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ABSTRACT 

 

ARCHITECTURAL DESIGN  FOR CLIMATE CHANGE M ITIGATION 

AND ADAPTATION STRAT EGIES IN EXISTING BU ILDINGS  

 

Akkºse, GĶzem 

Master of Architecture, Architecture 

Supervisor: Assoc. Prof. Dr. Ķpek G¿rsel Dino 

Co-Supervisor: Assist. Prof. Dr. ¢aĵla Meral Akg¿l 

 

September 2019, 169 pages 

 

Climate change has been proven largely to be a consequence of human activities and 

has a destructive impact on ecosystems. Societies and economies have become a 

growing global concern for the last few years and the building industry has a key role 

in this change due to its huge amount of environmental footprint. The energy 

consumption and greenhouse gases emissions of the built environment influence the 

climate in a negative way while the changing climate also influences the energy and 

thermal performance of the built environment and comfort and health of users. In this 

thesis, architectural design strategies for existing buildings that aim for climate change 

mitigation and adaptation are explored using research through design and a 

simulation-based quantitative approach is adopted. A design method is proposed in 

order to reduce the reciprocal influence of the built environment and climate change. 

The method is implemented in an educational building in Ankara by the aim of testing 

and verification. The aim is to evaluate the impacts of climate change predictions 

together with urban heat island effect on energy and thermal performance of existing 

buildings and to improve the performance of buildings through dynamic energy 

simulation software and passive architectural design techniques. The main 

contribution of the thesis is to understand the effects and interactions of different 
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design alternatives on the building performance and to develop the most effective and 

feasible design approach which can support the designers throughout the design 

processes for climate resilience in existing buildings. 

 

Keywords: Climate change, Passive design, Existing buildings, Building performance, 

Building energy simulation  
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¥Z 

 

MEVCUT BĶNALARDA ĶKLĶM DEĴĶķĶKLĶĴĶ HAFĶFLETME VE 

ADAPTASYON STRATEJĶLERĶ Ķ¢ĶN MĶMARĶ TASARIM 

 

Akkºse, GĶzem 

Y¿ksek Lisans, Mimarlēk 

Tez Danēĸmanē: Do­. Dr. Ķpek G¿rsel Dino 

Ortak Tez Danēĸmanē: Dr. ¥ĵr. ¦yesi ¢aĵla Meral Akg¿l 

 

Eyl¿l 2019, 169 sayfa 

 

Ķklim deĵiĸikliĵinin b¿y¿k ºl­¿de insan faaliyetlerinin bir sonucu olduĵu ve 

ekosistemler ¿zerinde yēkēcē etkileri olduĵu kanētlanmēĸtēr. Bu baĵlamda, iklim 

deĵiĸikliĵinin toplumlar ve ekonomiler ¿zerinde etkileri etkileri son birka­ yēldēr 

b¿y¿yen k¿resel bir endiĸe haline gelmiĸtir ve inĸaat end¿strisi b¿y¿k miktardaki 

ekolojik ayak izi nedeniyle bu deĵiĸimde kilit bir rol oynamaktadēr. Yapēlē ­evrenin 

enerji t¿ketimi ve sera gazē emisyonlarē iklimi olumsuz yºnde etkilerken, deĵiĸen 

iklim de yapēlē ­evrenin enerji ve ēsēl performansēnē aynē zamanda kullanēcēlarēnēn 

rahatlēĵēnē ve saĵlēĵēnē etkilemektedir. Ķklim ve yapēlē ­evre arasēnda karĸēlēklē olarak 

bir etkileĸim ve dinamik bir diyalog sºz konusudur. Bu tezde, mevcut binalara yºnelik 

olarak iklim deĵiĸikliĵinin azaltēlmasē ve adaptasyonunu hedefleyen mimari tasarēm 

stratejileri tasarēm araĸtērmalarē kullanēlarak incelenmiĸ ve sim¿lasyon temelli nicel 

bir yaklaĸēm benimsenmiĸtir. Yapēlē ­evrenin ve iklim deĵiĸikliĵinin karĸēlēklē 

etkilerini azaltmak i­in bir tasarēm yºntemi ºnerilmektedir. Bu yºntem, Ankara'daki 

bir eĵitim binasēna test etme ve doĵrulama amacē ile uygulanmaktadēr. Tezin amacē, 

iklim deĵiĸikliĵine ait tahminlerin kentsel ēsē adasē etkisi ile birlikte mevcut binalarēn 

enerji ve ēsēl performanslarē ¿zerindeki etkilerini dinamik enerji sim¿lasyonu yazēlēmē 

kullanēlarak detaylē bir ĸekilde deĵerlendirmek ve binalarēn performanslarēnē pasif 
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mimari tasarēm teknikleri kullanarak iyileĸtirmektir. Tezin ana katkēlarēndan biri, 

farklē tasarēm alternatiflerinin bina performansēna etkilerini ve birbirleri ile 

etkileĸimlerini anlamaya yardēmcē olmasēdēr. Bir diĵeri ise, mevcut binalarda iklim 

direnci i­in tasarēm s¿recinde tasarēmcēlarē destekleyen en etkili ve uygulanabilir 

tasarēm yaklaĸēmlarē geliĸtirmeye katkē saĵlamasēdēr. 

 

Anahtar Kelimeler: Ķklim deĵiĸikliĵi, Pasif tasarēm, Mevcut binalar, Bina performansē, 

Bina enerji sim¿lasyonu 
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CHAPTER 1  

 

1. INTRODUCTION  

 

"The world will not be destroyed by those who do evil, but by those who watch them 

without doing anything." ~ Albert Einstein 

1.1. Background 

A global crisis - Climate Change 

ñWarming of the climate system is unequivocal, and since the 1950s, many of the 

observed changes are unprecedented over decades to millennia. The atmosphere 

and ocean have warmed, the amounts of snow and ice have diminished, and sea 

level has risen.ò Fifth Assessment Report from the UN Intergovernmental Panel 

on Climate Change (IPCC), 2014. 

Climate change is not a problem of the future, but rather it is a problem of the present. 

It has become a compelling, threatening, and devastating reality a long time ago. In 

other words, climate change has become a global crisis in every aspect. Many negative 

impacts of climate change on human health, earth ecosystems, economy, and society 

have begun to be experienced such as wildfires in California in 2018 or Hurricane 

Harvey in 2017. NASA reports that the average temperature of the Earth has already 

risen nearly 1ÁC since the late 19th century and the global temperature has been 

recorded eighteen of the 19 warmest years since 2001. Besides, warming oceans, 

shrinking ice sheets, glacial retreat, a serious reduction in snow and ice covers, risen 

of sea levels, extreme events and ocean acidification has been recorded in last century 

(National Aeronautics and Space Administration [NASA], n.d.). These changes are 
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driven mostly by increasing levels of carbon dioxide and other anthropogenic1 

emissions into the atmosphere (IPCC, 2014). The industrial, agricultural, and 

transportation activities, and human settlements on which the modern civilization 

depends upon produced greenhouse gases such as carbon dioxide, methane, and 

nitrous oxide. These activities have raised atmospheric carbon dioxide (CO2) levels 

from 280 parts per million (ppm) to 412 ppm in the last 150 years (National 

Aeronautics and Space Administration [NASA], n.d.). 

The human-induced impacts are expected to continue to increase with the growing 

population and increasing consumption. IPCC (2014) estimates that  

¶ temperatures will continue to rise,  

¶ precipitation patterns will change,  

¶ extreme events such as hurricanes, storms, floods will become stronger and 

more intense,  

¶ sea levels will rise and the Arctic will likely become ice-free (IPCC, 2014).  

The climatic models point out that the global temperature will rise approximately plus 

1.5ÁC by 2050 and 2-4ÁC by 2080 and the atmospheric concentration of CO2 will have 

increased to 600ppm. Moreover, in IPCC AR5 report (2014), it is predicted that 

climate-related risks to human health, livelihoods, food security, human security, and 

water supply will all increase.  

Buildings and Climate Change 

Regarding the facts mentioned above, it is obvious that there is a strong relationship 

between climate change, greenhouse gases (GHG) emissions, and energy 

consumption in the fields of industry, agriculture, transportation, and human 

settlements. In this context, buildings are a significant contributor to GHG emissions. 

Smith (2005) indicates that building constructions, renovation works, and operations 

                                                 
1Anthropogenic: Relating to, or resulting from the influence of human beings on nature. https://www.merriam-

webster.com/dictionary/anthropogenic. July 2019. 

https://www.merriam-webster.com/dictionary/anthropogenic
https://www.merriam-webster.com/dictionary/anthropogenic
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consume more neutral resources and more energy than any other human activities and 

they generate huge amounts of greenhouse gases, toxic air, CO2 and water pollutants 

(Smith, 2005). In another study, the IPCC report (2014) states that the final energy use 

of buildings in 2010 generated 32% of total global energy use, 19% of energy-related 

GHG emissions and approximately one-third of black carbon emissions (IPCC, 2014). 

In line with these facts, buildings play a leading role in climate change crises.  

There is a complex interaction between buildings and the changing climate. Just as the 

building-related emissions have impacts on climate change, the changing climate has 

an impact on building systems and performance. The shift in energy use and thermal 

comfort, HVAC capacity mismatch, problems caused by overloading, and inefficiency 

and malfunction in the building systems can be observed as a consequence of the 

climate change impacts on buildings (De Wilde and Coley, 2012). Furthermore, these 

impacts have potential consequences for building occupants such as discomfort, 

illness, morality, or reduction of productivity and performance. All these problems 

result in a feedback loop where an increase in building emissions contributes to 

further anthropogenic climate change (De Wilde and Coley, 2012, p.1). 

 

1.2. Problem Statement 

Climate change and architecture: Climate change is one of the main challenges facing 

humankind in the 21st century. At current rates of warming, it is estimated that many 

cities will become uninhabitable due to extreme events including floods, wildfires, 

drought and heatwaves and this is predicted to trigger mass migration (Murray, 2019). 

A research conducted in the Crowther Laboratory at the ETH University in Zurich, 

Switzerland examined how climate change will affect the world's top 520 cities by 

2050. According to this research, 77% of the cities around the world will experience 

a striking change of climate conditions, and the other 22% will encounter conditions 

that currently donôt exist (Bastin et al., 2019). Throughout Europe, the temperature of 

cities will be 3.5ÁC warmer in summers, 4.5ÁC in winters. This implies that London 

can be as warm as todayôs Barcelona, Ķstanbul todayôs Rome, Ankara todayôs 



 

 

 

4 

 

Tashkent (Bastin et al., 2019). These estimations make it clear that the built 

environment will be severely and intensely affected by climate change. In line with 

these facts, it is obvious that architecture is part of this crisis, both affecting and 

affected factor and architecture should respond to the changing climate. However, 

although the signs and predictions are so vital, the knowledge gap still exists 

corresponding with how emissions from built environments can be mitigated and, 

simultaneously, how buildings and their occupants can adapt to the changes in global 

and local climate. This gap is need to be filled with the development of a new form of 

architecture that can adapt to climate change, cope with extreme events and reduce 

damage to the environment. Moreover, this approach should be in dialogue with 

different disciplines that include urban design, engineering, physics, climatology, 

physiology, psychology, material science and biosciences, in order to address the 

complex requirements of climate change mitigation and adaptation processes. 

Consequently, buildings need to be designed and operated according to both dynamic 

environmental forces and comfort and health of their users with efficient use of energy 

and without harmful wastes and emissions all around the world. 

Climate change and existing building performance: Newly designed buildings are not 

sufficient to deal with the climate crisis because they constitute only around 1.0-3.0% 

per annum compared to the existing buildings (Ma, Cooper, Daly, & Ledo, 2012). 

Buildings constructed in late 20th century have already started to perform poorly in 

summer because they are characterized by lightweight, poorly insulated construction, 

large openings, unshaded glazing, and poor ventilation (Gething & Puckett, 2013). It 

is also an undeniable fact that existing buildings are an effective way to minimize the 

negative impacts of the warming climate, considering that buildings have a relatively 

long life-cycle. Therefore, it is essential to focus on the existing buildings stock for 

energy efficiency and thermal comfort interventions and to provide their mitigation 

and adaptation to climate change. In many instances, however, there is a general lack 

of relating to the variability of future climatic conditions to existing building 

performance. In consideration of some intergovernmental agreements on climate 
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change such as the Paris Agreement, climate change adaptation policies have started 

to be implemented for existing buildings, but these projects show too slow progress.  

Microclimate and existing building performance: In order to analyze the performance 

of existing buildings more accurately and reliably, microclimatic conditions need to 

be included in the design process. The built forms in cities create a unique, and site-

specific climatic conditions and the climatic conditions in the cities differ from their 

surrounding rural areas. Generally, urban areas are in a tendency to be warmer than 

rural areas regarding to the thermal and optical qualities of finishing materials, 

geometry, spacing, orientation, and energy consumption of buildings and the use of 

green and blue infrastructures. This phenomenon is called the urban heat island (UHI) 

effect, one of the well-known forms of local anthropogenic climate change 

(Kleerekoper, Van Esch, & Salcedo 2012). As UHI effect causes a major increase in 

the outdoor temperature, it is directly associated with energy and thermal performance 

of existing buildings. However, the climatic data are generally collected at rural areas, 

outside of the urban belt, and UHI effect and its possible impacts on the temperature 

are neglected in general. 

Energy consumption and thermal comfort in educational buildings: Educational 

buildings constitute a significant majority of the above-stated existing building stock. 

For instance, in Europe, they together with office buildings account for about 40% of 

the non-residential floor spaces (Ascione, Bianco, De Masi, deôRossi, & Vanoli, 

2017). In line with this, they are responsible for the high energy consumption of up to 

18 percent within the non-industrial energy usage and a considerable amount of this 

energy is used to provide thermal comfort (Ascione et al., 2017 and Zomorodian, 

Tahsildoost, & Hafezi, 2016). Thermal comfort is one of the determinative indoor 

environment variables that affect physical and psychological health, productivity, and 

performance of users (Katafygiotou and Serghides, 2014). In this context, educational 

buildings with high occupant density in classrooms are unique and critical instances. 

. Their thermal conditions have the power to enhance and/or detract from the learning 

process and the performance and productivity of students and teachers (Sanoff, 2001). 
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Besides, thermal comfort perception varies according age, and students have a higher 

sensitivity towards hot temperatures relatively to their body weights and their tissues 

and differences in their metabolismic rates (Katafygiotou and Serghides, 2014). In 

other words, students are more vulnerable to poor thermal comfort conditions. 

Existing studies further show that in many instances, educational buildings are 

designed and constructed with disregard of the above-mentioned criteria 

(Katafygiotou and Serghides, 2014). That results in improper and poorly performed 

educational buildings in many countries.  

As a result of above-mentioned considerations, architectural design requires a new 

approach that combines the built and natural environments, weather, climate, and 

human activity, behavior, and needs. The role of climate and climate change, 

microclimate or UHI effects and the preferences of building occupants need to be 

incorporated into the building design process. This thesis represents a comprehensive 

study of the interrelationship between the design variables associated with these 

metrics for the existing educational building. 

 

1.3. Aims and Objectives 

The main aim of this thesis is to evaluate and predict the impact of current and future 

variable climatic patterns on existing educational buildings energy and thermal 

performance and develop a framework of the design process in order to improve the 

energy demand and thermal comfort using simulation tools. In this regard, 

intervention scenarios are determined through passive design techniques as mitigation 

and adaptation strategies to achieve the development of the framework based on the 

selected representative school building. The scenarios need to be adapted to the 

context of Ankara, Turkey through the effective use of building materials and shading 

elements, the alteration of the fa­ade configuration and the combination of various 

design parameters.  
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The proposed framework aims to support designers in the understanding of the 

different alternatives and proper selection among them.  

In summary, the following specific focuses are to be succeeded in this research; 

¶ An understanding of climatic conditions of Ankara corresponding with 

climate change and urban heat island effect; 

¶ The evaluation of the combined effects of current and future variable climatic 

patterns with urban heat island effect on energy and thermal performance of 

the selected educational building through modeling and simulation; 

¶ Identification of the intervention scenarios to improve the performance of the 

current design, based on passive design techniques and quantifying the 

effectiveness of these scenarios. 

¶ Developing a guideline and recommendations for existing educational 

buildings towards mitigation and adaptation in/to climate change. 

 

1.4. Research Questions 

Considering the discussion in the previous sections, this thesis seeks to answer the 

following main question:  

 

What is a viable design method that can support design activities for climate 

change adaptation and mitigation in existing buildings? 

 

To answer the main question, several sub-questions need to be examined thoroughly, 

as follows: 

1) How can passive design techniques be employed in the existing educational 

buildings to provide the right balance between energy performance and 

thermal comfort under the future climatic conditions and further mitigate and 

adapt climate change?  
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2) How do the varying future climatic conditions and urban heat island (UHI) 

influence the outdoor temperature? 

3) How do the varying future climatic conditions modified with UHI affect the 

energy and thermal performance of existing (educational) buildings?  

4) How can passive design techniques be effective in improvement of the 

performance of educational buildings? 

5) What are the most influential techniques for both energy efficiency and 

thermal comfort 

 

1.5. Scope of the Thesis 

Architectural design for climate change has a large research domain. To ensure the 

quality and clarity of the research, the thesis needs to be concentrated on its specific 

aims and objectives as described above. The scope of this thesis will be limited to 

and excluded some specific aspects as follows: 

 

¶ Existing buildings particularly educational buildings are the main focus of 

this research. The other building types are not investigated. 

¶ This research examines only the adaptation and improvement strategies on 

the building-scale. The urban-scale issues such as urban design, urban 

morphology and arrangement, and landscape design are out of the scope of 

this research.  

¶ This thesis only focuses on passive design strategies. Active strategies such 

as photovoltaics, solar thermal collectors, mechanical systems, or efficient 

lighting and its impacts on the building performance are not included in the 

scope. 

¶ One of the main subjects of this research is energy efficiency and thermal 

comfort. Indoor air quality, visual and acoustic comfort are not included in 

terms of comfort-related issue and it is assumed that thermal comfort is 
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independent of other issues. In terms of energy efficiency, requirements of 

heating and cooling and solar gain are focused on. The other issues such as 

lighting, equipment demand, and so on are excluded. 

¶ Analyses of the climatic conditions were conducted only for Ankara, Turkey 

in this research. 

 

1.6. Thesis Methodology 

This research is based on a systematic methodology that is underpinned by building 

performance analysis through quantitative simulation. A design method is proposed 

that can help architects during the design processes of climate change adaptation and 

mitigation of existing buildings. The method seeks to incorporate the impact of the 

current and future climatic conditions modified with urban heat island effect on the 

performance of existing educational buildings and to provide guidance in the 

development and analysis of passive design scenarios. The research presented in this 

thesis consists of several steps, as indicated below: 

 

a) An extensive literature review on climate and the built environment, urban 

heat island effect and its relationship with climate change, thermal comfort 

and comfort requirements in educational buildings, and architectural design 

approaches as mitigation and adaptation strategies to cope with the changing 

climate and warming temperature. 

b) The assessment or analysis of current and future climate data with urban heat 

island effect and selection of climate scenarios to construct whole-building 

model simulations of the building. 

c) The development of a simulation-based computational method to analyze the 

current performance of building and the impact of changing climate on the 

energy and thermal performances. 
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d) The identification and examination of mitigation and adaptation strategies on 

an individual basis to decrease the energy demand and to improve thermal 

comfort by material and design modification. 

e) The determination of combinations consists of the most effective strategies 

among the energy efficiency and comfort, usable by designers. 

 

1.7. Thesis Structure 

This thesis constitutes of six chapters, shown as Figure 1.1. In the first chapter, a brief 

introduction, conceptual background, problem statement, aims and objectives, 

research questions, thesis methodology, and the main structure of the thesis are 

presented. The second chapter covers a comprehensive literature review of the main 

issues in accordance with the aims and objectives of the research included climate 

change impacts, urban heat island effect, thermal comfort, and architectural design 

solutions as mitigation and adaptation strategies in climate change. The third chapter 

represents the methodology of the thesis that considers the design of the research. The 

fourth chapter investigates the implementation of the proposed method to the selected 

case study. Chapter five discusses the results obtained from simulation model and it 

also presents a design guideline by using the proposed framework to provide an insight 

into the building performance. In final chapter, the conclusion, limitations, and the 

possible future extensions of the thesis are outlined.  

 

https://tureng.com/tr/turkce-ingilizce/in%20accordance%20with
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Figure 1.1. The structure of the thesis 
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CHAPTER 2  

 

2. LITERATURE REVIEW  

 

This chapter provides an extensive overview of research advancements related to 

climate change and its relation with the built environment, urban heat island effect and 

its relationship with climate change, thermal comfort and comfort requirements in 

educational buildings, and architectural design approaches as mitigation and 

adaptation strategies to cope with the changing climate and warming temperature. The 

aim of the chapter is to in detail identify the aspects and problems that have been 

successfully clarified by other authors. 

 

2.1. Climate and the Built Environment 

The climate and architecture are always in a complex interaction and in a dynamic 

dialogue. Architecture modifies the climate and creates unique and site-specific 

microclimatic conditions while the climate plays an important role while designing a 

building. David Pearlmutter state that ñ. In modern times, this cycle of influence has 

been obscured, because technology and cheap fuel have allowed architects the option 

of ignoring climatic cues.ò(Pearlmutter, 2007, p.752). However, with the changing 

climate, the necessity of re-establishing the dialogue of architecture with the climate 

has become a critical issue. The following sections present the climate and built 

environment relationship with respect to climate change.  

 

2.1.1.  The Earthôs Climate System  

Climate is defined as ñthe average weather, or more rigorously, as the statistical 

description in terms of the mean and variability of relevant quantities over a period of 
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time ranging from months to thousands or millions of yearsò by Fifth Assessment 

Report (AR5) of IPCC (IPCC, 2014, p.126). The Earthôs climate system is a part of 

complex systems and in order to understand it and the climate change, it is essential 

to also understand the Earth system as encompassing the climate system. The Earth is 

made up of four independent but interconnected components called spheres that are 

the lithosphere, pedosphere, cryosphere, hydrosphere, and atmosphere. The 

lithosphere as the term given to the rock and minerals is uppermost part of the outer 

crust and it provides important minerals to the Earth. The pedosphere is the Earth's 

soil layer and also the foundation of terrestrial life. The cryosphere is the part of the 

Earth's surface where water exists as ice and there is a wide overlap with the 

hydrosphere. The hydrosphere is whole the waters on the earth's surface, such as lakes 

and seas, and sometimes including water over the earth's surface, such as clouds. The 

cryosphere and the hydrosphere are an integral part of the global climate system. 

Lastly, the atmosphere that is the most important parts of the global climate system 

consists of the thick layer of gaseous surrounding the Earth. It comprises: 78.09% 

nitrogen, 20.95% oxygen, 0.93% argon, 0.039% carbon dioxide and very small 

amounts of other gases. Moreover, atmosphere contains water vapour as a natural gas. 

These gases are often termed ógreenhouse gasesô (GHG) as they balance to maintain 

the Earth's temperature at a level suitable to sustain life. In addition to sustaining life 

chemically, the atmosphere plays an essential role in storing moisture and solar energy 

while helping transport these energies in the form of heat and to create wind and 

weather systems (Skinner and Murck, 2011). These components of the Earth that 

constantly interact and adjust to both internal and external forces constitute the climate 

system and also, Skinner and Muck (2011) claim that the anthroposphere has also 

become a key constituent of the climate system since the Industrial Revolution. In 

substance, the climate system and its components are driven by solar energy that is 

also a component of the system. Clouds, atmospheric pollutants, gases, aerosols and 

surfaces of Earth reflect back 30% of the incoming solar energy into space and 20% 

of the solar energy is absorbed and remitted by the atmosphere, ocean and land (IPCC, 
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2013). All components relating to the global climate system is shown in Figure 1.1 

schematically.  

 

Figure 2.1.  Schematic view of the components of the global climate system (Skinner et.al, 2011, 

p.380). 

Natural or human-induced factors in components of this complex and interrelated 

system and their interactions could result in climate fluctuations. The following part 

introduces various aspects of natural and anthropogenic or man-made, climate 

fluctuations or changes. 

 

2.1.2. Natural and Anthropogenic Causes and Effects of Climate Change 

Climate change can be defined as the variability of its properties that occur in different 

time scales, ranging from decades to many millions of years (IPCC, 2013). It is 

difficult to determine the responsibility of these variables, as several different 

mechanisms are responsible for them in a complex way. As stated previously, natural 

and anthropogenic factors that result in changes in the climate are observed. Natural 

factors can be listed as follows; 
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¶ Alteration of the Earthôs orbit and movements 

¶ The variation in the intensity of solar radiation (the so-called ósolar constantô) 

¶ Shift in the geological equilibrium of the planet (such as shape or position of 

the continents) 

¶ Variation in the equilibrium of oceanic currents, modification of the Earthôs 

albedo (i.e. the reflectivity of the planetôs surface and atmosphere) (Altomonte, 

2008).  

Best known examples that arise from natural factors are the Ice Age of 20.000 years 

ago and the Little Ice Age in the early Middle age and researchers have connected 

them to some possibilities and theories such as variations in Earth's orbit, cyclical lows 

in solar radiation, heightened volcanic activity, changes in the ocean circulation or 

variations in Earth's orbit. In addition to these theories, as stated in the IPCC reports 

(2014), the climate has changed both locally and globally in time and it is believed 

that carbon dioxide concentration has a role in triggering these changes. Carbon 

dioxide (CO2) that is a natural greenhouse gases and carbon cycle have a key role to 

sustain life and to stabilize the climate. CO2 absorbs less heat per molecule than the 

greenhouse gases methane or nitrous oxide, but it has more longevity in the 

atmosphere and it absorbs wavelengths of thermal energy. That is to say, it has a great 

impact on the greenhouse effect and the total energy imbalance that are responsible 

for the increase in temperature of the Earth. Compared with the natural causes, the 

pace of the increase in carbon concentration is higher in anthropogenic causes. 

Atmospheric CO2 levels from 280 parts per million (ppm) have been raised by human 

activities in the last 150 years and the current levels in the air that has reached 411 

ppm are the highest levels in 650,000 years and quite threatening (National 

Aeronautics and Space Administration [NASA], n.d.) (Figure 2.2).  
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Figure 2.2. CO2 Measurement: 2005-Present. Reprinted from Global Climate Change in NASA. 

Retrieved March 20, 2019, from https://climate.nasa.gov/vital-signs/carbon-dioxide/. 

 

Anthropogenic factors, the reason for this rapid increase, are mainly rapid population 

growth, economic, industrial and agricultural activity, urban lifestyle, energy use, land 

use patterns with huge environmental impacts, urbanization, building operations, 

technology and climate policy (IPCC, 2014). 

Human influence on the climate is explicit and the current climate change has had 

widespread and vital impacts on human and natural systems. The atmosphere and 

ocean have warmed, the amounts of snow and ice have diminished, sea level has risen, 

lakes have broken up earlier, plant and animal ranges have shifted and trees are 

flowering sooner (Figure 2.3). Moreover, changes in much extreme weathers and 

climate events such as heat waves, droughts, floods, cyclones and wildfires, reveal 

significant vulnerability and exposure of some ecosystems have been observed as the 

results of anthropogenic climate change (IPCC, Synthesis report, 2014). 

https://climate.nasa.gov/vital-signs/carbon-dioxide/


 

 

 

18 

 

 

Figure 2.3. Data of climate change impacts. Reprinted from Global Climate Change in NASA. 

Retrieved March 20, 2019, from https://climate.nasa.gov/vital-signs 

 

2.1.3. Future Scenarios 

Effects that scientists had predicted in the past would result from global climate 

change are now occurring and they are predicting in the present that the change will 

continue through the extended period of time. The future emissions of greenhouse 

gases, aerosols and other natural and man-made factors designate the future of the 

climate and future climate depends on how the Earth reacts these factors together with 

its internal variability (IPCC, 2014). There are four different scenarios depending on 

different emission scenarios that are called Representative Concentration Pathways 

(RCPs). The four RCPs, namely RCP2.6, RCP4.5, RCP6, and RCP8.5, represent 

possible changes in future anthropogenic GHG emissions and aim to represent their 

atmospheric concentrations (IPCC, 2014). These are a stringent mitigation scenario, 

two intermediate scenarios and a very high gas emissions scenario (IPCC, 2014). 

According to the best estimate scenario for the stringent mitigation (RCP2.6), it is 

https://climate.nasa.gov/vital-signs
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expected to increase the temperature 1.5ÁC-2ÁC while the estimation of the higher 

emission that is called high emission scenario RCP8.5 is that the global mean surface 

temperature would rise 2.6ÁC-4.8ÁC in 2081-2100 (Figure 2.4).  

 

Figure 2.4. Possible temperature responses to emission scenarios (IPCC AR5 p.1037) 

 

Additionally, according to IPCC (IPCC, Synthetic Report, 2014, p.10), 

ñIt is virtually certain that there will be more frequent hot and fewer cold 

temperature extremes over most land areas on daily and seasonal timescales, 

as global mean surface temperature increases. It is very likely that heat waves 

will occur with a higher frequency and longer duration. Occasional cold winter 

extremes will continue to occur.ò 

Moreover, it is predicted that the precipitation patterns will change in an uneven 

manner, the ocean will continue to warm and rise, extreme events will become 

stronger and more intense during the 21st century and the glacier volume will continue 

to shrink.  

In addition to natural hazards, there will be the impacts on the physical and 

psychological health of humans. Luber and Prudent (2009) point out that excessive 
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heat-related illnesses, and waterborne diseases, increased exposure to environmental 

toxins, exacerbation of cardiovascular, respiratory diseases will appear due to 

consequences of climate change. Moreover, mental and social health are also affected 

through flood and drought impacts on housing, food security, and livelihoods.  

 

2.1.4. Climate Change and Built Environment 

As stated previously, human development and the Earth system have an intricate 

relationship that dramatically influences each other. In this context, the built 

environment and infrastructure, man-made structures, features, and facilities that 

provide the settings for activities of humans, is one of the key drivers of the 

greenhouse gases (GHGs) especially CO2 emissions, energy consumption, and current 

and further anthropogenic climate change. 

First of all, the contribution of urban areas to climate change will be discussed. 

According to information from UN Habitat, although urban areas cover 0.5% of the 

Earthôs surface, 71 to 76% of the worldôs carbon dioxide from global final energy use 

and a significant portion of total greenhouse gas emissions are derived from urban 

areas (UN Habitat, n.d.). As cited in AR5 report of IPCC, it is reported that  

ñUrban energy related CO2 emissions at 19.8 Gt or 71% of the global total for 

the year 2006. This corresponds to 330 EJ of primary energy, of which urban 

final energy use is estimated to be at 222 EJ. The Global Energy Assessment 

provides a range of final urban energy use between 180 and 250 EJ with a 

central estimate of 240 EJ for the year 2005. This is equivalent to an urban 

share between 56% and 78% (central estimate, 76%) of global final energy 

useò (IPCC, 2014, p.935). 

Moreover, urbanization has multiple dimensions, including population size, land use, 

and density that are the main factors of anthropogenic climate change and rapid 

urbanization especially in developing countries has resulted in acceleration of the 
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global change. As a result of rapid urbanization, it is estimated that in 2030, urban 

land cover will increase by 1.2 million km2 and the world will have 43 mega-cities 

with more than 10 million inhabitants (UN Habitat, n.d.). As consequence of these, 

the most cities are expected to become uninhabitable. 

Secondly, the role of buildings in climate change will be addressed. It is indicated that 

buildings including construction, renovation works, and operations consume more 

neutral resources and more energy than any other human activity.  They generate 

approximately 33% of annual global GHG emissions that means higher emissions than 

emissions from industry and transportation, shown as Figure 2.5 (Smith, 2005 and La 

Roche, 2012). 

 

Figure 2.5. Annual global emissions according to the sectors. 

 

Generally, this number only involves emissions from a demand for energy use in 

buildings, not the other building related emissions, but in fact, the specified percentage 

may reach larger numbers. Electricity use in the buildings and the key trends for 

instance space and water heating, cooling and lighting represent a majority of global 

final energy consumption and CO2 emissions related to this consumption have shown 

dynamic growth. The AR5 of IPCC reported that ñin 2010, the building sector 
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accounted for approximately 117 Exajoules (EJ) or 32 % of global final energy 

consumption and 19 % of energy-related CO2 emissions; and 51 % of global electricity 

consumptionò (IPCC, 2014, p.677). It is foreseen that energy used by buildings double 

or triple at the mid-century due to the key trends (IPCC, 2014). In summary, built 

environment have a long life cycle during which they consume the excessive amount 

of energy and emit a major CO2 and it is one of the main responsible of the 

anthropogenic climate change. 

As buildings have an influence on the changing climate, climate change has some 

degree of impact on building behavior and performance. For instance, rising 

temperatures have an impact on external surfaces and thermal performance of 

buildings. Another example of this situation is that flooding and sea level rising lead 

to coastal and inland flooding, contamination from sewage, soil and mud, water 

damage to buildings, and undermining of foundations. Besides, the consequences of 

climate change on buildings have an extremely complicated interaction with the 

occupants of the buildings and major processes inside the buildings. Figure 2.6 

represents this complex relationship between climate change, buildings, occupants, 

and processes. 
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Figure 2.6. Representation of complex relationship between climate change, buildings, occupants and 

processes (De Wilde and Coley, 2012, p.2) 

 

2.1.5. Climate conditions and climatic change in Turkey  

Turkey is located in the Mediterranean geographical region that has quite temperate 

climatic conditions, however, there are significant differences in climatic conditions 

from one region to the other in there. In compliance with the Kºppen system of climate 

classification, the climate of Turkey is divided into three different climate zones.  

The coastal areas of the Mediterranean Sea and the Black Sea have a Csa Climate, a 

warm temperate Mediterranean climate with dry, warm summers and moderate, wet 

winters and the warmest month above 22ÁC over average. The mountainous regions 

of Anatolia have a Dsa Climate, with snowy winters and dry summers and the warmest 

month above 22ÁC and the coldest month below -3ÁC. The climate of the central 
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Anatolian plateau can be classified as Csb Climate, a cold, dry climate with a dry 

summer and annual average temperatures under 18ÁC. 

As compared to the global change in temperature, the impacts of climate change in 

Turkey reflect global patterns but Turkey is projected to be one of the regions that is 

most vulnerable to climate change in the Mediterranean basin (IPCC, 2014). The 

impacts are projected to continue and can be summarized as follows:  

¶ Temperature increases causing warmer winters with less snow 

¶ Heat waves and greater droughts frequency 

¶ Reduction in surfaces and freshwater resources 

¶ Greater frequency of floods due to sudden and heavy rainfall 

¶ The gradual shifting of the seasons. 

The major causes of these impacts are incorrect agricultural activities and 

implementations, fast-growing population and rapidly and wrongly increasing 

urbanization. In the UNDP project report (2010), it is stated that Turkeyôs urbanization 

rate increased from 52.9% in 1990 to 74.9% in 2008 and the number of residential 

and commercial buildings in large cities has risen rapidly. In the same time frame, 

1,524 million m2 of total area have been covered with residential, commercial, and 

public buildings. These numbers constantly continue to increase and in direct 

proportion to this expansion, energy consumption and CO2 emission originated from 

the building sector constitute the majority of Turkeyôs final energy consumption and 

emissions. In 2009, in consideration of information from UNDP report (2010), 

building sector in Turkey generated 53.4 Mt of CO2 emissions and energy 

consumption in the same year was 29.5 million TOE (tonne of oil equivalent) and it 

is estimated to reach 47.5 million TOE in 2020, meaning that the CO2 emission figures 

will double in 2020. 
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2.2. Urban Heat Island Effect 

Although cities cover up to 2% of the world, they are changing the land use with their 

construction and construction activities and the expansion of transportation networks, 

resulting in a tremendous amount of energy consumption and loss of natural resources. 

These processes with the built forms in cities create unique and site-specific climatic 

conditions and the climatic conditions in the cities differ from their surrounding rural 

areas. At the urban or local scale, differences in cloud cover, precipitation, solar 

irradiation, air temperature, and wind speed are observed (Kleerekoper et al., 2012). 

At the smaller scale or micro-scale, the thermal and optical qualities of its finish 

materials, the geometry, spacing, and orientation of buildings and the use of landscape 

vegetation modify the climate. The phenomenon that air or surface temperatures of 

urban areas tend to be higher than its surrounding is called urban heat island effect 

(UHI effect). According to Erell, Pearlmutter, & Williamson (2011), 

ñUnder certain weather conditions a substantial difference in temperature may be 

observed between a city and its surrounding rural areas. When isotherms are drawn 

for the area in question, the city is apparent as a series of concentric, closed lines of 

higher temperature, with maximum values recorded at or near the densest part of 

the urban area (Figure 2.7). This condition is known as the urban heat islandò (Erell 

et al., 2011, p.67). 

 

 

Figure 2.7. Generalized cross section of a typical UHI 
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2.2.1. Types of UHIs 

Urban heat islands can be categorized into two types: the surface and atmospheric 

heat islands. These two heat island types are different in terms of their formation, 

intensity, impacts, temporal behavior and degree of homogeneity (Erell et al., 2011). 

¶ The surface urban heat islands: The surface heat islands refer to that the 

temperature of surfaces is greater than surrounding natural surfaces that can 

remain close to air temperature. They occur day and night but tend to be 

more intense during the day depending on the intensity of the sun and 

weather conditions. 

¶ Atmospheric urban heat islands: Atmospheric urban heat islands refer to 

warmer air temperatures and they can be defined as warmer air in urban areas 

compared to the cooler air in nearby rural surroundings. There are two sub-

categories of them, the canopy-layer heat islands and the boundary-layer heat 

islands. The canopy-layer heat islands exist in the layer of air where is the 

closest to the surface in urban areas and they can be observed generally at 

night. They have a direct effect on the occupants of buildings. The boundary-

layer heat islands form from the rooftop to downwind of the cities and they 

can be observed one kilometer or more in thickness in the day time. 

2.2.2. Cause of UHIs 

The formation of UHIs is one of the most effective evidence of the anthropogenic 

changes to the natural environment and Erell et al. (2011) state that even a single 

building may create a measurable disturbance to the land in its natural state (Erel et 

al., 2011, p.70). There are variables that can be categorized as controllable and 

uncontrollable, as shown in Figure 2.8 (Rizwan, Dennis, & Chunho, 2008). Wind 

speed, cloud cover, anticyclone conditions, diurnal conditions, and season that are 

derived from nature are uncontrollable variables and they have temporary effects 

(Rizwan et al., 2008 and Lee, Din, Ponraj, Noor, & Chelliapan, 2017). The main 
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factors affecting the intensity of UHIs are urban form, building density, sky view 

factors, impervious surfaces, vegetation, properties of urban materials, and 

anthropogenic heat sources including the cooling and heating of buildings and they 

are controllable and permanent variables related to the built environment. Population 

density also plays an important role in UHI intensity. 

  

 

Figure 2.8. Controllable and Uncontrollable Factors  (Rizwan et al., 2008). 

 

The variables affecting UHIs intensity by built environment are (Kleerekoper et al., 

2012, p.30). 

1. Absorption of short-wave radiation from the sun in low albedo (reflection) 

materials and trapping by multiple reflections between buildings and street 

surface. 

2. Air pollution in the urban atmosphere absorbs and re-emits longwave radiation 

to the urban environment. 
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3. Obstruction of the sky by buildings results in a decreased long-wave radiative 

heat loss from street canyons. The heat is intercepted by the obstructing surfaces, 

and absorbed or radiated back to the urban tissue. 

4. Anthropogenic heat is released by combustion processes, such as traffic, space 

heating and industries. 

5. Increased heat storage by building materials with large thermal admittance. 

Furthermore, cities have a larger surface area compared to rural areas and 

therefore more heat can be stored. 

6. The evaporation from urban areas is decreased because of ówaterproofed 

surfacesô ï less permeable materials, and less vegetation compared to rural areas. 

As a consequence, more energy is put into sensible heat and less into latent heat. 

7. The turbulent heat transport from within streets is decreased by a reduction of 

wind speed (Figure 2.9). 

 

 

Figure 2.9. Causes of UHIs  (Kleerekoper et al., 2012, p.30). 

 

In addition to these variables, manufacturing, transportation, and lighting also have a 

contribution to UHIs effect in an instant and direct ways. UHI intensities show 
















































































































































































































































































