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ABSTRACT 

 

 

A PROPOSED MODEL FOR UNDERSTANDING THE IMPACTS OF CLIMATE 

CHANGE ON TANGIBLE CULTURAL HERITAGE 

 

 

 

Emine Gizem Baĸkan  

Ph.D., in Building Science, Department of Architecture  

Supervisor: Prof. Dr. Soofia Tahira Elias-Ozkan  

January 2016, 355 pages 

 

 

 

The increasing influence of climate change on tangible cultural heritage in the 21st 

century has been recently recognized as one of the main threats to cultural heritage. 

Therefore, studies dwelling on the anticipated impacts of changes in the climate 

parameters are relatively new. 

 

This study covers the current debate on the anticipated impacts of climate change on 

tangible heritage. It presents a forecast on how climate change may affect physical, 

chemical and biological deterioration mechanisms and which traditional materials of 

construction may be affected and in what way. Thus, a methodological approach was 

proposed in an effort to guide heritage professionals in view of climate change. To this 

end, different databases including the inventory of the historic buildings in Turkey and 

the projection maps, which are the outcomes of Noahôs Ark Project and show the 

anticipated changes in the amplification mechanisms, were gathered by employing 

ArcGIS 10 software. The overlay maps were produced and evaluated from the 

perspective of Turkey to determine the cities, which are likely to be under the risk of 

different deterioration mechanisms that were anticipated to change over the century, 

and are rich in cultural heritage assets. After determining the case study area as Bursa, 

Muradiye Complex, the heritage map was produced and then the climate data series of 

the selected weather stations and periods were obtained. These data series were 
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reclassified to make a trend analysis. Besides, heritage-climate risk maps were 

produced by employing ArcGIS10 software according to the selected materials and 

threshold combinations of temperature and relative humidity values. These maps were 

evaluated to understand the risk level of prevalent deterioration mechanisms. Then, 

archival records on the remediation processes to address defects of the buildings in the 

complex were gathered. The latest survey drawings of the buildings were used to 

calculate the surface areas of various deterioration types. Moreover, a field survey 

based on observations was conducted and photos were taken. At the last stage, the 

findings were compared with each other to interpret the prolonged defects and their 

relationship with climate parameters and/or inaccurate repairs.  

 

The study reveals that the historic environment in Bursa and so the cultural heritage of 

Turkey have been facing particular threats derived from changing climate parameters. 

Therefore, the aim is to provide a model to reevaluate short, medium, and long term 

strategies to manage the effects of these threats to render tangible heritage more 

resilient in the time of climate change. 

 

Keywords: Tangible Cultural Heritage, Anticipated Impacts of Climate Change, Risk 

Maps 
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Ķklim deĵiĸikliĵinin somut k¿lt¿rel miras ¿zerinde 21. y¿zyēlda giderek artan etkileri 

kayēplara neden olan en ºnemli tehditlerden biri olarak son zamanlarda tanēnmēĸtēr. 

Dolayēsēyla, iklim parametrelerindeki deĵiĸikliklerden kaynaklanan etkiler ¿zerinde 

yapēlan ­alēĸmalar gºreli olarak olduk­a yeni kabul edilebilir.  

 

Bu nedenle, bu ­alēĸma iklim deĵiĸikliĵinin somut k¿lt¿rel miras ¿zerinde oluĸturmasē 

beklenen etkileri kapsamēnda yapēlan mevcut ­alēĸmalarē i­ererek, iklim deĵiĸikliĵinin 

fiziksel, kimyasal ve biyolojik bozulma mekanizmalarēnē nasēl etkileyeceĵi ve hangi 

geleneksel yapē malzemesinin nasēl etkileneceĵi hususlarēnda yapēlan ºngºr¿leri 

sunmaktadēr. Bu kapsamda, k¿lt¿rel miras alanēnda ­alēĸan uzmanlara rehberlik 

edebilecek metodolojik bir yaklaĸēm tasarlanmēĸtēr. T¿rkiyeôdeki tarihi yapēlarēn 

envanteri ile ñNoahôs Arkò isimli projenin ­ēktēlarē olan ve ºngºr¿len deĵiĸikliklerin 

malzeme bozulma mekanizmalarē ¿zerindeki etkilerini gºsteren haritalar olmak ¿zere 

farklē veri tabanlarē ArcGIS 10 programē yardēmēyla bir araya getirilmiĸ ve kesiĸim 

haritalarē ¿retilmiĸtir. Bu haritalar, T¿rkiye a­ēsēndan deĵerlendirilerek i­inde 

bulunduĵumuz y¿zyēl i­erisinde deĵiĸmesi ºngºr¿len farklē bozulma mekanizmalarē 

a­ēsēndan risk altēnda bulunan ve somut k¿lt¿rel miras a­ēsēndan zengin olan ĸehirler 

belirlenmiĸtir. Bursa - Muradiye K¿lliyesi ­alēĸma alanē olarak tespit edildikten sonra 

k¿lt¿rel miras haritasē oluĸturulmuĸtur. Daha sonra, belirlenen iklim istasyonlarēndan 
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belirlenen zaman serisi i­in elde edilen iklim verileri yeniden sēnēflandērēlmēĸ ve trend 

analizleri yapēlmēĸtēr. Ayrēca, se­ilen malzemeler ile sēcaklēk ve baĵēl nem 

kombinasyonundan oluĸan limit deĵerler i­in k¿lt¿rel miras - iklim haritalarē ArcGIS 

10 programē kullanēlarak ¿retilmiĸtir. Bu haritalar, etkin olan bozulma 

mekanizmalarēnēn risk seviyesi a­ēsēndan deĵerlendirilmiĸtir. Daha sonra, k¿lliyede 

bulunan yapēlarēn bakēm onarēm ­alēĸmalarēnē i­eren arĸiv kayētlarē toplanmēĸ olup, en 

son yapēlan rºlºve ­izimlerinden ise ­eĸitli bozulma t¿rlerinin y¿zey alanlarē 

hesaplanmēĸtēr. Ayrēca, gºzlem tekniĵi ile alanda veri toplanarak yapēlarēn fotoĵraflarē 

­ekilmiĸtir. Son aĸamada, diĵer aĸamalarda elde edilenler bir araya getirilerek, devam 

eden sorunlar ile bu sorunlarēn iklim parametreleri ve daha ºnce yapēlan onarēmlar 

arasēndaki iliĸkiler ­er­evesinde  deĵerlendirilmiĸtir.  

 

Sonu­ olarak Bursaôdaki tarihi ­evre ve dolayēsēyla T¿rkiyeônin somut k¿lt¿rel 

mirasēnēn deĵiĸen iklim parametrelerinden kaynaklanan olumsuz koĸullarla karĸē 

karĸēya kalmakta olduĵu ortaya konulmuĸtur. Bu nedenle, bu ­alēĸmada kēsa, orta ve 

uzun vadede ger­ekleĸtirilecek olan yºnetim stratejilerinin iklim deĵiĸikliĵinin somut 

k¿lt¿rel miras ¿zerindeki olumsuz etkilerini dikkate alacak ĸekilde yeniden 

deĵerlendirilmeleri i­in model oluĸturulmasē ama­lanmēĸtēr. 

 

Anahtar Kelimeler: Somut K¿lt¿rel Miras, Ķklim Deĵiĸikliĵi Etkileri, Risk Haritalarē   
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CHAPTER 1 

 

 

INTRODUCTION  

 

 

 

The world is in an age of facing the adverse impacts of changing climate globally. 

Over the past two decades, the impacts of climate change have grown larger in scale 

and sharper in outline. Consequently, search for prediction of climate changeôs 

impacts, and for mitigation and adaptation strategies are not only commonplace but 

also obligatory. That is why it is currently attracting interest at both research and policy 

levels. The impacts of climate change is usually analyzed for several sectors such as 

energy, agriculture, water, food security, forestry, transportation and health etc. but 

few studies have specifically quantified the effects of changes on tangible cultural 

heritage1. As the world comes to grips with the potential scope of climate change, it is 

becoming clear that the actual and projected impacts of climatic change pose a key 

threat to many tangible cultural heritage assets as well. Indeed, the conservation of 

such site/ buildings, and their economic, social and cultural contribution to society are 

being challenged by the changes in temperature, rainfall patterns, frequency and 

intensity of flooding, and a potential increase in storms, rising sea level and coastal 

erosion. Without taking wide-ranging adaptation and preventive measures to limit 

further damages, it may lead to heritage assets being irreversibly damaged or lost. It 

is, therefore, important to develop a number of adaptation strategies including new 

tools and methodologies capable of managing the transformational pressures of the 

changing climate at international, national and local levels to safeguard authenticity 

and historic integrity of both the properties and their wider context.  

 

Within this framework, the statement of the problem, the objectives of the study, and 

the procedure followed are presented in this chapter. The chapter is concluded with the 

disposition of the various chapters within the thesis. 

                                                             
1 Buildings and historic places, monuments, such as temples, pyramids, and public monuments, artifacts 

significant to the archaeology, architecture, science or technology of a specific culture etc. and 

considered worthy of preservation for the future, are included in tangible cultural heritage (UNESCO, 

2014a). 
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1.1. Argument 

 

Buildings are constructed and strengthened with a view to enduring weather conditions 

over a period of decades / centuries. However, over time many historic buildings are 

influenced by environmental parameters, and suffer various weathering mechanisms. 

Weathering covers all physical, chemical and biological changes of materials under 

the influence of natural and man-made environmental conditions. During the 

weathering processes, mostly, more than one factor or all factors are involved and 

responsible for the changes. These changes, which trigger problems both in 

compositional and structural characteristics of materials, have been considered as a 

part of the total performance of a building. Therefore, understanding weathering 

processes and performance of building materials against these processes (durability) 

are important subjects to be understood both in engineering and cultural heritage 

conservation studies.  

 

As these mechanisms are directly related to climate, an increase of a few degrees in 

temperature will probably speed up or decelerate the degradation processes which 

affect building materials and built heritage. Besides, a changing climate leads to 

changes in the frequency, intensity, spatial extent, duration, and timing of extreme 

weather events including increased flooding, heat waves, and drought etc. These 

events may pose a grave danger, and make historic buildings more vulnerable to 

certain types of disasters. In other words, capacity and performance of a building to 

resist disasters may be severely reduced. If a protected building is severely damaged, 

it will not be possible to get it back in its original form. The building can probably be 

reconstructed with new materials but the original building will be lost forever. In this 

regard, information should be provided on how climate change affects historic 

buildings, and how various methods can protect these buildings to secure the future of 

buildings at risk.  

 

As regards Turkey, the heritage of many civilizations in Anatolia, enriched over the 

centuries with the addition of the newcomers, has turned Turkey into a well-blended 

mosaic of cultures. One of the worldôs most diverse tangible cultural heritages is in 

Turkey together with exceptional ancient architecture, built environment and artifact 
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collections. Unfortunately, tangible heritage in Turkey is also facing the risks of 

deterioration and degradation, which are accelerated by the potential pressures of 

climate change. Although a lot of research has already done in the area of causes and 

mechanisms of deterioration, there is currently a gap of knowledge about the risks 

pattern of changing climate on tangible cultural heritage, and lack of studies on 

adaptation strategies for sustainable management of the future threats. However, there 

is no time to wait for all the research to be completed before suggestions are produced 

on how to manage the tangible heritage in view of climate change.  

 

With respect to the aspects mentioned so far, there is an intense need for research 

initiatives addressing more effective and efficient management responses / strategies, 

which are capable of helping heritage managers implement relevant actions to cope 

with the changes posed by climate change on tangible heritage. It is important to 

produce risk and vulnerability maps for cultural heritage assets, which overlay climate 

data and locations of heritage assets so that an overview of the risks to different aspects 

of tangible heritage can be obtained to be used in management strategies. Therefore, 

this study is focused on presenting the anticipated impacts of changing climate on 

tangible heritage in Turkey over the century with the aim of increasing awareness 

about the links between the conservation of tangible heritage and the rapidly 

developing discipline of climate change; and using the spatial analysis approach 

employing ArcGIS 10 to identify tangible heritage in a region which will be the most 

affected with the aim of providing inputs that may be used to reformulate heritage 

management strategies for handling detrimental consequences. 

 

1.2. Objectives 

 

The main objectives of this study are listed below:  

 

1. to understand the relation between climate change and tangible heritage, with an 

eye on how to protect and adapt the latter to the former; 

2. to investigate the climate parameters and trends which are most critical to tangible 

heritage in Turkey;  
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3. to identify the nature and scale of the threats posed by climate change, and the 

likely vulnerabilities of tangible heritage in Turkey in a potentially more severe 

climate; 

4. to improve the understanding of the risks of potential climate change and 

vulnerabilities of tangible heritage;  

5. to integrate currently separate data-sets related to deteriorations of historical 

materials and climate change projections by using Geographic Information 

Systems (GIS);  

6. to highlight future adaptation needs for the regions under the increasing risks.  

 

1.3. Procedure 

 

The first phase of the study consisted of a literature survey to gain a general 

understanding of tangible cultural heritage, climate change, the external physical, 

chemical and biological agents of material deterioration mechanisms that likely to be 

altered by changing pattern of the climate system, their inter-relationships to one 

another, and the susceptibilities or vulnerabilities of materials. This was based on an 

overview of publications found in the libraries of Middle East Technical University 

(METU), Bilkent University and the Higher Education Council of Turkey; as well as 

electronic database of scientific papers. 

 

The information gathered from the literature, such as the hierarchical maps (climate 

maps, heritage climate maps, damage maps, risks maps and thematic maps), which 

were produced within the Noahôs Ark Project, were evaluated by using ArcGIS10 from 

the perspective of Turkey by taking into account the number of listed buildings. The 

overlay maps were produced to determine the risk areas, where the risks of different 

deterioration mechanisms are likely to increase and the number of listed buildings is 

high. According to result of the overlay maps, the case study area was selected as 

Bursa, and the buildings selected belong to the Muradiye Complex.  

 

The Complex was visited to take photographs and understand the ongoing remedial 

works. Bursa Regional Directorate of Foundations, Bursa Cultural, Natural Heritage 

Preservation Regional Board and the Metropolitan Municipality of Bursa were visited 
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to obtain archival records of the complex. Then, the Ministry of Forestry and Water 

Affairs (MoFWA) - General Directorate of Meteorology (GDM) were visited to get 

the climate data series of the selected period (1965-2014) and weather stations.   

 

Trend analyses of precipitation and temperature values were conducted and combined 

threshold of temperature and relative humidity (RH) were mapped in ArcGIS10 

according to selected materials ï stone, timber and metal. The results were compared 

with the archival records of the buildings in the complex, and the projections. 

 

Finally, whole information was analyzed and the outcome variables were obtained to 

make heritage management professionals reevaluate management strategies to 

improve the stability of the heritage assets against changes in climate parameters.  

 

1.4 Disposition 

 

The study is presented in seven chapters. This first chapter is composed of the 

statement of the problem, the objectives and disposition of subject matter that follows 

in the remaining chapters. 

 

The second chapter presents a literature review on general aspects of cultural heritage 

and natural and man-made threats; the current state of climate change within the 

framework of the observations and the projections in Europe and Turkey; the relation 

between tangible heritage and climate change within the limits of building materials 

and deterioration mechanisms; and the materials regarding the Bursa and Muradiye 

Complex. 

 

The third chapter presents the material used to conduct the research. The archive 

review on Muradiye Complex in Bursa, especially details of its building materials, 

previous and prevalent damages, and records on remedial works, and on climate data 

focusing Bursa are given in this chapter.  

 

The forth chapter presents the methodology used to conduct the research. It gives 

details about the steps of producing overlay maps by utilizing ArcGIS 10 software. 
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The fifth chapter presents the reorganized archival records according to the 

chronological order of events on the Muradiye Complex in Bursa, which was selected 

as the case study area, were collected from Bursa-Cultural and Natural Heritage 

Preservation Regional Board.  

 

The sixth chapter presents the spatial analysis conducted with the help of ArcGIS 10 

software.  

 

In the ýnal Chapter, the conclusions of the study are formulated, and an outlook for 

further studies is given.  

 

A list of relevant datasets for all chapters is provided as Appendixes. 
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CHAPTER 2 

 

 

LITERATURE REVIEW  

 

 

 

The literature review covers topics related to tangible cultural heritage and traditional 

building materials in Turkey; deterioration processes that affect traditional building 

materials; current debate on climate change; changing trends in atmospheric 

composition and microclimate parameters that will affect the deterioration processes; 

and understanding behaviors of building materials in view of the climate changeôs 

impacts.  

 

2.1. Tangible Cultural Heritage in Turkey 

 

One of the worldôs most diverse tangible cultural heritages is in Turkey together with 

exceptional ancient architecture, built environment and artefact collections. 

Throughout history, as Anatolia has been the stage of many civilizations, it contains a 

number of specific cultural intersection points and the majestic architecture of 

numerous buildings and monuments constructed over Hellenistic, Roman, Byzantine, 

Seljuk Turks, Ottoman periods, etc. It sheds light on every stage of human thought and 

civilization. Hence, building practices of Anatolia were enriched and enhanced by a 

great variety of social and political factors as well as geographical characteristics 

observed distinctively in its different territories.  

 

This wide-ranging diversity in Turkey is mainly protected with the law entitled the 

óLaw for the Conservation of Cultural and Natural Property numbered 2863ô. It was 

brought into force in 1983; and still in force today. It defines the framework for the 

protection of cultural heritage with some updates and changes which were actualized 

in different times. This law explains the concept of cultural properties as ñall movable 

and immovable properties located aboveground, underground or underwater, of 

prehistoric or historic periods, that are either related to science, culture, religion and 

fine arts or are marked by the value of originality in terms of science and culture which 



 

8 

 

are objects of social life in prehistoric and historic periodsò in the Article 3. In addition 

to this definition, in the Article 6 of the Law, its scope is specified as the following 

criteria: ñthe immovable property built until the end of the 19th century; the immovable 

property created after the mentioned date that the Ministry of Culture and Tourism 

(MoCT) deems necessary to be protected considering its importance and 

characteristics; immovable cultural property situated in the conservation site; the 

buildings and areas that witnessed the significant historical events throughout the 

period of Independence War and the foundation of the Turkish Republic. In addition, 

the houses, which were used by Mustafa Kemal Pasha, the founder of the Turkish 

Republic, notwithstanding the time that they were built, have to be protected because 

of their significance in Turkeyôs national history.ò Archeological sites, castle, historic 

barrack, bridges, ancient palaces, waterside residences and mansions, mosques, 

masjids, soup kitchens, cemeteries, bedesten, bazaar, church, frescoes, mural ruins, 

chimney rocks, etc. are some of the examples of immovable cultural heritage (Law for 

the Conservation of Cultural and Natural Property, 1983).  

 

Together with criteria above mentioned, the following considerations are determined 

in the óRegulation on the Identification and Registration of Immovable Cultural and 

Natural Property to be Protectedô: ñfor detached or single buildings; that the 

immovable property be special with respect to its structure, decoration, structural 

status, material, construction technology and format within the scope of the range of 

artistic, architectural, historical, aesthetic, local, archaeological values; for urban 

conservation sites; that the detached building having the property of cultural property 

to be protected demonstrate architectural, historical uniformity or traditional urban 

texture as a whole; for archaeological conservation sites; that they possess qualities 

in terms of written information, superficial ruins, scientific research, environmental 

observations, ecological observations, scientific estimations and topographical 

structure; for urban-archaeological conservation sites; that traditional urban texture 

where everyday life continues and archaeological sites exist together;  for historical 

conservation sites; that it be ascertained that important historical events took place 

according to the written information and historical researchò (MoCT, 2012b). 
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According to Article 7of the óLaw on the Conservation of Cultural and Natural 

Propertyô, the determination of the immovable cultural properties to be protected is 

made by the Ministry directly or with the help of other institutions or enterprise 

experts. The statistical data on these properties by cities is published by the Ministry's 

General Directorate for Cultural Heritage and Museums every year. It encompasses 

different types: sites (archaeological, urban, urban-archaeological, and historical) and 

buildings (residential, religious, cultural, administrative, military, industrial and 

commercial, tombs, martyrs' memorial, monuments, ruins, and streets). The total 

number of the immovable cultural heritage is 112,159 in Turkey by 2014 year-end data 

(Tables 2.1 and 2.2).   

 

 

 

Table 2.1. Statistics of immovable cultural heritage properties under the 

responsibility of the General Directorate for Cultural Heritage and Museums (2014-

Year-End Data) 

(Source. Ministry of Culture and Tourism, 2015) 

 

TYPES of PROPERTIES Sub-Categories Number 

 

 
 
SITES 

Archaeological 

Urban 

Urban-Archaeological 

Historical 

Others 

12,725 

 265 

   32 

 159 

 436 

 Total 13,617 

 

 

 

BUILDINGS 

Residential 

Religious 

Cultural  

Administrative 

Military 

Industrial and 

Commercial  

Tombs 

Martyrs' memorial  

Monuments 

Ruins 

Streets 

64,599 

  9,141 

10,701 

  2,661 

  1,068 

  3,686 

 

  3,747 

 257 

 338 

  2,283 

       61 

Total 98,542 
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Table 2.2. Statistics of buildingsô types under the responsibility of the General 

Directorate for Cultural Heritage and Museums by cities (2014-Year-End Data) 

(Source. Ministry of Culture and Tourism, 2015) 
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As a result of welcoming several different civilizations throughout its history, Turkey 

has always been a reservoir of a large number of unique and valuable cultural 

properties. As regards Ottoman Empire, which covered a vast territory, ruled over a 

period of about 700 years. Numerous changes have been observed in the character of 

Ottoman architecture over the course of this lengthy era. The architectural heritage of 

the Ottomans is mainly divided into three periods: the early formative phase, the 

classical period, and the late period. As it is a very broad subject to deal, the study is 

delimited to the early periods of Ottoman Architecture. Therefore, tangible cultural 

heritage in Turkey are presented from the viewpoint of monumental buildings and 

traditional materials of construction in the early periods of Ottoman Architecture in 

the following sub-sections. 

 

2.1.1. Monumental Buildings  

 

In this section, very brief information on the monumental buildings in the early periods 

of Ottoman Architecture is presented to understand the types of buildings and the 

development of architecture of this period.   

 

When the weakening and disintegration period of the Seljuk State in the late thirteenth 

and the early fourteenth centuries, the Ottoman state was one among many small 

principalities in Anatolia that emerged as a result of the instability of that time. This 

small state in northwest Anatolia, located on the frontiers of the Islamic world, 

gradually expanded through Byzantine territories and conquered lands in Anatolia and 

the Balkans (Figure 2.1)  (Yalman, 2002). The expansion of territories by the Ottoman 

State resulted in the development of the Ottoman architecture and the emergence of a 

new style. They encountered the medieval cultures of Western Europe and Byzantium, 

as well as the past, classical cultures of northwest Asia Minor. Therefore, a distinctive 

feature of Ottoman architecture derived from two main sources: Islamic and European 

artistic traditions (Ousterhout, 2004). This new style can be traced in architectural 

developments in Bursa, Edirne, Western Anatolia, Istanbul and the Balkans during the 

14th and 15thcenturies. Ottoman history of architecture was mainly developed around 

the axis between Bursa and Edirne, before the conquest of Istanbul. The key buildings 

were constructed in the Ottoman capitals (Bursa, Edirne, Ķstanbul) which were the sole 
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centers of imperial administration. Besides, they had been places where the 

manifestation of economic power was displayed. In parallel with political and 

economic power, social and cultural activities have mainly been conducted in these 

capitals. As they have hosted diversity and richness produced or harbored by the 

Ottoman Empire, they have a special place in Ottoman architecture (Kuban, 2010). 

 

 

 

 

 

                              (a)                                                                   (b) 

Figure 2.1. The maps show (a) the borders at the end of the reign of Orhan Ghazi 

(1362); (b) the borders before the conquest of Istanbul (1451) 

(Source. Kuban, 2010) 

 

 

 

 

The early Ottoman architecture covers the adaptation of existing buildings and the 

construction of new buildings. As the changing Ottoman community (i.e. from an 

immigrant tribe to an empire) had growing and varying needs, they constructed several 

public buildings and edifices in various sizes and forms. Ottoman architects found a 

medium to reinterpret what they had learnt from previous Turkish and Islamic 

civilizations and enhance their construction techniques when they encountered and 

worked with local architects / builders from newly acquired regions. This interaction 

satisfied the increasing demands of a flourishing community with the annexation of 

new lands to Ottoman territory [Kuran, 1964; and Bursa Metropolitan Municipality - 

Bursa Site Management Unit (coord.), 2013]. 

 



 

13 

 

The earliest Ottoman buildings, which are still in existence, in the North-Western 

Anatolia, especially Ķznik and Bursa. The architectural monuments in Bursa and Ķznik, 

which have been key places in Early Ottoman history in terms of establishing 

organizational and institutional structure of the Empire, and witnessing transformation 

of a small Western Anatolian principality into a fairly large Balkan state, display the 

formative period of the Ottoman State very clearly (Kuban, 2010). In Ķznik, the domed 

mosque with an extension towards the front that indicates the new Ottoman style of 

architecture beforehand, original stalactite capitals, tiled minarets, imarets, the first 

development of the inverted T plan scheme and the beginning of Ottoman madrasa 

type, the first tombs in The Ottoman style, and a type of wall construction with one 

course of hewn stone and three of brick. Ķznik, therefore, contained the seeds of the 

development of subsequent Ottoman Architecture (Aslanapa, 1971). Bursa, which is 

the first capital city of Ottoman State, was defined by social complexes (k¿lliye) 

consisting of public buildings such as mosques, madrasahs, hamams, public kitchens 

and tombs in the context of waqf system (public charity foundation system) (WH 

Committee Decisions, 2015). The Ottoman Architecture, which got its start in Iznik, 

underwent a brilliant development and reached monumental scale in Bursa (Aslanapa, 

1971). Apart from Ķznik and Bursa, after the second half of the fourteen century, Edirne 

was declared as the new capital city. It also became a city of monuments symbolizing 

the key stages in Ottoman history, although it had held the title of being a capital for a 

short period before the conquest of Istanbul. As the construction of the Muradiye 

Imaret, the Edirne Palace and the ¦­ ķerefeli Mosque during the reign of Murad II is 

the sign of an intense architectural activity, and of the initiation of a great new imperial 

style (classical period) in architecture such as dome style, Edirne has also gained an 

important place in the history of Ottoman architecture (Kuban, 2010).  

 

As it was mentioned above, the early Ottoman Architecture became a period of 

searching new ideas. They constructed many buildings which reflect the development 

process of the early period architecture in terms of plan, facade and ornamentation and 

forming an archetype. The simplest plan, an oblong room covered by a tiled pitched 

roof or an interior wooden dome formed the earliest Ottoman mosques. Then, the 

domed square, which became the archetype, was used in a variety ways. At the 

beginning, the domed-square mosques were small and simple whereas later they 
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evolved as having monumental proportions which reflects the Ottoman concern for the 

integration of space (Freely, 2011). That is to say, this early period of Ottoman 

Architecture witnessed three major types of mosques in terms of exterior form and 

organization of inner space : (1) the single-unit mosque, (2) the iwan mosque (inversed 

T plan or óBursa typeô), and (3) the multi-unit mosque.  

 

The typical single-unit mosque consists of a square, or near square, prayer room 

surmounted by a dome; a two- or three-bay portico for late comers surmounted by 

vaults, domes, or a combination of the two; and a minaret which is placed either on 

the east or west wall. The most important example of the single-unit mosque is 

Alaeddin Bey Mosque in Bursa (1326) followed by Hacē ¥zbek Mosque in Ķznik 

(1333) (Figures 2.2 and 2.3) (Kuran, 1968; and Aslanapa, 1971).  

 

 

 

 

      

(a)                                                              (b) 

Figure 2.2. (a) The plan of the Alaeddin bey Mosque; (b) exterior view of the 

mosque (portico for late comers) 

[Source. (a) Vakēflar Genel M¿d¿rl¿ĵ¿ Yayēnlarē, 1983, and (b) Osmangazi 

Municipality, 2006] 
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(a)                                 (b) 

Figure 2.3. (a) The plan of the Hacē ¥zbek Mosque; and (b) exterior view of the 

mosque 

[Source. (a) Goodwin, 1971; and (b) Ministry of Culture and Tourism, 2015] 
 

 

  

 

The multi-unit mosque, which is traditionally called as ógreat mosqueô (ulucami), has 

a more standardized and large interior space. The prayer-hall is defined by only one 

domed-square unit in the single-unit mosque while the domed-square unit is repeated 

transversally, longitudinally or both in the multi-unit mosque. Columns or piers are 

used to divide the interior into compartments, which are domed-square units, to 

provide shorter spans (Kuran, 1968). There are monumental examples in Bursa (Great 

Mosque), Edirne (Old Mosque and ¦­ ķerefeli Mosque), and Istanbul (Zincirlikuyu 

Mosque). In Great Mosque, which is the most monumental and traditional of the multi-

domed mosques, twelve piers divide the vast interior into twenty domed 

compartments. Although the second dome on the main axis was originally open, the 

oculus was covered with glass in one of the modern remedial works. Below it, a large 

circular fountain is placed. There are two minarets on its north facade but there is no 

portico. (Figure 2.4) (Aslanapa, 1971; and Freely, 2011). 
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                                       (a)                                                             (b) 

Figure 2.4. (a) The plan of the mosque shows the twenty domed compartments, and 

two minarets on the north facade. (b) The oculus and the fountain are seen in the 

section of the mosque.  

(Source. Kuran, 1968) 

 

 

 

The Old Mosque, which is the earliest of the three imperial foundations in Edirne city 

center, is divided into nine equal sections in three rows. These sections are covered by 

nine domes, which are supported by four massive square masonry piers (Figure 2.5) 

(Freely, 2011).   

 

 

 

                       
                                    (a)                                                        (b) 

Figure 2.5. (a) In the plan of the Old Mosque, the domed nine compartments are 

seen; and (b) the section of the mosque shows the different arrangements for making 

the transition from the square base to the circular cornice. 

[Source. (a) Goodwin, 1971; and (b) Kuran, 1968] 
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With the advent of more sophisticated building techniques, the multi -unit mosques 

with a larger central unit. The unit, which includes a mihrab, is constructed bigger than 

the other to emphasize the importance of the mihrab. The most important example is 

¦­ ķerefeli Mosque (1437) in Edirne. This type can be also exemplified by Great 

Mosque (1376) and Hatuniye Mosque (1488) in Manisa, and Atik Ali Paĸa Mosque 

(1497) in Ķstanbul (Figure 2.6) (Kuran, 1968).  

 

 

 

       

(a)                                                                (b) 

Figure 2.6. The plans of (a) ¦­ ķerefeli Mosque in Edirne and (b) Great Mosque in 

Manisa. 

[Source. (a) Aslanapa, 1971; and (b) Kuran, 1968]  

 

 

 

The iwan mosque, which is the most original and interesting type of this period, is also 

known as ñBursa Typeò and inverted óTô. In this type, a mosque has an interior space 

developed with respect to longitudinal and transverse axes. There is a kinship between 

the iwan mosque and the madrasa in Seljuk period in terms of having a central hall and 

a prayer iwan in which the mihrab2 and the minbar3 are placed. The other domed 

spaces, in front of or next to it, are designed to meet different demands of public life, 

                                                             
2 Niche of a mosque indicating the direction of mecca. 
3 A raised platform in the front area of a mosque from which sermon is given. 
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such as administration, court of law, kitchen, guestroom, classroom etc. The portico of 

this type has five bays; and it has one or two minarets. The mosques of Orhan Ghazi 

(1339), Murad the First (H¿davendigar) (1366), which clearly illustrates the 

relationship between the Bursa Type mosque and the Seljuk madrasa, and Green 

Mosque (1424) in Bursa can be given as the examples of this type (Figures 2.7 and 

2.8) (Kuran, 1968).  

 

 

 

 

 
                          (a)                                                                (b)  

Figure 2.7. (a) The plan of Orhan Ghazi Mosque becomes an inverted T by the 

addition of smaller domes on the sides and another larger one to the qible side; and 

(b) the section of the mosque. 

(Source. Kuran, 1968) 
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                    (a)                                  (b)                                         (c) 

Figure 2.8. The two-story building including a mosque on the ground floor (a) and a 

madrasa on the upper floor (b). The section of the building is presented in (c).  

[Source. (a) and (b) Kuran, 1968; and (c) Sedat ¢etintaĸ] 

 

 

 

The development of the new style of Ottoman architecture can be clearly followed in 

madrasas, tombs, hans, and covered markets (bedesten), etc. as well as mosques.  

 

Madrasa: During the early period, madrasas, which is the specialized institution of 

learning that was adopted by the Seljuks, were replaced by new plan schemes capable 

of meeting the practical necessities of the time, and adapted to new educational 

conditions (Aslanapa, 1971). All of the madrasas built in this period do not have a 

rectangular floor plan scheme. Apart from rectangular plans, polygon, square or L and 

U shape floor plan schemes are also seen (Figure 2.9). As an exception, Kapēaĵasē 

Madrasa (1488) in Amasya has an unusual octagonal plan (Figure 2.10). It is used for 

the first time in this building and then repeated for R¿stem Pasha Madrasa (1550) in 

Istanbul during the classic period (Demiralp, 1999). Madrasas are almost always lined 

up around the sides of a domed and arcaded courtyard, with the large domed lecture 

hall which is in the center of one side (Freely, 2011). Lecture halls generally projects 

from the main building. The most remarkable change is observed on student cell. Each 

student cell, which has a dome on top, a fireplace and a window, opens into a courtyard 

with a fountain in the center. Although the madrasas were mostly designed as detached 

buildings, there are some examples that a mosque and a madrasa were designed 

together, and/or shared same courtyard for the first time in this period. Additionally, 
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most of the madrasas surrounds less than four sides of the courtyard, i.e. one or two 

side(s) of the courtyard is/are left empty and open to outside or a surrounding wall is 

built (Demiralp, 1999; and Freely, 2011). Thus, having an internal courtyard that is a 

pre-Ottoman period feature disappeared gradually (Demiralp, 1999).  

 

 

 

     
                        (a)                                                                      (b)                                       

Figure 2.9. (a) The plan of Hereke (D¿zce) Village Madrasa is óLô shape; and (b) the 

plan of Ķnegºl Ķshak Pasha Madrasa, which shares the courtyard with a mosque, is 

óUô shape. 

(Source. Demiralp, 1999) 
 

 

 

   
                        (a)                                                                      (b)                                       

Figure 2.10. (a) The octagonal plan of Kapēaĵasē Madrasa in Amasya consists of the 

student rooms and each is covered by a small dome, around an octagonal colonnaded 

courtyard; and (b) the aerial view of the madrasa.  

[Source. (a) Demiralp, 1999; and (b) MoCT, 2012a] 
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The monumental crown gate of the pre-Ottoman period, which is an impressive 

member, remains unobtrusive during this period. Although there are a few examples 

that have gates similar to ones belonging to the previous period, they do not have 

impressive ornamentation like previous examples (Demiralp, 1999).  

 

 

 

   

                                  (a)                                                          (b)                                       

Figure 2.11. (a) The crown gate of Bayezid II Madrasa in Edirne is very simple and 
not impressive according to previous period i.e. Seljuk; and (b) although the crown 

gate of the Kapēaĵasē Madrasa in Amasya is similar with the ones in the previous 

period, it is not ornamented as much as them. 

(Source. Demiralp, 1999) 

 

 

 

Hamam:  In the early Ottoman Architecture following the Seljuk period, hamams 

developed both architecturally and culturally reaching a mature state. The main two 

reasons that explain the construction of many hamams through the history of Ottomans 

are: (1) as hamams bring in money, they were devoted to the pious foundations; and 

(2) as a part of a social complex, they served to the congregation of the mosque in the 

complex. During the early period, two typologies based on differences in the plans of 

hot rooms were mainly preferred (Eyice, 1997) 
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¶ This first type has a cross-axial plan with four iwans and four private bathing 

cubicles (halvet) units at corners. This is a very common typology, which is 

used in the oldest hamams in Anatolia. In this type, according to limitations of 

a site in which a hamam is built, variations can also be seen, such as decrease 

in the number of private bathing cubicles. Orhan Ghazi Hammam in Bursa 

(Figure 2.12a), Hacē Hekim Hamam in Bergama, the maleôs sections of Hacē 

Hamza Hammam in Ķznik, Saray and Tahtakale Hamams in Edirne (Figure 

2.12b), can be given as examples. 

¶ The second type has a domed hot room and double private bathing cubicles. 

The hot room, which is a narrow rectangular space, has three sections. The 

entrances of the private bathing cubicles, which are side by side, are opened to 

the section in the middle, which is covered by a dome on top. Ghazi Mihal Bey 

in Edirne (Figure 2.13a), ķeng¿l, Yēldērēm and Muradiye in Bursa; and 

womenôs section of Karacabey in Ankara are the hamams where this type is 

preferred (Figure 2.13b) (Eyice, 1997).  

 

 

 

          
(a)                                                         (b) 

Figure 2.12. (a) Orhan Ghazi  Hamam; and (b) Tahtakale Hamam in Edirne 

(Source. Ayverdi, 1966) 
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                      (a)                                                                        (b)  

Figure 2.13. The plans of (a) Ghazi Mihal Bey Hamam in Edirne; and (b) Karacabey 

Hamam in Ankara (left-hand side: womenôs section). 

(Source. Ayverdi, 1966) 

 

 

 

In this period, dressing area (soyunmalēk) with great domes was built. The diameters 

of domes in the males section are between 10 to 15 m in Sarēca Paĸa Hamam in 

Gelibolu, Atpazarē Hamam in Bursa and Tahtakale Hamam in Edirne. Yēldērēm 

Bayezid Hamam in Mudurnu is known as the biggest domed hamam in Ottoman 

Architecture. The diameter of the male sectionôs dome is 20 m (Eyice, 1997).  

 

Hans: As with other building types, the Ottomans also inherited the han or 

caravanserai, which are designed to meet the needs of travelers on the road, engaging 

much of its functional and formal properties. The plan generally consists of a number 

of cells surrounding a courtyard which include a mosque, shops, stables, barn, and 

sleeping rooms. Since the expansion of commerce had necessitated the introduction of 

new types of buildings, which enable to accommodate various trade types, the 

caravanserais were incorporated into the urban environment. They were started to 

serve as commercial depots, such as wholesale centers selling particular goods (Kuran, 

1968). Emir Han (1339) built by Orhan Ghazi became a model for hans built in the 

following years (Figures 2.14 and 2.15) (Kuban, 2009). In Bursa Ipek Han (first half 
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of fifteenth century) was a center for silk merchants while Pirinc Han (1507), Fidan 

Han (fifteenth century), and Koza Han (1489) were mainly markets for grain (Kuran, 

1968). Additionally, some hans were used to keep animals, as well as being a storage 

centers for merchandise (Eyice, 1955).  

 

 

 

   
                           (a)                                                               (b)  

Figure 2.14. (a) Ground floor plan and (b) first floor plan of Emir Han in Bursa. 

(Source. Ayverdi, 1966) 
 

 

 
 

Figure 2.15. The section of Emir Han in Bursa 

(Source. Ayverdi, 1966) 
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Tomb: Tombs have conical or pyramidal roofs on a square or octagonal body during 

the Seljuks. Then, a polygonal or square body surmounted by a simple dome became 

the prevalent form in the early Ottoman period. This indicates the signals of forming 

a building typology for tombs. The Green Tomb (1421) built by ¢elebi Sultan Mehmed 

in Bursa is one of the earliest examples of this period (Figures 2.16 -2.18) (Aslanapa, 

1971).  

 

 

 

 

Figure 2.16. A view from Green Tomb in Bursa 

(Source. Cultural Inventory, 2012) 

 

 

 

 

Figure 2.17. The plans of Green Tomb in Bursa 

(Source. The archive of the General Directorate for Foundations) 
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Figure 2.18. The sections of Green Tomb in Bursa 

(Source. The archive of the General Directorate for Foundations) 

 

 

 

During the early period of Ottoman Architecture, many new aspects are also seen in 

selecting building materials and ornamentation which are given in the following 

section. 

 

2.1.2. Traditional Materials of Construction  

 

Monumental buildings were generally constructed by different combinations of the 

materials and techniques during different periods. The choice of materials of 

construction was influenced by neighboring nations and earlier local civilizations 

(local materials, techniques, traditions and masters) (¦nsal, 1959). The fourteenth 

century Ottoman architecture is also the combination of traditional Turco-Muslim 

forms, and local Byzantine structure and masonry technique (Kuran, 2012). As this 

study is delimited to the specific period in Anatolia, i.e. the Ottoman Empire, material 

choices for monumental architecture in the early Ottoman Architecture are presented 

in the following paragraphs. 
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Walls: During the early period of Ottoman Architecture, bordering with Byzantine and 

conquering its cities have affected the use of brick. With the influence of existing 

Byzantine buildings in these cities, brick was started to use in harmony with rubble 

stone, pitch-faced stone and cut-stone for exterior walls of buildings. The use of this 

technique was a characteristics feature not only of the fourteenth century, but also of 

the fifteenth. Brick courses are placed between regular stone courses. In Anatolian-

Turkish architecture, it was the first time that the use of the middle and late Byzantine 

periods' wall technique of alternate stone and brick courses (almaĸēk) which replaced 

the ashlar faced walls of the Seljuk period in Central and Western Anatolia. This is 

one of the characteristic of the early period of Ottoman architecture (Demiralp, 1999 

and Kuban, 2010).  

 

The use of this technique sometimes shows variety in the orders of stones and bricks. 

In the same building, different orders can be seen in a facade as well as different 

facades have different orders (Figures 2.19 - 2.21). For instance, the cut-stone orders 

are used in the entrance facades whereas alternate of rubble stone and brick courses 

are preferred for the rear facades or the facades looking the inner courtyard. In several 

social complexes, the mosques are usually constructed from cut-stones whereas the 

technique of alternate stone and brick courses is used to build the other buildings in 

the complexes (Tayla, 2007). 
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                                     (a)                                                            (b) 

Figure 2.19. (a) The enterance facade of the Mahmut ¢elebi Mosque in Ķznik (photo 

was taken in 1975); and (b) the order of a row of cut-stones and three rows of bricks 

in the side walls. This order is also used for the portico with adding vertical bricks in 

between the stones.  

(Source. Tayla, 2007) 

 

 

 

 

 

Figure 2.20. The Yēldērēm Mosque in Edirne is built with alternating courses of 

rubble-stones and bricks. 

(Source. Tayla, 2007) 
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Figure 2.21. Different orders of alternating stones and bricks in the Sel­uk Hatun 

Mosque in Bursa. 

(Source. Tayla, 2007) 
 

 

 

The technique of alternate stone and brick courses, like in other structure types, was 

used to build madrasahs in the early period. Brick was employed with stone for exterior 

walls in Ottoman madrasahs dated between the fourteenth and sixteenth centuries both 

as a horizontal course embedded in rubble stone or pitch-faced stonewall, and as a 

filling material, for example, Lala ķahin Pasha Madrasah (Bursa), Murad 

H¿davendigar Madrasah (Bursa), Yēldērēm Madrasah (Bursa), Subaĸē Eyne Bey 

Madrasah (Bursa), Hacē Halil Paĸa Madrasah (G¿m¿ĸ ï Amasya), Muradiye Madrasah 

(Bursa), Saatli Madrasah (Edirne) (Figure 2.22). The brick course(s) were also used in 

rubble stone walls of certain facades of buildings in order to avoid monotony, for 

instance, ¢elebi Sultan Mehmed Madrasah (Merzifon), Yeĸil Madrasah (Bursa), Koca 

Mustafa Pasha (S¿mb¿l Efendi) Madrasah (Istanbul) (Figure 2.23) (Demiralp, 1999). 

In several buildings, building stones are supported by one or two bricks which were 

vertically placed (Demiralp, 1999) like in Alaaddin Bey Mosque (Bursa). Its exterior 
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walls were built of rubble stone, and brick, which was inserted in both horizontal and 

vertical directions between stone courses (Kuran, 1964). 

 

 

 

  
                                            (a)                                                                 (b) 

Figure 2.22. (a) The photo showing the wall of Saatli Madrasah constructed by 

alternating stones and bricks in Edirne; (b) the drawing showing the order of a row of 

cut-stones and two rows of bricks, and a different order in between cut-stones, such 

as four horizontal bricks. 

(Source. Tayla, 2007) 

 

  

 

  

                                             (a)                                                           (b) 

Figure 2.23. (a) The technique of alternate rubble stone and brick courses in the 

walls of ¢elebi Sultan Mehmed Madrasah built in 1414 in Merzifon-Amasya; and (b) 

the square shaped floor plan of the madrasa.  

[Source. (a) Trekearth; and (b) Demiralp, 1999] 
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In the early Ottoman Architecture, usage of cut-stone is observed. Especially, in late 

15th century, the number of madrasah whose exterior walls are covered by cut-stone 

has increased in parallel with increase in political and economic power of Ottoman 

Empire, for instance Great Mosque and Yeĸil Mosque (Bursa), Fatih Madrasahs (8 

buildings in Istanbul), Gedik Ahmed Pasha Madrasah (Afyon), Peykler Madrasah 

(Edirne), Bayezid II. Madrasah (Amasya) and Bayezid II. Madrasah (Edirne) 

(Demiralp, 1999). Especially, in the time of Beyazēt I and Mehmet I, in Bursa, the 

buildings were faced with marble and stone slabs (Figure 2.24) (¦nsal, 1959). 

 

 

 

        

                                     (a)                                                              (b) 

Figure 2.24. The entrance (a) and side facades (b) of the Yeĸil Mosque (1419) in 

Bursa. The entrance facade is constructed from marble and the side walls are cut-

stones (travertine).  

(Source. Photos taken by the author) 
 

 

 

The use of spolia is frequently observed in the exterior walls of buildings in Anatolian 

Seljuk period whereas they are found occasionally in structures of Ottoman 

architecture. However, in several madrasahs, pillars and their capitals of porches are 

built of spolia in the early period of Ottoman Architecture. For instance, the materials 

of porches' pillars in S¿leyman Pasha Madrasah (Ķznik), Koca Mustafa Pasha (S¿mb¿l 

Efendi) Madrasah (Istanbul), Ayas Aga Madrasah (Amasya), Yavukluoĵlu Madrasah 
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(Tire-Izmir) and Hereke (D¿zce) Village Madrasah (Seferihisar-Izmir); and the 

materials of pillars and their capitals in Murad H¿davendigar Madrasah (Bursa), Yeĸil 

Madrasah (Bursa), Gedik Ahmed Pasha Madrasah (Afyon), Davud Pasha Madrasah 

(Istanbul) and Hacē Sinan Madrasah (Bayēndēr) are partially or totally spolia 

(Demiralp, 1999). 

 

In hamam structures [¢ifte Hamam (Hersekzade Ahmet Pasha Hamam), R¿stem Pasha 

Hamam, Kamanlē Hamam (Yahĸi Bey Hamam), ¥zbek Village Hamam, B¿y¿k 

Hamam, K¿­¿k Hamam, Kalei­i Hamam Ulamēĸ Village Hamam and D¿zce (Hereke) 

Village Hamam] dated between the fifteenth and sixteenth centuries in Izmir, the walls 

are built of rubble stone, pitch-faced stone, reused cut-stone, brick, timber, and lime 

mortar as a binder material. Bonding timber is used to compensate vertical loads to 

construct exterior walls. Exterior surfaces are bare whereas inner surfaces were 

plastered by horasan4 (Reyhan and Ipekoĵlu, 2004). 

 

Minaret: The minarets, which are the integral parts of the mosques, were generally 

composed of nine sections: foundation, base, shoe, shaft, balcony, upper portion of the 

shaft, hood, finial and stairs (Tokay and Kuĸ¿z¿m¿, 2011). Some of these sections 

may not be seen in the early Ottoman period, such as base and shoe (¥dekan, 1988).  

 

Although the Ottoman minarets generally have a stone base and a brick shaft and 

usually covered with lead, there are several minarets built from alternate stone and 

brick courses, such as the minaret of the Sel­uk Hatun Mosque (1460) (Figure 2.25) 

(Uluengin, Uluengin and Uluengin, 2001, and Tayla 2007). Glazed brick, glazed tile 

faced [Ķznik Yeĸil Mosque (1378-1391)] or plastered minarets are also seen as well as 

alternate courses of stones and bricks (Figure 2.26). Especially after the conquest of 

Istanbul, the brick lost its importance; and left its space to the stone. The construction 

of the monumental stone minarets starts with the ¦­ ķerefeli Mosque in Edirne, which 

is the first Ottoman mosque to have had not only multiple minarets but also multiple 

                                                             
4 Horasan: Crushed or finely ground brick pieces, locally known as Horasan, have been used as 

aggregates in the manufacturing of lime mortars and plasters since ancient times (Akman, G¿ner and 

Aksoy, 1986). Horasan mortar and plaster have been used in the construction of aqueducts, bridges, 

wells, cisterns and public baths since Roman times due to their ability to set in the presence of water 

and their high mechanical strength (Lea, 1940; and Bºke, Akkurt and Ķpekoĵlu and Uĵurlu, 2006)  



 

33 

 

balconies on a single minaret (G¿nd¿z, 2005). It is the prototype of the minarets in the 

sixteenth century. Then, the Ottoman minaret is characterized by its extremely slender, 

pencil like structure with conical hood; and it became the exclusive form (¥dekan, 

1988).  

 

Apart from stones and bricks, the construction of a minaret required different 

specialized craftsman including masons, carpenters, lead casters, coppersmiths and 

blacksmiths due to the necessity of using different materials, such as timber, lead, 

copper, iron etc. (Uluengin et al., 2001). 

 

 

 

 

Figure 2.25. The minaret of the Sel­uk Hatun Mosque in Edirne is constructed by 

alternating courses of stones and bricks.  

(Source. Web page of Edirne Ķl M¿ft¿l¿ĵ¿) 
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                                                      (a)                                               (b) 

Figure 2.26. The photos displaying (a) the general view of the Ķznik Yeĸil Mosque; 

and (b) the single minaret of the mosque in the northwestern corner, which is 

decorated with glazed terra-cotta green, yellow, turqouise and dark purple colored 

tiles. 

[Source. (a) MoCT, 2012; and (b) bursa.com.tr] 

 

 

 

Doors: In Ottoman architecture, one of the major decorative elements is entry door. 

Geometric, floral and calligraphic patterns were used for embellishment, and ebony, 

mother of pearl, and ivory were preferred for inlay. These doors were made of oak to 

increase longevity (Uluengin et al., 2001). Their metal fittings, such as lock, key, 

knocker and handle were of fine bronze (¦nsal, 1959). One of the door types is metal-

clad doors which were used where the door is exposed to outdoor environmental 

conditions in monumental buildings, such as the entrances of courtyards. These doors 

were produced by using cladding materials, such as iron, copper or bronze on wood 

(Uluengin et al., 2001).  

 

Windows: Although there are many different types of windows with various functions, 

such as upper window, outer window, viewport window, false window, top window, 

lucarne, etc. in the Ottoman monumental architecture, a limited number of materials 

were used. Wood, plaster, lime - tatlē kire­ - and glass were the basic materials 

(Uluengin et al., 2001). Windows were usually arranged in a double horizontal row. 

The lower row had flat lintels with gratings of bronze or iron while the upper was filled 



 

35 

 

with stained-glass panes. The outside of windows were divided into circular or oval 

shape plaster partitions (¦nsal, 1959). 

 

Traceries: As regards traceries, various materials were used. Apart from marble, which 

was most extensively used, limestone, wood, metals, such as brass or bronze were 

generally preferred. As limestone (K¿feki stone) could not be carved as precisely as 

marble, traceries made of limestone were kept at distance above eye level, such as on 

minaret balconies (Uluengin et al., 2001). 

 

Roofs: The dome of monumental buildings is constructed of brick or stone. Interior 

surface of dome is plastered while its exterior surface is covered with lead, or in early 

times with tiles (¦nsal, 1959 and Uluengin et al., 2001). 

 

Ornamentation: The dried and baked brick wall-technique of Mesopotamia and 

Central Asia was improved by covering faces of walls with colored enamel, i.e. the 

glazed brick, to protect bricks from weathering during the Seljuk period. This 

technique, which was developed by Seljuks in Persia, brought to Anatolia and 

bequeathed to the Ottomans, was also observed during the early Ottoman architecture; 

for example in the minaret of the Green Mosque at Ķznik and in the Green Tomb at 

Bursa. It is even seen at Istanbul in the ¢inili Kºĸk (¦nsal, 1959). 

 

Simplicity in the ornamentation and a balance between blank and decorated surfaces 

were preferred. For instance, as regards madrasah, the simplified ornamentations are 

focused on crown gates, porticos surround the courtyard, lecture hall, student cells, 

and the pediments of doors and windows. Three types of ornamentations are preferred: 

stone embellishment; brick-stone wall embellishment; and glazed tile, glazed-mosaic 

and glazed brick embellishments. These embellishments are floral and geometric 

figures. Besides, inscriptions are also preferred for ornamentations (Figure 2.27) 

(Demiralp, 1999).   
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Figure 2.27. The photo showing the embellishments with inscriptions on the window 

pediment of the lecture hall; and with the composition of simplified palmette and 

rumi figures on the key stone of the arch in Hacē Halil Pasha Madrasa in Amasya.   

(Source. MoCT, 2012a) 

 

 

 

To sum up, all of these buildings in Turkey represent the tangible heritage of the early 

Ottoman Architecture. However, their non-renewable and fragile character faces the 

risk of irreversible damages and losses. They are increasingly exposed to both natural 

and human-induced hazards, such as earthquakes, floods, fire, climate change, armed 

conflicts, unsustainable tourism, vandalism, false remedial activities or accelerating 

urbanization etc. in the course of time. Some of them destroy permanently and have 

deleterious effects on these irreplaceable heritage assets. Countering them effectively 

requires identifying and understanding these hazards and their root causes. Therefore, 

in the following sections the natural and human-induced hazards; and among these 

hazards, impacts of climate change, which is increasingly posing threats to the 

protection of tangible heritage, are given in brief. 

 

2.2. Impacts of Hazards on Tangible Cultural Heritage  

 

Hazard is ñany phenomenon, substance or situation, which has the potential to cause 

disruption or damage to infrastructure and services, people, their property and their 

environmentò (Abarquez and Murshed, 2004, 6). Hazards can be explained under two 

main title: natural and human-induced hazards. Although natural hazards are old as 

universe, human-induced hazards, which have led to considerable changes in the 

natural environment especially after the industrial revolution, are of recent origin 

(Table 2.3) (UNESCO/ ICCROM / ICOMOS / IUCN, 2010).  
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Table 2.3. Selected examples among the most common hazards that may cause 

disasters 

(Source. WMO; ICSU, 2007 in UNESCO / ICCROM / ICOMOS / IUCN, 2010) 

 
TYPOLOGY OF HAZARDS  

METEOROLOGICAL 

a. storm [high precipitation; strong wind; cyclone/ hurricane/ typhoon; 

tornado/hail storm; ice storm; dust storm; wave action (at sea / lake)] 

b. fire induced by lightning / static, spontaneous coal /peat combustion 

c. drought 

d. heatwave 

e. high sea-surface temperature 

HYDROLOGICAL 
a. flood (precipitation flood ï inadequate drainage or infiltration; flash 

flood;  river or lake flood; mass movement dam; storm surge) 

b. tsunami 

BIOLOGICAL 

a. epidemics (human, animal, or plant and human-animal transferable 

diseases) 

b. pest infestations 

c. algal blooms 

d. rapidly spreading weeds or nuisance plants 

e. coral bleaching event 

HUMAN-INDUCED 

a. fire (land clearance, arson, accident, drainage of peat soils) 

b. pollution (health, e.g. food poisoning, disease) 

i. nuclear/ radioactive accident 

ii. waste mass movement (unstable spoil heap) 

iii. air pollution toxic fire or explosion or leak 

        iv. water pollution failure or leak / spill Ÿ  wildlife, plant mortality, 

disease 

c. Violence- and conflict-induced human and wildlife mortality and 

ecosystem destruction 

         i. disease 

         ii. human wildlife / conflict 

         iii. large-scale population dislocation or relocation 

         iv. illegal activities and violence, e.g. illegal drug trade 

         v. warfare 

d. Gas flaring 

e. Infrastructure failure 

         i. water pollution (algal blooms, coral bleaching, pest infestation,   

disease epidemic) 

         ii. dam or levee failure, flood 

         iii. coastal protection (wall, artificial beach) failure flood and  

erosion 

         iv. mass movement (e.g. waste slumps) 

f. Mining-induced 

         i. seismic activity and mass movement 

         ii. volcanic activity and mud volcano 

         iii. mass movement 

         iv. climate change and rainfall variation, e.g. mountain-top mining 

CLIMATE CHANGE 

a. sea-level rise 

b. melting permafrost 

c. rainfall pattern change 

d. increased storm severity or frequency 

e. desertification 
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The human-induced hazards have reached such a high level that their physical, 

chemical or biological effects have shown similar signs in a short term compared to 

the long term effects of natural hazards. Additionally, even if not enough power to 

cause natural disasters, some natural phenomena may give hazardous character to 

human-made activities or can give disastrous character to human-made hazards 

(Joyanoyic, 1988). For instance, when building in flood-prone areas, felling trees, or 

constructing non-engineered structures without taking into account safety norms, 

natural phenomena trigger the underlying dangers of human activities (Table 2.4) 

(UNESCO / ICCROM / ICOMOS / IUCN, 2010).  

 

 

 

Table 2.4. The relationships between natural and human-made hazards and their 

possible combined effects (indirect / secondary). 

(Source. UNESCO / ICCROM / ICOMOS / IUCN, 2010) 
 

 NATURAL  HUMAN -MADE  INDIRECT / 

SECONDARY 

Meteorological Hurricane 

Lightning 
Heavy precipitation 

 Flooding (coastal / 

rivers) 
Fire 
Mass movement 

Hydrological 

(caused by high 
rainfall) 

Flash flood 

Landslide / volcanic ash / 
lava / ice damming of a 
river 

Tsunami 

Hydrological 

infrastructure 
failure (dams, 
levees, reservoirs, 

drainage systems) 
Coastal protection 
failure (sea walls ) 

Disease epidemic 

Pollution 

Volcanic Lava flows 

Pyroclastic flows 
Ash and block falls 
Gases 

Mining-induced 

(e.g. mud volcano) 

Lahars (mudflows) 

Landslides 
Tsunami 
Fire 

Seismic Faulting 

Transient shaking 
Permanent deformation 
(e.g. folds) 

Induced movement 
(liquefaction and mass 

movement) 

Dam- and reservoir 

induced mass 
movement 
Mining-induced 

Explosion / nuclear 
induced 

Mass movement 

Fire 
Flood 

Mass movement 

(of snow, ice, rock, 
soil mud, etc.) 

(induced by slow-
acting 
erosion or one of 

the above) 

Falls 

Slumps 
Slides 

Flows 

Unstable mining / 

construction waste 
spoil heaps 
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The threats pointed out above often affect human beings, flora and fauna, landscapes, 

infrastructures and superstructures including tangible heritage. Tangible heritage, such 

as historic cities, cultural landscapes, monuments, archaeological sites, museums, 

artistic handcrafts, and cultural activities have always been threatened by the ravages 

of time, natural disasters and our own interventions. These threats are affecting with 

rapid or slow onset but with an increasing trend (Figure 2.28) (Will and Meier, 2007; 

and UN World Conference on Disaster Risk Reduction, 2015).  

 

 

 

 
 

Figure 2.28. The main risk factors and their speed of affecting cultural heritage 

(Source. Canuti, Margottini, Fanti, and Bromhead, 2009) 

 

 

 

The progressive loss of tangible heritage because of floods, landslides, storms, fire, 

earthquakes, the effects of climate change, civil unrest and other hazards has become 

a significant concern (UN World Conference on Disaster Risk Reduction, 2015). For 
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instance, major loss of cultural heritage can occur due to landslides and similar 

phenomena (e.g. avalanches, mud flows, debris flows, rock falls). They create mostly 

irreparable damage to cultural heritage by causing dislocation from its original 

position, distortion, and partly overturn in many cases. Landslides are triggered by 

heavy rains and frequently accompanied by floods, earthquakes, erosion and human 

activities such as excavations at the bottom of a slope or surcharge at the top of a slope. 

As well as landslide, floods, which are the most frequent natural disaster with an 

increasing adverse impact especially in urbanized areas, can damage or even destroy 

historic buildings, infrastructure, cultural landscapes and gardens. Moveable cultural 

heritage is also under threat in many flood events. Floods cause damage and failures, 

which is difficult to remediate due to wetting of building materials. Building materials, 

which are affected by salt transport, can suffer long-term damage. Possibility of repair 

and protection of them mostly decreases or repairing the consequences can take a very 

long time and require enormous efforts. Chemical pollutants and biological infection 

are also part of the problems caused by flooding (Drdacky et al., 2007). 

 

2.2.1. Types of Natural Hazards in Turkey 

 

The number of the most widely recognized types of hazards is thirty-one in Turkey. 

The most prevalent types of natural hazards including storms (strong wind), flood and 

hail except earthquakes. Heat wave, landslide, rock fall and avalanche have also been 

recorded as notable natural hazards (GDF, 2011). A number of disasters due to 

meteorological hazards such as storms and heavy rain have been increasing in Turkey 

since 1995 (Figure 2.29). Between 1940 and 2000, the Black Sea, Mediterranean and 

West Anatolia were the most impacted parts of the country especially in March-July 

due to the natural disasters (Gºk­e, ¥zden and Demir, 2008). 
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Figure 2.29. The graph shows the types and the number of disasters in Turkey 

between 1980 and 2010. A number of occurrence of storms associated by heavy rain 

has been increasing while a number of other types of disasters have been decreasing. 

[Source. Republic of Turkey Prime Ministry Disaster and Emergency Management 

Presidency (DEMP), 2011] 

 

 

 

As knowledge about the characteristics and the impacts of hazards, which threat 

cultural heritage and present an added challenge for their conservation, is a prerequisite 

to prepare successful and appropriate risk management strategies, the following 

paragraphs focus on hazards (floods, landslides and sea level rise), which are 

multiplied and triggered by climate change, while recognizing the importance of the 

other hazards and their consequences.  

 

Floods: In Turkey, a decrease trend in flooding in river basins has been observed due 

to an increase in the number of dams, stream improvement and rural to urban migration 

whereas an increasing number of flash floods in urban areas has been recorded due to 

incline trend in number of intense rainfalls induced by changing climate. The ratio of 

river flood events among all types of hydro-meteorological events is 33 % between 

1967 and 1987 whereas this ratio falls to 14% between 1998 and 2008. Although there 

is a declining trend in the number of river flood events, the total number of events is 

820 between 1975 and 2011 (Figure 2.30) [The Ministry of Environment and 

Urbanization (MoEU), 2013 and the Ministry of Forestry and Water Affairs 

(MoFWA), 2013].  
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Figure 2.30. The map shows the number of disasters due to flooding, overflowing 

and heavy rain between 1940 and 2010  

(Source. MoFWA, 2013)  

 

 

 

As regards to flash flood, it is a very common and very hazardous phenomenon that 

associates with intense and prolonged rainstorms especially for coastal communities 

and major cities of Turkey (Kºm¿ĸc¿ and ¢elik, 2012). Flash flood has been observed 

especially in March, April, June and July. Black Sea, Mediterranean and West Anatolia 

Regions have been severely affected by flash floods. Moreover, in recent decade, it 

has been observed that floods have occurred in areas that have rarely experienced or 

never had flash floods before. Therefore, although prevention programs have been 

successfully conducted since 1970 to reduce annual flood events, it is still necessary 

to implement new mitigation strategies in order to cope with combined effects of 

problems derived from urbanization and accelerated impacts of changing climate 

(MoFWA, 2013).  

 

Landslide: Turkey is affected by a very large number of landslides widespread 

throughout its territory. It is one of the most destructive natural hazards. The disasters 

related with landslides in Turkey rank second following the earthquakes with respect 

to economic losses and casualties [General Directorate of Mineral Research and 
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Exploration (MTA), 2012]. One of the most landslide-prone regions is the West Black 

Sea Region in Turkey (Figure 2.31) (Gºk­e et al. 2008). 

 

 

 

 
 

Figure 2.31. The map of the number of landslides sorted by cities between 1950 and 

2008 indicating the cities in the West Black Sea Region as the most landslide-prone 

ones. 

(Source. Gºk­e et al. 2008)  
 

 

 

Landslides are repetitive problems causing major disasters. The recovery efforts 

cannot eliminate disaster consequences even if they can be successful. Therefore, 

mechanical models and systems of monitoring of landslide processes should be 

elaborated for preservation of valuable historical monuments as well as reflecting the 

importance of preventive measures against natural disaster risks in the disaster 

protection policy and initiatives at both local and national level (Canuti, 2009). Within 

this context, in Turkey as the disasters arising from landslides are on the second rank, 

Landslide Inventory Mapping Project has been prepared to prevent or minimize natural 

disasters originated from mass movements. In the scope of this project, in order to 

present local, regional and national conditions, the maps on a 1:25.000 scale were 

digitized and integrated into Geological Database of Turkey. Inventory maps present 

geographic distributions, types and activities of mass movements (Figure 2.32).  
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Figure 2.32. The inventory map including active and past landslides, active and past 

flow, and sliding in the southeastern of the Marmara Region.  

(Source. MTA, 2012)  

 

 

 

Sea Level Rise: The sea level rise (SLR) is a problem in many countries around the 

world, especially for those which have populated coastlines. As being a peninsula, 

SLR is also an issue for Turkey. Mediterranean Region is considered the most 

vulnerable coastal part of Europe with multiple potential impacts of SLR and low 

generic adaptive capacity. Among countries which have coastlines to Mediterranean 

Sea, Turkey is considered moderately vulnerable to SLR (MoFWA ï former the 

Ministry of Environment and Forests, 2007; and Karaca and Nicholls, 2008). Several 

coastal areas, especially the low lying deltaic plains (Figure 2.33), are highly 

vulnerable according to recent international, national and local scale investigations. 

However, more detailed site specific studies of different coastal regions of Turkey are 

necessary to understand the impacts of SLR on the coastal environment induced by 

climate change (Karaca and Nicholls, 2008; Demirkesen et al. 2008; and Kuleli, 2010). 

 

 

Spatial Active Flow 
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Figure 2.33. The digital elevation model presenting the elevation classes of Turkey 

(Source. Demirkesen et al., 2008) 
 

 
 

According to a study by Bozkurt et al. (2011), the occurrence of flash floods and 

extreme precipitation events will probably increase due to warmer summers and sea 

surface temperatures of the seas surrounding Turkey in autumn (Bozkurt et al., 2011). 

Besides erosion and inundation, upward and landward movements of the zones which 

are at risk of flooding are also the result of any rise in sea level (Nicholls et al., 1999).  

 

In this context, most of the studies indicate that no systematic research has been 

conducted for the long-lasting trends in sea level changes in Turkey. Therefore, local 

scenarios of SLR based on the long-term collection of tide-gauge data need improving. 

The vulnerability degree of cultural heritage in the coastlines of Turkey should be 

included and evaluated in further more detailed site specific studies. 

 

To conclude, while preparing a disaster inventory, data on human and economic losses 

are taken into consideration. Disasters are included in the database according to several 

criteria of the Emergency Disasters Database (EM-DAT). They need to fulfill at least 

one of the criteria which are given below (Tschoegl et al., 2006): 

¶ the number of dead people is greater than or equal to 10   

¶ affecting a hundred or more people 

¶ declaring national aid  

¶ declaring international aid 
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Therefore, the available maps of disasters presented above were prepared in 

accordance with hazards which have been recorded by taking into consideration the 

above mentioned criteria that differ from those related to the protection of cultural 

heritage. They mostly omit or do not explicitly include cultural heritage. They often 

result in a good coverage of the territory, but in a lack of relevant information in the 

context of cultural heritage. Maps obtained for different purposes often become 

unsuccessful to fulfill the specific data needed to develop management plans, recovery 

initiatives, etc. for cultural heritage. For instance, in the case of flood risk maps, water 

depth and flow velocity are of great value for protection of cultural heritage. However, 

these maps usually display only the areas affected by a given flood event and the 

predicted water depth which is approximately provided. Besides, there is usually no 

information about flow velocity. As a result, they have not been prepared to comply 

with conservation principles and requirements (Drdacky et al., 2007). 

 

Within this framework, in Turkey, in recent years several research initiatives have been 

conducted to develop methodologies for assessing risks deriving from not only natural 

hazards but also human induced hazards and understanding vulnerabilities of cultural 

heritage at territorial scale (Figure 2.34). The development of this kind of 

methodologies is necessary to help heritage managers and decision makers evaluate 

the whole picture because it is difficult to determine the percentage of loss of cultural 

heritage caused by any one type of disaster. Moreover, in the time of climate change, 

people who work in the heritage conservation sectors at national and local levels may 

face uncertainty about how to adapt changes. Therefore, it is important to develop 

methodologies and create databases, which become a main source of information to 

develop heritage management strategies and focus on reducing vulnerability instead 

of precise impact assessment. 
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                                    (a)                                                             (b) 

Figure 2.34. The maps showing (a) overall risk of natural processes affecting 

archeological heritage; and (b) vulnerability to natural hazards in Ķzmir-Turkey. 

(Source. Yēldērēm Esen, 2014) 
 

 

 

2.2.2. Climate Change as a Potential Hazard 

 

Climate change5 has been included in the main types of hazards that may cause 

disasters in the publications of UNESCO (2010), and it has also emerged as one of the 

most devastating threats to tangible heritage. In addition to being accepted as one of 

the main types of hazards, climate change may become the triggering mechanism and 

/ or may have in multiplier effect on the frequency and intensity of several natural 

hazards; and on significant underlying risk factors. Hence, it affects vulnerability of 

cultural heritage against certain types of natural hazards. In other words, capacity and 

performance of a building to resist disasters may be severely reduced. For instance, 

                                                             
5 Climate change refers to ña change in the state of the climate that can be identified (e.g. using statistical 

tests) by changes in the mean and / or the variability of its properties and that persists for an extended 

period, typically decades or longer. It refers to any change in climate over time, whether due to natural 

variability or as a result of human activityò (IPCC, 2007). 
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historic buildings may be affected by any increase in soil moisture that increases their 

vulnerability6 to natural hazards, such as earthquakes and floods (UNESCO/ ICCROM 

/ ICOMOS / IUCN, 2010).  

 

Apart from sudden catastrophic impacts, climate change manifests itself via gradual, 

cumulative processes, such as deterioration processes of the fabric of heritage 

properties. The decay is mostly caused by a range of factors (physical, chemical and 

biological), which are determined by the site-specific (local) conditions, such as wind 

(erosion, vibration), relative humidity (RH), temperature, radiation / light, dust, water, 

erosion and siltation, micro-organisms. These factors have probably been affecting the 

property right from its creation. However, the local climatic conditions usually have 

low impact over a long duration and historical buildings have survived centuries under 

these specific climatic conditions. Even the smallest of changes in climatic conditions 

can magnify the impact of deterioration factors; for instance heritage properties may 

begin to deteriorate at an accelerated pace once these climatic conditions begin to 

fluctuate due to changing climate parameters. Climate change may worsen some 

factors and lessen others (UNESCO, 2012b). For instance, interaction between the 

changes in temperature and moisture over the century lead to changes in the 

distribution of pests (migration of pests in altitudes and latitudes or spread of existing 

and new species of pests) and may accelerate the activity of the organisms, such as 

bacteria, fungi, lichen, insects, etc. (English Heritage, 2008). Biological impact of the 

organisms on timber and other organic building materials is, therefore, a type of 

damage that will be affected by climate change (Colette, 2007b). Over the century, 

wooden buildings and building elements will be exposed to an increased risk of rot 

and pests, while all kinds of buildings will be under the risk of faster decomposition 

derived from biological growth (Kaslegard, 2011). Besides, changes in atmospheric 

moisture may lead to risks of flooding and soil instability (ground heave and 

subsidence); differentiation of rain-fall patterns, water-table levels, soil chemistry, 

groundwater, humidity cycles; and increases in the wetness time of materials and salt 

                                                             
6 ñVulnerability is the susceptibility or exposure of cultural property to the hazard. Whereas a hazard is 

the external source of a disaster, vulnerability is the inherent weakness of the heritage property (due to 

its location or its specific characteristics). Disaster risk is a product of hazard and vulnerability. It is 

important to bear in mind that hazards such as earthquakes can trigger disasters although they are not 

disasters in themselvesò (UNESCO et al, 2010, 8). 



 

49 

 

chlorides. Therefore, building materials which are not designed to withstand prolonged 

immersion are threatened by the invariably dirty water of flooding and the erosive 

character of rapid flowing water. Furthermore, as historic buildings are more porous 

and have a greater contact with the ground, they draw water from the ground into their 

structures. During the drying period, they lose water to the environment by surface 

evaporation, which causes corrosion or salt weathering as secondary effects (Colette, 

2007a). The summary of changes in climate parameters and their consequences from 

the cultural heritage point of view are presented in Table 2.5. 

 

 

 

Table 2.5. Principal climate change risks and related impacts on cultural heritage 

(Source. UNESCO, 2007) 
 

CLIMATE 

INDICATOR  

CLIMATE CHANGE 

RISK 

PHYSICAL IMPACTS ON CULTURAL 

HERITAGE  

Atmospheric 

moisture change 

* Flooding (sea, river) 

* Intense rainfall 

* Changes in water table 

levels  

* Changes in soil 

chemistry 

* Ground water changes 

* Changes in humidity 

cycles 

* Increase in time of 

wetness 

Sea salt chlorides 

* pH changes to buried archaeological evidence 

* Loss of stratigraphic integrity due to cracking and 

heaving from changes in sediment moisture 

* Data loss preserved in waterlogged / anaerobic / 

anoxic conditions 

*Eutrophication accelerating microbial 

decomposition of organics 

*Physical changes to porous building materials and 

finishes due to rising damp 

*Damage due to faulty or inadequate water 

disposal systems; historic rainwater goods not 

capable of handling heavy rain and often difficult 

to access, maintain, and adjust 

* Crystallization and dissolution of salts caused by 

wetting and drying affecting standing structures, 

archaeology, wall paintings, frescos and other 

decorated surfaces 

* Erosion of inorganic and organic materials due to 

flood waters 

* Biological attack of organic materials by insects, 

moulds, fungi, invasive species such as termites 

* Subsoil instability, ground heave and subsidence 

* Relative humidity cycles/shock causing splitting, 

cracking, flaking and dusting of materials and 

surfaces 

* Corrosion of metals 

* Other combined effects eg. increase in moisture 

combined with fertilizers and pesticides 
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Table 2.5 contôd 

Temperature 

change 

* Diurnal, seasonal, 

extreme events (heat 

waves, snow loading) 

* Changes in freeze-thaw 

and ice storms, and 

increase in wet frost 

* Deterioration of facades due to thermal stress 

* Freeze-thaw/frost damage 

* Damage inside brick, stone, ceramics that has got 

wet and frozen within material before drying 

* Biochemical deterioration 

*Changes in ófitness for purposeô of some 

structures. For example overheating of the interior 

of buildings can lead to inappropriate alterations to 

the historic fabric due to the introduction of 

engineered solutions 

* Inappropriate adaptation to allow structures to 

remain in use 

Sea level rises * Coastal flooding 

* Sea water incursion 

* Coastal erosion/loss 

* Intermittent introduction of large masses of 

óstrangeô water to the site, which may disturb the 

metastable equilibrium between artefacts and soil 

* Permanent submersion of low lying areas 

Wind * Wind-driven rain 

* Wind-transported salt 

* Wind-driven sand 

* Winds, gusts and 

changes in direction 

* Penetrative moisture into porous cultural heritage 

materials 

*Static and dynamic loading of historic or 

archaeological structures 

*Structural damage and collapse 

*Deterioration of surfaces due to erosion 

Desertification * Drought 

* Heat waves 

* Fall in water table 

*Erosion 

*Salt weathering 

*Abandonment and collapse 

Climate and 

pollution acting 

together 

* pH precipitation 

* Changes in deposition of 

pollutants 

*Stone recession by dissolution of carbonates 

*Blackening of materials 

*Corrosion of metals 

* Influence of bio-colonization 

Climate and 

biological 

effects 

* Proliferation of invasive 

species 

* Spread of existing and 

new species of insects (eg. 

termites) 

* Increase in mould 

growth 

* Changes to lichen 

colonies on buildings 

* Decline of original plant 

materials 

*Collapse of structural timber and timber finishes 

*Reduction in availability of native species for 

repair and maintenance of buildings 

*Changes in the natural heritage values of cultural 

heritage sites 

*Changes in appearance of landscapes 

 

 

 

 

In brief, having been designed to take into account the local climatic conditions; and 

having survived for centuries thanks to their compatibility with these conditions mean 

there is a connection between the stability of tangible heritage assets and their 

environment and surroundings. Therefore, interaction between the changes in 

temperature and moisture lead to changes in physical fabric of the assets, especially 

when phase transitions are under consideration. Although several impacts of climate 



 

51 

 

change can be subtle and are predicted to occur over a long period of time, some 

climate change parameters, such as freeze-thaw, thermal shock temperature, humidity 

cycles, time of wetness and wind driven rain etc., can cause changes by large amounts 

over a short period of time.  

 

Within the light of these discussions, and addressing above-mentioned issues, the 

following part of this chapter introduces the scope of and current debate on climate 

change, and the anticipated changes in climate parameters that affect the deterioration 

mechanisms of physical fabric of the tangible heritage assets.  

 

Climate Change is global in nature and has been variable over the past two decades. A 

credible body of scientific evidence shows that climate change is occurring, and it 

leads to changes in the frequency, intensity, spatial extent, duration, and timing of 

extreme weather and climate events (IPCC, 2012).  

 

Climate change studies are based on: the physical understanding of the climate system, 

trends in observed climates, and projections from computer models of the climate. The 

computer models require inputs of future greenhouse gas emissions and global socio-

economic scenarios to make analyses of the future risks and impacts of climate change. 

The models are mathematical formulation of the effects of all the key processes 

operating in the climate system; such as: atmosphere, ocean, land surface, cryosphere 

and biosphere; and factors that influence the system such as greenhouse gas emissions 

and future socio-economic patterns of land use (Sabbioni et al, 2006). 

 

Long-term emission scenarios have been developed by the Intergovernmental Panel 

on Climate Change (IPCC) in order to assist climate change analysis, including climate 

modeling and the assessment of impacts, adaptation and mitigation by giving 

alternative description of how the future might unfold (IPCC, 2007). These scenarios 

are often based on various sets of storylines (B1, A1B, A2, etc.) which are explained 

in the Special Report on Emission Scenarios (SRES) of IPCC. Each storyline describes 

a different world evolving through the 21st century, with different key relationships 

and driving forces, such as population growth; social, economic and technological 

developments; environmental sustainability; settlement patterns; land-use and 
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urbanization. Corresponding trajectories of greenhouse gas emissions may be deduced 

from these storylines. These scenarios extend to the year 2100 (IPCC, 2000 and The 

World Bank Group, 2015). 

 

A wide range of future emissions and driversô scenarios vary the degree of climate 

change considerably. This variety illustrates the uncertainties that are related to the 

process of climate change. As the climate system is inherently chaotic, its 

predictability is inherently limited. Although climate models cannot predict with 

certainty how quickly or to what extent the earth's climate will change in the next few 

decades, even now some climatic trends are emerging: ñwarming of the climate system 

is unequivocalò (IPCC, 2007b). Moreover, there are some robust patterns of change in 

precipitation, sea level, and frequency and magnitude of extreme events which take a 

toll on buildings and infrastructures, as well as ecological systems and human life. A 

broad range of human and natural systems are, therefore, facing with the hazardous 

results of the changes in climate as one of the most critical and the major environmental 

challenges of our time (Heymann, 2007). 

 

The following section provides a snapshot of recent scientific literature on analyses of 

likely impacts and risks of climate change within this century by looking from both 

global and Turkeyôs perspective.  

 

2.2.2.1. A Review of Global Climate Change 

 

IPCC has concluded that the ñscientific evidence for warming of the climate system is 

unequivocalò (IPCC, 2007a). ñSince the 1950s, many of the observed changes are 

unprecedented over decades to millenniaò (IPCC, 2013, 4). The atmosphere and ocean 

are warming. Four of the worldôs leading climate research centers have agreed that a 

warming trend over the last century with the 10 hottest years on record since 1998 

[National Aeronautics and Space Administration (NASA), 2011; UK-Met Office, 

2011; Japan Meteorological Agency (JMA), 2011; and National Oceanic and 

Atmospheric Administration (NOAA), 2013]. One of the dominant cause of the 

observed warming since the mid-20th century is the anthropogenic greenhouse gas 

emissions (GHGs) which have been steadily rising since the pre-industrial era. 
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Economic and population growth are the main drivers of increasing GHGs which are 

now higher than ever. The average annual concentration of carbon dioxide (CO2) in 

the atmosphere, which is the chief greenhouse gas that results from human activities, 

is 398.55 parts per million (ppm) based on data from Mauna Loa Observatory in 

Hawaii, at which measurements first began. The monthly average of CO2 is 403.26 

ppm for April 2015. In 1959 the first year with a full year of instrument data, it was 

approximately 315 ppm. [IPCC, 2014; and NOAA-Earth System Research Laboratory 

(ESRL), 2014]. Current projections indicate an incline for the CO2 concentration to 

rise to as much as 500ï1000 ppm by the year 2100 (IPCC 2007). 

 

As it is stated in the last report of the IPCC, ñClimate change will amplify existing 

risks and create new risks for natural and human systems.ò Climate change-related 

risks have been observing on natural and human systems all over the world. More heat 

waves, floods (due to the heavier precipitation), droughts, more damaging hurricanes 

and tropical cyclones, rising sea level and coastal erosion etc. can be given as examples 

of these risks (IPCC, 2014).  

 

In brief, according to the last Synthesis Report that was released in November 2014:  

¶ ñHuman influence on the climate system is clearò; 

¶ ñThe more we disrupt our climate, the more we risk severe, pervasive and 

irreversible impactsò; and 

¶ ñWe have the means to limit climate change and build a more prosperous, 

sustainable futureò (IPCC, 2014). 

 

a) Observations 

 

In this section, the changes in climate systems and state of climate, especially climate 

extremes, in 2014 are given very briefly, as examining, finding and defining changes 

in climate systems lies beyond the scope of this study. Nevertheless, the outcomes of 

several datasets focusing on monitoring long-term changes in climate systems from 

the view point of heritage assets are given in the following sections in detail. 
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Although it is important to monitor and understand essential climate variables which 

are reflected as monthly and annual means, monitoring long term changes in extremes, 

which have a wide range of impacts on society, infrastructures and ecosystems, has 

come to the forefront during the recent decades (Blunden and Arndt, 2014). Several 

datasets have been developed to monitor these extremes, some of which right 

alongside climate anomalies and events for the year 2014 are given below very briefly 

according to the large range of available estimates. 

¶ In terms of temperature extremes, both at the Earthôs surface and through the 

troposphere, the year 2014 is globally ranked at top on records which were 

started to record in the mid to late 1800s.  

¶ Due to being above the twentieth century annually-averaged temperature 

which is 13.9 ÁC across global land and ocean surfaces, the year 2014 has 

become the 38th consecutive year since 1977. The annually-averaged 

temperature was recorded 0.69 ÁC higher than the average of the last century.  

¶ 9 of the 10 warmest years including 2014 have been recorded during the 21st 

century. Only the year 1998 (in 20th century) is the fourth warmest year in the 

135-year period of record.  

¶ The fourth highest annual value on record in terms of global average land 

surface temperature was 2014. It was recorded as 1 ÁC higher than the average 

during the 20th century average which is 8.5 ÁC. 

¶ Global annually-averaged ocean temperature in 2014 is higher than the 20th 

century average.   

¶ Since the early 20th century, the rate of global mean sea level has likely 

continued to rise. The rate of the rise has confidentially been above the mean 

rate during the previous two millennia. In early 2014, global mean sea level 

has reached a record high in line with the upward trend of 3.2 Ñ 0.4 mm/yr. 

over the past two decades (1993 to 2014).  

¶ Due to being near average global precipitation, the year 2014 is the third 

consecutive year in terms of measurement of precipitation at land-based 

stations around the globe. It was also recorded 0.52 mm below the 1961ï1990 

average of 1.033 mm. 

¶ 2014 has been marked by flooding around the world (e.g. more than two 

million people were affected by floods in May in Serbia, Bosnia-Herzegovina 
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and Croatia. Over 250% of the monthly average rainfall recorded in Southern 

parts of the Balkan Peninsula and over 500% of normal in parts of Turkey in 

September.) 

¶ Droughts (e.g. a state of drought disaster was declared in the North-West 

Province of South Africa, which lasted from September to January. In 

November 2014, U.S. declared the category of drought as most severe, as large 

areas of the western U.S. were experienced exceptional drought with areas of 

California, Nevada and Texas received less than 40% of the 1961-1990 average 

rainfall.); heavy snow falls (e.g. two heavy snowfall events were experienced 

in the Pacific side of northern and eastern Japan in February. In mid-November 

U.S. experienced exceptional cold which triggered a lake-effect snow storm 

and more than 127 cm of snow fell in a 24-hour period.) and a below average 

number of tropical storms (e.g. although it was below average, the number of 

storms exceeded the 67 storms recorded in 2010 which is the lowest total in 

the modern satellite era.) were the other extreme events recorded globally in 

2014. 

¶ The other dramatic indicator of climate change is Arctic sea ice extent which 

has declined by over 4% per decade since 1979. It is the year when satellite 

measurements began. 2014 was below the long term mean that made the year 

the sixth lowest on record [IPCC, 2014; NASA, 2015; NOAA - National 

Climatic Data Center (NCDC), 2015; Met Office, 2015; World Meteorological 

Organization (WMO), 2014; and Kovats, 2014].  

 

b) Projections 

 

It is highlighted that although fluctuations in average temperatures from year to year 

will be expected, a long-term rise in global temperatures is being triggered by the 

continued increased in greenhouse gas levels in the atmosphere. This means that it is 

not expected that each successive year will be warmer than the year before. However, 

each successive decade is expected to be warmer than previous one due to continued 

emissions of greenhouse gases which will cause further changes in all components of 

the climate system (NASA, 2014 and IPCC, 2014). As the general conclusion of the 

recent studies indicates, the increase in global temperature is accelerating the 
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hydrological cycle and altering marine systems, which lead changes in precipitation 

patterns. In other words, temperature and precipitation changes are closely associated 

with hydro-meteorological hazards, and exacerbate their states, for instance, increases 

in intense rainfall events; rising sea levels; decreases in the duration of snow season, 

snow cover, snow depth and sea ice; more frequent and intense heat waves, cold spells, 

drought; possible changes in floods, including flash floods, and landslides and soil 

erosion (IPCC, 2007 and IPCC, 2012). Individually and / or collectively, these changes 

pose risks for a wide range of human and environmental systems. The risks may vary 

by sub-regions and localities, but in general the followings are the most remarkable 

projected changes which are based on a range of emissions scenarios: 

 

¶ By the end of the 21st century, substantial warming in temperature extremes is 

projected. An additional warming of 1.1ÜC to 6.4ÜC is anticipated. It is virtually 

certain that increases in the frequency and magnitude of warm daily temperature 

extremes and decreases in cold extremes will occur at the global scale. Warming 

is and will be greatest over land areas and higher latitudes.  

¶ It is likely that there will be an increase in the frequency of heavy precipitation or 

the proportion of total rainfall from heavy falls over many areas of the globe such 

as particularly in the high latitudes and tropical regions, and in winter in the 

northern mid-latitudes. On the other hand, due to reduced precipitation and/or 

increased evapotranspiration, it is expected with medium confidence that droughts 

will intensify and be prolonged in some seasons and areas, such as southern 

Europe and the Mediterranean region.  

¶ Severe drought will lead to an increase in forest fires. 

¶ It is likely that the frequency of heavy precipitation, heavy rainfalls associated 

with tropical cyclones, and average tropical cyclone maximum wind speed will 

increase during this century in many regions of the world.  

¶ More and stronger hurricanes, as well as commensurate flooding in the aftermath 

are generated by increasingly warm ocean surface temperature. 

¶ Changes in heat waves, glacial retreat, and/or permafrost degradation will affect 

high mountain phenomena such as slope instabilities, movements of mass and 

glacial lake outburst floods. 
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¶ Possible changes in floods and landslides are also expected due to greater intensity 

of wind and rain (Westphal, 2008; Pollner, Kryspin-Watson and Nieuwejaar, 

2010; and IPCC, 2012). 

¶ Increase in global mean sea level will continue during the 21st century. Increase 

in ocean warming and loss of mass from glaciers and ice sheets will very likely 

lead to accelerate the rate of sea level rise in comparison the rate during 1971 to 

2010 (IPCC, 2014). 

 

2.2.2.2. A Review of Climate Change in Turkey 

 

Turkey lies between latitudes 36-42ÁN and adjacent to the Mediterranean Sea. It may 

be expected to have a Mediterranean climate; however, apart from the southern and 

western coastal areas, the rest of the country has varied climate due to a number of 

factors make the climate more complex. Diverse nature of the landscape, extremely 

varied topography, an inland sea (the Black Sea) to the north, the existence of the 

mountains that run parallel to the north coast, and the vast Russian plain which acts as 

a close source of very cold air in winter affect the climate of Turkey. Moreover, in 

contrast with the north part, the east of Turkey is next to Syria and the Middle East 

where summers are very hot, and the southern coastline is just 500 km far away from 

the hot continent of Africa. Most of Turkey located on high plateau. While the coastal 

areas enjoy milder climates, the inland Anatolian plateau experiences extremes of hot 

summers and cold winters with limited rainfall. Towards to the east, the terrain 

becomes increasingly mountainous. The terrain is mostly hilly even in the lower-lying 

west. All these factors result in significant differences in climatic conditions from one 

region to the other (Met Office, 2011, and Sensoy, Demircan, Ulupēnar and Balta, 

2008). 

 

Climate change models predict that due to locating in the Mediterranean basin, Turkey 

is one of most vulnerable countries to climate change and experiencing a range of 

climate changes. Climate change has already turned the heat on forest, water and land 

resources of Turkey by leading to changes in the frequency and intension of droughts, 

floods and extreme weather conditions [Turkish Ministry of Development (MoD), 

2012]. 
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According to the Climate Change Performance Index (CCPI) (2014) which 

demonstrates the main regional differences in climate protection performance within 

58 countries, Turkeyôs national climate experts accept that Turkey does not have a 

national strategic planning policy to directly address climate change. It has difficulties 

while implementing most policies that are in place. Its fossil fuel industry is increasing 

rapidly in the energy sector which is the most carbon intensive sector. Therefore, it 

ranks 51st in the overall countries, i.e. in the óvery poorô grade group (Burck, Marten 

and Bals, 2014). It is understood that Turkey has a long way to examine the impacts 

of climate change and adapt itself to the changing situations. There is still a gap in 

publishing updated results of research on climate change in Turkey. Therefore, the 

following sections include the recent observations of and projected changes in climate 

of Turkey until the year 2013.  

 

a) Observations 

 

Turkey has already been vulnerable to current climate variability. The last century has 

been characterized by overall warming with altered precipitation patterns leading to 

wetter winters, drier summers and increased frequency of extreme and unpredictable 

weather including heavy rain and storm events. Observations and highlights in climate 

system are summarized in the following paragraphs. 

 

Temperature: According to results of the Turkish State Meteorological Serviceôs 

study, which covers the period from 1971 to 2004 and 100 measurement stations, at 

most stations, maximum of maximum, minimum of maximum, maximum of minimum 

and minimum of minimum temperatures have increased. There is an increasing trend 

on the numbers of summer days and tropical nights all over Turkey whereas a 

decreasing trend is observed on the number of ice days and frost days. Summer days 

have increased 59 days in 100 years. The number of warm days, whose average 

increasing is 26 days in 100 years, has been increasing all over Turkey. Warm nights 

have been also in increasing trends all over Turkey except Euphrates Basin. Thus, cool 

days and cool nights have been decreasing in most of the station. Warm spells have 

increased while cold spells have decreased. In most inland stations, diurnal 
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temperature range has increased whereas it has decreased along coastal areas (Sensoy, 

Demircan and Alan, 2008).  

 

In 2012, Turkeyôs average temperature, which is 14.2 ÁC, is higher than the average 

temperature of near past (1971-2000 / Reference Period) which is 13.2 ÁC (Figure 

2.35). In general, in coastal parts of Turkey, Marmara Region, east part of Eastern 

Region, Niĵde, Aksaray, Nevĸehir and Karaman average annual temperature was 

increased by 2.0 ÁC. Throughout 2012, heat waves in 66 centers and cold waves in 33 

centers were recorded.  As regards seasons: 

¶ A general decreasing trend in winter temperatures have been observed in the 

last five decades. Winter temperatures of 2012 are significantly below normal. 

Anomalies were sometimes down to -3 ÁC because a cold snap in early 

February followed a cold January with frequent outbreaks of arctic air. The 

lowest degree, which was -35 ÁC, was recorded in February in Erzurum. 

¶ Except some areas in the western and eastern areas of Turkey, spring was 

warmer than normal. 

¶ Summer was unusually warm. Conspicuous increase in summer temperature 

was observed across the country, particularly in the west and southwest. 

Maximum temperature above 40 ÁC was recorded at 40 measurement stations 

and the highest was 47 ÁC in July, in Ceylanpēnarē. 31 stations broke their own 

record on maximum temperature. Tropical days (max. temperature > 30 ÁC) 

were experienced at 122 stations.  

¶ Fall was warmer than normal. Anomalies in western Turkey exceeded +4ÁC 

[M¿hr, et al., 2013; MoFWA - General Directorate of Meteorology (GDM), 

Department of Research, 2013 and Organization for Economic Co-operation 

and Development (OECD), 2013]. 
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Figure 2.35. Annually mean temperature anomalies in Turkey 

(Source. T.R. Ministry of Forestry and Water Affairs - General Directorate of 

Meteorology, Department of Research, 2013) 

 

 

 

Precipitation: According to results of the Turkish State Meteorological Serviceôs 

study, which covers the period from 1971 to 2004 and 100 measurement stations, 

although there is a declining trend in mean annual precipitation at 30 stations which 

are located in the Aegean and inland Anatolia, simple daily intensity index has been 

increasing in most of the stations. As the number of days with heavy precipitations 

have been in an increasing trend especially in the Black Sea and Mediterranean 

Regions, actualization of extreme flood events has been also increasing. In most of the 

station except Eastern Marmara and South Anatolia Region, the maximum one-day 

and 5 days precipitation have increased. Consecutive dry days have decreased in some 

stations, Konya, Karapēnar, Ceylanpēnar and Iĵdēr which are suffering drought 

problem, whereas in Marmara, Aegean and the Black Sea Region, they are in the 

increase trend. On the other hand, the increase trend of consecutive wet days have been 

experienced especially in eastern parts of the Marmara and around Afyon, Burdur, 

Niĵde, Sinop, Sivas, Rize, Kilis and Muĸ, whereas the decrease trend have been in the 

Aegean and Konya (Sensoy, Demircan and Alan, 2008).  

 

Annual average precipitation is 642.8 mm in Turkey. Arid periods were experienced 

in 2006, 2007 and 2008 whereas positive trend was observed in rainfall anomalies 

from 2009 to 2012. The year 2009 was recorded as the wettest year with 804 mm 

rainfall while 2008 was the driest year with 506 mm rainfall. The uninterrupted order 

of the wettest and the driest years are noticeable.    
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In 2012, average precipitation, which is 643 mm, has increased by 16%. January, 

February, May, August and December were characterized by above-average rainfall, 

whereas March, April, June, July, September, October and November were below-

average rainfall. Along the Mediterranean coast of Turkey, where rainfall in some 

places was almost twice the long-term average, were wetter than normal whereas most 

of the Eastern Region and east part of Black Sea Region got lesser precipitation than 

normal. As regards seasons: 

¶ In winter, Eastern and Southern Regions of Turkey were wetter than normal. 

¶ In spring, southeastern Turkey was slightly drier than normal. Upper lows in 

April and May led to a slight wet anomaly around the Bosporus. 

¶ Summer was quite dry in Turkey. 

¶ Among three fall months, in September and November, western Turkey was 

mostly dry and got well-below average rainfall. Precipitation was only 10% 

and 45% of normal, respectively (M¿hr, et al., 2013 and MoFWA - GDM, 

Department of Research, 2013). 

 

Highlight  events observed in 2012 in Turkey are in below:  

¶ An extreme cold spell which occurred in late January and early February ends 

with heavy snowfalls. The dust-darkened snow fell in February in ķērnak. 

¶ The Aegean Sea and western Turkey were affected by a strong gale in mid-

April . 

¶ Heavy damage occurred and four people died due to gusty storm. Istanbul was 

particularly affected with gusts of 29 m/s. Six road construction workers in 

Elazēĵ died in a tornado on 9 April.  

¶ In western and central Turkey, Saharan dust was observed on 18 April. Dust 

storms affected eastern Turkey on 30 May, 30 July, and 1 August.  

¶ Mud rain fell on 1 August in Kars. Heavy rain caused flooding in several places 

in Turkey on 22ï23 October (M¿hr, et al., 2013). 

 

In summary, as Turkeyôs Fifth National Communication to the United Nations 

Framework Convention on Climate Change (UNFCCC) declares that present climate 

change effects include rising summer temperatures, reduced winter precipitation in the 

western provinces, greater frequency of droughts, land degradation, coastal erosion, 
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and flooding. Large coherent pattern of changes are observed in warming across the 

country including maximum and minimum temperatures whereas much more mixed 

pattern of changes are observed in precipitation. Hydro-meteorological hazards, 

especially storms and floods, occur quite frequently and lead to serious loss of life and 

property in various regions in Turkey. It is expected that due to irregular, sudden and 

heavy precipitations and floods whose pattern are affected by changing climate, the 

landslide, erosion and long term drought rates will increase. Increased storms cause 

disasters such as hail, lightning, flash floods and urban flooding more influential 

(MoEU, 2013). 

 

b) Projections 

 

Turkey is highly vulnerable to possible climate change impacts as being a part of the 

southern belt of Mediterranean Europe. It is predicted that changes in climate systems 

continue and intensify over 21st century. These changes accelerate damaging impacts 

on Turkeyôs environment and infrastructure, with significant consequences for 

economy and society (MDG-F 1680 Project, 2012). In spite of several differences in 

magnitude of these changes, there is consistently good agreement over several issues 

within three different general circulation models called ECHAM5 (European Center-

Hamburg, Version 5), CCSM3 (Community Climate System Model, Version 3) and 

HadCM3 (Hadley Centre Coupled Model, Version 3) over Turkey (MoEU, 2013) .The 

IPCC reports, and other national and international scientific modeling studies declare 

these changes as increasing summer temperatures, decreasing winter precipitation in 

western provinces, loss of surface water, increased frequency of droughts, land 

degradation, coastal erosion and floods. Turkey will get hotter, more arid and unstable 

in terms of precipitation patterns in near future. Among Europe and Central Asia 

(ECA) countries, Turkey is one of the countries which are the most exposed to 

increased climate extremes relative to today's natural variability. It is the third country 

in terms of having frangible and vulnerable socio-economic and ecological structures 

(Figure 2.36) (Baettig et al., 2007; the World Bank, 2009; Kadēoĵlu, 2012; MoEU, 

2012; and IPCC, 2012). 

 

  

http://tureng.com/search/influential
http://en.wikipedia.org/wiki/General_circulation_model
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Figure 2.36. Turkey is together with Russia and Albania among ECA countries 

likely to experience the greatest increases in climate extremes by the end of the 21st 

century. The figure was prepared by combining the number of hot, dry and wet 

years; hot, dry and wet summers; and hot, dry and wet winters projected over the 

2070-2100 period relative to the 1961-1990 period. 

[Source. Baettig et al., 2007 (obtained from the World Bank, 2009)] 

 

 

 

The following paragraphs summarize research on a range of projected changes in 

climate from the latest IPCC reports, and the literature with focus on projections for 

Turkey. 

 

Summary of Temperature Change: According to the Coupled Model Intercomparison 

Project7 (CMIP3) models, which have a good agreement over Turkey and the 

surrounding region in general, projected temperature increases are around 2.5-30C in 

the north, 3-3.50C over central and south-western regions, and 3.5-4.00C in the east of 

Turkey for 2100 compared with 1960-1990, based on a large number of climate models 

and the A1B emission scenario (Figure 2.37) (MET Office, 2011). 

 

 

                                                             
7 Climate model output from simulations of the past, present and future climate was collected by the Program for 

Climate Model Diagnosis and Intercomparison (PCMDI); and this archived data constitutes phase 3 of the Coupled 

Model Intercomparison Project (CMIP3). This unprecedented collection of recent model output is commonly 

known as the CMIP3 multi-model dataset (MET Office, 2011). In recent years, the program provided leadership 

in managing the Coupled Model Intercomparison Project, Phase 5 (CMIP5) which was the basis for IPCCôs Fifth 

Assessment Report on Climate Change (http://www-pcmdi.llnl.gov/).  
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Figure 2.37. The map shows the percentage change in mean annual temperature by 

2100 relative to baseline climate (1960-1990). Increase in temperatures in the future 

is projected by all of the models in the CMIP3 ensemble. (The size of each pixel 

shows the agreement level of the models over the magnitude of the increase) 

(Source. MET Office, 2011) 

 

 

 

According the study of ¥nol and Unal (2012), a temperature increase of 2-5ÁC for the 

projected climate (2071- 2100; A2) compared with the reference climate (1961-1990; 

RF) was found by using the International Centre for Theoretical Physics (ICTP) 

Regional Climate Model Version 3 (RegCM3) with the A2 emission scenario (¥nal 

and Unal, 2012). As regards to seasons (Figure 2.38): 

 

¶ Summer: In the period RF with respect to A2, one of the most striking results 

is the highest temperature change which is 5 ÁC over the Marmara (MAR) and 

Aegean (AEG) regions in comparison with the other regions in summer. The 

highest estimated temperature increase is especially in the AEG Region with 

up to 6 ÁC. 

¶ Winter: Winter temperature change which is just over 2 ÁC in the MAR and 

AEG Regions is smaller than all the other regions at the end of this century. 

The highest estimated temperature change in winter is in the eastern half of 

Turkey in the period RF with respect to A2 (¥nal and Unal, 2012). 
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Figure 2.38. The graph shows a real mean temperature change (A2 minus 

RF) by seasons for the seven climatic regions of Turkey [A: MAR (the 

Marmara Region); B: AEG (the Aegean Region); C: BLS (the Black Sea 

Region); D: CEA (the Central Anatolia Region); E: ESA (the Eastern 

Anatolia Region); F: SEA (the Southeastern Anatolia region); G: MED (the 

Mediterranean Region)] 

(Source. ¥nal and Unal, 2012) 

 

 

 

According to the projections obtained using the ECHAM5 model with A2 scenario 

simulation, the increase in projected surface temperatures is less than 0.5 ÁC in winter 

and 1.0 ÁC in summer for the 2011-2040 period all over Turkey. In the second period 

(2041-2070), surface temperatures start to increase by about 1.5 ÁC in winter and about 

2.4 ÁC in summer. By the end of the 21st century, significant increases in surface 

temperature are around 3.5 ÁC in winter and 6 ÁC in summer (Figure 2.39) (MoEU, 

2013). 
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Figure 2.39. The maps show projected changes in surface temperature during winter 

(left) and summer (right) seasons in 30-year periods of the twenty first century 

relative to baseline climate (1961-1990) 

(Source. MoEU, 2012) 

 

 

 

In summary, as it is mentioned in previous sections, there are different climate models 

and scenarios to project climate change globally. For Turkey, five downscaled 

simulations are available for the period 2071-2099. These are based on the A2 

simulations of ECHAM5, HadCM3 and CCSM3, the A1FI simulation of CCSM3 and 

the B1 simulation of CCSM3 (Table 2.6). In the context of model estimations, there 

are magnitude differences between different scenario simulations of the same GCM or 

between different GCM simulations of the same scenario. In spite of differences, all 

models declare that the increase in surface temperature in Turkey will not be uniform. 

Especially for the last period, the summer temperature increases reach to around 6 ÁC 

in the south-eastern and south-western parts of Turkey whereas it rises to around 3 ÁC 

in much of the Black Sea and Marmara regions. The models also highlight that in 
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winter the changes are relatively small whereas in transition seasons they increase and 

make peak in summer (G¿ven, 2007; MoEU - GDEM - Department of Climate 

Change, 2012; MoEU, 2013 and OECD, 2013). 

 

 

 

Table 2.6. Projected seasonal surface changes (ÁC) in the last 30-year period (2071-

2099) relative to baseline climate (1961-1990) according to different scenario 

simulations.  

(Source. MoEU, 2013) 

 

 

* W indicates the western half of Turkey and E indicates eastern half of Turkey. 

* ECHAM5: European Center-Hamburg, Version 5  

* HadCM3: Hadley Centre Coupled Model, Version 3 

* CCSM3: Community Climate System Model, Version 3 
*A2 , A1FI, B18 

 

 

 

According to latest outputs of Turkish State Meteorological Service (SMS)ôs project 

called óClimate Projections for Turkeyô with different global models and scenarios 

[one of them: Hadley Centre Global Environment Model Version 2- Earth System 

                                                             
8 A2 Scenarios: Relatively slow demographic transition and relatively slow convergence in regional 

fertility patterns. Relatively slow convergence in inter-regional GDP per capita differences. Relatively 

slow end-use and supply-side energy efficiency improvements (compared to other storylines). Delayed 

development of renewable energy. No barriers to the use of nuclear energy. 

A1FI: A future world of very rapid economic growth, low population growth and rapid introduction of 

new and more efficient technology. Major underlying themes are economic and cultural convergence 

and capacity building, with a substantial reduction in regional differences in per capita income. In this 

world, people pursue personal wealth rather than environmental quality. 

B1 Scenarios: Rapid demographic transition driven by rapid social development, including education. 

High economic growth in all regions, with significant catch-up in the presently less-developed regions 

that leads to a substantial reduction in present income disparities. Comparatively small increase in 

energy demand because of dematerialization of economic activities, saturation of material- and energy-

intensive activities (e.g. car ownership), and effective innovation and implementation of measures to 

improve energy efficiency. Timely and effective development of non-fossil energy supply options in 

response to the desire for a clean local and regional environment and to the gradual depletion of 

conventional oil and gas supplies (IPCC, 2000). 
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(HadGEM2-ES) GCM with Representative Concentration Pathways (RCP) 4.59 and 

RCP8.510] for a period between the years 2013-2099, temperature difference values 

tend to increase from now to until the end of the century in both scenarios. According 

to RCP4.5 scenario, in the first period (2013-2040), annual mean temperatures increase 

about 1.5-2 ÁC whereas summer temperatures increase about 2-3 ÁC especially in 

Marmara and west of Black Sea Region. In second period (2041-2070), in spring and 

autumn, temperatures increase about 2-3 ÁC while up to 4 ÁC incline is in summer. In 

last period (2071-2099), temperatures increase about 2 ÁC in winter and about 3 ÁC in 

spring and autumn. Temperatures increase up to 5 ÁC in summers in the Southeast 

Anatolia Region and coastal part of the Aegean Region. According to RCP8.5 

scenario, in the first period (2013-2040), spring and summer temperatures increase 

about 3 ÁC. In the second period (2041-2070), about 2-3 ÁC increase is in the winter 

temperature, about 3-4 ÁC in autumn and spring temperatures and about 5 ÁC in 

summer temperature. In the last period (2071-2099), about 3-4 ÁC increase is in west 

of Trabzon and Mersin line and about 4-5 ÁC in east of Trabzon and Mersin line in 

winter temperature. In South East Anatolia Region, an increase is about 6 ÁC in spring 

and autumn temperature while an increase exceeding 6 ÁC in summer temperature 

throughout the country (Table 2.7) (Demircan et al., 2014).   

 

 

 

Table 2.7. Comparison projected temperatures between RCP4.5 and RCP8.5 

scenarios by seasons in three different periods 

(Source. Demircan et al., 2014) 

 
 RCP45 RCP85 RCP45 RCP85 RCP45 RCP85 RCP45 RCP85 

Period Winter  Spring Summer Autumn 

2013-2040 1.5-2 1-2 1.5-2 2-3 2-3 1.5-3 1.5-2 1.5-3 

2041-2071 1.5-2 2-3 2-3 3-5 2-4 4-5 2-4 3-5 

2071-2099 2-3 3-5 2-4 4-6 3-5 5-6 3-5 4-6 

 

 

 

 

                                                             
9 RCP4.5: Global annual GHG emissions (measured in CO2-equivalents) peak around 2040, then 

decline. 
10 RCP8.5: Emissions continue to rise throughout the 21st century. 
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Summary of Change in Precipitation Patterns: Mean annual rainfall is predicted to 

show a significant decline trend by as much as 15% in the southern ECA countries 

(Figure 2.40). As it is understood from the Figure 2.34, Turkey is one of the countries 

which will experience drastic decrease in the ECA region. Besides, in southeast Europe 

countries, precipitation intensity will differ drastically in annual runoff (a measure of 

water availability). They will have an average decrease of 25%. 

 

 

 

 
 

Figure 2.40. The map shows the precipitation change in mean annual rainfall for the 

years 2030-2049 relative to baseline climate (1980-1999) by using 20 GCMs. 

[Source.Westphal, 2008 (obtained from the World Bank, 2009)] 

 

 

 

According to results of the ECHAM5 A2 simulation which was used to prepare 

Turkeyôs National Climate Change Adaptation Strategy and Action Plan, for the first 

30-year period (2011-2040) winter and spring precipitation increases up 30% for much 

of Turkey whereas for the second 30-year period (2041-2070) winter precipitation will 

decrease up to 20% in the southern and western parts of Turkey. A decrease is also 

projected for spring precipitation in the southern and central parts of Turkey. On the 

other hand, in both seasons, an increase is simulated in the northern parts. Although 

changes in the pattern of the winter precipitation in the last period (2071-2099) are 

similar to that of second period, the strength of changes is different. It is projected that 

the areas with the decline pattern in precipitation will  become much dryer while the 
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areas with incline pattern in precipitation become much wetter in the last period.  A 

decline trend is also simulated for spring precipitation during the last period over 

Turkey except Black Sea Region where the precipitation is estimated to increase. As a 

consequence, the ECHAM5 simulation highlights the areas as hot spots in terms of the 

strength of changes in precipitation: Mediterranean and Southeastern Anatolia Regions 

with significant reductions and Black Sea Region with significant increases. In the rest 

of Turkey, the changes will be relatively small (Figure 2.41) (MoEU, 2013).  

 

 

 

 

Figure 2.41. The maps, which are based on the A2 scenario simulation of the 

ECHAM5 GCM, display the simulated changes in precipitation (%) for winter (left 

column) and spring (right column) relative to baseline climate (1961-1990). 

(Source. MoEU, 2013) 
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As there are different climate models and scenarios to project climate change globally, 

in Table 2.8 the comparison of ECHAM5 based on A2 scenario with the other GCMs 

such as HadCM3 based on A2 scenario and CCSM3 based on A2, A1FI and B1 

scenarios in the context of precipitation projections in Turkey is presented.  

 

 

 

Table 2.8. Projected seasonal precipitation changes (%) in 2071-2099 period over 

1961-1990 period based on different scenario simulations.  

(Source. MoEU, 2013) 

 

Scenario GCM 
Winter Spring Summer Fall 

N11 S12 N S N S N S 

A2 

ECHAM513 +13 -17 +1.5 -23 -23 -30 -4 +4 

HadCM314 -2.5 -26 -1 -28 -48 -61 +3 +21 

CCSM315 -6 -32 -21 -36 -33 -62 -6 -23 

A1FI CCSM3 -0.6 -35 -30 -47 -57 -70 -1.5 -10 

B1 CCSM3 -0.6 -14 -10 -28 -19 -40 -7 -16 

 

 

 

According to Climate Projections for Turkey Project prepared with HadGEM2-ES 

GCM that is simulated by RCP 4.5 scenario for a period between the years 2013-2099, 

in first period (2013-2040), an increase in precipitation during the winter months in 

the coast part of the Aegean, middle part of the Black Sea and East Anatolia Regions 

whereas a decrease about 20% is in the spring in many regions. In second period (2041-

2070), decrease about 20% in winter precipitation is in East Anatolia, Southeast 

Anatolia and central and eastern parts of Mediterranean region. It is a decrease around 

30% in summer season in Eastern Anatolia. Apart from coastal part of the Aegean 

Region and a small part of Central Anatolia Region, a decrease in precipitation is in 

the autumn all over Turkey. In last period (2071-2099), especially along coastal line 

                                                             
11 N indicates the northern half of Turkey 
12 S indicates southern half of Turkey 
13 European Center-Hamburg, Version 5  
14 Hadley Centre Coupled Model, Version 3 
15 Community Climate System Model, Version 3 
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except South East Anatolia Region, it is an increase about 10%. It is a decrease about 

20% in spring precipitation except coastal part of the Aegean Region, west and east 

part of Black Sea Region and northern part of East Anatolia Region. Apart from coastal 

part of the Aegean, the Marmara and the Black Sea Regions, it is a decrease up to 40% 

in summer precipitation. In autumn, a decrease is in precipitation over Turkey 

(Demircan et al., 2014). In the study, outputs also include the results of the RCP 8.5 

scenario. The comparison table which shows both scenarioôs precipitation projections 

is presented in Table 2.9. 

 

 

  

Table 2.9. Comparison projected precipitation between RCP4.5 and RCP8.5 

scenarios by seasons in three different periods (%) 

(Source. Demircan et al., 2014) 

 
 RCP45 RCP85 RCP45 RCP85 RCP45 RCP85 RCP45 RCP85 

Period Winter  Spring Summer Autumn 

2013-2040 -10/+20 -10/+30 -20/+20 -20/+30 -30/+40 -40/+40 -30/+10 -30/+10 

2041-2071 -30/+30 -30/+40 -40/+20 -40/+30 -50/+60 -50/+60 -40/+10 -40/+10 

2071-2099 -20/+30 -30/+50 -50/+20 -50/+30 -50/+50 -50/+60 -50/+10 -50/+10 

 

 

 

Summary of the Rising Risk of Extreme Weather Events: Extreme events that might 

affect the daily life in a negative way are calculated using daily values of climate 

variables such as daily maximum and minimum temperatures and daily precipitation. 

The annual changes in two of such variables ï hot spell and heavy rainy days ï are 

presented in Figure 2.42 for three different periods (First Period: 2011-2040; Second 

Period: 2041-2070; and Third Period: 2071-2099). These changes are based on the 

ECHAM5 A2 simulationôs estimations. They are extreme in their duration and spatial 

extent. The hot spell is defined as a period of consecutive days in which the maximum 

temperature exceeds 30 ÁC. The heavy rainy days are defined as the number of days 

with precipitation greater than 10 kg/m2. Although the number of hot spell periods 

change relatively small in the first period, it increases substantially up to 10 days in 

the South-eastern Anatolia Region and coastal areas of the Mediterranean Region in 

the third period. In the first period, the number of heavy rainy days increase all over 
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Turkey, while an increase up to 10 days is in the north-western parts of the Anatolian 

Peninsula. In the second and the third periods, a decrease up to 10 days is projected in 

the Mediterranean and South-eastern Anatolia Regions while an increase is projected 

in the Black Sea, Central and Eastern Anatolia regions (MoEU, 2013). 

 

 

 

 

Figure 2.42. Projections of Annual Changes which are based on the A2 scenario 

simulation of the ECHAM5 GCM compare  to 1961-1990 in hot spell (left column) 

and heavy rainy days (right column)  (based on). 

(Source. MoEU, 2013) 

 

 

 

In summary, it is understood that GCMs have been developed by different research 

groups and organizations over the years. In the context of model estimations, there are 

magnitude differences between different scenario simulations of the same GCM or 
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between different GCM simulations of the same scenario. Though some differences in 

magnitudes, there are consistent trends in all the model simulations focusing on 

Turkey. All simulations agree on a temperature increase, and a precipitation increase 

and decrease by regions in Turkey in the 21st century. An increase of a few degrees in 

weather conditions means extreme temperatures and a significant increase in heavy 

precipitations. Hence, Climate Change may manifest itself in the following forms in 

Turkey:  

¶ Increase in summer temperatures, reduce in winter precipitation (especially in 

the western provinces), warmer winters with less snow; 

¶ Increase in the frequency and severity of drought (especially in in the South, 

Southeast and West Regions) and heat waves;  

¶ Severe drought will lead to an increase in forest fires; 

¶ Increasing irregularity in rainfall patterns;  

¶ Increase in short term sudden heavy rainfall and thundery showers resulting in 

flash floods; 

¶ Gradual shifting of the seasons;  

¶ Loss of surface waters, more frequent arid seasons, degradation of soil, erosion 

in coastal regions resulting in direct threats to water resources; 

¶ Increase in intensity of wind and rain causing severe floods and landslides 

(especially in the Western Black Sea Region); 

¶ Continued sea level rise (especially Istanbul and Izmir is under threat) with 

possibility of saltwater intrusion;  

¶ Eutrophication and salination of shallow lakes (Kadēoĵlu, 2012; OECD, 2013; 

and MoEU, 2013). 

 

To conclude, climate change is a kind of triggering mechanism and / or has multiplier 

effect on the extent of several natural hazards, i.e. the number and intensity of hazards 

are likely to be expected to rise due to changing climate. Therefore, it is important to 

include climate change into a risk preparedness framework in order to create a better 

understanding of the impacts of climate change; find ways to measure; and develop 

effective strategies to react in a timely manner. However, as it is highlighted in the 

Turkeyôs Fifth National Communication under UNFCCC, although there are positive 
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achievements in applied climate science in Turkey, only a few set of variables and 

statistics have been produced due to very limited demand for climate projection 

products. Moreover, the climate research community has not been encouraged to grow; 

and there is a lack of strategic road map to establish a national climate research 

program and / or define a national research agenda (MoEU, 2013). 

 

2.3. Anticipated Impacts of Climate Change on Tangible Cultural Heritage  

 

The impacts of climate change are usually analyzed for several sectors such as energy, 

agriculture, water, food security, forestry, transportation, etc. but few studies have 

specifically quantified the effects of changes on tangible cultural heritage. As the 

world comes to grip with the potential scope of climate change, it is becoming clear 

that the actual and projected impacts of climatic change pose a key threat to many 

tangible cultural heritage properties. Indeed, the conservation of the tangible cultural 

heritage and its economic, social, and cultural contribution to society is being 

challenged by the changes in temperature, rainfall patterns, frequency and intensity of 

flooding, and a potential increase in storminess, sea level and coastal erosion. Despite 

the fact that projected climate changes associated will cause changes in the magnitude 

and the seasonal variations of temperature and precipitation patterns in many parts of 

the globe, it is still less known the magnitude and consequences of the effects of 

climate change on tangible cultural heritage.  

 

The stock of buildings of historic and cultural significance is likely to be hit hard by 

climate related impacts because of their fragility and age. Changes in climate systems 

will, therefore, influence the conservation conditions for tangible cultural heritage, and 

make the sustainability of tangible cultural heritage more difficult. However, not just 

climate change itself but also societyôs coping strategies to overcome the stress derived 

from the climate change issue, such as some policies for adaptation and mitigation will 

affect the heritage in various ways. Many historic buildings, sites, landscapes and 

World Heritage Properties have already experienced significant changes in the past 

and unfortunately, many more historic assets are potentially at risk due to future 

changes in the climate (UNESCO, 2005). The unfavorable impacts of climate change 

on the tangible cultural heritage over the century have, therefore, newly become a 
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subject of growing concern. Several scientific studies in recent years addressing the 

predictions of future climate trends, its anticipated effects, the vulnerability of tangible 

cultural heritage in the face of these effects, and the future management 

recommendations have been conducted. The estimations of the studies are based on 

climate models, such as Regional Climate Models (RCMs) which are generally used 

for limited areas and shorter time periods [recent past (1961-1990), near future (2010-

2039) and far future (2070-2099)] (Cassar and Pender, 2005). While conducting the 

models, climate parameters (temperature derived parameters ï range, freeze-thaw, 

thermal shock; water derived parameters ï precipitation, humidity cycles, time of 

wetness; wind derived parameters-wind, wind driven rain, sand and salt) which are 

most likely to be critical to tangible cultural heritage properties, and their interaction 

are a matter of concern. Besides, the pollution derived parameters [Sulfur dioxide 

(SO2), nitrogen oxides (NOx), elemental carbon and pH] are also taken into account. 

The daily, monthly, seasonal, and yearly outputs of the models have been used to 

elaborate critical impacts on the tangible cultural heritage (Sabbioni et al., 2006b).  

 

Europe has already been experienced the consequences of changing climate over 

recent decades. It sets to continue and intensify over this century; hence, it is a very 

real threat facing Europeôs cultural heritage. In the following subsections, these treats 

are presented within the framework of traditional materials and deterioration 

processes.  

 

2.3.1. Stone and Brick Deterioration  

 

Salt weathering, frost, thermoclastism, surface recession, biodeterioration and 

blackening are the most important damage processes that act synergistically on the 

built heritage made of stone. Porous stones, both natural and man-made, bricks and 

mortars are affected by salt crystallization and frost. Particularly in urban 

environments, carbonate stones mostly undergo surface recession (chemical 

dissolution) and blackening while marble and granite are particularly susceptible to 

thermoclastism (thermal cracking). As they are initiated and controlled by the 

interaction between stone and exogenic factors such as climate and / or pollution, some 

processes will be accelerated or worsened by future changes in climate, whilst others 
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will be retarded. The overall mean temperatures for the next century are predicted to 

rise in a range of three to five degrees in Europe. The potential impacts of shocks 

(extreme and sudden variations) or changes in the amplitude of the diurnal or seasonal 

variation of temperature will be amplified in a number of ways, such as phase changes 

(salt crystallizing or water freezing) (Sabbioni et al., 2010). 

 

(i) Salt crystallization: It is one of the most recurrent and severe decay processes, 

which has damage to European tangible cultural heritage. It has long been know that 

masonries are susceptible to deterioration when salts crystals grow within the pores. 

Salts are passed through and transported into buildings in many ways, such as in saline 

content of the rainfall and driving rain, by capillary rise from groundwater and soil 

water, by splashing from run-off water on impermeable surfaces, in fog and dew, by 

sea floods and as sea spray, etc. (Figure 2.43). When the dampness evaporates from 

the walls, the salts are left behind. They slowly accumulate to the point where there 

are sufficient to cause damage. Then, the materials are disrupted; and after a repeated 

number of weathering cycles, progressive decay of masonry often occurs by fretting 

that results in loss of surface skins. As it affects the durability of porous materials, it 

poses a problem to masonry (Figure 2.44) (Young, 2008; McAllister, McCabe, 

Srinivasan, Smith and Warke, 2011; and Viles, 2012).  

 

In order to assess the durability of the stone, the cyclic crystallization of salts within a 

porous building stone has often been used. The Building Research Establishment, 

which has long been a source and provided an outline guidance on durability testing, 

describes the procedure of the salt crystallization test, which is mainly intended for use 

on limestones or sandstones. In the test, stone samples are subjected to at least 15 test 

cycles to assess durability of porous building stones (Moh'd, Howarth and Bland, 

1996). 
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                      (a)                                                              (b) 

Figure 2.43. (a) Many sources of damp in walls; (b) causes of salt attack in buildings 

[Source. (a) Young, 2008; and (b) Ahmad and Rahman, 2010] 
 

 

 

     
                                     (a)                                                         (b) 

Figure 2.44. (a) Salt attack in bricks cause extensive fretting, crumbling and loss of 

kiln-hardened outer fire-skin of the brick; and (b) loss of the sandstoneôs natural 

case-hardened surface occurs due to moisture and salts which are trapped into the 

stone by the inappropriate use of water repellent coating.  

(Source. Young, 2008) 
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As dissolution, recrystallization and the growth of salt crystals link to the climate that 

a building is exposed, salt damage risk is sensitive to fluctuations in temperature and 

moisture content (McAllister et al., 2011; and Viles, 2012). The recent results show 

that the number of transitions between crystalline solids to electrolyte solutions 

increases substantially over the period 1961-2099 due to lower relative humidity in 

summers; for instance, sodium chloride crystallizes when relative humidity falls below 

75.5 % (Figure 2.45). This means that stresses within the pores of building materials 

will increase. Moreover, the predicted changes in atmospheric moisture may lead 

greater salt mobilization and subsequent damaging crystallization on carved surfaces 

(Brimblecombe, Grossi and Harris, 2006; and Colette, 2007). 

  

 

 

            (a)                                                                     (b)                                            

Figure 2.45. The maps of changes in relative humidity cycles (events / year) show 

the changes in the phase transition (dissolution and crystallization events): (a) change 

from recent past to near future; and (b) change from recent past to far future. 

(Source. Sabbioni et al., 2010) 

 

 

(ii) Frost damage: It is the result of an increase in water volume when freezing within 

pores or fissures. The severity of the effect is related to the intensity, rate and duration 

of freezing, the cyclic action, and interstitial moisture (Hall, 2004). The greatest 

number of fluctuations often around 0 ÁC can amplify the risk of frost damage as a 

result of the anticipated climate change. As overall mean temperatures for the next 

century are predicted to increase up to 5 ÁC in Europe, phase changes, which happen 

at a very precise temperature and are very sensitive to small changes, the pattern may 

change. The changing pattern of the frequency of freezeïthaw cycles and wet-frost 






































































































































































































































































































































































































































































































































































