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VISIONS FOR AN URBAN TRANSPORT SYSTEM FOCUSED METROPOLITAN
VEHICLE FRAMEWORK

KENTSEL ULASIM SISTEMI ODAKLI BIR METROPOLITEN ARAC CERCEVESI ICIN
VIZYONLAR

Dr. Can BIYIK

Ankara Yildirim Beyazit Universitesi, Miihendislik ve Doga Bilimleri Fakiiltesi, Insaat
Miihendisligi Boliimii - ORCID NO: 0000-0001-7156-4143

Abstract

Walking and cycling can make an extensive commitment to maintainable vehicle objectives,
building better and more practical networks and adding to traffic and contamination decrease.
There have been numerous public and nearby drives to advance strolling and cycling, however
without a drawn out vision and reliable system it is hard to perceive how a critical change might
be accomplished. This paper presents three elective dreams for the job of strolling and cycling
in metropolitan regions for the year 2030: every vision represents a ‘alluring' strolling and
cycling-focused vehicle framework against an alternate 'exogenous social foundation'. These
dreams have been created through a course of master conversation and audit and are planned to
give a boost to banter on the potential for and attractiveness of such elective fates. Each depends
on the Turkey and addresses a significant change to the current circumstance: specifically, every
one of the dreams presents a perspective on a general public where strolling and cycling are
extensively more significant than is right now the situation and where these modes provide food
for a lot higher extent of metropolitan vehicle needs than as of now. The dreams show pictures
of metropolitan conditions where reliance on engine vehicles has been diminished, in two of
the dreams to extremely low levels. The methodological methodology for formulating dreams
is educated by work on 'idealistic reasoning': a key idea basic this methodology is one of review
the future in friendly constructivist terms (for example what's to come is the thing that 'we', as
a general public, make it) instead of considering the future as something that can be
‘deductively" anticipated by the extrapolation of latest things.

Keywords: Visioning, visualizations, Turkish cities, urban environments

Ozet

Yiirtime ve bisiklete binme, siirdiiriilebilir ulasim hedeflerine 6nemli katkilarda bulunabilir,
daha saglikli ve daha siirdiiriilebilir topluluklar olusturabilir ve trafik ve kirliligin azaltilmasina
katkida bulunabilir. Yiirlimeyi ve bisiklete binmeyi tesvik etmek i¢in birgok ulusal ve yerel
girisim olmustur, ancak uzun vadeli bir vizyon ve tutarli bir strateji olmadan 6nemli bir
degisikligin nasil elde edilebilecegini gormek zordur. Bu makale, 2030 yili i¢in kentsel
alanlarda ytiriime ve bisiklete binmenin rolii i¢in ii¢ alternatif vizyon sunmaktadir: her vizyon,
farkli bir 'digsal sosyal arka plana' kars1 'arzu edilen' yiirlime ve bisiklete dayali ulagim sistemini

BOOK OF FULL TEXT ISBN: 978-605-70910-5-5 www.egekongresi.org Page | 1
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gostermektedir. Bu vizyonlar, bir uzman tartismasi ve incelemesi siireciyle gelistirilmistir. Bu
tiir alternatif geleceklerin potansiyeli ve arzu edilirligi izerine tartigma icin bir tesvik saglamay1
amagclamaktadir. Her biri Tiirkiye'ye dayanmaktadir ve mevcut durumda 6nemli bir degisikligi
temsil etmektedir: Ozellikle vizyonlarin her biri, yiiriime ve bisiklete binmenin su anda
oldugundan ¢ok daha 6nemli oldugu ve bu modlarin ¢ok daha yiiksek bir degere hitap ettigi bir
toplum goriiniimii sunmaktadir. Vizyonlar, ikisinde ¢ok diisiikk seviyelere kadar motorlu
tagitlara bagimliligin azaltildig1r kentsel ortamlarin resimlerini gostermektedir. Vizyonlar
tasarlamak i¢in metodolojik yaklasim, 'ltopik diisiince' iizerine yapilan c¢alismalarla
bilgilendirilir: bu yaklasimin altinda yatan anahtar kavram, gelecegi sosyal insaci terimlerle
gormektir (yani gelecek, toplum olarak 'biz' ne yaparsak odur).

Anahtar Kelimeler: Vizyon, gorsellestirme, Tiirkiye sehirleri, kentsel ortamlar

1. Introduction

Future investigations comprise the bit by bit study done on the conceivable, likely just as ideal
future and they involve the perspectives and techniques that every future is related with Bell
(1996) and Saul (2001). There is a probability that the future examinations will bring
disturbances and challenge the current structure instead of work on the viability of the
methodology. Future investigations involve a wide scope of studies and strategies, and the
region is classified as an extremely fluffy multi-field (Marien, 2002). Futurists consider the
interruption that strategies, for example, situation arranging and arising issues examination
cause to work on the productivity of the methodology as futurists work on the flexibility and
strength of the arrangement (Inayatullah 2000).

The fame of the single point determining was most elevated the period that what's to come was
seen as comprehensible as futurists didn't believe vulnerability to be definitive. In any case, the
quicker speed at which change is occurring and the continuous epistemological discussions in
regards to the idea of information, it has become altogether more imperative to live with
guestionable fates in contrast with fostering a specific world (Schwartz, 1996).

Approximately three critical phases are notable in the evolution that the future modern studies.
The first phase includes 1940s-1950s, the second includes 1960s-1970s while the third stretch
from the 1980s to present. The initial phase is considered the golden phase of planning,
positivism, quantitative methods, global financing and trade (Mannermaa, 1986). In this era,
economic growth, industrialisation, urbanisation, the emergence of the potential of space travel
and globalisation arose. This futures boom is characterised by a rising demand for organised
trend-extrapolations, long-range planning and general technological foresight and assessment
(Bell, 2005).

Figure 1 shows the periods of evaluation for future thinking based studies. Among the period
from 1940’s to the present day, it was seen that future thought-based studies consist of different
disciplines and classified under different thinking categories (Kuosa, 2011). As seen from this
figure, the first phase of futuristic studies is prediction thinking, which had involved control of
life, oracle, seeing the future, magical arguments) until the beginning of the 1950s. Management

BOOK OF FULL TEXT ISBN: 978-605-70910-5-5 www.egekongresi.org Page | 2
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thinking is the next paradigm of future thinking approaches had been the cornerstone of the
military, control of functions and physical arguments from 1960°s to 2000’s, while the final
paradigm of future studies has begun after 1970’s and classified into more different named
thinking (systems, dialectic and futurology) and topics.

1940's 1960's || 1970's || 1980's || 2000's || 2010's 2020's
World War || - by - Ly g

-

———

Strategic manageme.r'\.l.
Pred‘cmn &[mum .....................................
thinking

Dynamical systems
Control of life M?"?Qement /Ste
thinking thinking

Oracle

Seeing future ) _
directly Control of functions ‘ Dialectic
Magical Military information Proactive think
Physical Categorization 3
Modeling studies
arguments
Systemic Control of desired
New Enston's scence arguments images
paradgm Value-rational ™ |
Addressing selected
challenges of future

Moral arguments

Humanistic onentation

3 '.‘\ En
How to solve the huge ¥ er"’he"faI PRy o
problems of humankind o/ Ureg S'Ud' .......
Humanistic arguments les

Feay
..........
..........
........
...........

Image 1. Evolution of futures studies.
Source: Kuosa, 2011.

2. Overview of Approaches to Futures

It is workable for typologies to be valuable instruments when looking to convey, analyze,
comprehend and foster techniques for future investigations. A scope of approaches differs
relying upon which, ontological strategy is thought of. These modern methodologies are
partitioned into three classes: Forecasting, Exploratory, and Normative (Tapio and Hietanen,
2002; Timms et al., 2014).

2.3.1. Estimating Scenarios

Estimates are characterized as exact future forecasts of a component by drawing upon past data
of how the vital variables of the system have fluctuated throughout a particular timeframe
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(Wada et al., 2011). Estimating techniques can be complicated numerical displaying suites
which, are intermittently re-aligned to get which, components might have a changing measure
of significance or they can basically be basic clarification based devices over the long haul
(Makridakis et al., 2008).

Estimate situations recognize outrageous conditions and take into consideration a wide scope
of potential figures to be made. For example, it is regular for a best, center and most dire
outcome imaginable (with numerous other elective situations) to be introduced. Contrasting
these various limits can lead with starting possibility arranging. Strategies are covered after the
estimates are made, however don't drive interest (Coates, 2000).

2.3.2. Exploratory Scenarios

Exploratory techniques start from the present with an endeavor to see where occasions and
patterns may be taken. They additionally check out how they push ahead while suggesting
potential prospects. This implies that exploratory methodologies think about pre-conditions,
convictions and social or mechanical potential outcomes which, as of now happen (Bock and
Diday, 2012).

Exploratory situations ordinarily start with a primer evaluation of a potential (frequently an
alluring) future that is of interest. Then, at that point, they work in reverse to take a gander at
how these prospects may or probably won't occur in the present. They center around making
conventional pictures of conceivable, attractive, bothersome or blended fates to work with key
thought by associations (Timms et al., 2014).

2.3.3. Regularizing Scenarios

Regularizing strategies center just around theoretically advantageous fates and assist with
giving pointers that can be utilized to configuration wanted fates. Standardizing situations focus
on planning optimistic future situations and arranging objectives instead of foreseeing potential
situations (Kuosa, 2014). It is entirely appropriate for participatory cycles and incorporates the
uplifting potential for revolutionary changes, frequently in the medium and long haul. Visioning
and backcasting are illustrative of this methodology. Visioning is a method that requires taking
a gander at how unique positive dreams work. Backcasting thinks about what activities and
strategies are required today that will associate the future to the present (Zimmermann et al.,
2012).

3. Methodology

The poll overview means to empower the cooperation of people in general in the advancement
of things to come fanciful situations. The related goals of this review are (I) to become familiar
with the individual assumptions for the members about the maintainable vehicle dreams (the
primary exploration objective); (ii) to look for the techniques which will guarantee

BOOK OF FULL TEXT ISBN: 978-605-70910-5-5 www.egekongresi.org Page | 4
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supportability in transport practices and ways of life (the second examination evenhanded) and,;
(ili) to investigate the components which will energize clients with unmistakable
socioeconomics to utilize dynamic vehicle frameworks more (the third exploration objective).
A similar web-based overview is used for the inquiries related with the main, second and third
exploration questions. The overview results are accessible at
http://www.bisikletizm.com/bisikletli-ulasim-nasil-gelisebilir/(by clicking Anket Sonuglari).
The assent structure, member data sheet and online overview structure are given.

Open-finished overview questions offer members a chance to impart their insights
unreservedly, and henceforth, it gives more productive information examination (Van Selm and
Jankowski, 2000). Open-finished inquiries have various focuses in this review; the primary
examination question is to comprehend members' necessities towards creating elective vehicle
dreams for what's to come. The subsequent exploration question is to investigate viable vehicle
rehearses that might assist with building a positive way of life and conduct change in Turkish
metropolitan roads. All systems presented from the members are displayed.

The quantitative piece of the overview means to investigate transport rehearses that adequately
advance distinctive financial gatherings to utilize non-mechanized vehicle frameworks for work
ventures, thus kills disparity in the profile of dynamic vehicle clients. Hence, the third
exploration question is intended to test transportation methodologies that might build the
variety of people on foot and cyclists for the advancement of beneficial metropolitan conditions.

Likewise, members are asked a few inspiration inquiries. For instance, which of the
accompanying changes (wellbeing, social, and natural) would rouse members to utilize
dynamic vehicle frameworks more? The Statistical Package for Social Science (IBM SPSS
Statistic 21) are utilized to test the contrast between the mean fluctuations (e.g., female and
male) in view of different wellbeing , social-, and climate subordinate elements. Stretch scale
questions are shaped to get some information about understanding strength, probability or
fulfillment (for example totally fulfilled, fulfilled, unbiased, unsatisfied, totally unsatisfied).

The meetings are directed to evaluate (1) the influence of the elective dreams (the fourth
examination evenhanded) and (ii) to develop adequate approach pathways that can be intended
to accomplish a particular vision in Turkish urban areas (the fifth exploration objective). Semi-
organized meetings are used in light of the fact that a little work had been recently done on the
avocation of transport dreams, focussed on strolling and cycling (Richardson, 2007; Tight et
al., 2011). A particularly methodological methodology is considered because of the intricacy
of the difficulties that should have been tended to.

At first, the nonexclusive pictures are exhibited to willful members, and the critical changes of
the situation accounts are momentarily clarified. Dreams and their representations are shown to
the volunteer road and master members to assess the dependability of future substitute dreams.
The overview questions are intended to resolve the fourth inquiry of the exploration.

In the meetings with general society, just the pictures of current and elective prospects at the
applicable area is depicted and the photos of any pertinent area and its present condition are
clarified in a more broad manner. For instance, the analysts don't expand on the critical factors
of dreams for members in this piece of the work.
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In the meetings with the specialists (metropolitan planners, transport engineers, non-legislative
cycling gatherings, and scholastics), the indistinguishable inquiries are posed, all fanciful
pictures are shown, and the clarifications are given in more detail. The explanation of utilizing
two distinct methodologies for public and specialists is that the necessary time for every one of
them are not quite the same as one another. One more distinction between the two
methodologies is that the general population and the specialists are asked to respond to the
inquiries as per every day transportation modes and working disciplines, individually. The
normal occasions to finish the meetings with people in general and specialists were almost 5
and 35 minutes, individually.

The fifth examination question is tended to through an educated conversation with the nearby
and focal policymakers by the nonexistent photos of all dreams is clarified, however they are
mentioned to clarify the inquiries just for the particular vision. They are requested to develop a
timetable for the execution from measures that would help to accomplish the vision targets.
Fanciful future travel situations are disclosed to those participating. Fully intent on getting the
trademark information for each metropolitan region, the members are approached to evaluate
the future nonexistent travel situations for their urban communities and offer their remarks and
ideas to catch more normal and particular reactions. In the meetings with the focal strategy
creators, the center is for the most part given to the vital portrayals of the situation stories. The
inquiries of the meeting settled on with the nearby and focal chiefs are remembered.

4. Results

Figure 1 demonstrates the extents of individuals are strolling and cycling to/from work on a
given number of days in seven days. It is seen that cycling use rates for two days out of every
week fluctuate between 26% and 33 percent and these rates are higher than strolling for similar
recurrence in this load of urban areas.

The most extreme cycling utilization rates in Eskigehir and Istanbul are 3 and 4 days,
individually; while, in Konya, it is more than four days out of each week. The cycle use rate
diminishes just in Ankara. Then again, huge contrasts in cycling utilization recurrence between
the metropolitan regions are not noticed (p < 0.05 for the entire days).
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Image 2. The proportions of people are walking and cycling to work in a week.

The successive utilization of the person on foot mode generally changes somewhere in the range
of two and four days. As per the figure, the frequencies of passerby mode utilization in the
model urban areas are comparable; nonetheless, the use more than four days is higher in Konya
than in different urban communities. Nonetheless, there are no critical contrasts in the
recurrence of walker mode utilization between the metropolitan regions (p < 0.05 for the entire
days). Of all excursions, 28-37% are walked somewhere around two days of the week, with the
most minimal rate in Izmir and the least in Konya. Review information from five Turkish urban
areas show that 31-37% of all strolling trips are made for three to four days, the most noteworthy
figure being intended for Eskisehir and the least is Izmir. Excursions by walking happen most
as often as possible in Konya with 35%, though strolling trips are less in Ankara with 13% for
over five-roadtrips. Overview information from five Turkish urban areas show that 15-35% of
cycling trips are made somewhere around five days out of each week, the most elevated figure
being intended for Konya and the least is Ankara. For under three days on seven days, the
portion of cycling use differs from 41% (Eskisehir) to 51% (Ankara). Figure 2 underscores that
strolling is a method of voyaging utilized generally for two purposes: training and driving. Then
again, there isn't a lot to convey, game and relaxation trips where the strolling is the central
reason. Around 50-75% of all members strolled is intended for these two purposes, with
Eskisehir at the top and Ankara at the base.
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Image 3. The trip purpose of pedestrians in Turkey.

One example t-test was utilized to comprehend whether there is a huge connection between the
recurrence of person on foot mode utilization in metropolitan regions and travel purposes or
not. This test demonstrates that there is no measurable connection between the occurrence of
walker mode utilization in five unique urban communities, aside from sports purposes (p >
0.22). Figure 3 summed up that the bike is less utilized for excursions to shops, for the most
part for recreation and sports purposes where bike visits perhaps are a point in itself. More
individuals cycled for relaxation trips in Ankara (36%) and for sports trips in Istanbul (38%)
than in some other chose Turkish urban areas. Notwithstanding, cycling is likewise a typical
way for venturing out to work (and school). 65 % of members lived in Konya by bike is gone
on home-work/school ventures. Eskisehir and Ankara followed, with 48% and 45%, separately
on home-work strolling trips, though is the most minimal in Istanbul with 13%. One example
t-test uncovers that there are factual contrasts between the recurrence and reason for cycling
utilization. A critical distinction exists between the recurrence of cycling utilization for business
or training purposes across different urban areas (p< 0.05). Notwithstanding, there is no
genuinely critical contrast between recurrence of cycling use for different purposes in various
urban communities (p= 0.22, shopping; p= 0.06, relaxation; p= 0.14, private issue; p= 0.22,
sport).
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Image 4. The trip purpose of cyclists in the selected Turkish cities.

5. Findings

The motivation behind this review was to produce elective vehicle dreams that attention on
walkers, cyclists, and public vehicle clients. The fanciful travel situations made for what's to
come were created in accordance with thoughts from the general population, and full scale and
miniature strategies which ought to be carried out to accomplish the objectives of a particular
vision in metropolitan regions were looked for by the approach creators. To accomplish this
examination point, the venture focussed on five fundamental exploration questions:

In this review, an exhaustive overview was embraced to learn the economical vehicle
intercessions that members expected to find in the metropolitan spaces of Turkey inside the
accompanying twenty years. In excess of 200 unique ideas towards creating future vehicle
dreams in Turkey were considered for the motivations behind responding to the subsequent
exploration question. Assessment of the members' assumptions for future Turkish metropolitan
vehicle frameworks added to the making of a wide vision for future advancement that held
public association to a greatest. Continuing to cycle courses separate from cars was observed
to be the best future technique. Different needs were reduing vehicle speed and confining the
utilization of private vehicles in some bustling pieces of the downtown area.

In this review, different methodologies that may change the transportation practices and ways
of life of the members were looked for. Members indicated which potential systems may make
positive or incompletely sure changes in their transportation practices. The outcomes show that
the members will have different beneficial outcomes on their transportation conduct in every
single future vision, yet explicit transportation methodologies that lead to any of these
distinctive positive impacts couldn't be found.
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The review researched whether the general significance of various security , social-, and natural
arranged elements change essentially among various financial gatherings. A single direction
ANOVA showed that the main measurably huge relationships were among sexual orientation
and the normal scores of wellbeing, social, and natural elements. The discoveries of this
investigation concurred with those of past examinations. Moreover, the factual outcomes
uncovered methodologies that ought to be powerful in pushing sex gatherings to utilize more
supportable vehicle frameworks. Nonetheless, the outcomes just gave restricted data about
formulating potential procedures that may be designated at explicit financial gatherings (for
example sexual orientation, age, pay, and instruction).

In this review, the proposed future travel dreams were assessed by thinking about open and
master sees. A large portion of general society and master members believed every one of the
dreams to be beneficial future metropolitan conditions for Turkish urban areas.
Notwithstanding, the overall view from the members was that the vision that further develops
public vehicle was more solid and surprisingly essential for metropolitan regions in Turkey,
despite the fact that the aim of creating dreams for what's to come was an extreme expansion in
non-mechanized vehicle frameworks.

This concentrate initially imagined future ways to deal with transport to investigate the
fundamental public and nearby approaches in the chose case urban areas. The discoveries
broaden scholarly information and comprehension of things to come jobs of different
foundations in the advancement of positive metropolitan regions and effectively gave a valuable
illustration of how unique Turkish nearby specialists could develop strategy pathways that
would empower them to understand the Improve Vision focus constantly 2035.

6. Conclusion

This paper has set out various dreams for the year 2030 which achieve a stage change in the
degree of strolling and cycling in Turkish metropolitan regions. The dreams are expected as a
reason for conversation and to assist with advancing pondered what is associated with "person
on foot and cyclist agreeable prospects™ and regardless of whether such fates are attractive.
Vision One expects to be a social setting "like the current day™ and centers upon conditions
which generally exist currently in various mainland European metropolitan regions and
somewhere else. Dreams Two and Three accept profoundly unique social settings to the current
day and the metropolitan regions depicted in these dreams are altogether different to what
exactly exists in 2010. The advantages of the "strolling and cycling" parts of each of the three
dreams are possibly broad — decreased nearby commotion and air contamination, decline in
outflows of ozone depleting substances, further developed wellbeing, better wellness levels of
the populace, just as changes which are more hard to evaluate such as more noteworthy
friendliness of the metropolitan climate, expanded opportunities for youngsters to utilize the
climate and a general improvement in metropolitan personal satisfaction. Considering that the
dreams have been grown explicitly with regards to a medium measured city of 250,000
individuals, a significant inquiry identifies with their adaptability to metropolitan areas of
various sizes in Turkey and to metropolitan regions outside Turkey. Indeed, even inside Turkey
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setting, it is hard to evaluate whether the progressions addressed in the dreams will be more
troublesome or simpler to accomplish in more modest or bigger networks and this inquiry will
be tended to in the rest of the exploration. Nonetheless, considering that large numbers of the
actions which are available in the dreams are restricted to neighborhoods, it tends to be
conjectured that it is far-fetched that there will be extra issues with these, paying little heed to
the size of the in general metropolitan region. On the other hand, a portion of the cross
metropolitan region provisions like organizations and generally network for strolling and
cycling may possibly be more hard to accomplish in bigger urban areas. For super urban areas,
for example, London it is conceivable that there might be issues with possibly long travel
distances, however land-use change and localisation of exercises may go some approach to
improving these. The following phases of the work will zero in on investigating pathways or
storylines by which these dreams may be accomplished, that is to check out what sorts of things
would need to occur and when to move from the current circumstance to every option 2030. It
is expected to work through these storylines for both the theoretical city depicted here in this
paper, and furthermore to endeavor to work with various nearby specialists and other vehicle
partners in some Turkish metropolitan regions to investigate how the sorts of changes talked
about here may be planned onto or adjusted to fit genuine areas.
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ABSTRACT

The impact of floods and similar disasters on society is directly proportional to the economic
power of the country and the magnitude of the disaster. This situation is most clearly seen in
developing countries. Countries economies are weakened as a result of disasters. Therefore, it
IS very important for every country to reduce the negative effects of natural disasters and to
predict the disaster early and to determine appropriate, costly and planned strategies.

Floods cause massive damage in different countries every year. It may not be possible to prevent
and control the floods, but it is necessary to manage them. Turkey faces flooding risks due to
climatic, ecologic and socio-economic changes. Nevertheless, mitigation efforts intended to
reduce flood risks in Turkey, have been limited and not adequate. The negative effects of natural
disasters such as floods on the country and society can be minimized when necessary
precautions are taken on time and appropriate strategies are determined, especially by using
technological methods. It is very important to take sustainable and appropriate measures against
disasters especially floods.

This review presents effectiveness and sustainability of flood risk management strategies and
related technologies.

Keywords: Flood; Natural disaster; Flood management.

INTRODUCTION

Flooding is a major natural disaster that is becoming more severe for many human communities
and governments. Floods accounted for about half of all persons affected by natural disasters
in recent years, accounting for nearly one-third of all natural catastrophes worldwide (Adikari
and Yoshitani, 2009). Due to climate change, environmental pollution and other factors around
the world, natural calamites such as floods, tsunamis, droughts, bushfires, storms, epidemic
diseases, landsslides, earthquakes, hurricanes, cyclones, and tornadoes occur frequently (Samu
and Kentel, 2018). Floods are one of the serious socio-natural disaster and causes significant
damage to quality of lives and affecting the socio-economic living. Floods caused by the
unintentional release of water storage, such as snow or tides, dams, or floods induced mostly
by heavy rainfall (Samu and Kentel, 2018). Flood disaster events have affected the economic
development of the country and socio-economic lives. The nature of flooding varies according
to geography of region. The hydrology of floods is linked to both climate and physiographic
characteristics (Shah and Gabriel, 2002).
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Developing economies, such as Turkey's, are the most exposed to climate and flood dangers as
a result of climate change. Floods and droughts in developing countries pose serious economic
and social threats to humanity (Mohamed Shaluf, 2007). Flooding has been a frequent
occurrence in Turkey, resulting in damage to crops, infrastructure, and human life. High rates
of flood-prone urbanization, land use changes, many sub-customary constructions, increasing
population density, and, most importantly, global warming associated with climate change have
all contributed to an increase in flood-related losses (Luino et al., 2018). Most countries,
including Turkey, are becoming increasingly urbanized, with the bulk of the population
currently residing in urban areas; and some experts have noted that cities with rapid urban
growth experience greater floods and flood damages (Hammond et al., 2015). Flood and other
natural hazards are projected to be reduced in developing nations if proper and effective
adaption measures are included in management plans and sustainability strategies (Thomalla et
al., 2006). Levels of flood protection define how well a region is protected from flood damage
(Samu and Kentel, 2018). Flood protection is provided through esplanades, dams, and other
management techniques and technologies.

This review paper used various applications to identify the negative effects of floods on people
and the environment in order to propose sustainable solutions for the future; to detect possible
causes of floods, estimate future flood-related risks in the country, and review sustainable
mitigation policies.

RESEARCH METHODOLOGY
In this review study, the relevant literature was used.

RESULTS AND SUGGESTIONS

In many parts of the world, stream flooding after excessive local precipitation or mass snowmelt
is the most common example of flooding. Flood is a natural formation that develops depending
on the climatic conditions, geotechnical and topographic characteristics of the region. However,
the flood problem or disaster occurs mainly as a result of human activities. Uncontrolled
urbanization activities in areas with flood risk without taking any precautionary measures are
the most important cause of flood disasters in all parts of the world. Therefore, the damages we
cause to the ecosystem appear in the form of floods and similar disasters. Riverine flooding,
flash floods, coastal flooding, and lake flooding are the main types of flooding. Riverine
flooding occurs when river flows exceed their capacity as a result of severe, sustained rains.
Flash floods are fast and catastrophic, and they usually happen as a result of strong storms,
landslides, a quick dam failure, or when runoff exceeds the drainage system's capacity. Rising
seas, hurricanes/cyclones, sinking beaches, and tsunamis are all potential causes of coastal
flooding. Following heavy storms and persistent wet years, water levels in lakes often shift
gradually over numerous storms, causing overspill to the adjacent low-lying areas. Flood risk
management tactics and technology have evolved over ages as civilizations in various regions
of the world have developed. Structural engineering solutions have been increasingly important
in flood risk management in recent years. Embankments, dykes, polders, diversion channels,
and dams were the principal flood mitigation and control strategies used in the modern era.
Nonstructural remedies have also been employed as a result of flooding to reduce exposure and
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susceptibility (Richards et al., 2008). Depending on the local environment and planning
processes, the effectiveness and long-term viability of all flood control methods varies
substantially. The goal of long-term flood risk management can best be achieved if everyone
contributes to flood risk management planning and implementation; additionally, flood risk
management is a multidisciplinary issue that includes ecological, climatic, socioeconomic,
institutional, and hydro-meteorological aspects.

Among the structural defense strategies are levees or dams, as well as broader ecosystemic
interventions like renaturalization. The concept of risk can be illustrated using structural flood
defenses such as dykes; dykes can give good protection against small to medium floods
(Zbigniew et al., 2001). Flood risk management structural measures may result in changes to
the natural environment and ecosystem. Embankments, spurs, dikes, floodwalls, gabion walls,
dispersions, diversion structures, delay action dams, bypass-structures, and floodwater
channelization are examples of structural measures. Non-structural flood mitigation strategies
include the use of management planning systems to regulate human activities. Flood proofing,
emergency response and recovery, floodplain mapping, land use restrictions, limiting new
developments and storing dangerous chemicals or locating sewage treatment plants in high-risk
locations, and implementing conservation methods are examples of nonstructural interventions.
A river system is normally not tied to a single country, although an upstream country's actions
might have a significant impact on those downstream. Non-structural measures, on the other
hand, are difficult to deploy across borders. Instead of administrative or political borders, the
optimum maodel for a single system of water management is based on river basins, which are
natural geographical and hydrological units (EU, 2000). Water management should not be
limited to a single country, but rather involve countries cooperating across borders to manage
shared water, allowing for a more long-term sustainable approach.

Floods are prevented via flood warning systems and flood education. Residents in a region are
better prepared for proper countermeasures when they are informed about flood coping tactics.
As a result, in order to properly employ warning systems, residents must have adequate
knowledge and take appropriate steps. Locals are given the opportunity to take their own
measures by educating them and introducing a warning system. "Foreign borrowing to fund
post-disaster rehabilitation presents a number of policy concerns. Since 1980, the World Bank
has lent 7.5 billion dollars to 56 countries for post-disaster rehabilitation” (Roy and Kreimer,
1999). Funds are provided if necessary, and disaster effects are minimized. International help
and borrowing from international lenders are prominent strategies for dealing with flood-related
losses. One method to deal with disaster losses is to transfer risk management responsibility to
property owners by enhancing underwriting chances. Insurance as a form of mitigation could
assist the country in covering the costs of natural disasters (Amendola et al., 2000). Restoring
streams to their natural state, restoring meanders, restoring vegetation, and afforestation, all
with the goal of retaining the maximum amount of water, are major challenges in lowering peak
discharge. Flooding management demands the integration of a dynamic planning approach that
takes into account all aspects of flooding disasters (Dixit 2003). To achieve efficient flood risk
management, organizations and individuals must play an effective role. The strategy a country
takes to disaster management is mostly determined by policy, legislation, and institutional setup
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(Mattingly 2002). Many federal and provincial agencies are participating in flood-prevention
efforts. Effective rules and regulations, such as those governing air and water quality, rivers,
property ownership, land use/zoning, and forest protection, as well as those governing human
health, the environment, and natural resource conservation. There are some flaws in the current
flood control system, such as incomplete flood control structures throughout the system;
technical flaws in existing flood control works; a high number of casualties caused by storm
events during flash floods and surges; inaccurate or insufficient flood forecasting and warning
systems; information system problems; and dilemmas in land use adjustment.

Some recommendations for prevention of floods and reducing the adverse effects; preventing
the construction of dams and raising facilities that change the flow regime that causes the water
to swell in the river beds; predetermination of flood risk areas and preparation of disaster plans;
making arrangements for infrastructure standards in areas with flood risk; ensuring the
participation of local governments and residents of the settlements that will remain in the
service area of the facility in the plans, projects, construction, maintenance and repairs of flood
facilities; preventing all kinds of interventions to flood facilities; preventing the opening of sand
and gravel pits and uncontrolled, excessive material intake, which will disrupt the basis of bed
stability and cause coastal scours in stream beds; not giving the zoning plan to areas with flood
risk; making arrangements regarding the distribution of duties between institutions;
establishment of a ministry on disaster issues; preventing practices that will interfere with
stream beds and flood facilities; training and information activities should be carried out
periodically and continuously.

CONCLUSIONS

All areas of flood control, including community, adaptation planning, research, trans-boundary
water management, individual and institutional cooperation, should be considered if efficient
and sustainable flood management is sought. This framework is intended to have a positive
impact on the flood management system by ensuring individual safety, assuring the long-term
viability of initiatives, and assessing the effectiveness of treatments within the region. There is
a need for additional research into flood disasters.

Floods are inevitable, hard to predict and floods occur all over the world with devastating

consequences. Floods are linked to increasing urbanization and industrialization, as well as
extreme weather as a result of climate change and global warming. Engineered structural
measures and nonstructural flood management methods are human responses. It is now widely
acknowledged that no single technique is sufficient to minimize flood risk; however, in all
floodplains and across countries, a combination of flood risk management measures is essential.

Due to climatic changes, rapid population increase, deforestation, altered indigenous eco-
system balance, and inadequate urban management elements, disasters and risks may become
more common in Turkey. To minimize the damage to countries and society, necessary
precautions should be done before disasters occur, and legal legislation on the subject should
be updated and applied without compromise. As humans, we must cease damaging nature, take
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long-term actions to reduce the damage caused by natural catastrophes, and constantly be
prepared for natural disasters such as floods.
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ABSTRACT

Water is the most essential element of life. Because of chemical and physical pollution of
water, it can be the source of many life-threatening diseases. Water quality is one of the most
important environmental issues relating to sustainable development of many countries. In
addition water resources and water quality are very important for humanity, especially in the
water shortage regions. The world population is constantly increasing and world population is
facing serious water security and water quality problems. Turkey and some other developing
countries are facing severe water pollution. Providing healthy and sufficient drinking water has
been an important engineering work throughout the history of humanity. Water quality issues
are a major challenge that humanity is facing in the last century. Today, in addition to adequate
water supply, the management of water quality process has great importance.

In this review, the importance of water quality and the importance of water quality in terms of
human health has been emphasized.

Keywords: Water; Health; Water pollution; Water quality.

INTRODUCTION

Water is essential for all living things. Water, which has long been a key ingredient in the
growth of cultures and for which people have fought for centuries to get, has also been
responsible for the collapse and extinction of many civilizations in the past. Many of humanity's
challenges in the previous century have been tied to water supply or quality issues. Climate
change, glacier melting, higher water temperatures, and an amplification of the water cycle,
with perhaps more floods and droughts, will exacerbate these worldwide issues in the future.
So governments must find an effective way to improve people's health and to improve using
water quality.

Clean water supplies are dwindling, and the number of civilizations dealing with water issues
and diseases linked to pollution is rising. Water quality is influenced by a number of elements,
including hydrological circulation, treatment, and distribution. Drinking water quality is one of
the most important variables affecting human health; nevertheless, in many countries, drinking
water quality is poor, resulting in a slew of waterborne diseases. Everyone's right to safe
drinking water is a core human right. Polluted drinking water and poor sanitation are linked to
transmission of waterborne diseases such as diarrhea, cholera, dysentery, and polio
(WHO, 2018). As a result, countries have set a significant public health aim of reducing
waterborne infections and developing safe water supplies (Li and Qian, 2018).
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There are numerous factors that influence and decide the quality of drinking water (physical
and aesthetic, inorganic, radionuclides, organic, microbes, etc.). There should be no pathogenic
microorganisms in the water; toxic or harmful substance concentrations should be below certain
limits or not present in the water; water should be clear and colorless; it should not be salty;
there should be no irritating odors and tastes in the water; it should not be so hard as to cause
economic damage and should not be corrosive.

RESEARCH METHODOLOGY
In this review study, the relevant literature was used.

RESULTS AND SUGGESTIONS

Water color is an important feature in drinking water reservoirs because it affects the physical
and biological aspects of the water (Hakanson, 1993). The following are some of the
disadvantages of having a lot of color in the water: Water used in industries such as beverages,
dairy products, food, paper, and textiles must be colorless and clear, even if it does not contain
any harmful substances; some organic substances that give water color react with free chlorine
and produce various by-products that are harmful to health; water used in industries such as
beverages, dairy products, food, paper, and textiles must be colorless and clear, even if it does
not contain any harmful substances; water used in industries such as beverages, dairy products,
food, paper, and textile. One of the most important parameters related to drinking water quality
is turbidity. Turbidity is caused by suspended solid particles and colloids. The amount of solids
suspended in the water determines its turbidity; these solids in the water may include silt, clay,
organic/inorganic debris, plankton, and other microscopic organisms. Suspended particles can
provide food and protection from ultra-violet light for pathogen microbes, raising the risk of
waterborne infections if not eliminated (Sinclair et al., 2012). (Tinker et al., 2008). Waterborne
infections such as parasites, viruses, and bacteria, which can cause cramps, headaches,
diarrhoea, and nausea, are becoming more common as turbidity levels rise (Sarai, 2006).

Some pesticides and heavy metals may be retained on solid particles; some substances that
cause turbidity prevent the water from being disinfected effectively; some substances that cause
turbidity react with free chlorine during disinfection, resulting in the formation of by-products
that are considered tainted; some substances that cause turbidity prevent the water from being
disinfected effectively; some substances that cause turbidity react with free chlorine during
disinfection, resulting in the formation of by-product Total dissolved solids is a measure that
reflects the amount of all dissolved ions in water, and exceeding a specific level in water is
undesirable. Among the physical parameters that determine the quality of drinking water, taste
and smell are important in terms of "aesthetics”. Undesirable tastes and odors in water can have
many different causes. By definition, hardness is the sum of the concentrations of metal cations
with a valence of *2 or higher and hardness in practice is considered as the total concentration
of calcium (Ca®") and magnesium (Mg?*) ions. Some inorganic substances (arsenic, lead,
cadmium, etc.) in water are thought to cause cancer. Other chemicals, such as copper,
molybdenum, nickel, selenium, salt, and others, are useful or even necessary for human health
in small levels, but high concentrations can be hazardous. While natural organic chemicals
(such as humic acid) are generally not damaging to one's health, some may cause the water to
change color or have unpleasant tastes and scents. When such compounds react with free
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chlorine, hazardous by-products can result. Typhoid fever, paratyphoid, bacillus dysentery,
cholera, amoebic dysentery, legionnaires' disease, jaundice, and infant paralysis are all diseases
that can be transmitted through drinking water.

This review aims at highlighting the problem of water pollution with special emphasis on all
kind of pollutants and their possible impacts on human health. Furthermore we summarized,
emphasized the various water-linked health problems and the importance of water quality on
human health.

CONCLUSIONS

One of humanity's greatest issues is the increasing global contamination of natural water, which
has negative consequences on aquatic life and human health. Drinking water should be
continuously monitored in all locations; there is a need to transition from an intermittent to a
continuous water supply system to avoid widespread contamination caused by intermittent
water supply; and humans must educate the population about the importance of safe drinking
water. Pollutants and micropollutants from many sources (agricultural, mining, landfills,
industrial and urban effluent, etc.) must be avoided in order to avoid polluting the water.
Reliable wastewater collection and treatment systems are important for human and ecosystem
health.
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OZET

[k ¢agdan giiniimiize insanoglu afetlerle kars1 karsiya gelmistir ve gelecekte de gelmeye devam
edecektir. Diinyanin higbir yerinde ve bolgesinde afetler engellenemez fakat afetlerin verecegi
olasi1 zararlar en az seviyeye indirilebilir. Bu arastirma ile bolgesel bir afet envanteri olusturarak
mevcut durumu ortaya koymak, kiiresel isinmaya bagli olusan afetlerin hizla arttig1 glinlimiizde
ve gelecekte olusabilecek zararlarin azaltilabilmesi konusunda alinmasi gereken tedbirler i¢in
veri tabani olusturabilmek ve bu tedbirler konusunda Oneriler sunmak amaclanmistir.
Caligmada; Sakarya ilinin son 45 yillik afet envanteri yillik ve mevsimlik olarak 6liim ve hasar
kriterleri bazinda incelenmistir. Olusan hasar durumuna gore Sakarya ili hafif hasar, orta hasar
ve agir hasar olarak kategorize edilmistir. Hasar sayis1 bakimindan en fazla orta hasar meydana
gelirken, hafif hasar ikinci sirada yer almistir. Agir hasar ise en az gerceklesen hasar ¢esidi
olmustur. 1975-2020 yillar1 arasinda meteorolojik afetlerden yagis/sel/su baskini kaynakl 1
6liim, heyelan kaynakli 1 6liim, yildirim diismesi kaynakli 1, toplam 3 6liim gerceklesmistir.
Bu nicel arastirmada Tarim ve Orman Bakanligi Meteoroloji Genel Miidiirligii raporlari
kaynak olarak kullanilmistir. Arastirma sonucunda, halkin afetler konusunda egitilmesi
gerekliligi, kamu kurumlari ve sivil toplum kuruluslari arasinda koordinasyonun ve is birliginin
saglanmasi zorunlulugu, 6zellikle yerel yonetimlerin afetlerin her an yasanabilecegini gz

Oniine alarak imar planlarin1 yapmasi gerektigi gibi dneriler sunulmustur.

Anahtar Kelimeler: Meteorolojik afet, Sakarya, envanter, zarar durumu, hasar azaltma.

1. GIRIS

Bu arasgtirmada Sakarya ilinin son 45 yillik meteorolojik afet envanteri ¢ikarilmistir. Son on

yilda diinya ¢apinda 1,7 milyar insan, iklim ve hava baglantili afetlerden etkilenmistir. (Diinya
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Afet Raporu 2020 Yonetici Ozeti, 2020: 4). 2017 yilindaki insani ve ekonomik kayrplarin
neredeyse %90’1 klimatolojik, hidrolojik, veya meteorolojik afet kaynaklidir. 2017 yilinda
afetlerden etkilenen insanlarin yaklagik %60°1 sellerden etkilenirken, ekonomik zararlarin
%85°1 firtinalar sebebiyle olugsmustur. 2017 yilinda en biiyiik ii¢ kasirga Harvey 95 milyar ABD
dolari, Irma 66 milyar ABD dolar1 ve Maria 69 milyar ABD dolar1 zarara yol agmustir.
(http://cred.be/sites/default/files/CredCrunch50.pdf, 14.05.2021). Afet envanteri, afet
durumunda hizmet verecek kuruluslarin elinde bulunan malzeme, kaynak ve imkanlarin stok
durumunu yOnetmesini saglamaya yarayan demirbasg listesi.
(https://www.afad.gov.tr/aciklamali-afet-yonetimi-terimleri-sozlugu, 03.03.2021). Ulkemizde
ise en sikgoriilen meteorolojik karakterli dogal afetler dolu, sel,taskin, don, orman yanginlari,
kuraklik, siddetli vyagis, siddetli riizgar, yildinm, ¢, kar ve firtinalardir.
(https://www.mgm.gov.tr/FILES/genel/kitaplar/dogalafet-2015.pdf, 07.02.2021). Bu arastirma
ile Sakarya ili i¢in bodlgesel bir afet envanteri olusturarak mevcut durumu ortaya koymak,
kiiresel 1sinmaya bagli olusan afetlerin hizla arttigi giiniimiizde ve gelecekte olusabilecek
zararlarin azaltilabilmesi konusunda alinmasi gereken tedbirler igin veri tabani olusturabilmek
ve bu tedbirler konusunda 6neriler sunmak amaglanmistir. Calismada, Sakarya illinde meydana
gelen meteorolojik afetler mevsimlere gore gosterilmistir. Afetlerden kaynakli liimler ve hasar
durumu hafif hasar, orta hasar ve agir hasar olarak ayrica katagorize edilerek verilmistir.
Kadioglu afeti “Insanlar igin fiziksel, ekonomik, sosyal, kiiltiirel, dogal ve cevresel kayiplar
doguran, normal yagami ve insan faaliyetlerini durdurarak veya kesintiye ugratarak topluluklari
etkileyen, etkilenen toplulugun yerel imkan ve kaynaklarini1 kullanarak bas edemeyecegi, kriz
yonetimi gerektiren doga veya insan kokenli olay ve/veya olaylarin sonuglarina verilen genel
bir ad” olarak tanimlar (6z, 2011:37). Tirk Dil Kurumu afeti “Cesitli doga olaylarinin
sebep oldugu yikim.” olarak tanimlar. (Tiirk Dil Kurumu (TDK), https://sozluk.gov.tr,
04/02/2021). Afet, birgok kurum ve kurulusun koordineli bir bigimde gorev almasini gerektiren
ve insan haklar i¢in fiziksel, ekonomik ve sosyal kayiplar meydana getiren, normal yasami ve
insan aktivitelerini durdurarak veya kesintiye ugratarak toplumlari veya insan topluluklarini
etkileyen dogal, teknolojik ve insan kokenli olaylara denilmektedir. Bu olaylar i¢inde deprem,
sel-tagkin, volkan piiskiirmeleri gibi doganin normal bir islevi olarak gerceklesenler “dogal
tehlike” olarak nitelendirilir ve “afet” niteligini kazanmasi i¢in insan can ve malinin kaybina
neden olmasi gerekir (Sahin ve Sipahioglu, 2002: 15). Afet yonetim sekilleri yillar gectikce
degismektedir. Gliniimiizde gelismis {lkeler biitiinlesik afet yOnetimi sistemi’ olarak
adlandirilan bir yonetim anlayisini benimsemislerdir. Bu model, afet ve acil durumlarin sebep

oldugu zararlarin onlenmesi icin tehlike ve risklerin 6nceden tespitini, afet olmadan 6nce
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meydana gelebilecek zararlari onleyecek veya en aza indirecek onlemlerin alinmasini, etkin
miidahale ve koordinasyonun saglanmasini1 ve afet sonrasinda iyilestirme ¢alismalarin bir

biitiinliik icerisinde yiiriitilmesini ongdrmektedir. (Benli, 2018:29).

2. YONTEM

Bu nicel arastirmada veri, yazili kaynaklardan elde edilmistir. T.C. Tarim ve Orman Bakanlig1
Meteoroloji Genel Miidiirliigii FEVK (Olaganiistii Olay) raporlarinda yer alan;

e Meteorolojik afetlerin gerceklestigi yillar

e Meteorolojik afetlerin tiirii

e Meteorolojik afetlerin kayitlara gegen zarar durumu

e Meteorolojik afet sonrasi varsa 6lil ve yarali durumu

e Meteorolojik afetlerin sayisi

e Meteorolojik afetlerin yillara gore dagilimi

eMeteorolojik afetlerin hangi ilde gergeklestigi bilgileri bu kurum raporlarindan yararlanilarak
elde edilmistir.

Verilerin analizinde SPSS 22.0 programi kullanilmistir.
3. BULGULAR

Sekil 1. 1975-2020 Sakarya ilinin ilkbahar mevsimi meteorolojik afet sayilariin dagilimi ve
yiizdeleri verilmistir. Bu grafige gore en fazla goriilen afet dolu olmustur. Sakarya ilinde

1975-2020 yillar1 arasinda ilkbahar mevsiminde 4 firtina, 3 kuraklik, 1 kar, 1 hortum, 6 yagis,
7 sel, 12 dolu, 1 don, 1 heyelan, 1 su baskini, 1 siddetli yagis, 1 kiragi goriilmistiir. Olusan

toplam meteorolojik afet sayis1 39’dur.
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Sekil 1. 1975-2020 ilkbahar Mevsimi Meteorolojik Afet Sayilarimin Dagihm ve Yiizdeleri
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Sekil 2.1975-2020 Sakarya ilinin yaz mevsimi meteorolojik afet sayilarinin dagilimi ve
yiizdeleri verilmistir. Bu grafige gore en fazla goriilen afet sel olmustur. Sakarya ilinde 1975-
2020 yillar arasinda yaz mevsiminde 2 firtina, 4 kuraklik, 14 yagis, 34 sel, 2 yildirim diismesi,
10 dolu, 2 heyelan, 20 su baskini, 20 siddetli yagis, 1 yangin, 1 sel yapmayan fakat zararli yagis

goriilmiistiir. Olusan toplam meteorolojik afet sayis1 110°dur.

Sekil 2. 1975-2020 Yaz Mevsimi Meteorolojik Afet Sayilarinin Dagilim ve Yiizdeleri
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Sekil 3. 1975-2020 Sakarya ilinin sonbahar mevsimi meteorolojik afet sayilarinin dagilimi ve
ylzdeleri verilmistir. Bu grafige gore en fazla goriilen afet sel olmustur. Sakarya ilinde 1975-
2020 yillar1 arasinda sonbahar mevsiminde 5 firtina, 1 kuraklik, 9 yagis, 14 sel, 1 yildirim
diismesi, 3 dolu, 5 su baskini, 5 siddetli yagis goriilmistiir. Olusan toplam meteorolojik afet

sayi1s1 43 tiir.
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Sekil 3. 1975-2020 Sonbahar Mevsimi Meteorolojik Afet Sayillarimin Dagilimi ve Yiizdeleri
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Sekil 4. 1975-2020 Sakarya ilinin kis mevsimi meteorolojik afet sayilarimin dagilimi ve
ylizdeleri verilmistir. Bu grafige gore en fazla goriilen afet firtina olmustur. Sakarya ilinde
1975-2020 yillart arasinda sonbahar mevsiminde 15 firtina, 13 kar, 6 hortum, 1 yagis, 3 sel, 2
su baskini, 2 siddetli yagis goriilmiistiir. Olusan toplam meteorolojik afet sayis1 42°dir.

Sekil 4. 1975-2020 Kis Mevsimi Meteorolojik Afet Sayilarimin Dagilim ve Yiizdeleri
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Sekil 5. 1975-2020 Sakarya ilinin genel meteorolojik afet sayilarinin dagilimi ve yiizdeleri
verilmistir. Bu grafige gore en c¢ok sel afeti gorlilmiistiir. Sakarya ilinde 1975-2020 yillari
arasinda toplam 26 firtina, 8 kuraklik, 14 kar, 7 hortum, 30 yagis, 58 sel, 3 yildirim diismesi,
25 dolu, 1 don, 3 heyelan, 28 su baskini, 28 siddetli yagis, 1 yangin, 1sel yapmayan fakat zararli
yagis, 1 kiragi goriilmiistiir. Olusan toplam meteorolojik afet sayis1 234 tiir.
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Sekil 5. 1975-2020 Sakarya ilinin Genel Meteorolojik Afet Sayillarinin Dagilim ve Yiizdeleri
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Sekil 6. Sakarya Ili 1975-2020 meteorolojik afet kaynakli hasar durumu gosterilmistir. Grafige

gore en fazla orta hasar olusmustur. 56 Hafif hasar, 172 orta hasar, 6 agir hasar meydana

gelmistir.
Sekil 6. Sakarya li 1975-2020 Meteorolojik Afet Kaynakh Hasar Durumu
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Sekil 7. Sakarya ili 1975-2020 meteorolojik afet kaynakli 6liim sayilar1 dagilimini1 vermektedir.
Sakarya ilinde 1975-2020 yillar1 arasinda meteorolojik afet kaynakli toplam 3 &lim
gerceklesmistir. Bu afetlerden siddetli yagis/sel/su baskini kaynakli 1 6liim, heyelan kaynakli

1 6liim, yildirim diismesi kaynakli 1 6liim meydana gelmistir.
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Sekil 7. Sakarya Ili 1975-2020 Meteorolojik Afet Kaynakh Oliim Sayilar1 Dagilim

siddetli vags / Sel /Su baskin Hewyalam Yilcdimm didsmesi

4. SONUCLAR VE ONERILER

1975-2020 Yillar1 arasinda en ¢ok goriilen meteorolojik afet ¢esidi sel afeti olmustur. Seller ile
miicadelede, akarsu yatagini diizeltme ve diizenleme, sel kontrol setleri ve barajlari, duvarlari
ve derivasyon kanallari, yagmur suyu drenaj sistemi, binalarin taginmasi, yiikseltilmesi, vb. gibi
sadece yapisal ve miithendislik yaklasimlarini uygulamak yetmez. Biitiin bunlart yani sira sel,
¢1g yatagi, heyelan zonlari/kamulastirma/yasalar, rélekasyon, 6zel kullanim ve yap1 izinleri,
nehirlere ait sulak alanlarin geri verilmesi, afet yonetimi ve sigorta gibi yapisal olmayan
yontemlerin de gerektigi gibi kullanilmas: sarttir.(Kadioglu ve Ozdamar, 2008: 263-264).
®» Toplam 58 adet (%24,8) sel afeti goriilmiistiir. Sel sonucu 1 6liim, heyelan sonucu 1
6liim, yildirim diismesi sonucu 1 6liim meydana gelmistir. Maddi olarak en ¢ok zarar
veren sel afeti olmustur. Belediye imar planlarinda olas1 afet riskleri dikkate alinmali,
daha oOnce yasanmis afetlerden yasanabilecek olasi afetlere karsi Ongori
yapilabilmelidir. Ornegin son 50 yillik, 100 yillik miimkiinse daha fazla yil1 kapsayan
sel tagkin haritalar1 cikarilarak buna gore bir yerlesim plani yapilmali, dere yatagi
alanina kesinlikle imar izni verilmemelidir.
® Yasanan sel felaketlerinde 6lim vakalarmin biliyilk ¢ogunlugu bodrum katlarda
goriilmektedir. Bu tip bodrum katli binalarin yapimina izin verilmemeli ve mevcut
binalarin tesvik edilerek kentsel doniisiimle yenilenmesi saglanmalidir.
®» Tarim ve hayvancilikla ugrasan halkimizin meteorolojik afetlere karsi sigorta
yaptirmalar1 daha fazla tegvik edilmelidir. Afetlerden ekonomik olarak zarar goren
halkin iiretim disina ¢ikmasi ve kdyden kente gocili 6nlenmelidir.
» Halk afetler konusunda bilinglendirilmeli egitimler anasinifindan baglayarak yasam
boyu 6grenme anlayisiyla hayat boyu siirmelidir. Okullarda ve isyerlerinde yapilan afet

tatbikatlar1 afetlere hazirlikli olmanin 6nemine inanilarak yapilmalidir.
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» Afet yonetim siirecinde risk ve zarar azaltma ile hazirlik basamaklar1 afet yonetim
siirecinin en Onemli agamalaridir. Bu basamaklar afet gerceklesmeden alinacak tiim
tedbir ve planlamalarini igerir. Bu siire¢ bir {ilke tarafindan tam olarak basarili sekilde
hayata gegirilebilirse afetlerden dogacak zararlarda minimum seviyede kalacaktir.

» Afet planlar1 hazirlanirken gelismis iilkelerin birikiminden yararlanilmali fakat bu
yararlanma ‘kopyalama’ ile degil iilkemizin kendine 6zgii cografi ve sosyolojik yapisi
dikkate almmalidir. Ornegin eyalet sistemiyle ydnetilen Amerika Birlesik
Devletleri’nin afetlere hazirlik slireci daha merkeziyetci olan iilkemize uymayacaktir.

®» Yerel yonetimler sehir planlamalarin1 sehir ve bdlge planlama uzmanlarini istthdam
ederek onlarin uzmanhigindan faydalanmali ve kacak yapilagsmaya g6z yummamalidir.

® (las1 bir afete kars1 dezavantajli bireyler (zihinsel ve bedensel engeliler ve aileleri, yash
bireyler vb.) afet yasanmadan Once belirlenmeli ve afet sonrasi miidahalelerde bu
gruplara oncelik verilmelidir.

® Dere yataklarina kesinlikle imar izni verilmemelidir.
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ABSTRACT

Background: One of the most important causes of congestion in patients with heart failure
(HF) is resistance to standard diuretic therapy. Objective: This study aimed to investigate the
effect of oral acetazolamide on urine output in addition to standard diuretic treatment in patients
with decompensated HF who developed diuretic resistance. Methods: A total of 57 patients
with HF were included in the single-center retrospective study, including 26 consecutive HF
patients who were started on acetazolamide therapy for diuretic resistance, and 31 HF patients
whose age, sex, and comorbid conditions were not significantly different. Factors affecting
urine output were evaluated with ANCOVA analysis. Results: Diuretic treatments, fluid intake
and urine output of the two groups [26 HF patients receiving acetazolamide (age 67.12+9.92;
male gender 14(53.8%)) and 31 HF patients not receiving acetazolamide (age 71.30+7.83; male
gender 17(54.8 %)] were compared. The groups were similar in terms of medical treatment, but
total furosemide, spironolactone, and dopamine intake doses were significantly higher in the
acetazolamide group (all p values < 0.05). In terms of fluid intake-output monitoring, both fluid
intake and urine output were significantly higher in the acetazolamide group (all p values <
0.05). In the investigation of the factors affecting urine output, only total fluid intake (p=0.004)
and total furosemide dose (p=0.005) were found to have a significant effect. However, in our
study, it was determined that the effect of acetazolamide dose on urine output was not
significant (p=0.786). Conclusion: In our study, urine output that acetazolamide treatment did
not increase urinary excretion was found to be associated with fluid intake and furosemide dose.
However, these findings should be confirmed by large-population prospective studies with
monotherapy.

Keywords: Acetazolamide, diuretic resistance, decompensated heart failure
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INTRODUCTION

Heart failure (HF) is a common clinical entity affecting 23 million people worldwide (1,2). The
pathomechanics basis in HF is peripheral and pulmonary edema due to ventricular ejection or
lack of ventricular filling. The undesirable impact of HF syndrome on the quality of life has
brought heavy costs to the health system. Fluid overload is the main reason for hospitalization
in intensive care units in HF patients, and diuretic resistance is the main reason for prolonged
hospitalization (3). There are limited empirical treatment options in diuretic resistance that
develops in the last stages of the disease. These treatments include furosemide, spironolactone,
renal dose dopamine, hypertonic solution, tolvaptan and acetazolamide (3, 4).

Acetazolamide, a sulphamide-derived drug, is an agent used in the symptomatic therapy of
congestive HF (5). Its mechanism blocks the enzyme carbonic anhydrase, which is expressed
in the kidney proximal tubules. Bicarbonate and sodium excretion increases urinary alkalosis
and blood acidosis (5). Theoretically, inhibition of proximal tubule sodium uptake would result
in increased sodium in the distal tubule, thereby reducing renin levels and increasing the
effectiveness of other diuretics in the Henle-loop and distal tubule (6). There are a limited
number of studies with varying results that remain at the level of the evidence base (5,7).

Our aim in this study is to investigate the effect of oral acetazolamide treatment on urinary
output in HF patients.

METHOD

Patients admitted to the secondary coronary care unit with symptoms of HF between January
2015 and December 2018 were included in this retrospective cohort. In addition to the standard
intensive diuretic strategy, 26 consecutive HF patients who were given acetazolamide for
diuretic resistance and 31 HF patients who were not given acetazolamide were matched with
no significant difference in terms of age, gender, and comorbidities, and a total of 57 patients
were included in the study. Daily fluid intake, urine output values and HF treatment protocols
were recorded. The left ventricular ejection fraction was calculated using Simpson's method
modified in transthoracic echocardiography. Basic blood parameters were recorded on the first
and last day of hospitalization. The estimated glomerular filtration rate (eGFR) of the
participants was calculated using the Cockcroft-Gault method. Diabetes mellitus (DM) was
defined as the use of an antidiabetic agent or fasting blood glucose > 126 mg/dL. Hypertension
(HT) was defined as the presence of antihypertensive drugs or blood pressure > 140/90 mmHg.
The conformity of the data to the normal distribution was evaluated with g-q plots and the
Shapiro-Wilk test. Levene test was used for homogeneity of variance. Independent two-sample
t-test and Man-Whitney U test were used for quantitative variables in comparisons between
paired groups. Chi-square test was used to compare categorical data. ANCOVA analysis was
used to evaluate the group effect by fixing the effect of other factors to investigate the effect of
acetazolamide intake on the amount of urine. Analysis of the data was done in Turcosa Cloud
(Turcosa Ltd Co) statistical software. Significance level was accepted as p<0.05.
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RESULTS

The main clinical characteristics of the study population, laboratory parameters and medical
treatment are presented in Table 1. Our study included a total of 57 HF patients, 26 patients
receiving acetazolamide (age 67.1249.92; male gender 14(53.8%)) and 31 patients not
receiving acetazolamide (age 71.30+7.83; male gender 17 (54.8 %)). The groups were similar
in terms of basic characteristics, biochemical and hematological blood parameters.
Hospitalization day was significantly longer in the group receiving acetazolamide. The groups
were similar in terms of medical treatment, but total furosemide, spironolactone, and dopamine
intake doses were significantly higher in the acetazolamide group (all p values < 0.05). In terms
of fluid intake-output monitoring, both fluid intake and urine output were significantly higher
in the acetazolamide group (all p values < 0.05).

In the investigation of the factors affecting urine output, only total fluid intake (p=0.004) and
total furosemide dose (p=0.005) were found to have a significant effect (Table 2). However, in
our study, it was determined that the effect of acetazolamide dose on urine output was not
significant (p=0.786) (Table 2).

DISCUSSION

In our study, the main findings were that total fluid intake and total furosemide dose were found
to be effective on the urine output of patients hospitalized with the indication of HF, but it was
found that acetazolamide was not effective on urine output.

Although the primary treatment of fluid retention in HF is diuretic therapy, its mortality-
reducing effects have not been demonstrated, it only provides symptomatic improvement. Fluid
expulsion due to diuretic resistance is the cause of many symptoms in chronic HF. It is also an
indicator of the terminal period in HF (8).

Historically, one of the first diuretics used in the 1950s was carbonic anhydrase enzyme
inhibitors (9). The basic mechanism of acetazolamide is blocking the carbonic anhydrase
enzyme, which is expressed mainly in the proximal tubules in the kidney. In this way, it
increases natrium and bicarbonate excretion, urinary alkalosis and blood acidosis (9). However,
the discovery of loop diuretics has moved them away from carbonic anhydrase enzyme
inhibitors. In HF patients receiving chronic loop diuretic therapy, the effect of loop diuretics is
weakened by a mechanism of pathologically increased sodium reabsorption in the proximal
tubules. This type of diuretic resistance can only be eliminated with the addition of thiazide and
mineralocorticoid therapy, but these preparations that act on the distal tubule are thought to not
have the full effect of acetazolamide, which has proximal tubule activity (10). In addition,
acetazolamide can increase the effect of thiazide diuretics thanks to its urinary alkalization
effect (11). In studies conducted in the last decade, it was determined that acetazolamide
treatment has effects on natriuresis and provides an improvement in dyspnea symptoms (12).
In a retrospective observational study conducted in 2018, it was found that adding it in the mid-
term of treatment to patients presenting with acute HF was beneficial to recovery and caused a
decline in functional class. However, in this study, acetazolamide was started as a routine
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treatment, not reserved for patients with diuretic resistance. In addition, the effect of other
diuretic agents has not been evaluated (13). In our study, unlike the literature, acetazolamide
did not have an effect on urine output, but the difference from previous studies is that it was
started on patients with diuretic resistance. The lack of effect of spironolactone treatment on
urine output in our study may be explained by the fact that sequential nephron blockade was
provided with loop diuretics in patients with diuretic resistance.

The limitations of our study are primarily retrospective, single-center and limited population.
Types of HF were not evaluated separately. Acetazolamide treatment was not routinely started
in all patients but was started in patients with diuretic resistance. Diuretic resistance was defined
as decreased urine output but was not standardized and treatment with acetazolamide was at the
discretion of the visiting physician.

CONCLUSION

In this study, urine output, in which acetazolamide treatment did not increase urinary excretion,
was related to the patient's fluid intake and furosemide dose. However, these findings should
be confirmed by prospective randomized studies with monotherapy to be performed with
acetazolamide.

Table 1. Basic laboratory clinical characteristics of the groups®

Acetazolamide Acetazolamide
Variables ) (+) p
(n=31) (n=26)

Age, years 71.30+7.83 67.12+£9.92 0.084
Male gender, n(%) 17 (54.8) 14(53.8) 0.999
Hypertension, n(%) 21 (67.7) 13(50.0) 0.174
Diabetes mellitus, n(%) 12 (38.7) 11(42.3) 0.783
Left ventricular ejection fraction, % 40 (30-55) 40(30-55) 0.789
Right ventricular enlargement, n(%) 9 (29.0) 12(46.2) 0.404
Hospitalization, days 5 (4-7) 7(4-9) 0.029
Symptomatic hypotension during

treatment, (%) 2(6.7) 3(11.5) 0.655
Fd Blood urea nitrogen, mg/dL 26 (19-33) 34 (23-43) 0.070
Fd Blood urea nitrogen, mg/dL 33 (26-42) 38 (30-54) 0.085
Fd Creatinine, mg/dL 1.224+0.48 1.34+0.54 0.367
Ld Creatinine, mg/dL 1.33+0.46 1.46+0.49 0.335
Fd eGFR mL/min 55 (41-77) 51 (34-74) 0.642
Ld eGFR mL/min 52 (36-62) 46 (31-62) 0.470
Fd Potassium, mEg/L 4.55+0.60 4.554+0.53 0.979
Ld Potassium, mEq/L 4.134+0.49 4.00+0.54 0.353
Fd Sodium, mEg/L 138.03+3.41 135.35+5.37 0.033
Ld Sodium, mEg/L 138.20+5.23 136.88+3.70 0.289
Fd Hemoglobin, g/dL 12.89+1.91 12.03+2.43 0.139
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Ld Hemoglobin, g/dL 13.08+2.27 12.81+1.86 0.630

Fd Hematocrit, % 38.36+6.43 37.55+6.75 0.642

Ld Hematocrit, % 39.58+7.51 39.95+4.93 0.830

Angiotensin converting enzyme

inhibitors / Angiotensin receptor 25 (81.6) 18 (69.2) 0.494

blockers, n(%)

Beta Blocker, n(%) 27 (88.1) 22 (84.6) 0.312

Nitrate, n(%) 6 (19.4) 5(19.2) 0.991

Acetazolamide treatment, days 0.0 (0.0-0.0) 3 (1-4) <0.001

Dopamine treatment, days 0(0.0) 8(30.8) 0.001

Total Furosemide dose, mg 540 (400-760) 1350 (920-2480) | <0.001

Total Spironolactone dose, mg 75 (0-150) 175 (75-300) 0.012

Total Acetazolamide dose, mg 0.0 (0.0-0.0) 1500 (500-2560) | <0.001

Total Hydrochlorothiazide dose, mg 0.0(0.0-25.0) 0.0 (0.0-75.0) 0.248

Total fluid intake, L 7.9 (5.9-12.6) 12.7 (7.4-17.9) 0.010

Total urine output, L 12 (9.4-18) 20.4 (13.2-30) 0.001

Abbreviations: eGFR, estimated glomerular filtartion rate; Fd, first day; Ld, last day. 2
Variables are expressed as median with interquartile range (25-75th percentiles) or mean +

standard deviation

Table 2. Investigation of factors affecting urine output

Source Sums of Mean
DF F-value p

Squares Squares
Total Acetazolamid
dgsg celazolamice 1 2330727.7 23307277 | 0074 | 0.786
Total F id
dgsg urosemige 1 275405257.9 | 2754052579 | 8.795 | 0.005
Total Spironol
dg;: Spironolactone 1 74840607.1 74840607.1 | 2.390 | 0.128
Total fluid intake 1 2867313044 | 286731304.4 | 9.156 | 0.004
Hospitalization 1 6420975.6 6420975.6 0205 | 0.653
Error 51 | 15970878325 | 313154477
Total 57 | 27151508700.0
R2=0.786 (adjusted R?=0. 765)
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ABSTRACT

This paper reports the result of investigations carried out on Nordic gold, a copper alloy
containing 5 wt. % Zn, 5 wt. % Al and 1 wt. % Sn. Many European countries prefer Nordic
gold alloy for their coin blanks since Nordic gold alloy has a golden-like appearance and high
conductivity values. Even though the Nordic gold alloy has supreme electrical conductivity
values, the coining process has a severe effect on electrical conductivity. In this study, the
electrical conductivity values with different annealing temperatures of the Nordic gold alloy
were investigated. Initially, the Nordic gold alloy was cast as ingot with the vertical semi-
continuous casting technique. The samples were taken from the ingot as as-cast and pressed as
the shape of the dog-bone tensile bar. Three of the samples were determined as reference
samples (as-cast (AC)) and, the remaining samples were annealed four by four at different
temperatures in equal heat treatment duration. The electrical conductivity measurements of the
annealed samples were performed according to ASTM E1004 and were reported in conductivity
rate compared to International Annealed Copper Standard (IACS) as well.

Keywords: CuAI5Zn5Sn1 alloy, Annealing, Electrical conductivity, Copper

1. INTRODUCTION

In general, copper-based alloys, due to copper’s excellent electrical and thermal conductivity,
are used for a wide range of applications. Thus, copper-based alloys can be used as coin blanks
frequently. Nordic gold alloy is known for its good combination of physical and mechanical
properties. Its electrical conductivity values are appropriate for the coin blank industry and its
mechanical strength is efficient for the coining process. Moreover, its golden shape color and
lowest tarnish rates among coin blank alloys (Horton et al. 2015) made nordic gold alloys more
preferable than other alloys for use as coin blank.

Due to determine by scattering of electrons in the crystal structures including crystal defects,
electrical conductivity mostly depends on the microstructure. Crystal structure defects lead to
an increasing trend of tensile strength of metals; high electrical conductivity and high tensile
strength are exclusive. For example, pure Cu has the most extraordinary electrical conductivity
(%100 IACS) but relatively low tensile strength (100 MPa) (Islamgaliev et al. 2014).
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The production of coin blanks has severe plastic deformation processes including cold working
with high deformation ratios. Especially in alloys but not pure metals, during cold working, due
to strain hardening hardness will increase and due to distortion of the lattice structure hinders
the passage of electrons and the electrical conductivity will decrease (Cetinarslan 2009; Lu et
al. 2006; Ront¢ et al. 2007).

To avoid that, and to continue cold work, re-crystallization annealing can solve many problems.
Recrystallization annealing is a heat treatment method after cold forming. Like stress-relief
annealing, normalizing or soft annealing, this method belongs to the annealing processes.
During recrystallization annealing, grains can form anew, since the grain boundaries migrate
due to diffusion processes. When the grains return to their original shape, the material regains
its ductility and can be formable again. The main problem with recrystallization annealing is
they are often carried out with high degrees (600 — 700 °C) for copper alloys.

In this paper to investigate the feasibility of relatively lower annealing degrees perform
recrystallization and how affects electrical conductivity values and grain size, relatively low
and relatively high annealing degrees are selected.

2. EXPERIMENTAL

The copper alloy of CuAl5Zn5Snl was used in the experimental studies. The chemical
composition of this alloy was given in Table 1. CuAl5Zn5Snl ingot was cast in a vertical
semi-continuous vertical mold. 11 samples were taken in the shape of dog-bone tensile rods
using a 100-tonne press machine. Three of the samples were taken as as-cast with no annealing
for reference samples. Half of the remaining samples are annealed at 450 °C for 7h and the
remaining four samples are annealed at 750 °C for 7h. Due to microstructural analysis, firstly,
all samples were ground and then polished with 1 pm diamond paste for microstructural
investigations. The microstructural evolutions of the samples were determined and examined
by optical microscopy with respect of the grain size of the alloys. The electrical conductivity
measurements of the samples were performed using the FISCHER Sigmascope SM330 device
based on Eddy's current principle. The measurements were reported in conductivity rate
compared to International Annealed Copper Standard (IACS).

Table 1. Chemical composition of the CuAI5Zn5Sn1 alloy (wt. %).

Cu Al Ni Zn Sn

88.7 5.01 0.002 Rest 1.1

Fe P S Si As
0.025 0.005 0.005 0.004 0.001
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3. RESULTS

The test results of the electrical conductivity of the specimens were given in Figure 1 and Table
2, and the microstructures of samples were given in Figure 2, Figure 3, Figure 4. As can be
seen in Figure 1, the electrical conductivity values remained nearly constant with different
annealing temperatures or without any annealing. The maximum electrical conductivity
measured value was 15,95 %IACS which was almost the same as the electrical conductivity
value of the as-cast sample, whereas the lowest value of electrical conductivity of all specimens
was 15,92 %IACS.

Table 2. Average electrical conductivity values of the samples (%IACS).

Name AC AC AC (450 °C|450 °C|450 °C|450 °C|750 °C|750 °C|750 °C|750 °C
' 1 2 3 1 2 3 4 1 2 3 4
No. 1 2 3 4 5 6 T4 8 9 10 11
%IACS | 15,94 | 15,94 | 15,95 | 15,95 | 15,92 | 15,95 | 15,94 | 15,95 | 15,94 | 15,94 | 15,92

In addition to this, from the micrographs of annealed samples respectively given in Figure 2,
Figure 3, Figure 4, although the recrystallization has occurred on both low-temperature and
the high-temperature annealing samples, and the grain sizes of the samples severely were
decreased with both of them. There was a little difference with between them in terms of the
values of electrical conductivity of the alloy.
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Figure 1. Electrical conductivity values of all samples
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Figure 2. Microstructure of the as-cast sample (sample no.3)

Figure 3. Microstructure of the annealed (450 °C) sample (sample no.4)
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Figure 4. Microstructure of the annealed (750 °C) sample (sample no.10)

Normally for pure copper, the electrical conductivity did not affect by crystal orientation and
did not depend on grain size except for the losses due to dendritic microstructure. Raygan et al.
reported that they increased the electrical conductivity by 32% by modifying the dendritic
structure of pure and as-cast copper (Raygan et al. 2011). Exceptionally, the cold working
process, one of the plastic deformation processes, of an annealed copper to about higher
reduction rates can cause a small decrease in %IACS values of the alloys. The alloying of pure
copper could reduce its electrical conductivity due to the occupation of the foreign atoms in the
copper lattice, in addition, there is a cumulative effect of this scenario when more than one
element is added into copper (Davis 2001).

4. CONCLUSION

1. Recrystallization can occur on low-temperature annealing such as 450 °C for copper-
nickel-zinc alloys.

2. Recrystallization has no significant effect on electrical conductivity values if the
chemical compositions are the same.

3. The grain size values of the samples were almost the same between low-temperature
annealing and high-temperature annealing for copper-nickel-zinc alloys.
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OZET

Bayes¢i Aglar (Bayesian Network - BN) herhangi bir olay1 incelemek amaciyla, bilinen bazi
olasi nedenler arasindan herhangi birinin bu olaya katkida bulundugu faktér olma olasiligini
tahmin ederek bu olasiliklar1 gorsel olarak da arastirmaciya sunan grafiksel bir modeldir.
Kosullu olasilik dagilimin niteligine bagl olarak bir BN modeli stirekli veya kesikli verilere
sahip olabilmektedir. Kesikli verilerden olusan bir veri seti ile bir BN modeli kurulmak
istenildiginde klasik BN yontemine basvurulmaktadir. Siirekli veriler ile karsilagildiginda ise
basvurulabilecek iki yontem vardir. Bunlardan birincisi verilerin kesikli hale getirilmesi ve
klasik BN yonteminin kullanilmasidir. Ancak, siirekli veriler kesikli hale doniistiiriilerek
yapilan ¢aligmalarda ciddi bilgi kayiplar1 ve hesaplama sorunlari yasanabileceginden, dogrudan
siirekli dagilimlar iizerine yogunlasmak tercih edilmelidir. Ikincisi ise veriler {izerinde herhangi
bir doniisiim yapmadan Normal Dagilimli Bayesgi Aglar (Gaussian Bayesian Networks - GBN)
yonteminin kullanilmasidir. GBN yodntemi, modelde yer degiskenlerin siirekli ve kosullu
olasilik dagilimlari lineer normal olan bir BN tiirlidiir. Tahmin ve ¢ikarim yapmak i¢in ¢esitli
algoritmalar kullanilarak, karar destek sistemlerinin gelistirilmesinde etkili bir istatistiksel ara¢
olarak goriilmektedir. Bir GBN, tiim degiskenlerin bir Normal 6n dagilimi veya ortalamasi ana
degiskenlerle dogrusal olarak iligkili ve varyansi sabit olan bir Normal kosullu dagilimi ile
tanimlanmasin1 gerektirir. Bu ¢alismada, klasik BN ile GBN yontemleri uygulamali olarak ele
aliacaktir. Yapilan uygulamalar sonucunda GBN yonteminin klasik BN yontemine gore daha

dogru sonugclar verdigi sonucuna varilmastir.

Anahtar Kelimeler : Bayesci Aglar, GBN, Kesiklilestirme, Olasiliksal Grafik Modelleri,

Parametre Ogrenme,
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1. GIRIS

Bir varligin herhangi bir 6zelliginin o varligin baska bir 6zelligi iizerinde dogrudan bir etkiye
sahip oldugu durumu diisiliniildiigiinde, 6rnegin bir insanda bir hastaligin varlig1 veya yoklugu
o hastalifa yonelik bir testin pozitif mi yoksa negatif mi oldugunu dogrudan etkilemektedir.
Yillardir Bayes teoremi bu durumda olasiliksal ¢ikarim yapmak i¢in kullanilmistir. Mevcut
ornekte bu teorem, bir hastaliga yonelik yapilan testin pozitif ¢ikmasi durumunda hastaliga
sahip olan kisinin kosullu olasiligin1 hesaplamak ic¢in kullanilir. Baz1 6zelliklerin ¢ikarim
zincirleriyle iligkili oldugu durumu diisiintildiiglinde, 6rnegin bir bireyin sigara igme Oykiisiiniin
olup olmadigi, hem o kisinin bronsit olup olmadigina hem de o kisinin akciger kanseri olup
olmadigina dogrudan etki etmektedir. Buna karsilik, bu hastaliklarin her birinin varligi ya da
yoklugu, bireyin yorgunluk yasayip yasamadigi tizerinde dogrudan bir etkiye sahiptir. Ayrica,
akciger kanserinin varligi ya da yoklugu, iizerinde dogrudan etkiye sahiptir. Cekilen bir g6giis
rontgeninin pozitif oldugu varsayilmasi durumunda, dogrudan bir etkiye bagli olmayan
ozellikleri i¢eren olasiliksal ¢ikarim yapmak istenir ise; drnegin, bireyin sigara igtigi, yorgun
oldugu ve pozitif bir gégiis rontgeni sonuglarina sahip olmasi halinde hem bronsit hem de
akciger kanserinin kosullu olasiliklart belirlenmek istenir. Ancak, bronsitin gogiis rontgeni
pozitif olup olmamasi iizerinde dogrudan bir etkisi yoktur (aslinda higbir etkisi yoktur). Bu
nedenle, bu kosullu olasiliklar basit bir Bayes teoremi uygulamasi kullanilarak hesaplanamaz.
Bunun sebebi, matematiksel islem karmasikliklarina ve zamansal kayiplara neden olmasidir.
Bu zorluklarin giderilebilmesi i¢in de Bayes¢i Aglar gelistirilmistir. Bayes¢i Aglar’in grafiksel
dogasi insanogluna degiskenler ya da ozellikler arasindaki iliskilerin daha iyi algilanmasina ve
yorumlanmasina olanak saglamaktadir. Yapay zeka, uzman sistemler veya karar analizi,
Bayesci Aglar’in uygulanabilir oldugu alanlar arasinda en sik rastlananlaridir (Neapolitan,
2003).

BN, degiskenlerin diiglimler olarak sergilendigi, degiskenler arasindaki bagimlilik iligkilerinin
de oklar kullanilarak ifade edildigi olasiliksal grafik modelleridir (Pearl,1988). BN, olasiliksal
olaylarla basa ¢ikmak ve belirsizligi olan bir sorunu ¢6ziimlemek icin kullanilan bir istatistiksel
yontemdir. BN, diger istatistiksel modelleme yontemlerinin aksine tek bir ¢ikt1 degiskenine
bagli kalmadan cikarimlarin elde edilmesine imkan saglamaktadir. Ayrica, elde edilen
cikarimlarin gézlemler sonucunda yenilenebilir olma vb. gibi 6zelligi, son yillarda BN’lerin
O0grenilmesine yonelik algoritmalarin ¢ogalmasina neden olmaktadir. BN, veri madenciligi,
tibbi teshisler, norogoriintiileme, siber giivenlik, giivenirlilik analizi vb. gibi bir¢ok alanda

modelleme yapabilmek i¢in giderek daha popiiler olarak kullanilan bir yontemdir.
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BN modelinde rastgele degiskenler diigiimler, bu degiskenlerin aralarindaki kosullu bagimlilik
iligkilerinin ve nedensel etkileri ise oklar araciligi ile ifade edildigi bir ag yapisindan olusur.
Agda yer alan oklarin yonlerine gore degiskenler ¢ocuk ve ebeveyn olarak adlandirilmaktadir.
Bir diiglimden bir diger diiglime karsilik gelen yonlii kenarin baslangi¢ noktasini i¢eren diigiime
ebeveyn, bitis noktasini i¢eren diiglime ise ¢ocuk denir. Bu iliskilerin gosterildigi basit bir BN

modeli Gorsel 1°de verilmistir.
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Géorsel 1. Ornek BN modeli
Gorsel 1’de verilen 6rnek BN modeline gore her diigiime karsilik gelen ebeveyn ve ¢ocuk
diigiimleri Cizelge 1°de verilmistir.

Cizelge 1. Ebeveyn ve cocuk iliskisi

Diigiim Ebeveyn Cocuk
A - B

B A C,D
C B -

D B -

Gorsel 1 ve Cizelge 11°de verilmis olan bilgiler, A diiglimii B diiglimiiniin, B diiglimii ise C ve
D diigiimiiniin ebeveyni oldugunu belirtmektedir. Baska bir ifade ile, A diigiimiiniin cocugu B
diiglimiidiir, B diiglimiiniin ¢ocuklar1 ise C ve D diiglimleridir.
BN’de yer alan diigtimlerin kosullu olasilik dagilimlarinin ¢arpimi mevcut agin birlesik olasilik
dagilimini olusturmaktadir. N tane diiglimiin yer aldig1 bir BN de ortak olasilik dagilimi

P(Xy, ..., Xy) =I1%, P((X;|Ebeveyn(X;))
seklinde ifade edilir (Nielsen ve Jensen, 2009). BN’nin temeli Bayes teoremine dayanmaktadir.
BN’ye yeni bir gozlem eklendik¢e Bayes teoremi art arda uygulanarak ag yenilenir ve sonsal
olasiliklar elde edilmektedir.
Bir BN modeli niceliksel ve niteliksel olarak iki boliimden olugmaktadir. Diigimlerin ve bu

diigtimler arasindaki bagimlilik iliskilerinin yer aldigi grafiksel kisim niteliksel kisim olarak
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adlandirilmaktadir. Diigiimlerin sahip olduklari olasilik dagilimlarinin yer aldigi kosullu
olasilik tablolari ise niceliksel kisim olarak adlandirilmaktadir.

BN modeli elde etme siirecinin tamamina 6grenme denir. BN’lerde 6grenme siiresi iki kisimdan
olusur. Modelin 6grenimi i¢in gerekli ilk asama yap1 6grenmedir. Bu asama, diiglimler arasi
bagimlilik ve bagimsizlik iligkilerinin ortaya ¢ikarilmasin1 ve BN’lerin grafiksel yapisinin
olusturulmasin1 kapsamaktadir. Ag yapisinin 6grenimi i¢in iki ana yaklasim vardir. Birinci
yaklagim uzman goriislerine dayanilarak, ikincisi ise ¢esitli 6grenme algoritmalari ile veri
setinden ag yapisi belirlenmesidir. Elde edilen agda oklarin yonleri herhangi bir nedensellik
belirtmez iken yalnizca olasiliksal bagimlilik iliskilerini belirtmektedir. Literatiirde ag
yapilarmin belirlenmesi amaciyla gelistirilmis bir¢ok algoritma bulunmaktadir. “arama ve skor
bazli algoritmalar” ve “kisit bazli algoritmalar” olmak iizere ikiye ayrilan bu algoritma ¢esitleri
arasindan en ¢ok, temelleri sezgisel optimizasyon algoritmalarina dayanan arama ve skor bazl
algoritmalar tercih edilmektedir. Hc, Tabu, rmax2 ve mmhc algoritmalari en sik
kullanilanlaridir. Bu aglara ait skor puanlarinin kiyaslanmasi i¢in K2, Capraz-Gegerlilik Kriteri,
Bayesg¢i Dirichlet Skoru, Akaike Bilgi Kriteri (AIC) ve Bayesci Bilgi Kriteri (BIC) olgiitleri
kullanilabilmektedir.

Agin 6grenimi icin gerekli ikinci asama ise parametre ogrenimidir. Bu asama kosullu olasilik
degerlerinin hesaplanmasini kapsar (Neapolitan, 2003). Parametre 6grenme, ebeveynleri
bilinen degiskenlerin kosullu olasilik degerlerinin tahmin edilmesi islemidir. Kirca (2019),
parametre Ogreniminde Maksimum Olabilirlik (Maximum Likelihood-ML) ve Bayes
Cikarsamas1 (Bayesian Inference) adi verilen iki yontem bulundugunu ifade etmektedir. Bu
yontemler ayn1 Markov zincirli Monte Carlo algoritmasini kullanmaktadir. Fakat 6nsel dagilimi
ve olabilirlik fonksiyonunun maksimizasyonu alanlarinda farklilik gosterirler (Kirca, 2019).
Gilinlimiize kadar BN yontemi daha ¢ok kategorik degerler alabilen problemleri ¢ézmeye
yonelik caligmalardir. Ancak, stirekli verilerin mevcut oldugu problemler ile de
karsilagilmaktadir. Bu ¢alismada, degiskenler arasindaki kosullu olasilik iliskilerini grafiksel
bir model ile yansitilabilmesini saglayan BN modeli elde edilirken siirekli de§iskenlerden
olusan veri setlerinin mevcut olmasi durumunda nasil bir yol izlenmesi gerektigi ele alinmistir.
Stirekli degiskenler igeren veri setleri ile bir BN modeli kurulmak istenildiginde
basvurulabilecek yontemlerden biri, siirekli verilerin kesikli hale getirilmesidir. Bu amacla
literatiirde bircok kesiklilestirme yontemi bulunmaktadir. Istatistik alaninda 6zellikle
simiflandirma problemlerinde kesiklilestirme yontemlerine siklikla bagvurulmaktadir. BN
modellerinde de mevcut 6grenme algoritmalarinin kullanilabilmesi i¢in siirekli verileri kesikli

hale getirmek siklikla kullanilan bir yontemdir. Bu yoOntemler verileri azaltarak ve
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basitlestirerek analizleri hizlandirmaktadir. Bdylece, c¢iktilar daha hizli ve kolay
yorumlanabilmektedir. Literatiirde yaygin olarak kullanilan kesiklilestirme yontemleri Esit
Genislik/Aralik ve Esit Frekans yontemleridir (Fernandez, 2012).

Stirekli degiskenler igeren veri setleri ile bir BN modeli kurulmak istenildiginde
basvurulabilecek alternatif bir yontem ise lineer regresyonlarin ardilligi olarak bilinen GBN’dir
(Masmoudi ve Masmoudi, 2019). GBN, her bir diigiim i¢in ebeveynlerine gore dogrusal
regresyonun art arda kullanilmasi seklinde Ozetlenebilir. Bu yontem, normal dagilim
varsayiminin avantajlarindan yararlanarak saglik bilimleri, biyoloji, ekonomi vb. gibi birgok
farkli alanda basariyla kullanilmaktadir.

2. DENEYSEL CALISMALAR

Calismada kullamilan veri seti UCI Machine Learning Repository® veri tabanindan almmustir.
“Forest Fires Data Set” isimli veri setinde yer alan degiskenler incelenerek 8 tanesi ¢alismaya
dahil edilmigtir. Siirekli verilerden olusan nihai veri seti 517 gozlem degerine sahiptir.

Kullanilan veri setine ait tanimlayici istatistikler Cizelge 2°de verilmistir.

Cizelge 2. Tanimlayic Istatistikler

Min

Maks

X Ss p
FFMC (x1) 18,70 96,20 90,64 5,520 1.364098e-92
DMC (x2) 11 291,3 110,9 64,046 2.192121e-07
DC (x3) 7,9 680,6 5479 248,067 1.015043e-77
ISI (x4) 0 56,100 9,022 4,560 3.040573e-24
Temp (x5) 2,20 33,30 18,89 5,807 2.873937e-03
RH (x6) 15 100 44,29 16,317 2.948304e-15
Wind (x7) 0,400 9,400 4,018 1,792 1.957064e-13
Rain (x8) 0 6,400 0,022 0,296 0.000000e+00

X: ortalama, Ss: Standart Sapma, p: olasilik degeri

Gorsel 2’°de ise ¢aligmada kullanilan her bir degiskenin dagilimlarina ait histogram grafikleri

verilmistir.

1 https://archive.ics.uci.edu/ml/datasets/Forest+Fires
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Gorsel 2. Degiskenlerin Dagilimlari

2.1. Kesikli Bayes¢i Aglar

Calisma kapsaminda kullanilan verinin siirekli olmasi ve bir BN modeli elde edilmek istenmesi
nedeni ile Oncelikle veriler kesikli hale getirilmistir. Bu agamada literatiirde yaygin olarak
kullanilan esit genislik/aralik kesiklilestirme yontemi kullanilmistir. Bu yontem uygulanirken
kirilma noktasi “2”, “3” ve “4” seklinde segilerek olusturulan “d1”, “d2” ve “d3” isimli 3 farkl
veri seti lizerinde daha sonra klasik BN yontemi uygulanmaigtir.

Kesikli hale doniistiiriilmiis veri setleri lizerinde uygulanacak klasik BN i¢in ag yapisinin
belirlenmesi i¢in yine literatiirde yaygin olarak kullanilan puan tabanl algoritmalardan hc, tabu,
mmbhc, rmax2 algoritmalarina basgvurulmustur. “d1”, “d2” ve “d3” isimli veri setleri lizerinde
hc, tabu, mmhe, rmax2 algoritmalarmin kullanilmasi sonucu &grenilen ag yapilarinin
birbirinden farkli oldugu goriilmiistiir.

“d1”, “d2” ve “d3” isimli veri setleri ile elde edilen modellerin kiyaslanmasi i¢in BIC Kriteri ve
k-kat ¢apraz dogrulama yontemlerine basvurulmustur. Modellerin  BIC  kriterleri
karsilastirilirken mutlak degerce kiigiik olan degerli model tercih edilmistir. K-kat capraz
dogrulama yonteminde ise, BIC kriteri yerine her modelin beklenen kaybina bakilmistir ve
kaybin en az oldugu model tercih edilmistir. “d1”, “d2” ve “d3” isimli veri setleri ile elde edilen

modellere ait sonuglar Cizelge 3’te verilmistir.
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Cizelge 3. BN Model Karsilastirilmasi

Veri Seti | Algoritma BIC Beklenen kayip Iterasyon | Kayip Fonksiyonu
hc -1386.918 2,592
d1 tabu -1386.918 2,592
mmhc -1394.898 2,612
rmax2 -1394.898 2,612
hc -2254.508 4,146 I
" tabu 9954508 4.146 100 100 Log-olabilirlik
mmhc -2254.508 4,146
rmax2 -2254.508 4,146
hc -3045.489 5,576
d3 tabu -3045.489 5,576
mmhc -3054.278 5,602
rmax2 -3054.278 5,602

Cizelge 3’e gore, d1 isimli veri seti i¢in he ve tabu algoritmalari ile ulagilan BIC skor puaninin
ayni1 ve diger iki algoritmanin skor puandan daha iyi oldugu tespit edilmistir. Benzer sekilde k-
kat ¢apraz dogrulama ydntemine gore de puan tabanl algoritmalardan yine hc ve tabu
algoritmalarinin kaybi en aza indirdigi goriilmektedir. Bu nedenle, d1 veri seti i¢in en iyi
modelin he ve tabu algoritmasi ile olusturulan modeller oldugunu sdyleyebiliriz. d2 isimli veri
seri incelendiginde, BIC skor puanlarinin ve k-kat ¢apraz dogrulama yontemi ile elde edilen
kayiplarin kullanilan algoritmalara gore farklilik gostermediginin sdyleyebiliriz. d3 isimli veri
seti igin ise hc-tabu ve mmhc-rmax2 algoritmalarina ait g¢iktilarin benzerlik gosterdigi
goriilmektedir. Olusturulan veri setlerinin kirilma noktalar1 da dikkate alindiginda, d1 isimli
veri seti lizerinde kesiklilestirme islemi esnasinda kullanilan kirilma noktasinin (2) daha dogru
sonuglar verdigini Cizelge 3’te ulasilan sonugclar ile desteklendigi goriilmektedir. d1 iizerinde
hc ve tabu algoritmalarinin uygulanmasi sonucu olusturulan ag yapisinin ayni1 oldugu tespit
edilmistir. Her iki modelin de ayn1 sonuglar1 verdigini sdyleyebiliriz. Bu modeller (hc ve tabu)
151ginda, diigiimlere ait parametre degerleri MLE ve Bayes yontemleri ile tahmin edilmis,

ulasilan nihai BN modeli Gorsel 3’te verilmistir.
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Gorsel 3. Kesikli BN Agi
Bu alt baglik altinda, siirekli degiskenlerin mevcut olmasi durumunda esit frekans/aralik
kesiklilestirme yontemi kullanilarak ti¢ farkli veri seti elde edilmis ve ardindan klasik BN
uygulamasina yer verilmistir. Olusturulan ve Gorsel 3°te verilmis olan agda goriildiigii gibi x4
ve x8 diigiimleri ile modelde yer alan diger diigiimler arasinda olasiliksal iliskinin bulunmadigi
sonucuna varilmistir.
2.2. Siirekli Bayesci Aglar

Calisma kapsaminda kullanilan veri setinin siirekli olmasi ve bir BN modeli elde edilmek
istenmesi nedeni ile bagvurulan ikinci yaklasim, orijinal veri iizerinde GBN uygulanmasidir.
BN olusturulurken ki ilk asama olan yap1 6grenimi asamasi i¢in dncelikle GBN ag yapisinin
belirlenmesi amaciyla yine literatiirde yaygin olarak kullanilan puan tabanl algoritmalardan hc,
tabu, mmhc, rmax2 algoritmalar1 se¢ilmistir. Orijinal veri seti lizerinde uygulanan hc, tabu,
mmhc, rmax2 algoritmalari ile olusturulan ag yapilarinin birbirinden farkli oldugu tespit

edilmistir ve bu aglar Gorsel 4’te verilmistir.

i x8 x1 x1 x7 x8 x1

w .

o x6 x4 X2 x5 x8 x6 x4 x2

i 5B x5 X6 x5
e x7 x2 x4 X7
¥4
%7 x3 x3 %3
HC rsmax2 TABU MMHC

Gorsel 4. GBN Yapisi
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Orijinal veri lizerinden ile elde edilen modellerin kiyaslanmasi i¢in AIC, BIC kriterleri ve k-kat

capraz dogrulama yontemlerine bagvurulmustur ve ulagilan modellere ait sonuglar Cizelge 4’te

verilmistir.

Cizelge 4. GBN Model Karsilastirilmasi

Algoritma AIC BIC Beklenen kayip | k | Iterasyon | Kayip Fonksiyonu

hc -13985,4 | -14051,24 31,567

tabu -13984,93 | -14048,65 31,513 .
100 100 Log-olabilirlik

mmbhc -14001,07 | -14060,55 31,671

rmax2 -14001,07 | -14060,55 31,557

Cizelge 4’e gore, kullanilan dort algoritmaya ait AIC ve BIC skorlarinin birbirinden farkli
oldugu ve ancak tabu algoritmasi ile olusturulan modelin AIC ve BIC skorlarmin diger
modellere gore daha iyi oldugu konusunda tutarliligi goériilmektedir. K-kat ¢apraz dogrulama
yontemine gore de puan tabanli algoritmalardan tabu algoritmasinin kaybi en aza indirdigi ve
karar1 destekledigi goriilmektedir. Dolayisiyla burada en iyi modelin tabu algoritmasi ile

olusturulan model oldugunu sdyleyebiliriz.

v = ~18,874
B.,, = 0.447
Br,. = —0,69
¢ =5092

8., = 4017
o=1792

Bi,, = ~374,586
B, = 3,060
px;. = 6,671
By., = 1,853
o= 48929

B, =—32956
Be,, = 0,366
B.,. = 0259
B.,, = 0045
Be,. = 0,466

G = 3,650

B.,, = 189,782
By, = 2233
B.,, = 8,699

B, = —13361

a = 173460

Gorsel 5. GBN Ag1
Bu model dogrultusunda, diigiimlere ait parametre degerleri MLE yontemi ile tahmin edilmis

ve ulasilan degerler Gorsel 5°te verilmistir.
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3. SONUCLAR VE DEGERLENDIRME

Stirekli verinin kesiklilestirilmesi sonrasi elde edilen veriler iizerinde klasik BN uygulanmasi
sonucu tiretilen agda (Gorsel 3) ile orijinal veri iizerinde GBN uygulanmasi sonucu iiretilen
edilen agda (Gorsel 5) yer alan diiglimler arasindaki bagimlilik yapilarinda farkliliklar
gozlemlenmistir. Dolayistyla bu durum, gerceklestirilen analizlerde orijinal veriler iizerinde
degisiklik yapilmasinin ¢ogu zaman bilgi kaybina ve hatali sonuglara ulasilmasi problemlerini
dogurmaktadir. Ayrica, siirekli verilerin kesikli hale doniistiiriilmesi esnasinda kesim sayisi
seciminin de yontemin uygulanabilirligini zorlastiran etkenler arasindadir. Dolayisiyla, siirekli
verilerin varlig1 s6z konusu iken klasik BN yaklasimi1 yerine GBN yaklagimina basvurmak daha

saglikli sonuglara ulasilmasina yardime1 olacaktir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Birgok wveri seti siirekli degiskenlerden olusmaktadir. Verilerin siirekli olmasi halinde,

degiskenler arasinda olas1 iligkilerin incelenmesi i¢cin GBN yontemi literatlirde oldukga sik

kullanilan bir yontem olmakla birlikte, aragtirmactya bu iliskilerin kolaylikla yorumlanabilmesi
i¢in de gorsel sunum saglamaktadir.
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OZET

Rastgele degiskenin bir dizi {izerinde ortak olasilik dagilimimin temsili olan Bayesci Aglar,
degiskenler arasindaki bagimlilik iligkilerinin incelendigi ve oklar kullanilarak olasiliksal
iligkilerin ifade edildigi grafiksel modellerdir. Klasik yaklasim kullanilarak olusturulacak agin
stirekli veriler igermesi, aragtirmacilara degiskenlerin normal dagilima sahip olmasi ve kosullu
varyansin sabit olmasi varsayimlarini sunmaktadir. Bu iki varsayimin karsilanmadigi veri
setlerinde alternatif yontem olarak Tweedie Bayes¢i Aglar kullanilmaktadir. Bu ¢alismada,
kosullu dagilimlari Tweedie sinifina ait olan siirekli Bayes¢i Aglar yontemi {izerinde
durulmustur. Tweedie sinifi Normal, Gamma, Ters-Gauss vb. gibi bir¢ok iyi bilinen olasilik
dagilimin1 da igermektedir. Bu baglamda, Tweedie regresyon modellerine dayali olarak
olusturulan Tweedie Bayes¢i Aglar (TBN), Bayes¢i Aglar’in genis ve esnek bir smifim
olusturmakta olup cesitli alanlarda bircok gergek diinya verisi tlizerinde kullanilabilmesi
nedeniyle istatistiksel modellemede olduk¢a onemlidir. Calisma kapsaminda, UCI Machine
Learning Repository® veri tabaninda bulunan “Parkinsons Telemonitoring Data Set” adl1 veri
setinden secilmis 8 degisken ile olusturulmus veri lizerinde analizler gerceklestirilmistir.

Analizler i¢in Rstudio programi kullanilmistir.

Anahtar Kelimeler : Bayesci Aglar, Olasiliksal Grafik Modelleri, Parametre Ogrenme,
Tweedie Bayes¢i Aglar

1 https://archive.ics.uci.edu/ml/datasets/parkinsons+telemonitoring
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1. GIRIS

Bayes¢i Aglar (BN), agda bulunan degiskenlerin ve bu degiskenler arasindaki bagimlilik
iliskilerinin incelendigi olasiliksal ve grafiksel bir veri modelleme yontemidir. Modelde yer
alan degiskenler diigiim olarak adlandirilmaktadir. Bu diiglimler aras1 olasi iligkiler ise oklar
kullanilarak gorsellestirilmektedir. Diiglimler arasi olasi iliskilerin ifade edildigi oklar
istatistiksel kararlara gore secilmektedir. BN sayesinde degiskenler arasindaki iligkilerin
belirsizligi kolaylikla ¢éziimlenebilmektedir. Grafiksel bilgi sunumundan faydalanilarak hem
dolayli hem de nedensel iliskiler tespit edilebilmektedir.
BN uygulamalar istatistik bilimi basta olmak iizere olasilik teorisi, bilgisayar bilimi ve
grafiksel modeller alanlarindan beslenmektedir. Ortak olasilik dagiliminin olusturulmasi ve
kosullu olasiliklarin elde edilmesinde olasilik teorisinden faydalanilir. Ebeveynleri belirlenen
diigimler i¢in kosullu olasilik c¢izelgeleri olusturulur. BN’de diigiimlerin yerel olasilik
dagilimlarindan hareketle bir ortak olasilik dagilimi elde edilir. Bagimlilik durumlarinin da
gorsel bir dil ile ifade edilmesinde grafiksel modellerden yararlanilmaktadir. Bu modeller
aracilig1 ile diiglimler arasi iliskiler ve kosullu bagimsizlik durumlar1 hakkinda istatistiksel
cikarsamalar yapilmaktadir. Bir BN’nin olusturulmasinda basvurulan en Onemli alan ise
istatistik bilimidir. BN’de yer alan diiglimler arasindaki iligkilerin belirlenmesi siirecinde ¢esitli
istatistiksel testler kullanilmaktadir. Ayrica, parametrelerin 68renilmesi asamasinda kosullu
olasilik ve Bayes¢i yontemlerinden yararlanilmaktadir.
BN'ler, bir¢cok alanda istatistiksel ¢ikarim yapmak i¢in en etkili modelleme yontemidir. Bir BN,
t¢lii (G, F, q) olarak tanimlanan 6zel bir grafik tiirli olarak da 6zetlenebilmektedir (Ristevski,
2015). Burada G, grafik yapisini, F olasilik dagilimlar1 kiimesini ve ( ise parametre kiimesini
temsil etmektedir (Friedman ve Goldszmidt, 1998). G grafik yapisinda bir dizi digimii ve
diigiimler arasinda bir dizi yonlendirilmis oklar yer almaktadir. Diiglimler rastgele degiskenlere
karsilik gelirken, yonlendirilmis oklar ise rastgele degiskenler arasindaki kosullu bagimliliklar
gostermektedir. X diigimiinden Y diiglimiine yoOnlendirilmis bir ok X —Y seklinde
gosterilmektedir. Burada X diigiimii Y diigiimiiniin ebeveyni, Y diigiimii de X diigiimiiniin
cocugu olarak adlandirilmaktadir. Modelde yer alabilecek ebeveyn ve cocuk sayisi
sinirlandirilmasi bulunmamaktadir. Bu bilgiler dogrultusunda, modele ait birlesik olasiliklik
denklemi

P(Xy, ..., Xy) =1, P((X;|Ebeveyn(X)))

olarak yazilabilir (Nielsen ve Jensen, 2009).
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BN’de ¢ikarim yapmak i¢in Oncelikle yapr O0grenme ve parametre Ogrenme islemleri
gerceklestirilmektedir. Yapr 0grenme isleminde, verilerle iligkili en uygun ag yapisinin
belirlenmesi amaglanir. Bu amagla literatiirde ¢esitli yap1 6grenme algoritmasi bulunmakta olup
“arama ve skor bazli algoritmalar” ise en popiiler olan yapi1 6grenme algoritmalaridir.
Genellikle bu algoritmalar sonucunda olusturulan modellerin BIC ya da AIC skorlarina
bakilarak degerlendirme yapilmaktadir ve uygun olan skor degerine karsilik optimal ag yapisi
belirlenmektedir. Parametre 6grenme isleminde ise, belirlenen ag yapisi iizerinde agda yer alan
her bir diiglim i¢in bilinmeyen model parametrelerinin tahmini gerceklestirilir. Parametre
O0grenimi, diiglimler arasindaki kosullu bagimliliklarin belirlenmesini saglamaktadir
(Neapolitan, 2003). Parametre 6grenim siireci icin literatiirde yaygin olarak kullanilan yontem
ise Maksimum Olabilirlik yontemidir.

Literatiirdeki caligmalar incelendiginde, bugiine kadar BN ydntemi ¢ogunlukla kategorik
degerler alabilen problemleri ¢6zmeye yonelik calismalarda kullanilmistir. Ancak, siirekli
degiskenler iceren veri setleri ile de karsilagmak miimkiindiir. Bu calismada, degiskenler
arasindaki kosullu olasilik iliskilerini grafiksel bir model ile yansitilabilmesini saglayan BN
modeli elde edilirken siirekli verilerin varligi s6z konusu iken kullanilabilen Tweedie Bayesci
Aglar (TBN) yontemi ele alinmugtir.

Stirekli verilerin varligl s6z konusu iken bu veriler {lizerinden kurulacak bir BN modeli i¢in
bagvurulabilecek c¢esitli yontemler vardir. Bunlardan birincisi, siirekli verilerin 6ncelikle kesikli
hale getirilmesi ve ardindan klasik BN yénteminin uygulanmasidir. Ikincisi, Normal Dagilimli
Bayesci Aglar (GBN) yénteminin kullanilmasidir. Ugiinciisii ise TBN’dir. Bu yontemler
arasindan birincisinin  kullanilirken karsilagilan  zorluklar, verilerin kesiklilestirilme
yontemlerinin uygulanmasi esnasinda verilerin kategorize edilebilmesi i¢in belirlenecek bolme
sayisinin Ve genisliklerinin secilirken hatalara neden olabilmesi ve ortaya ¢ikan zaman kaybidir.
Istatistik biliminde 6zellikle de smiflandirma problemlerinde yaygin olarak kesiklilestirilme
yontemlerinden faydalanilmasina ragmen BN modellemesi i¢in 6nerilmemektedir. Bu durumda
alternatif yontem olarak GBN kullanilmaktadir. GBN yontemi, tiim digiimler i¢in lineer
regresyonlarin art arda kullanilmasi olarak o6zetlenebilir (Masmoudi ve Masmoudi, 2019).
GBN, normal dagilim varsayiminin avantajlarindan yararlanarak cesitli alanlarda basariyla
kullanilmasina ragmen her verinin normal dagilima sahip olmadig: ger¢egi de bulunmaktadir.
Bu durumda, normal dagilim gdstermeyen verilerin iizerinde doniisiimler yapilarak veriler
normal hale getirilebilir ve yine GBN ydntemi uygulanabilir. Ancak, orijinal veriler ile yapilan
analizler sonucunda yapilan ¢ikarimlar ile doniisim yapilmis veriler iizerinden yapilan

analizlerden elde edilen c¢ikarimlar arasinda farkliliklar olusabilmektedir. Ozellikle saglik
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sektorii gibi hayati durumlarin incelendigi caligmalarda orijinal verinin 6nemi oldukga
onemlidir. Dolayisiyla, siirekli veriler lizerinden dogrudan bir BN modeli olugturmak ig¢in
Masmoudi ve Masmoudi (2019) tarafindan gelistirilmis olan TBN ydnteminin kullanilmasi
uygun olacaktir. TBN, normal dagilimli ve kategorik olmayan veriler i¢in her bir diigiimiin
kosullu olasiliklarinin ortaya kondugu yonlendirilmemis grafik modellerdir. Bu kosullu olasilik
dagilimlar1 Tweedie ailesine aittir. Modeller Poisson, Negatif Binom ve Normal dagilimlar1 vb.
gibi 6zel dagilimlari igerir.

TBN {i¢ parametre ile yonetilir. Bu parametreler (im, p, ¢) olarak gosterilir ve sirasiyla ortalama,
giic ve yayilim parametreleri olarak adlandirilmaktadir. Gii¢ parametresinin aldig1 degerlere
gore sergiledikleri dagilim 6zellikleri Cizelge 1°de verilmistir (Masmoudi ve Masmoudi, 2019).

Cizelge 5. Gii¢c Parametresi

Gii¢ parametesi Dagilim

p<0 Asir1 Kararl
p=20 Normal

p=1 Poisson
l<p<2 Bilesik Poisson
p=2 Gamma
2<p<3vep >3 Pozitif Kararlh
p=3 Ters Normal

p =0 Asir1 Kararli

X = (X4, X5, ..., X;)T d-boyutlu bir rasgele vektor iken TBN

X; |Pa(Xi)NTwpi-(nli-¢i)i m; =g; ! (ﬁm +Exjepa{xi-}ﬁu3})
olarak ifade edilir (Masmoudi ve Masmoudi, 2019). Denklemde yer alan Pa(X;) agdaki X;
diigtimlerinin ebeveynlerini temsil etmektedir. g;, link fonksiyonudur.
TBN parametreleri,
Bro O = 0
g = ﬁim ,3521 0
a0 Bar - Paa-:

seklindeki katsay1 matrisidir.
2. DENEYSEL CALISMALAR
Calismada kullanilan veri seti UCI Machine Learning Repository? veri tabanindan almmustir.
“Parkinsons Telemonitoring Data Set” isimli veri setinde yer alan degiskenler incelenerek 8
tanesi c¢alismaya dahil edilmistir. Olusturulan veri seti 5875 gozlemden olusan siirekli

verilerdir. Bu veri setine ait tanimlayici istatistikler Cizelge 2°de verilmistir.

2 https://archive.ics.uci.edu/ml/datasets/parkinsons+telemonitoring
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Cizelge 6. Tammlayici Istatistikler

Min Maks X Ss p
Motor UPDRS (X1) 5,038 39,511 21,296 8,129 6.466062e-59
NHR (X2) 0,000286 | 0,748260 | 0,032120 | 0,059 0.000000e+00
HNR (X3) 1,659 37,875 21,680 4,291 1.605096¢-42
RPDE (X4) 0,1510 0,9661 0,5414 0,101 2.157667e-05
DFA (X5) 0,5140 0,8656 0,6532 0,071 6.489139¢-67

X: ortalama, Ss: Standart Sapma, p: olasilik degeri

Calismada kullanilan her bir degiskenin dagilimlarina ait histogram grafikleri Gorsel 1°de

verilmistir.

Mintogram of &1

Mistogram of 54

MWistagram of x2

Mulogrem of 19

Gorsel 6. Degiskenlerin Dagilimlari
Cizelge 1’de yer alan p olasilik degerleri ve Gorsel 1’de yer alan histogram grafikleri

Niwtagrem of 23

incelendiginde hicbir degiskenin normal dagilima sahip olmadigi goriilmektedir.

2.1. Tweedie Bayesci Aglar

Calisma kapsaminda kullanilan verinin siirekli olmasi ve bir BN modeli elde edilmek istenmesi

nedeni ile TBN yoOntemine basvurulmustur. Burada amag, siirekli veri o6zelligi gosteren

degiskenler iizerinde herhangi bir doniisiip yapilmadan, verilerin ger¢ek dagilimi dikkate

alinarak bir BN modeli olusturmaktir. Kullanilan veri seti {izerinden olusturulacak TBN i¢in

oncelikle ag yapisinin belirlenmistir. Bu asamada TBN'ler i¢in Onerilen yaklasim, her bir

diigiim i¢in diigiimler siralanmasi ve Student t testi kullanilarak anlamli model yapisinin

olusturulmasidir. Cizelge 2’de, Masmoudi ve Masmoudi (2019) tarafindan 6nerilen TBN yap1

O0grenme algoritmasi uygulanmasi sonucunda elde edilen 6zet bilgiler verilmistir. Tahmin

edilen TBN parametreleri ve kullanilan link fonksiyonlar1 da bu ¢izelgede verilmistir.
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Cizelge 7. p=(2,3) tanim arahginda TBN c¢iktilar1
Diigiimler p ¢ Link p t
X1 2 0,146 log 3,059* 614,14
-4, 177* -70,32
X2 3 08,422 log 0,035 12.04
3,219* 655,22
X3 2 0,018 log -0,002* -9,53
-3,659* -125,22
0,064* 4,02
0,0007* 3,02
X4 2 0,021 log 20.356% 815
-0,032* -51,77
-0,011 -1,05
-0,003* -15,88
X5 3 0,014 log 20,755* 2725
-0,016* -39,09

p: gii¢ parametresi, ¢: yayulun parametresi, [: katsayilar, t: t testi, *:anlamli

Cizelge 3’teki ¢ parametre degerleri Pearson tahmincisi ile elde edilmistir. p gili¢ parametresi

degerleri i¢in her bir diigiim bazinda (2,3) tanim araligi dikkate alinmistir. 5 degisken icin

literatiirde yaygin olarak kullanilan log link fonksiyonu kullanilmig ve elde edilen dagilimlar

incelenmistir. Buna gore p=2 oldugu X1, X3, X4 diigiimlerinin Gamma dagilimina, p=3 oldugu

X2 ve X5 digiimlerinin ise Ters Normal dagilim 6zelliklerini tasidig: tespit edilmistir. Tim

diigiimler icin hesaplanan regresyon katsayilar1 () da Cizelge 3’te verilmistir. Tiim bilgiler

151g81inda ulasilan TBN ag1 ise Gorsel 2°de ilgili diiglimlere ait tahmini parametre ve katsay1

degerleri ile sunulmustur.

px. =3

N\ @y = 98422

Py, =2 | Byyy = —4177
ey, =0021 / N\ Bx., = 0,035
By,, = 0063 | X4 .

By, =00007 \
Py,. = —0356 %
ﬁ.\’o; = —0,032 k/' -
' \

Gorsel 7. TBN Ag1
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3. SONUCLAR VE DEGERLENDIRME

Bu calismada siirekli degiskenlerden olusan veri setlerinde degiskenler arasindaki olasiliksal
kosul iligkilerinin incelendigi slirekli BN yontemlerinden biri olan TBN yontemi ele alinmistir.
Bu yontemde, p giic parametresinin aldig1 degerlere gore agda yer alacak degiskenlerin ayni
zamanda gercek dagilimlar1 da belirlenmektedir. Boylece, orijinal veri lizerinde herhangi bir
doniigiim yapilmadan daha dogru ¢ikarimlarin yapilmasina olanak saglamaktadir. Bu ¢aligmada
kullanilan veri seti ile olusturulmus TBN’de yer alan tahmini yap1 ve parametrelerin elde
edilmesi siireci Masmoudi ve Masmoudi (2019) tarafindan Onerilmis prosediirler ile elde

edilmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Siirekli veriler ile olusturulacak TBN i¢in gii¢ parametrelerinin tahmin edilmesi agamasinda
biiylik bir acgiklik vardir. Bu ¢alisma, TBN olusturulurken dncelikle verinin sahip oldugu en
dogru dagilim 6zelliginin tahmin edilmesi gerektigi konusunda farkindalik yaratacak olup

ileriki ¢alismalara 151k tutacaktir.
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ABSTRACT

A Bayesian Network (BN) is a probabilistic graphical model that represents a set of variables
and their conditional dependencies via a Directed Acyclic Graph (DAG). Dynamic Bayesian
Networks (BDN) extend standard BN with the concept of time and DBNs can deal with
discrete, continuous and both discerete and continuos variables. The task of structure
learning for DBN refers to learn the structure of the DAG from dataset and there are
three approaches for the structure learning: score-based approach, constraint-
based approach and hybrid-based approach.

In this study, it was aimed to examine the effects of different score criteria on the hybrid
structure learning process in continuous-state DBN. Thus, different hybrid-based algorithms
with Akaike Information Criterion (AIC-G), Bayesian Information Criterion (BIC-G) and
Bayesian Gaussian Equivalence score (BGE) were used and the analyzes were carried out to
examine the effects of score criteria using both synthetic and an UCI multivariate time series
datasets. Consequently, the performances of the network structures learned from datasets were
compared according to the scoring criteria.

Keywords: Dynamic Bayesian Networks, Structure Learning, Scoring Criteria, Multivariate
time series

DINAMIK BAYES AG;AR’ DA SKOR KRiTERLERININ KARMA YAPI
OGRENME UZERINDE ETKIiSi

OZET

Bayes Ag1 (BA), Yonlii Dongiistiz Grafikler (YDG) araciligiyla bir dizi degiskeni ve bu
degiskenler arasindaki kosullu bagimlilik yapilarini temsil eden bir olasiliksal grafiksel
modeldir. Dinamik Bayes Aglar1 (DBA), standart BA' nin zaman kavramiyla genisletilmis
versiyonudur ve DBA’ larda degiskenler kesikli, siirekli ve hem kesikli hem de siirekli degerler
alabilirler. DBA’ lar i¢in yap1 6grenme siireci, bir veri kiimesinden ag yapisini 6grenmeyi ifade
eder ve yap1 0grenimi i¢in Ui¢ yaklasim vardir: skor-tabanli, kisit-tabanli ve karma-tabanli
yaklasim.

Bu ¢alismada, siirekli durumlu DBA’ larda farkli skor kriterlerinin karma yap1 6grenme siireci
tizerindeki etkilerinin incelenmesi amaglanmistir. Bu nedenle, Akaike Bilgi Kriteri (AIC-G),
Bayesci Bilgi Kriteri (BIC-G) ve Bayesci Gaussyen Esdegerlik (BGE) skoru ile farkli karma
tabanli algoritmalar kullanilmistir ve hem sentetik hem de UCI ¢ok degiskenli zaman serisi
verileri kullanilarak skor kriterlerinin etkilerini incelemek i¢in analizler gergeklestirilmistir.
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Sonug olarak, veri setlerinden 6grenilen ag yapilarinin performanslar1 skor kriterlerine gore
karsilastirilmistir.

Anahtar Kelimeler: Dinamik Bayesci Aglar, Yap1 Ogrenme, Skor Kriteri, Cok Degiskenli
Zaman Serisi

1. INTRODUCTION

BNs are graphical models that graphically describe causality and conditional independence
relationships between random variables. Although they give successful results in many fields,
they are insufficient in the analysis of temporal proccessing or datasets containing cyclical
relationships. DBNs can be expressed as an extended version of BN with the concept of time.
They allow modeling of time series or sequential datasets. In DBNs, variables can take discrete,
continuous or both discrete and continuous values.

DBN have been used in feature recognition/detection, such as visual fatigue detection [1],
handwriting and speech recognition [2,3]. It is used in fault detection and diagnosis [4], risk
analysis [5] and analyzing gene networks [6]. In addition DBN is used for forecasting in time
series analysis [7,8,9].

DBN generally consists of two parts, qualitative and quantitative. First, the qualitative part is
the creation of the network structure, and then the quantitative part is the process of obtaining
the conditional probability tables/distributions of the variables (nodes) over the known network
structure. There are two approaches to generate the structure of network, it can be generated
with use of expert knowledge or is learned through some algorithms over the existing dataset.
The second way is also known as the learning process. These are Structural Learning, which is
the process of creating the network structure of the model to be established, and Parameter
Learning, which is the process of estimating the composite probability tables/distributions of
the variables in the specified model. In this study, structure learning is emphasized.

There are mainly three different approaches for learning structure from dataset in DBN such as
constraint-based, score-based and hybrid structure learning algorithms. The purpose of
constraint-based methods using conditional independence tests to create a BN structure that
will reflect the relationships between nodes, in score-based methods the most suitable network
structure for the dataset is determined by a score function and a search method. And hybrid
method combines a score-based method either with a constraint-based method or with a variable
selection method. In hybrid methods, constraint-based methods and search-score-based
methods are used together. The most frequently used scoring criteria in the literature are K2
[10], AIC [11], BIC [12], BDE (Bayesian Dirichlet Equivalence) [13] for discrete data and AlIC-
G, BIC-G, BGE [14] for continuous data. Therefore the scoring metrics have a direct effect on
the performance of DBN structure. Therefore, it can be said that the scoring criteria have a
direct impact on the performance of the DBN structure.

In this study, the effects of score criteria used in hybrid structure learning in DBNs were
examined. In Section 2, theoretical information about DBN and structure learning from data
were given. Section 3 and Section 4 describe experiments and the results. Finally in Section 5,
we present conclusions.

2. MATERIAL AND METHOD

In this section, we gave the theoratical informations about the DBNs. Furthermore, the hybrid
structure learning algorithms were introduced.
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2.1. Dynamic Bayesian Networks

DBNs are probabilistic graphical models dedicated to modeling multivariate time series [15].
A DBN is a DAG that encodes a joint probability distribution over a set of random variable X.
Formally, a DBN for X is a pair B = (V,E) where V is the set of the random variables
Xy, X5, ..., X, and E is the set of edges (arcs) between the nodes. The DBNs generally have two
assumptions: first-order Markov property that each variable X; is independent of its non-
descendants given its parents, and the stationary assumption that the structure and parameters
of the model do not change over time [16]. Let Py be the joint probability distribution of
variables with discrete time variable t € [1:T], the joint probability function for a DBN is
represent

Ps(X[t]) = [TE_, IT7- ., Ps(X:[t]|Pa(X:[t])) (2.1)
where Pa(X;[t]) is the parent of variable X; in time slice t. The DBN has an initial network and
a transition network. An initial network is a network for which a dependency structure is defined
between variables and the transition network refers to the relationship structures of variables
between different time slices [17, 18].

Variables in DBN can take discrete, continuous, and both discrete and continuous values. The
structure learning process in Gaussian DBN is generally similar to the Gaussian BN structure
learning process. In continuous state DBNS, the joint probability distribution for the random
variables X is assumed a multivariate normal distribution and this can be called an auto-
regressive process [19, 20].

2.2. Hybrid Structure Learning Algorithms
The structure learning process in DBN is generally similar to the BN structure learning process.
Learning a DBN structure from the dataset can be in two different ways according to the
observability of the dataset. If the dataset is full observability that is, if the values of all variables
are known, the structure can be obtained by searching through model space. If the dataset is
partial observability, the Structural Expectation-Maximization (SEM) method is can be used.
In this study, it is assumed that the datasets are full observability.
The process of obtaining a BN structure from the dataset is known as structural learning and is
examined under three section: score-based methods, constraint-based methods, and hybrid
methods.
In hybrid methods, first constraint-based methods are applied. In this step, all independence
relationships between variables are determined by conditional independence tests and network
structures showing these relationships are obtained. At this stage, the existence of undirected
edges between nodes in the obtained network structure is examined. Commonly used
conditional independence tests are Pearson correlation test, likelihood ratio test, conditional
joint knowledge test and conditional partial relationship tests [21]. There are different
constrained-based algorithms that are used: Grow-Shrink (GS) [22] Incremental Association
Markov Blanket (IAMB) [23], Inter-Incremental Association Markov Blanket-IAMB (INTER
IAMB) [24], Fast Incremental Association Markov Blanket (FAST IAMB) [24] and Min-Max
Parents and Children (MMPC) [25] algorithms.
Then, as a second step, search-score-based methods are applied. In this step, the direction of
the non-directional edges is determined and the network structure is formed. Search strategies
are generally chosen from greedy search algorithms and heuristic optimization algorithms, and
the most commonly used search methods are; Hill Climbing (HC), Genetic Algorithms (GA),
Simulated Annealing, Tabu Research (TABU), Particle Swarm Optimization (PSO) algorithm
and Artificial Ant Colony (AAN) algorithm [26, 27].

BOOK OF FULL TEXT ISBN: 978-605-70910-5-5 www.egekongresi.org Page | 61



AEGEAN SUMMIT 3th INTERNATIONAL APPLIED SCIENCES CONGRESS

3. EXPERIMENTS

In this study, the hybrid-based method was used for the structure learning process in Gaussian
DBN. The algorithms to be used in structure learning with different combinations were given
in Table 3.1.

Table 3.1. Hybrid algorithms combinations to be used for DBN structure learning

Constraint-based Score-based Conditional Score Criteria
method method independence test
MMPC HC, TABU Pearson's Correlation | AIC-G, BIC-G, BGE
IAMB HC, TABU Pearson's Correlation | AIC-G, BIC-G, BGE
FAST-IAMB HC, TABU Pearson's Correlation | AIC-G, BIC-G, BGE
INTER-IAMB HC, TABU Pearson's Correlation | AIC-G, BIC-G, BGE
GS HC, TABU Pearson's Correlation | AIC-G, BIC-G, BGE

Analysis were performed on both synthetic and an UCI multivariate time series dataset. With
the combinations of different structure learning algorithms determined, 10 different 2-time
slices DBN structure learning processes were performed for each score criterion. Then, the
score measure values were calculated for the performance of the learned network structures.
The arithmetic mean of the score values obtained for different sample units after 50 iterations
was calculated and the results were examined. “bnlearn” package [28] was used for the score
measurement values of the learned networks.

3.1. Simulated Datasets

Multivariate time series datasets with different variables were simulated. A first order vector
autoregressive model was used to construct the multivariate time series datasets.

The multivariate time series dataset with different sizes (5,7,10,12) with 1000 unit sample size
were simulated. In this study, it was accepted that the datasets provide stationarity and first-
order Markov assumptions in DBN analysis. After the simulated datasets were generated, the
DBN structure learning analysis were performed. Finally, AIC-G score values were obtained
for the learned networks.

3.2. UCI Dataset

The Istanbul Stock Exchange (ISE) dataset gives the returns of Istanbul Stock Exchange
together with seven international indices (SP, DAX, FTSE, NIKKEI, BOVESPA, MSCE_EU,
MSCI_EM) by taking daily price data. It was obtained between January 5, 2009 and February
22, 2011 on a daily basis and only for working days when the Istanbul Stock Exchange was
open. It has 536 observations and 8 variables. In the case of missing data, the previous day’s
value was used [29].

The optimal lag length was determined as 1 according to the Schwarz Information Criterion.
The Augmented Dickey-Fuller (ADF) unit root test was used for the stationarity and the ADF
test results were given in Table 3.2.

Table 3.2. ADF Unit Root Test Results for ISE dataset

Mackinnon Critical Values
Variables ADF. T_est %1 %05 %010
Statistics
ISE -22.459617 -3.442166 -2.866752 -2.569546
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SP -23.512105 | -3.442166 -2.866752 -2.569546
DAX -21.985594 | -3.442166 -2.866752 -2.569546
FTSE -22.454986 | -3.442166 -2.866752 -2.569546
NIKKEI -5.269939 -3.442166 -2.866752 -2.569546
BOVESPA | -22.405665 | -3.442166 -2.866752 -2.569546
EU -22.480380 | -3.442166 -2.866752 -2.569546
EM -19.758555 | -3.442166 -2.866752 -2.569546

The Null hypothesis is the series is non-stationary (contains a unit root). The rejection of the
null hypothesis based on the Mackinnon critical values. The ADF results in Table 3.2 indicated
that ISE dataset is stationary.

The DBN structure learning process for the ISE dataset was carried out with the combinations
of algorithms in Table 3.1. For analysis, firstly, 100 and 500 unit samples were taken from the
dataset and network scores were obtained with 50 iterations. Then, structure learning was
performed with 50 iterations for the entire dataset and the arithmetic average of the score
measurements obtained for the three cases were taken. Finally, the score measures obtained for

the learned networks with three score criteria were compared.

4. RESULTS

While the number of variables was 5, the score measurement values obtained for the network
structures learned with the AIC-G, BIC-G and BGE score criterion were given in Table 4.1.

Table 4.1. When the number of variables was 5, the score values of the networks learned with the
AIC-G, BIC-G and BGE score criterion

Scoring Criteria Used for Structure Learning
and Score Measurement Values
Score-based Constraint-

method based method | 55 Bl GRS BGE
MMPC -12281.85 -12439.61 -12251.35
IAMB -12281.85 -12431.24 -12251.35
HC FAST.IAMB -12281.85 -12431.24 -12251.35
INTER.IAMB -12281.85 -12431.24 -12251.35
GS -12281.85 -12431.24 -12251.35
MMPC -12281.25 -12439.60 -12249.99
IAMB -12281.25 -12431.23 -12249.99
TABU FAST.IAMB -12281.25 -12431.23 -12249.99
INTER.IAMB -12281.25 -12431.23 -12249.99
GS -12281.25 -12431.23 -12249.99

In Table 4.1, it was seen that the highest score measurement values were obtained by using the
TABU algorithm with the BGE score criterion. It was concluded that the same score
measurement values were obtained for all constraint-based algorithms when the TABU
algorithm, one of the score-based methods, was used.

While the number of variables was 7, the score measurement values obtained for the network
structures learned with the AIC-G, BIC-G and BGE score criterion were given in Table 4.2.
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Table 4.2. When the number of variables was 7, the score values of the networks learned with the
AIC-G, BIC-G with the BGE score criterion

Scoring Criteria Used for Structure Learning
and Score Measurement Values
Score-based Constraint-

method based method AIC-G BIC-G BGE
MMPC -19641.6 -19415.15 -19463.36
IAMB -19433.81 -19329.76 -19334.55
HC FAST.IAMB -19433.81 -19319.82 -19334.55
INTER.IAMB -19433.81 -19329.76 -19334.55
GS -19433.81 -19319.82 -19334.55
MMPC -19373.02 -19415.15 -19460.69
IAMB -19145.08 -19113.63 -19309.47
TABU FAST.IAMB -19145.08 -19081.61 -19309.47
INTER.IAMB -19145.08 -19113.63 -19309.47
GS -19145.08 -19081.61 -19309.47

When the results were examined in Table 4.2, it was seen that the highest score measurement
values were obtained by using the TABU score-based algorithm and the BIC-G score criterion,
and using the constraint-based algorithms, FAST.IAMB and GS algorithms.

While the number of variables was 10, the score measurement values obtained for the network
structures learned with the AIC-G, BIC-G and BGE score criterion were given in Table 4.3.

Table 4.3. When the number of variables was 10, the score values of the networks learned with
the AIC-G, BIC-G with the BGE score criterion

Scoring Criteria Used for Structure Learning
and Score Measurement Values
Score-based Constraint-

method based method Hee SR BGE
MMPC -35308.54 -34278.25 -34698.83
IAMB -33852.53 -32623.42 -33525.35
HC FAST.IAMB -33716.04 -32727.37 -33878.62
INTER.IAMB -33717.69 -32623.42 -33525.35
GS -33716.04 -32727.37 -33506.38
MMPC -34742.46 -34050.56 -34516.72
IAMB -33883.13 -32644.06 -33714.9
TABU FAST.IAMB -33747.44 -32748.01 -33941.77
INTER.IAMB -33747.53 -32644.06 -33714.9
GS -33747.44 -32748.01 -33569.62

In Table 4.3, it was concluded that the highest score measurement values of the learned network
structures were obtained by using the HC score-based algorithm and the BIC-G score criterion,
and using the constraint-based algorithms IAMB and INTER.IAMB.

While the number of variables was 12, the score measurement values obtained for the network
structures learned with the AIC-G, BIC-G and BGE score criterion were given in Table 4.4.
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Table 4.4. When the number of variables was 12, the score values of the networks learned with
the AIC-G, BIC-G with the BGE score criterion

Scoring Criteria Used for Structure Learning
and Score Measurement Values
Score-based Constraint-

method based method AIC-G BIC-G BGE
MMPC -40076.26 -40076.26 -40076.26
IAMB -37692.86 -37699.14 -37699.14
HC FAST.IAMB -38377.9 -38384.18 -38384.18
INTER.IAMB -37620.44 -37620.44 -37620.44
GS -38164.33 -38170.61 -38170.61
MMPC -39772.43 -39655.15 -39722.02
IAMB -37781.76 -37789.49 -37700.59
TABU FAST.IAMB -38466.8 -38474.52 -38385.62
INTER.IAMB -37709.34 -37709.34 -37709.34
GS -38253.23 -38260.96 -38172.06

In Table 4.4, the highest score measurement values were obtained when the HC score-based

algorithm and AIC-G and BIC-G score criteria were used with INTER.IAMB algorithm.

For ISE dataset, the average score measurement values obtained for the network structures
learned with the AIC-G, BIC-G and BGE score criterion were given in Table 4.5.

Table 4.5. Average score values of networks learned with AIC-G, BIC-G and BGE score criterion

for ISE dataset

Scoring Criteria Used for Structure Learning
and Average Score Measurement Values
Score-based Constraint-
method based method -~ — BGE
MMPC 25963.67 25963.67 33691.93
IAMB 26194.98 26194.98 33840.75
HC FAST.IAMB 26206.52 26206.01 33831.2
INTER.IAMB 26194.98 26194.98 33840.75
GS 26153.42 26153.42 33795.79
MMPC 26031.57 26039.53 33691.93
IAMB 26211.8 26211.8 33840.75
TABU FAST.IAMB 26206.52 26206.01 33831.2
INTER.IAMB 26211.8 26211.8 33840.75
GS 26186.2 26186.2 33795.79

In Table 4.5, it was concluded that the best learned network structure for the ISE data was
obtained with the conraint-based algorithms IAMB and INTER.IAMB with the BGE score
criteria. The same score results were obtained for the score-based algorithms HC and TABU
with the BGE score criterion.

5.CONCLUTION

The structure learning process in DBN is a process that should be especially emphasized
because further analyzes will continue through this determined network structure. In this study,

the hybrid-based approachs were used for the DBN structure learning.
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We examined the effects of three different score criteria on the continuous-state DBN hybrid
structure learning. Hence, different algorithm combinations were generated and the DBN
network structures were learned for different simulated and an UCI dataset with these
algorithms. The score measurement values were calculated for the performances of the learned
network structures.

As aresult, the highest score measurement values for simulated datasets were obtained by BGE
when the number of variables was 5, BIC-G when the number of variables was 7 and 10, and
AIC-G and BIC-G score criteria when the number of variables was 12. For higher values of
variable number, more reliable DBN network structures were learned with BIC-G score
criterion. When the results obtained for the UCI dataset was examined, the highest average
score measurements was obtained with the BGE criterion. It was observed that the results
obtained for the UCI dataset supported the results obtained for the simulated datasets.

Furthermore, when the results obtained for the HC and the TABU algorithms in the hybrid
structure learning methods were examined for both simulated and the UCI dataset, the higher
score values were obtained with TABU when the number of variables was small (8 or less).
When the number of variables is larger than 8, stronger network structures were obtained with
the HC score algorithm.
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