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ABSTRACT

A PROPOSED MODEL FOR UNDERSTANDING THE IMPACTS OF CLIMATE
CHANGE ON TANGIBLE CULTURAL HERITAGE

EmineGi zem Bakkan
Ph.D.,in Building ScienceDepatment of Architecture
SupervisorProf. Dr. Soofia Tahira Elia®zkan
January2016, 355 pages

The increasing influence of climate change on tangible cultural heiitatie 2%
century has been recently recognized as one of the main ttoeatual heritage
Therefore studies dwelling on the anticipated impaofschanges in the climate

parametersrerelativelynew.

This studycovers the current debate on the anticipated impacts of climate change on
tangible heritage. It preserasforecast orhow climate change may affect physical,
chemical and biological deterioration mechanisms and which traditional materials of
construction may be affecteshdin what way. Thus, a methodological approach was
proposedn an effortto guide heritage professials 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 outcc
anticipated changes in the amplification mechans, were gathed 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 dogdhover the century,

and are rich in cultural heritage assets. After determining the case study area as Bursa,
Muradiye Complexthe heritage mawas produced and theimet climate data series of

the selected weather stations and periods were obtaifede data series were
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reclassified to make trend analys. Besides, heritagdimate risk maps were
producel by employing ArcGIS10 software accordingtte selected materials and
threshold combinations of temperature and relative humidity values. Tlagseware
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 westetas
calculate the surface areas of various deterioration types. Moreoftely survey

based on observations was conducted and photos were taken. At the last stage, the
findings were comparedith each other tanterpretthe prolonged defects and their

relationship with climate parameters and/or inaccurate repairs.

The study revealthat the historic environment in Bursa and so the cultural heritage of
Turkey have been facing particular threats derived from changing climate parameters.
Therefore, thaim is to provide a model to reevaluate short, medium, and long term
strategies to manage the effects of these threatenmertangible heritage more

resilient in the time of climate change.

Keywords: Tangible Cultural Heritage, Anticipated Impacts bim@te ChangeRisk
Maps
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CHAPTER 1

INTRODUCTION

The world isin an age of facing the adverse impacts of changingatéinglobally.

Over the past two decades, the impactsliofate change have grown larger in scale

and sharper in outlineConsequently s ear ch f or prediction
impacts, and for mitigation and adaptation strategies are not only commobptace
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, transportatiorhaatihetc. but

few studies have specifically quantified the effects of changes on tangible cultural
heritagé. As the world comes to gwith the potential scope of climate change, it is
becoming clear that the actual and projected impacts of climadicge pose a key
threat to many tangible cultural heritage assetsvell Indeed, the conservation of

such site/ buildingsandtheireconomic, social and cultural contribution to socaty

being challenged by the changes in temperature, rainfall psttérequency and
intensity of flooding, and a potential increasestorns, rising sea level and coastal
erosion. Without taking wideanging adaptation and preventive measures to limit
further damages, it may lead to heritage assets being irreversibbgdd or lost. It

is, therefore, important to develop a number of adaptation strategies including new
tools and methodologies capable of managing the transformational presstives of
changing climate at international, national and local levels to saftgueinenticity

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

Within this frameworkthe statement of the problerthe objectives of the study, and
the procedure followed are preseniethis chapterThe chapter is concluded withe

disposition of the various chapters within the thesis.

! Buildings and historic places, monumemstsch as temples, pyramids, and public monumartifacts
significant to the archaeology, architecture, science or technology of a spmrdifice 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 / centuridswever, over time many historic buildings are
influencad by environmental parameters, and suffer various weathering mechanisms.
Weathering covers all physical, chemical and biological changes of materials under
the influence of natural and mamade environmental conditions. During the
weathering process mogly, more than one factor or all factors are involved and
responsiblefor the changes. These changes, which trigger probleoth in
compositional and structural characteristics of materials, have been considered as a
part of the total performance of a laing. Therefore understandingveathering
processeandperformance of building materials against these processes (durability)
are important subjects to be understood both in engineering and cultural heritage

conservation studies.

As these mechanismseadirectly related to climaten increase of a few degreies
temperature willprobably speed up ateceleratehe degradation processes which
affect building materials anduilt heritage.Besides, achanging climate leads to
changes in the frequency, emsity, spatial extent, duration, and timingextreme
weathereventsincluding increased flooding, heat waves, and drowibt These
eventsmay pose a grave danger, and make historic buildings more vulnerable to
certain types of disasters. In other wgrdapacity and performance of a building to
resist disasters may be severely redutfeal 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 materialatithe original building will be lost foreveln 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 Turky, the heritage of many civilizations in Anatolia, enriched over the
centuries with the addition of the newcomers, has turned Turkey into -dieetled
mosaic of culturesOne of t he worl déds most di verse tan:

Turkey togetheith exceptional ancient architecture, built environment anifact
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collections. Unfortunately, tangible heritage in Turkey is also facing the risks of
deterioration and degradatiowhich are accelerated by the potential pressures of
climate change. Alttougha lot of research has already done in the area of causes and
mechanisms of deterioration, there is curreatlyap of knowledge about the risks
pattern of changing climate on tangible cultural heritesged lack of studies on
adaptation strategiesrfeustainable 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 thtangible heritagen view of climate change.

With respect to the aspects mentiorsedfar, 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 chaongetangible heritagelt is important to
produce risk and vulnerability maps for cultural heritage assbtsh overlay climate

data and locations of heritage assets so that an overview of the risks to different aspects
of tangibleheritage can be obtadto be used irmanagemenstrategiesTherefore,

this studyis focused on presenting thanticipated impacts of changing climate on
tangible heritage imurkey over thecenturywith the aim of increasing awareness
about the links betweethe conservatiorof tangible heritageand the rapidly
developing dscipline d 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 oproviding inputs thatmay be used to reformulate heritage

management strategiém handing detrimentalconsequences.

1.2 Objectives

The main objectives of this study disted below

1. to understand the relation between climatangeand tangible heritage, with an
eye on howo protect and adapt the latter to the former;

2. toinvestigate the climate parameters airddswhich are most critical to tangible

heritagein Turkey,



3. to identify the nature and scale of the threats posed by climate change, and the
likely vulnerabilitiesof 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 datds related to deteriorations ofstarical
materials and climate change projections by using Geographic Information
Systems (GIg

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 literatureesute gaina general
understanding otangible cultural heritage, climate change, the external physical,
chemical and biological agents mfaterialdeterioratiormechanisms that likely to be
altered by changing pattern of the climate system, their-iaf&tionshipsto one
another, andhe susceptibifies or vulnerabilities of material3his was based on an
overview of publications found in the libraries of Middle East Technical University
(METU), Bilkent University and the Higher Education Council ofKeay, as well as
electronic database of scientific papers

The informationgathered from the literature, suchthe hierarchical maps (climate
maps, heritage climate maps, damage maps, risks maps and themajicwhegbs
wer e produced AxiProject, weretevalaatel lmy asm@ AcGIS10 from
the perspective of Turkey by takimgfo account the number of listed buildinghe
overlay maps were produced to determine the risk andese the risks of different
deterioration mechanisnaselikely to increase and the number of listed buildings is
high. According to result of the overlay mapketcase study area was selected as

Bursa,and the buildings selectédlong to theMuradiye Complex

The Complexwas visited to take photographs and uni@derd the ongoing remedial
works. Bursa Regional Directorate of FoundatipBsirsa Cultural, Natural Heritage
Preservation Regional Board atié Metropolitan Municipality of Bursa were visited
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to obtain archival records of the complex. Then,Nheistry of Forestry and Water
Affairs (MoFWA) - General Directorate of MeteoroloDM) werevisitedto get
the climate data series of the selected pgi®®52014)and weather stations

Trend analyses of precipitation and temperature values were condudtechainined
threshold of temperature and relative humidity (RkBre mappedn ArcGIS10
according to selected materidlstone, timber and metalhe results wereompared

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 isevenchapters. This first chapter is composed of the
statement of the problerthe objectives andisposition of subject matter that follows

in the remaining chapters.

The secondchapter presents a literatueviewon generalaspects of cultural heritage
and natural and mamade threatsthe currentstate ofclimate changewithin the
framework of theobservations anthe projectionsn Europe and Turkeyhe relation
between tangible heritagand climate change within the litaiof building materials
and deterioration mechanispand the materials regarding the Bursa dhdadiye

Complex

The third chapter presents the material used to conduct the research. The archive
review onMuradiye Complexn Bursa,especiallydetails ofits building materials,
previous and prevalent damages, and records on remedial wodcken 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 stef producing overlay maps by utilizing ArcGIS déftware
5



The fifth chapter presents thereorganized archival records according to the
chronological order of events the Muradiye Complex in Bursa, which was selected
as the case study area, were abddd from BurseCultural and Natural Heritage

Preservation Regional Board.

Thessixth chaptempresents thepatial analysis conducted with the help of ArcGIS 10

software

I n the ynal Chapter, the concl usi ons

further studiess given.

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

LITERATURE REVIEW

The literature revieweoverstopics related téangible cultural heritage and traditional

building materials in Tury; deterioration processdbat 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 behaveof building materialsin view of thec | i mat e chang

impacts

2.1.Tangible Cultural Heritage in Turkey

One of the worl dodés most diverse tangi bl e
exceptional ancient architecture, built environment and artefatiectons.
Throughout history, as Anatolia has been the stage of many civilizations, it contains a
number of specific cultural intersection points ar tmajestic architecture of
numerous buildings and monuments constructed over Hellenistic, Romanf{iBgzan

Seljuk TurksOttoman periodtc It sheds light on every stage of human thought and
civilization. Hence, building practices éhatoliawere enriched and enhanced by a

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

observed distinctively iits different territories

This wide-rangingdiversity in Turkey ismainly protectedwith the lawentitledthe

d_aw for the Conservation of Cultural and Natural Property numbered 286%as
brought into forcen 1983 and still in force todaylt defines the framework for the
protection of cultural heritageitlh some updates and changésich were actualized

in different timesThis law explains the concept adltural propertiesisiiall movable

and immovable propertiekbcated 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
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are objectsofsociallf e i n prehistoric andind&dditot ori ¢ peri
to this definition, n the Article 6 of the Law, its scope is specified as the following
criteria: fAthe i mmovabl e "pentorytherimmovableri | t unt i
propery 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 conservationthste;

buildings and areas thatitwessed 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 tintkat they were built, have to be protected because

of their significancée Arnc hTaualkcegyidécsa In agii toensa,l
barrack, bridges, ancient palaces, waterside residences and mansions, mosques,

masjids, soup kitchens, cemeteribsgdesten, bazaar, church, frescoes, mural ruins,

chimney rocksetc.are some of the examples of immovable cultural heritage {baw

the Conservation of Cultural and Natural Property, 1983).

Together with criteria above mentioned, the following consitiens are determined

i n Rdyguatiod on the ldentification and Registration of Immovable Cultural and
Nat ur al Pr oper t yifortdetachbdeor $ingle buddingsbad the
immovable property be special with respect to its structure, deaurainictural
status, material, construction technology and format within the scope of the range of
artistic, architectural, historical, aesthetic, local, archaeological vafaegjrban
conservation siteghat the detached building having the propeftgutural property

to be protected demonstrate architectural, historical uniformity or traditional urban
texture as a wholdpr archaeological conservation sitetiat they possess qualities

in terms of written information, superficial ruins, scientifesearch, environmental
observations, ecological observations, scientific estimations and topographical
structure;for urbanarchaeological conservation sitethat traditional urban texture
where everyday life continues and archaeological sites exighergdor historical
conservation sitesthat it be ascertained that important historical events took place
according to the written MaCT,B0dZ)at i on and hi s



According t o Law onithelCenseation oft Guleural Gardatural

Pr o p etmetdgtedmination 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 aimeseproperties by cities is published by thnistry's
General Directorate for Cultural Heritage and Museums every year. It encompasses
different types: sites (archaeological, urban, urbarnaeological, and historical) and
buildings (residential, religious, cultural, administrative, military, usttial and
commercial, tombs, martyrs’ memorial, monuments, ruins, and stréées)total
number of the immovable cultural heritage is 112,159 in Turkey by 2014ypeatata
(Tables 21 and 22).

Table 21. Statistics 6immovable cultural heritage properties under the
responsibility ofthe General Directorate for Cultural Heritage and Muse(@04.4
YearEnd Data)

(Source. Ministry of Culture and Tourism, 2015)

TYPES of PROPERTIES Sub-Categories Number
Archaedogical 12,725
Urban 265

SITES UrbanArchaeological 32
Historical 159
Others 436
Total 13,617
Residential 64,599
Religious 9,141
Cultural 10,701
Administrative 2,661
Military 1,068

BUILDINGS Industrial fand 3,686
Commercial
Tombs 3,747
Martyrs' memorial 257
Monuments 338
Ruins 2,283
Streets 61
Total 98,542
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Table 22. Statisticsob u i | d i nunpdeiGthetregporesibility dhe General
Directorate for Cultural Heritage and Museulnyscities 014-YearEnd Data)

CITY

ADANA
ADIYAMAN
AFYON
AGRI
AMASYA
ANKARA
ANTALYA
ARTVIN
AYDIN
BALIKESIR
BILECIK
BINGOL
BITLIS
BOLU
BURDUR
BURSA
CANAKKALE
CANKIRI
CORUM
DENIZLI

ESKISEHIR
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HAKKARI
HATAY
ISPARTA
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KONYA
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MALATYA
MANISA
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MARDIN
MUGLA
MUS
NEVSEHIR
NIGDE
ORDU
RiZE
SAKARYA
SAMSUN
SIRT
SINOP
SiVAS
TEKIRDAG
TOKAT
TRABZON
TUNCELI
SANLIURFA
USAK
VAN
YOZGAT
ZONGULDAK
AKSARAY
BAYBURT
KARAMAN

KARABUK
KiLiS
OSMANIYE
DUZCE

(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 regads Ottoman Empire, whicbovered a vast territoryuled overa

period of about 700 yearsllumerous changdsavebeen observed imé character of
Ottoman architecturever the course of this lengthy efidhe architectural heritage of

the Ottomansgs mainl divided into three periodghe early formative phase, the
classical periodand the late periodAs it is avery broad subject to dedhe study is
delimited to the early periods of Ottomanchitecture Therefore, tangible cultural
heritage in Turkeyare presented from the viewpoint monumentalbuildings and
traditional materials of construction in the early periods of Ottof@hitecturein

the following subsections.

2.11. Monumental Buildings

In thissection, very brief information on the manental buildings in the early periods
of Ottoman Architecture is presented to understand the typésildings andthe
development oérchitecture of this period.

When the weakening and disintegratpariodof the Seljuk Staten the late thirteenth

and the early forteenth centies the Ottoman state was one among many small
principalities in Anatolia that emerged as a result of the instability of that Tims.

small statein northwest Anatolialocated on the frontiers of the Islamic world,
gradwally expanded througByzantine territosand conquered lands Anatolia and

the BalkangFigure2.1) (Yalman 2002).The expansion of territories by the Ottoman
Stateresulted in the development of the Ottoman architecture and the emergence of a
new gyle. They encountered thmedieval cultures of Western Europe and Byzantium,

as well as the past, classical cultures of northwest Asia Miinarefore, alistinctive
feature of Ottoman architectuderived from two main sourcdsiamic 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
14" and 1%'centuriesOttoman history of architecture was mainly developed around

the «is between Bursa and Edirne, before the conquest of Istarimikey buildings

were constructed in the Ottoman capitals
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centers of imperial administration. Besides, they had been places where the
manifestatio 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 hawespecial place in Ottoman architecture (Kuban, 2010).

(a) | N
Figure 2.1. The maps show (a) the borders at the end of the oéi@nhanGhazi
(1362); (b) the borders before the conquest of Istanbul (1451)
(Source. Kuban, 20}0

The early Ottoman architectureoversthe adaptation of existing buildings attte
construction of newbuildings. As the changing Ottoman communitye(ifrom an
immigrant tribe to an empire) had growing and varying needscihestructed several
public buildings and edifices in various sizes and for@tsoman architects found a
medium toreinterpret what they had learnt from previous Turkish and Islam
civilizations and enhance their construction techniques whey encountered and
worked with local architects / buildeftom newly acquired regiond his interaction
satisfied the increasing demands of a flourishing commumiity the annexation of
new lands to Ottoman territofjKuran, 1964; andursa Metropolitan Municipality
Bursa Site Management Unit (coord.), 2013].
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The earliest Ottoman buildingsvhich are still in existence,n the NorthWestern
Anatolia,e speci al |l y Khmearchke athdr 8lur m@anuments i n
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 arfgilarge Balkan state, display the
formative period of the Ottoman State very clearly (Kuban, 201@). Kz ni k, t he
mosque with an extension towards the front that indicates the new Ottoman style of
architecture beforehand, original stalactite cagittled 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 doredcontaimedé¢he seeds ofthe i c k .
development of subsequent Ottoman Architecture (Aslanapa, 1BIER, which is

the first capital city of Ottoman State, was defined by social compléxegsI()l i y e
consisting of public buildings such as mosques, madrakahsms, public kitchens

and tombsin the context of waqf system (public charity foundation system) (WH
Committee Decisions, 2015Jhe OttomanArchitecture, which got its start in Iznik,
underwent a brilliant development and reached monumscdie in Busa(Aslanapa
1971).ApartfromK z ni k g after th&secorsd half of the fourteen century, Edirne

was declared abe new capital cityit alsobecame a city of monuments symbolizing

the key stages in Ottoman history, although it had held the title of being a capital for a
short peiod before the conquest of Istanbul. As the construction of the Muradiye
Imaret, the Edirne Palace and the  k e Mosduesduring the reign dfluradll is

the sign of an intense architectural activity, and of the initiation of a great new imperial
style (classical period)n architecturesuch as dome styl&dirne has also gained an

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

As it was mentioned abovehe early Ottoman Architecture becamepariod of
searching new idea$heyconstructednanybuildings whichreflect the development
process of the early period architecturéerms oplan,facade and ornamentatiand
forming an archetypeThe simplest plan, an oblong room covered by a tiled pitched
roof or an interior woodelome formed the earliest Ottomamosqwes. Then, the
domed square, which became the archetypss used in a variety wayét the
beginning, he domeesquare mosques were small and simpleereaslater they
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evolved as havinmmonumental proportionshich retectsthe Ottoman concern for the
integration of spacéFreely, 2011) That is to say, his early period of Ottoman
Architecturewitnessed three major typ@$ mosquesn terms of exterior form and
organization of inner spacgl) thesingle.unit mosque(2) theiwanmosque ifiversel
Tplano r 6 Bped, and (3) thenulti-unit mosque.

The typical singleunit mosque consists of a square, or near square, prayer room
surmounted by a dome; two- or threebay portico for late comersurmounted by
vaults,domes, or a combination of the twemd a minaretvhich is placed either on

the east or west wallThe most importantexampleof the singleunit mosque is
Alaeddin BeyMosque in Bursa (1&) followed byHa c € ¥lashueik Kz ni k
(1333 (Figures2.2 and2.3) (Kuran, 1968 and Aslanapa, 1971

o

(a) (b)
Figure 2.2. (a) The plan of the Alaeddin bey Mosqu@) exteror view of the
mosque (portico for late comers)
[Source(a)Va k éf |l ar Genel ,M988ad[b)@Igmagngatiay énl ar é
Municipality, 2006]
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(b)
Figure 2.3. (a) The plan of thed a ¢ € k ¥lastue and (b) exterior view of the
mosque
[Source (a) Goodwin, 1971and (b) Ministry of Culture and Tourism, 2015]

Themulttuni t mosque, which is tr aulcamjhanal |y
a more standardized and large interior spdbe prayethall is defined by only one
domedsquare unitn the singleunit mosque while the domesjuare unit is repeated
transversally, longitudinally or both in the multihnit mosque. Columns or piers are
used to divide the interior into compartmenigiich are domedquare units, to
provide shorter span&ran 1968).There are monumeaitexamples in Burs@sreat
Mosqug, Edirne (Old Mosque and - k e Maosdue) bnd Istanbu(Zincirlikuyu
Mosqug. In Great Mosqugewhich is the most monumental amnaditional of the mult
domed mosques, twelvgiers divide the vast interior into twenty domed
compartmentsAlthough he second dome on the main axis was originally pften
oculus was covered with glass in one of th@dernremedial works. Below italarge
circularfountain is placedThere are two minarets on its noftttade buthere is no
portico.(Figure2.4) (Aslanapa, 1971; and Freely, 2011).
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Figure 24. (a) The plan of the mosque shows the twenty domed compartments, and
two minarets on the north facade. (b) The ocalug the fountain argeen 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 masonr{Huere 25)

(Freely, 2011).

Figure 25. (a) In the plan of the Old Mosque, the domed nine compartments are
sea; and (b) the section of the mosque shows the different arrangements for making
the transition from thequarebase to the circular cornice.
[Source(a) Goodwin 1971; and (b) Kuran, 1968
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With the advent of more sophisticated building techniques, tH&-omit mosques
with a larger central unit. The unit, which includesi@irab, is constructed bigger than
the other to emphasize the importance ofrtfierab. The most importangéxample is
Do k e Masdue (1437) in Edirne. This type can &lso exemplfied by Great
Mosque (1376) anélatuniyeMosque (1488) in Manisa, ardlt i k  ANosqueP a K a

(1497) i(Fgurk 2.68)lurab, 1968)

197

(a) (b)
Figure 26. The plans of (a) - k e Mosduesih Edirne and (Ireat Mosge 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 ABur sa TIoy.pelon anhd si ntvyepret,ed dmo s qu
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 iwanin which themihralt? and theminbar® 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 whitmonis given.
17



such as administration, court of law, kitchen, guestroom, classetmoiirhe portico of
this type has five bays; andhas one or two minarets. The mosqaé®rhanGhazi
(1339), Murad the First H¢ d a v e )n (@36@),awhich clearly illustrates the
relationship between the Bursa Type mosque and the Seljuk madras@reen
Mosque(1424)in Bursacan be given as the examgplef this type (Figures 2.and
2.8) (Kuran, 1968).

@) (b)
Figure 2.7. (a) The plan of OrhahaziMosque becomes an inverted T bgt
addition of smaller domes on the sides and another larger one to the gible side; and
(b) the section of the mosque.
(Source. Kuran, 1968)
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Figure 2.8. The twastory 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 (bKuran,1968 and (c) ]Sedat ¢eti nt

Thedevelopment of the new style of Ottoman architectare be clearly followed in
madrasas, tombs, hans, and covered marketiebte) etc.as well as mosques

Madrasa: During the earlyperiod, madrasasvhich is the speaalized institution of
learning that was adopted by the Seljuksre replaced by new plachemesapable
of meetingthe practical necessities of the timend adaptedto new educational
conditions(Aslanapa, 1971)All of the madrasa$uilt in this peria@ do not have a
rectangulafloor plan scheme. Apart from rectangular plans, polygon, square or L and
U shapefloor plan schemes are also sdéigure2.9). As an exceptionKap é aj as é
Madrasg1488)in Amasyahas & unusuabctagonal plarfFigure 2.10) It is used for
the first time in this buildingindthenrepeated or R¢ st em PL&S9)ma Madr
Istanbulduring the classic periddemiralp, 199% Madrasasrealmost alvayslined
up around the sides of a domed and arcaded courtyard, with the large domed lecture
hall which isin the centerof one sidgFreely, 2011)Lecture halls generally projects
from the main buildingThe most remarkable change is observed on steeéénEach
student cell, which hasdomeon top afireplaceand a windowopersinto a courtyard
with a fountain in theenter Althoughthe madrasas were mostly designedetached
buildings, there are some examples that a mosque and a madrasa wgreddes
together,and/orshared same courtyard for the first timethis period Additionally,
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most of themadrasa surrounds less than four sides of the courtyard, i.e. one or two

sidg(s) of the courtyards/are leftemptyand open to outsider a surrounchg wall is

built (Demiralp, 1999; and Freely, 201T)hus, laving an internalcourtyardthat isa

pre-Ottoman period featurdisappeared gradual({idemiralp, 1999).

(7

(a)
Figure 29.(a)T h e
plan ofK n e g ° |

p |

(b)
an of Hereke sz cadéoptéel | | age

Kglddrada, wRicskahsdhe courtyard witla mosqueis

6 U Bapes
(Source. Demiralp, 1999)

Figure 2.10.( a )

The

(b)
oct agonal aspih AmasyaohsistKad thee aj as €
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) MoCZ0123
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The monumental crown gate of the {@&oman period, which is an impressive
memberremains 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 (Demid&p9).

(a) (b)
Figure 2.11. (a) The crown gate of Bayezid Il Madrasa in Edirne is very k&izapd
not impressivaccording to previous perioge. Seljuk; andb) although the crown
gateofthcKkap é aj] as &€ Ma digsandaawith the oAesia the/paevious
period, it is not ornamented as much as them.
(Source. Demiralp, 1999)

Hamam: In the early Ottoman Architecture following the Seljp&riod hamams
developed both architecturally acdlturally reaching a mature stafehe main two
reasons thaxplain the construction of many hams hrough the historgf Ottomans
are: (1) as hammas bring in money, thewere devoted to thpiousfoundationsand
(2) as a part of a social compleékeyserved to the congregation of the mosuojuthe
complex.During the early periodwo typologiesbased on differences in the plans of

hot rooms werenainly preferredEyice, 1997)
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1 This first type has arossaxial plan with four iwans and four private baig
cubicles halve) units at cornersThis 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 numbeiof private bathing cubicle®Orhan GhaziHammam in Bursa
(Figure 2.12), Hacé Heki m Hahma mma Ine 0Bse r sgeacrtai, o nts
Hamza Hammam i and Kbkthale HamamSia Edang (Figure
2.12), can be given as examples.
1 The second type hasdmmedhot roomanddoubleprivate bathing cubicles
The hot room, whichsi a narrow rectangular space, has three secfidres.
entrance®f the private bathing cubicles, which are side by side, are opened to
the section in the middle, which is covered by a dome orGbaziMihal Bey
in Edirne (Figure 2.13), k egn¢, IY € | md and Muradiye in Bursg and
womends secti on o fare tkeaha@ans atee yhistype isAn k ar a
preferred(Figure 2.18) (Eyice, 1997).

(a) (b)
Figure 2.12. (a) OrhanGhazi Hamam and (b) Tahtkale Hamam in Edirne

(Source. Ayverdi, 1966)
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(a) (b)
Figure 2.13. The plans ofa) Ghazi Mhal Bey Hamam in Edirne; ar(d) Karacabey
Hamamin Ankara (lefth and si de: womends sect.i
(Source. Ayverdi, 1966)

In this perioddressing areas(o y u n)wighlg@dt domesvasbuilt. The diameters

of domes inthe malessection are between 10 td Inin Sar éca Pamka Ham
Geliboly, At p a z a linéBurdd anch & antakale Hamarm Edirne Yé |l dér ém
Bayezid Hamam in Mudurnu is knowas the biggest domedthmam in Ottoman
Architecture. The di amet er(Eyioefl1997he mal e s

Hans. As with other building types, the Ottomans also inherited lla@ or
caravanserai, which are designed to meet the needs of travelers on the road, engaging
much of its functional and formal properties. The gianerally consistef a number

of cells surounding a courtyard which include mosque, shops, stables, barn, and
sleeping roomsSince he expasion of commercladnecessitated the introduction of

new types of buildingswhich enableto accommodate various trade typéise
caravanserais were ingmrated into the urban environment. Thegre started to
serveascommercial depotsuch asvholesale centers selling particular go¢idaran,
1968).Emir Han (1339) built by OrhaGhazi becama model for hans built in the
following years(Figures 2.14and 2.15)Kuban, 2009).n Bursalpek Han(first half
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of fifteenth centurywasa centerfor silk merchantsvhile Pirinc Han(1507), Fidan
Han (fifteenth century)and Koza Han (148%yeremainly markets for graifKuran,
1968) Additionally, some hans we used to keep animals, as well as being a storage

centerdor merchandis€Eyice, 1955)

Eg HL’:HF i = M = S = N w G _'m‘
Drﬂ ,;Dw D“
== P
=1 I o)
[ ) &

:
|
| %@;” .,WE = = A
g = sl s M =

3 T g L

i N o T

Pt |

I L
it

%

3_1 o

AL

EM\R HaNI

anpao

...........

@) (b)
Figure 2.14. (a) Ground floor pla and (b) first floor plan of Emir Han in Bursa.
(Source. Ayverdi, 1966)

Figure 2.15. The section oEmir Han in Bursa
(Source. Ayverdi, 1966)
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Tomb:Tombs have conical or pyramidal roofs on a square or octagonal bodg durin

the Seljuks. Then, a polygonal or square body surmounted by a simpldodcame

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

a building typology for tombheGr een Tomb (1421) built by
in Bursa is one of the earliest exampbéshis period (Figure 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 6Green Tomb in Bursa
(Source. The archive of the General Directorate for Foundations)
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Figure 2.18. The sections oGreen Tomb in Bursa
(Source. The archive die GeneralDirectorate foifFoundations)

During the early periodfdOttoman Architecture, many neaspectsare also seen in
selecting building materials and ornamentation which are given in the following

section.

2.1.2.Traditional Materials of Construction

Monumentalbuildings were generally constructed by differeatnbinations of the
materials and techniques during different periodiee choice of materials of
construction wasnfluenced byneighboring nations and earlier local civilizations
(local materialstechniquestraditions and masterg | n s a | .,The fcrteehth
century Ottoman architecture &sothe combination of traditional Tureduslim

forms, and local Byzantine structure and masonry technique (Kuran,. 284 ®)is

study is delimited to the specific period in Anatolia, i.e. the Ottoman Empire,iatater
choices for monumental architecture in the early Ottoman Architecture are presented

in the following paagraphs
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Wallls: During the early period of Ottoman Architecture, bordering with Byzantine and
conquering its cities have affected the use ofkorWith the influence of existing
Byzantine buildings in these cities, brick was started toimgarmony with rubble
stone,pitch-faced stoneind cuistonefor exterior walls of buildingsThe use of this
technique was a characteristics feature not ohtye fourteenthcentury, but also of
the fifteenth.Brick courses are placed between regular stone courses. In Anatolian
Turkish architecture, it was the first time thla¢ use of the middle and late Byzantine
periods' wall technique of alternate st@ral brick coursesa(l m a whe&lkreplaced

the ashlar faced walls of the Seljuk period in Central and Western Andtbigis

one of the characteristic of tlearly period ofOttoman architectur@®emiralp, 1999
andKuban, 2010).

The use of this technique sometimes shwearsety in the orders of stones and bricks.
In the same buildingdifferent orders can be seen in a facade as well as different
facades have different orddifSgures 2.19- 2.21). For instancethe cutstone orders

are used irthe entrance faades wheremaalternate of rubble stone and brick courses
are preferred for the rear facades or the facades looking the inner courtyaverial
social complexes, the mosques aseially constructeffom cutstones whereathe
technique of alternate stone and bricdurses is used to build tle¢herbuildings in

the complexes (Tayla, 2007).

27



—o—t—t—t——] .

o 40 20 30 40 350 oo

(b)

Figure 2.19. (a) The enterance facadetbéeMa h mut ¢ el eb i (pHaios qu e

was taken in 1975); and (b) the order of a row ofstahes and three rows of bricks
in the side wallsThis order is also used for the portico with adding vertical bricks in
between the stones.
(Source. Tayla, 2007)

Figure 220.The Yeél déer ém Mo s with aelternating €éodrsesf n e
rubblestones and bricks.
(Source. Tayla, 2007)
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Figure 2.21. Different orders of alternating stones and bricks inSreel - uk Hat un
Mosque in Bursa.
(Source. Tayla, 2007)

The technique of alternate stone and brick coulgesin other structure types, was

used to build madrasahs in the early periaeclBras employed with stone for exterior

walls in Ottoman madrasaldatedetweerthe fourteenth and sixteentarguries both

as a horizontal course embedded in rubble stormton-faced stonwall, and as a

filling material, for example Lal a kahin Pasha Madr asah
H¢e¢davendi gar Madrasah (Bursa), Yél déerem
Madrasah (Bursa), Hac el Amasya), MuraligeMadrabbh d r a s @
(Bursa), Saatli Madrasah (Edirn@igure 222). The brick carse(s) were also used in

rubble stone walls of certaindades of buildings in order to avoid monotony, for
instance¢ el e b i MeBuetMaadnr asah ( Mer zi f on) Koc¥exki | |
Mustafa Pasha (S¢mbge¢l (Hdure 2.8) (Demirtd@a #90% s a h  (
In several buildings, building stones are supported by one or two bricks which were
vertically placedDemiralp, 1999)ike in Alaaddin Bey Mosque (Bursa). Its exterior
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walls were built of rubble stonand brick, which was inserted in bdtbrizontal and

vertical directions between stone cour@€sran, 1964)

(a) (b)
Figure 2.22. (a) The photo showindné wall of Saatli Madrasah constructed by
alternating stones and bricks in Edir(ie) the drawing shoing the order of a row of
cutstones and two rows of brickand a dferent order in between cistones, such
as four lorizontal bricks.
(Source. Tayla, 2007)

(a) (b)
Figure 2.23. (a) The technique of alternate rubble stone and brick esursthe
walls of ¢elebi Sultan MehmeAinasygaddibpsah bui
the square shaped floor plan of the madrasa.
[Source(a) Trekearth and (b) Demirlp, 1999]
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In the early OttomanArchitecture usage of custoneis observed. Egeially, in late

15" century, the number of madrasah whose exterior aatisovered by custone

has increased in parallel with increase in political and economic power of Ottoman
Empire, for instancé&r e a t Mosque and Yatik Mddraselhs $8g u e  (
buildings in Istanbul), Gedik Ahmed Pasha Madrasah (Afyon), Peykler Madrasah
(Edirne), Bayezidll. Madrasah (Amasya) and Bayezitl Madrasah (Edirne)

(Demiralp, 1999) Especially, m the time of Bg a z € t I and Mehmet I,
buildings were faced with marble and stone s(@dgure 2.24Y | nsal., 1959)

(a) (b)
Figure224.The entrance (a) and side facades
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 spoligs frequenty observed in the exterior walls of buildings in Anatolian
Seljuk period whereas thegre found occasionally in structures of Ottoman
architectureHowever, in several madrasalpd)ars and their capitals qgforchesare
built of spoliain the early perioaf Ottoman Architecture-or instance, the materials

of porches pillars in S¢gleyman Pasha Mac

Efendi) Madrasah (Istanbul), Ayas Aga MadraéaA masya), Yavukl uojl
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(Tire-l z mi r ) and Her eke ( D¢ z c e }zmiN;iahd theg e Madr as

materials of pillars and their capitals in
Madrasah (Bursa), Gedik Ahmed Pasha Madrasah (Afyon), Davud Pasha Madrasah

(Il'stanbul) and Hacé Sinan Madr asah (Bayénd

(Demiralp, 1999)

Inhamam structures [¢ifte Hamam (Hersekzade
Ha ma m, Kamanl & Hamam (Yahki Bey Hamam),
Ha ma m, K¢- ¢k Hamam, Kal ei - i Ha mamekd)l amék Vi

Village Hamam] dated betwedne fifteenth and sixteentienturies in Izmirthe walls
arebuilt of rubble stonepitch-facedstone, reusedut-stone, brick, timber, and lime
mortar as a binder material. Bonding timlieused to compensate verticahts to
construct exterior walls. Exterior surfacase bare whereas inner surfaces were

plastered byiorasat( Reyhan and . pekoj !l u, 2004)

Minaret: The minaretswhich are the integral parts of the mosqueste generally
composed of nine sections: foundation, base, shoe, shaft, balcony, upper portion of the
shaft, hood, finial a n d 1).sSbnaeiof tisese(sdcioksay a n d

may not be seeim the early Ottoman perioduch as base and shéed e k a n, 1988)

Although the Ottoman mina®egenerally hae a stone base and a brick shaft and

usually covered with leadhere are several minarets built fratiernatestone and

brick cour ses, such as Modywe(1460)(Figure2.259 of t he
(Uluengin, Uluengin and Uluengin, 2001, and Tayla 20Glazed brick glazed tile

faced] KzYhea ki | (¥U¥&18A)Jeor plastereaninarets are also seas well as

alternate courses of stones and brigfkgure 2.26) Especially after the conquest of

Istanbul, the brick lost its importance; and left its space to the skbeeconstructin

of the monumental stone minarets starts with thkerefeliMosquein Edirne, which

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

4 Horasan:Crushed or finely ground brickieces,locally known asHorasan have been used as

aggregates in the manufacturiof lime mortars and plasters since ancient tifhes k ma n G¢ner and
Aksoy, 1986). Horasan mortaand plaster havbeen used ithe construction of aqueducts, bridges

wells, cisternsand public bathsinceRomantimesdue totheir ability to set inthe presence ofater

andtheir high mechanical strengthea 1940 and B° ke, Akkurt and Kpekojlu
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balconies on a single minafetG ¢, n d ¢ z It is tRe(@r@tdtype of the minaretstime
sixteenth centurylhen,the Ottoman minaret is characterized bgigemely slender,
pencil like structurewith conicalhood; andt beamethe exclusive forn{ ¥ d e k a n
1988).

Apart from stones and brickshe construction of a minaret requiredffelient
specialized craftsman including masons, carpenters, lead casters, coppersmiths and
blacksmiths due to the necessity of using different materials, such as timber, lead,
copper, iroretc.(Uluenginet al, 2001).

e W
\\\\\\\\\\ww % ad

Figure 225 The mi nar et of the Sel-uk Hgtun Mo
alternatingcourses oktones and bricks
(SourcewWwe b page of Edirne KI Meft ¢l
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(@) )
Figure 2.26. The photos displayinfa)the general view of thk z ni k Ye x i | Mosque
and (b)thesingle minaret of thenosque in the northwestern cornehichis
decorated with glazed tertta green, yellow, tgouise and dark purptlored
tiles.
[Source(a) MoCT, 2012 and (b) bursa.com.tr]

Doors: In Ottoman architecture, one of the major decorative elemgrm@stry 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 (Uluengiet al, 2001). Their metal fittings, such as lock, key,

knocker and handle were of fine brenze (] nsa
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
(Uluenginetal., 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 ofrratste
were used. Wood, plaster, limet at | é- andiglass were the basic materials
(Uluenginet 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 et fi
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with stainedglass panes. The outside of windows were divided into circular or oval

shape plaster partitions (}Jnsal, 1959).

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

was most extensively used, limeston@od, metals, such as brass or bronze were
generally preferred. As | imestone (K¢fek
marble, traceries made of limestone were kept at distance above eye level, such as on

minaret balconies (Uluenget al, 2001).

Roofs: The dome of monumental buildingsconstructed of brick or stone. Interior
surface of domes plastered while its exterior surfasecovered with lead, or in early
times with tiles (efahb2®1)., 1959 and Ul uengi

Ornamentation: The driel and baked brick watechnique 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 SeljuksPersia, brought to Anatolia and
bequeathed to the Ottomans, was also observed during the early Ottoman architecture;
for example in the minaret of the Green

Bursa. ltisevenseemt | st anbul ({(mstahe @€O®ION)I K°KKk

Simplicity in the ornamentatioand a balance between blank and decorated surfaces
were preferred For instance, aregards madrasatie simplified ornamentations are
focused orcrown gatesporticos surround the courtyard, lecturall, student cells
andthe pediments adoorsand windovs. Three types of ornamentations are preferred:
stoneembellishmentbrick-stone wallembellishmentandglazed tile glazedmosaic

and glazed brick embellishmantThese embellishments aforal and geomigic
figures Besides,inscriptions arealso preferred for ornamentation@-igure 2.27)
(Demiralp, 1999)
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Figure 2.27. The photo showing the embellishments with inscriptionshenstindow
pediment of helecture hall andwith the composition of simplified palmette and
rumi figuresonthe key stone adhearchi n Hacé Hal i | Pasha Madr asa
(Source. MoCT, 201&8

To sum up, kof these buildings in Turkey represent taagibleheritage otheearly
Ottoman ArchitectureHowever,their nonrenewable and fragile character faces the
risk of irreversble damages and losse$i€lyare increasinglgxposed tdoth natural
and humannducedhazard, such as earthquagedloods,fire, climatechangearmed
conflicts, unsustainable tourisnvandalism, false remedial activities accelerating
urbanizatioretc. in the course of timeSome of them destroy permanently and have
deleterious effects on these irreplaceable heritage aSseistering them effectively
requires identifying and understandingsadiazards and theoot causesTherefore,

in the followng sections the natural and hurAaduced hazardsgndamong these
hazards,impacts of climate changevhich is increasingly posing threato the

protection of tangible heritagare given in brief.

2.2.Impacts of Hazards onTangible Cultural Heritage

Hazard is fAany phenomenon, substance or sit.u
disruption or damage to infrastructure and services, people, their property and their
environment 0 ( Abar (6uldazarda cadbe Explairmiderthg 2 00 4

main title: natural and humamduced hazardsAlthough ratural hazards areld as

universe humaninduced hazard, which have led to considerable changes in the

natural environmenespecially aftethe industrialrevolution are of recent origin

(Table 23) (UNESCO/ ICCROM / ICOMOS / IUCN, 2010).
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Table 23. Selected examples among the most comhamards that may cause

disasters

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

TYPOLOGY OF HAZARDS

METEOROLOGICA

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 combustic
c. drought

d. heatwave

e. high seasuface temperature

HYDROLOGICAL

a. flood (precipitation flood inadequate drainage or infiltration; flas
flood; river or lake flood; mass movement dam; storm surge)
b. tsunami

BIOLOGICAL

a. epidemics (human, animal, or plant and hwamgimal transferdb
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 ¢
disease
c. Violence and conflictinduced 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.qg. 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. mountajm mining

CLIMATE CHANGE

a. sedevel rise

b. melting permafrost

c. rainfall pattern change

d. increased storm gerity or frequency
e. desertification
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The humarnnduced 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 hazardslditiondly, even if not enough poweno

cause natural disasterspme natural phenomena may give hazardous character to
humanmade activities or can give disastrous charactehumanmade hazards
(Joyanoyic,1988). For instance, whduilding in floodprone ares, felling trees, or
constructing norengineered structures without taking into account safety norms,
natural phenomena trigger the underlying dangers of human activities (Tdple 2.
(UNESCO/ ICCROM / ICOMOS / IUCN2010.

Table 24. Therelationshipdbetween natural anftimanmadehazardsandtheir
possible combined effestindirect / secondary)
(Source UNESCO/ ICCROM / ICOMOS / IUCN, 201D

NATURAL HUMAN -MADE INDIRECT /
SECONDARY
Meteorological Hurricane Flooding (coastal /
Lightning rivers)
Heavyprecipitation Fire
Mass movement
Hydrological Flash flood Hydrological Disease epidemic
(caused by high | Landslide / volcanic ash /| infrastructure Pollution
rainfall) lava / ice damming of a | failure (dams,
river levees, reservoirs,
Tsunami drainage systes)

Coastal protection
failure (sea walls )

Volcanic Lava flows Mining-induced Lahars (mudflows)
Pyroclastic flows (e.g. mud volcano)| Landslides
Ash and block falls Tsunami
Gases Fire

Seismic Faulting Dam and reservoirl Mass movement
Transient shaking induced mass Fire
Permanendeformation movement Flood
(e.g. folds) Mining-induced
Induced movement Explosion / nucleal
(liquefaction and mass induced
movement)

Mass movement | Falls Unstable mining /

(of snow, ice, rock| Slumps construction waste

soil mud, etc.) Slides spoil heaps

(induced by slow | Flows

acting

erosion or one of

theabove)
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The threats pointed out above often affect hubmeings flora and faunalandscapes
infrastructures and superstructureduding tangible hetage Tangible heritage, such

as hstoric 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 interventidimese threats are affectingith

rapid or slow onsebut with an increasing trenFigure 2.28YWill and Meier, 2007,

and UN World Conference on Disaster Risk Reduction, 2015).
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Figure 2.28. The mainrisk factorsand their peed ofaffecting cultural heritage
(Source. Canuti, Margottini, FanindBromhead, 2000

The progressive loss of tangible heritdgcauseof floods, landslides, storms, fire,
earthquakes, the effects of climate change, civil unrest and other haaardecome

a significant concern (UN World Conference on Disaster Risk Reduction, Za#5).

39



instance, rajor loss of cultural heritage can occur due to landslides and similar
phenomena (e.g. avalanches, mud flows, debris flows, rock falls). They cresilg mo
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 floedsthquakes, 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,ldods which are the most frequent natural disaster with an
increasing adverse impaespecially in urbanized areasan damage or even destroy
historic buildings, infrastructure, cultural landscapes and gardémgeable cultural
heritage is also under threat in many flood events. Floods cause damdgeiuaes]

which is difficult toremediatedue to wetting of building materials. Building masds,

which are affected by salt transpaan suffer longerm 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 biolagieation

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 typesadardss thirty-onein Turkey.

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

hail except earthquakedeat wave, landslide, rock fall and avalanche have also been
recorded as notable natural hazards (GDF, 20Alhumber of disasters due to
meteorological hazards such as storms and heavhaambeen increasing in Turkey

since 1995 (Figure 29). Between 1940 and 2000, the Black Sea, Mediterranean and
West Anatolia were the most impacted parts of the country especially in Nialich

due to the natural disaste({ k - e, ¥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 numbeoturrence of storms associated by heavy rain
hasbeen increasing whilermumber ofother types of disasters havedn decreasing.
[Source Republic of Turkey Prime Ministry Disaster and Emergency Management

PresidencyDEMP), 2011

As knowledge about the characteristics and the impacts of hazards, which threat
cultural heritagend present an added challenge feirtbonservatiofis a prerequisite

to prepare successful and appropriate risk management strategies, the following
paragraphs focus on hazarddodds, landslidesand sea level rise), which are
multiplied and triggered by climate changehile recognizinghe importance of the
otherhazards 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 increasimyimber of flash floods in urban areas has been recorded due to
incline trend in number dhtense rainfalls induced by changing climatkeratio of

river flood eventsamongall types of hydremeteorologicakventsis 33 %between

1967 and 198Whereaghis ratio falls to 14%between 1998 and 2008Ithough there

is a declining trend in the number of river flood events, the total number of events is
820 between 1975 and 20XFEigure 2.30)[The Ministry of Environment and
Urbanization (MoEU), 2013 andthe 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 floodt is a very common and very hazardous phenomenon that
associates with intense and prolonged rainstorms especially for coastal communities
and major citi &s ¢0ehknZOiRY) Kashyfloofl Kas baen observed
especially in March, April, June and July. Black Sea, Mediterranean and West Anatolia
Regions have been severely affected by flash flobldseover, in recent decade, it

has been observed that floods éaccurred in areas that have ramkperiencedr
neverhad flash floods beforeThereforealthough prevention programs have been
successfully conducted since 1970 to reduce annual flood events, it is still necessary
to implement new mitigation strateg 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 territoryit is one @ the most destructive natural hazartke disasters
related with landslides imurkeyrank second following the earthquakeith respect

to economic losses and casualtj@eneral Directorate of Mineral Research and
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Exploration (MTA), 2012]One of the rost landslideprone regions is the West Black
Sea Region Turkey(Figure2.31) ( G° let-ale2008).

number of
landslides

1.000t0 1.130 (2)
S00to0 1.000 (2)
100to 500 (38)

10to 100 (38)
1to 10 (3)

000Omm

Figure 2.31. The mapof the number of landslides sorted by cities between 1950 and
2008indicating the cities in th&/estBlack Sea Region as the most landsimlene
ones
(SourceG*° k etal.2008

Landslides are repetitive problencausing major disaster3.he recovery efforts
cannot eliminate disaster consequences even if they can be succBEssfafore,
mechanicalmodels and systems of monitoring of landslide processes should be
elaborated for preservation of valuable historical monuments as well as reftbeting
importance of preventive measures against natdisdsterrisks in the disaster
protection policy andhitiatives at both local and national ley€anuti, 2009)Within

this context, in Turkegs the disasters arising from landslides are on the second rank,
Landslide InventorfMappingProject has been prepared to prevent or minimize natural
disasters oginated from mass movements. In gwopeof this project, in order to
present local, regional and national conditioim® maps on a 1:280 scalewere
digitized and integrated into Geological Database of Turkey. Inventory maps present

geographic distribtions, types and activities of mass movements (Figa®).2.
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Figure 2.32. Theinventory magncluding active and past landslides, active and past
flow, and slidingin the southeastern of the Marmara Region
(Source MTA, 2012)

Sea Level Risefhe sea level rise (SLR) is a problem in maowuntriesaround the
world, especially for those which haymopulatedcoastlines. As being a peninsula,
SLR is also an issue for Turkeediterranean 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 SMOFWA 1 former he
Ministry of Environmext and Forests2007; and Karaca and Nicholls, 2008everal
coastal areas, especially the low lying deltaic plaiRgure 233), are highly
vulnerable according to recent international, national and local scale investigations.
However, more detailed sigpecific studies of different coastal regions of Turkey are
necessary to understand the impacts of SLR on the coastal environment induced by
climate changelaraca and Nicholls, 2008emirkeseret al.2008; and Kuleli, 2010).
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Figure 2.33. The digital elevation model preserg the elevation classes of Turkey
(Source Demirkeseret al., 208

According toa study by Bozkurt et al. (2011), the occurrence of flash floods and
extreme precipitation events will probably incredse to warmer summers and sea
surface temperatures of the seas surrounding Turkey in autumn (Betz&ly2011).
Besides erosion and inundation, upward and landward movements of the zones which

are at risk of flooding are also the result of any riseeia leve(Nicholls et al.,1999).

In this context, most of the studies indicate thatsystematic research has been
conducted for the lontasting trends in sea level changes in Turkey. Therelocal
scenarios of SLR based on the lgegm collectiom of tidegauge dataeedmprowving.

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

included and evaluated in furthewore detailed site specific studies.

To concludewhile preparing a disaster inventory, data on huayad economic losses
are taken into consideratiddisasters are included in the database according to several
criteria of the Emergency Disasters Database-(BM). They need to fulfill at least
one of the criteria which are given below (Tschaagil.,2006):

the number of dead peoplegseater than oequalto 10

1
1 affecting a hundred or more people
1 declaring national aid

)l

declaring international aid
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Therefore, the available maps of disasters presented above were prepared in
accordance with hazardshigh 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 heritagibey often

result in a good coveragé 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 dep which is approximately provide®@esides, there is usually no
information about flowvelocity. As a result, they have not been prepared to comply
with conservation principles and requireme(i@sdackyet al, 2007).

Within this framework, in Turkey, irecent years several research initiatives have been
conducted to develop methodologies for assessing risks deriving from not only natural
hazards but alsbuman inducethazards and understanding vulnerabilities of cultural
heritage at territorial scale (gure 2.34) The development of this kind of
methodologies is necessaryhelp heritage managers amigcision makers evaluate
thewhole picturebecausetiis difficult to determinehe percentage of loss cultural
heritagecaused by any one type of disex. Moreover,in the time of climate change,
people who work in the heritage conservasestorsat nationalandlocal levels may
face uncertainty about how to adagtanges. Therefore,it is important todevelop
methodologiesand createdatabaseswhich becone a main source of information to
develop heritage management strategied focis on reducing vulnerability instead

of precise impact assessment
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Figure 2.34. The maps showin¢g) overall risk ofnaturalprocesseaffecting
archeological heritagand (b) vulnerabilityo naturalhazards n  Klarkey. r
(Source. Yélderem Esen, 2014)

2.2.2 Climate Change as a Potential Hazard

Climate changehas been included in the main types of hazards that may cause
disasters in the publications of UNESCO (2010), ahdsalsoemerged as one tie

most devastating threstio tangible heritageln addition to being accepted as one of
the main ypes of hazarg climate change may become thiggering mechanism and

/ or may have in multiplier effect on thérequency and intensitgf several natuta
hazardsandon significant underlying risk factor¢ence, it affects vulnerability of
cultural heritage againsertain types ohatural hazarddn other words, capacity and

performance of a building to resist disasters may be severely redworedstance,

5Climatechang refers to fia change in the state of the ¢
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 tg ahange in climate over time, whether due to natural
variability or as a result of human activityo (11
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historic buildings may be affected byy increase in soil moistutikatincreasesheir
vulnerability? to natural hazargsuch as earthquakes and flogdS8IESCO/ ICCROM
/ ICOMOS / IUCN 2010).

Apart from sudden catastrophic impacts, climatengeamanifestitself via gradual,
cumulative processes, such dsterioration processes of the fabric of heritage
propertiesThe decay is mostly caused by a range of facgngsical, chemical and
biological), which are determinelaly the sitespecific(local) conditions, such as wind
(erosion, vibration)elative humidity RH), temperature, radiation / light, dust, water,
erosion and siltation, microrganismsThese factors have probably been affecting the
property right from its creatiorHowever the local climatic conditions usually have

low impact over a long duratiandhistorical buildingshave survived centuries under
these specific climatic conditionSven the smallest of changesclimatic conditions

can magnify the impact afeteriorationfactors for instance britage propertiemay

begin to deteriorate at an accelerated pace once these climatic conditions begin to
fluctuate due to changing climate paramete@imate change may worsen some
factorsand lessen othef®&JNESCO, 2012b)For insance,interaction between the
changes in temperature and moisture over dbetury 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 acfithg @rganisms, such as
bacteria, fungi, lichen, insectstc. (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 (Colett@7120 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, 201Besideschanges in atmospheric
moisture may lead to riskof flooding and soil instability (ground heave and
subsidence); differentiation of rafall patterns, watetable levels, soil chemistry,

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

SAVulnerability is the susceptibility or exposure of
the external source of a disastarlnerability 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 triggesrdgiaithough they are not

di sasters in t heeane0|8).esd (UNESCO
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chloridesTherefore puilding 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 buildingsreore porous

and have a greateontactwith 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 causeorrosion or salt weathering as secondafga$ (Colette,
2007a).The summary of changes in climate parameters and their conseqfrentes

the cultural heritage point of vieare presented ihable 25.

Table 25. Principal climate change risks arelatedimpacts on cuural heritage
(Source. UNESCO, 2007)

CLIMATE CLIMATE CHANGE PHYSICAL IMPACTS ON CULTURAL
INDICATOR RISK HERITAGE

Atmospheric * Flooding (sea, river) * pH changes to buried archaeological evidenct

moisture changg * Intense rainfall * Loss of stratigraphic integrity due to cracking a
* Changes in water table | heaving from changes in sediment moisture
levels * Data loss preserdein waterlogged / anaerobic
* Changes in soil anoxic conditions
chemistry *Eutrophication accelerating microbi

* Groundwater changes | decomposition of organics
* Changes in humidity *Physical changes to porous building materials

cycles finishes due to rising damp

* Increase in time of *Damage due to faulty or inadequate we
wetness disposal systems; hayic rainwater goods na
Sea salt chlorides capable of handling heavy rain and often diffic

to access, maintain, and adjust

* Crystallizationand dissolution of salts caused
wetting and drying affecting standing structur
archaeology, wall paintings, frescos and eot
decorated surfaces

* Erosion of inorganic and organic materials dug
flood waters

* Biological attack of organic materials by insec
moulds, fungi, invasive species such as termite
* Subsoil instability, ground heave and subside
* Relative humidty cycles/shock causing splitting
cracking, flaking and dusting of materials a
surfaces

* Corrosion of metals

* Other combined effects eg. increase in moist
combined withfertilizersand pesticides
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Table 25 cont&d

Temperature * Diurnal, fasonal, * Deterioration of facades due to thermal stresg
change extreme events (heat * Freezethaw/frost damage
waves, snow loading) * Damage inside brick, stone, ceramics that hag
* Changes in freezthaw | wet and fozen within material before drying
and ice storms, and * Biochemical deterioration
increase in wet frost *Changes in 6fitness

structures. For example overheating of the inte
of buildings can lead to inappropriate alteration
the historic fabric due to the introductiorf
engineered solutions

*Inappropriate adaptation to allow structures
remain in use

Sea level rises | * Coastal flooding * Coastal erosion/loss

* Sea water incursion *Intermittent introduction of large masses
6stranged water t arbthd
metastable equilibrium between artefacts and s
* Permanent submersion of low lying areas

Wind * Wind-driven rain * Penetrative moisture into porous cultural teege
* Wind-transported salt materials
* Wind-driven sand *Static and dynamic loading of historic
* Winds, gusts and archaeological structures
changes in direction *Structural damage and collapse
*Deterioration of surfaces due to erosion
Desertification | * Drought *Erosion
* Heat waves *Salt weathering
* Fall in water table * Abandonmat and collapse
Climate and * pH precipitation *Stone recession by dissolution of carbonates
pollution acting | * Changes in deposition g *Blackening of materials
together pollutants *Corrosion of metals
*Influence of biecolonization
Climate and * Proliferation of invasive | *Collapse of structural timber and tiebfinishes
biological species *Reduction in availability of native species f
effects * Spread of existing and | repair and maintenance of buildings
new species of insects (e¢ *Changes in the natural heritage values of cult
termites) heritage sites
* Increase in mould *Changes in appearance of landscapes
growth

* Changes to lichen
colonies on buildings

* Decline of original plant
materials

In brief, having been designed to take into accbthelocal climatic onditions; and

having survived for centuries thanks to their compatibility with these conditions mean
there is a connection between the stability of tangible heritage assethend
environment and surroundingd herefore, interacbn between the changes in
temperature and moisture lead to changes in physical fabric of the assets, especially

when phase transitions are under considera#dtihough several impacts aflimate
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change can be subtle aade predicted tmccur over a longperiod of time some
climatechange parametersuch & freezethaw, thermal shoctemperature, humidity
cycles, time of wetnesshdwind driven rainetc, cancausechangs by large amounts

over a short period of time.

Within the light of these discussis, and addressing abewentioned issues, the
following part of this chapter introducéise scope oaind current debate arlimate
changeandthe anticipated changes in climate parameters that affect the deterioration
mechanisms of physical fabric ofettiangible heritage assets.

Climate Change is global in nature and has been variable over the past two decades.
credible body of scientific evidence shows that climate change is occurring, and it
leads to changes in the frequency, intensity, spati@néxduration, 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 clieate.
computermodels require inputs of future greenhouse gas emisarmgiobal socie
economicscenario$o make analyses of the future risks and impacts of climate change
The models are mathematical formulation of the effects of all the key processes
operatirg 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 socieconomic patterns of land use (Sabbieinal, 2006).

Long-term emission &enarios hee 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 mitigatiayiving
alternativedescription of how té future mightunfold (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 throdgthe 21st century, with different key relationships
and driving forces, such gmpulationgrowth; social, economiand technological
developments; environmental sustainability; settlement patterns; Jasel and
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urbanizationCorresponding trajectories gfeenhouse gas emissions may be deduced
from these storylines. These scenarios extend to the year(PXDO, 2000and The
World Bank Group2015.

Awi de range of future emissions and driver s
change considerably.his variety illustrates the uncertainties that are related to the
process of climate changes the climate system is inherently chaotic, its
predictability is inherently limitedAlthough dimate moded camot predict with
certainty how quickly or tevhatextent the earth's climate will change in the next few
decadeseven now some climatic trends are emergimgrming of the climate system

i s une RPCC/2007H.IMoreoverthere are some robust patterns of change in
precipitation,sea leveland flequency and magnitude of extreme events which take a
toll on buildings and infrastructures, as well as ecological systems and human life.
broad range of human and natural systems are, therefore, facing with the hazardous
results of the changes in climatgone of the most critical and the major environmental

challenges of our timgHeymann, 2007)

The following sectiorprovides a snapshot of recent scientific literature on analyses of
likely impacts and risks of climate change within this century bkitapfrom both

globalandTurkeyd perspective

2.2.2.1. A Review of Global ClimateChange

| PCC has concluded that the fAscientific evid
unequi vocal & Al ACe@, t 2a@loTlts Diseryvedhangesare

unprecedented over decades to milleanidCC, 20134). The atmosphere and ocean
arewarmingFour of the wor | doé senterdhaveldgneag thathi mat e r e
warming trend over the last century with the 10 hottest years on record since 1998

[National Aeronautics and Space AdministratiNASA), 2011; UK-Met Office,

2011 Japan Meteorological AgencyJNIA), 2011, and National Oceanic and

Atmospheric Administration (NOAA)2013. One of he dominant cause of the

observed warming since the n2@" century isthe anthropogenic greenhouse gas
emissions(GHGs) which have been steadily risingince the préndustrial era
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Economic and population growth are the main drivers of increasing GHGs which a
now higher than eveilhe average annual concenatof carbon dioxide (CO2jn

the atmospherayhich is the chief greenhouse gas that results from human activities,
iIs 398.55 parts per million (ppm) based on data from Mauna Loa Observatory in
Hawaii, at which measurements first begdhe monthly averag of CO2 is 403.26
ppm for April 2015.In 1959the first year with a full year of instrument datiawas
approximately 315 ppnilPCC, 2014and NOAAEarth System Research Laboratory
(ESRL), 2014. Current projectionsndicate an inclindor the CQ concentration to

rise to as much as 500000 ppm by the year 2100 (IPCC 2007).

As it is stated in the last report of the IPGCC| i mat e change wil |l
ri sks and create new r i s kCimate changeelatéedur a l
riskshave ben observing on natural and human systems all over the.\Wbole heat
waves, floods (due tthe heavieprecipitation), droughts, more damaging hurricanes
and tropical cyclonesisingsea level and coastal eroseta can be given as examples

of theserisks(IPCC, 2014.

In brief, according tdéhelast Synthesis Repothat waseleasedn November 2014
1 AHuman influence on the climate system is aear
1 AThe more we disrupt our climate, the more we risk severe, pervasive and
irreversible impacty ard
1 AWe have the means to limit climate change and build a more prosperous,
sustainable futu(IPCC, 2014).

a) Observations

In this section, the changes in climate systems and state of ¢lespezially climate
extremesin 2014 are given very brieflyas examining, finding and defining changes
in climate systems lilseyond the scope diiis study.Neverthelesshie outcomes of
severaldatasets focuisg on monitoring longterm changes in climate systems from
the view point of heritagassetsre givenn the following sections in detalil.
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Althoughit is important to monitor and understaesisential climate variables which
are reflected as monthly and annual mearmitoringlong termchanges in extremgs
which havea wide range ofmpacts on societyinfrastructuresand ecosystems$as
come to the forefront during the recent deca@snden and Arndt2014. Several
datasets have been developed to monitor these extiresosse of whichright
alongsideclimateanomaliesand event$or the year 204 aregiven belowvery briefly
according to the large range of available estimates

1 Interms of temperature extremestibpat t he Eart hds surface an
troposphere, thgear2014 is globally rankedat top on record which were
started to reord in the nd to late 1800s.

1 Due to being above thawventieth century annualhaveraged temperature
which is 13.9AC acrossglobal land and ocean surface¢he year 204 has
become the 8" consecutive year since IR7 The annuallyaveraged
temperature wasecorded).69 AC higher than thaverage othe lastcentury.

1 9 of the 10 warmest yeairscluding 204 have been recordedliring the21%
century Only the year 1998 (in 20century) & the fourthwarmest year n the
135-year period of record.

1 The fouth highestannual value on record in terms of global average land
surface temperature was 201t wasrecorded ag A @igher than the average
duringthe 20" certury averagavhi ch i.s 8.5 AC

f Global annuallyaveraged ocean temperatiume2014 is higher than the 20
century average.

{ Since the early 20century, the rate of global mean sea level has likely
continued to riseThe rate otherise hasconfidentiallybeenabovethe mean
rate during the previous two millennien early 2014 dobal mean seével
hasreached a record high line with theupwardtrendof3 . 2 N 0.. 4 mm/ yr
over the past two decad@®993 to 2014)

1 Due to being near average global precipitatidrg year 204 is the third
consecutive year in terms of measurement m@cipitation at landbased
stations around the globke wasalso recorde®.52 mm belowthe 1961 1990
average of D33 mm

1 2014 has been marked by flooding around the wdddy. more than two

million people were affected by floods in May in Serbia, Bostesizegovina
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and Cratia. 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
Septembeyj

1 Droughts(e.g. a state of drought disasi®as declaredn the NorthWest
Province of South Africawhich lasted from September to Janualy
November 2014).S.declared the category of drought as most severarges |
areas of the western U.8ere experiencedxceptionaddrought with areas of
California, Nevada and Texas received less than 40% df2611990 average
rainfall.); heavy snow fall¢e.g. two heavy snowfall events were experienced
in the Pacific side of northern and eastern Japan in Febtnanyd-November
U.S. experiencedxeeptional coldwhich triggered a lakeffect si.ow storm
andmore than 127 cm of snow fell in a-Béur period). and a belovaverage
number of tropical storm@.g.although it was below averagke number of
storms exceeagtl the 67 storms recorded in 20tbich isthe lowest total in
the modern satellite e)averethe other extreme eventscordedglobally in
2014

1 The other dramatic indicator of climate changéistic sea ice extemhich
has declined by over 4% per decade since 1879 the year when satellite
measurements bega2014 was below the long termean that made the year
the sixth lowest on recorflPCC, 2014;NASA, 2015; NOAA - National
Climatic Data CentefNCDC), 2015; Met Office, 205; World Meteorological
OrganizatiofWMO), 2014; anKovats, 2014

b) Projections

It is highlighted that altough fluctuations in average temperaturem year to year

will be expecteda longterm rise in global temperatures is being triggered by the

continued increased in greenhouse gas levels in the atmosphisreneans that is

not expected that eachcaessive year will be warmer than the year before. However,

each successive decadeexpected to be warmer than previous one duemtinued

emissions of greenhouse gases which will cause further changes in all components of

the climate systerfNASA, 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, temperatunel @recipitation changes are closely associated
with hydrometeorological hazards, apdacerbatéheir statesfor instancejncreases

in intense rainfall events; rising sea levels; decreases in the duration of snow season,
snow cover, snow depth and se& more frequent and intense heat waves, cold spells,
drought; possible changes in floods, including flash floods, and landslides and soil
erosion(IPCC, 2007 antPCC, 2012). Individually and / or collectively, these changes
pose risks for a wide rangg human and environmental systems. The risks may vary
by subregions and localities, but in general the followiage the most remarkable

projected changes which are based on a range of emissions scenarios:

1 By the end of the Zicentury, substantial waning in temperature extremes is
projected. An additional warmingof 1€ o 6. 4 UC iltssvigualtyi ci pat ed.
certain that increases in the frequency and magnitude of warm daily temperature
extremes and decreases in cold extremes will occur atdbalgicale. Warming
is and will be greatest over land areas and higher latitudes.

1 Itis 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 midatitudes. 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 droughwill lead to an increase in forest fires.

It is likely that the frequency of heavy precipitation, heavy rainfalls associated
with tropical cycbnes, and average tropical cyclone maximum wind speed will
increase during this century in many regions of the world.

1 More and stronger hurricanes, as well as commensurate flooding in the aftermath
are generated by increasingly warm ocean surface teraperat

1 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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1 Possible changes in floods and landslides are also expectaxigtaater intensity
of wind and rain(Westphal, 2008; Pollner, KrysphVatson and Nieuwejaar,
2010; andPCC, 2012).

1 Increase in global mean sea level will continue during tifec2htury.Increase
in ocean warming and loss of mass from glaciers andhieets willvery likely
lead toaccelerate the rate of sea level rise in comparison the rate during 1971 to
2010 (IPCC, 2014).

2.2.22. A Review ofClimate Change in Turkey

Turkey lies between latitudes@2 AN and adj acent toayt he Me
be expected to have a Mediterranean climiatsvever, apart from the southern and
western coastal areas, the rest of the countryvaasd climate due ta number of

factors make the climate more compl®iverse nature of the landscape&tremely

varied topography, an inland sea (the Black Sea) to the rtbghexistence of the
mountains that run parallel to the north coast] the vast Russian plain which acts as

a close source of very cold air in winter affect the climate of Turki®reover, n

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 justb20 away from

the hot continent of AfricaMost of Turkeylocated orhigh plateauWhile the coastal

areas enjoy milder climates, the inland Anatolian plateau experiences extremes of hot
summers and cold winters with limited rainfallowards to the east, the terrain
becomes increasingly mountainous. The terrain is mostly hilly even in theligngr

west All these factors result in significant differences in climatic conditions from one

region to the othefMet Office, 20l11and Sensoy, Demircan, Ul
2008).

Climate change models predict tidaie tolocaing in the Mediterranean basin, ikey
is one of most vulnerable countries to climate change and experiemcarnpe of
climate change<limate changéas alreadyurned the heatn forest, water and land
resource®f Turkey by leading tehanges in the frequency and intensiodraughs,
floods and extreme weather conditigiiairkish Ministry of DevelopmentMoD),
2013.
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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 countriesTur keyds nati onal c Turkeydoesaeothavep er t s
national strategic planning polity directlyaddress climate chandéehas difficulties

while implementing most policies that are in place. Its fdasilindustryis increasing
rapidy in the energy sectarhich is the most carbon intensive secfnerefore, it
ranks 5%'in the overallcountriesi.e.int h \eery poodgrade grougBurck, Marten
andBals 2014). It is understood that Turkey has a long way to examine the impacts
of climate change and adaptelsto the changingituations There is stilla gapin
publishingupdatedresults of research on climate change in TurHéwerefore the
following sectionsncludetherecent observations of and projected changes in climate

of Turkeyuntil the year 203.

a) Observations

Turkeyhasalreadybeenvulnerable to current climate variabilitfhe last century has
been characterized by overall warming with altered precipitation patterns leading to
wetter winters, drier summers anmttieased frequency of extreme and unpredictable
weather including heavy rain and storm eve@tsservations and highlighits climate

systemare summarized in thfellowing paragraphs

Temperature: According to results of the Turkish State Meteorologia¢ r vi c e 0 s
study, which covers the period from 1971 to 2004 and 100 measurement stations, a
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 nmbers 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 yedrse number of warm days, whose average
increasing is 26 days in 10@ars, has been increasing all over Turkey. Warm nights
have been also in increasing trends all over Turkey except EuphratesiBasicool

days and cool nights have been decreasing in most of the si&@om spells have

increased while cold spells havdecreased. In moshland stations, diurnal
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temperature range has increased whereas it has decreased along coatbdresens
Demircan and Alan, 2008).

In 2012, Turkeyo0s av g4 giehighee them the avérage e, w
temperatureof near past (19722000/ Reference Perigdwhich is13.2 A QFigure
2.35). In general, in coastal parts of Turkey, Marmara Region, east part of Eastern
Regi on, Ni j de, Aksar ay, Nevkehir and Kat
increased by 2.8C. Throughout 2012, heat wai@ 66 centers and cold wasi 33
centers were recded. As regards seasons:
1 A general decreasing trend in winter temperatures have been observed in the
last five decadedVinter temperatures of 2012 are significantly below normal.
Anomalies were sometimes down 8 AC because a cold s
Februay followed a cold January with frequent outbreaks of arctic air. The
lowest degree, which wa85 AC, was recorded in February in Erzurum.
1 Except some areas in the western and eastern areas of Turkey, spring was
warmer than normal.
1 Summer was unusually wa. Conspicuougncrease in summer temperature
was observedicross the country, particularly in the west and southwest.
Maximum temperature above #0C was recorded at 40 me
and the highestwas 4/C i n Jul y, 31smtioGdmokd tleinqgwa nar € .
record on maximum temperature. Tropical days (max. temperatureA>C3}
were experienced at 122 stations.
1T Fall was warmer than nor mal . Anomal i e
[M¢ hetal, 2013 MoFWA - General Directorate of MeteorolpdGDM),
Department of Research, 2048d Organizationfor Economic Ceoperation
and DevelopmentQECD), 2013.
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Figure 2.35. Annually mean temperature anomalies in Turkey
(SourceT.R. Ministry of Forestry and Water AffairsGeneral Directorate of
Meteorology, Department of Research, 2013

Precipitation: According to results of he Tur ki sh State Meteorolo
study which covers the period from 1971 to 2004 and 100 measurement stations,

although there is a declimg trend in mean annual precipitatiah30 stations which

are located in the Aegean and inland Anatolia, simple daily intensity index has been

increasing in most of the stationss the number oflays withheavy precipitations

have been in an incraag trend especially in lhe Black Sea and Mediterranean

Regions actualization oextreme flood eventsas been also increasirig most of the

station except Eastern Marmara and South Anatolia Retlienmaximum onelay

and 5 days precipitation have increhséonsecutive dry days have decreasesbme

stations, Ko ny a, Karapénar, Ceyl anpénar and | 7 dér
problem whereasin Marmara, Aegean and the Black Sea Region, they are in the

increase trend. On the other hatig increase trend obosecutive wet daysave been
experiencecespeciallyin eastern parts of the Marmara and around Afyon, Burdur,

Nijde, Sinop, SiyvwaereasRdezreastredihdve leengha d Mu K

Aegean and KonyéSensoy, Demircan and Alan, 2008).

Annual average precipitation 2.8 mmin Turkey.Arid periods were experienced

in 2006, 2007and 2008 whereaspositive trend was observed in rainfall anomalies
from 2009to 2012 The year 2009 was recorded as the wettest year with 804 mm
rainfall while 2008was the driest year with 506 mm rainfdlhe uninterupted order

of the wettest and the driest ysarenoticeable
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In 2012, &erage precipitation, which is 643 minas increased by 16%anuary,
February, May, August and Decembvegre characterized gboveaveragerainfall,
whereasMarch, April, June July, September, October and November wezew
averagerainfall. Along theMediterranean coast of Turkeywhere rainfall in some
places was almost twice the leteym averagewere wetter thanormal whereas most
of the Eastern Region and east pamBlafck Sea Regiogot lesser precipitation than
normal.As regards seasons:

1 In winter, Eastern anBoutherrRegiors of Turkey were wetter than normal.

1 In spring, southeastern Turkeyas slightly drier than normalpper lows in
April and May led to alightwet anomalyaround the Bosporus.

Summer was quite dry in Turkey.

1 Among three fall monthsn September and Novembevestern Turkey was
mostly dryand got weHlbelow average rainfalPrecipitation was only{t0%
and 45% of normal, respective{fy M ¢, letral, 2013and MoFWA - GDM,
Department of Research, 2013

Highlight eventsobserved in 201ih Turkeyare in below:

1 An extreme cold speWhich occurred m late January and early Februarys
with heavy snowfallsThe dustdarkened snovell in Februaryn k mak.

1 The Aegean Sea and western Turkey were affected by a stronghgualéd-i
April.

1 Heavy damage occurred and four people died dgeasty stormlstanbul was
particularly affected with gusts of 29/sn Six road construction workers in
El az é&] atdrmadocn 9 April.

1 In western and central Turkeyalgaran dust wagbservedon 18 April. Dust
storms affected eastern Turkey on 30 May, 30 July, and 1 August.

1 Mud rain fell on 1 August in Kar#leavy rain caused flooding in several places
in Turkeyon 22 23 Octobe M¢ btral, 2013)

In summary a s T u rFikhe NaBiosal Communication to the United Nations
Framework Convention on Climate Change (UNFCCC) declares that poisgate
change effects includesing summer temperatures, reduced wiptecipitation in the

western provinces, greater frequency of droughts, land degradation, coastal erosion,
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and flooding Large coherent pattewf changesre observed in warming acrase
countryincluding maximum and minimum temperatures whereas muare mixed
pattern of changes are observed in precipitatidydro-meteorological hazards,
especially storms and floods, occur quite frequently and lead to serious loss of life and
property in various regions in Turkely.is expected that due taegular,sudden and
heavy precipitations and floodghose pattern are affected byaclging climatethe
landslide, erosion and long term drought ratés increaselncreased stormsause
disasterssuch ashail, lightning, flash floods and urban floodimgore influential
(MoEU, 2013).

b) Projections

Turkey is highly vulnerable to possible climate change impacts as being a part of the
southern belt of Mediterranean Eurofies predicted thathanges in climatsystems
continue and intensifgver 2% century These changesccelerad damaging impacts
onTurkeyods environment and i nfrastructure,
economy and society (MDG 1680 Project, 2@). In spite of several differences in
magnitude of theechanges,here is consistently good agreement @mareralissues

within three differengeneral circulation modgtalledECHAMS (Europan Center
Hamburg, Version 5), CCSMXpmmunity Climate System Model, Version &)d
HadCM3(Hadley Centre Coupled Model, Version®jkr Turkey(MoEU, 2013).The

IPCC reports, and other national and international scientific modeling stietase
thesechanges aBicreasing summer temperatures, decreasing winter precipitation in
western provinces, loss of surface water, increased frequency of droughts, land
degradation, coastal erosion and floodgkey will get hotter, more arid and unstable

in termsof precipitation patterngn near future Among Europe and Central Asia
(ECA) countries, Turkey is one dhe countries which are the most exposed to
increased climate extremes relative to today's natural varialtilisythe third country

in terms of haing frangible and vulnerable soeamonomic and ecological structures
(Figure 2.36) (Baettiget al., 2007 the World Bank, 2009K a d € o j |; MqEU,2 0 1 2
2012 andIPCC,2012.
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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 figue was prepared yombinng the number of hot, dry and wet
years; hot, dry and wet summers; and hot, dry and wet winters projected over the
20702100 period relative to the 194D90 period.
[Source Baettiget al, 2007(obtained from the World Bank, 29§)

The following paragraphsummarizeresearch on a range of projectelthnges in
climate from the latest IPCC reports, and the literature with focus on projections for

Turkey.

Summary of Temperature Changéccording tothe Coupled Model Intercompadn
Project (CMIP3) models which have a good agreement over Turkey and the
surrounding region in generarojected temperature increases are arourkdZ5n

the north, 33.5°C over central and soutliestern regions, and 346(C in the easbf
Turkeyfor 2100 compared with 1960990, based on a large number of climate models
and the A1B emission scenafieigure2.37) (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 thisieed data constitutes phase 3 of the Coupled
Model Intercomparison Project (CMIP3). This unprecedented collection of recent model output is commonly
known as the CMIP3 muttinodel dataset (MET Office, 2011) recent yearsht program provided leaderphi

in managing the Coupled Model I ntercomparison Project,

Assessment Report on Climate Change (http://wyemdi.linl.gov/).
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Figure 2.37. The mapshows the percentage changenieanannual temperature by
2100relative tobaseline climatel©601990. Increase in temperatures in the future
is projected by lhof the models in the CMIP3 ensemb(&he size of each pixel
shows the agreement leveltbe models over the magnitude of the incr¢ase
(Source MET Office, 201])

According the study o€ n o | Uralr{2012) a temperature increase 662A C the o r
projected climate (2072100; A2)compared wittithe reference climate (1941090;

RF) was found by using the International Centre for Theoretical Physics (ICTP)
Regional Climate Model Version 3 (RegCM3) with the A2 emission scefa¥o a |
and Unal, 2012)As regards to seaso(fEigure2.38):

1 Summerin the period RF with respect to A2, one of the most striking results
is the highest temperature change whics A€ over the Marmara (MAR) and
Aegean (AEG) regions in comparison with the other regiorsimmer The
highestestimated temperature increas@speciallyin the AEG Regionwith
up to 6AC.

f  Winter: Winter temperature change whichjist over 2AC in the MAR and
AEG Regionsis smaller than all the other regioasthe end of this century.

The highest estimated temperature change in winter is in the eastern half of

Turkey in the period RF with respectto A2¢ n a | and Unal, 2012) .
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Figure 2.38. The graph showareal meariemperature change (A2 minus
RF) by seasonfer theseven climatic regions dfurkey[A: MAR (the
MarmaraRegion) B: AEG (the AegeanRegion) C: BLS (the Black Sea
Region) D: CEA (the Central AnatoliaRegion; E: ESA(the Eastern
AnatoliaRegion) F: SEA(the Southeastern Anatolia regigr(: MED (the
MediterranearRegion)]
(Source¥nal and )Unal, 2012

According to the projections obtained using the ECHAMS mod#&i A2 scenario

simulation, heincreaser projectedsurface temperatusés les than0.5AC i n wi nt e
and 1.0AC i n feruhe 20412040 periodall over TurkeyIn the second period
(2041-2070),surface temperatusstart taincrease by abodt5AC in winter and about

2.4 /C in summer. Bythe end of the21® century, significant increases isurface
temperaturarearound 3.5%C in winter and 64C in summer(Figure 2.39) (MoEU,

2013).
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Figure 2.39. The mapshow projected changes in surfaemperatureluring winter
(left) and summer (right) seasons in3ar period®f the twenty first century
relative tobaseline climate (1961990)
(SourceMoEU, 2012

In summary, as it is mention@uprevious sections, there are different clinmatdels

and scenarios t@roject climate change globally. For Turkey, five downscaled
simulations are available for the period 2099 These are based on the A2
simulations of ECHAMS5, HadCM3 and CCSM3, the Alknulation of CCSM3 and
the B1 simulation of CCSM3 (Tab6). In the context of model estimatiortbere

are magnitude differencegtween different scenario simulations of the same GCM or
between different GCM simulations of the same scenhrispite of differencesall
modelsdeclarethat the increase in surface tgenature in Turkey will not be uniform.
Especially for the last period, the summer tempeeaincreases reach to around®

in the soutkeastern and southiestern parts of Tugy whereas it rises to aroundG

in much of the Black Sea and Marmara regiofhe models also highlight that in
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winter the changes are relatively small whereas in transition seasons they inagkase

make peak in summgr G¢ v e n;, MOERUO- GGDEM - Department of Climate
Change, 2012MloEU, 2013andOECD, 2013).

Table 26. Projected seasonal surface chand€3 in the last 36year period 2071

2099 relative to baseline climaté 9611990 according tdifferent scenario

(Source MoEU, 2013

simulations.

. Winter Spring Summer Fall
Scenario | GCM W o W o W B W E
ECHAMS | 2.9 3.4 3.1 4.1 4.7 5.2 4.0 4.4
A2 HadCM3 | 3.4 3.8 3.7 4.1 6.9 6.1 4.0 4.3
CCSM3 2.5 29 3.6 3.5 6.4 6.8 49 59
A1FI CCSM3 3.5 4.0 4.8 49 6.9 7.3 5.5 6.8
Bl CCSM3 1.3 1.5 1.7 1.7 3.3 3.4 25 3.0

* W indicates the western half of TurkegdE indicates eastern half of Turkey.
* ECHAMS: European Centardamburg, Version 5
* HadCM3: Hadley Centre Coupled Model, Version 3

* CCSM3: Community Climate System Model, Version 3

*A2, A1FI, B2

According to latest outputs @iurkish State Meteorobical ServicgSMSY s

project

called &limate Projections for Turkéywith different global models and scenarios

[one of them:Hadley Centre Global Environment Model VersionEarth System

8 A2 Scenarios: Relatively slow demographic transition and relatively slowecgence in regional
fertility patterns. Relatively slow convergence in iategional GDP per capita differences. Relatively
slow enduse and suppigide energy efficiency improvements (compared to other storylines). Delayed
development of renewable enerdyo 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 hilding, 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, includiaoeduc

High economic growth in all regions, with significant catghin the presently lesgeveloped regions

that leads to a substantial reduction in present income disparities. Comparatively small increase in
energy demand because of dematerializaticgcohomic activities, saturation of materiahd energy
intensive activities (e.g. car ownership), and effective innovation and implementation of measures to
improve energy efficiency. Timely and effective development offosgil energy supply options i
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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(HadGEM2ES) GCM with Representative Concentration Pathw&aP 4.5’ and

RCP8.39 for a period between the years 2€A@9 temperature difference values

tend to increase from now to until the end of the century in both scenarios. According

to RCP4.5cenarigin the first period (201:2040),annual mean temperatsiacrease

about 1.52 AC whereassummer temperatusd@ncreaseabout 23 AC especially in

Marmara and west of Black Sea Regibnsecond period (2042070),in spring and

autumn, temperaturéscrease about-3 AC while up to4 AC inclineis in summerIn

last period (207-2099),temperatures increase ab@uiC in winter andabout 34C in

spring and autumriTemperaturesncrease up to %C in summes in the Southeast

Anatolia Region and @stal part of the Aegean RegioAccording to RCP8.5

scenario, m thefirst period (2012040), spring and summer temperaturegease
about 3A CIn the second period (20£D70), about B A Gncrease isn the winter
and spri PAgC ti

temperature, about-8 A C

n

aut umn

summer temperaturén thelast period (207:2099), about 3t A Gncreasds in west

of Trabzon and Mersin linandabout 45 A C

winter temperaturdn South East Anatolia Region, an increasatsut 6A C

n

east

and autumn temperaturehile an increase exceeding®C i n
throughout the countrffable 27) (Demircanet al.,2014)

of

enmperatu

Trabzon and

n

summer

spring
temper a

Table 2.7. Comparison projected temperatures between RCP4.5 and RCP8.5

scenarios by seasons in three different psriod

(Source. Demircagt al.,2014)

RCP45 | RCP85 | RCP45 | RCP85 | RCP45 | RCP85 | RCP45 | RCP85
Period Winter Spring Summer Autumn
20132040 | 1.52 1-2 1.52 2-3 2-3 153 | 1.52 | 153
20412071 | 1.52 2-3 2-3 35 2-4 45 2-4 35
20712099 | 2-3 35 2-4 4-6 35 5-6 35 4-6

9 RCP4.5: Gobal annual GHG emissions (measured in @@Rivalents) peak around 20408en

declire.

10 RCP8.5 Emissions catinue to rise throughout the 2¢entury
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Summary ofChange in Precipitation PatternsMean annuatainfall is predicted to
show a significant decline trerty as much ag&5% in the southern ECA countries
(Figure2.40). As it is understood from the FiguBe34, Turkeyis one of the counes
whichwill experience drastic decreasaheECA region Besides, in southeast Europe
countries precipitation intensity will differ drastically in annual runoff (a measure of

water availability).Theywill have an average decrease of 25%.

% Change

B -15t0-10 Oto5
-10to-5 ® 5t010
5to0 B 10to 15

Figure 2.40. The map shows the precipitation change in mean annual rdorféte
years 203€@049relative tobaseline climate (1980999) by using 20 GCMs
[SourceWestphal 2008(obtained from the World Bank, 2009)]

According toresults of the ECHAMS A2 simulation which was used to prepare
Turkeyobds National Cli mate Change Adapt at
30-year period (201-2040) winter and spring precipitati increases up 30% for much

of Turkey whereas for th secon@®0-year period (2042070)winter precipitatiorwill

decreaselp to 20%in the soutlkrn and western parts of Turkey decrease is also
projected for pring precipitation in the southern and central parts of Tu®eythe

other hand, in both seass, an increase 8mulatedin the northern part®lthough

changes inlte pattern of thewinter precipitationin the last period (2072099) are

similar tothat of second period, the strength of changes is diffdtesprojected that

the areas withhe decline pattern iprecipitaton will become much dryer whilée
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areas withincline pattern irprecipitation become much wetter in the last periéd.
decline trend is also simulated for spring precipatatduring the last period over
Turkeyexcept Back Sea Region whethe precipitation is estimated to increads.a
consequence, the ECHAMS simulation highlights the areas as hstrsfeins of the
strength of changes in precipitation: Mediterranean and Sastdre Anatolid&kegions
with significant reductions and Black S&&gion with significant increasds. the rest
of Turkey, the changes will be relatively smi@igure2.41) (MoEU, 2013).
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Figure 241 The maps, which are based on the A2 scenario simulatioe of th
ECHAMS GCM, display the simulated changes in precipitation (%) for winter (left
column) and spring (right column) relative to baseline climate (119&D).
(Source. MoEU, 2013)
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As there are different climate models and scenarios to project climaitgecgkbally,
in Table 28 the comparison of ECHAMS based on A2 scenario with the other GCMs
such as HadCM3 based on A2 scenanm CCSM3 based on A2, A1FI and Bl

scenarios in the context of precipitation projections in Turkey is presented.

Table 28. Projected seasonal precipitation changes (%) in 208D period over
19611990 period based on different scenario simulations.
(Source. MoEU, 2013)

Scenario GCM Winter Spring Summer Fall

N | st2] N S N S N S

ECHAM5! | +13 |-17|+15| 23 | -23 | -30 | 4 +4
A2 HadCM3“ | -25 | -26| -1 | -28 | -48 | -61 | +3 | +21
ccsm3® 6 |-32|-21| -36 | -33 | 62| -6 | -23

AlFl CCSM3 -06 |-35| -830 | 47 | -57 | -70 | -1.5 | -10
Bl CCSM3 -06 |-14| -10 | -28 | -19 | 40 | -7 | -16

According to Climate Projections for Turkd3rojectpreparedwith HadGEM2ES
GCMthat issimulated by RCP 4.5 scenario for a period between the years22093

in first period (20132040), an increase in precipitation during the winter months in
the coast part of the Aegean, middle part of the Black Sea and EatsliarRegions
whereas @ecrease about 20&in the springn many regionsn second period (2041
2070), decrease about 20% in winter precipitai®imn East Anatolia, Southeast
Anatolia and central and eastern parts of Mediterranean regisa. deerease around
30% in summer season in Eastern Anatdlpart from coastal part of the Aegean
Region and a smafiart of Central Anatolia Region, a decrease in precipitatiom is i

the autumnrall over Turkey In last period (207-2099),especially along caal line

11N indicates the northern half of Turkey

12 5 indicates southern half of Turkey

13 European Centddamburg, Version 5

4 Hadley Centre Coupled Model, Version 3
15 Community Climate System Model, Veosi 3
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except South East Anatolia Regianis an increase about 10%.dta 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 Refpant from coastal

part of the Aegean, the Marmara and the Black Sea Redishadecrease up to 40%

in summer precipitatianin autumn,a decreasas in precipitation over Turkey

(Demircanet al.,2014).In the study, outputs alsocludethe results of th&@CP 8.5

scenario The

is presented in Table®.

compari son

tabl e whi

ch shows

Table 29. Comparison projected precipitation between RCP4.5 and RCP8.5
scenarios by seasons in three défdrperiods (%)
(Source. Demircagt al.,2014)

RCP45 | RCP85 | RCP45 | RCP85 | RCP45 | RCP85 | RCP45 | RCP85
Period Winter Spring Summer Autumn
20132040 | -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 | -50A460 | -50/+60 | -40/+10 | -40/+10
20712099 | -20/+30| -30/+50 | -50/+20 | -50/+30 | -50/+50 | -50/+60 | -50/+10 | -50/+10

Summary ofthe Rising Risk of Extreme Weathé&tvents Extreme events that might

affect the daily life in a negative wagre calculated using daily kes of climate

variables such as daily maximum and minimum temperatures and daily precipitation.

The annual changes in two of such variabldst spell and heavy rainy daysare
presented in Figure £2 for three different period@-irst Period2011-2040; Second
Period:2041-207Q and Third Period:20712099). These changes are based on the

ECHAMS

A2 si mul a Theyane®sEmeis their dueation ana spatial

extent.The hot spell is defied asa period of consecutive days in which the maxin

temperature exceeds 20. The heavyrainy daysaredefined aghe number of days

with precipitationgreater tharf0 kgm?. Although the number of hot spell periods

change relatively small in the first period, it increasestantiallyup to 10 daysn

the South-eastern Anatolid&kegion and codal areas of the Mediterraneamdronin

the third periodln the first period, the number of heaxginy days increase all over
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Turkey,while anincreaseup to 10 dayss in the northwestern parts of the Anatah
Peninsula. In the second atie third periodsa decrease up to 10 days is projedted
the Mediterranean arfsbuth-eastern Anatoli&egions whilean increase is projected
in the Black SeaCentral ancEastern Anatolia regionoEU, 2013)
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Figure 242. Projections ofAnnual Changewhich are based dine A2 scenario
simulation of the ECHAM5 GCMompareto 19621990 inhot spell (left column)
andheavyrainy days(right column) (based on).
(Source. MoEU, 2013)

In sumnary, it is understood that GCMs have been developed by different research
groups and organizations over the yelrshe context of model estimations, there are

magnitude differences between different scenario simulations of the same GCM or
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between diffeent GCM simulations of the same scenafioough some differences in
magnitudes, there are consistent trends in all the model simuldtonsing on
Turkey. All simulations agree on a temperatumereaseand a precipitation increase
and decrease by regisin Turkey in the 23 century.An increase of a few degrees in
weather conditions means extreme temperatures and a significagdse in heavy
precipitations. Hence, Climate Change may manifest iisetie followingforms in
Turkey:
1 Increase in smmer temperatures, reduce in winter precipitation (especially in
the western provinces),asmer winters with less snow;
1 Increase in the frequency and severity of drolghpecially in in the South,
Southeast and West Regioasid heat waves
Severe drougt will lead to an increase in forest fires
Increasing irregularity in rainfall patterns;
Increase irshort term sudden heavy rainfall ahdindery showers resulting in
flash floods
Gradual shifting of the seasons;
Lossof surface waters, more frequenid seasons, degradation of soil, erosion
in coastal regioneesulting indirect threats to water resourges
1 Increase inintensity of wind and rain caumgy severe floods and landslides
(especially in the Western Black Sea Region);
1 Continued sea level egespecially Istanbul and Izmir is under threaf)h
possibility of saltwater intrusign
1 Eutrophication and salination of shallow laksa d € o j | @QECD,20L3; 2 ;
and MoEU, 2013).

To conclude, climate change is a kind of triggering mechanism and / or has multiplier
effect on the extent of several natural hazardshesntimber and intensity of hazards

are likely to be expected to riseie to changing climate. Therefore, it is important to
include dimate changento arisk 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 antimely mannerHowever, as it is highlighted in the

Turkeybés Fifth National Communicati on
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achievements in applied climate science in Turkey, only a few set of variables and
statistics have been produced due toyvémited demand for climate projection
products. Moreovethe climate research community has not been encourageaitp

and there is a lack of strategic road map to establish a national climate research
program and / or define a national research dgévoEU, 2013).

2.3, Anticipated Impacts of Climate Changeon Tangible Cultural Heritage

The impacts of climate changeeusually analyzed for several sectors such as energy,
agriculture, water, food security, foresttyansportationgtc. but few stidies have
specifically quantified the effects of changes on tangible cultural heritegyéhe
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 keytthraahy
tangible cultural heritagproperties. Indeed, the conservation of the tangible cultural
heritage and its economisocial, and cultural contribution to society is being
challenged by the changes in temperature, rainfall patterns, frequencyearsitynof
flooding, and a potential increase in storminess, sea level and coastal dbesipite

the fact thaprojected climate changes associatdticause changes ithe magnitude
and the seasonal variations of temperature and precipitation pattenasy partof

the globe,it is still less knowm the magnitude and consequenoéghe effects of
climate changentangible cultual heritage

The stock of buildings of historic and cultural significancékisly to be hit hard by
climate related imactsbecause of their fragility and agehanges irclimate systems

will, therefore, influence the conservation conditions for tangible cultural heritage, and
make the sustainability of tangible cultural heritage more difficult. However, not just
cimatedrange itself but also societyds copin
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
changs in the climatd UNESCO, 2005)The unfavorable impacts of climate change

on the tandile cultural heritage over theenturyhave,therefore,newly become a

75



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 sherttime periods [recent past (196290), near future (2010

2039) and far future (2072099)] (Cassar and Pender, 2008Jhile conducting the
models, climate parameters (temperature derived parametarsge, freezg¢haw,
thermal shock; water derived paratersi precipitation, humidity cycles, time of
wetness; wind derived parametsrid, wind driven rain, sand and salthich are

most likely to be critical to tangible cultural heritagperties and their interaction

are a matter otoncern. Besideghe pollution derived parametefSulfur dioxide

(SOy), nitrogen oxidesNOx), elemental carbon and pldre also taken into account.

The daily, monthly,seasonaland yearly outputs of the models have been used to

elaborate critical impacts on the tangibtdtural heritagéSabbioniet al., 200@).

Europe has alreadybeen experiencethe consequences of changing climate over
recent decade#t sesto continue and intensifgverthis centuryhence,t is a very
real t hr eat cukueakheriagg InEhe followingsbitsectionsthese treats
are presented within the framework tfaditional materials andleterioration

processes.

2.3.1. Stone and BrickDeterioration

Salt weathering,frost, thermoclastism,surface recession, biodeterioration and
blackening are the most important damage processes that act synergistically on the
built heritage made of ston®orous stones, both natural and maade bricks and
mortars are affected by salt crystallization and frost. Particularly in urban
environmerd, carbonate stones mostly undergo surface recession (chemical
dissolution) and blackeninghile marble and granite are particularly susceptible to
thermoclastism (thermal crackingfs they are initiated and controlled by the
interaction between stone aexiogenic factors such as climate aodpollution,some
processes will baccelerated 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 thre® 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 \ater freezing{Sabbioniet al.,2010).

(i) Salt crystallization It is one of the most recurrent and severe dgragesses,
which hasdamageo European tangible cultural heritagehls long been know that
masonries are susceptible to deterioratiomnvhaltscrystals grow within the pores
Saltsarepasedthrough and transpatinto buildings in many ways, such iassaline
content of the rainfaland driving rain by capillary rise from groundwater and soil
water, by splasing from run-off wateronimpermeable surfaces, in fog and déwy,
sea floods and as sea spraig (Figure 243). When the dampness evaporates from
the walls the salts are left behin@hey slowly accumulag to the point where there
are sufficient to cause damagdwen, the madrials are disrupted; and after a repeated
number of weathering cyclestqgressive decay of masorwften occurdy fretting
that resultsn loss of surface skiné\s it affects the durability of porous materials, it
posesa problem tomasonry(Figure 244) (Young, 2008; McAllister, McCabe,
Srinivasan, Smith and Warke, 2011; and Viles, 2012).

In order to assegbe durability ofthe stone thecyclic crystallization of salts within a
porous building stone has often been usdtk Building Research Estakiiment,
which has long been a souraed 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 subjettedst 15 test
cycles to assess durability of porous building stofMsh'd, Howarth and Bland,
1996).
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Figure 2.43. (a) Many souices of damp in wallgb) causes of salt attack in buildings
[Source(a) Young, 2008 and (b) Ahmad and Rahman, 2010]

(b)
Figure 244. (a) Salt attack in bricksause extensive fretting, crumbling and logs
kiln-hardened outer firgkin of the brickand(b)l oss of the sandstoneos
casehardened surface occurs due to moisture and salts which are trapped into the
stone by the mappropriate 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 tempexadure
moisture content (McAllisteet al, 2011; and Viles, 2012J.he recent results show

that the number of transitions between crystalline solids to electrolyte solutions
increases substantially over the period 12629 due to lower relative humidity in
summersfor instance, sodium chloride crystallizelsen relative humidity falls below

75.5 % (Figure 28). 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).
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Figure 2.45. The maps of changes iialative humidity cycles (events / yeafow
thechanges in thphase transition (dissolution and crystallization eve(@3)change
from recent past to near future;dafb) change from recent past to far future.
(Source. Sabbioret al.,2010)

(i) Frost damagelt is the result of an increase in water volume when freezing within
pores or fissureS.he severity of the effect is related to the intensity, rate andiolurat
of freezing, the cyclic action, and interstitial moistytéall, 2004). The greatest
number of fluctuations often aroundAQ can amplify the risk of frost damage as a
result of the anticipated climate chande. overall mean temperatures for the next
century are predicted to increase up #C5n Europe, phase changes, which happen
at a very precise temperatwaedare very sensitive to small changdee pattern may

change The changing pattern of the frequency of fré¢lzaw cycles and wetost
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