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ABSTRACT

THE ROLE OF CLIMATE AND GEOMORPHOLOGICAL STRUCTURE
ON CITY MACROFORM: A CASE STUDY ON ANKARA
MACROFORM

SENOL, Meltem
M.CP. Urban Design
Supervisor: Assoc. Prof. Dr. Baykan GUNAY
December, 2001, 160 pages

One of the contemporary issues in today’s cities is the increase in
environmental degradation since environmental values have been
ignored in urban development process for centuries. For the continuity
of the human life a new “sustainable city concept”, which enables to
protect the environmental values and efficiently benefit from them,
exists to solve this concern. The aim of this study is to search the role of
climate on creating sustainable cities, which depend less on non-
renewable natural resources and use their energy efficiently.

For this purpose, first of all, the attitudes of early settlements about
natural features and climatic conditions have been discussed. After that,
the effects on microclimates have been searched. Thirdly, climaticaily
suitable locations have tried to be determined with microclimates on
Ankara macro form. Lastly, the existing and proposed development
areas of Ankara City have been evaluated with this extent.



Key Words: Sustainable Development, energy efficiency, climate,
geomorphologic structure, microclimates.
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KENT MAKROFORMUNDA JEOMORFOLOJIK YAPI VE iKLIMIN
ROLU: ANKARA MAKROFORMU UZERINE ORNEK BIR GALISMA

- SENOL, Meltem
Yiiksek Lisans. Kentsel Tasanm Bo6liimii
Tez Ydneticisi: Dog. Dr. Baykan GUNAY
Aralik, 2001, 160 sayfa

Gunomiz kentlerine iligkin glncel sorunlardan birisi de c¢evre
degerlerinin  yok olmasindaki artigtir, ¢Unkl kentlerin gelisim
stireclerinde yizyillardan beri cevresel degerler gérmezden gelinmistir.
Insan yasaminin strekliligi icin cevre deJerlerini koruyabilen ve ondan
verimli olarak yararlanabilen yeni bir “surdurGlebilir kent” kavrami bu
sorunu ¢6zmek igin ortaya gtkmigtir. Bu kapsamda, galigmanin amaci,
yenilenemeyen dogal kaynaklara daha az bagimh, enerjisini en verimi
sekilde kullanan kenti olusturmada iklimin rolin( arastirmaktir.

Bu amagla, ilk olarak eski kentlerin dogal 6zelliklere ve iklime olan
tavirlan tartigiimigtir. Daha sonra jeomorfolojik 6zelliklerin mikroiklimler
Gzerinde yaptigi etkiler aragtirdmigtir.  Uglinct olarak Ankara
makroformu {izerinde iklime uygun yerlegilebilir alanlar mikroiklimlerce
belirlenmeye calisiimisgtir. Son olarak Ankara kentinin mevcut ve 6neri
geligim alanlari bu kapsamda degerlendirilmigtir.



Anahtar Kelimeler: Surdurdlebilir kalkinma, enerji verimliligi, iklim,
jeomorfolojik yapi, mikroiklimler.
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CHAPTERI

INTRODUCTION

The continual increase of the world population throughout history has
gained acceleration after the industrial revolution. Naturally this
increase was generally observed in urban areas, which have been the
centers of industrial development. As well as being the focal points of
political power, cities were also the places of social and economic
development. Thus the accumulation of wealth took place within the
urban areas, which accounted for unequal share of national income
(World Resources Institute: 1996-97: 1).

Within the next decade more than half of the world’s population, an
estimated 3.3 billion will be living in urban areas (United Nations (U.N.):
1995; 87). While just over one third of the world’s population lived in
urban areas as recently as 1975, by 2025 it is estimated that the
proportion will have raised almost two thirds (World Resources Institute:
1996-97: 1).

Cities in which industrial developments occurred were attractive places
for rural people due to their job opportunities and good living conditions.
After the migration from rural areas to urban areas, they reached
unprecedented sizes like “Tokyo, 27 million; Sao Paulo, Brazil, 16,4
million; Bombay, India, 15 million — placing enormous strains on the



institutional and natural resources that support them” (Bartone: 1994
9).

Particularly, the most rapid change occurs in the developing countries,
where urban populations are growing at 3.5 % per year, as opposed to
less than 1% in more developed regions (World Resources Institute:
1996-97: 1). In developing countries with limited institutional and natural
resources, local governments were unable to provide for even the basic
needs of their citizens. On the other hand, in the wealthy cities of the
developed countries the problems that cities faced were related to
wasteful resource consumption rather than rapid population growth. For
example, an urban dweller in New York consumes approximately three
times more water and generates eight times more garbage than a
resident in Bombay (World Resources Institute: 1994: 205-209).

Previously, the environmental deterioration was observed in the
surrounding environment of cities like lack of access to clean drinking
water, and then it exceeded their borders affecting whole world like air
pollution, greenhouse gas emissions, and ozone layer depletion.

As Meadows (1996) states:

“In United States, it takes 12.2 acres to supply the average
person’s basi¢ needs; in the Netherlands, 8 acres; in India, 1
acre. The Dutch ecological footprint' covers 15 times the area
of the Netherlands, whereas India’s footprint exceeds its area
by only about 35%. Most strikingly, if the entire world lived like
North Americans, it would take three planet Earths to support
the present world population.”

! Eeological footprint is, in fact, 2 measure of population impact expressed in terms of
appropriated land area, The size of the per capita footprint will of course, reflect the affluence
(material consumption) and technological sophistication of the subject population (Rees &
Wackernagel: 1996: 226).



Hence, to have healthy society and economy among all nations, many
significant Earth Summits were held considering the present and future
generations of the whole world. In 1972 in Stockholm Conference on
the Human Environment, which is the first global environmental
meeting, the foundations for the Rio process and following Agenda 21
were laid. After the Stockholm Conference, Habitat | Conference on
Human Settlements was held in 1976 and produced two important
documents; namely The Vancouver Declaration on Human Settlements
and The Vancouver (National) Action Plan. However, actions that were
done just under the supervision of the state caused unpredicted results.
Then they concluded that not only the state but also actors in a society
were responsible for environmental degradation and they could solve it
by working hand in hand with each other. And new strategies were
created for the Human Settlements in the world (Habitat 1: 1996: 56-
58).

After these documents, in the 1992 Rio Conference, sustainability
concept was introduced. According to the Rio Conference, “humanity
has the ability to make development sustainable — to ensure that it
meets the needs of the present without compromising the ability of
future generations to meet their own needs’ (Keating: 1993: vii).
Sustainable development should allow species and ecosystems to
renew themselves, while lasting satisfaction of human needs and
improving quality of life, as Barrow (1995: 372) states.

By signing on decisions held in Rio Conference, many countries
decided to operate sustainable development at global level concerning
ozone depletion, greenhouse effect, at national level concerring
resource exploitation, industrial policies and at local level concerning
farm problems, wildlife poaching etc... (Barrow: 1995: 377).



Rio Conference opened up new horizons for the survival of Earth. Many
definitions about sustainability and sustainable deVeIopment were
_made. Although there was no real agreement onh the definition of
sustainable development, lots of people accepted the existence of
sustainable development concept. Then they have to adopt this idea for
a safer and more prosperous future working for the integration of their
environment to development. According to them, this could be achieved
limiting the growth of human population. Besides, there should be
greater equity between countries; for example, technological resource
uses should be balanced only by a giobal partnership. Additionally, they
'should not generate nonrenewable resources, and avoid destroying
resources and natural environment (Leitmann: 1998).

Furthermore, the economic dimensions of sustainable development
should be considered, and relationships between nature and human
actions should be reconstructed in this respect. Growth should be
sustained over time, that is, the quantity of goods per person should
stay the same or increase in time, while minimum level of consumption
should increase over time. In other words, consumption level could be
more than minimum level, but people should not exceed a maximum
level to damage the environment. Also they should maintain the total
stock of natural and renewable resources and poliution should not
increase over time. Additionally, the present value of whatever valued
environmentally for this generation, should be the same for the future
generation (Leitmann: 1998).

As Keating (1993: viii) states:

“Rio produced two international agreements, two statements of
principles and major action agenda on worldwide sustainable
development. ... Agenda 21 lays out what needs to be done to
reduce wasteful and inefficient consumption patterns in some
parts of the world, while encouraging increased but sustainable

4



development in others. It offers policies and programmes fo
achieve a sustainable balance between consumption,
population and the Earth’s life-supporting capacity. it describes
some of the technologies and techniques that need to be
developed to provide for human needs while carefully

managing natural resources.”

After the Rio Conference where policies about sustainable development
were determined, every country started to implement them. Some
countries changed their energy policies to use renewable and healthy
energy resources (http:/iwww.auroville.org/csrirenewnrgfr.html), some
took legal restrictions about polluting industries, etc.

With the trigger of the emergence of sustainability concept the
relationship between city and surrounding ecology was redefined.

Previously, thé science ecology was defined as analyzing the
relationships between organisms, living groups and their physical non-
living environment with their all material-energy transformations
(Seymen: 1993: 301).

After that, urban ecology was defined as the examination of
relationships between human and its environment in the urban space
with the concept of ecology dealing with the rational use of nature and
human resources (Yaren: 1993: 311).

According to Hoyer and Naess (1990), moreover, urban ecology is a
kind of preparation about taking some precautions in order to obtain
biological diversity and quality of life in local and global scale for future
generations. This can be done with an analysis about the existing
effects of activities in cities onto natural resources and natural
environment (cited in Sayin & Akpolat: 1993: 274). However, in 1920s
sociologist had used urban ecology concept just for examining place



determinism and movement of economit groups in the city (Sayin &
Akpolat: 1993: 274).

The main purpose of urban ecology is to create new developments
compatible with nature. Although this compatibility differs among
societies due to different importance level (degree), after the power of
technological improvements while controlling the rules of nature many
societies have developed with an anthropocentric worldview (man is in
the center of universe). With the importance of environmental
degradation for the future of whole world, therefore, ecological
approaches started to shift to an ecocentric (universe is in the center of
everything) worldview (Sayin & Akpolat: 1993: 275).

And these worldviews; namely anthropocentric and ecocentric, being
two major points have influenced contemporary city forms and
processes.

Colby (1989: 5) states that “certain approaches are more appropriate to
different problems or issues than others, and all will be necessary for
long into the future; what is definitely changing is the dominance or
relative degrees of emphasis the different approaches are given”.

With the difference in worldviews about relationship between
development and environment, different living patterns emerged.

Aim of the first model, called Frontier Economics, is to increase
economical development and material consumption. To satisfy this aim
countries having this perspective assume that natural resources are
unlimited and pollution can be ignored as a cost of development. Also
they think that increasing demand for consumption per capita and
construction activities are the major accelerating power for



development. Thus, according to Colby (1989: 8), in this view, “there is
no explicit biophysical environment to be managed, because it is
irrelevant to the economy (Sayin & Akpolat: 1893: 275).

“The relationship between human activity and nature under this
management paradigm thus can be seen as unilaterally oriented
(antropocentric)’, as Colby (1989: 10) states. This type of relationship
between society and nature is observed in relatively decentralized,
capitalist economies and centrally-planned, Marxist economies having
the vision of infinite economic growth and human progress. And infinite
technological progress and economic growth would eventually provide
affordable ways to mitigate environmental problems (Colby: 1989:; 10-
11).

This perspective creates its own space in cities. It is observed generally
in city centers having high structures and open spaces that are used
almost only by vehicular traffic. Open spaces are supposed to be
potential reserve areas for new development decisions. Also there is an
alternative way of spreading the development called the suburbia,
which depends on private car usage resulting in high land and energy
loss (Sayin & Akpolat: 1993: 276).

Another accepted perspective, namely Deep Ecology has been widely
interpreted as the polar opposite of frontier economics putting man
under nature with a non-antropocentric (biocentric, harmonious or
ecocentric) view of the relationship between man and nature (Colby:
1989: 11-12):

“Among the basic tenets are intrinsic bio-species equality,
major reductions jn human populations, bioregional autonomy
(reduction of economic, technological, and cultural
dependencies and exchanges to within integrous region of
common ecological characteristics), promotion of biological and
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cultural diversity, decentralized planning utilizing multiple value

systems, non-growth oriented economies, non-dominant

(simple or low) technology, and more use of indigenous
. management and technological systems” (Colby: 1989: 12).

This perspective brings radical changes in social, legal and economic
systems, and definitions of development in order to be applied. And at
the extreme it expects the whole world to return to pre-industrial, rural
lifestyles and standards of living. However, this seems as utopic at
current population levels and rural land degradation. (Colby: 1989: 19)

Between these two extremes Environmental Protection becomes an
inevitable perspective for cities, after having a great deal of pollution
and green area loss by the end of the decade. Therefore, main purpose
of all policies is to seek a balance between urban development and
conservation. The solutions are generally local and only to recover
damage or loss of specific environmental values. “Rather than focusing
on ways to improve both development actions and ecological resilience,
this approach is inherently defensive or remedial in practice” (Colby:
1989: 14).

In the city, this approach can be observed as the separation between
residential and industrial areas, reduction of traffic problems and
production of new healthy residential areas (Sayin & Akpolat: 1993:
276).

According to this approach, to be set aside for preservation or
conservation as national parks and wilderness reserves relatively small
parcels of common property sometimes were converted to state
property (Colby: 1989: 14). The relationships between nature and
human aétivity can still be described as negative with respect to
nature’s perspective because the basic purpose of this interaction is still
anthropocentric. For example, cleaning up of pollution and setting aside
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national parks are still done primarily for human benefit, either for health
or aesthetically-oriented (Colby: 1989: 16).

Environmental Protection perspective is closer to the perspective of
Frontier Economics because it -aims to solve the environmental
problems after economic development leads to happen, rather than
detaining before.

Another perspective between Frontier Economics and Deep Ecology is
the Resource Management Perspective. After the Brundland
Commission’s Our Common Future, the Worldwatch Institute’s annual
State of the World, and the World Resources Institute’s annual World
Resources reports, there is “both a substantial change from and a fairly
natural extensions of the economic paradigm, to include all types of
capital and resources — biophysical, humah, infrastructural, and
monetary — in calculations of national accounts, productivity, and
development planning” (Colby: 1989: 17).

Economical development can be accepted even if it is considered with
respect to sustainability concept. In other words, there should be an
accounting for total consumption of resources in order to find out the
effects of this loss on either local or global scale (Sayin & Akpolat:
1993: - 276). For example, Colby (1989: 17) claims that affecting
hydropower, agriculture, and fisheries the role of forest in watershed
and climate regulation, productivity are taken into account with respect
to the interdependence and multiple values of various resources.

“The approach is still anthropocentric at its core; all this concern for
nature is based on the fact that hurting nature is beginning to hurt
economic man” (Colby: 1989: 20). However, it is closer to biocentric
approach than environmental protection perspective because there



should be some precautions for possible damages rather than
compensation of the existing damage like in environmental protection
perspective. In order to implement these policies, there should be
effective mass transportation network systems, cars using less energy
and limitation of urban sprawl by open green spaces like in England and
Norway (Sayin & Akpolat: 1993: 277).

According to this perspective, global common resources, such as the
atmosphere in general and the ozone layer in particular, climate
variation, biodiversity, and oceanic resources, have emerged as issues
with which should be dealt by restructuring in current legal, economic,
political, and institutional structures and concepts. However, in
developing countries this cannot be achieved without stabilization of
population levels (Colby: 1989: 18).

Hence, these four different types of perspectives; namely Frontier
Economics, Deep Ecology, Environmental Conservation and Resource
Management create their space understanding of cities according to the
degree of relationship between nature and human. Former two are at
the extremes having anthropocentric and ecocentric (biocentric)
worldviews, while latter two take place between these extremes.

Consequently; there are two extreme points; namely anthropocentric
stating that “nature is for human utilization” and ecocentric stating that
“numan is for not destroying the natural balances”. So according to
ecocentric approach development can be acceptable only if a balance
between nature and human being is obtained. However, there is no
place in the world, nor even in northern countries which are more
sensitive to this issue than other countries, having this kind of features
totally (Sayin & Akpolat: 1993: 277).
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Hypothetically, at the very extreme point, ecotopia approach rejects the
usage of technology, and takes cities as major problem areas. In this
approach, residential areas and work places per capita should be
decreased. And transportation should be transferred to mass transport
fotally. Great amount of roads and parking areas in the city should be
removed, high blocks should be demolished, and then the empty
spaces that are obtained from this destruction should be rebuilt
according to energy and construction material standards for
conservation. However, generally there should be movement towards
being rural and self-sufficient units with the help of basic technologies
(Sayin & Akpolat: 1993: 277).

According to Colby (1989: 22), for the benefit of the world there should
be a trend to reach ecocentric development rather than anthropocentric.
And having Eco-Development perspective, “growth is still possibie,
actually necessary, but it would be very different kind of growth”; called
green growth, which would be based “more on increasing the
information intensiveness, community consciousness, and experiential
quality of economic activity, rather than the material-energy
intensiveness”.

Thus, there is a movement from economizing ecology to ecologizing the
economy. It emerges from the conflict between anthropocentric versus
biocentric values. Then “it attempts to synthesize ecocentrism; refusing
to place humanity either above nature (as in frontier economics,
environmental protection, and resource management) or below it (deep
ecology), it includes the ecological relationships among ecoregions
cooperating to sustain the shared ecosphere of the plant (Tokar: 1988:

139).
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Consequently, many attempts to implement sustainability concept were
done by many countries according to their worldview about relationship
between nature and human.

As a developing country in Turkey, for instarice, due to the rapid
population increase cities have grown generally with property relations,
land division and income structure rather than the features of natural
environment (Altaban: 1987: 15). Therefore, cities have taken their
forms from interaction between these factors with the ignorance of
environmental values. And the decisions held in Earth Summits just
gave some general political solutions and strategies, which are not
enough to solve environmental problems in a developing country city for
a sustainable future.

Cities in developing countries that have created and developed
according to anthropocentric approach it is difficult to consider
environmental issues within the existing irregular political and
economical structure. To manage stable economic and political
structure is a long-term issue through which environmental degradation
can reach unrecoverable results. With the idea of sustainability and
ecological approaches; in order to be a sustainable city, in one way the
stabilization of economic and political structure can sustain, while in
other way some small interventions can be done for conservation of
environment in a long term.

One of these small interventions may be done by balancing energy
circulation. Since cities have developed ignoring the environment and
its natural rules, they have changed the energy balance in nature. And
this led to unsustainable lifestyles. For example, technological
improvements gave an oppartunity to settle on physically rough places
in cities. This inevitably led to enlarge difficulties in a long-term and
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problems cannot be overcome with short-term solutions like using
natural gas and air coriditioning machines.

Therefore, having the idea that energy circulation should be balanced
with nature to obtain a sustainable ¢ity main purpose of this thesis is to
examine climatic effects on urban macroform with geomorphologicalal
structure. In other words, climatic consideration within the local physical
features may be helpful for the decision of settlement suitable jocation
in order to sustain energy circulation in nature. For example, in Ankara
the decisions regarding site selection that are independent from the
physical structure and climatic features resulted in the problem of air
pollution in winter times and mass uses of air conditioning in summer

times.

Although it is difficult to change or ameliorate the form of a city like
Ankara, new development areas may be designed according to this
approach. Therefore, in this thesis the role of the climatic considerations
within the geomorphological features in a case of Ankara will be
analyzed in the energy circulation of the city and its environs in order to
attain sustainable city.

Therefore, having the data about climatic feature of Ankara the energy
problem for heating and cooling may be reduced. This can be achieved
by using the advantages of microclimatic features on Ankara’s
geomorphological structure in order to decrease the heating time in
underheated period and the cooling time in overheated period. In other
words, using microclimatic advantages in new development areas of
Ankara may shorten the time intervals of underheated and overheated
period. Although there are many elements of climatic consideration
different from heating and cooling, this is the main focus of the thesis.
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In order to find out the role of climate and the effect of geomorphology
on it, first of some early settiements can be analyzed for design criteria.
In history throughout experiments humans had managed to conserve
their energy within difficult climatic conditions to live in comfortable way.
Their settlement and shelter form, material, orientations were
determined by the natural process of suh and nature. They lived with
the rules of nature owing to absence of the technological power.

Therefore, in the second chapter the early seftlement will be analyzed
according to their responds to natural and climatic difficulties to find out
some general design principles. In the third chapter, microclimatic
effects of geomorphological settings will be examined and
advantageous locations, settiement examples of layouts and building
forms will be explored with respect to their climatic features. After that,
the fourth chapter will include a kind of evaluation on Ankara’s climate
and geomorphology. First the general climatic analyses about Ankara
will be discussed and its requirements will be determined for the
comfortable living in Ankara. Then the geomorphological elements that
affect the emergence of microclimates will be examined and these
elements will be analyzed for the Ankara terrain to examine the role of
climatic conditions with geomorphological structure on Ankara's
macroform. In other words, since the climatic feature with
geomorphological structure may be effective on the Ankara’s
macroform in order to conserve city energy and human comfort in
underheated and overheated time, advantageous microclimatic
conditions and locations will be searched within the geomorphological
features for the comfortable living in Ankara.
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CHAPTERII

SETTLEMENT AND NATURE IN EARLY TIMES

2.1. INTRODUCTION

Some say that before the technological improvements space created by
human beings was less harmful to nature due to being in harmony with
its ecological features (http://www.priorities.org/LivableCitiesindex.htm).
In contrast, the modern city is the product of cheap energy, economic
forces, high technology and a denial of nature; all of which are causing
environmental degradation (Hough: 1984: 5).

According to Moughtin (1996: 54), ‘it may be possible to gain some
insight into the problems of city design by examining the origin or
birthplace of early cities’. Additionally, “ ...it is clear that a respect for
nature is something we can and must learn from the earlier periods of
man’'s evolution,” he states (Moughtin: 1996: 64). According to him,
nature of the connection or the relationship between the components of
the ecosystem should be analyzed in order to examine urban processes
of great complexity and create sustainable city theory (Moughtin: 1996:
74).

Also Hough (1984: 3-4) claims, it is necessary to rediscover, through
the insights that ecology provides, the nature of the familiar places we
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live in because there is always an intéraction between living and non-
living glements like settlement and the natural environment. In other
words, there was a symbiotic relationship? between settlement and the
natural environment. In early times, this symbiotic relation can be
categorized as mutualistic, whereas after the industrialization it turned
out to parasitic relationship®. For early settlement raw materials and
food were produced from the land and in turn by-products, organic
wastes returned to the land to enrich the soil depending on each other
(Hough: 1984: 10). Since industrial revolution, however, natural
resources have assumed to be unlimited and pollution has been
ignored as the cost of development of cities (Colby: 1989: 8). Thus, this
relationship turned out to be a parasitic kind.

Beginning with early times, the elements of biosphere were the central
determinants of form for all human activities on jand. As Hough states:

“The dependence of one life process of another; the
interconnected development of living and physical process of
earth, climate, water, plants and animals; the continuous
transformation and recycling of living and non-living materials;
these are the elements of the self-perpetuating biosphere that
sustain life on earth and which give rise to the physical
landscape” (Hough: 1984: 5).

According to Owen (1991: 1), an important input can be gained from the
evolution of settlements bscause “before the developments in
technology of the past 150 years people needed to respond with
understanding and some sensitivity to their natural surroundings when

2 Sym: accompanying, sharing; bio: life. Etymologically symbiosis means common
living. In symbiotic relationship there is a biological partnership between two different
organisms with different species (heterospecific) (Kemer: 2001: 1).

3 Mutualism: Each species benefit from this relationship providing continuity in
living. Common production from this can give more benefit to each other than
individual benefits from each other. Parasitism: one of species benefits from other
who is damaged from this relationship. The species that benefits from this relation
however, leads to end of other species, in turn end of itself (Kemer: 2001: 1).
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establishing, expanding and adapting their seftlements”. Without the
control of natural forces, settliements were influenced by the need to
overcome problems of exposure, slope and drainage and to take
advantage of benefits provided by sunlight, agriculture soil quality,
water and vegetation, choosing their Jocations and creating their forms
(Owen: 1991: 1).

Until the industrialization of transport and production, early settlements
could not grow beyond the limits of water supply and food sources
because people had restricted ability to control natural forces. So they
often needed to act in harmony with those forces in order to keep away
from problems or to enjoy the benefits available to them from the
natural environment (Hough: 1984: 5).

Also with wood and fuel scarcity settiements had to find out another
energy source which was free and abundant. Therefore, “the use of
solar energy to help heat homes was positive response to the energy
shortage” (Butti and Perlin: 1980: 3)

Since the analysis about early settlements in a historical manner may
bring out design criteria for the creation of sustainable cities, this
chapter is about the determination of their settlement orientation, form
and building structures depending on the climatic features of land. This
overview about the emergence of early settlements can give some
clues about the climatically suitable settlements, which can save energy
with the selection of their form and orientation, for the reason that early
man creates the most comfortable shelter with his/her observations of
nature with a less energy loss.

First of all adaptations of historical settlements to different climatic
conditions will be studied generally. Then their similar solutions in
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different civilizations and Jocations on Earth being same climatic zone
will be gathered to attain general results with respect to settlement form,
orientation and building structure.

2.2. BIRTH OF EARLY SETTLEMENTS AND ADAPTATIONS TO
CLIMATIC CONDITIONS

In the historical evolution of the first yrban civilizations and the cities
created by them there are three main phases. The first of these phases
includes the whole of Paleolithic Age; followed by the proto-Neolithic
and Neolithic Ages as the second and third phases correspondingly.
These in turn lead to the fourth phase, the Bronze Age, starting
between 3500 and 3000 BC. and lasts 2000 years during which the first
urban civilizations were firmly established (Morris: 1974: 1).

During these phases there were many revolutions, which were essential
milestones in human's history; namely, Agricultural (Neolithic)
Revolution (10000-5000 BC), Utban Revolution (3000 BC +), Industrial
Revolution (1750-1850 AD) (Child: 1964).

Until 10000 BC (in Paleolithic Age), human beings had been living as
small hunting and gathering tribes. Their populatiort was fimited by food
resource of surrounding environment. Moving from one place to another
they had determined their territories to fulfill the dailyneeds like animal
kind of life. Therefore, there was no need for permanent sheiter.
(Childe: 1964)

In 10000 BC (Neolithic Age), the discovery of animal Husbandry made it
possible to settle for a longer time. Artificial fertilization to provide wheat
and barley was applied. Contrasting the gathering economy these
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groups transformed into the economy with an increasing food-producing
basis, as Childe (1964) states “the escape from the impasse of
savagery was an economic and scientific revolution that made the
participants active partners with nature instead of parasites on nature”.
The excess was being stored either in caves or made by oneself with
the primitive technology. In time their population increased with the rise
in agricultural production (Childe: 1964).

Thus, it can be said that the development of agriculture was an
essential qualification for the birth of urban settlements (Morris: 1974:

2).

Due to agricultural economy and limited technological development,
these settlements were established along with fertile agricultural fields
and water supply (Owen: 1991: 1). According to some archeologists,
the first civilizations of man were established in southern Mesopotamia,
in Egypt, in the Indus Valley, in the Yellow River in China, in the Valley
of Mexico, in the jungles of Guatemala and Honduras, and the
coastlands and highlands of Peru (figure 2.1) (Morris: 1974 1).

Settling on close to natural resources like water and fertile lands, some
settlements were constructed on hills and riverside meanders for
defense; on spring lines and river valleys for transporting goods and
driving mills; around natural harbors on the coast for safe and
conwvenient anchorage (figure 2.2); raised on higher ground in river
valleys to avoid flooding; constructed often in terraces following to slope
of the land ar clustered around tight spaces of narrow lanes (figure 2.3)
(Owen: 1991: 3).
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Figure 2.2. Milletus locating on southwest side of hills on the north of
peninsula having sun exposure and protection from north winds (Gallion &
Eisner: 1963)
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Figure 2.3. Priene in the fifth century B.C. southern exposure with terraces
(Gallion & Eisner: 1963)

Early settiements could not grow beyond the limits of its food resources
and water supply until better transportation and more sophisticated
administration could evolve (Hough: 1984: 10). First they settied with
regard to primarily food and water resources, and to protection from
enemies. Besides, climatic conditions also had considerable effect on
the settlement location and form in order to survive and live in
comfortable way.

“As life has risen through the hidden aspects of natural laws, so for
better of worse the fules of nature command that life make a close
adjustment to natural background. The setting is impartial; it can be kind
and cruel, but all living species miust either adapt their physiology,
through selection or mutation, or find other defenses against the
impacts of environment’ as Olgyay (1963: 1) stating, after the
agricultural revolution human-beings tried to find out suitable places to
settle with difficulties in climatic conditions. In order to survive and
develop within these conditions they had to provide suitable conditions
for their physical and mental life.
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“Mankind's physical flexibility and capacity for adaptation are relatively
feeble compared to those of many animals, who possess natural
defenises against a large range of unfavorable climates” (Olgyay: 1963:
1). Therefore, “man’s inventiveness enabled him to defy the rigors of his
environment with fire for warmth and with furs for clothing™. Then in time
the shelter became his most complicated defense against unfriendly
climates. This led to enlarge the space of biological equilibrium and
secured a favorable ‘environment for productivity. “As the shelter
evolved, accumulated experience and ingenuity diversified it to meet
the challenges of widely varying climates” (Olgyay: 1963: 3).

Therefore, in difficult climatic conditions to conserve heat, to minimize
winds and to provide access to sunlight, settlements were placed below
hills in unfriendly uplands for protection from cold northerly winds;
facing south to catch as much sunlight as possible (figure 2.4 and 2.5);
hidden away in the cracks of cliffs for protection from freezing winds
coming from the North Sea (figure 2.6) (Owen: 1981: 3). Also house
groups in these settlements were arranged around greens and
courtyards looking towards the south (figure 2.7) (Hough: 1984: 12).

Mew¢ Pughio Bonito

Figure 2.4. Pueblo Bonito’s plan open towards the south exposure (Knowigs:
1974: 34)
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Figure 2.5. Pueblo Bonito’s south exposure (sketch drawn from the north)
(Knowles: 1974: 34)

Figure 2.6. Longhouse Pueblos in Mesa Verde, Colorado, a cliff settlement
protected from river flood and cold winds (Knowies: 1974: 20)
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Figure 2.7. Olynthus courtyard houses in the fifth century B.C. faced to south
letting the north wall to protect from winds (Gallion & Eisner: 1963)

For example, in Olyntus in Greece, protection from heat, cold, and
dampness was a more important factor for settfement location and
orientation due to scarce wood and rise in fuel prices (figure 2.8) (Butti
and Perlin: 1980: 3).

‘According to Butti and Perlin (1980: 3);

“Fortunately, an altemnative source of energy was available —
the sun — whose energy was plentiful and free... Living in a
climate that was sunny almost year-round, the Greeks learned
to build their houses to take advantage of the sun’s rays during
the moderately cool winters, and to avoid the suh’s heat during
the hot summers”.

24



Figure 2.8. Olyritus on a hill in the fifth century B.C. (north is above) (Morris:
1974: 35)

Therefore, “the principal southern exposure was advantageous in winter
because of the low angle of the sup, which permitted it to generate the
interiors; in summer the high altitude of the sun was a protection from
the extreme heat” (figure 2.9) (Gallion & Eisner: 1963).

'DECEMBER 21

Figure 2.9. Solar position is shown for noon on winter and summer solstices
(Butti & Perlin: 1980: 4)

While whole city were designed to allow their citizens equal access to
the winter sun, homes were individually oriented toward the southern
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horizon (figure 2.7). Eor that reason, less dependency on charcoal -
burning braziers led to conserve fuel and saving money (Butti and
Perlin: 1982: 3).

Accordingly, people primarily work on fishing and agriculture had faced
with understanding of the natural process (Owen: 1991: 1). And they
fearned how to overcome problems of exposure (figure 2.10), slope
(figure 2.11) and drainage arid to take advahtage of benefjts provided
by sunlight (figure 2.12 and figure 2.13), agriculture soil quality, water
and vegetation, which in turn mostly determined the location and form
of early seftlements (Owen: 1991: 1). “As a result of accumulating
experience, the design of building forms and related outdoor spaces
evblved in relation to the landscape, the climate and the outdoor living
patterns of people activities” (Owen: 1991: 2). So a vernacular tradition
evolved where settiements and building form reflected the processes of
nature.

Figure 2.10. Priene southem exposyre (Morris: 1974: 29)
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Figure 2.11. Cappadocia (Turan: 1983: 147)

Figure 2.12. Plan of Acoma Pueblos, New Mexico settling on east-west
direction facing the south (Knowles: 1974: 20)
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Figure 2.13. Acoma Pueblos elongated east-west having southern exposure
(Knowles: 1974: 27)

Therefore, “primitive peoples of the world — primitive in the technological
and preliterate sense — using the limited resources at hand, often
developed shelters that were in perfect harmony with the climatic
conditions under which they lived” (Oliver: 1973: 223).

2.3. SIMILARITIES IN SETTLEMENTS WITHIN SAME CLIMATIC
CONDITIONS

The great climatic forces that have formed the landscape, and to which
people historically adapted, are composed of the interacting variable
forces of wind, precipitation, temperature, humidity and solar radiation
(Hough: 1984: 28). Interaction of these forces constitutes the general
climatic conditions of a region, like generally classified as cold,
temperate, hot-arid and hot-humid.

While having some differences in their end products due to cultural
effects, different primitive architecture and settlement in same climatic
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zones but different place and time have some similar principles of
adaptation (Oliver: 1973: 223).

2.3.1. The Cold Zone

In Olyntus, a historical settlement, temperature often went down below
freezing in winter. Due to the cold climatic conditions during Hellenistic
times the Greeks in Oiyntus benefited from the sclar energy o minimize
the unbearable effects of winter season (Butti and Perlin: 1980: 5).

As Butti and Perlin (1980: 6) states that:

“They situated the town atop a sweeping plateau and built the
streets perpendicular to each other, running north-south and
east-west. In this way, all the houses on a street could be built
with a southern exposure. This layout helped assure
equality of housing for all residents — in keeping with
democratic ethos of the period” (figure 2.7).

Each house in Olyntus shared their roof and north wall with the other
houses on the block. Also the north wall, made of thick adobe bricks
was used for keep out the cold north winds of winter (figure 2.14) (Butti
and Perlin: 1980: 6).

“In winter, rays from the sun traveling low across the southern sky
streamed across the south-facing court, through the portico, and into
the house — heating the main rooms. The earthen floors and adobe
walls absorbed and retained much of this released this stored solar heat
and helped warm the house”; as Butti and Perlin (1980: 7) claims.
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Figure 2.14. Top: model of Olynthian apartments, southern face, Above: their
villa, shaded interior from the high summer sun (Butti & Perlin: 1980: 7)

Moreover according to Butti and Perlin, the Olyntanian houses worked
well in summer too, because having the directly overhead summer sun
the portico shaded the main rooms from the sun’s harsh rays between
about ten in the morning and two in the afternoon (Butti and Perlin:
1980: 10).

In cold zone the tribes faced extreme cold temperatures. The
conservation of heat became essential, so that their shelters were
compact, with a minimum of surface exposure. The Eskimo igloo can be
a well-known example of survival in extreme cold (Olgyay: 1963: 4).
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As Olgyay (1963: 4-5) states:

“t ow hemispherical shelters deflect the winds and take
advantage of the insulating value of the snow that surrounds
them. The smooth ice lining which forms on their interior
surface is an effective seal against air seepage, and tunnel
exits ate oriented away from the prevailing winds to reduce
drafts and prevent the escape of warmed air. The heat retention
of this type of structure makes it possible to maintain a
temperature of 60° F inside when the exterior temperature is ~
50° F. such structures may be heated by a small lamp
supplemented by body heat".

The Pacific Coast tribes of British Columbia encountering less extreme
but acute cold climate adopted a form of communal living in order to
meet the need for heat conservation. The homes were joined together
to reduce the exposed surfaces (figure 2.15).

Figure 2.15. Cool Zone adjacent houses (Olgyay: 1963: 5)
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2.3.2. The Temperate Zone

Being naturally favorable climate temperate area made fewer thermal
difficulties on its inhabitants. In addition, structures of inhabitants
differed from each other. Contrasting the communal groupings of the
Pacific Coast, they were freely organized and spread out, with
peripheral units merging into the surrounding landscape. Their typical
dwelling unit had a conical structure of poles covered with skin, like the
wigwam. This structure effectively shed wind and rain and was easily
heated from a central source (figure 2.16). )

Figure 2.16. Temperate Zone freely spreaded houses (Olgyay: 1963: 5)

Since total area of Roman Empire, for instance, had different climatic
and environmental conditions, “in more temperate parts of the Empire,
such as the ltalian peninsula, buildings should be thoroughly shut in
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rather than exposed toward the north, and the main portion should face
the warmer (south) side” (figure 2.17) (Butti and Perlin: 1980: 15)

As Butti and Perlin (1980; 15-16) claims:

“Romans living in temperate climates make sure their winter
dining rooms looked to the winter sunset because when the
setting sun faces us with all its splendor, it gives off heat and
renders this area warmer in the evening. But summer dining
rooms should have a north aspect. For while the other aspects,
at the solstice, are rendered oppressive by the heat, the
northern aspect, because it is tumed away from the sun’s
course, is always cool”.

Figure 2.17. The sun rooms faced south and had large windows probably
covered with glass or mica in Roman Empire (Butti & Perlin: 1980: 17)

2.3.3. The Hot-Humid Zone

There were two major problems in this type of areas: the excessive
solar radiation and the evaporation of moisture by breezes, like in North
Africa, To overcome these problems, the southern tribes built their
villages to allow free air movement, and individual units were scattered
to benefit from the shade of surrounding flora. Large gable roofs
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covered with grass gave opportunity to insulate against the sun and
throw large areas of shadow over dwellings, which had no walls
(Olgyay: 1963: 5). Also “an arbor of leaves would reduce the radiation
load and inhibit entry of rain while at the same time it provides an open
framework to allow passage of cooling breezes” (Oliver: 1973:
224)."The steep angle and extensive overhang of these roofs protected
against rainfall, and the floors were elevated to keep them dry and allow
air circulation underneath” (figure 2.18) (Olgyay: 1963: 5-6).

Figure 2.18. Hot- humid zone (Olgyay: 1963: 5)

2.3.4, The Hot-Arid Zone

On the contrary, this zone presented extreme difficulties on the
construction of the tribal dwellings because there was excessive heat
and glaring sun. Therefore, they had to construct houses to reduce heat
impacts and provide shade. “Structures such as the Pueblo of San Juan
were constructed of massive adobe roofs and walls, which have good
insulative value and capacity to delay heat impacts for long hours, thus
reducing the daily heat peaks” (Olgyay: 1963: 5). Very small windows
were used. And they reduced the amount of exposed surface by
packing buildings together. “Pueblo structures of this type usually
extend on an east-west axis, thereby reducing morning and afternoon
heat impacts on the two end walls in summer and receiving a maximum
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amount of south sun in the winter months when its heat welcome”
(figure 2.19) (Olgyay: 1963: 5).

Figure 2.19. Hot-arid Zone (Olgyay: 1963: 5)

in New Mexico, Acoma Pueblos built in the twelfth century A. D. (figure
2.12. and 2.13), for example, settled on east-west axis having three
rows of housing blocks. Each row faced the south without blocking each
other's sun exposure. “Both regularity of the pian and the southerly
orientation of the sections suggest a significant relation between the
building arrangement and the sun” (Knowles: 1974: 30).

According to Butti and Perlin (1980: 173), “most doors and windows
open to the south, and the walls are built of adobe. The sun strikes
these heat-absorbing south walls much more directly in winter than in
summer. By contrast, the horizontal roofs of each tier are built of straw
and adobe layered over pine timbers and branches to insulate the
interior rooms from the high, hot summer sun”.

Additionally, “Pueblo dwellings are suited to their climate. In winter, over
one third of sun’s heat reaches the interior, while in the summer only
one quarter makes it inside the rooms” (Butti and Perlin: 1980: 173).

Also the Spanish colonists in the American Southwest generally used
adobe for the material of their buildings oriented east-west with the
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main rooms facing south. The heat absorption of the south wall during
the day released into the home in the evening (Butti and Perlin: 1980:
173).

Another solution for the hot-arid regions was observed in Longhouse
Pueblos in Mesa Verde, Colorado. Pueblos (figure 2.6 and 2.20) settled
on the caves that are formed by erosion effect of sun, wind and water in
cliffs. “The caves have sloping floors of slate; the sandstone overhead
rises steeply to the cliff edge”, having deep and mobile shadows
(Knowles: 1974: 20). They used the advantage of settling on east-west
direction having the south exposure and cooling effect of cave because
“a cave possesses the quality of minimizing annual and diurnal
temperature ranges® and, in a desert realm, will provide and internal
temperature close to the annual mean of the outside desert regime’
(Oliver: 1973: 224).

Figure 2.20. Plan of Longhouse in Mesa Verde elongated east-west direction
(Knowles: 1974: 22)

These basic building forms used by the North American Indians in
various regions show that “these people possessed a remarkable ability

* Diurnal Temperature Range: difference between maximum and minimum daily temperatures
(TSMS: 2000: 72)
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to adapt their dwellings to their particular environmental difficulty”
(Olgyay: 1963: 6).

2.4, CONCLUDING REMARKS

Between special architectural features and certain climatic zones there
is a remarkable correspondence because “the desirable procedure
would be work with, not against, the forces of nature and to make use of
their potentialities to create better living conditions” like in early tribal
communities in history (Olgyay: 1963: 10). And ’lt is more than
coincidence that groups of different continents, creeds, and cultures
appear to have come independently to similar solutions in their struggle
with similar environments, and to have established basic regional

characteristics” (Olgyay: 1963: 8).

In specific climatic conditions, undesirable stresses of environmental
settings were reduced with utilizing favorable natural resources in order

to achieve human comfort, that is climate balanced (Olgyay: 1963: 10).

Hence, through centuries settlements located and oriented with existing
natural surroundings in order to establish comfortable living spaces.
They created them by the help of daily observations and experiments
learned from natural life cycle. For example, they settled on lands
where the difficult climatic conditions mildly occurred and oriented their

sheiters to the sun’s positions to benefit from the energy.

in this chapter of the thesis, the observations through nature and
climatic solutions of early settlements were analyzed in order to find out
some design criteria for the locational decision-making process of
today’s settlements. In other words, the attitudes of the early
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settlements to unbearable climatic conditions were examined with
respect to settlement form, orientation and shelter and housing group

design.

As a result, the general attitudes of early settlements had shown basic
similarities with respect to same climatic conditions, as can be seen

from Table 2.1.

in the next chapter, these general attitudes will be examined with
respect to microclimatic differences, which are very important variable

changing with geomorphologic structure of terrain.
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CHAPTER IlI

EFFECTS OF CLIMATE ON GEOMORPHOLOGICAL
FEATURES OF LANDFORM: MICROCLIMATES

3.1. INTRODUCTION

Climatic features have influenced physical and psychological world of
humans throughout the history. Therefore, they have tried to provide
livable spaces in order to survive biologically in comfortable and
productive environments so did early settlements in history. In order to
overcome uncomfortable effects of all climatic elements, namely wind,
solar radiation, humidity and precipitation settlements had benefited
from the advantageous locations of landform, because the effects of
macroclimatic features show different characteristics bn different

geomorphological locations.

As Geiger (1965: 3) states “climate is an abstract concept. It can be
grasped only by means of comprehensive calculations. Since climate
includes the sum of total of all individual meteorological occurrences, at
a given place, it will comprise the average conditions and regular
sequences of weather”, climate of a region gives only the averages of
that region with respect to occurrences. However, microclimates that
are called “climate in a small space, local climate, position climate,
miniature climate” show different characteristics than macroclimate
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changing with the features of ground level. And it is more important than
the macroclimatic conditions to take into account in planning of living
spaces (Geiger: 1965: 2).

According to Geiger (1965: 2):

“All the meteorological elements are subject to vertical changes
because of the nearness of the ground; and in a similar way
they also vary horizontally within short distances. These
variations are brought about by changes in the nature and the

.........

moisture of the soil, even by minute differences in surface
slopes, by the type and height of vegetation growing on it. All
these climates found within a small space are grouped together
under the general description of microclimate, and are thus
contrasted with the macroclimate experienced in the national
network of meteorological stations”.

For that reason, to achieve climatically suitable locations for a
settlement, first of all macro (general) climatic data of region are
collected. After the interpretation of these general occurrences it is
classified as cool, temperate, hot-arid or hot-humid. Then to attain
comfortable conditions of that macroclimate in suitable locations
microclimatic analyses near the ground are applied. And these analyses
can only be applied by geomorphological settings of that region.

In the previous chapter, historical settlements were examined to learn
how they survived and sustained their civilizations in intolerable climatic
situation. Additional to their design solutions in settlement orientation,
form and building structure in previous chapter, this chapter will explore
geomorphological structure of landform to find out comfortable living
spaces in different macroclimatic conditions, because macroclimatic
conditions may be felt variously on diverse geomorphological units of
landform. World examples, also will study with their town structures,
housing groupings and house shapes, which are essential design
elements in mezzo and micro scale. Therefore, locations where
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macroclimate exhibits less effective unbearable conditions will be
discovered for settiements and will be used as main criteria for Ankara

case study in he next chapter.

Hence, microclimatic examination of geomorphological structure may
be helpful for the determination of locations that may be suitable for

comfortable settlements.

Firstly, microclimatic analyses on geomorpno
landform will be handled in general. After that, these general aspects

will be reconsidered to find out suitable locations in different climatic

cal features of

AN

conditions, like cool, temperate, hot-arid and hot-humid with examples

of town and shelter structural solutions.

3.2. MICROCLIMATIC ELEMENTS AND THEIR EFFECTS

Settiements have modified microclimates in order to fit particular local
conditions and needs. In other words, “human comfort, and in some
cases survival, have depended on the skills with which building and
space making have been able to adapt to the climatic environment”’,
before the present total dependence on technological systems (Hough:
1984: 28). So the examination of the nature of urban climate exterior
environment could contribute to conserve the city's energy without

technological inputs.

According to Olgyay (1963:11) “climate data of a specific region should
be analyzed with the yearly characteristics of their constituent elements,
such as temperature, relatively humidity, radiation, and wind effects”.
With information about broad climate layout the specific region or
location should be study again according to physical features of this
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region or location because general climate conditions give only general
information about differerit locations, which have different physical
features, like geomorphological and natural settings. In other words,
general climati¢ conditions overestimate some micro-climatic features
resulted by change in slope angle, altitude, solar radiation gain, solar
orientation, direction of wind, type, location and density of surrounding
plants, and proximity of water resources.

Therefore, it should be adapted to the living level considering the effects
of the microclimatic conditions. This can be generally be achieved by,
as Olgyay (1963:12) claiming on the calculation of basic study areas for
a balanced shelter; namely selection of better sites with
characteristics in winter-summer relationship, orientation to sun’s
heat balancing with more radiation in under heated periods and less in
overheated ones, shading of built environment avoided in under
heated times encouraged in overheated ones, housing forms and
building shapes conforming to favorable or adverse impacts of the
thermal environment, air movements, like unprofitable winds at under
heated periods, unlike preferable cooling breezes in overheated ones
according to their desirability.

3.2.1. Geomorphological Features of the Site

“At ground level multifold minute climates exist side-by-side, varying:
sharply with elevation of a few feet and within a distance of a mile”
(Olgyay: 1963: 44). For example, in late winter it is observed with
melting snow-cover patterns in nature. In early spring north sides of hills
may be frozen and brown, whereas southerly slopes turn green with
awakening vegetation. Also in a local climate every elevation difference,
character of land cover, every water surface induces variations. “These

44



effects within the large-scalé macroclimate form a small-scale pattern of
microclimates” (Olgyay: 1963: 44).

And the basic elements namely; wind, precipitation, temperature,
humidity and solar radiation are affected and moderated by the
elements of landscape; namely, landform, water and plants (Hough:
1984 28).

3.2.1.1. Topography

3.2.1.1.1. Temperature

As Aronin (1953: 133) states “temperature is a primarily a function of
the incoming solar radiation. Incoming solar radiation is a function of
latitude. Therefore, temperature is a function of latitude” (figure 3.1)

Temperatures at different heights of land change with altitude. “It is well
known that higher altitudes are usually colder than lower ones” (Aronin:
1953: 134).

For instance; 1°F drop is observed in temperature in the mountains for
each 330-foot rise in summer, for each 400-foot in winter (figure 3.2)
(Olgyay: 1963: 44). According to Hare and Brooks, “the decrease in
temperature is in the order of 3° F per 1000 feet” (cited in Aronin: 1953:
134)
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Figure 3.1. Mean Temperature, Degrees F. of the Latitude Circles (Aronin:

1953: 134)
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Figure 3.2, Effect of land formation on temperature distribution (Aronin: 1953:
154)
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3.2.1.1.2, Air Movements

The mavement of air masses is influenced by landforms barriers, “They
affect moisture conditions on the windward and leeward sides of hills,
and mountains. Landforms control the flow and temperature range of air
by forming impediments and channels to movement” (Hough: 1984: 29).

3.2.1.1.21. Mountains, Hills and Concave Terrains

As mountains influence the macroclimate, small differences in terrain
can cause remarkably large modifications in the microclimate. For
example, cool air heavier than warm, and at night the outgoing radiation
results in a cold-air layer to form near the ground surface creating cold
islands or cold air puddles (Olgyay: 1963: 44).

Moreover, “elevations that impede the flow of air affect the distribution
of the nocturnal temperatures by dam action; and concave terrain
formations become cold-air lakes at night” (figure 3.3 and 3.4) (Olgyay:
1963: 44).

HLPIFFarrrresenn e R

Figure 3.3. Cool air pool (Aronin: 1953: 151)
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Figure 3.4. Nocturnal Down-valley winds (Aronin: 1953: 185)

Also “a wind flow is diverted by a hill in both its horizontal and vertical
stream patterns, causing higher speeds near the hilltop on the
windward side and less turbulent wind conditions on the lee slope. The
resultant wind distribution oh d hill creates high velocity areas below
and at the sides on the crest; the lowest speeds are near the bottom of
the hill in the wind shadow” (figure 3.5) (Olgyay: 1963: 50).

Figure 3.5. Wind pattern around a hill (Aronin: 1953 196)
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3.2.1.1.2.2. Valleys and Plateaus

They create katabatic® valley winds that move up during the day and
flow down at night, settling in valley bottoms a$ pools of cold air
(Hough: 1984: 29).

“On the valley slopes a series of smaller circulations mix with the
neighboring warm air, causing intermediate temperature conditions
Accordingly, the temperatures at plateau will be cold, at valley floor very
cold, but the higher sides of the slopes will remain warm. This area,
often indicated by vegetation, is referred to as the warm slope, called
thermal belt” (figure 3.6) (Olgyay: 1963: 44-45).

Oceurrence of nottuinol wooling Correspending dlstribifion of
in o valley nocturnol minima.

1. Under the hypothesis thiat cold oir bohaves in the same manner as eold water

Figure 3.6. Warm slope zone (Aronin: 1953: 158)

5 Katabatic Winds dre winds caused by the flow of cold air down-slope (Aronin: 1953: 152)
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In the thermal zone the thermal belt is most advantageous for placing a
dwelling according to Olgyay (1963: 45). However, a more desirable
place shifts approximately halfway up the slope, when exposing to crest
winds.

3.2.1.1.3. Radiation and Exposure

Another dominant effect on the climate is the quantity of solar radiation.
“A hillside receives radiation impact depending on the inclination and
direction of the slope” depending on the season and the degree of
cloudiness (Olgyay: 1963: 45). In other words, “the exposure of a
certain slope is governed by the direction of the slope and the angle of
the slope. Thesé two factors also affect the amount of radiation
received from the sun” (Aronin: 1953: 57). Due to its importance the
quantity of radiation impact on various slopes should be treated in detail
for clear sky direct radiation, clear-sky diffuse radiation, clear-sky total
radiation, average direct radiation; average total radiation (Olgyay:
1963: 45).

Accarding to Aronin (1953: 57), “the amount of heat which a slope
receives is made up of direct insolation and diffuse sky radiation. Direct
insolation varies with the direction and angle of the slope. Diffuse sky
radiation varies with the angle of the slope only”.

For example, a 20° south slope receives just as much diffuse radiation
as a 20° north slope having no difference from that falling on a
horizontal surface, as Geiger states (1965: 370). However, with respect
to direct solar radiation measures for example, “a surface inclined at 20°
facing toward the south, even allowing for the high degree of cloudiness
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in Germany, receives roughly twice as much radiation in January as a
horizontal surface” (Geiger: 1965: 370).

Therefore, the cloudinéss analysis is important for the temperate zones
(in north or south part of earth) different than equator or poles that are
almost the same exposures for different slope degrees (Aronin: 1953:
57).

Hence, the amount of solar radiation for a specific region can be

calculated with the help of “the geographic latitude, the declination of
the sun (period of the year), the altitude of the sun (time of day), the
angle of the slope, and the direction in which it faces” (figure 3.7)
(Geiger: 1965: 370).
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Figure 3.7. Elements for calculating solar radiation (Aronin: 1953: 48)

According to the idea and analysis about the radiation incident on walls
facing all different directions in Hamburg Meteorological Observatory,
from the amounts of radiation for vertical walls in mid-summer the east
side of a house is most favored, compared with a horizontal surface, an
east or west wall receives less heat throughout the year, while a south
wall, from September through March, receives more. Also the highest
totals of radiation falling on vertical walls occur in early spring and late
autumn on a south wall (figure 3.8) (Geiger: 1965: 377).
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Figure 3.8. Sun heat gain on vertical walls in summer (left) and in winter
{right) (Aronin: 1953: 57)

“Each arrow represents a possible heat gain of 250 B.T.U. per day, at
the latitude of New York, on the surfaces indicated, and that part which
is shaded represents actual conditions in New York itself’ (Aronin:
1953: 57-58).

Also according to another analysis on radiation effect on slopes in New
Jersey area for 40° North latitude (in temperate zone) near sea level
was done within some assumptions; namely ignoring asymmetry in the
curve of daily intensity of solar radiation; differences in radiation
intensity resulting from the slightly elliptical orbit of the earth. in the
analysis radiation effects were calculated on all orientations in eight
inclinations from horizontal (0° slope) to vertical (90° slope). It is
important that the advantageous surfaces should receive larger amount
of radiation during underheated periods, and less at overheated times,
than a horizontal site (Olgyay: 1963: 45-48).

In order to find the best location looking at the thre¢ coldest (December
7 to March 7) and hottest months (June 7 to September 7) of the year
the results of the investigation are summarized, where for 10° and 20°
slopes toward all orientations due to the unsuitability of steeper siopes
than 20° slopes for ordinary settlement (figure 3.9) (Olgyay: 1963: 49).
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Figure 3.9. Evaluation of average total radiation effect in New Jersey area
(Olgyay: 1963: 49)

Results show that, 20° slopes in southern oriéntation have the
maximum radiation values compared to other orientations. This can be
interpreted referring to time factors. For example, “a sloped site which
receives 20% more winter radiation than a lével site will be two weeks
ahead in the arrival of spring. Likewise, a sloped receiving 40% more
winter radiation will be 3'2 weeks ahead” (Olgyay: 1963: 49-50).

Also the graphs in figure 3.9 are symmetrical due to only considering
radiation factor. However, in order to chose best location between two
territories having the same index number the one toward the east rather
than the west is the advantageous because mornings are cooler and
afternoons warmer (Olgyay: 1963: 50).

Therefore, “at a macro-scale, south-facing slopes concentrate solar
erietgy and produce different microenvironments from shaded and
northern slopes, which affects the growth and patterns of vegetation”
(Hough: 1984: 29). And also at 40° Northern altitudes 20° slopes in
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southern radiation give the maximum amount of radiation than other
slopes and directions (Qlgyay: 1963: 49).

3.2.1.1.4. Precipitation

“Precipitation on the windward side js carried over a hill by the wind
which strikes the slope, and the falls on the lee side, where irregular
weak air movements prevail. However, high mountains cause exactly
reversed precipitation distributions. When air forced to ascend on the
windward side, this procedures adiabatic® processes of condensation

and precipitation” (figure 3.10) (Qlgyay: 1963: 50).
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Figure 3.10. Wind direction and Precipitation on a hill (Olgyay: 1963: 50)

s “A process is said to be adiabatic when no heat is added to, or withdrawn from, the air that
-partakes in the process. This is the samie as saying that the air cools while it expands and heats
up when it contracts in an adiabatic process” (Aronin: 1953: 134)
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3.2.1.2. Natural and Build-up Structures

3.2.1.2.1. Water Bodies

“Water has a profound impact on climate control. Large bodies of water
absorb and store a high percentage of solar energy. They heat up and
cool much more slowly than masses and act as moderators of
temperature on land through the ventilation of onshore breezes. The
process of evaporation of water converts radiant energy into latent heat,
reducing air temperatures and acting as a natural air conditioner”
(Hough: 1984: 29).

It is normally warmer in winter and cooler in summer due to having a
higher specific heat than land. Also during the day it is usually cooler in
the moming and warmer at night, than the terrain. Moreover, “the
proximity of bodies of water moderates extreme temperature variations,
in winter raises the minimums, in summer lower the heat peaks’
(Olgyay: 1963: 51).

Also in the diumal temperature (difference between night and day
temperatures) variations, when the terrain is warmer than the water, low
cool air moves over the land to replace the updraft. Such offshore
breeze may have a cooling effect of 10° during the day, whereas at
night the reverse directions occur (figure 3.11). The degree of the
effects depends on the size of the water body more effectively along the
lee side (Olgyay: 1963: 51).
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Figure 3.11. Air movements near a waterbody (Olgyay: 1963: 61)

Accordingly, locations surrounding the water body provide moderate places to
settle.

3.2.1.2.2. The Natural Cover

With respect to reflective qualities of natural cover the terrain tends to
moderate extreme témperatures and stabilize conditions. “Plant and
grassy covers reduce temperatures by absorption of insolation, and
cool by evaporation. It is generally found that temperatures over grass
surfaces on sunny summer days are about 10° to 14° cooler than those
of exposed soil*(Olgyay: 1963: 51).

Hough states (1984: 29) that:

“\egetation controls direct solar radiation to the ground and
hence the heat radiated back from ground surfaces. A forest
may absorb up to 90% of light falling on it and in general
reduces maximum temperature variations throughout the year.
it may reduce wind speeds to less than 10 percent of
unabstructed wind and maintain more equitable day and night
intensity of rain reaching forest floors and affects the deposition
of snow and hurhidity. It reduces glare from reflective surfaces
since leaves have a low reflective index’.
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In other words, plants that evaporate water throughout the metabolic
process helps to control and regulate humidity and temperature; for
example, “at least 20% of an urban area in mid-latitudes is covered by
plants, more incoming solar radiation is used to evaporate water than to
warm the air” (Hough: 1984: 42).

Hence, plants can be used for cooling by evaporation process and
shading in overheated times and for protecting from cold winds in
underheated times as a windbreak.

3.2.1.2.3. Cities and Man-made Surfaces |

“Cities and man-made structures tend to elevate temperatures, as the
materials used are usually of absorptive character” (Olgyay: 1963: 51).

The climate of cities is markedly different from rural areas due to the
difference in materials, aerodynamic roughness, heat energy pumping,
and precipitation (Hough: 1984: 29-30).

The impermeable surfaces of city streets like paved spaces and
building surfaces using stone and concrete store and conduct heat
much faster than soil or vegetated surfaces (figure 3.12). Additionally,
being multi-faceted roofs, walls and streets act as multiple reflectors,
absorbing heat energy and reflecting it back to other surfaces, leading
to accept and store heat throughout the entire city (figure 3.13a and
3.13b). “It becomes, therefore, a highly efficient system for heating large
quantities of air throughout its volume (figure 3.14). In the countryside,
on the other hand, heat stored mostly in upper layers. In wooded
country the canopy receives and retains most of the heat, while lower
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levels remain relatively cool. Thus city temperatures are generally
warmer than the areas outside” (Hough: 1984: 30).

Figure 3.13a. Reflexion of solar radiation between surfaces in a city (Lowry:
1973: 143)
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Figure 3.13b. Radiation in countryside (Lowry: 1873: 143)

Night

Figure 3.14. Diagrammatic representation of the town/countryside heat
balance Q: radiation balance, V: evaporation, L: heating up of aif, B: heating
up of ground surface (walls), F: heat from combustion (Miess: 1976:96)

“The arrangement of tower blocks placed individually on their own sites
present much rougher surface than the open country. This has the
effect of slowing down prevailing winds and increasing localized gusts
at street corners and round tall buildings, and diminishes the cooling
power of wind in summer” (figure 3.15) (Hough: 1984: 31).
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Figure 3.15. Typical wind profiles over a built-up area, the urban fringe and
the open sea (Miess: 1979: 111)

“In winter, large amounts of heat are Jost to the exterior and in summer,
air conditioners cooling interior space pump hot air to the exterior,
making the problem of high temperatures worse” (Hough: 1984: 31).

Since rain is quickly carried away by storm sewers and snow is usually
cleared from city streets and pedestrian areas, the absence of moisture
inhibits evaporation. On the other hand, evaporation converts radiated
energy into hidden heat, which acts as a cooling or warming process
like in the countryside. For example, “the heat capacity of building
materials is greater than that of air by about 1000 and the process of
transfer by means of air particles into the atmosphere is much less
efficient than evaporation” (Hough: 1984: 31).

Hence, the material type and color of build-up spaces should be
selected to store and conduct heat much slower in order to manage
moderate temperatures both in overheated and underheated times.
Also the arrangement of tower blocks or higher buildup spaces should
be designed to create minimum rougher spaces to benefit from the air
circulation effect of prevailing winds.
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3.3. SITE SELECTION AND ORIENTATION ACCORDING TO
CLIMATE

3.3.1. Site Selection

According to the specific bioclimatic needs of a region in various
environments different topographic exposures may be desirable for
habitation, and other human activities (Olgyay: 1963. 51).

In the temperate zone, location requirements are not so strict, however,
needs for both over- and underheated periods should be correlated. As
does the orientation desirable site exposure tends to move farther east
of south. Allowing the utilization of lower portions of a slope the cool
airflow effects become less impoitant. The upper topographical
locations of a warm slope become advantageous having adequate
windbreak sheltering. In warm periods breeze utilization becomes
important and it does not conflict with winter wind protection due to not
coincidence between prevailing seasonal wind directions. “In the
temperate zone the varying needs of sun-heat gain and shade
protection should be carefully considered” (figure 3.16) (Olgyay: 1963:
52).

In the hot-arid zone desirability of heat loss overrides the demands of
the cool periods. Lower hillside locations, benefiting from cool airflow,
are preferable considering to avoid the flow during underheated times
by dam action. “A courtyard type of solution coincides with the need of
capturing the air of the intermediate surroundings that cooled by the
outgoing night radiation. Wind effects have relatively small importance.
The large daily temperature range makes easterly exposures desirable
for daily heat balance. In a large portion of the year afternoon shade is
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required; accordingly sites with ESE exposure are preferred in the hot-
arid zone" (figure 3.16) (Olgyay: 1963: 52).

HOT - ARID HOT - HUMID

Figure 3.16. Desirable site locations in various zones (Olgyay: 1963: 52)

Air movement constitutes the main comfort-restoring element in hot-
humid areas. “Sites off-set from the prevailing wind direction, but
exposed to high air-stream aréas near the crest of a hill, or high
elevations on the windward side near a ridge, are preferable” (Olgyay:
1963: 52). East and west sides of a hill receive more radiation than
other orientations where the sunrays come in a more oblique angle, so
southern and northern slope directions are more desirable. “However,
wind-flow effects will remain the dominating consideration, as shading
might be provided by other means” (figure 3.16) (Olgyay: 1963: 52).

Protected sites are preferable in the cool zone, where heat conservation
is the main objective. “The lower part of the thermal belt on slopes
placed in wind shadow areas but well exposed to winter insolation,
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offers advantageous positions. Orientation somewhat east of south
secures balanced heat distribution. Accordingly, sites about halfway up
a slope located in a SSE direction would offer the best location for
desirable cool-zone habitation” (figure 3.16) (Olgyay: 1963: 52).

3.3.2. Orientation

3.3.2.1. Sol-Air Orientation

= Just as the seasons are strongly differentiated by the inclination of the
earth’s axis toward the sun, the orientation of a building is affected by
the quantities of solar radiation falling on different sides at different
times. In winter at 40° latitude a southern exposure receives nearly
three times as much total sun energy as the east or west sides; while in
summer the radiation falling on south plus north sides is only half of that
absorbed by the east plus west elevations” (Olgyay: 1963: 53).

For example, “the builders of Pueblo Indians towns such as Acoma,
which is oriented slightly east of south, with long streets of masses
dwelling units running east-west. In these row houses the radiation-
vulnerable east and west sides are practically eliminated by being
joined together, and leave only the riorth and south elevations to
receive solar impacts” (Olgyay: 1963: 54).

Making calculations on sun intensities, many scientists draw some
conclusions. According to Marboutin;

“1. For best living conditions (warmth in winter, coolness in
summer) principal fagades of buildings should face south; 2.
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Fagades facing southeast and southwest offer the advantage of
regularity of insolation, but they are colder in winter and warmer
in summer than fagades facing south; 3. East and west
exposures are warmer in summer and colder in winter than are
south, southeast, and southwest exposures” (cited in Olgyay:
1963: 54).

Additionally, Bardet says south to be the preferred orientation, allowing
variations up to 30° ta the southeast and southwest. Consequently,
Hilberseimer claims that east and west orientations are the least
advantageous, that southeast and southwest are reasonably
satisfactory and that south is the most advantageous (cited in Olgyay:
1963; 54). ’

However, these theories do not consider daily temperature variations
that make solar heat more necessarily in the early moming and
sometimes undesirable in the late afternoon (Olgyay: 1963: 54).

Therefore, “the sol-air approach to orientation recognizes that air
temperature and solar radiation act together to produce one sensation
of heat in the human body. Thus to utilize the sun’s rays fully, their
thermal impacts must be considered in conjunction with heat
convection, and the total effect measured by its ability to maintain
temperature levels near the comfort zone” (Olgyay: 1963: 54).

“The importance of the sun’s heat will, then, vary according to regions
and seasons. Under cold conditions its additional radiation will be
welcome and building should be positioned to receive as much radiation
as possible, while under conditions of excessive heat, the orientation of
the same building should decrease undesirable solar impacts” (Olgyay:
1963: 54-55).
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By means of the bioclimati¢c comfort these conditions can be named as
the underheated and overheated periods of the year. For a given site an
optimum orientation should give maximum radiation in the underheated
period while simultaneously reducing insolation to a minimum in the
overheated period (Olgyay: 1963: 55).

It is true that in the northern latitudes, the air is generally cool within the
great need for the sun’s heat whereas in the south the air is heavy with
undesirable heat. Therefore, in the northern part of the earth aim is to
receive the maximum amount of radiation throughout the vyear,
oppositely in the southern part to avoid the sun’s unwanted radiation
and pick up cooling breezes instead (figure 3.17) (Olgyay: 1963: 55).

The analysis on the sol-air effect on specific regions may give some
conclusions about the orientation of a building fagade. For Ankara there
should be detailed analysis for the optimum orientation that is defined
as the actual angle between south and east or south and west.
However, the results of the analysis on New Jersey area located on 40°
N that is same for Ankara’ can be used in Ankara.

Therefore, for the site selection of habitation in Ankara the cool zone
requirements should be considered like in Minnesota case. On the other
hand, for the best orientation of building groups in the site for Ankara
can be approximately estimated with respect to the resuits New Jersey
area, which has temperate zone requirements. in other words, having
the approximately same latitude zone the general results about the
optimum orientation of New Jersey area can be used for the case of
Ankara Region. The microclimatic effects must be considered and

7 Ankara's location is between 38° 33’ - 40° 47’ N latitudes and 30° 52’ - 34° 06’ East
longitudes (AMMAR for 2025 Plan)
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detailed analysis must be done for Ankara’s subregions for the
orientation of individual buildings.

Figure 3.17. Sun and wind, the two main influences in physical orientation
(Olgyay: 1963 55)

The orientation evaluation was calculated using total radiation data for
the New Jersey area. According to graphs, “the first circle gives the total
yearly radiation with its maximum intensity pointing to the south. The
second circle gives the amount of insolation received during the
underheated period, where the maximum radiation intensity shifts from
the south by 17,5° toward east. The third circle gives the amount of
radiation received during the overheated period, where the maximum
occurs 17,5° south of west” (Olgyay: 1983: 58). In conclusion, the
optimum orientation will be at 17,5° east of south for New Jersey region
(figure 3.18).

Figure 3.18. The sol-air analysis on New Jersey area (Olgyay: 1963: 59)
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3.3.2.2. Environment and Building Shapes

In order to minimize the stresses of the effects of the seasons the
analysis was done for building forms and town layouts in different
climatic conditions. The optimum shape was defined as the one that
has the minimum heat loss in winter and the minimum heat gain in
summer (Olgyay: 1963: 90).

3.3.2.2.1. Building Shapes

In the temperate zone, owing to the least stress from any specific
direction and smallest penalty from this climate shapes considerable
freedom in form is observed. An elongated form is desirable. However,
shapes on the east-west axis are preferable due to diurnal temperature
effect (figure 3.19) (Olgyay: 1963: 90).

“In the hot-arid region under winter conditions the house could have
an elongated form, but it is returned to a squarish shape by strong
summer stresses. However, cutting out part of the cube and filling the
hole with shade (walls, trees, trellis) and with cooled air (evaporative
.cooling, lawn, trees pool, fountain effect) the environment is changed
for the better (microclimate)” (Olgyay: 1963: €0-91). For hot-arid zones
massive shapes in large building design are advantageous and cubical
forms, or those slightly elongated toward the east-west axis are more
adaptable (figure 3.19).
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Figure 3.19. Basic forms and building shapes in different regions (Olgyay:
1963:89)

“In the southern hot-humid region the sun attacks the east and west
ends of a house and forces it into a slender elongated structure. The
températures are not excessive, and such a shape can be used
beneficially for wind effects (counteraction of vapor pressure)” (Olgyay:
1963: 90-91). “Buildings located on the north-south axis receive greater
penalty than they would in other climatic zones” (figure 3.19) (Olgyay:
1963; 91).

[
On the other hand, in the cool zone, the low winter temperature

overrules the sun's effort to elongate the structure in the east-west
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direction, and presses it into a nearly square shape. In large houses the
cubical form (closed compact form) can be enhanced by a two-story
structure, such as point-houses of squarish character, or bilateral (back-
to-back) building plans on the north-south axis due to their relatively
dense cubature (figure 3.19) (Olgyay: 1963: 90).

“It i$ evident that the volume effect can be utilized architecturally for the
alleviation of over-all thermal pressures. Some calculations show that,
while in houses more than 90% of the cooling load is due to weather
factors, in large buildings the same effects amount to less than 60%. In
such cases the form and orientation is of secondary importance” (figure
3.20) (Qlgyay: 1963: 90).

content | B 64
surface 6 24 96
ratic 116 13 1:1.5

175, Volums effect:

Figure 3.20. Volume effect (Olgyay: 1963: 91)
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3.3.2.2.2. Town Structures

According to Olgyay (1963: 91) from all shaping factors such as
political, social, econamic merging together into a composite structure,
it is difficult to analyze the climatic effect separately.

Plans are open; nature and the hiouses merge in the temperate zone
with the possibilities of a free arrangement as Olgyay claims (figure
3.21) (19863: 91).

TEMPERATE 20NE

Skinner, Baily &
Lubetkin, Finsbury

Furno & Harrison, East Norwich, L.3., N.Y.

Figure 3.21. Temperate Zone building and town structure (Olgyay: 92-93)

“In the hot-arid zone the walls of the houses and the gardens provide
shade to the living areas and to the street, like a horizontal eggcrate
device for shading”. Unit dwellings are arranged around closed
courtyards like cooling wells, and are grouped together to achieve
defense in volume reacting against the heat with shaded dense layout
structure (figure 3.22) (Olgyay: 1963: 91).
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Figure 3.22. Hot-arid Zohe building and town structure (Olgyay: 1963: 92-93)

Water evaporation into the air can substantially be used for reduction in
the air temperatures in hot-arid climates. Therefore, the evaporation
rate and the cooling rate depend upon ‘the area of the water, the
velocity of the wind, the relative humidity of the air, and the water
temperature”. In order to provide the evaporation effect the cooling can
be localized in courts that trap the cool air or used in larger areas to
cool air flowing through the building with increase in the surface area of
the water bodies (Brown: 1985: 78).

in hot-arid climates buildings are placed very close together in order to
shade each other and adjacent streets, because buildings are difficuit to
use as shading devices for each other due to high sunrays casting short
shadows except in the early morning and late afternoon like in
Marrakesh (figure 3.23) (Brown: 1985: 82). '
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Figure 3.23. Building and town structure in Marrakesh, Morocco (Brown:
1985: 82)

On the other hand, “the buildings are freely elongated, and this freedom
is brought out in the layouts in hot-humid regions. The houses are
separated to utilize the air movements; tree shading become important
elements. The character of the town fabric becomes scattered and
loose™ (figure 3.24) (Olgyay: 1963: 91-82).

According to Brown (1985; 79) “each building creates an area of
reduced wind velocity on its leeward side; therefore, buildings in which
cross-ventilation is important should be separated by a distance of five
to seven times the building height to assure adequate airflow if they are
directly behind one another”. Like in Tocamacho in Honduras (figure
3.25) using lower one-story buildings results in smaller wind shadows
than multistory buildings and they can be spaced close together to
provide ventilation air for the adjacent building with the help of the wind
flow around each other (Brown: 1985: 79). Also "when the sun high,
horizontal shading elements like roofs or tree canopies are extremely
effective, especially in hot humid climates where buildings are placed
further apart to encourage cross-ventilation” (Brown: 1985: 82).
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