (wind gusts), and frequency of periods of calm
(the rate at which wind does not blow) are among the basic characteristics of
wind. Historical structures are affected not only by wind pressure but also by
the suction force created in the opposite direction of the wind (Feilden, 2003).
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In historical structures, wind affects durability and stability. Therefore, a
structure that has withstood all wind intensities throughout its lifespan does not
necessarily mean it can withstand future wind forces, as it has deteriorated over
time (Feilden, 2003).

Continuous wind loads over time cause material fatigue. Wind accelerates
general external erosion in materials, especially when combined with sand or
dust, where the erosive effect is greater. Salt crystallization is observed within
the walls due to rapid evaporation caused by wind. The most serious effects
of wind occur when combined with rain. Rain, under the influence of wind,

penetrates cracks, cavities, and porous materials, causing internal deterioration
(Feilden,2003).

2.5. Deterioration Types in Wood and Stone Materials

Deterioration in historical buildings is evaluated not only on a general
scale but also on a material-specific basis. Stone, frequently used in historical
buildings, is subject to various types of deterioration due to exposure to
environmental factors. Table 3 shows the types of decomposition occurring in
stone material. Table 4 shows the types of deterioration in wood material.

Table 3. Types of Decomposition Occurring in Stone Material (Prepared by the
author, referencing Ocal & Dal, 2012)

Types of
Decompasition
Occurring in Stone
Materials

Physical Biological Chemical
Separations Decomposition Decompositions
r T s 1 ———
Cracks and Separation and o e Color Atmospheric
Deformations Diminution Change Effects
n
L T T 1
Mechanical Alveolar Missing [l Lichen Crustacean il o o
™ Broken Damage [l Decompasition Piece Formation 8
Impact
Ml star-shaped Damage I B
crack
W capillary
Fissure

_

W Joint
Failure
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Table 4. Types of Damage Occurring in Wood Materials (Prepared by the author.)

—_

Material-Related
Detariomtion
e Blciogicsl Damagos B

3
I
i

3. Material and Method

In order to examine the relationship between climate change and
deterioration in historical buildings within the context of architecture in an
academic framework and to establish a strong scientific foundation through
literature review, a bibliometric analysis method was applied.

Data were obtained from the Web of Science (Clarivate, 2025) database,
a comprehensive and citation indexing platform that provides access to
interdisciplinary academic literature. Web of Science (WoS) is a database
produced by the Institute for Scientific Information (ISI) that is used worldwide
due to its interdisciplinary nature and capacity for international research. WoS
contains more than 10,000 journals. It consists of three citation databases:

e Arts & Humanities Citation Index (coverage extends to 1975)
e Social Sciences Citation Index (coverage extends to 1956)
e Science Citation Index Expanded (coverage extends to 1900).

WoS has more than 38 million records. More than 1.5 million new entries
and 23 million new citations are added annually from over 250 disciplines,
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including natural sciences, social sciences, arts, and humanities (Vieira &
Gomes, 2009).

Database searches were conducted using the commands:

architecture AND climate change AND (“historic building*” OR
“heritage building*” OR “cultural heritage” OR monument*) AND
(deterioration OR degradation OR “material decay” OR “structural damage”
OR weathering OR “moisture damage”).

English was set as the search language, and publications were limited to
articles only. The time frame was created to cover the years 2000-2025. After
applying the specified filters, 15 articles were identified.

These articles were analyzed in terms of elements such as research aims,
methods and findings, the region studied, and keywords, and evaluated under
the main heading of climate change. In this study, bibliometric networks were
established between citations and keywords using the Vosviewer scientific
software tool developed by Van Eck and Waltman (2010).

4. Bibliometric Analysis

Figure 1 shows the distribution of publications by country. The graph
shows that the UK and Italy have the highest number of publications. Italy
is among the countries that conduct the most research on the deterioration of
historical structures in the context of their historical context and humidity-
temperature relationships, and on climate change. India and Portugal also have
a high number of publications. Since Portugal is a coastal country, humidity-
related deterioration is among its research topics.

Figure 1. Article Search Publication Distribution Graph by Country

From Web of Science database (2025)
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Figure 2. University Map

(Created by the author using the VOSviewer (Van Eck & Waltman, 2024).)

The university map in Figure 2 shows a lack of citation-based interaction
between universities and limited shared references and publications. Lund
University, the Arab Academy of Sciences, the University of Huddersfield, and
Evora University, which are centrally located, are influential universities in
the field, particularly regarding the deterioration of historical buildings in the
context of climate change.
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Figure 3. Keyword Map
(Created by the author using the VOSviewer (Van Eck & Waltman, 2024).)
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The map shown in Figure 3 is structured around the axes of climate change,
local architecture, and cultural heritage. The central concept is climate change,
and it has established strong relationships with cultural heritage, air pollution,
artificial intelligence, and cultural heritage elements. It offers an interdisciplinary
framework by addressing environmental, technological, and cultural fields. The
concept of local architecture, on the other hand, is related to concepts such as
architectural resilience and fragility, and the perception of cultural heritage.

4.1.Keywords Definitions
4.1.1. Vernacular Architecture

Vernacular architecture represents the architectural language of the people
along with their ethnic, regional, and local dialects. Vernacular architecture is
defined as a concept that goes beyond the simplicity of local architecture and
the use of local building materials and details, produced by master craftsmen
and artisans in the region. It also represents the local climate, daily life,
craftsmanship, and culture. Vernacular heritage brings together buildings, land
use, vegetation, biodiversity, water resources, and craftsmanship not only as
an architectural value but also as the sum of the surrounding landscape and its
associated intangible (spiritual) values (Aktiirk & Fluck, 2022).

4.1.2. Architectural Resilience

Architectural resilience aims to develop solutions to the problems brought
about by industrialization, urbanization, climate change, and socioeconomic
disruptions. Itrefers to the ability of a system or order to maintain its functionality,
protect against a threat, respond to risks, adapt to similar risks, and learn and
reorganize. Its purpose is to return to the situation before the risk and threat.

4.1.3. Climate Adaptation

In historical buildings, the climate adaptation process should be addressed
with a layered approach, considering the preservation of cultural value as the
main element and aiming to increase user comfort and energy performance.
Studies aimed at improving the building envelope, which creates a physical
and functional interface between the external and internal environments, and
integrating HVAC systems are implemented as limited interventions without
harming cultural value (Oztiirk et al., 2025).
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4.1.4. Extreme Events

A disaster is a sudden, natural, human-caused, or technological event that
negatively affects a society, environment, or order (Varol & Gtiltekin, 2016).

According to research by EM-DAT, 7,348 disaster events were recorded
worldwide between 2000 and 2019. These resulted in 1.23 million deaths and
$2.97 trillion in economic damage. Data from 1980-1999 shows that 4,212
disasters were recorded worldwide, resulting in 1.19 million deaths and $1.63
trillion in economic damage. These figures indicate an increase in the number of
recorded disasters over the last twenty years (CRED, 2020).

Extreme events are extreme situations that occur suddenly and
spontaneously in the system’s state, without early warning signs, and have
negative social, environmental, and economic consequences. Examples include
giant ocean waves, extreme weather events, and earthquakes (Farazmand &
Sapsis, 2018).

There is no precise definition of disaster magnitude, duration, and
frequency when defining extreme events. The attribution of extreme events to
climate change is a subject of research and debate (McPhillips et al., 2018).
However, there is evidence linking extreme events in climatological hazards to
climate change (Sura, 2011).

5. Articles

Table 5 presents a table containing the titles, publication year, author
names, regions studied, keywords, abstract, methods, and conclusions of the 15
articles examined as a result of bibliometric analysis.
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6. Findings

In the context of this research, a literature review was conducted in the
WoS database on the deterioration caused by climate change in historical
structures, and 15 articles on the subject were examined. The review revealed
that the articles generally focus on deterioration caused by increased rainfall,
temperature and humidity, extreme natural events, changes in wind speed, and
natural disasters, all stemming from climate change. In addition to the causes
of deterioration, suggestions for protection against deterioration and material-
specific analyses are key topics. Six of the articles concluded that increased
humidity, rainfall, and disasters due to climate change damage the physical
integrity of structures and threaten cultural heritage. The methods used to
reach this conclusion included interviews with local people, meteorological
data analysis, literature review, field work, and damage analysis. Four studies
focused on materials. Three of these studies examined climate change-induced
deterioration in adobe and one in stone. Since local architecture is common in
the case studies, adobe material is frequently seen. Five articles offer suggestions
for protection against deterioration. As a conservation proposal, suggestions
have been made to prevent deterioration with P(HMT-Si-F) material, lime and
clay-based mixtures, urban shading, and adaptation to the environment.

The research areas selected generally include coastal cities and local
architectural regions with high humidity and rainfall, such as Rize, the Italian
coast, Spain, and Mozambique.

The articles emphasize the importance of preserving and documenting
historical structures because they bear witness to the past. Methods such as
artificial intelligence, photogrammetry, and 3D laser scanning have also been
proposed for document-based restoration, and their application has been
confirmed to yield positive results in various examples.

7. Evaluation

As a result of the bibliometric analysis conducted within the scope
of addressing the impact of climate change on the deterioration of historical
buildings from an architectural perspective.15 articles were examined. The
study examined the subject through examples from different geographies
(Mozambique Island, Southern and Eastern Serbia, Spain, Algeria, Italy, Burkina
Faso, Norway, USA, Turkey). This shows that the issue is addressed on a global
scale and that climate change poses a threat to historical buildings worldwide.
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Turkey has seven different climate zones. It hosts many structures in the
context of historical and rural architectural works. The review revealed that there
are limited studies examining the impact of climate change on the deterioration
of historical buildings in Turkey. The study conducted abroad by Aktiirk and
Fluck (2022), using the Rize example, is the only example encountered in the
literature review. This situation shows that there is a need in the literature for
interdisciplinary studies addressing the impact of climate change on historical
buildings and deterioration processes in Turkey.

The articles reviewed address the topics in depth using a variety of
methods, including field analyses, comparative case studies, comprehensive
meteorological investigations, protective material recommendations and
experimental studies, extensive literature reviews, energy simulations, and
interviews with local people. In some studies, the inclusion of users in the
process provided a deep and multi-dimensional research approach, addressing
not only the physical aspects of deterioration but also the problems experienced
by those living in the structure.

The articles particularly focused on the deterioration of adobe, a material
of great importance to local architecture, and its conservation strategies in the
context of climate change. In this context, the relationship between materials
and climate change was illuminated within the context of adobe. However, it
is observed that wood and stone, fundamental elements of local architecture,
have not been sufficiently addressed in the context of climate change-related
deterioration. In particular, the humidity factor increases and decreases due to
climate change, causing structural and surface deterioration in wood materials.
The literature remains limited in terms of material scope.

The articles do not limit themselves to problems related to deterioration
but also offer conservation and intervention recommendations, demonstrating
a solution-oriented approach. Although the proposed solutions have successful
experimental results in terms of materials, they fall short due to negative factors
such as economic constraints, transportation difficulties, and lack of oversight.

8. Conclusion and Discussion

Globally, world temperatures are steadily rising, and this is having a
devastating impact on cultural heritage that reflects the past of society and
sheds light on the future. Climate change is described by researchers as the
fastest-growing threat to world heritage sites. Areas facing this threat include
archaeological sites, cultural and rural sites, monuments, and cultural landscapes.
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These elements combine to contribute to understanding the past and creating a
sustainable understanding of history.

In the face of this serious threat, research is focused on two main areas:
mitigation and adaptation. These two approaches complement each other in the
fight against climate change. Minimizing the threats posed by climate change,
adapting to existing threats, and proposing protection measures are among the
actions currently being taken.

Historical structures are undergoing multi-layered deterioration due
to the effects of climate change and environmental factors. In addition to the
deterioration of the structural system or aesthetic integrity of the building, the
degree to which it is affected by environmental factors varies depending on the
material used. The materials used in the structure undergo physical, chemical,
biological, and mechanical deterioration.

Temperature variations increase thermal expansion and contraction
differences in materials such as stone, brick, and mortar, leading to cracks; high
humidity, salt crystallization, biological growth, and freeze-thaw cycles cause
damage in porous materials. Furthermore, air pollution and acid rain lead to
the formation of gypsum, soot, and salt, particularly in limestone, as a result
of chemical reactions. This damage not only disrupts the physical integrity and
aesthetic perception of historical structures but also causes the loss of original
data, traces, and detailed information that bear witness to past civilizations
and cultural heritage. Therefore, documentation plays a crucial role in the
preservation of historical structures. Today, 3D laser scanning, photogrammetry,
digital modeling, and Al-supported data analysis enable accurate documentation
of the current state of structures and the scientific monitoring of deterioration
processes. Integrating documentation data into the restoration process
contributes to interventions being carried out in a data-driven and sustainable
manner, avoiding randomness. Al-based analysis methods, in particular, allow
for the prediction of potential deterioration by modeling material behavior and
the optimization of conservation strategies.

The bibliometric analysis of the research revealed that studies have
intensified after 2020. This finding suggests that the impact of climate change
on historical structures is being addressed not as a potential problem, but as a
confrontable and measurable issue.

Among the regions where the literature is concentrated are England
and Italy. Given its historical texture and humidity-temperature relationships,
Italy is likely one of the countries that has conducted the most research on the
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deterioration of historical structures and climate change. Turkey, with its diverse
climatic characteristics and rich historical infrastructure, falls short in addressing
the deterioration of historical structures due to climate change.

In conclusion, the impact of climate change on historical structures
continues in a multifaceted and accelerating manner. Therefore, for the
sustainability of cultural heritage and its transmission to future generations, it
should be addressed through holistic methods encompassing interdisciplinary
collaboration, documentation methods, conservation strategies, Al-supported
analysis methods, and adaptation to the new climate regime.
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