
Sustainable management and 
climate adaptation in historic sites: 
Insights from Side Ancient City

Abstract
Climate change presents an increasing threat to cultural heritage, causing direct 
physical damage and accelerated material deterioration. This study focuses on 
the Side Ancient City in Antalya, a culturally and archeologically significant site 
vulnerable to climate-induced risks. As a popular tourist destination, Side faces 
a complex blend of environmental, social, and economic challenges, requiring a 
nuanced understanding of climate impacts. The study aims to identify the risks 
posed by climate change in Side and to develop strategies for protection and 
adaptation. Using a qualitative research approach, the study combined a literature 
review and field analysis to assess the site’s vulnerabilities. In the field analysis, 
historical structures and archaeological sites on the Side were observed within 
the scope of the impacts of climate change, and the necessary data were collected. 
Then, a SWOT analysis evaluated the Side’s current condition and resilience against 
climate change. In the subsequent step, the adaptation strategies were formulated 
and a Matrix was developed to illustrate the connections between climate impacts, 
SWOT components, and the corresponding adaptation strategies. Based on these 
findings, the study proposed various adaptation strategies, including physical 
interventions, regulatory policies for development and tourism, and community-
driven approaches for sustainable heritage management. These recommendations 
aim to protect Side’s cultural heritage from ongoing and future climate-related 
threats and contribute to broader discussions on adapting historic sites to climate 
change.
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1. Introduction 
Anthropogenic activities, primarily 
through the emission of greenhouse 
gases, have indisputably led to global 
warming, with the global surface 
temperature rising by 1.1°C above 
the 1850-1900 levels during the 
period 2011-2020. The increase in 
global greenhouse gas emissions has 
persisted, characterized by unequal 
historical and ongoing contributions 
resulting from unsustainable practices 
in energy use, land use and land-use 
changes, and various lifestyles and 
consumption and production patterns 
across different regions, between and 
within nations, and among individuals 
(IPCC, 2023). Climate change is 
increasingly recognized as a critical 
challenge that threatens not only 
natural ecosystems but also cultural 
heritage sites worldwide. Over the 
past 20 years, there has been growing 
concern about the climate change risks 
poses to cultural heritage. Various 
efforts have been made to evaluate its 
projected impacts on different heritage 
categories, addressing both outdoor 
and indoor environments (Bonazza 
& Sardella, 2023; Sesana et al., 2021). 
Climate change poses significant 
threats to historic sites around the 
world, impacting their preservation 
and the ability to maintain their 
cultural and historical significance. 
Historic sites are integral to our 
cultural identity and understanding 
of history, and the impacts of climate 
change pose a unique challenge to 
their preservation. Climate change 
impacts such as extreme weather 
events, changes in precipitation 
patterns and temperature, more 
intense rainfall and prolonged periods 
of drought, can damage or degrade 
historic materials (Fatorić & Seekamp, 
2017; ICOMOS Climate Change and 
Heritage Working Group, 2019; 
Kapsomenakis et al., 2023; B. Prieto et 
al., 2020; Sabbioni et al., 2010; Sesana 
et al., 2021). 

The Side Ancient City in Antalya, 
Türkiye, exemplifies a cultural heri-
tage site at risk from climate change. 
Renowned for its archaeological sig-
nificance and historical continuity, 
Side faces threats from natural and 
human-induced factors. The city’s 

proximity to the Mediterranean coast 
makes it particularly susceptible to 
rising sea levels and coastal erosion, 
while increased temperatures and 
humidity pose additional risks to its 
ancient structures and artifacts.  Ad-
ditionally, tourism and urban devel-
opment intensify these environmental 
challenges, necessitating comprehen-
sive management strategies. This study 
investigates the specific impacts of 
climate change on Side and proposes 
adaptive strategies tailored to its cir-
cumstances. Employing a qualitative 
approach that includes a literature 
review and field analysis, the research 
explores global adaptation strategies 
to protect cultural heritage. Field-
based research investigates climate 
risks on the Side and a SWOT analysis 
assesses the site’s conditions, identify-
ing challenges and opportunities for 
resilience. In the next step, adaptation 
strategies were identified and a matrix 
was developed that shows how climate 
impacts are linked to the SWOT com-
ponents and subsequently to the ad-
aptation strategies identified. Figure 1 
shows the study framework.

The findings underscore the im-
portance of integrating climate 
adaptation into heritage manage-
ment to preserve Side’s cultur-
al assets for future generations. 

2. Climate change impacts 
on historic sites
Climate change has emerged as a critical 
issue with significant environmental 
and social repercussions, leading 
to an unprecedented rise in mean 
surface air temperatures over the past 
50 years. This phenomenon impacts 
all facets of human and natural 
systems, including World Heritage 
sites. Ensuring the protection and 
sustainable management of these 
invaluable sites should be a priority 
for governments. The effects of 
climate change on cultural heritage 
are complex, involving interactions 
between natural, cultural, and social 
systems. Historical and archaeological 
sites are increasingly vulnerable 
to environmental changes, with 
climate change exacerbating their 
degradation through intensified 
physical, chemical, and biological 
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processes. Climate change increases 
the frequency and severity of extreme 
events like droughts, floods, and 
landslides, further threatening 
cultural heritage. Cultural heritage, 
encompassing historical structures, 
subsurface archaeological sites, 
cultural landscapes, and traditional 
lifestyles, often comprises entities 
and communities that are particularly 
susceptible to threats (Fatorić & 
Seekamp, 2017; A. J. Prieto et al., 
2020). In this context, the impacts of 
climate change on cultural heritage 
can be categorized and analysed 
under several critical thematic areas: 
Sea Level Rise, Flooding and Coastal 
Erosion (Carbognin et al., 2010; Daly 
et al., 2022; García Sánchez et al., 
2020; Maragno et al., 2023; Marzeion 
& Levermann, 2014; Reimann et 
al., 2018), Sea Acidification (Harkin 
et al., 2020; Willems & Schaik, 
2017), Sea-Temperature Change 
(Harkin et al., 2020; Isaak et al., 
2012; Willems & Schaik, 2017), 
Impacts on Architectural Buildings 
and Biodeterioration (Bienvenido-
Huertas et al., 2021; Dias et al., 2023; 
Hedayatnia et al., 2021; Pires et al., 
2022; B. Prieto et al., 2020; Sabbioni 
et al., 2010; Silva et al., 2020; Sitzia et 

al., 2023), Soil Temperature (Asano et 
al., 2023; Bradford et al., 2019; Jackson 
et al., 2013; Menberg et al., 2014), 
Freeze-Thaw Cycle (Grossi et al., 2007; 
Sesana et al., 2018, 2021; UNESCO, 
2007; Vyshkvarkova & Sukhonos, 
2023), Salt weathering (Charlo, 2000; 
Menéndez, 2018; Ruiz-Agudo et al., 
2011; Vyshkvarkova & Sukhonos, 
2023), Extreme Weather Events 
(Sesana et al., 2018, 2021; UNESCO, 
2007), Impact on Archaeological 
Sites (Daly, 2011; Heilen et al., 2018; 
Hollesen, 2022, 2023). 

Gradual climate changes, such as 
shifts in temperature, precipitation, 
humidity, and wind intensity, contrib-
ute to the long-term degradation of 
cultural heritage materials by acceler-
ating physical, chemical, and biolog-
ical decay processes. Sudden events 
like floods, landslides, wildfires, and 
sea-level rise can cause immediate 
and severe damage or worsen exist-
ing deterioration (Sesana et al., 2021). 
Key strategies for protecting cultural 
heritage from climate change include 
securing adequate financial resourc-
es, improving knowledge of climate 
impacts, and effectively sharing this 
information. Engaging stakehold-
ers, such as local communities and 

Figure 1. Study framework.
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decision-makers, is essential, along-
side integrating climate change con-
siderations into management plans. 
Practical measures include building 
protective infrastructure (e.g., coast-
al defences), relocating sites when 
necessary, and avoiding maladaptive 
practices. Additionally, developing 
materials compatible with historic 
environments, enhancing monitor-
ing efforts, and digitally recording 
heritage for future preservation are 
recommended. The factors for imple-
menting these adaptation strategies, 
as detailed in Figure 2, are categorized 
into six groups (Sesana et al., 2018).

Since the Paris Agreement, UNE-
SCO has aimed to support countries 
in managing climate change impacts 
on cultural heritage. Countries should 
collaborate and share adaptive mea-
sures, with more developed nations 
helping less fortunate ones. Dialogue 
is needed not only between govern-
ments but also among heritage orga-
nizations, institutions, site manag-
ers, and academics. There is a gap in 
transferring international knowledge 
to local levels. Mainstreaming climate 
change in cultural heritage manage-
ment requires raising awareness and 
engaging local communities. Regula-
tions, guidelines, financial incentives, 
and further research on adaptive mea-
sures and risk preparedness are also 
essential.

3. Method
3.1. Side Ancient City
The Mediterranean basin is a densely 
populated coastal area experiencing 
rapid demographic, social, economic, 
and environmental changes. Between 
1960 and 2010, the urban population 
increased by 20%. Tourism also 
adds pressure, with Mediterranean 

countries accounting for about one-
third of global tourist arrivals in 
2011, a number expected to grow to 
637 million annually by 2025 (Wolff 
et al., 2018). In addition to local 
human activity, the region faces global 
environmental challenges, particularly 
sea-level rise and related hazards, 
which are anticipated to impact 
Mediterranean nations throughout 
the 21st century significantly (Anzidei 
et al., 2020; Wolff et al., 2018). The Side 
Ancient City, a significant cultural 
heritage site featuring monuments 
from ancient Greek, Roman, and 
Byzantine civilizations, is the focus of 
this study, which examines the impacts 
of climate change, particularly in the 
Mediterranean basin. This assessment 
is essential for protecting the city’s 
cultural heritage and formulating 
strategies for conservation, 
sustainable tourism, and adaptive 
management. Additionally, it aids in 
policy development and contributes 
to global efforts to safeguard cultural 
heritage from climate-related risks. 
Due to its Mediterranean coastal 
location, Side exemplifies the 
climatic vulnerabilities common 
to many classical-period ancient 
cities, making it an effective case to 
demonstrate adaptation strategies 
applicable to similar heritage sites 
throughout Türkiye and the broader 
Mediterranean basin.

3.2. Historical and cultural 
significance of the side
Asia Minor, a peninsular landmass 
covering approximately 756,103 
square kilometres, constitutes 
a western subcontinent of Asia. 
Commonly referred to as Anatolia, 
this region encompasses a significant 
portion of present-day Türkiye. 

Figure 2. The key factors for implementing the adaptation of cultural heritage to climate change.
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During the Greek and Roman periods, 
Asia Minor was home to several 
prominent Greek cities, particularly 
within the central western coastal area 
known as Ionia. The Romans adopted 
the name “Asia Minor” shortly before 
the birth of Jesus, while earlier Greeks 
referred to the region simply as “Asia.” 
Following the decline of Mycenaean 
society in mainland Greece, the west 
coast of Asia Minor experienced a 
steady influx of Greek settlers. By 1000 
B.C.E., Greeks of the Ionian ethnic 
group had established themselves in 
the region that came to be known as 
Ionia, with prominent city-states such 
as Miletus, Samos, Chios, and Ephesus. 
Greek colonization extended further 
during the great age of colonization 
(circa 750–550 B.C.E.), reaching the 
northern and southern coasts of Asia 
Minor. In the north, colonies such 
as Cyzicus on the Sea of Marmara 
and Sinope along the Black Sea coast 
were established by Miletus to secure 
control over trade routes. Key Greek 
cities on the southern coast included 
Phaselis, Perge, Aspendus, and Side, 
strategically positioned from west to 
east. The Greek settlements flourished 
due to their strategic positioning 

along sea and caravan trade routes 
(Sacks, 2005; p.51). Figure 3 shows 
the location of the Side settlement in 
northern Asia Minor.

According to Figure 3, the ancient 
city of Side, one of Pamphylia’s most 
important port cities, is located in the 
south of the Asia Minor peninsula. 
Side is an Eastern Pamphylian city 
located between the Melas River and 
the Eurymedon River, closer to the 
Melas River. When examined etymo-
logically, the name “Side” is found not 
only in the Pamphylia region but also 
in different regions such as Pontos, 
Thessalia, Lakonia, and Lycia. There 
are also areas in mainland Greece 
with names similar to Side. The name 
“Side” means Pomegranate in the local 
language (Alanyalı & Yurtsever, 2020; 
p.39). The exact foundation date of 
Side is not known. However, ancient 
writers mention that the city of Side 
was founded by the Cymeans who 
came from the Aeolia Region (Stra-
bon, 2015; p.251). But, the decorated 
basalt crater, which was unearthed 
during excavations at the archaeolog-
ical site and is thought to date back to 
the Late Hittite Period, is considered 
the oldest architectural remains of the 

Figure 3. Location of the Side settlement in northern Asia Minor (Sacks, 2005; p.52).
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city and dates the city’s history back 
to the Late Hittite Period. However, 
ancient writers suggest a much earli-
er date for the city’s foundation. Ac-
cording to Eusebius, the city of Side 
was founded in 1405 BC. (Alanyalı 
& Yurtsever, 2020; p.43). It is known 
that throughout history, there was no 
strong migration or colonial move-

ment to Side and that local elements 
were much stronger in the city (Al-
anyalı, 2011). 

Mansel (2020) notes that Side expe-
rienced its first golden age during the 
Hellenistic period when it had an au-
tonomous structure. The city’s second 
golden age occurred between the 2nd 
and 3rd centuries AD. (Mansel, 2020). 

Figure 4. Location of Side.
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The city’s last golden age was during 
the 5th and 6th centuries AD. During 
this period, Side became a bishopric 
canter. It appears that Side was com-
peting with Perge to become the reli-
gious canter of the region at that time 
(Alanyalı & Yurtsever, 2020: p.53; 
Mansel, 2020). Side gained indepen-
dence in the late Hellenistic period 
after Persian and Macedonian rule. It 
later became a Roman administrative 
canter and a key naval base. The city 
flourished during the Early Byzantine 
period but declined in the 7th century 
due to Arab invasions (Altun, 2020; 
Elam, 2020). It was abandoned in the 
13th century after the Seljuks took 
over the region. In the late 19th cen-
tury, Turkish families from Crete re-
settled in Side, and the settlement was 
named Selimiye Village, later revert-
ing to its ancient name (Altun, 2020). 
Settlement in Side resumed with the 
location of Cretan immigrants. Once 
a commercial, religious, and military 
hub that eventually became aban-
doned, Side was revived first as a cen-
tre for scientific research and then as a 
tourist destination following archaeol-
ogist Arif Müfid Mansel’s Side excava-
tions in 1947 (Soykal Alanyalı, 2017). 
The Pamphylian city of Side has been 
a focus of scientific research since the 
1940s, with significant archaeological 
work conducted by Mansel from 1947 

to 1975. Key monuments include early 
Christian churches, temples, the Epis-
copal Palace, colonnaded streets, bath 
complexes, and fortification walls, 
indicating Side’s prosperity until the 
Late Antique and early Byzantine 
periods. Recent findings suggest the 
bishop’s complex included a basilica, 
baptistry, palace, three Martyria, and 
other structures, along with a garden 
area. Ongoing investigations, which 
began in the last ten years by exca-
vation director Feriştah Alanyalı and 
her team, aim to explore the architec-
tural history and functions of these 
structures and examine the poten-
tial relationship between the bishop’s 
complex and adjacent areas. The proj-
ect also prioritizes studying Side’s ur-
ban integration during the Byzantine 
periods and conducting comparative 
analyses with similar episcopal sites in 
the Balkans, Greece, and Asia Minor 
(ÖAW, n.d.). The archaeological ex-
cavations carried out meticulously by 
the excavation director and her team 
set a good example in terms of con-
servation and also shed light on Side’s 
past with important clues. The efforts 
in Side are considered valuable for im-
plementing a comprehensive and par-
ticipatory process in a complex area, 
serving as a model for other sites in 
Anatolia. Figure 4 shows the national, 
regional, and local location of Side. 

Figure 5. Side Ancient City images (Leila Akbarishahabi, 2024).
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Figure 4 illustrates the location and 
context of the Ancient City of Side 
through national, regional and lo-
cal maps, highlighting its location in 
Antalya, its topographical sea-level 
coastal settlement and its urban and 
archaeological layout. Some images 
from Side Ancient City are shown in 
Figure 5.

3.3. Urbanization and 
conservation efforts of the side
When Side’s urbanization process 
is examined, new structures have 
emerged rapidly in the region in the 
last 70 years. The most important 
factor that triggered this situation 
is tourism. The Figure 6 shows the 
structures of the ancient city of Side in 
recent years.

According to Figure 6, black areas 
represent buildings. The number of 
buildings increased significantly be-
tween 1953 and 2010. Obviously, the 
negative environmental impacts of 
this rapid construction are inevita-
ble today. The conservation efforts of 
the Ancient City of Side began with 
the “Side and Surroundings Tourism 
Planning International Project Com-
petition” organized by the Ministry 
of Tourism and Promotion in 1969. 
However, over time, the area’s natu-
ral, historical, and coastal values at-
tracted attention, leading to the city 
being opened to tourism (Büyüksural 
& Sağıroğlu Demirci, 2023). Side An-
cient City changes resulted in chaotic 
urban sprawl, further exacerbated by 
the “Tourism Incentive Law” of the 
1980s, which allowed for taller build-
ings and accelerated the construction 
of unauthorized concrete structures. 
These developments severely compro-
mised the archaeological and histor-

ical fabric of the city (Çubuk, 2013). 
Side was registered as a 1st-degree 
archaeological site in 1990 to protect 
and ensure the continuity of its cul-
tural heritage. However, as tourism 
demands grew, the city underwent 
rapid and unplanned changes and 
transformations. During this process, 
delays in conservation decisions re-
sulted in the deterioration of cultural 
assets and illegal construction relat-
ed to tourism continued (Büyüksural 
& Sağıroğlu Demirci, 2023). In the 
following years, Side’s preservation 
efforts included how to integrate the 
Ottoman rural architectural heritage 
with the archaeological sites. After 
many revisions, the Side Ancient City 
Conservation Plan was approved in 
2014. This project aimed to protect 
the traditional and ancient fabric to-
gether, prevent illegal construction, 
and involve the public in the preserva-
tion process. The project also focused 
on mapping the ancient city through 
excavations, protecting both tangible 
and intangible heritage, and enhanc-
ing public spaces (Altun, 2020). The 
2014 conservation plan comprises two 
areas: an urban site + 3rd-degree ar-
chaeological sites and 1rd-degree ar-
chaeological site. In 2016, the Antalya 
Regional Board for the Protection of 
Cultural Assets decided to revise the 
plan based on detailed analyses such 
as mass, building height, and materi-
als, prompting Manavgat Municipal-
ity to initiate plan implementations 
through the Ancient Side Urban De-
sign Project. However, the area known 
as the Western Necropolis and Meg-
alopolitans neighbourhood, initially 
designated as a 1st-degree archaeolog-
ical site in the 2014 conservation plan, 
was updated to a 3rd-degree archaeo-

Figure 6. Urban development of Side between 1953 and 2010 (Güven Ulusoy, 2014: p.75).



69

Sustainable management and climate adaptation in historic sites: Insights from Side Ancient City

logical site by decision no. 8268 dated 
18.10.2018 from the Antalya Regional 
Board for the Protection of Cultural 
Assets. Consequently, in compliance 
with Law No. 2863, a separate plan-
ning process was initiated for this 
area, and the plan was approved in 
2022. Finally, the latest revised version 
of the conservation plan was approved 
by the T. C. Ministry of Environment, 
Urbanization, and Climate Change in 
2024. Figure 7 shows the plans of 2014 
and 2024.

Figure 7 represents Conserva-
tion Plans from 2014 (left) and 2024 
(right). There are some key differenc-
es between the two plans. The 2024 
plan shows an expansion of the con-
servation areas compared to the 2014 
plan in the north-eastern region. This 
area is marked with grey striped tex-
ture and named a “Sensitive Area to 
Be Strictly Protected”. However, in the 
2014 plan, the northern part was a 1st 
degree archaeological site, while in 
the 2024 plan, this area was changed 
to a 3rd degree archaeological site and 
marked with a red striped texture. The 
area within the pink border in the 
2014 plan and the blue border in the 
2024 plan is an urban site and the 3rd 
degree archaeological site.

3.4. Climate change risks on the side
In the field analysis related to the 
impacts of climate change on cultural 
heritage, the current status of the site 
was examined and potential hazards 
such as air and soil temperature 
increases, erosion and water rise, 

structural weaknesses such as material 
decay, and other related issues that 
may be caused by climate change were 
evaluated. Images of the Ancient City 
of Side in terms of climate change 
impacts are included in Figure 8.
Upon examining Figure 8, various 
potential impacts of climate change 
on Side can be identified. These 
impacts are evaluated in 4 categories: 

a. Physical Impacts on Structures
•	 Temperature Fluctuations: While 

the average temperature in Side was 
17.1°C in 1979, it has increased to 
18.5°C in 2023 (meteoblue, 2023a). 
Increased temperatures and more 
frequent heatwaves can cause ma-
terials such as stone, wood, and 
metal to expand and contract. This 
thermal stress leads to cracking, 
warping, and the weakening of 
structural integrity over time.

•	 Freeze-Thaw Cycles: In Side, tem-
peratures normally range from 8°C 
to 32°C throughout the year, but 
in recent years temperatures have 
been below 4°C and above 37°C 
(MGM, n.d.). In Side, fluctuating 
temperatures around the freezing 
point can cause repeated freeze-
thaw cycles, especially in porous 
materials such as stone. Water 
seeps into cracks, freezes and ex-
pands, leading to gradual deterio-
ration.

•	 Increased Precipitation and Flood-
ing: Higher rainfall and extreme 
weather events can lead to flood-
ing, which threatens the founda-

Figure 7. Conservation Plans of 2014 and 2024.
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tions of historic structures. Side 
Ancient City is located almost at 
the seaside. Water saturation can 
cause subsidence, erosion, and 
structural collapse in Side.

•	 Wind and Storm Surges: While 
the average wind speed of Türkiye 
is 1.9 m/s, the wind speed of the 
Antalya region is 3.36 m/s (MGM, 
n.d.). In some extreme cases, 
stronger storms and hurricanes 
can cause significant physical dam-
age. Coastal erosion due to storm 
surges can wash away or destabi-
lize sites located near the shoreline.

•	 Tornados: In the Mediterranean 

region, which is vulnerable to the 
impacts of climate change, rising 
sea surface temperatures enhance 
atmospheric instability, thereby 
triggering and intensifying the 
development of severe storm cells 
and tornado-producing supercells. 
It is suggested that ongoing global 
warming will further increase sea 
surface temperatures values in the 
Mediterranean, potentially leading 
to a greater frequency and intensi-
ty of tornadoes in the future (Avo-
lio & Miglietta, 2023; Gianfreda 
et al., 2005; Miglietta et al., 2017). 
Elevated sea surface temperatures 

Figure 8. Possible impacts and images.



71

Sustainable management and climate adaptation in historic sites: Insights from Side Ancient City

amplify atmospheric instability, 
heightening the likelihood of in-
tense storms and tornadoes in Side.

b. Chemical and Biological 
Deterioration
•	 Salt Crystallization: Coastal sites 

are particularly vulnerable to salt 
crystallization, which is exacerbat-
ed by sea level rise and increased 
storm surges. In Side, in some his-
torical structures, salt weathering 
was found on interior and exteri-
or surfaces. Salt can penetrate into 
the porous materials and, upon 
crystallization, cause flaking and 
exfoliation of stone surfaces.

•	 Air Pollution: Climate change can 
exacerbate air pollution, partic-
ularly in urban areas. According 
to the 2022 Türkiye Air Pollution 
Report, the PM10 Annual Average 
Value (μg/m3) exceeds the WHO 
Annual Limit Value on 116 days of 
the year in the Manavgat district 
of Antalya (TMMOB, 2022). In-
creased levels of pollutants can ac-
celerate the degradation of struc-
ture materials through chemical 
reactions, such as the formation of 
sulfuric acid, which corrodes stone 
and metal.

•	 Biological Growth: Warmer and 
wetter conditions favour the 
growth of biological organisms on 
structure surfaces. These organ-
isms can cause staining, decay, and 
structural weakening, especially in 
organic materials like wood. Some 
biological organisms have been de-
tected in Side historical structures.

c. Impact on Archaeological Sites
•	 Permafrost Thawing and Soil Tem-

perature: The thawing of perma-
frost due to rising temperatures 
poses a risk to archaeological sites 
preserved in frozen ground. As the 
ground thaws, organic materials 
such as wood, bone, and textiles 
can rapidly decay upon exposure 
to air and microorganisms. No 
scientific research has been con-
ducted on this subject in Side and 
therefore no data is available in 
this context. However, as an im-
portant archaeological site where 
excavations are still ongoing, it 

seems likely that Side will face such 
a danger. Also, in Side Ancient 
City, soil temperature can rise up 
to 30°C (meteoblue, 2023b), this 
event may damage underground 
movable cultural heritage.

•	 Erosion and Desertification: Side 
has a Mediterranean climate. Sum-
mers are hot and dry, and winters 
are cold and rainy (MGM, n.d.). 
Increased desertification in arid 
regions and coastal erosion threat-
en to bury or wash away archae-
ological sites. Wind erosion can 
uncover and then destroy fragile 
remains, while soil erosion can 
lead to the loss of stratigraphic in-
tegrity, making it difficult to inter-
pret the archaeological record.

•	 Using Glass to Cover and Pro-
tect: Using glass coverings to pro-
tect archaeological sites has some 
drawbacks. The enclosed space 
can trap heat, creating a green-
house effect that potentially dam-
ages the remains through thermal 
stress. Moisture accumulation due 
to condensation can accelerate the 
decay of organic materials. Expo-
sure to UV light through the glass 
may further degrade exposed ma-
terials.

d. Impact on Cultural Landscapes and 
Intangible Cultural Heritage
•	 Fires: In recent years, there have 

been very devastating fires in the 
Manavgat district where Side is lo-
cated (28 July 2021 Manavgat Fire).  
Increased frequency and intensity 
of wildfires, driven by higher tem-
peratures and prolonged dry peri-
ods, threaten historic sites located 
in forested areas. Fires can destroy 
wooden structures, damage stone 
buildings, and obliterate archaeo-
logical evidence. Additionally, fires 
in the surrounding area cause air 
pollution in the historic site.

•	 Changes in Seasonal Activities: 
Many cultural practices are tied to 
specific seasons or natural cycles, 
such as festivals, agricultural prac-
tices, and religious observances. 
Climate change can disrupt these 
cycles, leading to the loss or alter-
ation of traditional cultural prac-
tices.
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•	 Displacement of Communities: 
Climate change can force the dis-
placement of communities due to 
rising sea levels, desertification, 
or other environmental changes. 
When communities are displaced, 
intangible cultural heritage, such 
as traditional knowledge, languag-
es, and customs, is at risk of being 
lost.

3.5. SWOT analysis of the Side
The SWOT analysis is an effective 
and suitable approach for 
developing adaptation strategies 
to address the impacts of climate 
change. By examining strengths 
(existing policies, technologies, and 
institutional capacities), weaknesses 
(gaps in resources, knowledge, 
or infrastructure), opportunities 
(emerging technologies, funding 
programs, and collaborations), 
and threats (climate risks, political 
instability, or economic challenges), 
the analysis provides a comprehensive 
framework for evaluating an 
organization’s or community’s 
climate resilience. This method 
supports strategic decision-making 
by identifying key areas for resource 
allocation and improvement. In 
the context of this research on Side 
Ancient City, the SWOT analysis 
method was selected because it allows 
for a comprehensive assessment of 
the city’s climate vulnerabilities and 
resilience capacity by systematically 
categorizing key factors. The SWOT 
analysis for Side was performed 
through a combination of literature 
review and field investigations. The 
strengths were identified based on 
historical, cultural, and archaeological 
assets and resilience features; 
weaknesses considered existing 
vulnerabilities such as infrastructure 
deficiencies and susceptibility of 
ancient materials to environmental 
stressors; opportunities focused on 
potential resources, partnerships, 
and educational initiatives; while 
threats covered climate-induced 
hazards, urbanization pressures, and 
socio-economic challenges. The main 
advantage of SWOT analysis within 
this research is its comprehensive 
approach to understanding and 

addressing climate change impacts on 
heritage sites. By aligning adaptation 
strategies explicitly with identified 
SWOT components, the analysis helps 
prioritize and target interventions 
effectively, ensuring robust and 
adaptive management practices 
tailored specifically to Side and 
comparable historical coastal cities.

SWOT (Strengths)
•	 Historical, Cultural and Archaeo-

logical Significance: Side has a rich 
history involving multiple civiliza-
tions, including the Greeks, Lyd-
ians, Persians, Romans, Seljuks, 
and Ottomans. The city hosts a 
diverse range of ancient structures 
and artifacts, including Apollo and 
Athena Temples, Agoras, Ancient 
Theatre, Great Baths, Vespasian 
Fountains, and a well-preserved 
city Great Gate. 

•	 Architectural Features: The Side 
Antique Theatre, with its Greek 
architectural style, is valuable in 
Anatolia due to its construction 
on a slope and use of vaults to sup-
port seating. This makes it an ex-
ceptional example of ancient engi-
neering and design.

•	 Financial Foundation: Side An-
cient City’s strong financial foun-
dation is driven by its status as a 
top tourist destination, attracting 
both government support and 
foreign investment. Additionally, 
local investors play a crucial role, 
contributing to the area’s financial 
resilience and ensuring ongoing 
preservation and development ef-
forts.

•	 Strategic Location: Located 80 km 
east of Antalya and 7 km southwest 
of Manavgat, Side is easily acces-
sible to tourists visiting Türkiye’s 
Mediterranean coast. Its coastal 
position also enhances its allure 
as a destination with both cultural 
and natural attractions. This situa-
tion also supports financial issues.

•	 Adaptability of Structures: Many 
of Side’s ancient structures, such 
as stone-built temples, walls, and 
the theatre, have withstood cen-
turies of weathering and climatic 
changes, showcasing a degree of 
resilience. This resilience can be 
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leveraged to promote Side as a site 
that has survived various natural 
challenges, appealing to visitors 
interested in history and climate 
studies.

•	 Existing Research and Knowledge: 
There is substantial historical and 
archaeological research on the 
materials and construction tech-
niques used in Side, which can 
provide valuable insights into how 
these structures might withstand 
ongoing climate changes. This 
knowledge can inform current and 
future conservation efforts.

•	 Archaeological Excavations: In the 
archaeological site, excavations are 
carried out meticulously by the 
excavation director and her team 
with conservation concerns. This 
issue is important in terms of pro-
tection actions and cultural sus-
tainability.

SWOT (Weaknesses)
•	 Vulnerability to Natural Disasters: 

Side has been historically affected 
by natural disasters, which have 
led to its decline and abandonment 
in various periods. The remaining 
structures are vulnerable to further 
damage from earthquakes, flood-
ing, and other natural events.

•	 Maintenance and Preservation 
Challenges: The ancient struc-
tures and ruins require continuous 
maintenance and preservation ef-
forts. Factors such as weathering, 
erosion, and potential vandalism 
pose ongoing challenges to the 
conservation of the site.

•	 Exposure to Climate Risks: The city 
is exposed to several climate-relat-
ed risks, including increased tem-
peratures, rising sea levels, and 
extreme weather events such as 
heavy rainfall and storms. 

•	 Vulnerability of Ancient Materials: 
The building materials used in Side, 
such as stone and marble, are vul-
nerable to environmental changes. 
Acid rain, increased humidity, and 
temperature fluctuations can cause 
physical and chemical deteriora-
tion, leading to cracking, erosion, 
and weakening of the structures. 

•	 Limited Resources for Climate 
Adaptation: There may be limited 

financial and technical resources 
dedicated specifically to adapting 
and preserving the site in response 
to climate change. This lack of re-
sources could hamper effective 
conservation strategies, leaving the 
site more susceptible to climate-re-
lated damage.

•	 Information on Climate Change: 
It has been determined that there 
are no training and information 
programs, especially for local peo-
ple, tradesmen, and business own-
ers, about the impacts of climate 
change caused by human activities.

•	 Inadequate Modern Infrastruc-
ture for Climate Adaptation: The 
current infrastructure around the 
ancient city may not be adequately 
equipped to handle the challenges 
posed by climate change. For in-
stance, drainage systems may be 
insufficient to cope with increased 
rainfall, leading to water accumu-
lation and potential flooding of 
the ruins. Similarly, there may be a 
lack of barriers or protective mea-
sures to prevent wind and water 
erosion in vulnerable areas.

•	 Limited Financial and Human Re-
sources: Managing and maintain-
ing a large, exposed archaeological 
site like Side requires significant fi-
nancial investment and specialized 
skills. There may be insufficient 
funding dedicated specifically to 
climate adaptation strategies, and a 
lack of trained personnel to imple-
ment these measures. This finan-
cial and skill gap could limit the ef-
fectiveness of preservation efforts, 
especially in the face of escalating 
climate threats.

•	 Lack of Tourism Activities Infor-
mation: There is no more informa-
tion on the tourist capacity, the reg-
ular determination of the number 
of tourists arriving, and the direct 
and indirect environmental and fi-
nancial impacts of tourism on Side. 

SWOT (Opportunities)
•	 Educational and Research Poten-

tial: The site provides vast opportu-
nities for archaeological research, 
studies in ancient history, and edu-
cational tours. Collaborations with 
academic institutions can be fos-
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tered to enhance knowledge and 
preservation techniques.

•	 Funding and Grants for Climate 
Resilience: Increasing global 
awareness of climate change im-
pacts on cultural heritage sites 
presents opportunities to secure 
international funding and grants 
aimed at enhancing climate resil-
ience. Side could benefit from such 
funding to implement advanced 
conservation technologies and ma-
terials that can withstand changing 
climate conditions.

•	 Climate Change Awareness and 
Education: Side can serve as a 
case study for the impacts of cli-
mate change on cultural heritage, 
attracting academics, researchers, 
and tourists interested in climate 
studies. Educational programs and 
exhibitions about the effects of cli-
mate change on ancient structures 
could raise awareness and promote 
sustainable tourism practices.

•	 Development of Climate-Resilient 
Tourism: There is potential to de-
velop climate-resilient tourism 
strategies, such as controlled access 
during extreme weather, improved 
drainage systems to manage wa-
ter flow, and the use of protective 
shelters or coverings for vulnera-
ble areas. This could mitigate some 
of the impacts of climate change 
while still allowing for tourist en-
gagement.

•	 International Collaboration and 
Funding: Organizations such as 
UNESCO, the World Monuments 
Fund (WMF), and various NGOs 
are increasingly focused on pro-
tecting heritage sites from climate 
impacts. Side could benefit from 
these initiatives by applying for 
grants and participating in interna-
tional conservation programs that 
provide both financial resources 
and technical expertise.

•	 Development of Protective Infra-
structure: Opportunities exist for 
investing in protective infrastruc-
ture to mitigate climate change 
impacts. This includes installing 
modern drainage systems to man-
age increased rainfall, building sea 
walls or natural barriers to counter 
rising sea levels, shade Structures 

and Windbreaks, and implement-
ing climate-adaptive landscaping 
to prevent soil erosion. Such in-
vestments would not only preserve 
the site but also enhance visitor 
safety and accessibility.

SWOT (Threats)
•	 Increased Frequency and Intensity 

of Extreme Weather Events: Cli-
mate change is likely to increase the 
frequency and intensity of extreme 
weather events such as heavy rains, 
floods, and storms. 

•	 Rising Sea Levels and Coastal Ero-
sion: Rising sea levels due to climate 
change pose a direct threat to Side, 
particularly its coastal areas. As sea 
levels rise, the risk of coastal ero-
sion increases, threatening the sta-
bility of nearby structures. Flood-
ing could lead to the submersion of 
lower-lying parts of the city, caus-
ing irreversible damage to the ruins 
and potentially leading to the loss of 
valuable cultural artifacts.

•	 Increased Frequency of Extreme 
Weather Events: Climate change 
impacts could lead to further physi-
cal damage to the ruins through di-
rect impact, flooding, or wind-driv-
en erosion. For example, heavy 
rains could undermine the foun-
dations of ancient structures, while 
high winds could cause more rapid 
erosion of exposed stone surfaces.

•	 Temperature Fluctuations and 
Drought: Higher temperatures and 
prolonged droughts can exacerbate 
the physical weathering of stone 
and other materials. Heat stress can 
cause expansion and contraction 
in building materials, leading to 
cracking and structural instability. 
Additionally, drought conditions 
can lead to increased soil erosion 
around foundational structures.

•	 Urban Development: Expansion of 
nearby urban areas or tourism-re-
lated development could threaten 
the integrity of the archaeologi-
cal site, potentially leading to en-
croachment or loss of the historical 
context of the surroundings.

•	 Tourist Pressure: High volumes of 
tourists can cause physical wear and 
tear to the ruins. Unregulated tour-
ism and inadequate visitor manage-
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ment can lead to deterioration of 
the structures and the site’s natural 
environment.

•	 Political and Economic Instability: 
Political instability or economic 
downturns in Türkiye could impact 
funding for the preservation of the 
site and reduce tourist numbers, 
which are vital for sustaining con-
servation efforts.

•	 Competing Destinations: There are 
many other ancient cities and her-
itage sites in Türkiye and around 
the Mediterranean that compete for 
tourists’ attention. This competition 
can impact visitor numbers and 
the overall revenue generated from 
tourism.

•	 Conflict Between Economic Inter-
ests and Conservation Concerns: 
Economic interests often took pre-
cedence over conservation efforts.

•	 Year-Round Tourism: While year-
round tourism activities have a 

positive impact on the socio-eco-
nomic revitalization of the region, 
this can lead to environmental and 
cultural degradation of Side and 
make the region more vulnerable to 
the impacts of climate change.

4. Adaptation strategies
According to the impacts of climate 
change on Side and SWOT analysis, 
adaptation strategies were developed 
for the protection of Side in this 
section. Strategies focus on addressing 
material vulnerabilities with advanced 
technologies and reinforcing 
infrastructure. Opportunities from 
global awareness and new technologies 
can be utilized for innovative 
preservation methods, while threats 
like coastal erosion and wildfires are 
managed with proactive defences 
and adaptive design. This approach 
can integrate adaptation measures 
into preservation plans to protect 

Table 1. Adaptation strategies.
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Side’s heritage from climate change 
impacts. Table 1 presents the strategies 
developed to protect the Side Ancient 
City against climate change impacts.

The adaptation strategies outlined 
for Side Ancient City provide a com-
prehensive framework for addressing 
the challenges posed by climate change 
while preserving its cultural heritage. 
The focus on coastal protection mea-
sures, such as constructing sea walls 
and implementing natural barriers, 
aims to mitigate the impacts of rising 
sea levels and storm surges, particular-
ly around vulnerable structures like the 
Temple of Apollon. Beach nourishment 
is also highlighted as a critical approach 
to maintaining the shoreline, thus safe-
guarding archaeological sites from 
erosion. The strategies further empha-
size the need to enhance drainage and 
water management systems. Installing 
modern drainage infrastructure and 
developing rainwater harvesting sys-
tems are essential for managing in-
creased rainfall and reducing flooding 
risks. These measures not only protect 
the ruins but also improve the overall 
resilience of the site to climate impacts. 
Structural reinforcement through the 
use of climate-resilient materials is 
vital for restoration efforts. By em-
ploying modern materials that mimic 
ancient stones while providing better 
resistance to weathering, the integrity 
of historic structures can be preserved. 
Additionally, establishing a compre-
hensive monitoring program will allow 
for the early detection of damage, en-

suring timely interventions to prevent 
further deterioration. The implemen-
tation of protective shelters and shade 
structures will help shield particularly 
vulnerable ruins from direct exposure 
to harsh weather conditions, thereby 
reducing weathering effects. Enhanced 
climate monitoring and early warning 
systems are also crucial; deploying en-
vironmental sensors will provide re-
al-time data to inform protective mea-
sures during extreme weather events. 
Landscape management strategies, 
including erosion control techniques 
and sustainable landscaping practices, 
will further support the site’s resilience. 
These practices not only mitigate soil 
erosion but also promote the growth 
of native vegetation that can protect 
archaeological features. Finally, foster-
ing national and international collab-
orations is essential for the successful 
implementation of these strategies. En-
gaging local investors, state agencies, 
and global organizations like UNESCO 
and the World Monuments Fund will 
ensure a comprehensive, multifaceted 
approach to conserving Side Ancient 
City, enhancing its ability to withstand 
the impacts of climate change while 
preserving its invaluable cultural her-
itage for future generations.

5. Results
This section presents a matrix that 
systematically illustrates the connections 
between climate impacts, SWOT 
components, and the corresponding 
adaptation strategies identified (Table 2).

Table 2. Matrix related to connections between climate impacts, SWOT components, and adaptation strategies.
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The matrix presents a comprehen-
sive approach to addressing climate 
change impacts on Side Ancient City, 
integrating strengths, weaknesses, op-
portunities, and threats into targeted 
adaptation strategies with relevant 
national and international collabo-
rations. For each impact, the matrix 
aligns Side’s strengths (such as es-
tablished resilience in materials and 
historical appeal) with its vulnerabili-
ties, such as the risk of erosion, flood-
ing, or salt crystallization. Adapta-
tion strategies are tailored to address 
these weaknesses while utilizing local 
knowledge and landscape features, 
such as using traditional water man-
agement techniques and resilient ar-
chitectural methods. Collaborative 
efforts are strategically recommended 
based on Side’s unique SWOT analy-
sis, leveraging national partnerships 
(e.g., Türkiye Ministry of Culture and 
Tourism, universities, environmental 
agencies) to support local expertise, 
infrastructure, and resource mobiliza-
tion. International partnerships (e.g., 
with UNESCO, ICCROM, ICOMOS, 
and World Monuments Fund) offer 
essential funding, technical expertise, 
and access to global heritage conser-
vation practices. For instance, collab-
orating with UNESCO’s World Heri-
tage Risk Management Program can 
enhance resilience against extreme 
weather, while partnerships with IC-
CROM support material conservation 
under temperature fluctuations and 
air pollution conditions. Additionally, 
global air quality networks and con-
servation councils like Europa Nostra 
are engaged to address environmental 
threats like air pollution and erosion. 
In summary, this matrix strategically 
addresses each climate impact with tar-
geted adaptation strategies, supported 
by relevant collaborations to enhance 
the resilience of Side Ancient City. The 
combined use of national and inter-
national resources strengthens Side’s 
ability to preserve its cultural heritage 
against evolving climate threats.

6. Conclusion
Climate change increasingly 
threatens historic sites and cultural 
heritage globally, causing significant 
and growing risks. Side Ancient 

City faces numerous challenges, 
particularly from environmental 
factors like coastal erosion, sea level 
rise, and extreme weather events, 
as well as human factors such as 
urban development and tourism 
pressures. Effective management and 
conservation strategies are critical to 
ensuring that Side’s ancient heritage is 
preserved for future generations. Key 
factors for successful conservation 
and adaptation strategies include 
access to information, technical 
expertise, leadership, and stakeholder 
engagement. While the concepts of 
adaptation, adaptive capacity, and 
vulnerability are well established, 
there is still a need for more practical 
applications to reduce vulnerabilities 
to climate change. Successful 
adaptation requires integrating 
climate change considerations into 
broader decision-making frameworks 
and recognizing the role of social, 
economic, and political forces in 
shaping local vulnerabilities. The 
IPCC Sixth Assessment Report 
highlights that while cultural policies 
remain limited, integrating culture 
into policy and planning is crucial for 
developing sustainable and resilient 
cities (IPCC, 2022). Safeguarding 
cultural heritage, including historic 
buildings and archaeological 
sites, requires a multidisciplinary 
approach to address climate change 
and environmental risks. Heritage 
managers and non-experts need to 
understand the vulnerability of these 
assets. All findings related to cultural 
heritage vulnerability should be 
translated into practical guidelines for 
stakeholders, such as urban planners 
and conservationists, to prioritize 
protection efforts and improve the use 
of climate impact data.

Beyond its contributions to Side 
Ancient City, this study provides a rep-
licable methodological framework for 
identifying climate risks and formu-
lating effective adaptation strategies in 
culturally similar ancient sites across 
Türkiye and neighbouring regions. By 
applying the integrated SWOT-based 
analysis and strategic adaptation ma-
trix proposed here, heritage managers 
and planners at other classical-period 
archaeological sites can proactively ad-
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dress climate-related vulnerabilities. 
Thus, this research not only informs lo-
cal conservation practices but also sup-
ports broader regional efforts aimed at 
safeguarding cultural heritage from the 
impacts of climate change.
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