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Abstract

Polyamide, commonly used in engineering plastics, has wear resistance and high strength. In this study, polyamide, which is produced with
casting and three-dimensional printer, has been drilled and reamed in numerical controlled machine. Thus, the effect of production tech-
nique, machining allowance and tool feed rate on hole surface and dimensional accuracy was investigated. In general, the surface quality
of the holes in the polyamide material produced by the two production techniques was directly affected by the machining allowance and
the increased feed rate. In addition, the size of the holes created with the three-dimensional printer has reached the desired level after ream-
ing process.
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Oz

Yaygin olarak kullanilan miithendislik plastiklerinden polyamid, yiiksek aginma direnci ve yiiksek mukavemete sahiptir. Bu ¢alismada, do-
kiim ve ii¢ boyutlu yazici ile iiretilen polyamide malzemeye, niimerik kontrollii tezgahta delik delme ve raybalama islemi yapilmistir. Boy-
lelikle, tiretim tekniginin, isleme payinin ve takim ilerleme hizinin delik yiizeyi ve boyut kalitesine etkisi incelenmistir. Genel olarak her iki
iretim teknigiyle iiretilen polyamid malzemedeki deliklerin yiizey kalitesi, isleme payindan ve artan ilerleme hizindan dogrudan etkilen-
mektedir. Ayrica ii¢ boyutlu yazici ile olusturulan deliklerin boyut kalitesi raybalama islemi sonrasi istenilen seviyeye ulagmistir.

Anahtar Kelimeler: Polyamid, Eklemeli imalat, Yiizey kalitesi, Boyutsal dogruluk, Delik kalitesi, Raybalama

I. INTRODUCTION

Additive manufacturing (AM) is described in ASTM as a production process in which the layers are deposited or added to
the final shape of the material or the closest to it. In the definition made by ASTM, additive manufacturing is the production
technique of adding layer by layer material based on 3D model data. Many materials such as polymers, ceramics, metals and
alloys are used by the AM technique [1] The advantages of this method include features such as reducing the weight of parts,
design flexibility and contribution to the manufacture of spare parts [2] However, there are advantages as well as disadvan-
tages. In particular, defects in surface quality and dimension tolerance directly affect the quality of the product. In addition,
high financial costs, operating costs and materials for AM machines are the biggest challenges to the acceptance of AM [3].
AM is complete opposite with subtractive manufacturing (i.e. grinding, milling, drilling, cutting, etc.) in which the material
is cut out to get the final part. Traditional manufacturers, such as machine designer, have recognized the advantages of addi-
tive manufacturing as a major obstacle, although they know the advantages of AM [4]. Therefore, the Computer Numerical
Control (CNC) process is still a way of overcoming the obstacles in the additive manufacturing process. However, although
high flexibility, great precision, high speed and similar features are presented with modern CNC technology, the flexibility of
final production reached in CNC machining is relatively low in parallel to the AM process [5].

Sorumlu yazar/Corresponding Author: Tugce TEZEL, Tel: 242-3106335, e-posta: tugcetezel@akdeniz.edu.tr
Gonderilme/Submitted: 18.04.2019, Diizenleme/Revised: 13.11.2019, Kabul/Accepted: 10.12.2019


https://orcid.org/0000-0003-0139-442X

Int. J. Adv. Eng. Pure Sci. 2020, I: |-7

Drilling Quality of PA

Polyamide (PA) is one of the most valuable and most chiefly
used engineering plastics. It can be produced by casting and in-
jection production as well as additive manufacturing. Various
polyamides are produced under various trade names, nylon 6
and nylon 66 are the most produced polyamides. The melting
range of Nylon 6 is between 215-228 C and nylon 66 between
250-265 C. Polyamides have excellent abrasion resistance and
high strength [6]. Due to these properties, polyamide composi-
tes are generally used in various engineering areas such as ma-
chines, aircraft, automobiles, and robots.

In this paper, traditional-additive manufacturing invol-
ves two or more subsequent disconnected processes (e.g.
additive manufacturing + drilling/reaming) employed to ac-
complish the final part properties. This paper focus on the
better understanding of the machinability of PA6G with rea-
ming. The effect of production techniques, machinability al-
lowances for reaming and feed rates on surface and dimen-
sional accuracy were investigated.

When the literature is examined, there is no study com-
paring the surface quality and size tolerance of casting pol-
yamide materials produced by three dimensional printers.
For this reason, the literature has been examined under the
titles of polyamide processing.

In Kuram’s study, PA6 and glass-fibre reinforced PA6
were produced by injection moulding to investigate their abi-
lity to micro process. Burr formation, surface roughness, cut-
ting force and tool wear were investigated during micro mil-
ling of the material [7]. Rubio et al, used the glass reinforced
polyamide to determine the best drilling properties. PA6 and
PA66GF30 composites were used to analyse the effects of
spindle speed, tool geometry, and feed rate factors on the cir-
cularity error, hole mean diameter, and thrust force by using
three drill bits with various geometries on composites [8].
Bozdemir, in terms of formation of mean surface roughness
values of the casting PA6G samples, the properties such as
cutting speed, depth of cut, and feed rate were examined un-
der the same cutting conditions. They also considered the con-
dition of the material to be dry and humidity [9]. Davim et
al. investigated the ability of PA66 polyamide to be proces-
sed with 30% glass fibre reinforced and untreated. They used
four different tool materials by precision turning at different
feed rates [10]. Bozdemir and Aykut investigated the surface
roughness quality of the Castamide holes prepared in the dry
and wet forms processed using the comparable parameters.
Artificial neural network modeling technique was advanced
with the results acquired from the experiments. In this mo-
del, cutting depth, cutting speed and material type parameters
are used [11]. As known from the literature, additively ma-
nufactured pieces almost require post-processing to improve

surface quality features and relieve residual stresses. There
are several studies on this subject. Reviews have been laun-
ched empathizing on hybrid manufacturing processes [12],
[13]. Lorenz et al. [14] greatly focused and propose alterna-
tive additive manufacturing processes [15].

II. MATERIALS AND METHODS

Polyamide is a significant thermoplastic which is gene-
rally used in injection moulded components, with powerful
economic benefits due to its low manufacturing cost. Polya-
mide has superior wear resistance related to other enginee-
ring polymers due to its ability to form a thin and uniform
transfer film while sliding against steel parts.

In this study, polyamide material produced by three-di-
mensional printer and casting PA6G were used. The surface
and dimensional qualities of these materials, which were
produced by different production techniques, were exami-
ned by drilling the holes (Figure 1). The polyamide, which
is produced by casting technique, is supplied in plate form.
However, 3D printed PA holes was firstly designed on com-
puter. The part designed on the computer was transferred to
the 3D printer and the production was completed.

PA6G

3D Printed PA

Figure 1. Experimental test samples

Test samples were manufactured by the Zmorph 3D
printer. This machine can manufacture a model with size of
250x235x165mm with positioning accuracy of 14um for X
and Y axes and 0,625um for Z axis. Uniquely processed 3D
printing codes are used to fabrication parts so that the entire
sample can be produced at 0-90°angles respectively. The test
specimens are printed one by one in the centre of the bed so
that all values can be fabricated as similar as possible. For
test specimen, 3 shells were used around the part and 100%
filler was used at the printing edges specified for the inside
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of it. The PA material was extruded at 245 °C on a 100 °C
heated printing bed at a speed of 2400 mm/min and a layer
thickness of 0.2 mm. Production was 5 hours and 23 meters
filaments were used.

Triac Denford was used to process holes with a nume-
rically controlled machine (Figure 2). The Triac is a versa-
tile three axes CNC milling machine. The spindle speed was
1592 rpm. The cutting speed was planned as 30 m/min and
the feed rate was planned as 0.1, 0.2 and 0.3 mm/rev. @5.8,
5.9 and @6 HSS drilling tools were used. In addition, rea-
ming was done with @6H7 HSS reamer.

Drilling of PA6G Reaming of 3D Printed PA

Figure 2. Drilling/reaming of PA/PA6G materials

The milling process is as follows: Firstly, holes of 5.8, 5.9
and 6 mm diameter were drilled in three different feed rates
(0.1, 0.2 and 0.3 mm/rev) on the plate produced with the cas-
ting. Then all these holes are reamed. In manufacturing with
three-dimensional printer, holes are created in the design, sent
to the printer. In other words, a material with holes of various
diameters has been manufactured. This 3D Printed PA mate-
rial is only reamed. Each procedure was repeated at least 3 ti-
mes and the results were determined using the mean values.
At the final of the tests, all holes are done @6H7.

Surface roughness values were measured at least 3 times
before and after reaming. In addition, the post-production and
reaming dimensions of the 5.8 and 5.9 mm holes produced
by the three-dimensional printer were measured with a stereo
microscope. In surface roughness measurements, the device
named MAHR (MahrSurf PS-10) was used (Figure 3a). Mea-
sured parameters for surface roughness evaluation include Ra,
Rz and RSm. The measurement results were displayed on an
LCD screen and recorded on the computer. During the opera-
tion, the device measured 4 mm in length, the measurement
speed was 0.5 mm/sec and the cut off was 0.8 mm.

The dimensions of the holes were measured using the
SOIF SZ780-B2/L Trinocular Stereo Zoom Microscope (Fi-
gure 3b) The M-SHOT 5.0 MP CMOS microscope image
integrated with this microscope was taken from the surfaces
examined by the transfer camera and software.

a. Surface quality

b. Dimensional accuracy

Figure 3. Equipment used for holes quality.

III. RESULTS AND DISCUSSIONS

Figure 4 illustrates the changes in the roughness of the
surfaces, which are produced by the casting technique, on the
reamed surfaces after drilling the holes in various diameters
(95.8,05.9,0 6 and @ 6 without reaming). In the case of 0.1
mm/rev feed rate, the best surface quality is listed as @ 5.8, @
5.9, @ 6 and @ 6 without reaming respectively. This order is
the same for 0.2 mm/rev. At 0.2 mm/rev, there is a serious im-
provement in the surface quality of the drill hole with diame-
ters of 5.8 and 6 mm without reaming in particular.

It is known that surface quality decreases with increasing
feed rate in drilling operations. It should be noted that alt-
hough the results obtained in Figure 4. When literature is re-
viewed for reaming process after hole drilling, for hole qua-
lity, higher feed rates are usually recommended for reaming
than for drilling operations. When Figure 4 are evaluated in
this way, the results of reaming after hole drilling are consis-
tent with the literature [16,17]. It should be noted that there
are many variables in this more complex machining process.
This processes is linked to the dynamic stability of the dril-
ling-reaming process rather than to increasing or decreasing
feed rate, spindle speed, cutting speed or cutting depth. Furt-
hermore, the selection of the correct reaming parameters de-
pending on the reaming material also affects the quality of
the reamed surface [18]. These effects should be considered
for Figure 4, Figure5 and Figure 6.
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Figure 4. Surface roughness of PA6G
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With increasing feed rate (s = 0.3 mm/rev), the sur-
face quality of all hole treatments has increased. At this
feed rate, after the reaming of the holes with diameters
of 5.8 and 5.9 mm, the surface roughness values which
are very close to each other were obtained. A similar
situation is also possible for a 6 mm diameter reamed
hole. The surface quality of the non-reaming hole with a
diameter of 6 mm and the surface quality of the reamed
hole of 6 mm diameter are the same with the increasing
of feed rates in the polyamide produced by the casting
technique. This result indicates that the results obtained
from the experimental study support each other. When
the surface quality of the holes with different diameters
in the polyamide material produced by the casting tech-
nique is reamed to the same hole diameter, it is unders-
tood that the machining allowance for the reamer affects
the surface quality at low feed rates. It is observed that
the increasing of the feed rates, machining allowance for
reaming has no effect.

After the reaming of the holes in the polyamide ma-
terial produced by the three-dimensional printer, the
surface roughness values obtained according to the feed
rate are given in Figure 5. At 0.1 mm/rev feed rate, the
best surface quality is achieved by reaming the hole with
a diameter of 5.9, while a 0.2 mm/rev feed rate is at
?5.8. With the increasing in feed rate (s = 0.30 mm/rev),
all surface qualities are close to each other. In polya-
mide materials produced by three-dimensional printers,
the effect of raised feed rate on the surface roughness is
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almost non-existent. However, at low feed rates, machi-
ning allowance for the reamer increases the surface qu-
ality.

Figure 6 presents surface roughness values after @6H7
reaming applied to holes of different diameters (05.8, ©¥5.9,
06) In various feed rates, the effect of the allowance for the
reaming process on the surface roughness is evident. In gene-
ral, the surface quality obtained by reaming the holes in the
plate produced by the casting technique is better than the sur-
face after the reaming process applied to the perforated plate
produced by the three-dimensional printer. In a three-dimensi-
onal printer, high surface quality is achieved by producing the
hole with the desired diameter and reaming in high feed rate.
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Figure 5. Surface roughness of 3D Printed PA
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As it is known from the literature, one of the most im-
portant 3D printer production parameters is size tolerance.
For this reason, in the scope of this study, dimensions of
the holes, produced by three-dimensional printers, measured
before and after reaming process. Considering the surface
quality data, the dimensions of the holes with diameters of

5.8 and 5.9 mm were taken, and their size tolerances were
examined. Three different diameter values obtained during
the design of the hole, which is determined as ©¥5.8 in the
computer during the design with three-dimensional printer,
are given in Figure 7.

5.8 — After reaming

Figure 7. Sizes of 5.8 diameter holes produced by 3D printers before and after reaming

05.9-After reaming

Figure 8. Sizes of 5.9 mm diameter holes produced by 3D printers before and after reaming
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Datas of circles such as perimeter, area, radius and centre
are given in Figure 7 and Figure 8. These data were obtained
by means of software integrated to the microscope and these
graphs were created. When the data is carefully examined,
it will be understood that the exact dimensions of the circles
given in the figure are examined. Figure 7 illustrates three
different diameter values, produced as 4.9 mm, 5.02 mm and
5.06 mm, respectively. The diameter value, which is desig-
ned as 5.8 mm in computer, can be obtained with an average
diameter of 4.99 mm. However, as can be seen in Figure 7,
6 mm diameter was obtained after reaming.

Similar data were repeated in Figure 8 for 5.9 mm di-
ameter. The holes designed as 5.9 mm in the computer are
manufactured in a three-dimensional printer. The post-pro-
duction diameter values are 5.1, 5.36 and 5.2 mm and the
average is 5.22 mm. After reaming, the diameter is 6.00.

IV. CONCLUSION

Designing and manufacturing of new polymer techno-
logies are advanced day by day. Especially the using of pol-
yamide materials is known to be quite large. Dimensional
accuracy and surface quality, which are important subjects
of design and manufacturing, continue to be investigated for
various materials. Using of new production techniques, such
as additive manufacturing, together with modern numerical
controlled machines has led to a relatively new way of ma-
nufacturing. In this context, this study will help designers,
for polyamide material, about production technique plan-
ning and size-surface quality of holes.

In this study, two different production techniques were
used to drill holes depending on various parameters. It has
been demonstrated whether the holes produced by additive
manufacturing can achieve the quality of the drilled / rea-
med holes produced by conventional methods after a pro-
cess such as reaming by means of PA produced by additive
manufacturing and PA6G, a casting product of conventional
production techniques.

The results show that the reaming process at high feed
rates the holes manufactured by the three-dimensional prin-
ter, significantly increases the surface quality. Even better
results have been obtained from the polyamide material pro-
duced by casting. The surface quality of casting polyamide
is improved with an optimum proportion of machining al-
lowance for reaming. The quality of the holes produced by
the three-dimensional printer is quite low and reaming is de-
finitely needed. It is possible to obtain better hole surfaces
by using different three-dimensional printing parameters.
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Abstract

Dry reforming of methane is a promising method to reduce the emission of CO2 and to use it in various type of Fischer—Tropsch
synthesis and production of syngas. In order to obtain desirable products efficiently, the effect of reactants on the products must
be known precisely. For this purpose, several studies have published for modeling the dry reforming of methane process with
artificial intelligence-based data-driven prediction models. Due to lack of investigating overfitting problem and deficient and/or
biased performance evaluations, actual potential of proposed methods have not been revealed for predicting certain outputs of
the process. In this paper, we employed three regression methods, i.e., artificial neural networks, support vector machine and
polynomial regression to develop prediction models using a dataset with 57 observations. Performance evaluations of the
models are performed with 10-fold cross-validation to ensure unbiased results. Proposed methods’ both training and testing
performances are separately investigated, further applicability is discussed.

Keywords: methane, dry reforming, support vector machine, artificial neural networks, polynomial regression, cross-
validation

Oz

Metanin kuru reformlanmasi, CO2 emisyonunu azaltmak ve gesitli Fischer-Tropsch sentezlerinde ve sentez gazlarinin
iiretiminde kullanmak i¢in umut verici bir yéntemdir. Istenen iiriinleri verimli bir sekilde elde etmek igin, reaktantlarin iiriinler
iizerindeki etkisi kesin olarak bilinmelidir. Bu amagla, yapay-zeka bazli veri odakli tahmin modelleri ile metan kuru
reformunun  modellenmesi icin cesitli caligmalar yaymlanmistir. Onerilen metotlar, agi1 uyum probleminin
aragtirllmamasindan, eksik ve/veya yanli performans degerlendirmelerinden dolayi, siirecin belirli ¢iktilarini tahmin etmek i¢in
yetersiz kalmistir. 57 6rnek igeren bir veri seti kullanarak destek vektdr makineleri, yapay sinir aglari ve polinom regresyonu
olmak tizere ii¢ regresyon yontemi kullandik ve tahmin modelleri gelistirdik. Modellerin performans degerlendirmeleri, tarafsiz
sonuglar elde etmek i¢in, 10 katli apraz dogrulama ile gerceklestirilmistir. Onerilen yontemlerin hem egitim hem de test
performanslari ayri ayri incelenmis ve pratikte uygulanabilirligi tartigilmustir.

Anahtar Kelimeler: metan, kuru reformlama, destek vektor makineleri, yapay sinir aglari, polinom regresyon, ¢apraz-
dogrulama

. INTRODUCTION

Due to the excessive use of fossil-based fuels and urbanization, CO, emissions which is the main cause of global
warming have increased significantly [1]. With growing awareness about climate change, researchers put effort to
develop effective methods to reduce the emission rate. Thus, dry reforming of methane has been proposed as a
promising technique to not only reduce CO, emission but utilize it to produce syngas which can be processed into
useful products such as electricity. Even though there are several catalysts that can be used during the dry
reforming of methane such as Ni, Pt, Rh, Ru, Pd and Ir [2-4] , cobalt catalyst gained popularity due to its wide
availability and cost efficiency [5]. Certainly, the dry reforming processes must be handled carefully by using
precise models to obtain optimal efficiency. Therefore, several studies are published which focusing on kinetic
modeling of dry reforming of methane [6] and to best of our knowledge there are limited studies focusing on using
artificial intelligence based methods. In Hossain et.al. [7], authors performed dry reforming of methane with
Ni/CaFe,0, catalyst and obtained a data set with 24 observations to create an artificial neural network model, they
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used feed ratio reaction temperature and metal loading
as features and tried to predict CH4 conversion, CO;
conversion, H; yield and CO vyield. They split the
dataset into training, testing and validation sets during
the training of the model. Even though they obtained
satisfactory results, with the use of data set with an
extremely low number of observations and a low
number of features resulted with inadequacy to explain
proposed methods’ true potential and generalization
ability of the process. In Amin et. al. [8], authors did
methane reforming with Rh/MgO catalyst experiment
and used their results to develop an artificial neural
network model. But the authors used all of the data for
training the model and evaluated the performance of
the model using the same data set. Thus, the
generalization ability of the model is not investigated
and proper performance evaluation is not achieved. In
Al Ayodele et. al [2] performed methane dry reforming
over ceria-supported cobalt catalyst and gathered a data
set with 57 observations, they used CHj4 partial
pressure, CO; partial pressure CH4 to CO; ratio and
reaction temperature as features to create an artificial
neural network model in order to predict H, and CO
production rates as well as CH4 and CO- conversion
percentages. They also split the dataset into training,
testing and validation folds but they only shared the
training performance of the model and used a small
number of error metrics for evaluation. Due to the lack
of test and validation scores and investigation of
overfitting, the study wasn’t able to explain the
accuracy and practical usability of the proposed
method. There are limited number of studies have been
reported in the literature in order to improve catalyst
for dry reforming of methane using artificial neural
networks [9,10]. However, prediction error was not
given in these studies. Recently, Sener et. al [11] were
analyzed the effect of catalyst type, support,
preparation method and tried to find the best catalyst
for optimum methane conversion. They used 4-fold
cross validation method (reserving one fourth of data
for testing and repeating this procedure four times to
cover entire range) and found RMSE in the range of
4.52 to 8.59. In Huang et. al. [12], authors employed
artificial neural networks and genetic algorithm in
hybrid fashion. Although their training error was quite
low, experimental results had up to %28 error with the
predicted values, thus, proposed model showed
unreliability in practical applications.

In this paper, we used the same dataset published in [2]
to create artificial intelligence-based prediction
models. We employed three methods, i.e. polynomial
regression, artificial neural networks and support
vector regression methods to predict outputs of the dry
reforming of methane with a ceria-supported cobalt
catalyst. As a contrary to previous studies, performance
evaluation of the employed methods is performed with
10-fold cross-validation technique. This approach not
only enabled us to explore each methods’
generalization performances, also allowed us to make

comparison between the employed machine learning
methods in unbiased manner. All methods’ training
and testing performances, as well as further usability,
are discussed.

1. MATERIAL AND METHODS
2.1 Dataset Acquisition

In this study, dataset published in [2] is used. The
dataset contains 57 observations and four numerical
features , X1, Xz, X3, Xa referred to as, CH4 partial
pressure (kPA) , CO; partial pressure (kPA), CH4:CO2
ratio, Reaction Temperature (°C), respectively. These
features are utilized to develop models to predict four
numerical outputs, yi1, Y2, ¥, Y4 i.e., 1,, (mmol/min/g
catalyst), oo (mmol/min/g catalyst), CH4 conversion
(%), CO; conversion (%).

2.2 Polynomial Regression

Polynomial regression is one of the regression
techniques which represents the relationship between
the independent variables (features) and the dependent
variable (output) with an n™ (n = 2, 3...) degree
polynomial equation. The goal of polynomial
regression is to find optimal coefficients that can make
satisfactory predictions of the output variable in terms
of features used in a data set, i.e. good generalization
and prediction performance. The choice of the degree
and type of the polynomial equation is differing
according to the problem which one would like to
develop a solution for. In the present paper, the
quadratic equation (Equation (1)) is determined to be
the most appropriate polynomial equation to apply to
the dataset used

n

n
}7=ZZBij*xi*xj+zak*xk D
' k=1

n

i=1 j=i

where, ¥ is the prediction of the output variable, n is
the number of features, f;; and a,, are the coefficients
of the polynomial equation. While developing a
regression model, a cost function which indicates the
prediction accuracy must be selected and minimized
during the training phase. For this purpose, commonly
used convex cost function, i.e. sum of square errors is
selected and used in the present paper. In order to
prevent model from learning excessively, which
reduces the generalization performance of the
proposed method [13], also referred to as overfitting,
we add a regularization term to the cost function J
(Equation (2)). Minimization of the cost function is
performed with Gradient-Descent iterative
optimization method [14],

n

= 2(}’1 -9+ /1<225ij +zn:at2> @

n
j=1k=j t=1
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where, A is the regularization parameter.

2.3 Artificial Neural Networks (ANN)

ANN is a machine learning methodology inspired by
the human brain and its information processing
structure [15]. ANN has found widespread usage
across different type of problems in various disciplines
due to its proven success for predicting both
continuous and discrete variables. ANN consist of
neurons which are the primary processing elements,
and neuron clusters which are called as layers. Neurons
receive inputs from neurons in the previous layer,
process the information with its activation function and
transmit output for the neurons in next layer [16], this
transmitting process starts with input layer and
continuous until the neurons in the output layer
produces outputs. Every layer between input and

ogovere
O ™

Hidden Layer
#1

Input Layer

output layers are called hidden layer, the number of
hidden layers and number of neurons on each hidden
layer is hyper-parameters which must be determined
beforehand. Training of a neural network is performed
by adjusting the weights between each connection
which minimizes the difference between predictions
and the actual output and widely used backpropagation
algorithm is used for training phase [17]. One of the
most unique features of the ANNSs is the capability of
predicting multiple output variable with the same
model, because the dataset used in this paper consists
of four features and four output variables. We
developed a single ANNs model to predict all of the
outputs with two hidden layers and nine neurons for
each hidden layer as shown in Fig. 1. Sigmoid
activation function and linear activation function is
used in hidden layers and output layer, respectively.

AL ELERIREPER e

Hidden Layer
#2

Output Layer

Figure 1. Developed ANNS structure

2.4 Support Vector Regression

Support Vector Machines (SVM) is a popular machine
learning technique due to its non-parametric structure
and usage of kernel functions. Support Vector
Regression (SVR) is a specific type of Support Vector
Machines (SVM) technique which is used to predict
continuous type variables. Contrary to polynomial
regression and ANNs, SVR models are trained by
minimizing the generalization error bound instead of
prediction error [18]. Therefore, SVR models try to
achieve the best generalization performance. The
principle of SVR is to transform

data to a higher dimensional feature space with a kernel
function and to find an optimal hyperplane which
minimizes the selected cost function [19]. Therefore,
SVR performs a linear regression in higher dimensions
by using a kernel function (K) as shown in Eq. (3)

9= Zﬁi*K(xi'x)+c e

L

where, £3; and c are the constant coefficients, K (x;, x)
is the kernel function. In this paper, we used a second-
degree polynomial kernel function (Eq. 4). The reason
why we selected this kernel function is, linear and
gaussian kernel functions were not able to grasp the
complexity of the problem, thus, poor prediction
performance is obtained by those kernels. When third
or higher degree polynomial kernels are used,
computational expense significantly increased and
performance improvement was negligible and didn’t
justify the model’s enormous training time. During the
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training phase of the models, epsilon-insensitive cost
function (Eq. 5, Eq. 6) is used and minimized.

K(x;,x) = (xjx + 1) @

1. RESULTS AND DISCUSSION

Development and performance evaluation of the
proposed methods are performed in MATLAB
environment. Due to the small size of the data set, we
implemented 10-fold cross validation technique for
and testing. Feature normalization on the data set is
performed to prevent suppressing of a feature due to
another feature with high magnitude. Prediction
models for polynomial regression and SVR develop to
predict single output variable, for ANNs all outputs
predicted at once. Correlation Coefficient (R?),
Adjusted Correlation Coefficient (Adj.R?), Root-
Mean-Square-Error (RMSE) and Normalized Root-
Mean-Square-Logarithmic-Error (RMSLE) metrics
are used to show the prediction accuracy of the
proposed methods. Each methods’ training and test
scores of 10-fold cross validation are given in Table 1
and Table 2, respectively.

Zﬁl(}’i - }A’i)z

R*=1- -
XL, (i = y)?

)

Le
_ 0 ifly=9l<e
B { ly—91— ¢ otherwise *)
= Zn:L 93) + o lw?
]_ - S(yin) 2 |W| (6)
i=

where w is the weight matrix.

each method to ensure unbiased performance
evaluation [16,17], the data set was split into ten folds
and model is trained with nine of the folds and tested
on the remaining one. This process is repeated for each
fold, so that, all of the data is used for both training

(AR -1

Adj.R* =1 o ©
m (y. —9.)2
RMSE = 24O —99% @
m
RMSLE =J 2illog(yi + 1) — log(9: + 1)]? 10
m

Table 1. Training performances of proposed methods

Output Polynomial Regression ANNs Support Vector Regression
S
Rz | Adj.R? | RMSE | RMSLE R? Adj. | RMSE | RMSLE Rz | AdjR? | RMSE | RMSLE
R2
y1 0.87 | 0.84 0.797 | 0.294 0.7 0.61 | 1.253 | 0.334 0.73 | 0.64 1.191 | 0.351
y2 0.96 | 0.95 0.365 | 0.073 0.76 0.69 | 0.975 | 0.199 095 | 0.94 0.426 | 0.097
y3 0.87 | 0.83 5.24 0.108 0.94 0.92 | 3.505 | 0.079 0.82 | 0.77 6.067 | 0.119
Va 0.78 | 0.72 8.323 | 0.179 0.9 0.87 | 5.555 | 0.122 0.71 | 0.66 9.854 | 0.259
Table 2: Test performances of proposed methods
Output Polynomial Regression ANNs Support Vector Regression
s
Rz | AdjR? | RMSE | RMSLE R? Adj. | RMSE | RMSLE Rz | AdjR? | RMSE | RMSLE
R2
V1 0.8 0.73 1.025 | 0.295 0.61 0.54 | 1.416 | 0.428 0.55 | 0.39 1.554 | 0.412
y2 0.94 | 092 0.501 | 0.073 0.72 0.64 | 1.065 | 0.229 091 | 0.89 0.562 | 0.127
V3 0.57 | 0.47 9.692 | 0.182 0.67 0.56 | 8.462 | 0.184 0.65 | 0.54 8.672 | 0.165
V4 0.61 | 0.52 11.21 | 0.222 0.42 0.24 | 13.68 | 0.287 046 | 0.3 13.15 | 0.287

One can see that the overall prediction performance of
polynomial regression was better compared to other
methods in both training and test phases. For output
labeled as y1, all methods performed reasonably in the

training phase. In the testing phase, only polynomial
regression models were able to make predictions close
to its training performance. For output y,, the
performance of polynomial regression and SVR
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methods was similar and satisfactory in both training
and test phases, but the performance of ANN was
significantly lower. For outputs ys and ya, all of the
methods showed a major performance decline in the
testing phase compared to training. This situation
usually indicates overfitting, but during developments
of the models, different regularization term constants
have been tested for each method to overcome
overfitting while avoiding underfitting. Moreover, this
performance reduce was due to the low number of
observations in the data set which means methods were
not able to ‘understand’ the dynamics of the process
with the given number of training data. Therefore, it
can be concluded that more observation is required for
proposed techniques to make predictions, which can
show the true nature of the process. In addition, it
should be stated that training performance can be
highly inaccurate in the evaluation of the machine
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learning models. Extremely high performance in the
training phase, as shared in [2], can be misleading and
developed models may perform unexpectedly worse
when models encounter with data they have never seen
before, as can be seen in the present paper.

In order to visualize performance evaluations and to
have a better understanding of predictions made by
polynomial regression, which is the best performing
method in this paper, prediction vs actual value graphs
are plotted for both training and test phases (Fig. 2 and
Fig. 3). Graphs are plotted with a reference line which
starts from zero and has slope equals to one. Therefore,
any point stays on the reference is predicted correctly,
and length between unsuccessful predictions and
reference line indicates the prediction error.
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Figure 2. Prediction performance of polynomial regression in training phase

As one can see, a total of 513 data points (57*9) for the
training set and 57 data points for the test set are shown
in the Figure 2 and Figure 3, respectively. The reason
why 513 data points are presented in Figure 2 is due to
the nature of 10-fold cross-validation. Every fold is
used nine times in the training phase and used as test
set once. Therefore, in Fig. 2, every data point which
shares the same value in ‘Observations’ axis is the
same prediction of the corresponding observation
made by different folds. the small distance between
them shows that the desired attributes such as high
stability and low variance between folds are achieved
in the training phase. When Fig. 3 is examined,
predictions follow close to the identical pattern
obtained Fig. 2 for outputs y; and y», which means
developed models are successfully avoid overfitting

and learned enough information from training data to
make accurate predictions. For outputs ys and ya, even
the prediction patterns are similar, some of the points
are predicted extremely inaccurate which resulted in
low prediction accuracy overall. In essence, one can
observe polynomial regression and SVR predicted the
H. and CO production rates with high accuracy in both
training and testing phases, on the other hand, ANNs
failed to make satisfactory predictions for these
outputs. Even though all of the methods performed
well in during training phase for CH4 conversion and
CO, conversion outputs, they performed significantly
worse in the testing phase due to the low number of
observations in the dataset. Although ANNs method
didn’t perform as good as other proposed ones, its
performance may increase with the use of different
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architectures and hyper-parameters, but when the
requirement of high development time and
computational resource of ANN is concerned, it may
not be the best choice of method for predicting outputs
of dry reforming processes. Even though SVR
performed better, slightly worse than polynomial
regression, it can be considered an overkill due to high
memory and computational requirement of the method.
Present study shows that polynomial regression’s
overall performance was best among the proposed
methods and with low computational cost of
polynomial regression in mind, it can be a good
candidate to simulate and make predictions for dry
reforming processes with cobalt catalyst especially
with larger data sets efficiently.

When the results obtained in this study are compared
to similar studies in literature; In [2], authors only
provided training error of their proposed prediction
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models. This practice not only prevent showing the true
potential of the methods by not feeding and testing the
- unseen data (test or validation data), it also fails to
investigate models’ generalization ability. In [11],
authors evaluated the performance of their models by
4-fold cross validation, even though 10-fold cross
validation would be more suitable due to high sample
size of the data set they used, generalization ability of
proposed models are deeply investigated. They
calculated RMSE values between 4.52 to 8.59 which is
slightly worse performance compared to this study as
shown in Table 2. In [12], authors not only used any
kind of cross-validation methods, also they obtained
overfitted model with test results up to %28 error
shown in the paper. This significantly worse than what
we achieved in this paper. As similar studies, in [9] and
[10], authors did not provide any kind of error metrics
other than cost function of the ANN which does not
offer any kind of insight about the prediction ability of
the proposed models.
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Figure 3. Prediction performance of polynomial regression in testing phase

V. CONCLUSION

In this paper, polynomial regression, ANNs, and SVR
are used to predict four outputs of methane dry
reforming processes with cobalt catalyst using four
features. It is observed that ANN failed to make
accurate predictions compared polynomial regression
and SVR. Polynomial regression’s performance
showed that it is a strong candidate to create prediction
models for such problem when the overall accuracy
and computational costs are taken into the account.
Although, performance of the polynomial regression
was better among all proposed methods, still, highly
robust predictive models could not be developed for
prediction of CH4 conversion, CO, conversion outputs

due to the low sample size of the data set used. For
future work, we’ll focus on implementing the proposed
machine learning algorithms on larger datasets and use
statistical techniques to determine the impact of each
feature which may improve performance of the
machine learning methods for the methane dry
reforming processes with cobalt catalyst.
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Effects of Climate Change on the Wildfires in the Mediterranean
Basin

Iklim Degisikliginin Akdeniz Havzas’ndaki Orman Yangnlarina Etkisi
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Oz

iklim degisikligi ile birlikte son yillarda Akdeniz Havzasi’nda orman yangmlarmin sayisinda ciddi bir artig gozlenmistir. Gergeklesen bu
yanginlar ormanlara dogal felaketlerden daha ¢ok zarar vermektedir. Cikan yangmlarm bir kismi artan kurak hava kosullar1 nedeniyle do-
gal yollardan meydana gelirken, diger bir kismi ise ihmal ya da kasit sonucunda olusan ve biiyiik 6l¢iide iklim elemanlarinin (sicaklik, ya-
§1s, riizgar, nem vb.) etkisiyle bilyiikliigii degisen yanginlar olarak ortaya ¢ikmaktadir. Orman yangmlarimin dngériilmesinde kuraklik ile
orman yanginlari arasindaki iliskiyi ele alan farkli indisler kullanilmaktadir. Bu ¢alismada, olast orman yanginlarini 6ngérmek amaciyla
yaygin olarak kullamlan yangin indislerinden; Haines indisi (HI), Kanada Orman Yangin Hava Indisi (FWI), Keetch-Byram Kuraklik in-
disi (KBDI), F Indisi detayli olarak, Entegre Yangm indisi (IFT), McArthur Mark 5 (Mk5) Orman ve Mark 4 (Mk4) Otlak Yangin Tehlike
Indisi (McArthur Mark 5 (MkS5)), Fosberg Yangin Hava Indisi (FFWI), Nesterov Indisi (NI) ve Angstrém Indisi (AI) kisaca ele alinmustir.
iklim degisikliginin orman yanginlarina etkisiyle ilgili yapilan ¢aligmalar kapsaminda Antalya, Canakkale ve Mugla Orman Bélge Miidiir-
liiklerine bagli orman arazilerinde 2008 ve 2009 yillarinda ¢ikan yanginlar Kanada Orman Yangin Hava indisi (FWI) kullamlarak incelen-
mistir. Sonuglar 2008 ve 2009 yili yangin verileri ile tutarlilik gostermistir ve FWI degerleri bu yillar i¢in yangin riskini 6ngérmede basa-
rilt bulunmustur.

Anahtar Kelimeler: Tiirkiye, Akdeniz Havzasi, Haines indisi (HI), Kanada Orman Yangm Hava Indisi (FWI), Keetch-Byram Kuraklik
Indisi (KBDI), F Indisi

Abstract

Along with climate change, there has been a significant increase in the number of forest fires in the Mediterranean Basin in recent years.
These fires cause more damages to forests than natural disasters. While some of the fires are caused by natural due to increasing arid
weather conditions, the other part emerges as a result of negligence or intent and it appears to be that the fires vary in size because of the
effects of climate elements (temperature, precipitation, wind, humidity etc.). In order to predict forest fires, different indices are used to ad-
dress the relationship between drought and forest fires. In this study, widely used fire indices to predict possible forest fires; Haines Index
(HI), Canada Forest Fire Weather Index (FWI), Keetch-Byram Drought Index (KBDI), F Index in detail and Integrated Fire Index, McAr-
thur Mark 5 (Mk5) Forest and Mark 4 (Mk4) Grassland Fire Danger Index, Fosberg Fire Weather Index, Nesterov Index are briefly re-
viewed. In the light of studies about the impact of climate change on forest fires, the fires in 2008 and 2009 in the forest areas of Antalya,
Canakkale and Mugla Regional Forest Service have been examined by using the Canadian Forest Fire Weather Index (FWI). The results
have been consistent with fire data for 2008 and 2009 and FWI values have been successful in predicting fire risk for these years.

Keywords: Turkey, the Mediterranean Basin, Haines Index (HI), Canadian Forest Fire Weather Index (FWI), Keetch-Byram Drought In-
dex (KBDI), F Index
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Orman Yangin Riski

1. GiRiS

Orman yanginlart agaclara ve bitki Ortiisiine parazitler-
den, boceklerden, sert hava sartlar1 ve benzeri dogal felaket-
lerden daha ¢ok zarar vermektedir [1]. Yillardir biiyiik or-
man yanginlari ile ilgili yapilan ¢alismalar bu yanginlarin
nedenlerinin atmosferik kararsizlik ve kuruluk ile ilgili ol-
dugunu gostermektedir [2, 3, 4, 5, 6, 7, 8]. Iklim degisikligi
ile birlikte sicakligin yiikselmesi, kurakligin artmasi, stirekli
olan sicaklik dalgalar1 gibi meteorolojik ve iklimsel kosul-
lar orman yanginlarini ve yanginlara maruz kalan bolgelerin
sayisini arttirmaktadir [1, 9]. Akdeniz Havzasi’nda, orman
yanginlar1 6zellikle yaz aylarinda, kurak sonbahar ve ilk-
bahar donemlerinde siklikla goriilmektedir. Bu durum giin
gectikce 6nemi artarak biiyiiyen ekolojik bir problemdir [1].

Kurak ve sicak iklim kosullar1 orman yanginlarini arttir-
makla birlikte, yangimin baglamasi i¢in iklim kosullart ye-
terli degildir. Yangin ortamdaki oksijen, sicaklik ve yakitin
(genellikle 6lii yanict madde olarak tanimlanan yiizeydeki
otsu veya ince yanici materyaller) belli bir oranda bir araya
gelerek yanma reaksiyonu olusturmasi ile baglamaktadir ve
bu li¢ unsur yangin liggeni olarak adlandirilir. Bir orman
yanginin baslamasi i¢in gerekli olan faktorler; yiliksek sicak-
lik, diisiik bagil nem, siddetli riizgarlar ve kisa siireli siddetli
yagis ile olusan ani firtinalar gibi giderek siklasmaya basla-
yan sert hava kosullaridir [1, 10]. Bu durum, orman yangin-
larmin dnceden daha iyi 6ngoriilebilmesi igin, yangin-iklim
iligkisini daha iyi anlama ve daha giivenilir modellerin ge-
listirilmesi ihtiyacini ortaya koymustur [11]. Kuraklik ile or-
man yanginlari arasindaki iligki birgok iilke tarafindan farkl
indisler kullanilarak degerlendirilmektedir. ABD, Kanada
ve Rusya gibi tilkelerde orman yanginlari ile kurak kosullar
arasindaki iligkiyi gdstermek icin kullanilan ¢ok sayida in-
dis bulunmaktadir. Keetch-Byram Kuraklik Indisi (KBDI),
Kanada Orman Yangin Indisi (Canadian Forest Fire Weat-
her Index) (FWI), Haines Indisi (Haines Forest Fire Weat-
her Index) ve Nesterov Tutusma Indisi bunlardan bazilari-
dir [12, 13, 14, 15].

Orman yanginlar1 ile iklim iligkisini ele alan farkli bol-
gelerde yapilmig birgok calisma, iklim degisikligi ve artan
sicakliklarin etkisine dikkat ¢cekmektedir [6, 4, 17, 16]. Ak-
deniz ikliminin goriildiigi Avrupa Birliginde bulunan 5 gii-
ney Avrupa iilkesi; Portekiz, Ispanya, Giiney Fransa, Italya
ve Yunanistan (EUMED, the southern countries of the Euro-
pean Union) ¢ikan biitiin orman yanginlari ile Amerika, Pa-
sifik kiy1 bolgelerinde Kalifornya ve Oregon, (PWUSA, the
Pacific western coast of the USA) ¢ikan ulusal orman yan-
ginlart sayisinin sicakligin yiiksek oldugu ve kurak oldugu
yaz donemlerinde bir artis gosterdigi kaydedilmigstir [18].
Kanada’da her yil ortalama 2 milyon hektar ormanlik alan

biiyiik orman yanginlar1 nedeniyle yok olmaktadir. Yangin-
lar sicakligin arttigi yaz sezonunda (Mayis-Agustos) ger-
ceklesmektedir [19, 20]. iklim degisikliginin, son yillarda
Kanada’da ¢ikan orman yanginlari {izerinde etkisi oldugu
goriilmiistiir [21, 22]. Tklim degisikligi ile birlikte orman
yanginlarinin sayisinin artig gosterdigi bolgelerden birisi de
Liibnan sedir ormanlaridir. Aragtirmalar ¢ikan biiyiik orman
yangmlarinin %43,46’simin iklim degisikligi nedeniyle ¢ik-
tigim gostermektedir [23]. Yapilan arastirmalar gelecekte
¢ok sicak iklim kosullart altinda, yangin sezonlarimin uza-
yacagini ve orman yanginlariin artacagini gostermektedir
[21, 24].

Koppen — Geiger iklim smiflandirmasinda, nemli orta
enlem iklimleri (1liman), 25° — 60° enlemleri araliginda bu-
lunan bolgelerde goriilmektedir. Bu bolgeler arasinda Ak-
deniz Havzasi da yer almaktadir. Orman yanginlarmin sik
gozlemlendigi Akdeniz Havzasi, Koppen-Geiger iklim si-
niflandirmasi Cs grubunda yer alan ve genel olarak kislari
tliman ve yagisli, yazlari ise sicak ve kurak iklim tipine sa-
hiptir [25, 26, 27]. Akdeniz iklimi, Csa (Yazlar1 ¢ok sicak ve
kurak) ve Csb (Yazlart sicak ve kurak) olmak iizere iki alt
gruba ayrilir. Bu iklimlerin goriildiigii yerler; Fransa, Italya,
Yunanistan, Ttrkiye, Portekiz, ispanya, Kuzey Afrika (Fas,
Tunus, Cezayir), Liibnan ve Israil’dir. Ayrica Akdeniz iklimi
Iran’in kuzeyinde, Kaliforniya’da, Sili’de, Avustralya’da,
Yeni Zelanda’da ve Giiney Afrika’da da goriilmektedir [1].

Akdeniz Havzasi, kurak iklimler (B grubu) ve nemli ka-
rasal iklimlerin (D grubu) goriildiigii bolgeleri de kapsamak-
tadir [1, 27,28]. Kurak iklimler (B grubu) yillik buharlagma-
nin yillik yagistan daha fazla oldugu ve buna bagh olarak
stirekli olarak bir su yetersizliginin goriildiigi iklimler ola-
rak ifade edilir. C6l (BW) ve Step (BS) iklimi olmak iizere
iki alt gruba ayrilir [26]. Step iklimi agirlikli olarak Iber ve
Anadolu yarimadalarinda, Hazar Denizi’nin ¢evresinde ve
Kuzey Afrika’da Sahel bdlgesinde (Sahra’nin giiney sini-
rinda) goriilmektedir. Akdeniz Havzasi’nda, ¢dl ikliminin
(BW) baskin olarak gortildiigii yerler ise Kuzey Afrika, Orta
Dogu, Arap yarimadalarinin bulundugu bélgelerdir. Nemli
soguk orta enlem iklimleri (D grubu), Akdeniz Havzasi’nin
kuzeyinde, Kafkasya’da, Balkanlar, i¢ Anadolu ve Dogu
Anadolu bolgelerinde goriilmekte ve genel olarak nemli ve
kislar1 siddetli gegen iklimler olarak adlandirilmaktadir [1,
26, 27].

Akdeniz ekosistemleri, orman yanginlarinin baskin ola-
rak goriildiigii ekosistemlerdir. 1950-2000 yillart arasinda
Dogu Iber Yarimadasi’nda gerceklesen orman yanglari
ile iklim arasindaki iligkiyi ele alan bir ¢alismada, 350 me-
teoroloji istasyonundan alinan sicaklik ve yagis verileri
ile ¢ikan yangin sayist incelenmistir. Bu yillar arasinda bu
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ekosistemlerde gerceklesen orman yanginlarinin sayisinda
ciddi bir artis gézlenmistir ve bu artigin iklimsel faktorlerle
iligkili oldugu kaydedilmistir [17]. Yazlarin kurak ve sicak
geemesi bu artigta dnemli bir etkendir. Akdeniz ikliminin
goriildigi bolgelerde iklim degisikligi ile birlikte sicakli-
gin arttig1 ve bu sicaklik artisi ile birlikte orman yanginlari-
nin sayisinda bir artis oldugu kaydedilmistir [29, 30, 31]. Bu
bilgilere dayanarak sicakligin, orman yanginlarmin artma-
sinda 6nemli bir faktor oldugu sdylenebilir. Yanginlarin ¢ik-
masinda ve yayilmasinda etkili olan diger faktorler ise yakit
ve nem oranidir [19].

Topraktaki yiiksek nem icerigi bitkilerin stabil bir sekilde
biiyiimesini saglamakta ve topraktaki nemin azaldig: alt kat-
manlara kadar orman yangimlarinin genislemesini engelle-
yerek bariyer gorevi gormektedir [32]. Bu nedenle topra-
gin ve yakitin nem igeriginin, durdurulamayan biiyiik orman
yanginlari {izerinde dnemli etkisi bulunmaktadir [33, 34, 35,
36]. Akdeniz Havzasi’nda yer alan Ispanya’ da 1970-2007
yillar1 arasinda yaz aylarinda gergeklesen ve dnlenemeyen
orman yanginlarinin iklim degisikligi ile orman yanginla-
rinin sayisi ve yanginin ¢iktigr bolgelerdeki iklim kosulla-
ria bagl olarak iliskili oldugu goriilmiistiir. Bolgesel 1klim
Modelleri (RCMs) kullanilarak SRES A 1B iklim degisikligi
senaryosu (enerji kaynaklarinin dengeli kullanimi) altinda,
iklim degisikliginin sicakligr arttirdigr ve ozellikle yaz ay-
larinda havadaki bagil nem oranini diistirdiigii gdzlenmistir
[37]. Bu durum, artan sicaklikla birlikte yakitta azalan nem
iceriginin yakitin tutusabilirligini arttirdigi ve buna bagh
olarak yangimin ¢ikmasina neden oldugunu gostermektedir
[37, 38, 39].

Orman yanginlar1 Akdeniz ekosistemlerinin dnemli bir
parcasidir. Bati Akdeniz Bolgesi’'nde (Valensiya Bdlgesi)
son yiizyil boyunca ger¢eklesen orman yanginlart ve ¢ikis
nedenlerini ele alan bir ¢alisma yapilmigtir. Calismada, or-
man yanginlarinin sehirlesmeyle birlikte kirsal niifusun
azalmasma bagl olarak yakit miktarmin ve siirekliliginin
artmas1 (giftlikler terkedildikten sonra bitki ortiisii ve yakit
artis1) nedeniyle mi yoksa iklim degisikliginden dolay1 mi1
ciktigini anlamak icin kirsal niifus ve iklimsel verilere bakil-
mistir. 1970 yilindan 6nce iklim kosullarinin orman yangin-
larinda diistik bir etkiye sahip oldugu, 1970 yilindan sonra
cikan orman yanginlarinda ise iklimin 6nemli bir etkiye sa-
hip oldugu gozlemlenmistir. Son yillarda ¢ikan orman yan-
ginlarinda kurak hava kosullarinin yanginlarin ¢ikisinda
6nemli bir faktdr oldugu ve bu durumun iklim degisikligi
nedeniyle artan sicakliklar sonucunda daha da sik goriilebi-
lecegi ifade edilmistir [36].

Akdeniz iklim kusag1 i¢inde yer alan Tiirkiye’de, 6zel-
likle Bat1 Toroslar, yiizlerce orman yangminin meydana

geldigi bir bolgedir. Mugla yoresi orman yanginlari agisin-
dan Tiirkiye’nin en hassas oldugu alanlardan biridir [40, 41].
Bu yangilarin bir kismi iklim degisikligiyle birlikte artan
kuraklik nedeniyle dogal yollardan meydana gelirken, diger
kism1 ise ithmal sonucu ya da kasitla ¢ikarilan ve biiyiik 6l-
clide iklim elemanlarinin (sicaklik, yagis, riizgar, nem vb.)
etkisinde biiyiikliigli degisen yanginlardir. Bu nedenle bol-
genin iklim faktoriine bagli dogal yangin risk haritasini be-
lirlemek igin yapilan ¢alismada Keetch-Byram Kuraklik In-
disi kullanilarak orman yangmlarinin yaz aylarinda artan
kuraklik ile iligkisine bakildiginda, Temmuz’dan Kasim’a
kadar olan donemde, kuraklik arttiginda meteorolojik kosul-
lara bagli olarak ¢ikan degerler de artmaktadir [40]. Akde-
niz ikliminin hakim oldugu boélgelerde, meteorolojik kokenli
yangn riskinin 6zellikle Agustos ve Eyliil aylarinda yiiksel-
digi ifade edilmektedir [40, 42].

Orman yanginlari bitki ortlisiine zarar vermekle kalma-
yip karasal ekosistemleri ve karbon dongiisiinii de kiiresel
boyutta etkilemektedir [43]. Gelecekte Akdeniz Bolgesi'nin
biiyiik bir kisminda ve Kuzeydogu Avrupa Bolgesi’nde ger-
ceklesmesi olast orman yanginlari, havada bulunan CO,
miktarmi arttiracagi i¢in hava kirliliginin temel kaynagini
olusturacagi ongoriilmektedir. Bu durumu iklim degisikligi
ile birlikte artan hava sicaklig1 olumsuz yonde etkileyecegi
ifade edilmektedir [44]. iklim degisikligi nedeniyle artan s1-
caklik ve kuraklik, Akdeniz iklim kusaginda bulunan ve su-
btropikal Akdeniz ikliminin hakim oldugu boélgelerde yaz
aylarinda, kurak sonbahar ve ilkbahar donemlerinde yangin
riskini arttiracagi belirtilmistir [1].

Onlenemeyen biiyiik orman yanginlarinin ¢ikis neden-
leri ele alindiginda, yanginlarin bir kismi iklimsel kosul-
lardan dolay1 baglarken diger kisminin insan kaynakli ola-
rak basladig1 gozlenmistir [45, 46]. Bu durumu ele alan bir
aragtirmaya gore, Italya’nin Sardinya Adas1 ve Fransa’nin
Korsika Adasi’nda engellenemeyen orman yangilarinin
¢ikis nedenleri ve yanginlarin biyiikliiklerinin ¢ogunlukla
arazi kullanimi ve kasten yangin ¢ikarma ile ilgili oldugu
sonucuna vartlmigtir. Orman yanginlarinin iklim ile iligkisi
ise Fire Weather Index (FWI) kullanilarak bakilmistir. Or-
man yangini sezonu (Mayis-Ekim) boyunca FWI degerle-
rinin 30°dan 60’a yiikseldigi tespit edilmistir. FWI>40 ol-
dugu giinler ile orman yanginlarinin ¢iktig1 giinler arasinda
bir iliski oldugu goriilmiistir [46].

II. VERi VE METODOLOJI

2.1. Haines indisi (HI)

Donald A. Haines 1988 yilinda 6nlenemeyen biiyiik or-
man yanginlarinin hava olaylar ile iligkisini bir indis ile
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gbstermistir. Haines, bu indisi Diisiik Atmosfer Siddeti in-
disi (Lower Atmospheric Severity Index) olarak adlandir-
mus, ancak zaman igerisinde bu indise Haines Indisi (HI)
denmistir. HI, dikey konvektif hava hareketleri yatay riizgar-
lardan daha 6nemli oldugunda, potansiyel orman yanginla-
rint belirten 6nemli bir gostergedir [47]. HI ile havadaki nem
orani, ¢iy noktasi sicakligi hesaplanabilmektedir. HI ii¢ jeo-
potansiyel yiikselti araliginda hesaplanmaktadir: algak yiik-
selti (950 — 850 hPa), orta yiikselti (850-700 hPa) ve yliksek
rakim (700-500hPa) [1, 48]. Bu hesaplamalardan elde edilen
sonuglar kullanilarak, orman yanginlariin nasil gergekles-
tigi ve yanginin biiytikliigii konusunda bilgiler elde edilmek-
tedir. HI, Kanada Orman Yangin Hava Indisi ve Keetch-By-
ram Kuraklik Indisi ile birlikte ¢ok yaygin olarak kullanilan
indislerden biridir [1,2, 3, 4, 5, 8]. Tatli & Tiirkes (2014) ta-
rafindan HI kullanilarak, Akdeniz Havzas1 ve Tirkiye or-
man yangin risk degerlendirilmesinin yapilmistir. Caligma
sonucunda HI’nin biiyiik orman yanginlarini gézlemlemek
icin kullanilabilecek 6nemli bir indis oldugu ifade edilmistir.

Bu indis ile ilgili hesaplamalar asagidaki gibi yapilmak-
tadir [1]:

-Doyma (¢iylenme) sicakligi agagidaki denklem kullani-
larak hesaplanir:

e
6,1078

T, = [237.3 x In

|/[17.27 - n

(D

il
6,1078.

Formiilde yer alan e (gergek buhar basinci) ile ilgili veri
olmadig i¢in bu deger bagil nem (RH) ve sicaklik (T) veri-
leri kullanilarak 6nce doymus buhar basinci (e ) daha sonra
gercek buhar basinci Clausius-Clapeyron esitligi kullanila-
rak asagidaki sekilde hesaplanir:

- L 1
e; = eg-exp | (= —7)] @

0 °C’ de e, (0.611 kPa) referans buhar basmci ve T,
(273.15K) referans hava sicakligr formiildeki sabit degis-
kenlerdir. Denklemde L (2.5 x 10° J/kg) buharlasma gizli

1s181 ve R (461 J-K™! - kg'!) ise nemli havanin gaz sabitidir
[26].

RH
e=—ge;
100

3)

HI = A (kararlilik terimi) + B (nem terimi) formiilii ile
hesaplanir. Hesaplamada kullanilan doyma noktasi sicakligi
(T,) ve sicaklik (T) degerleri ise asagidaki tablolarda goste-
rildigi gibi hesaplanarak formiildeki yerine yazilir.

Tablo 1. Haines indisi kararhlik (A) bilesen kategorisine gére

hesaplama adimlari
Viikseklik Algak Orta Yiiksek
ATA=T950 - T850 | ATA=T850-T700 |ATA=T700-T500
A=11ise ATA
A=1ise ATA<4°C | A= 1 ise ATA <6°C e
<18°C
Kararlilik
(A) A=2ise A=2ise A=2ise
Bilesen 4°C< ATA<T7°C 6°C <ATA<10°C 18°C<ATA<21°C
Kategorisi
A=3ise ATA>7°C | A=3ise ATA> 10°C | A=3ise ATA>7°C

Tablo 2. Haines Indisi nem (B) bilesen kategorisine gére
hesaplama adimlart

. . Algak Orta Yiiksek

Yiikseklik
ATB=T950 — Td950 | ATB=T850 — Td850 | ATB=T700 — Td700
B=1ise ATB<6°C |B=11ise ATB<6°C |B=11ise ATB<15°C

N B

B;rene(n ) | B=2ise B=2ise B=2ise

i .. |6°C<ATB<9°C 6°C<ATB < 12°C 15°C <ATB <20°C

Kategorisi

B=3ise ATB>9°C |B=3ise ATB>12°C | B=3 ise ATB>20°C

HI degerleri 2 ile 6 arasinda degismektedir. HI biiyiik or-
man yanginlarmin gerceklesme olasiligi: 6 en yiiksek, 5 or-
talama, 4 diisiik ve 4 {in alt1 ise ¢ok diistlik olasilik olarak be-
lirtilmektedir (Tablo 3).

Tablo 3. HI aralik degerlerinin risk sinifi olarak gosterilmesi

Risk Sinifi HI Arahig
Yiiksek 6
Orta 5
Diisiik 4
Cok Diisiik 2-3

Tatl ve Tiirkes (2014) tarafindan yapilan bir arastirmada,
Akdeniz Havzasi’nda olas1 yangin riski HI kullanilarak de-
gerlendirilmis ve Koppen — Geiger Iklim Smiflandirmasin-
dan da yararlanilarak su sonuglara ulagilmistir: Tiirkiye nin
gliney ve bat1 bolgeleri, Yunanistan, Arnavutluk, Make-
donya, Giiney Fransa, Italya, Slovenya, Fas, Tunus astropi-
kal iklim bolgeleridir ve yazlari kurak gecer HI’'ne gore bu
bolgeler orta dereceli (HI, 5) risk alanlaridir. Col iklimine
sahip olan bolgeler yiiksek risk alanlaridir. HI bu bolgelerde
4, 5 ve 6 degerlerini gostermektedir. Yangin riskinin yiiksek
oldugu bu bolgeler, Sahra, Libya ve Ortadogu ve Hazar De-
nizi Havzasi’dir.
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HI kullanilarak algak (950 — 850 hPa), orta (850-700
hPa) ve yiiksek (700-500hPa) olmak iizere ii¢ farkli jeopo-
tansiyel yiikselti aralifinda yangin riski Valensiya Bolgesi
(Bat1 Akdeniz Bolgesi) i¢in degerlendirilmistir. 1980 — 2008
yillar1 arasindaki iklim verileri kullanilarak yapilan c¢alig-
mada, yiiksek HI degerleri yaz mevsiminde (Haziran, Tem-
muz ve Agustos) gozlenmektedir. HI degerleri, algak yiik-
selti (950 -850 hPa) i¢in ortalama 4.1, orta yiikselti (8§50-700
hPa) i¢in 4.4 ve 5 arasinda ve yiiksek rakim(700-500hPa)
icin ise 2.8 ile 3.5 arasindadir. 29 yillik bir periyodu ele alan
bu ¢aligmada, yillik ortalama HI degerlerinde ve yillik eks-
trem (5 ve 6) degerlerde bir artis oldugu gozlenmistir. En
yiiksek HI degerleri orta yiikseltiler i¢in kaydedilmis olsa da
diger yiikselti degiskenlerinde de (algak ve yiiksek yiikselti-
ler) ekstrem HI degerlerine rastlanmaktadir [8].

2.2. Kanada Orman Yangin Hava Indisi (FWI)

Kanada Orman Yangin Hava Indisi (FWI), orman yan-
ginlar ile ilgili yapilan arastirmalarda sik¢a kullanilan or-
man yangini indislerinden biridir ve olasi orman yanginla-
rin1 tahmin etmede bagarilt bulunmaktadir [49, 50, 51, 52].
FWI ilk olarak 1970 yilinda, Kanada Orman Servisi (The
Canadian Forestry Service) tarafindan daha dncesinde yapi-
lan birtakim aragtirmalar sonucu ortaya ¢ikarilmistir. Bu in-
dis kendinden 6nceki orman yangin riski indislerinin (Ini-
tial Spread Index (ISI) ve Build-Up Index (BUI)) birlesimi
ile olugturulmustur [53]. FWI, orman tabanindaki farkli top-
rak katmanlarindaki nem degisimlerini dikkate almaktadir.
Indis, yakit nem degerleri ile giincel hava kosullarini bir-
likte degerlendirerek olasi orman yanginlarint hesaplamak-
tadir [54].

FWI sistemi alt1 bilesenden olugsmaktadir. Bunlardan ilk
ti¢ tanesi FFMC, DMC ve DC nem kodlaridir:

Orman_alt1 viizeyini kaplayan 6lii organik ortiiden (dal,

vaprak, kabuk vb. organik dokiintii ve artiklar) olusan ince

katmanmin _nem _icerigi kodu (Fine Fuel Moisture Code)
(FEMC): Orman tabaninda 0-1,2 cm derinlikte bir alanda
bulunan (0,25 kg/m?) kuru otlar ve diger yanici materyalle-
rin nem oranini gostermektedir. FFMC hesaplamalar1 asagi-

daki gibi yapilmaktadir:

Tablo 4. FFMC hesaplamasinda kullanilan parametreler ve ¢ikis aralig

- Bagslangi¢c Durumu | Cikig Araligi (Out-
Girdiler (Inputs) (Initial Condition) | put Range)
Sicaklik (T) (°C)

Bagil Nem (RH) (%) = . B
Riizgir Hizi (WS) (ki) | Oneeki FEMC 0-101
Yagis (mm)

59.5(250-m
FFMC = 325@50-m) )

147.2+m

__147.2(101-FFMC) (5)
T 595+FFMC

m= nem igerigi (moisture content)

Kuru:

ko = 0.424 (1 - (ﬂ)”) + 0.0694%(1 - (ﬂ)s) 6)

100 100

Islak:

ky =0.424 (1 - (JOO'RH)”) + 0.0694VWS (1 _ (IDD—RH)S)

100 100

(N

k degeri log (g%) hesabina gore degisebilir:

k=k,(0.58100365T) (8)

H—-100

R
Epuru = 0.942RH%®7° + 11 10+ 0.18(21.1 — T)(1 — e~ ®115RH)

)

RH-10

0
Eistak = 0.618RH%75% + 11e 10+ 0.18(21.1 — T)(1 — e~ *115RH)

(10)
m=E, +(m—E, )x10 (11)
m:Eleak+(Elslak_m0)X10_k181ak (12)

Organik viizey artik ve dokiintiilerinin altinda, daha de-

rinde bulunan ayrismis organik maddenin nem icerigi kodu
(Duff Moisture Code) (DMC).: Orman tabaninda 1,2 — 7 cm
derinlikte bulunan (5 kg/m?) giiriiyen (decomposing) orga-

nik materyallerin nem igerigini géstermektedir. DCM hesap-
lamalar1 agagidaki gibi yapilmaktadir:

Tablo 5. DMC hesaplamasinda kullanilan parametreler ve ¢ikis

aralig1

Girdiler (Inputs): | Baglangic Durumu | Cikis Arahgi

(Initial Condition) | Range)

(Output

Sicaklik (T) (°C)
Bagil Nem (RH) (%) | Onceki DMC
Yagig (mm)

MAX = %300
EQ =%20

DMC=244.72—43.43In(m—20) (13)

Kuraklik kodu (Drought Code) (DC): Orman tabaninda
7+ cm derinlikte bulunan (25kg/m?) organik nem igerigini

gostermektedir.
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Tablo 6. DC hesaplamasinda kullanilan parametreler ve ¢ikis araligt

Girdiler (Inputs): |ilk Durum (Initial | Cikis Arahg (Output
Condition): Range):

Sicaklik (1) () 5,ceki DC MAX= %400

Yagis (mm)

D=400In(800/0Q)
D= simdiki DC (current DC)

Q= m equivalent

(14)

FFMC, DMC ve DC nem kodlarina riizgar hiz1 degerleri
de eklenerek i1k Yayilma indisi (Initial Spread Index) (ISI)
ve Arttirma Indisi (Build-Up Index) (BUI) olusturulmustur
FWTI sisteminin diger iki bileseni olan bu iki indisin bilesimi
ile son bilesen olan FWI (Sekil-1) elde edilmistir [53, 54].
FWI hesaplamalari asagidaki gibi yapilmaktadir [54]:

ISI:

Girdiler: WS(km/h), FFM

Riizgar (W) denklemi: f(W)=¢0-0503W (15)
m5‘31

FFM denklemi: f(F) = e 013%m (14 ) (45
ISI1=0.208f (W) f(F) 17
BUI:
Girdiler: DMC, DC

BUI = 0.8(DMC)(DC) (18)

(DMC+0.4DC)
BUI <80 f(D)=0.626BU°809+2 (19)
1000

BUI> 80 f(D) = 25+108,64e~0-023BUT (20)
In(FWI) = 2.72 21)

Eger (0,1 ISI f(D)) < 1 olursa FWI = (0,1 ISI f(D)) sek-
linde hesaplanir.
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Hava Gézlemleri
Sicaklik, bagil Riizgar Sicaklik, Sicaklik,
nem, riizgar ve bagil nem, yagis
vagis yagls
Yakat A L
Nem FFMC bMC DC
Kodlan
Yangin M
Davranis ISl BUI
Indisleri
v
FWI

Sekil 1. FWI ve alt bilesenleri
FWI, yanginin ¢ikma olasilig1 ¢ok diisiik, diisiik, orta,

yiiksek, ¢ok yiiksek ve ekstrem olmak iizere alt1 kategoriye
ayrilir ve deger aralig1 Tablo-7’deki gibidir [53]:

Tablo 7. FWI aralik degerlerinin risk sinifi olarak gosterilmesi

Risk Simifi FWI Arahig
Ekstrem 30+
Cok Yiiksek 17-29
Yiiksek 9-16
Orta 5-8
Diisiik 2-4
Cok Diisiik 0-1

Akdeniz ikliminin goriildiigii italya ve Yunanistan’da
yangin riski, FWI kullanilarak degerlendirilmistir. Calis-
mada yangin riskini dngdérmek amaciyla, Italya icin 1984 —
1995 yillar1 arasinda Nisan — Kasim aylarini kapsayan iklim
ve yangin verileri kullanilirken, Yunanistan i¢in 1983 — 1990
yillar1 arasindaki meteorolojik verilerden ve giinliik yangin
verilerinden yararlanilmistir. Caligmada, FWI degeri 15 ya
da daha yiiksek degerler icin yangin riski yiliksek olarak
ifade edilirken, FWI degeri 45 ya da daha yiiksek degerler
icin ekstrem olarak ifade edilmistir. Aragtirma sonucunda bu
iki FWI degerlerinin (15, 45) esik degerleri olarak segilme-
sinin, hesaplanan FWI degerleri ile gdzlemlenen yanginlar
arasindaki iligskiyi gostermek i¢in uygun oldugu ifade edil-
mis ve bu bilginin diger analizlerle birlikte kullanilmas1 ge-
rektigi belirtilmistir. Arastirma, FWI’nin yangin riskini 6n-
gormedeki basarisi orman alt1 ylizeyini kaplayan 6lii organik
ortiiden (dal, yaprak, kabuk vb. organik dokiintii ve artik-
lar) olusan ince katmanin nem iceriginden kaynaklidir. ince
katmanin nem igeriginin tutusturma (ignition) potansiyeli-
nin bir gostergesi olmast bunun nedeni olarak gosterilmek-
tedir. Arastirma sonucunda, Akdeniz ikliminin goriildiigii
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ftalya ve Yunanistan’da yangin riski ongormede FWI’nin
yararlt oldugu ifade edilmistir [55].

Dogu Akdeniz Havzasi’ nda yer alan Yunanistan’in (Gi-
rit) birbirini takip eden iki yangin sezonu dikkate alinarak
FWI bu bolge igin yangin riskini degerlendirmedeki potan-
siyeline bakilmistir. Calismada, FWI yangin risk siniflarini
ifade etmek amaciyla kullanilan aralik degerlerini Akdeniz
iklimine uygun hale getirmek amaciyla lojistik regresyon
uygulanmistir. Deger araliklart 0-38 Diisiik, 39-48 Orta,
49-59 Yiiksek,> 60 Ekstrem seklinde yeniden diizenlen-
mistir. Aragtirmada yeni smiflandirmanin gerekliligi, mev-
cut Kanada yangin risk siniflarinin Girit’teki kuru ve asir1
yangma egilimli Dogu Akdeniz iklimi i¢in uygun olmama-
styla agiklanmistir. Degisiklikten sonra, FWI degerlerinin
yangin riskini 6ngérmede daha basarili oldugu ve dogrulu-
gunun orman yanginlart verileri ile kiyaslanarak kanitlan-
dig1 ifade edilmistir. Arastirma sonucunda yeni FWI yangin
risk simiflarinin, Dogu (kuru) Akdeniz Boélgesi’nde yangin
riski degerlendirmesi i¢in bir potansiyele sahip oldugu ifade
edilmistir. Bununla birlikte, gelecekteki arastirmalar igin
FWT'nin Akdeniz ikliminin goriildiigii bolgelerde uygula-
nabilirligi konusunda daha net olmak i¢in genis dlgekte ve
daha uzun bir siire boyunca benzer ¢alismalar yapilmasi ge-
rektigi belirtilmistir [50].

2.3. Keetch — Byram Kurakhk Indisi

Keetch-Byram Kuraklik indisi (KBDI), 1968 yilinda
John J. Keetch ve George M. Byram tarafindan potansiyel
orman yanginlarin1 hesaplamak amaciyla gelistirilmistir.
Indis, toprak nemi ile iklim kosullara bagl olas1 kurak-
l1g1 tahmin etmek i¢in kullanilan bir kuraklik indisidir [41].
KBDI, toprak nem igerigi, maksimum hava sicakligi, potan-
siyel evapotranspirasyon ve yagis degerlerini kullanarak ik-
lim faktoriine bagl dogal yangin risk haritasini belirlemek
icin kullanilmaktadir [40, 41, 56]. KBDI asagidaki varsa-
yimlara dayanilarak kurulmustur [41, 56]:

Bir ormanlik alandaki nem kaybi1 orani o bolgedeki bitki
oOrtlistiniin yogunluguna baghidir.

Vejetasyonun terleme ile kaybettigi nem yillik yagis mik-
tarini etkiler. Bu duruma bagli olarak vejetasyondaki azalma
nem oraninin azalmasina neden oldugundan yillik yagisin da
azalmasina neden olur.

Buharlagsma-terleme (evapotranspirasyon) miktarr ar-
tikca topraktaki nem azalir. Bu nedenle toprak nem orani bu-
harlagsma-terleme iliskilerine baglidir.

Toprak nem miktarmin zamanla azalmasi, en kiigiik
nem diizeyi olarak kullanilan bitkinin kuruma noktasi ne-
mine denk gelir. Benzer kosullar altinda belirli bir zamanda
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topragin kuruma noktast nemi toprak tabakasindaki su mik-
tar1 ile dogru orantilidir.

Kurakligin olustugu toprak tabakasinin derinligi 20 san-
timetrelik tarla kapasitesine denk gelir. Bu degerin 20 santi-
metre olmast zorunlu olmamakla birlikte orman yanginlari-
nin kontrolii agisindan bu deger uygundur. Bunun nedeni ise
bir¢ok bdlgede bitki ortiisiiniin yaz boyunca terleme ile gok
su kaybetmesi olasiligindandir.

Yangin ¢ikma olasiligi hesaplanirken sicaklik (T) ve ya-
81s (P) degerleri kullanilarak asagidaki denklemler kullani-
lir:

1. Durum: Eger P=Ommve T < 6.78 °C I(t)=I(t-1)
2. Durum: Eger P=O mmve T > 6.78 °C I()=I(t-1)+kf(t)
3. Durum: Eger P >0 mm ve )’ P < 5.1 mm I(t)=I(t-1)+kf{(t)

4. Durum: Eger P>0 mm ve )’ P> 5.1mm

[800—1(t—1)1.[(0.968.exp (0.0875.Typax) +1.5552)—8.3]

kf(t) =

1000

(22)

Denklemde yer alan P, kuraklik etmenidir ve yagis mik-
tart mm olarak hesaplanir. T, giinlik maksimum hava si-
caklik degerini ifade eder ve °C olarak hesaplanir.

Tablo 8. Keetch - Byram Indisine gore yangm olasiliklari [41]

Simif indis Degeri Yangin Olasihig
0 0-99 Yok
1 100 - 199 Diisiik
2 200 -299 Orta diizeyde
3 300 - 399 Yiiksek diizeyde
4 400 — 499 Oldukca yiiksek diizeyde
5 500 - 599 Oldukga yiiksek diizeyde
6 600 - 699 Kesin yangin ¢ikar
7 700 - 799 Kesin yangin ¢ikar

KBDI ile iklim faktorlerine bagl olarak ¢ikabilecek or-
man yangini ihtimali hesaplanabilmektedir. Yangin ¢ikma
olasiliginin biiyiikliigiine Tablo 8 ‘de yer alan degerlere gore
karar verilmektedir. Orman yanginlari agisindan Tiirkiye’nin
en hassas bolgelerinden biri olan Mugla ili icin KBDI kul-
lanilarak yapilan hesaplamalar, indisin orman yanginlarini
yakalama yiizdesinin ytliksek sonuglar verdigini gostermis-
tir. KBDI degerlerine gore yilin ilk dort ay1 100’{in altinda-
dir. Bu nedenle yilin ilk dort ay1 yangin riskinin gériilmedigi
donem olarak ifade edilmistir. Mugla Orman Bolge Mii-
dirligii (OBM) smurlar igerisinde 2008 yilinda ¢ikan or-
man yanginlarinin degerlendirildigi arastirma da KBDI’nin
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orman yanginlarini, yanginin ¢ikisi, yayilmasi ve bilylime-
sine uygun hava ve iklim kosullarint ngérmede basarili ol-
dugu ifade edilmistir [41].

Bati1 Toroslar, Akdeniz iklim kusaginda yer alan Tiirki-
ye’nin orman yanginlart agisindan ¢ok etkilenen bolgele-
rinden biridir. Bu bdlgede dogal yangin riskini 6ngérmek
amactyla KBDI kullanildig1 bir arastirma sonucuna gore,
Temmuz — Kasim aylar1 arasinda kuraklik artmakta ve me-
teorolojik kosullara bagl olarak yangin risk degerleri de art-
maktadir. Yangin riski Bat1 Toroslar’ da 6zellikle Agustos
ve Eyliil aylarinda yiikselmektedir. Arastirmada Eyliil ayla-
rinda yangin riski artisinin sicakliktan ziyade yagis ile ilgili
oldugu ¢iinkii KBDI degerinin azalmasmin (formiile gore)
ancak yagis artist ile miimkiin olacagi ifade edilmistir. Eyliil
ayinda KBDI degerlerinin 450 (oldukga yiiksek diizey) ‘den
753 (ekstrem) ‘e kadar ¢iktigi belirtilmistir. Ayrica KBDI
kullanilarak elde edilen sonuglar ile bu bolgede 2011 yilinda
meydana gelmis olan yangin sayilar1 aylik diizeyde karsilas-
tirllarak KBDI dogrulugu test edilmistir. 280 hektarlik or-
man bdlgesinin 210 hektart KBDI degerlerine gore yangin
riskinin ¢ok yiliksek oldugu Temmuz — Kasim aylar arasinda
¢ikan orman yanginlart nedeniyle kaybedilmistir. Calisma
sonucunda Akdeniz iklim kusaginda yangin riskini belirle-
mede KBDI’nin giivenilir oldugu ifade edilmistir [40].

2.4. F indisi (Simple Fire Weather Index — F Index)

F Indisi, Sharples vd. (2009a) tarafindan yangin tehlikesi
siniflandirmast i¢in olusturulmus basit bir indistir. Indis, ya-
kit nemi (sicaklik ve bagil nem kullanilarak hesaplanir) ve
riizgar hizin1 birlesiminden yararlanarak olasi orman yan-
gint riskini agagidaki formiilii kullanarak hesaplamaktadir:

max (Up,U)
FMI

F= (23)

U, km / s cinsinden riizgar hizim ifade etmektedir. U,
riizgar hiz1 sifir olsa bile, yangin tehlike derecesinin sifir-
dan biiyiik olmasini saglamak i¢in kullanilan esik riizgar hiz
degeridir. Yakit Nem Indisi (Fuel Moisture index) (FMI),
Sharples vd.(2009b) tarafindan olusturulmus Ol¢iisiiz (di-
mensionless) yakit nem indisidir. FMI mevcut diger yakit
nem modelleri ile karsilagtirtlmig ve FMI’nin karmasik mo-
deller tarafindan iiretilene esdeger bir yakit nem degerini
sagladigir gosterilmistir. FMI asagidaki formiil kullanarak
hesaplamaktadir [58, 59]:

FMI=10-0.25(T-H) (24)

FMI yakit nem indisi formiiliinde (24), T degeri kuru
termometre sicakligini (°C) ve H degeri ise bagil nemi (%)
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ifade etmektedir [57]. F indisi, yanginin ¢ikma olasiligini
diisiik, orta, yliksek, ¢ok yliksek ve ekstrem olmak tizere bes
kategoriye ayirmaktadir ve deger araligi Orman Yangin Teh-
like Indisi (FFDI) indisi yangin riski deger araligi temel ali-
narak hazirlanmis ve Tablo-9’daki gibidir [57]:

Tablo 9. F Indisine gore yangin risk smiflandirmast

Yangin Riski F indis Degeri
Diisiik 0.0-0.7
Orta 0.7-1.5
Yiiksek 1.5-27
Cok Yiiksek 2.7-6.1
Ekstrem >6.1

F Indisi, riizgar hiz1, bagil nem ve kuru termometre si-
cakhig1 degerleri kullanilarak olusturulmustur. indis, orman
yangni risk haritalandirmasinda iklim faktorlerini degerlen-
dirmek i¢in kullanilabilecek yeni ve etkili bir yangin hava
indisidir [58]. Tiirkiye’de iklim degisikligi nedeniyle uzun
stireli orman yangint riski, bugiin (1990 — 2010) ve gele-
cek (2061 — 2080) i¢in F Indisi (Basit Yangn Hava indisi)
kullanilarak degerlendirilmistir. Sonuglar, F indisi degerleri
ile ¢ikan yangin sayilar1 arasinda gii¢lii bir korelasyon ol-
dugunu gostermistir. Olast yangin riski RCP 4.5 senaryo-
suna gore degerlendirilmis ve Tiirkiye genelinde yangin ris-
kinin %21,1 oraninda artacag ifade edilmistir. Aragtirmada
ayrica, yangin riski orani arttiginda, 6zellikle Tiirkiye nin
Akdeniz kiy1 kesimi ve Dogu Karadeniz Bolgesi gibi sicak
noktalarinda bitki ortlisii degisimi beklenmekte oldugu be-
lirtilmistir. [60]. 2018 y1linda farkli orman yangin indisleri-
nin Akdeniz Bo6lgesi’nde yangin riskini tahmin etmede basa-
r1s1 istatistik analiz yapilarak degerlendirilmistir. F Indisinin
yer aldig1 ¢alismada, indisin Akdeniz Bolgesi’nde gergekle-
sebilecek yanginlari tahmin etmedeki basarisi Spearman ko-
relasyon analizine gore ortalama bir deger (skor <3) goster-
mistir [61].

2.5 McArthur Mark 5 Orman Yangin Tehlike indisi
(McArthur Mark 5 Forest Fire Danger index) (FFDI)

McArthur Mark 5 (MkS) Orman ve Mark 4 (Mk4) Ot-
lak Yangin Tehlike Indisi ( McArthur Mark 5 (MkS5) Forest
and Mark4 (Mk4) Grassland Fire Danger Index), Avustral-
ya’da iyi bilinen ve yaygin olarak kullanilan yangin indisi
olup, cayir ve okaliptiis ormanlar1 temel alinarak karakte-
rize edilmistir. McArthur, tipik yakitlarla yapilan 800 test
yanginlarindan sonra 06l¢iilen yangin davranig verilerine da-
yanarak indisi tasarlamistir. Indis, Avustralya bitki ortiisii-
nlin yangin yayilma yikiinii tahmin etmek icin gelistiril-
mis olmasina ragmen bir¢ok bdlgede kullanilmistir [61,62].



Orman Yangin Riski

Int. J. Adv. Eng. Pure Sci. 2020, |: 15-32

Avustralya’da yaygin olarak kullanilmakta olan McArthur
Mark 5 orman yangin dlger, Orman Yangm Tehlike Indisi
(Forest Fire Danger index) (FFDI) olarak adlandiriimaktadir
[57] FFDI’nin formiilasyonu ilk olarak 1960 yilinda McArt-
hur tarafindan bulunan (Mark 3) ve daha sonra Noble ve ark.
tarafindan 1980 yilinda son hali olan FFDI (Mark 5) gelisti-
rilmistir. Indisin hesaplamalar1 asagidaki sekilde yapilmak-
tadir [57, 62, 63]:

FFDI = 2 exp(—0.45 + 0.987 In (D) — 0.0345 H + 0.0338 T + 0.0234V )
(25)

FFDI formiiliinde (25), T degeri hava sicakligini (Bazi
kaynaklarda kuru hazne hava sicakligi ya da maksimum
hava sicaklig1 olarak da ifade edilmektedir.) (°C). H degeri
bagil nemi (%) V degeri riizgar hizin1 (kmh!') ve D degeri
kuraklik faktoriini gostermektedir ve KBDI [56] kullanila-
rak topraktaki nem acigini asagidaki formiil ile hesaplan-
maktadir:

D=0191-(+104)- (N+ 1) /@352-(N+ )5 +P—1)
(26)

Kuraklik faktoriinii (D) gosteren denklemde (26), I de-
geri KBDI'ni (mm), N degeri son yagistan bu yana gecen
giin sayis1 ve P degeri ise yagis miktarin1 (mm) gostermekte-
dir. FFDI, yangin ¢ikma olasihigmi disiik-orta, yiiksek, ¢ok
yiiksek, siddetli, ekstrem, felaket (kirmizi kod) olmak tizere
alt1 kategoriye ayirmaktadir ve deger araligi Tablo-10’daki
gibidir [63]:

Tablo 10. FFDI indisine gore yangm risk smiflandirmasi

Yangn Riski FFDI indis Degeri
Diisiik — Orta <11
Yiiksek 12-24
Cok Yiiksek 25-49
Siddetli 5074
Ekstrem 75-99
Felaket (Kirmiz1 kod) 100 - 150

FFDI Akdeniz ekosisteminde de kullanilmakta ve olasi
yanginlart dngérmede basarili oldugu ifade edilmektedir.
[64] 2017 yilinda yapilan bir arastirmada, Ispanya’nin Mur-
cia bolgesi icin FFDI'nin de i¢inde bulundugu farkli yangin
indisleri kullanilarak olas1 yangin riski hesaplanmistir. He-
saplamada 2000 — 2007 yillar1 arasindaki yangin ve iklim
verileri kullanilmig ve bu veriler 48 meteoroloji istasyonun-
dan alinmistir. Arastirmada kullanilan verilerin periyoduna,
mevcut yangin verilerinin ve yangin sondiirme organizas-
yonunun yiiksek homojenligine gore karar verildigi ifade
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edilmistir. Bu indislerin yangin riskini dngdrmedeki basari-
lar1 Spearman korelasyon analizi kullanilarak gdsterilmigtir.
Arastirma sonunda FFDI, 3’iin altinda bir deger ile orta de-
receli olarak siniflandirilmis ve bu bdlge igin basarili sonug-
lar vermedigi ifade edilmistir [63].

2.6. Literatiirde Yer Alan Diger Yangin indisleri

Entegre Yangin Indisi (IFT) (Integrated Fire Index), Ak-
deniz Bolgesi’nin iklim ve vejetasyon ozellikleri dikkate
alinarak gelistirilmis ve kalibre edilmis bir yangin risk si-
niflandirmasi indisidir. IFI, hava ve yakit girdilerine dayali
deneysel bir yangin risk indisi olmakla beraber yangin se-
zonunda giinliik yangin tehlikesi tahmini i¢in Bolgesel Sivil
Koruma Servisi tarafindan Sardinya’da kullanilmistir [65].
2018 yilinda yapilan bir ¢alismada indisin Akdeniz Bolge-
si’nde olas1 yanginlar1 tahmin etmede basarili oldugu ifade
edilmistir [61].

Fosberg Yangin Hava indisi (FFWI), iklim verilerinden,
sicaklik, nispi nem ve riizgar hizindan, yararlanarak olasi
yangin riskini tahmin eden basit bir indistir. FFWI sonradan
yakit verisinin eklenmesi, indisin olas1 yangin riskini tahmin
etmede basarisini arttirmistir. Bu yakit verisi, yaygin ola-
rak kullanilan KBDI’nin bir fonksiyonu olarak hesaplana-
rak eklenmektedir. Fosberg Yangin Hava Indisinin orijinali
ile yakit verisi eklenerek hesaplanan versiyonu, Florida’da
20 yillik bir donemi degerlendirmek iizere karsilastirilmis-
tir. Calisma sonucunda indisin yakit verisinin eklendigi ver-
siyonun daha basarili sonuglar verdigi gozlemlenmistir [57,
66].

Nesterov Indisi (NI), 1949 yilinda Nesterov tarafin-
dan gelistirilen gézlemsel kuraklik indisidir. Rusya’da yay-
gin olarak kullanilmaktadir. indis tarihsel verilere dayana-
rak yangin ve hava arasindaki iligkiyi yansitan gozlemsel
bir fonksiyon olarak tiiretilmistir. NI snoptik giindiiz sicak-
lik, bagil nem ve yagis verilerinden faydalanarak hesaplama
yapmaktadir. NI az miktarda yagistan sonra hizla sifira diis-
mesi nedeniyle tutusma potansiyelini 6ngérmede basarili bir
indistir [14, 67, 68].

Angstrém Indisi (AI) yangin riskini degerlendirmek
amactyla Isve¢ icin gelistirilmis basit bir kuraklik indisi-
dir ve Iskandinavya’nmn her yerinde kullanilmustir. Indis,
tim diinyada da yangin risk degerlendirmesinde kullanil-
maktadir. Hesaplamalar sadece bagil nem ve hava sicak-
lig1 verilerinden yararlanilarak yapilmaktadir. Ispanya’nin
Murcia bolgesinde yar1 kurak iklimler i¢in en uygun yangin
hava indisini belirlemek amaciyla dort farkli yangin hava
indisi, FFDI, Al, FWI ve FMI karsilastirilmistir. Aragtirma
sonucunda Angstrom Indisi’nin kiy1 bolgelerde daha yiik-
sek sicakliklar, diislik yagis miktar1 ve daha genis ¢esitlilikte
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yangini riskini 6ngérmede iyi sonuglar verdigi ancak yari
kurak iklimler i¢in en uygun indisin FWI oldugu belirtilmis-
tir. [63, 67, 69]. 1968 — 2010 yillar1 arasinda Ispanya’da yan-
gin rejimindeki degisimlerin ele alindig1 bir ¢alismada Al
sadece bagil nem ve sicaklik degerlerini kullandig1 i¢in veje-
tasyonun olmadig1 donemlerdeki (Aralik — Nisan) hesapla-
malarda yangin riski degerlendirmesinde kullanilmistir. Ca-
lismada bu donemlerde olasi yanginlar: dngérmede Al ‘nin
¢ok uygun oldugu ifade edilmistir [70].

III. ANTALYA, CANAKKALE VE MUGLA ORMAN
BOLGE MUDURLUGU’NE BAGLI ORMAN
ARAZILERINDE 2008 VE 2009 YILLARINDA
CIKAN YANGINLARIN KANADA ORMAN YANGIN
HAVA iNDiSi (FWI) iLE DEGERLENDIRiLMESi

Antalya, Canakkale ve Mugla illeri orman yanginlar1 aci-
sindan Tirkiye’nin hassas alanlar1 arasinda yer almaktadir
[40, 41, 71]. Bu illerin 2008 ve 2009 yil1 iklim verileri (s1-
caklik (°C), bagil nem (%), riizgar hizi (km/h), yagis (mm))
kullanilarak FWT ile yangin riski hesaplanmistir. Hesapla-
malar R Studio programinda cffrds paketi kullanilarak ya-
pilmustir [72]. Paket iginde yer alan Kanada Orman Yangin
Tehlike Degerlendirme Sistemi i¢in Iklim Rehberi’nde (We-
ather Guide for the Canadian Forest Fire Danger Rating Sys-
tem) Avrupa’da bulunan tilkelerin, Tiirkiye de dahil edilerek
Kanada standart degerlerini kullanabilecegi ifade edilmistir
[73]. Hesaplanan degerlerin risk siniflandirmasi ¢ok diisiik,
diistik, orta, yiliksek, ¢ok yiiksek ve ekstrem olmak iizere alt1
kategoriye gore hazirlanmistir. Avrupa Orman Yangini Bilgi
Sistemi (EFFIS)’nin kullandig1 FWI risk siniflandirmasi ve
Van Wagner’in (1987) arastirmasinda verilen risk esik de-
gerleri baz alinmistir. Aylara gore frekanslarin dagilimini
gosteren yangin risk dagilimi asagidaki gibidir.

3.1. Mugla Orman Arazisi i¢cin 2008 ve 2009 Yillarinda
Cikan Yanginlarin FWI ile Degerlendirilmesi

2008 yilinda en fazla orman yangimi (348 orman yan-
gin1) Mugla orman arazisinde ¢ikmis ve bu yanginlarin bii-
yiik bir kism1 Temmuz ile Agustos aylarinda goriilmistiir.
2008 y1l1 verilerine uygulanan KBDI analiz sonuglaria gore
yaz aylar1 (Haziran, Temmuz, Agustos) yangin risk siniflan-
dirmasinda kesin yangin olur (600 — 800) sinifinda yer al-
maktadir [41]. Ayn1 yilin iklim verileri kullanilarak FWTI ile
yangin riski hesaplanmistir. FWI degerlerinin aylara gore
frekans dagilim tablolarina (Tablo11 ve Tablo12) bakildi-
ginda indis degerlerinin yiiksek oldugu aylar KBDI deger-
lerinin yangin riskini yiiksek olarak gosterdigi aylar ile or-
tismektedir. KBDI degerlerine gore yilin ilk dort ay1 yangin
riskinin olmadig1 (100 altinda degerler) aylar olarak ifade
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edilmistir [41]. FWI degerlerinin aylara gore frekans dagi-
lim tablolarina (Tablo11 ve Tablo12) bakildiginda yilin ilk
ii¢ ay1 yangin riski diisiik ve ¢ok diisiik olarak goriilmekte-
dir. Analiz sonuglarina gore yilin dérdiincii ayinda ise EFFIS
risk sinifina gore ¢ok diistik ve diisiik degerler goriilmekte
ve yine ayni ayda Van Wagner risk sinifina gore ise ¢ok dii-
sk, diisiik, orta ve yiiksek risk siniflarinda dagilim goriil-
mektedir. Iki indisin degerleri de y1lin ilk ii¢ ay1 icin diisiik
yangin risk ihtimaline igaret etmektedir ancak Nisan ayimna
bakildiginda, FWI ve KBDI degerleri farklilik gostermek-
tedir ve FWI degerlerine gore yangin ihtimali diisiik ve orta
seviyede risk olabilecegi ifade edilmektedir.

Tablo 11. Mugla 2008 y1li FWI hesaplama sonuglarinin EFFIS

risk siniflandirmasina gore frekanslari

EFFIS FWI Risk Simifi
Orta Cok
Diigiik
Aylar (11,2- Diisiik
(52-112)

21,3) (<5,2)
Ocak 0 0 0 0 0 31
Subat 0 0 0 0 0 29
Mart 0 0 0 0 0 31
Nisan 0 0 0 0 9 21
May1s 0 9 13 6
Haziran |0 6 0 0
Temmuz |0 0 0 0
Agustos |0 2 1 0
Eyliil 0 4 4 6
Ekim 0 0 0 4 17 10
Kasim 0 0 0 0 14 16
Aralik 0 0 0 0 0 31
Toplam
Frekans: 0 7 95 25 58 181

FWTI analiz sonuglarina (Tablol1 ve Tablo12) gore yaz
aylarinda (Haziran, Temmuz, Agustos) yangin ¢ikma olasi-
lig1 ¢ok yiiksektir. Yangin riskinin yiiksek oldugu aylar EF-
FIS risk smiflandirmasina gore yiiksek (22,3 — 38) ve ¢ok
yiiksek (38 — 50) , Van Wagner risk siniflandirmasina gore
ise yiiksek (9 — 16) , cok yiiksek (17 —29 ) ve ekstrem (30+)
araligindadir. FWI degerlerinin frekanslarmin verildigi
Tablo 11 ve Tablo 12’ ye gére yangin riskinin yiiksek oldugu
yaz aylari, 2008 yili ¢cikan yanginlarin biiytik bir kisminin
goriildigii aylar ile tutarlilik gostermektedir.
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Tablo 12. Mugla 2008 y1l1 FWI hesaplama sonuglarinin Van
Wagner risk siiflandirmasina gore frekanslart

Van Wagner FWI Risk Simifi
_ Cok
Aylar Orta | Disik | by e
Y 69 | 29 | oo
Ocak 0 0 0 0 0 31
Subat 0 0 0 0 4 25
Mart 0 0 0 0 9 22
0 0 8 5 16
0 7 2 4
Haziran 0 0 0
0 0 0
Agustos 1 0 0
Eyliil 0 3 3 3
Ekim 0 0 10 5 5
Kasim 0 0 12 3 13
Aralik 0 0 0 0 5 26
Toplam 5 78 30 41 36 | 145
Frekans:

2008 yili iklim verileri kullanilarak hesaplanan FWI
degerlerinin EFFIS risk siniflandirmasi (Tablo 11) ve Van
Wagner’in (1987) arastirmasinda verilen risk esik degerleri
(Tablo 12) temel alinarak hazirlanan frekans tablolarina ba-
kildiginda, olas1 yangin riskinin yiliksek oldugu aylarin (Ha-
ziran, Temmuz, Agustos ve Eyliil) ayn1 oldugu goriilmek-
tedir. Tablo 12°de ¢ok ekstrem risk smiflarinda yer alan
degerler goriiliirken, bu degerler EFFIS risk siniflandirma-
sina gore hazirlanan frekans tablosunda goriilmemektedir.
Van Wagner risk siniflandirmasina gére Ekim ve Kasim ay-
larinda da yiiksek risk goriiliirken, EFFIS risk siniflandirma-
sina gore Ekim ayinda yangin riski orta, Kasim ayimda ise
diistiktiir. FWI analiz sonuglaria gore ¢ok diisiik degerlerin
gozlemlendigi aylar aynidir.

Mugla Orman Bolge Miidiirliigii’nde 2009 yilinda olusan
orman yangmlarmimn aylara gore dagilimina bakildiginda, en
fazla yangi Haziran — Ekim aylar1 arasinda ¢ikmistir. Mug-
la’da 2009 yilinda en fazla yangin Temmuz da ¢ikarken Hazi-
ran ay1, 72,8 hektarlik yanan alan ile 2009 yilinda Mugla’da en
fazla ormanlik alan kaybinin yasandig1 ay olmustur (Sekil 2).

80 60

Yangin Sayist (Adet)

Yanan Alan (Hektar)

0 o
Ocsk | Subat = Mart | Nisan | Mayss | Haziran TB"Z’““ Agustos| Eylil | Ekim | Kastm | Aralik

N Y angin Sayis 4 0 3 3 13 34 51 46 47 2 4 0

e anan Alan 3.6 0 1 03 1.4 728 | 709 | 483 11 46 1 0

N Yangin Sayis e Yanan Alan

Sekil 2. Mugla Orman Bolge Midiirligii’'nde 2009 yilinda ¢ikan
orman yanginlarinin aylara gore dagilimi
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Mugla 2009 yili meteoroloji verilerine uygulanan FWI
sonuglarina gore iki farkli risk siniflandirmasinda (Tablo
13 ve Tablo 14) da Haziran — Eyliil aylar1 arasinda yangin
riski yiiksektir. Ozellikle Temmuz ay1 FWI verilerine gore
en riskli aydir. 2009 yili olusan yangin verilerine gére de en
fazla yangin 51 orman yangini ile Temmuz ayinda ¢ikmugtir.

Tablo 13. Mugla 2009 yili FWI hesaplama sonuglarinin Van
Wagner risk siniflandirmasina gore frekanslari

Van Wagner FWI Risk Sinifi
. Cok
Orta | Disiik e
Aylar Diisiik
5-8) | (2-4) (0-1)
Ocak 0 0 0 0 0 31
Subat 0 0 0 0 0 28
Mart 0 0 0 0 3 28
Nisan 0 0 0 4 7 19
0 0 7 4 10
Haziran 0 0 0
0 0 0
Agustos 2 0 0
Eyliil 0 3 3 3
Ekim 0 0 7 4 8
Kasim 0 0 0 0 16 14
Aralik 0 0 0 1 1 29
Toplam |, 59 0 24 | 38 | 170
Frekans:

Mugla 2009 yili FWI yangn riski frekanslarinin aylara
gore dagilimi Van Wagner’in (1987) arastirmasinda verilen
risk esik degerleri (Tablo 13) ve EFFIS ’nin kullandigi risk si-
niflandirmasi (Tablo 14) temel alinarak hazirlanan tablolara
bakildiginda olas1 yangin riski Haziran-Eyliil aylar1 arasinda
yiiksektir. Tki risk siniflandirmasinda da Temmuz ay1 yangin
riskinin en yiiksek oldugu aydir ve 2009 y1l1 ¢ikan orman yan-
gin verisine gore de en fazla yangin bu ayda goriilmiistiir.

Tablo 14. Mugla 2009 yil1 FWI hesaplama sonuglarinin EFFIS
risk siniflandirmasina gore frekanslari

EFFIS FWI Risk Simift
Diisik | Cok
Aylar (5,2— | Dustik
112) | (<52)
Ocak 0 0 0 0 0 31
Subat 0 0 0 0 0 28
Mart 0 0 0 0 0 31
Nisan 0 0 0 0 4 26
Mayis 0 0 0 6 10 15
Haziran 0 0 13 0 0
Temmuz 0 1 0 0
Agustos 0 5 2 0
Eyliil 0 0 10 7 6
Ekim 0 0 0 10 9 12
Kasim 0 0 0 0 0 30
Aralhik 0 0 0 0 1 30
Toplam |, 10 68 45 33| 209
Frekans:
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3.2. Canakkale Orman Arazisi icin 2008 ve 2009
Yillarinda Cikan Yanginlarin FWI ile Degerlendirilmesi

Akdeniz iklim boélgesinde yer alan Canakkale, Tiirki-
ye’de orman yangin riskinin yiiksek oldugu bélgelerden bi-
ridir. Orman Genel Miidiirliigi’niin 2008 yili yangin veri-
lerine gore yaz doneminde kurak kosullarin etkisiyle ¢ikan
biiyitk orman yanginlart goriilmistiir. 2008 y1li en fazla or-
manlik alan kaybimin yagandigi senelerden biri olarak ifade
edilmistir. Arastirmada orman yangin riskinin Haziran — Ey-
lil aylar1 arasinda yiiksek oldugu ve Temmuz ayinin en fazla
orman yangini goriilen ay olarak belirtilmistir [71]. 2008 y1il1
Canakkale iklim verileri kullanilarak FWTI ile yapilan analiz
sonuglari, 2008 yili Canakkale yangin verileri ile benzer so-
nuglar gostermigtir. FWI degerlerine (Tablo 15 ve Tablo 16)
gore yaz aylart yiiksek risk araligini géstermektedir.

Tablo 15. Canakkale 2008 yilt FWT hesaplama sonuglarinin

EFFIS risk siniflandirmasina gore frekanslart

EFFIS FWI Risk Sinifi

Orta Diisiik | Cok
Aylar (11,2 - (5,2— | Dustik

21,3) 11,2)  |(<5,2)
Ocak 0 0 0 0 0 31
Subat 0 0 0 0 1 28
Mart 0 0 0 0 7 24
Nisan 0 0 0 2 7 21

0 0 8 2

Haziran 2 1

1 0 0
Agustos 3 1 1
Eylil 0 3 2 11
Ekim 0 0 2 15 14
Kasim 0 0 4 12 14
Aralik 0 0 0 0 31
;‘F’Z’]l;':s: 5 14 |66 48 55 178

EFFIS ve Van Wagner risk smiflandirmasi tablolarina
bakildiginda, 2008 y1l1 yangin riski ekstrem degerlerinin ay-
lara gore dagilimimin benzer oldugu goriilmektedir. EFFIS
risk siniflandirmasina gore yaz aylart (Haziran, Temmuz,
Agustos) yangin riski yiiksek goriiliirken, Van Wagner risk
siniflandirmasina gore Haziran — Eyliil aylar arasinda risk
yiiksektir. 2008 yili FWI analiz sonuglarina gore diisiik ve
cok diisiik risk sinifinda yer alan degerler iki risk siniflan-
dirmasinda da kis aylarinda (Aralik, Ocak, Subat) goriilmek-
tedir.
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Tablo 16. Canakkale 2008 y1lt FWI hesaplama sonuglarinin Van
Wagner risk smiflandirmasina gore frekanslar
Van Wagner FWI Risk Sinifi

. .. | Cok
Orta Diisiik .
Aylar Diisiik
(5-8) |(2-49) (0-1)
Ocak 0 0 0 0 2 29
Subat 0 0 0 1 2 26
Mart 0 0 0 7 13 11
0 0 8 8 11
0 5 2 0
Haziran 1 1 0
0 0 0
1 0 1
2 7 4
Ekim 0 0 13 6 7
Kasim 0 0 12 0 12
Aralik 0 0 0 0 3 28
Toplam |, 49 47 50 |44 129
Frekans:

Canakkale Orman Bolge Miidiirliigii’nde 2009 yilinda
olusan orman yanginlarinin aylara gore dagilimina bakildi-
ginda, Haziran —Eylill aylari arasinda orman yanginlari fazla
goriilmektedir. Canakkale’ de 2009 yilinda en fazla yangin
Temmuz ayinda ¢ikmigtir. Temmuz ay1, 64,58 hektarlik ya-
nan alan ile 2009 yilinda Canakkale’de en fazla ormanlik
alan kaybinin yagandig1 ay olmustur (Sekil 3). 2009 yili yan-
gin verileri 2008 yil1 ile benzer sonuglar vermistir. Iki sene
iist liste en fazla yangin ve ormanlik alan kaybi ayni ayda
goriilmektedir.

Yanan Alan (Hektar)
Yangin Sayist (Adet)

0 0
Ocik | gbat | Mat | Nimm | Maps |Haimn (0™ Amstos| Eyiil | Ekim | Kasm | Ambk

m— Vg Saps | 0 0 0 0 2 4 11 6 3 0 1 0

e—Vznan Alan 0 0 0 0 004 | 132 | 6458 | 551 | 42 0 0.03 0

B Vongin Sayis  essmYanan Alan

Sekil 3. Canakkale Orman Bolge Miidiirliigii’nde 2009 yilinda
¢ikan orman yanginlarinin aylara gore dagilimi

Canakkale 2009 yili meteoroloji verilerine uygulanan
Kanada Orman Yangin Hava Indisi (FWI) sonuglarina gére
iki FWI risk siniflandirmasinda (Tablo 17 ve Tablo 18) da
Haziran, Temmuz, Agustos ve Eyliil aylar1 yangin riskinin
yiiksek oldugu aylardir. Ozellikle Agustos ay1 risk smif-
landirmasinda ekstrem, ¢ok yiiksek degerleri gostermekte-
dir. 2009 y1il1 olusan yangin verilerine gore en fazla yangin
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Haziran — Eyliil aylan arasinda ¢ikmistir ve FWI frekans
tablolarinda (Tablo 17 ve Tablo 18) da Haziran — Eyliil ay-
lar1 yangin riskinin ytliksek oldugu aylardir.

Tablo 17. Canakkale 2009 y1lt FWI hesaplama sonuglarinin Van
Wagner risk siiflandirmasina gore frekanslart

Van Wagner FWI Risk Sinifi

Orta |Diisiik [Cok Diistik
Avlar (5-8)|2-4 [(0=1)
Ocak 0 0 0 0 1 30
Subat 0 0 0 1 0 27
Mart 0 0 0 0 2 29
Nisan 0 0 0 0 16 12
Mayi1s 0 2 7 2
Haziran |0 7 4 2
Temmuz 4 0 0

0 0 0

6 3 7
Ekim 0 9 5 8
Kasim 0 0 0 1 6 23
Aralik 0 0 0 3 2 26
Toplam 1,5 41 4 (33 |46 |166
Frekans:

Canakkale FWI yangn riski frekanslarinin aylara gore
dagilimi Van Wagner’in (1987) aragtirmasinda verilen risk

orman yangini verisine gore en fazla yangin Temmuz ayinda
goriilmiistiir. Iki stniflandirma araliginda da Ocak ay1 yangin
riski diistiktiir. Orta ve diistik risk siniflarinin aylara gore da-
Silimi iki risk smiflandirmasinda farkliliklar gostermektedir.

3.3. Antalya Orman Arazisi icin 2008 ve 2009 Yillarinda
Cikan Yanginlarin FWI ile Degerlendirilmesi

Tiirkes ve Altan’nin (2012) arastirmasina goére, 2008 yili
Antalya Orman Genel Midiirliigti kayitlarinda 212 orman
yanginit kaydedilmistir. En fazla yanan alan (17,026 hektar)
Antalya’da gozlemlenirken, ¢ikan yangin sayis1 gore An-
talya ilinin Mugla ilinden sonra ikinci sirada oldugu ifade
edilmistir. Akdeniz ikliminin etkili oldugu Antalya ilinde
yazlarin sicak ve kurak gegmesi orman yanginlarinin yaz ay-
larinda etkili olmasina neden olmaktadir. 2008 y1l1 verilerine
uygulanan FWI analiz sonuglarina gore, yaz aylarinin (Hazi-
ran, Temmuz, Agustos) yiiksek risk sinifinda oldugu gozlen-
mistir (Tablo 19 ve Tablo 20).

Tablo 19. Antalya 2008 yili FWI hesaplama sonuglarinin EFFIS
risk smiflandirmasina gore frekanslari

esik degerleri (Tablo 17) ve EFFIS’ nin kullandigt risk sinif- EFFIS FWI Risk Sinifi
landirmasi (Tablo 18) temel alinarak hazirlanan tablolara ba- Diisiik Cok
kildiginda olasi yangin riski iki siniflandirmada da yaz ay- Aylar (52-112) Disiik
larinda yiiksektir. Ocak 0 0 0 0 0 (3<15’2)
Subat 0 0 0 0 0 29
Tablo 18. Canakkale 2009 yil1 FWI hesaplama sonuglarmnimn Mart 0 0 0 0 1 30
EFFIS risk siniflandirmasina gore frekanslari Nisan 0 0 0 0 4 26
EFFIS FWI Risk Smifi Mayis 10 v b L 15 0
— Haziran |0 0 0 0
Aylar 8??2 - gu;u_k ok Disiik Tevmmuz 0 0 > 0 0
213 |112) (<5,2) Agl{stos 0 0 20 0
Ocak [0 |0 0 [0 o 31 Evial 0 0 7 ?
Ekim 0 0 0 5 16 10
jubat 10 |0 0 o0 9 28 Kasm |0 0 0 2 |9 19
I]\\’;lz:n g g 8 g g ;; Analik [0 0 0 B 28
Mays [0 [0 0 2|10 9 PT‘;SE‘;‘S 0 0 52 75 |51 188
Haziran |0 0 13 4 6 :
Temmuz |0 12 0 0
ABustos 0 0 0 FWI yangmn riski frekanslarinin aylara gore dagilimi
Eyliil 0 5 10 10 EFFIS’in kullandig: risk siniflandirmast (Tablo 19) ve Van
Ekim 0 S 12 13 Wagner (1987) tarafindan Kanada Orman Servisi’ne (Cana-
E?:{H(l g g 8 g : ;Z dian Forestry Service) hazirlanan teknik raporda verilen risk
esik degerleri (Tablo 20) temel alinarak hazirlanan tablolara
ll;(r)sll:::s: 14 ) 47 ) 13 bakildiginda olasi yangm riskini{l yuksek oldugu aylar iki
siniflandirmada da Haziran — Eyliil aylar1 arasindadir. Tablo

iki risk smiflandirmasinda da Agustos ve Temmuz ay-
lar1, yangin riskinin ¢ok yiiksek oldugu aylardir ve 2009 yili

20 “de ¢ok yiiksek ve ekstrem degerlerin frekanslar1 goriiliir-
ken, bu degerler EFFIS risk siniflandirmasina gore hazirla-
nan frekans tablosunda goriilmemektedir. iki siniflandirma
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araliginda da ¢ok diisiikk degerlerin gézlemlendigi aylar ay-
nidir. Orta risk siniflandirmasinin goriildiigl aylara bakildi-
ginda iki siniflandirma arasinda farkliliklar gézlenmektedir.
EFFIS risk sinifi kullanilarak hazirlanan frekans tablosuna
bakildiginda Mayis — Kasim aylar1 arasinda orta derece risk
gozlenirken, Van Wagner risk sinifi kullanilarak hazirlanan
frekans tablosunda orta derece yangin riski Mart, Nisan, Ma-
yis, Eyliil, Ekim, Kasim ve Aralik aylarinda goriilmektedir.

Tablo 20. Antalya 2008 yil1 FWI hesaplama sonuglarmin Van
Wagner risk siniflandirmasina gore frekanslart

Van Wagner FWI Risk Simifi
Orta |Diisiik [Cok Diistik
Aytar (5-8)| -4 |(0-1)
Ocak 0 0 0 0 10 21
Subat 0 0 0 0 8 21
Mart 0 0 0 3 14 14
i 0 0 0 8 18
0 12 6 0
0 0
0 0
0 0
0 4 5
Ekim 0 14 4 5
Kasim 0 3 15
Aralik 0 10 16
Toplam -, , 90 |46 |67 |115
Frekans:

Antalya Orman Boélge Miidiirliigii’nde 2009 yilinda olu-
san orman yanginlarinin aylara gére dagilimina bakildiginda,
Haziran — Ekim aylar1 arasinda orman yanginlarinin sayisinda
artis oldugu goriilmektedir. Antalya’da 2009 yilinda en fazla
yangin Agustos aymda ¢ikmistir. Agustos ay1, 365,65 hektar
yanan alan ile 2009 yilinda Antalya’da en fazla ormanlik alan
kaybinin yasandigi ay olmustur (Sekil 4).

Yanan Alan (Hektar)

Yangin Sayist (Adet)

Ocak | Subat | Mart | Nisan Mayis Haziran Tmz‘m“

Agustos| Eylil | Ekim | Kawm | Amlik
— Y angin Sayis 1 0 1 3 4 24 29 42 22 16 1 1
0.1 0 3543 5228 | 365.65 0.6

e\ 2020 Alan 001 | 075

719 | 2401

S Vangin Sayis  emmYanan Alan

Sekil 4. Antalya Orman Bolge Midiirligii'nde 2009 yilinda ¢ikan

orman yanginlarinin aylara gore dagilimi

Antalya 2009 yil1 meteoroloji verilerine uygulanan FWI
sonuglarma goére Haziran, Temmuz ve Agustos aylar1 yan-
gin riskinin yiiksek oldugu aylardir. Ozellikle Agustos ay1
risk siniflandirmasinda ekstrem ve cok yiiksek degerleri go-
rilmektedir (Tablo 21 ve Tablo 22). 2009 yili olusan yangin

28

verilerine gore en fazla yangin yaz aylarinda ¢ikmistir ve
FWI frekans tablolarinda (Tablo 21 ve Tablo 22) da yaz ay-
lar1 riskin yiiksek oldugu aylardir.

Tablo 21. Antalya 2009 yili FWI hesaplama sonuglarinin Van

Wagner risk siniflandirmasina gore frekanslart

Van Wagner FWI Risk Sinifi
Orta | Diisiik |Cok Diisiik
Aytar G-8)|2-4)|(0-1)
Ocak |0 0 0 0 l 30
Subat |0 0 0 0|0 28
Mart |0 0 0 0 3 28
i 0 0 0 5 |9 16
0 0 10 3 12
0 |0 0
0 |0 0
0|0 0
0 33 8
0 0 8 l 9
0 0 0 10 |20
Aralik |0 0 0 1 1 29
Toplam 62 38 27 |31 [180
Frekans:

2009 yili, FWI yangin riski frekanslarinin aylara gore
dagilim1 Van Wagner’in (1987) arastirmasinda verilen risk
esik degerleri (Tablo 21) EFFIS’nin kullandig: risk siniflan-
dirmasi (Tablo 22) temel alinarak hazirlanan tablolara bakil-
diginda olas1 yangin riskinin yiiksek oldugu aylar (Haziran,
Temmuz ve Agustos) drtiismektedir. ki risk siniflandirma-
sinda da Agustos ay1 i¢in ¢ok yiiksek ve ekstrem degerler
goriilmektedir ve 2009 yil1 ¢ikan orman yangin verisine gore
de en fazla yangin bu ayda ¢ikmistir. Iki siniflandirma arali-
ginda da kis aylarinda (Aralik, Ocak ve Subat) yangin riski
diigiiktiir.

Tablo 22. Antalya 2009 yili FWI hesaplama sonuglarinin EFFIS

risk siniflandirmasina gore frekanslari

EFFIS FWI Risk Sinifi
Diisik |Cok

Aylar (5,2— |Diistik

2:21,3) 11,2) |(<52)
Ocak 0 0 0 0 31
Subat 0 0 0 0 0 28
Mart 0 0 0 0 0 31
Nisan 0 0 0 0 3 27
Mayi1s 0 0 0 5 11 15
Haziran |0 0 2 0
Temmuz |0 0 0
Agustos 0 0
Eyliil 0 0 0 9 11
Ekim 0 0 0 0 21 10
Kasim 0 0 0 0 0 30
Aralik |0 0 0 0 1 30
Toplam 1, 4 43 51 47 |13
Frekans:
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Antalya, Canakkale ve Mugla illeri i¢in hesaplanan FWI
degerlerinin EFFIS ve Van Wagner risk smiflandirmasina
(1987) gore toplam frekanslarina bakildiginda calismada se-
cilen iller kapsaminda Mugla ilinin yiiksek risk siniflandir-
masindaki degerinin diger illere kiyasla iki risk simiflandir-
masinda da yiiksek oldugu goriilmektedir (Tablo 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22). Mugla ilini Canakkale ili
takip etmektedir. FWI hesaplama sonuglarinin frekans tab-
lolar1 2008 ve 2009 yili orman yanginlar kayitlari ile tutar-
lilik gdstermektedir.

IV. SONUC

iklim degisikliginin Akdeniz Havzas1 orman yanginla-
rina etkisi son yillarda giderek artmaktadir. Bu sorunun te-
melinde iklim degisikligi ile birlikte Akdeniz ikliminin ha-
kim oldugu bdlgelerde yazlarin daha sicak ve kurak gegmeye
baslamasi yatmaktadir [1, 9, 17, 18]. Bu durum orman yan-
ginlarin sayisinin artmasina neden olmaktadir. Akdeniz
Havzasi’nda orman yanginlarinin artisi ile ilgili yapilan tim
calismalar, bu artisa iklim degisikligi ile artan sicak ve ku-
rak havanin neden oldugunu dogrulamaktadir ve gelecekte
olast yangin sayisinin artabilecegi ifade edilmektedir. Bii-
yiik orman yanginlart sadece agaglarin yanmasi degil ayni
zamanda ormanlarda yasayan canlilarin da zarar gérmesi an-
lamina gelmektedir. Bu nedenle, yangin hava indisleri kul-
lanilarak olasi orman yanginlarinin ¢ikabilecegi bolgelerin
ongoriilmesi ve bu bolgelerde gerekli onlemlerin alinmasi
6nem arz etmektedir. Her lilke yangin risk degerlendirmele-
rini yaparken farkli indisler kullanmaktadir, fakat bazi indis-
ler diinyada yaygin olarak kullanilmakta ve yangin risk de-
gerlendirmeleri basarili bulunmaktadir. HI, FWI ve KBDI, F
Indisi ve FFDI yaygin olarak kullanilan indislerden bazila-
ridir. Bu indisler iklim degisikligi ile birlikte sicak ve kurak
havanin gelecekte Akdeniz Havzasi’'nda ¢ikabilecek orman
yanginlarinin sayisini nasil etkileyebilecegi ve olasi yan-
ginlarin hangi bolgelerde cikabilecegi ele alinan calisma-
larda kullanilabilir. Yapilan aragtirmalar bu yangin indisleri-
nin olasi yangin ¢ikislarini tahmin etmede basarilt oldugunu
gostermistir. HI, havadaki nem orani ve ¢iglenme sicakligini
dikkate alarak hesaplama yapmaktir. Bu indis kullanilarak
yapilan ¢alismalarda, HI’nin biiyiik orman yangilarini 6n-
gormede basarili oldugu ifade edilmistir. FWI yaygin olarak
kullanilan ve yapilan aragtirmalara gore yari kurak iklim-
lerde olas1 yangin risk degerlendirmelerinde basarili oldugu
ifade edilen diger bir indistir. FWI toprak katmanlaridaki
nem ve yakit nemi degisikligine bagli olarak olasi yangin
riskini dngormektedir. Diger bir yaygin olarak kullanilan or-
man yangin indisi KBDI’dir. KBDI ile olasi orman yangin-
lar1, yangimin ¢ikisi, yayilmast ve bilylimesine uygun hava
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ve iklim kosullarin1 dngdriilebilir, bdylece gerekli onlemler
alinabilir. Yapilan ¢aligmalar olasi yangin risk degerlendir-
meleri i¢in bu indisin kullanilmasinin basarili sonuglar vere-
cegini ifade etmistir. F Indisi diger yangin hava indislerine
gore daha basit bir indistir. Sadece riizgar hizi, bagil nem
ve kuru hazne hava sicaklig1 degerleri kullanilarak basit bir
sekilde gelecek orman yangini riski hesaplanabilir. Tiirkiye
icin F indisi kullanilarak yapilan bir ¢aligmada, indisin yan-
gin risk degerlendirmesinde basarili oldugu ifade edilmis-
tir, ama Akdeniz Bolgesi’'nde ¢ikabilecek orman yanginla-
rinin farkli indisler kullanilarak degerlendirildigi farkli bir
calismada F Indisi ¢ok basarili bulunmamistir. FFDI Avus-
turalya i¢in ciddi ¢aligmalar sonucunda gelistirilmis ve yay-
gin olarak kullanilan bir indistir. Indis okaliptiis ormanlari
temel alinarak gelistirilmesine ragmen Akdeniz Bolgesi’nde
de yangin risk degerlendirmelerinde kullanilmakta ve olasi
yanginlar1 dngdrmede iyi sonuglar verdigi ifade edilmekte-
dir. Orman yangin risk tahmini, HI, FWI, KBDI, F Indisi
ve FFDI kullanilarak yapilabilecegi gibi farkl: iilkeler tara-
findan yaygin olarak kullanilan IFT, FFWI, NI ve AI gibi
indisler kullanilarak da yapilabilir. Bu ¢alismada Antalya,
Canakkale ve Mugla Orman Boélge Midiirliigii’ne bagl or-
man arazilerinde 2008 ve 2009 yillarinda ¢ikan yanginlar
FWI kullanilarak degerlendirilmis ve sonuglar 2008 ve 2009
yilt yangin verileri ile tutarlilik géstermistir. FWI analiz so-
nuglarina gére Antalya, Canakkale ve Mugla illeri i¢in yaz
aylar1 yangin riskinin ytiksek oldugu, kis aylari ise yangin
riskinin ¢ok diisiik oldugu aylardir. 2008 yil1 iklim verileri
kullanilarak FWT ile yapilan analiz sonuglari, Tiirkes ve Al-
tan tarafindan yapilan 2008 yilinda Mugla ve Canakkale’de
¢ikan orman yanginlarinin KBDI ile degerlendirildigi aras-
tirmalarin sonuglar1 kullanilarak degerlendirilmistir. Deger-
lendirme sonucunda yangin riskinin yiiksek oldugu donem-
leri gostermede KBDI ve FWI degerlerinin benzer sonuglar
verdigi gorilmiistlir. 2009 yili iklim verileri kullanilarak
FWTI ile yapilan analiz sonuglar1 ise 2009 yili ¢ikan yangin
verileri ile karsilastirilmig ve yanginlarin yogun olarak ¢ik-
t1g1 yaz aylarinda FWI analiz sonuglar1 yangin riskini yiik-
sek gostermistir. FWI degerleri yangin riskini 6ngérmede
2008 ve 2009 yangin verilerine gore basarili bulunmustur.
Iklim degisikligi ile birlikte sicaklik artiglarmin kurakligi,
ekstrem hava olaylarini beraberinde getirmesi sonucunda
orman yanginlari riski daha da artabilir. Yangin risk bolgele-
rinin, bulunulan ekosisteme en uygun yangin hava indisleri
kullanilarak basarili bir sekilde degerlendirilmesi gelecekte
karsilagilabilecek olasi biiyilk orman yanginlarmin 6ntine
gecilmesine yardimer olabilir ya da gerekli 6nlemler alina-
rak hasar en aza indirilebilir.
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Abstract

The effects of mandelic and propane-1,2,3-tricarboxylic acids as additives on calcium oxalate monohydrate (COM) crystals were investi-
gated in this study. The physicochemical properties of the COM crystals prepared with and without these additives were characterized us-
ing X-ray powder diffraction (XRD), scanning electron microscopy (SEM), Fourier transform infrared spectroscopy (FTIR), and zeta po-
tential analysis. The XRD and SEM results showed that the crystals prepared in pure medium were monohydrates and consisted primarily
of hexagonal crystals, respectively. The additives mandelic acid and propane-1,2,3-tricarboxylic acid in the crystallization media signifi-
cantly changed the size and morphology of the COM crystals, the effects of which were more pronounced with higher concentrations of
the additives. The results of FTIR suggested that both carboxylic acids were adsorbed onto the surface of the COM crystals. The zeta po-
tential analysis showed a negative charge on the surface of the COM crystals in the mandelic acid medium, while the surface became more
positive in the medium containing increasing concentrations of propane-1,2,3-tricarboxylic acid. In addition, an analysis was conducted to
evaluate the thermal characteristics of the COM crystals prepared with and without the additives. The data obtained were used to calculate
the kinetic parameters, such as the activation energy and pre-exponential factor, using the Coats-Redfern method. The calculated activation
energies for stages I, I, and III in pure medium were 98.76, 270.69, 258.55 kJ/mol, respectively, which were lower than that of COM crys-
tals prepared in the two media containing the additives.

Keywords: Calcium oxalate monohydrate, crystallization, morphology, thermal kinetics, carboxylic acids.

Oz

Bu caligmada, katki maddesi olarak kullanilan mandelik ve propan-1,2,3-trikarboksilik asidin, kalsiyum oksalat monohidrat (COM) kris-
talleri tizerindeki etkileri incelenmistir. Saf ve katki ortaminda tiretilen COM kristallerinin 6zellikleri, X-Isin1 Kirinimi (XRD) metodu, ta-
ramali elektron mikroskobu (SEM), Fourier doniistimlii kizil6tesi spektroskopisi (FTIR) ve zeta potansiyeli analizi kullanilarak karakte-
rize edilmistir. XRD ve SEM sonuglar1 saf ortamda iiretilen kristallerin monohidrat formunda ve genel olarak hegzaganol yapida oldugunu
gostermistir. Kristalizasyon ortaminda mandelik ve propan-1,2,3-trikarboksilik asitin varligr, COM kristallerinin hem morfolojisinin hem
de tane boyutunun 6nemli dlgiide degismesine neden olmustur. Bu etki, yiiksek katki konsantrasyonlarinda daha belirgin hale gelmistir.
FTIR sonuglar1, ¢alismada kullanilan her iki karboksilik asitin de COM kristallerinin yiizeyine adsorplandigin1 gostermistir. Zeta potansi-
yeli analiz sonuglari, mandelik asit ortaminda kristallerin yiizey yiikiiniin negatif oldugunu, bu degerin propan-1,2,3-trikarboksilik asit var-
liginda ise katki konsantrasyonunun artmasiyla birlikte daha pozitif hale geldigini gostermistir. Ayrica, saf ve katki maddeleri varliginda
tiretilen COM kristallerinin termal 6zelliklerini degerlendirmek i¢in analiz yapilmistir. Elde edilen veriler kullanilarak aktivasyon enerjisi
ve frekans faktorii Coats-Redern modeli kullanilarak hesaplanmistir. Saf ortamda tiretilen kristallerin I, IT ve III. bozunma bdolgeleri i¢in he-
saplanan aktivasyon enerjileri katki maddesi ortaminda iiretilen kristallerin aktivasyon enerjilerinden diisiik olup sirasiyla 98,76, 270,69,
258,55 kJ/mol olarak belirlenmistir.

Anahtar Kelimeler. Kalsiyum oksalat monohidrat, kristalizasyon, morfoloji, kinetik, karboksilik asit.
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Calcium oxalate crystallization

I. INTRODUCTION

Calcium oxalate, the most common calcium salt of oxalic
acid, is found naturally in fossils, plants, and human kidney
and bladder stones and can exist in three forms—monohyd-
rate (COM, CaC H +H,0), dihydrate (COD, CaC,H,*2H,0),
and trihydrate (COT, CaC,H,*3H,0,)—of which COM is the
most stable under normal atmospheric conditions. The other
forms are created under more specific solution conditions
(e.g., supersaturation) and temperatures [1,2].

Calcium oxalate is a byproduct in some industrial pro-
cesses such as paper and food production. In water-related
industries, particularly in those using hard water, this mi-
neral can form harmful scale deposits on heat exchangers,
boilers, and reverse-osmosis membranes and resulting in
heat-transfer inefficiency during evaporation processes, inc-
reases in energy use, and losses in production time [3,4].
Previous studies have shown that different types of carboxy-
lic acids such as acetic acid, tartaric acid, citric acid and suc-
cinic acid [5-9] can prevent scale formation when added to
the crystallization medium, and several studies [10,11] have
been conducted that identified the mechanisms of this effect;
however, studies on using specific carboxylic acids, such
as mandelic acid (C;H,0,) and propane-1,2,3-tricarboxylic
acid (C,H,O,), have been limited.

The aim of the current study was to investigate the crys-
talline structures and morphologies of the COM crystals sy-
nthesized in media containing these two carboxylic acids,
which were chosen for their ease of handling and nontoxic
properties, and compare these with crystals synthesized in
pure medium. We also investigated the thermal decompo-
sition behavior of the crystals using the Coats-Redfern mo-
del. We believe that the results of our study can be used as
a guide for controlling the morphology and thermal proper-
ties COM crystals.

II. MATERIALS AND METHODS

Analytical grade calcium chloride dihydrate (CaC-
1,*2H,0), sodium oxalate (Na,C,0,), mandelic acid (C;H,0,),
and 1,2,3-propanetricarboxylic acid (C,H,O,), were purcha-
sed from Merck & Co., Inc.. Distilled water was used throu-
ghout the experiments.

To examine COM crystallization, the experiments were
conducted at 40 °C and pH 8 in a cylindrical, jacketed, glass
crystallizer with a maximum working capacity of 0.5 L.
The constant temperature was maintained in the crystallizer
using a thermostat. A stirring mechanism comprised a spiral
propeller blade and mechanical stirrer and the rate was ma-
intained at a rate of 400 rpm. The pH in the crystallizer was

34

kept constant at 8 using 0.1 M hydrochloric acid or calcium
hydroxide solution.

Calcium chloride and sodium oxalate were used to create
the solutions for synthesizing the COM crystals. First, cal-
cium chloride solution was poured into the crystallizer and
left to reach thermal equilibrium, after which sodium oxa-
late solution was fed into the crystallizer using a peristal-
tic pump at 5 mL/min. To investigate the effects of mandelic
and propane-1,2,3-tricarboxylic acids on COM crystalliza-
tion, we fed these additives into the crystallizer using an in-
fusion pump. The experiments were conducted at three dif-
ferent additive concentrations—50, 100, and 200 ppm. All
experimentation was performed in triplicate.

At the end of the experiments, the entire suspension in
the crystallizer was removed, and the solution and solids
were separated using the pressure filtration method. The fil-
ter cake was washed with distilled water to remove the ch-
loride ions. Silver nitrate solution was added to the washing
solution to check for any remaining chloride ions. The solid
sample was put into an Erlenmeyer flask and kept in a wa-
ter bath 25°C for 3 months to determine any structural trans-
formations, after which the sample was used for characteri-
zation analyses.

X-ray powder diffraction (XRD) was used to identify the
structures of the crystals (Bruker D2 Phaser tabletop diffra-
ctometer) using Cu Ko radiation (A = 1.5418 A) and perfor-
med for 20 values of 10-70°. Additional structural analyses
were conducted using the Shimadzu IR Affinity-1 spect-
rometer at a resolution of 4 cm™! and a wavenumber from
4000 to 600 cm!. Scanning electron microscopy (SEM; Ze-
iss EVO LS 10) was used to characterize the morphology of
the products. The surface electrical charge and particle size
of the crystals were examined using the Malvern Zeta Sizer
Nano Series Nano-ZS. The thermal properties of the COM
crystals were determined using the Setaram LABSYS Evo
instrument in which 15 £ 0.1 mg sample was placed in an
aluminum oxide crucible and heated from 30 to 900 °C at a
rate of 10 °C/min under a constant nitrogen flow rate of 25
mL/min.

III. RESULTS AND DISCUSSION

3.1. XRD Analyses

Three forms of calcium oxalate crystals—COM, COD,
and COT—can be synthesized depending on the conditions.
To determine the forms and lattice parameters of these crys-
tals and determine the reliability of the results, a Rietveld
analysis was conducted using MAUD (http://maud.radiog-
raphema.com/). The XRD patterns along with the Rietveld
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refined data for the crystals prepared in pure medium are
provided in Figure 1.
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Figure 1. Rietveld refined X-ray powder diffraction (XRD)
pattern of calcium oxalate monohydrate (COM) crystals prepared

in pure medium.

In Figure 1, the black curve is the observed XRD pat-
tern of the samples prepared in pure medium, and the red
curve is the calculated XRD pattern, which were well-mat-
ched with each other. The major diffraction peaks detected
at 20 of ~15°, ~25° ~30°, and ~38° for calcium oxalate crys-
tals prepared in pure medium were compatible with the pe-
aks of the monohydrate form and consistent with the Joint
Committee on Powder Diffraction Standards (JCPDS) (No:
00-020-0231). The unit cell parameters were detected as a =
9.991 A, b=7.297 A, and ¢ = 6.309 A, which agreed with
those in the literature [12].

Figures 2 and 3 illustrate the XRD patterns of the crys-
tals prepared using different concentrations of mandelic and
propane-1,2,3-tricarboxylic acids, respectively.
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Figure 2. XRD pattern of calcium oxalate monohydrate (COM)

crystals prepared in mandelic acid medium.
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Figure 3. XRD pattern of calcium oxalate monohydrate (COM)
crystals prepared in propane-1,2,3-tricarboxylic acid medium.

We determined that the studied concentration range of
the additives in the crystallization medium did not lead to
any changes in the crystal structure, and that all the crys-
tals kept the monohydrate form. On the other hand, by inc-
reasing the concentration of both additives, the intensities
of the diffraction peaks increased and shifted slightly, resul-
ting from the lesser amounts of additives adsorbed onto the
crystal surfaces.

3.2. SEM Analyses

Figure 4 displays the SEM image and corresponding
energy-dispersive X-ray spectroscopy (EDX) spectrum for
the COM crystals prepared in pure medium. Consistent with
the literature [13], the uniform hexagonal prismatic crystals
with smooth surfaces were those synthesized without the ad-
ditives. The monohydrate samples were obtained beginning
with the nuclei stage and were preserved during the growth
process. The mean particle size of the crystals was ~1.0 pm.
To determine the chemical composition of the COM crys-
tal surface, an EDX was conducted; the resulting spectrum
is shown in Figure 4b. We observed from EDX analysis that
calcium, carbon, and oxygen were detected on the surface of
the COM crystals.
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Figure 4. (a) SEM image and (b) energy-dispersive X-ray
spectroscopy (EDX) spectrum of the calcium oxalate

monohydrate (COM) crystals prepared in pure medium.

To investigate the effect of the mandelic and propa-
ne-1,2,3-tricarboxylic acids on the morphology of the COM
crystals, the experiments were conducted using different
additive concentrations of 50, 100, and 200 ppm. Figure 5
shows the SEM images of the COM crystals prepared using
various mandelic acid concentrations.
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Figure 5. SEM images of calcium oxalate monohydrate (COM)
crystals prepared in (a) 50 ppm (b) 100 ppm, and (c) 200 ppm
mandelic acid.

The crystals synthesized in 50 ppm mandelic acid were
similar to those synthesized in the pure medium, although
their surfaces showed deformations because of disruptions
in growth. Moreover, surface nucleation began by adding 50
ppm mandelic acid into the medium and this nucleation be-
came more effective when the additive concentration was
increased to 100 ppm, resulting in the formation of crystal
agglomerates. As a result of the growth of nuclei that formed
independently from surface nucleation of the main crys-
tal structure, we observed a certain extent of overlapping
growths on the crystal surface. At the same time, the morp-
hology of the crystals began to change. The crystals prepa-
red with 200 ppm mandelic acid had no distinctive form.
These crystals lost their hexagonal appearance and exhibi-
ted a more rectangular form. Moreover, they were thicker
than those in either the pure medium or in additive concent-
rations of 50 and 100 ppm, and exhibited a more compact
structure, with several defects on the crystal surfaces. The
ratios of length to width of the crystals were different from
those synthesized in pure medium and the other mandelic
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acid concentrations. As a result, the presence of 200 ppm
mandelic acid resulted in the formation more rectangular
COM crystals.

Figure 6 shows the morphological features observed af-
ter adding propane-1,2,3-tricarboxylic acid to the crystalli-
zation medium. As seen from the figures, the surface pro-
perties and morphology of the COM crystals were directly
related to the additive concentrations.
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F 1 Wwp=60mm
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Figure 6. SEM images of calcium oxalate monohydrate (COM)

crystals prepared in (a) 50 ppm (b) 100 ppm, and (c) 200 ppm
propane-1,2,3-tricarboxylic acid.

The COM crystals prepared in propane-1,2,3-tricarboxy-
lic acid were much smaller than those synthesized in pure
medium and formed compact overlapping aggregates. These

crystals lost a significant level of their hexagonal morpho-
logy and had no distinctive or regular shape. Surface nucle-
ation was present and effective, and the crystals had a ten-
dency toward overlapping growth. The crystals prepared
in 100 ppm propane-1,2,3-tricarboxylic acid medium were
even smaller than those synthesized in 50 ppm additive and
nearly lost their hexagonal form. The sharp corners of the
crystals disappeared, which led to rounder crystals. Simi-
lar to the crystals synthesized in 100 ppm mandelic acid,
those formed in 100 ppm propane-1,2,3-tricarboxylic acid
led to surface nucleation, resulting in a tendency to aggre-
gate. In the presence of 200 ppm additive, the crystals nearly
lost their appearance, and crystal defects were more notice-
able. As these growth defects emerged, the crystal form be-
came more irregular. The SEM images clearly showed that
the surface of the crystals became rough, which suggested
that adding propane-1,2,3-tricarboxylic acid led to the for-
mation of smaller crystals with more defects.

3.3. FTIR Analyses

The FTIR spectra of the COM crystals prepared in both
pure and additive media were analyzed to determine their
chemical structures. Figure 7 displays the FTIR spectra of
the COM crystals in the pure medium and in media contai-
ning 200 ppm mandelic acid and 200 ppm propane-1,2,3-tri-
carboxylic within a range of 600-4000 cm™!, respectively.

Propane-1,2 3-tricarboxylic acid media

Mandelic acid media

Transmittance (%)

Pure media

2
3000 3600 3300 3000 2700 2400 2100 1950 1800 1650 1500 1350 1200 1050 900 750

Wavenumber (cm™)

Figure 7. FTIR spectra of calcium oxalate monohydrate (COM)
crystals prepared with and without additives to the medium.
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The five transmittance bands, which are characteristic
peaks of a monohydrate form, between 3000 and 3500 cm™!
represents the O—H stretch of the water molecules. The pe-
aks at 1606 and 1315 cm'! were assigned to the vibrations of
carbonyl stretching, and the peaks at 950 and 883 cm™! de-
noted the vibrations of C—C stretching [14,15]. On the other
hand, very few functional groups were detected on the sur-
face of the COM crystals prepared in either medium con-
taining an additive. The most significant absorbance peaks
were observed between 1250 and 1050 cm™! assigned to the
C-O stretching vibrations, which indicated the presence of
the additives. Thus, the presence of characteristic bands pro-
vided a vivid explanation of the differences in the surface
charge of the crystals prepared with mandelic and propa-
ne-1,2,3-tricarboxylic acids.

3.4. Zeta Potential Analyses

Zeta potential measurements were conducted to investi-
gate the effects of different concentrations of mandelic and
propane-1,2,3-tricarboxylic acids on the surface electrical
charge of COM crystals. In the analyses, each measurement
was repeated at least 10 times, and the mean value was cal-
culated. All experiments were conducted at 25°C. The zeta
potential profiles of the crystals based on the additive con-
centrations are shown in Figure 8.
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Figure 8. Changes in the zeta potential values of the calcium
oxalate monohydrate (COM) prepared in pure medium and in
medium containing different concentrations of additives.

Zeta potential measurements showed that COM crystals
have a — 5.6 £ 1.4 mV zeta potential, and that the surface
of the crystals in 100 ppm mandelic acid medium became
more negative than that synthesized in pure medium with
an increase in negativity to — 12.5 = 0.9 mV. In addition, the
surface became more negative by increasing the additive’s
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concentration, which is an indication of the inhibitory effect
of the additive on COM crystal aggregation.

In the presence of propane-1,2,3-tricarboxylic acid, the
zeta potential passed the isoelectric point and reached a po-
sitive value, which increased even further by increasing the
concentration of the additive. At 50 ppm propane-1,2,3-tri-
carboxylic acid, the zeta potential was 1.4 + 1.1 mV. This re-
sult indicated that crystal agglomeration tended to increase,
which supported the results of the SEM analysis. The vari-
ations in the zeta potential values showed that the carboxy-
lic acids were adsorbed onto the surface of the COM crystals
with weak van der Waals bonds.

3.5. Thermogravimetric Analyses

The thermal degradation behavior of the COM crystals
was determined using thermogravimetric analysis (TGA).
The TG and differential thermal analysis (DTG) curves of
the COM crystals synthesized in the pure medium and in
the presence of 200 ppm additives are shown in Figure 9.
Thermal degradation of the prepared samples showed th-
ree weight loss regions—dehydration, decarbonylation, and
decarbonation—respectively [14,16]. The first stage oc-
curring from ~116 to 236°C represents dehydration of the
COM crystal, and the second decomposition corresponds to
the splitting of carbon monoxide. The final stage was the
splitting of carbon dioxide. The DTG curves were used to
determine the zone of degradation in which various reac-
tion steps occurred over the entire temperature range. The
maximum peak temperatures of the first, second, and third
regions were 194, 482, and 761°C, respectively. A similar
degradation tendency was also detected for the two media
containing the additives; however, the COM crystals synt-
hesized in mandelic and propane-1,2,3-tricarboxylic acids
were thermally more stable than those synthesized in pure
medium and decomposed more slowly over a broader tem-
perature range of from 30 to 900 °C because of traces of the
additives remaining in the samples.
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Figure 9. Thermogravimetric (TG) and differential thermal analysis (DTG) curves of calcium oxalate monohydrate (COM) crystals

prepared in pure medium (a), with mandelic acid (b), and with propane-1,2,3-tricarboxylic acid (c).

3.6. Kinetic Analyses of Thermal Decomposition

The kinetics of the thermal degradation of COM crys-
tals were studied using thermogravimetry at a constant he-
ating rate of 10°C/min. The kinetic parameters, activation
energy, and pre-exponential factor of the COM crystals pre-
pared with and without additives were determined using the
Coats-Redfern method [17]. The degradation rate of the so-
lid sample is given as the following formula:

ﬂ:Aexp(-%)(l—x) 1)

dt

where A is the pre-exponential factor, £ is the activation
energy, 7 is the temperature, ¢ is time, and x is weight loss
fraction, which can be calculated by Equation (2)

t

-
'Wf

NI
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where W, is the initial mass of the sample, /¥, is the mass
at time ¢, and W, is final mass at the end of degradation. For
a constant heating rate £ during thermal degradation, = d7/
dt, rearranging Equation (1) and integrating give

o[ 202 ln[ﬂ} _
T BE

Plotting the left side of Equation (3) against 1/7 gives a

E
RT

(n=1)
3)

straight line and is presumed to be a first-order reaction. E
can be determined from the slope of — E/R, and A can be cal-
culated from the In [AR/SE] intercept [18].

Figure 10 shows the typical plot of In[-In(1—x)/7?] ver-
sus 1/T for 10 °C/min, which indicates that for the degrada-
tion of COM crystals, three independent first-order reacti-
ons fit well with the data. This linear fit was observed for
each degradation stage. The results computed using the Co-
ats-Redfern model assuming first-order reactions are presen-
ted in Table 1. The activation energies for the COM crystals
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synthesized in pure medium were 98.76, 270.69, and 258.55

kJ/mol for stages I, I, and III, respectively. 210 F ®)
The calculated activation energy values were similar to
those reported in previous studies [19], the highest of which 12 L
represented the second stage and the lowest of which repre- g
sented the first stage. In addition, the pre-exponential fac- ’%‘ 14 L
tors of the COM crystals synthesized in pure medium were =
4.28x1019,2,70x10'8, and 3.99x10'2 min-!, respectively. i 6 L
£
> Stage I
Table 1. Kinetic results for calcium oxalate monohydrate (COM) -18 | x Stage I1
crystals prepared with and without additives to the medium. o Stage 1T
Stage  Fitted equation E (kJ/mol) A (min") R? 220
Pure media 0.0007 0.0012 0.0017 0.0022 0.0027
Stage y=— 11879x+12.794 98.76 428x1010  0.9940 UT (1/K)
I
Stage y=-32558x+29.745 270.69 27010 0.9971 T T T
1 10 (o)
Stage y=-31098x+16.368 258.55 3.99x1012  0.9885
111
Mandelic acid media -12 -
Stage y=— 16091x+22.266 133.78 7.53x1014  0.9904 g
I [T
Stage y=-40785x+41.066 339.09 2.79x10%  0.9825 -
Il E
Stage y=-32867x+18.817 27326 4.89x1013  0.9835 EL -16
111
Propane-1,2,3-tricarboxylic acid media - Stage I
Stage y-_ 13211x+15.665  109.84 840<1011  0.9922 -18 ¢ x Stage I
I o Stage II1
Stage y=-33408x+31215 27775 1.20x10  0.9762 20
I 0.0007  0.0012  0.0017  0.0022  0.0027
Stage y=-32235x+17.727  268.00 1.61x1083  0.9876 1/T (1/K)
L Figure 10. Plot of In[-In(1-x)/T?] versus 1/temperature (T) for
the three degradation stages of the calcium oxalate monohydrate
(COM) crystals prepared in pure medium (a), in the presence
T T T of mandelic acid (b), and in the presence of propane-1,2,3-
.10 | (a) tricarboxylic acid (c).
The activation energies of the COM crystals were 133.78,
_cler 339.09, and 273.26 kJ/mol for mandelic acid and 109.84,
E 277.75 and 268.00 kJ/mol for propane-1,2,3-tricarboxylic
T-14 | acid in stages 1, II, and III, respectively. The pre-exponen-
E tial factors were 7.53x1014, 2.79x1023, and 4.89x1013 min'!
EL -16 for mandelic acid and 8.40x10'1, 1.20x10'°, and 1.61x1013
- Stage [ min™! for propane-1,2,3-tricarboxylic acid in stages I, II, and
218 + « Stage II III, respectively. The linear correlation coefficient R? for
these calculations was >0.9762, which supports the reliabi-
o Stage 11T . . .
20 lity of the model and resulting experimental data. The results
0.0007 0.0012 0.0017 0.0022 0.0027 of the thermal kinetic evaluation showed that the activation
VT (VK) energy increased in both additive media, which meant that

40
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the energy requirement for the degradation of COM crystals
was higher than that in pure medium.

IV. CONCLUSION

COM crystals synthesized in pure medium and in the
presence of mandelic and propane-1,2,3-tricarboxylic acids
were assessed for their characteristics. XRD, SEM, FTIR,
and zeta potential analyses were successfully used to cha-
racterize the COM crystals prepared with and without ad-
ditives. In addition, the Coats-Redfern model was applied
to determine the activation energy of the COM crystals du-
ring the thermal degradation process that included three re-
action steps. A lower average activation energy was obser-
ved in the COM crystals synthesized in pure medium than
that synthesized in the additives. The activation energies of
the COM crystals prepared in mandelic acid medium were
133.78, 339.09, and 273.26 kJ/mol for stages I, II, and III,
respectively.

Our results will provide additional perspectives for stu-
dies in this area and experimental evidence for the modifi-
cation of the shape of COM crystals. The calculated kinetic
parameters can also be beneficial to interpreting and model-
ling studies on COM crystals.
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Abstract

The present study describes the synthesis, spectroscopic and biological activity of Monohydrous Dihydrogen Phosphate Salt of Ciproflox-
acin (MDPSC). The asymmetrical part of the unit cell contains one ciprofloxacin cation, one dihydrogen phosphate anion and one water
molecule. The techniques used for the characterization are single crystal X-ray diffraction and spectroscopic method (IR, UV) and thermal
analysis. The molecular structure was theoretically optimized using DFT/B3LYP/6-31G(d,p) methods for ground state, and compared with
experimental values. Scaled theoretical vibrational frequencies are compared with experimental values. The UV-Vis results that experimen-
tally obtained are compared with the calculated electronic properties such as HOMO and LUMO energies and the MEP are also investi-
gated. The vibrational frequences has been studied by comparing the characteristic bands related to the functional groups of the compound
and the ciprofloxacin. Thermal properties have been investigated with TGA. Biological study of the complex against Staphylococcus aer-
ous, Escherichia coli, Candida Albicans, Bacillus Subtilis, Pseudomonas aeruginosa and Aspergillus Flavus showed very strong antibac-
terial activity with MIC values ranging from 512 pg mL! to 1 pg mL-!. The optimized complex is docked to the 5J9B, SBMM, SHTG,
1ZUV, 4F0V and 4YNU.

Keywords: Ciprofloxacin, X-ray diffraction, Spectral analysis, Antimicrobial activity, Molecular modelling

Oz

Bu caligma, Siprofloksasinin Monohid6z Dihidrojen Fosfat Tuzunun (MDPSC) sentezini, spektroskopik ve biyolojik aktivitesini agiklar.
Birim hiicrenin asimetrik kismi bir siprofloksasin katyonu, bir dihidrojen fosfat anyonu ve bir su molekiilii igerir. Karakterizasyon i¢in
kullanilan teknikler, tek kristalli X-1s1n1 kirmimi ve spektroskopik yontem (IR, UV) ve termal analizdir. Molekiiler yapi teorik olarak ta-
ban durumu i¢in DFT/B3LYP/6-31G(d,p) yontemleri kullanilarak optimize edildi ve deneysel degerlerle karsilastirildi. Olgekli teorik tit-
resim frekanslart deneysel degerlerle karsilastirildi. Deneysel olarak elde edilen UV-Vis sonuglari, HOMO ve LUMO enerjileri ve MEP
gibi hesaplanan elektronik 6zelliklerle karsilastirildi. Titresim frekanslari, bilesigin ve siprofloksasinin fonksiyonel gruplariyla ilgili karak-
teristik bantlarin karsilagtirilmasiyla ¢alisilmistir. TGA ile termal 6zellikler incelenmistir. Kompleksin Staphylococcus aerous, Escherichia
coli, Candida Albicans, Bacillus Subtilis, Pseudomonas aeruginosa ve Aspergillus Flavus’a karsi yapilan biyolojik ¢caligma, MIC degerleri
512 pgmLila 1 pg mL! arasinda degisen ¢ok giiclii bir antibakteriyel aktivite gdstermistir. Optimize edilmis kompleks, 5J9B, SBMM,
SHTG, 1ZUV, 4F0V ve 4YNU’ya yerlestirilmistir.

Anahtar Kelimeler: Siprofloksasin, X 1511 kirinimi, Spektral analiz, Antimikrobiyal aktivite, Molekiiler modelleme
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I. INTRODUCTION

Fluoroquinolone is a broad spectrum synthetic antibio-
tic that are quinolone members. These antibiotics show an-
timicrobial effects by acting as natural molecules in the cell.
At the same time, fluoroquinolones are known as chemot-
herapeutic agents [1]. Research of crystals as antibiotics has
drawn great interest for many years and the number of these
studies has showed increase. The different designs of flu-
oroquinolone molecules have resulted in compounds with
a new biological effect [2]. Ciprofloxacin cation with ac-
ceptor and donor groups can participate in the formation of
hydrogen bonds. The compounds can crystallize in a va-
riety of polymeric forms as well as in co-crystals, salts, and
crystal hydrates and solvates as the components of comp-
lexes [3]. While an organic acid can be more preferred than
a simple drug molecule, phosphoric acid which is an inorga-
nic acid displays H-bond pattern in the formation of mix-li-
gand crystals [2]. There are few quantum chemical analyses
on ciprofloxacin. Recently some quantum chemical studies
have been made on ciprofloxacin. In this study, firstly mo-
nohydrous dihydrogen phosphate salt of ciprofloxacin was
synthesized, its structural (Single Crystal XRD) and spect-
ral (TGA, IR and UV-VIS) analyses were done together with
theoretical calculations at the same time. Molecular elect-
rostatic potential (MEP) maps were investigated and some
quantum chemical parameters were theoretically calculated
for the biological reactivity of complex. We aimed to im-
prove the biological and pharmaceutical properties of an-
tibacterial ciprofloxacin used in treatment. In addition to
this analysis, the complex was docked to appropriate prote-
ins taken from Protein Data Bank (http://www.rcsb.org/pdb/
home/home.do).

II. MATERIAL AND METHODS

2.1. Synthesis

A mixture of 0.5 mmol ciprofloxacin (0.19 g), and 0.2
mmol phosphoric acid (0.020 g) and H,O (20 ml) was hea-
ted until dissolved and colorless crystals were obtained after
several days. Washed with distilled water and finally dried
in air.

2.2. Physical Measurements

By prepearing KBr pellet disc, in the mid-IR region
(4000-400 cm!), the IR spectrum was recorded by a Bru-
ker Vertex 80V FT-IR spectrometer and to converted from
absorbance to transmittance using Bruker OPUS software.
MFMF (the magnetic field modulation frequency) and the
microwave power were regulated as 100 kHz and 0.998 mW,

respectively. At room temperature, the UV-Visible spectrum
in aqua solution was recorded by a Unicam UV-Vis spect-
rometer between 190 and 1100 nm. The absorption spectra
of title complex was drawn using VISIONcollect Software.
Simultancous TG, DTG and DTA curves were obtained in
nitrogen atmosphere at 10 K/min heating rate in the plati-
num pats, in the range of temperature 20-1000 °C by using
TA/DMAQS800 thermal analyser in OMU-KITAM labora-
tory. XRD data was collected using a Stoe IPDS diffracto-
meter at 296 K by graphite monochromatic MoK  radiation
(A=0.71073 A). The crystal structure was analyzed by direct
methods and all non-hydrogen atoms were refined anisotro-
pically by full matrix least-squares methods using the prog-
ram SHELX2008 [4]. WinGX [5], ORTEP-3 for Windows
[5] and MERCURY [6] software were used for molecular
drawings and other materials. Crystal data and structure re-
finement parameters are given in Table 1.

Table 1. Crystal data and structure refinement parameters for

complex
Formula C._H, N.OFP
Formula weight 44735
Temperature(K) 296
Radiation, (MoK ) 0.71069
Crystal system Triclinic
Space group P-1
Unit cell dimensions
a,b,c(A) 7.401 (5), 9.046 (5), 15.858 (5)
a, B,y () 100.398 (5), 97.630 (5), 107.004 (5)
Volume (A3) 979.0 (9)
VA 2
Calculated density (g cm) 1.518
w(mmT) 0.20
F(000) 468
Crystal size (mm) 0.25%0.20%0.10
0 range (°) 1.3-27.2
Index ranges -9<h<9
-11<k<10
-20<1<20
Measured Reflections 7098
Independent reflections 3920
Reflections observed [ [>26(I) ] 3007

Absorption correction
Refinement method
Data/restrains/parameters

Integration
Full matrix least-squares on F2
3920/0/307

Goodness-of-fit on F2 1.07
Final R indices [ >20(/) ] R =0.044; wR,=0.130
R indices (all data) 0.069

2.3. Antibacterial Activity

The antimicrobial activity of the complex and the sole li-

gand against Staphylococcus aureus ATCC 33862 (gram+),
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Bacillus subtilis NRRL-B 209 (gram+), Pseudomonas ae-
ruginosa ATCC 27853 (gram-) and Escherichia coli ATCC
25922 (gram-) bacteria, Candida albicans ATCC 10131 ye-
ast and Aspergillus flavus MAM 200682 fungi was deter-
mined as minimum inhibitory concentrations (MIC) by the
micro dilutions technique (96-well microplates technique)
using the National Committee for Clinical Laboratory Stan-
dards (NCCLS) recommendations [7, 8]. In this assay, it was
used Mueller—Hinton broth (Merck) for the bacterial stra-
ins and RPMI 1640 broth (Merck) for the fungal and yeast
strains as growth medium. Serial twofold dilutions of stan-
dard and analyzing compounds ranging from 512 pg mL"!
to 1 ug mL! concentration were prepared in mediums. And
these dilutions were added as 100 puL in each well of a 96-
well microplate. For inoculum of microorganisms, it was
prepared adjusted to a turbidity equivalent to a 0.5 Mc Far-
land standard by using a 24 h culture of yeast strains and
18 h broth culture of each bacteria. A final concentration of
5%105 CFU mL™! for bacteria and 0.5%103 to 2.5x103 CFU
mL! for yeast in the microplate were diluted in broth media
to give. Then the microplates were incubated at 35 °C for 20
h for bacteria, at 25 °C for 48 h for yeast and 25 °C for 72—
96 h for fungal cultures.

2.4. DFT and Molecular Modelling

Density functional theory (DFT) calculations were app-
lied by using Gaussian-09 software [9]. The minimum energy
molecular geometry of the complex was predicted by B3LYP
hybrid method. Geometric optimization was carried out at
6-31G(d,p) level. Molecular docking is a key tool in structu-
ral molecular biology and computer-aided drug design. The
crystal structure Staphylococcus aerous, Escherichia coli,
Candida Albicans, Bacillus Subtilis, Pseudomonas acruginosa
and Aspergillus Flavus were downloaded from the protein
Data Bank (PDB ID: 5J9B, 5BMM, 5HTG, 1ZUYV, 4F0V and
4YNU, respectively, http://www.rcsb.org./pdb). The molecu-
lar docking studies were performed by AutoDock Tool (ADT)
v1.5.6 and AutoDock Vina docking software. By AutoDock
Tool software, to protein residues, polar hydrogen atoms were
added. Precalculated atomic affinity grid map was constituted
for each atom type in the ligand by AUTOGRID. The grid box
of x x (A) is with spacing of 1 A. The interactions between the
complex and proteins are carried out by Discovery Studio Vi-
sualizer software.

II1. RESULTS AND DISCUSSION
3.1. X-ray Study and Optimized Geometry

The molecule has four molecules per unit cell (Z = 2)
and the space group P-1. From SCXRD data results, it is
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studied out that the crystal has triclinic by having to the
following unit cell dimensions; a=7.401(5) A, b=9.046(5)
A, c=15.858(5) A and the angles of a=100.398(5)°,
B=129.296(5)°, y=107.004(5)°. The asymmetrical part of
the unit cell contains one ciprofloxacin cation, one dihyd-
rogen phosphate anion and one water molecule (Figure 1).
In the crystal structure, a hydrogen atom is transferred from
phosphoric acid to the nitrogen atom in the piperazine ring of
ciprofloxacin. Due to these transfer, the changes are obser-
ved in the bond lengths of the piperazine ring and carboxy-
lic acid group in the ciprofloxacin cation. However, bond
lengths of cyclopropyl group do not show in any change.
The N1-C10, C2—C10 and O1-C1 bond length in complex
is shorter than that of ciprofloxacin complex N1-C10, C2—
C10 and O1-C1. N13-C15, N3-C16 and C16—-C17 bond
length in complex is longer than that of ciprofloxacin comp-
lex N13—C15, N3-C16 and C16—C17 (Table 2) [10]. The re-
ason why of these changes in bond lengths, O and H atoms
can be attended to the hydrogen bonding. In the complex,
while the shortening in the bond lengths of the carboxylic
acid group is about 0.01 A, there are considerable extensions
in the bond lengths of the piperazine ring (0.44-0.23 A). The
strong hydrogen bond made between O atom of phosphoric
acid anion and N atom of the piperazine ring causes elonga-
tion of bond lengths of N3—C16 and N3—C17.

The crystal packing of the compound is achieved by
intra and intermolecular hydrogen bonds. The hydrogen
bond geometry is given in Table 3. The N atom in the pi-
perazine ring of ciprofloxacin cation are bound to O atoms
of the phosphate anions by the N3—H3A4---O7"l and N3—
H3B:---06"iil hydrogen bonds resulting in a centrosymmetric
R$(12) motif (Figure 2). As well as another R2(12)ring mo-
tif is formed by the hydrogen bond interaction between the
water molecule and phosphate anion (O8-H74---06" and
04-H4---081) (Figure 3). These intermolecular hydrogen
bonds play an important role in the formation of 3D supra-
molecular structure of complex. The observed and calcula-
ted bond lengths, bond angles for the complex are listed in
Table 2. The theoretical values of the geometric parameters
are almost in accord with experimental values in despite of
small differences (Figure 4). These differences are due to ig-
nored molecular interactions in the gas phase. When the ag-
reement between experimental and theoretical geometric pa-
rameters is examined, rm.s.d is 0.145. These value showed
that optimized and experimental structure are rather cor-
responded.
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Figure 1. Ortep 3 diagram for monohydrous dihydrogen phosphate salt of ciprofloxacin, with the atom numbering scheme (The
intramolecular hydrogen bonds are shown with dashed lines)

RA12)

Figure 3. The two-dimensional plane by hydrogen bonds formed among phosphate anions, water molecules and carboxylic acid groups
along the [110] direction
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Figure 4. The image of superimposition of the experimental (red) and calculated (black) structures of the title molecule

Table 2. Selected bond distances (A), angles (°) obtained by X-ray and DFT/B3LYP/6-31G(d,p).

Experimental DFT/6-31G(d,p)
Bond lengths (A)
P1-04 1.5644 (17) 1.631
P1-05 1.551(2) 1.618
P1-06 1.4903 (16) 1.483
P1-07 1.5025 (17) 1.575
F2-C6 1.348 (3) 1.356
N1-C10 1.335(3) 1.357
C2-C10 1.360 (3) 1.368
C10-H10 0.91 (3) 1.08
01-C1 1.321 (4) 1.334
01-H2 0.91 (4) 0.996
Cl1-C12 1.481 (3) 1.504
CI13-CI12 1.482 (4) 1.506
N3-C16 1.479 (3) 1.479
N3-Cl15 1.486 (3) 1.480
Bond angles (°)
02-C1-01 121.5(2) 122.719
01-C1-C2 114.8 (3) 115.269
F2-C6-C5 118.44 (19) 119.402
F2-C6-C7 118.14 (17) 117.935
N1-C11-C12 1189 (2) 119.697
NI1-C11-Cl13 117.7(2) 119.887
Table 3. Hydrogen bonding geometry for the title compound
D-H- A D—H H A DA D—H-A
05-H5--07 0.82 2.05 2558 (2) 119 —xt1, y, —z+1
04-H4---08t 0.82 2.11 2.642 (3) 123 xtl,y,z
C12-H12B---02ili 0.97 242 3.220 (3) 139 =X, y-1,—z
08-H74---06" 0.96 (4) 1.74 (4) 2.694 (3) 176 (3) —x+1, —y+1,—z+1
08-H7B:--01" 0.81(4) 2.16 (4) 2.900 (3) 151 (3) B 2
C10-H10---F2vi 0.91(3) 2.52(3) 3288 (3) 143 (2) x,y-1,z
N3-H34---07"i 0.88(3) 1.87(3) 2.731(3) 166 (2) x,ytl, z
N3-H3B--06"i 0.94 (4) 1.76 (4) 2.690 (3) 172 (3) —x+2, —y+1, —z+1
C17-H174--F2 0.97 2.4 2.888 (3) 123
C13-H13B---05 0.97 2.63 3.517(3) 152
O1-H2---03 0.91 (4) 1.68 (4) 2.528 (3) 153 (4)
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3.2. FT-IR Spectra

The infrared spectra experimental and theoretical for the
complex was given in Figure 5. Moreover, the calculated
and experimental vibration frequencies of compound are gi-
ven by comparing in Table 4. Since the vibrational frequen-
cies carried from experimental results are generally smaller
than their DFT calculation, to match the theoretical results
with experimental those, empirical scaling factors are used
[L1]. The theoretical vibrational frequencies were calculated
at B3LYP/6-31G(d,p) level and scaled by 0.9627 [12]. The
scaled theoretical frequencies are found as agreeable with
the experimental FT-IR spectrum. The OH stretching vibra-
tions lied in the region 3500-3000 cm™! in FT-IR spectrum
are considerably effected from inter and intramolecular hyd-
rogen bonds. The broad peak appeared at 3504 cm! origins
from the stretching vibration of the water molecule. More-
over, shoulder at 3423 cm™! is assigned to stretching vibra-
tion of OH groups [13]. While the v(NH) stretching vibra-
tion of the piperazine ring in the free ciprofloxacin ligand
is shown at 3143 ¢cm!, this peak is not present in the spect-
rum of new complex. The reason is that, one H atom trans-
fers from phosphoric acid to the piperazine ring of ciprof-
loxacin. So the new vibration bands are seen at 3080 cm’!
and 3050 cm™ because of the NH,* stretching vibration on

the piperazine ring. This is consistent with X-ray diffrac-
tion results. The bands observed at 1721 cm™! and 1630 cm™!
can be assigned to the stretching vibrations of carboxylic v(-
C=0) and the phenyl part v(C=0), respectively[14, 15]. The
stretching vibrations v(CH) of phenyl groups and the other
—CH, groups in the complex were observed between 3027
cm! and 2855 cmb respectively. These values correspond
with by the expected values [13, 16]. The stretching bands
at 1274 cm'!, 1164 cm! and 1144 cm™ were assigned to the
v(C-C), v(C-N) and v(C-0), respectively [16].

— . Ay

ul f ‘T-‘|I|-I‘ _1"’
Al

|I| ‘."'. ' 1

Uiklane

~ :

Transmittance (%)

Wavesnmsber (cur?)

Figure 5. Experimental (red) and calculated (black) FT-IR
spectrum of the complex

Table 4. The characteristic experimental vibrational assignments and corresponding calculated values (cm™)

Assignments Ciprofloxacin [7-10] Complex (exp.) Complex (caled.)
v(H,0) - 3504 broad 3868,3665
v(OH) 3490-3450 3423sh 3836, 3822
v(NH) 3143 - -

v(NH),,* - 3080w,3050m 3516,2524
v(CH)-v(CH,) 3086-2909 3027-2855 3268-3235, 3159-3016

(C=0) 0n 1724 1721s 1835

V(C=0) ;i 1616 1630s
8(H,0) - 1609sh 1683-1638

Phenyl breathing 1546 w
d(NH) 1590 - -
3(C=C) 1591,1534
d(OH) 1542-1443 1508-1459 1531

8(CH)-8(CH,) 1526-1504

d(NH) 1374s - -
S(NH),,,,* - 1400w,1390w 1478, 1425
8(CH,) 1330,1310 1339s,1305s 1478-1397
v(C-C) 1286 1274vs 1361
v(C-N) 1184 1164w 1278
v(C-0) 1146 1144 sh 1266
y(CH,) 1115w 1113vs 1261-1242
v(C-F) 1037 1056 1197
¥ (NH),,,* - 1028 1144
y(CH) 988,959 991w,982w 1122
3(CO0) 775-709 778-708 893-732
Ring deformation 652-544 666-534 707-625

(‘as: asymmetric; s: symmetric; v: stretching; 6: in plane; y: out of plane, vs: very strong; s: strong; m: medium; w: weak; sh: shoulder.)
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3.3. Chemical Activity

Conjugated molecules are described by the gap between
the highest occupied molecular orbital (HOMO) and the
lowest unoccupied molecular orbital (LUMO). The gap
between E | jand E = is important to the molecular che-
mical stability. Moreover, by using E,, ; and E,  values
of a molecule, the global chemical reactivity of molecules
descripe in Table 5 [17]. The parameters of the complex
were compared with that of ciprofloxacin, norfloxacin [1]
and levofloxacin [1] in Table 5. GaussSum 3.0 Software [18]
was used to investigate the properties of frontier molecular
orbitals and to plot TDOS shown in Figure 6.

Table 5. Calculated quantum chemical descriptors of complex,

ciprofloxacin, norfloxacin and levofloxacin at same level of

theory

DFT Complex Ciprofloxacin Norfloxacin [1] Levofloxacin [1]
E ot 049 -6.05 -7.74 -7.45
E ot -192 -1.59 -1.11 -1.08
E.; 4.57 4.46 6.63 6.37
I? 6.49 6.05 7.74 7.45
A? 1.92 1.59 1.11 1.08
n? 2.29 223 3.31 3.19
o 0.44 0.45 0.30 031
© 421 3.82 443 426
CP? 421 -3.82 -4.43 -4.26
®* 3.87 3.27 2.96 2.85
NP 0.26 0.31 0.34 0.35
AN, 184 1.71 1.34 1.34
sb 0.22 0.22 0.15 0.16

(=eV; ®:eVL; Liionization energy, A:electron affinity, M-absolute hard-
ness; o:absolute softness; & :absolute electronegativity; CP:chemical po-
tential; w:electrophilicity index; N:nucleophilicity index; AN :additio-
nal electronic charges; S:global softness)
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Figure 6. Calculated total density of the states (TDOS) spectrum
of the MDPSC
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As the E, - value increases, the reactivity of the com-
pound increases, while the biological value of the compound
increases with decreasing E  ~ value. The complex exhi-
bits higher biological activity in comparison with norfloxa-
cin and levofloxacin and ciprofloxacin exhibits higher bio-
logical activity with regard to the complex. The MEP map
of the molecule showed that while the around of the oxy-
gen atom is the most electronegative region (red color), the
amino groups and the H atoms are electropositive (blue co-
lor) because of the electron-donating nature of the amino

groups (Figure 7).

Figure 7. The visual of MEP map calculated at DFT/B3LYP/6-
31G (d,p) level

3.4. Electronic Absorption Spectra

The UV-Vis spectrum of the complex and ciprofloxacin
in water was recorded within 190-1100 nm range. Moreo-
ver, electron transition between energy levels of these com-
pounds have been studied with TD-DFT method. The UV-
Vis absorption data were calculated using the GaussSum
3.0 software program [18]. There are characteristic absorp-
tion bands in the UV-Vis spectra of ciprofloxacin [19]. The
bands observed between about 200 nm and 280 nm are due
to the m—n* transition in the aromatic ring. When the cal-
culated values of the n—n* transition (Cipro: 219 nm, 244
nm and 277 nm; Complex: 228 nm, 245 nm and 272 nm) are
compared with the experimental values (Cipro:218 nm, 249
nm and 277 nm; Complex: 221 nm, 245 nm and 275 nm), it
is found that the results are in good agreement with the cal-
culated values. These values may slightly shift due to sol-
vent effect. The maxima at 335 nm and 341 nm observed
in the experimental UV-Vis spectrum of ciprofloxacin and
the complex, respectively, are due to the n—n* transition.
However, these values are not observed in the theoretical
UV-Vis spectrum. While there are solvent and intermolecu-
lar hydrogen bonding effects in the experimental spectrum,
these effects have been neglected in the theoretical calcula-
tion. The emergence of the new absorption band at 365 nm
observed in complex solution with deprotonable groups may
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be due to structural changes of the — COOH group. That is,
one of the O atoms can be protonated and the other can be
bonded to the 4-keto group (Figure 8) [10].

|
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Figure 8. Experimental and theoretical UV-Vis spectra of (a)
ciprofloxacin and (b) MDPSC

3.5. Thermal Analysis

The thermal analysis curve of [HCip.H,PO,.H,O] comp-
lex is given in Figure 9. At a temperature range of 20-90 °C,
a mole water molecule in the complex is disintegrated en-
dothermically. At this stage, a mass reduction of 4.06% oc-
curs (DTG, : 45 °C; calcd: 4.02%). The resulting complex
loses 45% of the mass at a temperature range of 250-888
°C, which is attributed to a part of the ciprofloxacin cation.
In the last step, an endothermic decomposition (DTG__ :970
°C) occurs at a temperature range of 888-1000°C. It seems
that the decomposition continues up to higher temperatures
than this temperature.

Temsperatare (G

Figure 9. The thermogravimetric curves of complex

3.6. Biological Activity

Ciprofloxacin is an antibiotic that is used to treat bac-
terial infections. It stops the multiplication of bacteria by
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inhibiting the reproduction and repair of their genetic ma-
terial (DNA). Ciprofloxacin bind to the A subunit of DNA
gyrase, which maintains the ordered structure of the chro-
mosome 22 inside the cells [20, 21]. In the current study,
minimal inhibitory concentration (MIC) of the ciprofloxacin
and its complex were established for a lot of microorganisms
and the results were shown in Table 6.

Table 6. MIC values of ciprofloxacin and complex

Microorganisms
c S. aureus B. subtilis P aeru- coli C. albi- A. flavus
ompounds
MIC value (ug mL"")
Ciprofloxacin  >512 1 1 1 8 128
Complex >512 1 1 128 64 >512

The MIC values of the complex against all tested mic-
roorganisms differed. Especially, it was determined that the
complex had a significant antimicrobial activities with MIC
value of 1 ug mL! against P. aeruginosa ATCC 27853 and
Bacillus subtilis NRRL-B 209 strains. However, it was ob-
served that the antimicrobial activities of the sole ligand
against same pathogenic microorganisms. Another impor-
tant MIC value was 64 ug mL™' and against Candida al-
bicans ATCC 10131. But, MIC value of the ligand was 8
times higher than the complex. Among other pathogenic ba-
cteria strains, the antimictobial activity shown against Esc-
herichia coli ATCC was determined as weaker (128 pg mL~
1) than that of ligand. In the study conducted by Tan, Tan
[22], it was investigated antimicrobial activity of ciprofloxa-
cin complexes with the Cu?*, Mn?* and Zr?* metal ions aga-
inst same strain of P. aeruginosa, and determined that MIC
values changed in the range of 32 and >128 ug mL!. The-
refore, this shown that ciprofloxacin complex with H PO,
was more effective than ciprofloxacin complexes with me-
tal ions.

3.7. Docking Study

Molecular docking is an efficient application in order to
obtain an idea about receptor-ligand interactions, geomet-
ries, inhibition constants, and binding affinities. It is pro-
cess that strive to find the best relation between a protein
and a ligand. When ligands bind to the protein, the interac-
tion energies arise and the order of these energies is 5J9B=-
SBMM=1ZUV>4YNU>5HTG=4F0V according to pro-
teins ID (Table 7). Binding energy and inhibition constant
are as shown in Table 8. Inhibition constant (K)) is a mea-
sure of binding affinity between the complex and the pro-
tein. It is calculated by AGg = RT.InK;. K, is important to
predict how much a ligand can inhibit a protein and interact
with a substrate. The smaller the K, value, the less the pa-
tient need the drug to inhibit the enzyme activity. According
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to molecular docking results, it is seen that complex without
H,PO, interact better with S. aerous, E. coli and B. Subtilis
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than the other bacteria. The docked complexes are presen-
ted in Figure 10.
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Figure 10. 2D diagram of ligand-protein interactions, docking complex with (a) 5J9B (b) SBMM (c) SHTG (d) 1ZUV (e) 4F0V (f)
4YNU

Table 7. Docking energies for complex-protein receptor

Protein ID Free Energy of Binding AGgAGy (kcal mol) Inhibition Constant, K. (uM)

5J9B 272 5.646
5BMM -7.2 5.646

SHTG -6.0 42310

1ZUV 272 5.646

4FOV -6.0 42310
4YNU -6.7 13.037

IV. CONCLUSION

In the current study, Monohydrous Dihydrogen Phosphate
Salt of Ciprofloxacin [HCip.H,PO,.H ,O] was mainly inves-
tigated structural characterization and spectroscopic proper-
ties. The minimum energy of structure is calculated and ge-
ometric parameters were investigated. It is observed that
optimized structure is corresponded to the experimental
structure which by 0.145 rmsd value. In the complex, due
to transferring a hydrogen atom from phosphoric acid to the
nitrogen atom in the piperazine ring, the changes in the bond
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lengths of the piperazine ring and carboxylic acid group are
observed. This transfer is supported by appearance of NH,
band instead of NH band in the IR spectrum. By the hyd-
rogen bond interaction, R (12)ring motifs are observed and
3D supramolecular structure is formed by these rings. Gene-
rally, the ciprofloxacin was showed higher antimicrobial ac-
tivity than the complex. When antibacterial and molecular
modelling results are compared, molecular docking studies
are in rapport with antibacterial assay.
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Abstract

The “generalized logistic growth curve” or the “5-point sigmoid” is a typical example for sigmoidal curves without symmetry and it is
commonly used for non-linear regression. The “critical point” of a sigmoidal curve is defined as the limit, if it exists, of the points where
its derivatives reach their absolute extreme values. The existence and the location of the critical point of a sigmoidal curve is expressed in
terms of its Fourier transform. In this work, we obtain the Fourier transform of the first derivative of the generalized logistic growth curve

in terms of Gamma functions and we discuss special cases.

Keywords: Logistic growth, Fourier transform, Sigmoidal curve

Oz

Genellestirilmis lojistik bliyiime egrisi simetrisi olmayan sigmoid egrileri i¢in tipik bir drnektir ve genellikle lineer olmayan regresyon igin
kullanilir. Bir sigmoid egrisinin “kritik noktas1” kisaca, tiirevlerinin mutlak ekstremum noktalarinin (eger varsa) limiti olarak tanimlanir.
Bir sigmoid egrisinin kritik noktasinin varligi ve konumu Fourier doniistimii ile ifade edilebilir. Bu ¢alismada, genellestirilmis lojistik bii-
ylime egrisinin birinci tiirevinin Gama fonksiyonlari cinsinden Fourier doniisiimii elde edilmis ve bazi 6zel durumlar tartigilmistir.

Anahtar Kelimeler: Lojistik biiylime, Fourier doniisiimii, Sigmoid egrisi

I. INTRODUCTION

Sigmoidal curves are monotone increasing functions y(t) with horizontal asymptotes as t—+oo, providing mathemati-
cal models for transitions between two stable states. In previous work, in a study of (irreversible) chemical gelation pheno-
mena, the transition from liquid state to gel state was described in terms of the “Susceptible-Infected-Removed” (SIR) epide-
mic model [3]. Later on, in a numerical study for the search for the exact instant of gelation [4], we observed that the points
where the higher derivatives of the sigmoidal curve that represents the phase transition reach their extreme values, tend to ac-
cumulate at a certain point [5]. This limit point, if it exists, was defined as the “critical point” of the sigmoidal curve. A simi-
lar behaviour was observed for the formation of (reversible) physical gels, which was shown to obey a modified form of the
“Susceptible-Infected-Susceptible” (SIS) model whose solutions are generalized logistic growth curves [7]. In [6] we expres-
sed sufficient conditions for the existence of a critical point of a sigmoidal curve in terms of the Fourier transform of the first
derivative. For the sigmoidal curves that arise as solutions of the SIR model, we could only give numerical evidence for the
existence of the critical point. But for the solutions of the SIS model expressed in terms of generalized logistic growth fun-
ctions, we could express the location of the critical point in terms of the parameters of the generalized logistic growth curve
[7] where we used without proof the expression of the Fourier transform of its first derivative.

The standard logistic growth curve is a typical example for a sigmoidal curve with an even first derivative and well known
Fourier transform properties. The generalized logistic family provides good examples for sigmoidal curves with no symme-
try but the explicit expression of their Fourier transform is not available in the literature. The purpose of this note is to give
a detailed derivation of the Fourier transform of the first derivative of the generalized logistic family. The integrals involved
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in the computation of this Fourier transform can be evalu-
ated by certain computer algebra softwares, but we believe
that an explicit derivation should be found in the mathemat-
ical literature.

The standard logistic growth curve is a sigmoidal
curve which is the solution of the differential equation
y'=1—y?, y(0)=0. This equation can be solved as

Y(t) = tanh(?) (1)
and its first derivative y'(t)=sech?(t) is the well known
1-soliton solution of the Korteweg-deVries (KdV) equation.
The generalized logistic growth curve with horizontal as-
ymptotes at -1 and 1 is a sigmoidal curve given by

2
[1+ ke=Bt]v @

where k>0, > 0 and v > 0. The sigmoidal curve (2) re-
ducesto (1) for v=1, k=1, f=2.

The Fourier transform of a function f, F(w), is defined as

yt)y=-1+

1 [ .
F(w)=\/7_nf_ F(£) em it at

for all w€R provided that the integral exists in the sense of
Cauchy principal value [9]. If f is in L1, then its Fourier
transform exists. Since the sigmoidal functions (in particu-
lar the standard and generalized logistic growths) are finite
as t—oo, their first derivatives are in L1 and thus their Fou-
rier transform exists.

The Fourier transform of the first derivative of the stan-
dard logistic growth solution

f®)=y'(t)=sech?(t)
is obtained easily by using the integral formula

e~iwt Tw

f_m cosh?(t) dt = sinh (?)

as

2
F(w) =j;

The first derivative of the generalized logistic growth is
a localized pulse but it is not symmetrical and the compu-
tation of its Fourier transform is more complicated. In Sec-
tion II, we obtain this Fourier transform explicitly in terms
of Gamma functions (see Equation (7)), pointing out cer-
tain interesting relations among these and the hypergeomet-
ric functions.

(rw/2)

sinh(mw/2) " (€)

We recall that the hypergeometric function ,F is defined
by the Gauss series as

Puttngx =u, A =1+
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00

2F (a,b;c;z) = Z

n=0

(@), (B) 2"
©,

on the disk |z| < 1 (and by analytic continuation elsewhere)
where a,b,c € C, ¢ € Z~U {0} and the symbol (x), (also
known as Pochhammer symbol) is defined by (x),=1 and

(), =x(x+1)...(x+n—1)
for 1 <n € N (see [10] and [2] for more details).

2. THE FOURIER TRANSFORM OF THE FIRST
DERIVATIVE OF THE SIGMOIDAL CURVE

The first derivative of the sigmoidal curve (2) is

2kp
”

V(O = F(6) = 21 4 et e

Its Fourier transform is defined by the integral

1 2kB (*

V2m Vv

1
F(w) = e~lwte=Bt |1 4 ke=Ft] v 't

*
The definite integral

H(w):= f e~iwte=Bt [1 4 ke=Ft] I

can be expressed as

I{(w) :% fo

by setting u = e~Pt I(w) can be evaluated in terms of the

o :
Lw 1
—=—1

ub [1+4ku]l™ " du

hypergeometric functions using the integral equality
f M1+ )7 (1 + ax)* dx =
0

BL,—n—pu-)%x F(-pl—p—n1-a)

)
which holds for |arg(a)|< m, —Re(u+n) > Re(1) >0 (see
[8, p.317]).

I
o 1

=5 01455 F) < n G

where B is the well-known Beta function. It is known that
_ImIe)

I'(x+y)
provided Re(x)>0 and Re(y)>0, and

B(x,y)

a=k,u= —%— 1 andn = 0 1n (5) we obtain



Int. J. Adv. Eng. Pure Sci. 2020, |: 52-56

Fourier Transform of the Logistic Growth Curve

1 iw 1 L
2Fl(—+1,1+—;—+1;1—k)=k B

v B v
since
. (ba;b;z)=F (a,b;b;z)= (1—2)_b
(see [1,p.556])).

Thus we have
iw 1 iw
1 rNNi+—)r{-—— L iw

I(w) == ( ﬁ) (” ﬁ) KB (6

B r(1+32)
v
Substituting (6) in (4) we get
__L 2KE
=5
(-
TTr v

r(1+:=)

Fw) I(w)

and using the equality

1 1 1
r(145)=316)
v v \v
we can express the Fourier transform of the first derivative
of the generalized logistic curve as

F(w) = 27 r +%J) FG_%).
m

r(3)
3. SPECIAL CASES

We rewrite the Fourier transform pair for the first deriva-
tive as, displaying the dependence on the parameters k and v as

™

2k 1
f(tkv) = Tﬁ[l + ke PtV 1e‘ﬁf,

Flw, k,v) = ﬁﬁ e_i(l%k)w F(l +%U) F(%
®)

Substituting v=1, k=1, f=2 in (7) and using the prop-
erty

T -x) = sin(mx)

together with sin(ix)=i sinh(x), we get the Fourier trans-

form of the standard logistic growth function as given in (3).
Differentiating f (¢, k, v) with respect to t and setting

it equal to zero we obtain the location of the maximum of
f(t, k, v), that we denote by tm(k, v) as
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In(k/v)
_5 .

We recall that a shift of the origin in the time domain

ty (e, v) =

by an amount « corresponds to the multiplication of the
Fourier transform by a factor e=i%¢, i.e, if F(w) is the Fou-
rier transform of f(t), then e~ F(w) is the Fourier
transform of f(t—a). Thus the parameter k has the ef-
fect of shifting the origin of the time axis. For k=1, and
v = 1, the peak of the first derivative of the standard lo-
gistic growth is located at t=0. For k=1, and v>1, the
peak shifts left while for v < 1 it shifts right.

1 . o
Ifv= = where n is a positive integer greater than 1, we

use the property

I'(1+x)=xT(x)

to express F (m, 1,%)in terms of F(w, 1, 1) as
ﬁ) (n -1- Lﬂ) F(w,1,1).
B

i?w)(z_ﬁ

This expression is a polynomial multiple of the standard

1
Flw,1,1/n) = m(l —

logistic growth. Since the Fourier transform of the nth de-
rivative of f(t) is (iw)" F(w), it follows that f(¢t,1,1/n) is
a polynomial in the derivatives of f(t).

For arbitrary values of v, the (complex) Gamma function
with complex arguments can be computed numerically. In
our case, as we are interested in the Fourier transform F(w)
for fixed values of the parameters, we need to obtain the
graphs of the real and imaginary parts of F(w,1,v) on verti-
cal lines in the complex plane. It is known that the Gamma
functions falls of faster than any polynomial in the imag-
inary direction, it follows that the Fourier transform of all
higher derivatives are rapidly decreasing functions. For the
cases V = ?—1: and v=n, we present the plot of the first deriv-
atives of the generalized logistic growth in Figure 1 and the
plot of the magnitudes of the Fourier transform of the first
derivatives in Figure 2 for the values of n=1,4,8,12 (with
k=1, f=2). By continuity of the Gamma function with re-
spect to real part of its argument, the parametric plot of the
complex Fourier transform for n < % < n + 1 fill the region
between the curves corresponding to the integer values of %,

as shown in Figure 3.
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Oz

Gayrimenkul degerlemesi yapilirken, konumsal ve fiziksel birtakim faktorlerin varlig1 goz 6niinde bulundurulmaktadir. Ozellikle konut fi-
yatlarini etkiledigi diistiniilen etmenlerin bir¢ok gesitlilige sahip olmasi, konutun heterojen 6zellige sahip bir mal oldugunu gostermekte-
dir. Ulasim altyapr yatirimlarinin, gayrimenkul degerine art1 bir deger katacag: diisiiniiliir. Buradan hareketle Kadikdy-Pendik metrosunun
¢oklu dogrusal regresyon analizi ile Maltepe ilgesi konut fiyatlarina olan etkisi incelenmistir. Cikan sonugta ulagim altyap1 yatirimlarimin
ve buna bagli olarak ulagim hizmetine olan uzakligin, segilen bolgeler i¢in konut fiyatlari tizerinde etkisi oldugu tespit edilmistir. Bununla
birlikte konut fiyatlarina, metro istasyonlarina olan uzakliklarindan daha etkili baska faktorlerin varlig: tespit edilmistir.

Anahtar kelimeler: Coklu Regresyon Analizi, Gayrimenkul, Rayli Tasima Sistemi

Abstract

While real estate appraisal is performed, the presence of a number of positional and physical factors is taken into consideration. The fact
that the factors that affect the housing prices have a wide variety shows that the property is a heterogeneous property. Transportation infra-
structure investments are considered to add an added value to the value of real estate. Thus, the effect of Kadikdy-Pendik subway on the
house prices of Maltepe district was investigated by multiple linear regression analysis. As a result, it has been determined that transporta-
tion infrastructure investments and the distance to transportation services have an impact on housing prices for selected regions. However,
other factors have been found to be more effective on housing prices than their distance to metro stations.

Keywords: Multi Regression Analysis, Real Estate Property, Rail Transport System

I. GIRIS

Ulasim, bir gayrimenkuliin kullanim amacini belirlemede 6nemli bir etmendir ve kendi i¢inde her ulagim tiirii, kentsel
mekani da bicimlendirmede farkli etkiler olusturur. Ulagimin gayrimenkuller iizerindeki dinamik degisme potansiyeli etkisi
kent bolgesinde hemen kendini gosterir. Bu etki yeni kent merkezlerinin olusumuna ya da kent merkezlerinin kaymasina ne-
den olabilir.

Kentsel gelismeler ve degisimler ulagim sistemlerini sekillendirmektedir. Ulagim sistemlerinin 6zellikleri de kentsel ge-
lismeleri ve degisimleri sekillendirmektedir. Bu durumda kent ve ulagim sistemleri arasinda karsilikli bir etkilesim bulun-
maktadir. Gelisim diizeyi ve yasam standartlar1 yiiksek olan diinya kentleri incelendiginde, kent i¢i ulasim sistemi ile kent
planlanmasinin bir biitiin olarak ele alinmasi gerekliligine 1950’1i yillarda farkina varilmis, toplu tasima sistemleri bu plan-
lama dogrultusunda degerlendirilmistir. Sanayinin 6zellikle biiyiiksehirlerde gelismesi, 1960’11 yillarda kirsaldan sehirlere
biiyiik go¢ dalgalart meydana getirmistir. Hem yeni yerlesim alanlarinin dogmast hem de artan niifus, diisiik kapasiteli ve si-
nirli toplu tasimaciligin yerine, yeni ulagim altyap1 sistemlerinin kurulup, gelistirilmesini gerekli kilmustir.
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Kentin gelecekteki ulagim sisteminin insanlarin ekono-
mik, hizli, konforlu ve giivenli bir sekilde ulagimina dnce-
lik verilerek planlanmasi gerekmektedir. Bu amacla kent i¢i
ulagimin temel 6gesi olan toplu tagimanin hiz, yolculuk sii-
resi, konfor, giivenirlilik, gliven ve maliyet unsurlarindan
olusan hizmet diizeyini ylikseltmek ve bulunabilirligini ar-
tirmak rayli sistem yatirimlar ile miimkiindiir. Kalici altya-
piya sahip bu yiiksek kapasiteli toplu tasima sistemleri Istan-
bul gibi metropollerde giincel problem olan trafik sorununa
iyi bir ¢oziimdiir. Rayli sistemlerin tercih edilme nedenleri
arasinda beklentileri karsilayabilmesi, ¢evreye duyarli ol-
masi, ekonomik olmasi, yolculuk siirelerini azaltmasi, tra-
fik sikisikligini ortadan kaldirmasi ve diger ulagim tiirlerine
gore daha konforlu olmasi sayilabilir.

Sehir igi tasimada kullanilan araglarin yolcu tasima ka-
pasiteleri incelendiginde en biiyiik paya sahip hatlarin, rayh
sistemlere entegre bir sekilde ¢aligsan araglar oldugu goriil-
mektedir. Bir gayrimenkuliin degerini etkiyen konumsal
faktorlerden ulasim en ¢ok metro, tramvay gibi rayli sistem-
lerden etkilenmektedir.

Ulkemizde, biiyiik sehirlerde olusan yogunluk ve niifus
artisi, trafik sorununu getirmektedir ve bunun sonucu olarak
kent i¢i rayli sistem yatirimlari hizla artmaktadir. Basta Is-
tanbul olmak iizere birgok sehirde rayli sistem projeleri ha-
yata gegirilmis veya devam etmektedir. Ulkemizde rayl sis-
tem yatirimlarinin, geligmis tilkelere nazaran yeni yatirimlar
olmasi nedeniyle, arazinin kullanim amaci, bolgesel yogun-
luk ve degerlenme, niifus gibi uzun déoneme yayilacak degi-
simlerin 6l¢iilmesi, gelecekte yapilacak ¢alismalar agisindan
6nemli bir referans olacaktir.

Konut fiyatini etkileyen en 6nemli etken kent merkezine
olan mesafe ve ulasim segenekleridir. Transit istasyona ya-
kin konumlanmis gayrimenkul birim degerinin, artan erise-
bilirlik diizeyinden dolay1 yiiksek olmasi beklenmektedir.
Bu sebeple ulagim alt yapisindaki yatirimlar ile gayrimen-
kul degeri arasinda gii¢lii bir iligki vardir. Ulagim yatirimla-
riin en 6nemli amaci kentteki hareket ve erisebilirlik diize-
yini artirmaktir. Bdylece seyahat siiresinde kazanilan zaman
ve artan erisebilirlik, kentsel gelisimin ulagim hatlari ile pa-
ralellik gdstermesini saglar.

Ulasim imkanlarina yakinlik, yapilan bir¢ok arastirmada
gayrimenkul ediniminde, ilk tercih olmustur. GYODER’in
2013 yilinda yapmis oldugu ankete gore ozellikle Istan-
bul’un ge¢misten bu yana siiregelen trafik sorunundan do-
lay1, konut satin alirken alicilarin g6z 6niinde bulundurduk-
lar1 ilk kriter ulasim kolayligidir. Yapilan ankete Istanbul’un
farkli semtlerinde oturan 5000 kisi katilmig olup, katilim-
cilara konut alma asamasinda hangi kriterleri gbz oniinde
bulundurduklari sorulmustur. Cikan anket sonucuna gore
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ulagim kolaylig1 yaklasik %38,7 oran ile ilk sirada yerini al-
muistir. Anket sonucu Tablo 1°de gosterilmistir.

Tablo 1. Konut alirken dikkat edilen hususlar (GYODER, 2013)

Sira Konut alnl'll:lesrll1 ;;likat edilen Il‘l:eili:::a I:)]:.:::;a
cevaplar (%)
1 Ulagim kolayligt 1943 38,7
2 Sosyal ¢evre 1141 22,8
3 Depreme dayaniklilik-saglamlik 406 8,1
4 Bulundugu yer-semt 330 6,6
5 Otopark 320 6,4
6 Fiyat 236 4,7
7 Yesil alan 178 3,5
8 Sosyal imkanlar 150 3
9 Giivenlik 78 1,6
10 Yeni bina olmasi 52 1
11 Aidat 37 0,7
12 Diger 144 2,9
Toplam 5015 100

En genel tanima gore taginmaz degerlemesi, taginmaz
malin belli bir tarihteki imar durumu, konumu, zemin ve in-
saat yapist, elde edilen gelir, ulasim imkani, alt yap1 durumu,
parselin sekli, boyutu, genisligi gibi degeri etkileyen biitlin
unsurlarin dikkate alinarak degerinin para cinsinden ifade
edilmesidir.

Tasinmaz degerleme siirecinin sonunda ulasilmaya cali-
silan, degerlendirilen taginmazin piyasa degerini etkileyen
faktorlerin tiimiinii g6z 6niine alan ve her yoniiyle destekle-
nen bir degere ulagmaktir. Degerleme yontemleri olarak ta-
nimlanan bu yaklasimlar Sekil 1’de gosterilmistir. Taginmaz
degerlemesinde en ¢ok kullanilan yontemlerden birisi ista-
tiksel degerleme yontemidir. Bu yOntemin esasi, tasinmaz
degeri ve tasinmaz kriterleri arasindaki sayisal ya da oran-
sal bagintilar ile matematiksel model olusturmaktir. Bu yon-
temde kullanilan analizler regresyon analizi, hedonik yakla-
sim ve nominal yontem olarak siralanabilir (Yalpir, 2007).

Diinyada ve ililkemizde metroya olan uzakligin konutla-
rin fiyatlarma etkisi ile ilgili yapilan ¢aligmalarin birgogu in-
celenerek, konutun fiziksel 6zelliklerinin yaninda konumsal
ozelliklerinin de konut fiyatlar lizerinde etkili oldugu go-
rilmistiir. Bu ¢aligmada veri setlerinden faydalanildigi ve
istatistiksel oranlar agiklanmak istendigi i¢in ¢aligma yon-
temi olarak istatistiksel yontemlerden birisi olan regresyon
analizi kullanilmigtir. Caligmanin amaci Maltepe ilgesinde
bulunan konutlarin fiziksel 6zelliklerinin yani sira Kadi-
kdy-Pendik metrosuna olan uzakliklarinin, konut fiyatlarini
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ne sekilde etkiledigini ¢oklu dogrusal regresyon analizi ile
belirlemektir.

TASINMAZ DEGERLEME

YONTEMLERI
Geleneksel degerleme Modern degerleme

yiontemleri yontemleri
Karsilagtirma yontemi ‘ Yapay sinir aglan

Gelir yontemi ‘ Bulanik mantik

Maliyet yontem1 ‘ Konumsal anahz

‘ Istatistiksel yontemler
‘ Nominal yéntem | ‘ Coklu regresyon | Hedonik ‘

Sekil 1. Taginmaz degerleme yontemleri (Yalpir, 2007)

Regresyon analizi sonucunda Maltepe ilgesi iki bolgeye
ayrilarak her iki bolge i¢in ayr1 ayr1 genel bir denklem bu-
lunarak Kadikdy-Pendik metrosunun konut fiyatlari iize-
rindeki etkisi istatistiksel olarak belirlenmistir. Bu denklem
yardimiyla konutlar i¢in yaklagik bir fiyat belirlenebilecek-
tir. Yapilan analizde kullanilan konut fiyatlari, 2016 yil1 ve-
rileri kullanilarak tretilmistir. Konut fiyatlarmi etkileyen
faktorler konutun oda sayisi, biiylikliigii, bulundugu kat gibi
fiziksel 6zelliklerinin yani sira metroya olan uzakligi ile bir-
likte incelenmistir.

Calisma bolgesinde orneklem olarak secilmis satista
olan 415 apartman dairesinin fiyatlarmi etkileyen faktor-
ler regresyon analizi ile arastirilmistir. iki bolgeye ayril-
mis Maltepe ilcesi i¢in yapilan regresyon analizinden sonra,
birinci bolge Findikli, Aydinevler, Ziimriitevler, Giilsuyu,
Giilensu, Esenkent ve Girne mahallelerini kapsamaktadir.
Ikinci bolge ise Altintepe, Kiigiikyali, Cinar, idealtepe, Al-
taygesme, Cevizli, Feyzullah, Yali ve Baglarbast mahallele-
rini kapsamaktadir. Birinci bélgede toplam 118 konut, ikinci
bolgede toplam 297 konut i¢in regresyon analizi yapilarak
sonuglar irdelenmistir.

Caligmanin bundan sonraki boliimleri su sekilde orga-
nize edilmistir: Boliim 2°de literatiir taramast sunulmustur.
Boliim 3’te konut fiyatlarini etkileyen fiziksel 6zelliklerin
yaninda konutlarin metroya olan uzakliklarinin fiyatlari tize-
rindeki etkisi arastirilarak Maltepe ilgesi i¢in bir regresyon
denklemi bulunmustur. Béliim 4’te analiz edilen konutlarin
ozellikleri sunulmugtur. Boliim 5°te yapilan ¢alismanin so-
nuglari ile birlikte dneriler sunulmustur.
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II. LITERATUR TARAMASI

Ulagim alt yap1 yatirimlari ile ilgili projeler olugturulur-
ken g6z oniinde bulundurulmasi gereken hususlar ve husus-
larin gayrimenkul piyasasi tizerinde meydana getirdigi etki
ile alakali Tiirkiye’de yapilan ¢alismalarin sayisi azdir. Lite-
ratiirde bazi yabanci uygulamalar da mevcuttur.

Damm ve dig. (1980) Washington metrosunun kentsel
gayrimenkul degerlerine etkisi olup olmayacagini arastir-
muslardir. Veriler, sahibi tarafindan oturulan tek kisilik miis-
takil evler, apartmanlar ve aligveris kuruluslart olmak tizere
3 gruba ayrilmig ve 1969-1976 yillar1 arasindan toplanmis-
tir. Analiz sonucunda her {i¢ grup i¢inde metroya olan ya-
kinlik arttikca gayrimenkuliin fiyatinin azaldigini tespit et-
mislerdir. Forrest ve dig. (1996) c¢alisma bolgesi olarak
Ingiltere’nin kuzeyindeki Manchester sehrini se¢mislerdir.
Caligma, metronun ag¢ilmasindan dort yil sonra 1996 yilinda
yapilmistir. Verileri, iilke ¢apinda yap1 kooperatifinden ala-
rak 1990 yilinda satilmis olan 795 tane mortgage verisi igin
analiz yapmuslardir. Verileri yap1 6zellikleri, komsuluk 6zel-
likleri ve yapmin konumu olarak 3 boliime ayirmislardir.
Yap1 6zellikleri olarak; kullanim siiresi, yasi, yatak odasi sa-
yis1, garaj1 olup olmadig, konut tipi (terasli, miistakil, apart-
man dairesi, bungalov) ve 1sinma gibi karakteristikleri be-
lirlemislerdir. Komsuluk o6zelliklerini, niifus ve aligveris
merkezi, okul gibi yapilara olan uzaklik olarak ikiye ayir-
mislardir. Yapinin konumunda ise, konutun istasyona olan
uzakligin1 Pisagor teoremiyle hesaplamislardir. Elde ettik-
leri sonuglara gore, istasyona yakin konutlarin fiyatlarinin
daha diisiik oldugunu gézlemlemislerdir. Cervero (2003) ha-
fif rayli toplu tagima ve banliyd demir yolu tagimasinin arazi
fiyatlar1 lizerindeki etkisini aragtirmistir. Calisma bdlgesi
olarak ABD’nin 9. biiylik sehri olan San Diego’yu se¢mistir.
Hafif rayli toplu tasima istasyonlarina olan yakinligin otur-
maya elverisli arazilerin degerini dogrudan arttirdig1 ve ban-
liyd demir yolu istasyonlarina olan uzakligin ise arazinin fi-
yatini olumsuz yonde etkiledigi tespit edilmistir. Debrezion
ve dig. (2004) demiryolu istasyonlarinin ticari ve konutsal
gayrimenkul degerleri tlizerindeki etkisini aragtirmislardir.
Caligma bolgesi olarak Bati ABD, Orta Amerika, Avrupa ve
Dogu ABD’yi se¢mislerdir. Istasyonlari, hizmet siklig1, top-
lanma alanlari, teknolojik iistiinliik ve yolcu kapasiteleri gibi
ozelliklerinin ayni olmayacagi ve bunun da emlak degerini
etkileyecegini diisiinerek dekovil hattt (hafif demiryolu),
metro (agir demiryolu), banliyd tren ve metrobiis olarak dort
boliime ayirmislardir. Elde ettikleri bulgularda, demiryolu
istasyonlarma olan yakinligin ticari gayrimenkul degerle-
rini konutsal gayrimenkul degerlerine gore daha ¢ok arttirdi-
gin1 ve banliy6 trenlerin diger istasyonlara gore daha yiiksek
bir etkiye sahip oldugunu tespit etmislerdir. Yankaya ve Ce-
lik (2005) izmir metrosu drnegini incelemislerdir. Konutun
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farkl1 6zelliklere sahip heterojen bir mal oldugunu ve bu he-
terojen mali olusturan her bir karakteristigin fiyatin belirlen-
mesinde etkili olacagini diigiinerek bir fiyat modeli uygu-
lamiglardir. Modellemenin neticesinde metroya yakin olan
konut satis fiyatlarinin artis egiliminde oldugu gézlenmistir.
Debrezion ve dig. (2006) Hollanda’da demiryolu ulagimi-
nin gayrimenkul degerleri iizerindeki etkisini arastirmiglar-
dir. Verileri 1985-2001 yillar1 arasindaki konut fiyatlarindan
almiglardir. Yaptiklar1 analizde, bagimli degiskeni fiyat al-
mis, bagimsiz degigkenleri ise konutun fiziksel 6zellikleri
(yas, metrekare vb.), ulasilabilirlik 6zellikleri (demiryolu is-
tasyonuna olan uzakligi, otoban giris — ¢ikisina olan uzak-
l1g1, en sik kullanilan demiryolu istasyona olan uzaklik vb.),
gevresel ozellikleri (niifus vb.) olarak ii¢ kisma ayirmiglar-
dir. Elde ettikleri analiz sonuglarina gore, istasyona yakin
olan konutun uzak olana gore fiyat1 ortalama %25 daha pa-
halidir. Istasyona 1,5 km veya daha uzak mesafedeki konut-
larin fiyati, istasyon frekans sayisina gore %19 ve %33 ara-
sinda degismektedir. Demiryolu istasyonlarina 250 m kadar
yakinlikta olan istasyonlarin fiyati ise 500 m’den fazla uzak-
likta olan konutlara gore %5 daha diisiiktiir. Bunun nedeni-
nin giiriiltl olabilecegi belirtilmistir.

Troncoso ve dig. (2010), Barcelona’daki kentsel ve ula-
sim projelerinin gayrimenkul degerleri {izerindeki etkisini
aragtirmislardir. Calisma bolgesindeki 1262 konuttan 169™u
secilerek analiz yapilmistir. Ulagtirma projelerinin segimi
icin 2001-2010 yillart arasindaki ulastirma altyapi mastir
plani tarafindan tiiretilen bilgileri kullanmislardir. Elde et-
tikleri analiz sonuglarina gore, ulastirma projelerinin gay-
rimenkul degerleri {izerinde negatif etkisi oldugunu buna
karsilik kentsel projelerin ise pozitif etkisi oldugunu tespit
etmislerdir. Boucq (2011) hafif demir yolu altyapisinin ko-
nut fiyatlart tizerindeki etkisini aragtirmistir. Calisma bol-
gesi olarak Paris’in batisindaki Hauts-de-Seine bolgesini
segmistir. Yillart 1993-1995, 1996-2000 ve 2001-2004 ol-
mak {iizere li¢ gruba ayirmistir. Hafif demir yolunun konut
fiyatlar lizerinde sabit bir etkisi oldugu ve konut fiyatlarini
yaklasik %9 oraninda artirdigi gézlemlenmistir.

Christopher ve dig. (2012) ¢alisma bdlgesi olarak Ka-
nada’nin baskenti ve dordiincii biiyiik kenti olan Ottawa’y1
secmislerdir. Yaklagik 80.000 satilik konut bilgileri iizerin-
den 3735 tanesi analize sokulmustur. Analizde bagimli de-
gisken olarak konutun fiyati, bagimsiz degiskenler olarak
konutun oda sayisi, yatak odasi sayisi, konutun metre ka-
resi, konut tipi, bodrum kat sayisi, garaj sayisi, konutun yast,
park yeri, konutun vergisi, en yakin su kaynagina olan uzak-
1181, en yakin parka olan uzakligi, niifus sayisi, toplam kag
kisinin rayli sistemi kullandig1 ve rayli sisteme olan ytiriime
mesafesi olarak belirlenmistir. Elde ettikleri sonuglara gore,
komsuluk, konum ve rayli sistemlere olan uzakliklarina gore
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konut fiyatmin olumlu yonde etkilenmedigini belirtmisler-
dir. Bin (2012) metro istasyonlarinin arazi fiyatlari {izerin-
deki etkisini aragtirmistir. Calisma bolgesi olarak Cin’in Pe-
kin sehrini segmistir. Verileri 2004 ve 2011 yillar1 arasindan
toplamustir. Arazi kullanimini, konutsal 6zellikte olanlar, ti-
cari dzellikte olanlar ve digerleri olmak iizere {i¢ kisma ay1r-
mistir. Uzakliklari ise alt merkeze ve istasyona olan uzak-
lik olarak iki kisma ayirmustir. Elde ettigi sonuglara gore,
endiistriyel araziler hari¢ tiim arazi kullanim tiirleri i¢in en
yakin metro istasyonuna olan uzakligin fiyatlari arttirdigini
bulmustur.

National Association of Realtors 2013 yilinda agikladigi
raporda, toplu tasima araglarina olan uzakligin konut fiyat-
lar1 tizerindeki etkisini aragtirmistir. Calisma bdlgesi ola-
rak ABD’nin Boston, Chicago, Minneapolis — St. Paul, Pho-
neix ve San Francisco kentleri se¢ilmistir. Ttim bolgeler igin
2006-2011 yillar arasindaki veriler kullanilmistir. Toplu ta-
sima araglari, agir demiryolu (metro), hafif demiryolu (de-
kovil hattr) ve metrobiis olmak iizere {i¢ kisma ayirilmiglar-
dir. Elde ettikleri sonuglara gore, ulasimin kolay saglandigi
bolgelerde, saglanmayanlara gore konut fiyatlarinin daha
fazla oldugu gézlemlenmistir. Inanoglu (2014) rayli tasima
sisteminin konut fiyatlar1 {izerindeki degisimini incelemis,
raylt sistem hattinin gectigi glizergah iizerinde bulunan alti
mahalle belirlenerek, bu mahallelerin belirli bir donem ara-
l1g1 icin konut endeks degerleri analiz edilmistir. Calismanin
sonucunda, bazi donemlerde, konut fiyatlarmi ulagimdan
daha ¢ok etkileyen diger faktorlerin varlig: tespit edilmisgtir.

Tirkiye’de ve diger iilkelerde yapilan arastirmalarda,
rayli sistem alt yap1 yatirimlarinin, gayrimenkuller tizerinde
olumlu etkilerinin olabilecegi gézlemlendigi gibi negatif et-
kilerinin de olabilecegi ortaya konmustur. Bununla birlikte,
kullanim amacina goére ofis, konut, ticari nitelikli yapilar
gibi gayrimenkullerin, kendi alt kategorileri igerisinde za-
man ve mekan sartlari acisindan farkl etkilesim gosterdik-
leri ve konumsal etkiden ziyade giiriiltii, daire biiyiikligi,
yapi sinifi gibi daha gii¢lii parametrelerin varligi tespit edil-
mistir.

III. REGRESYON MODELI

1987°de Kartal ilgesinden ayrilip miistakil ilge olan Mal-
tepe, Istanbul iline bagli Marmara Denizi’ne kiyist olan,
Anadolu yakasinda bir ilgedir. Istanbul ili smirlari dahi-
linde 5747 Sayili Kanun kapsaminda olusturulan 39 ilgeye
ait alan ve niifus bilgilerine gére Maltepe’nin kara alani
52,97 km? olup 18 mahalleden olusmaktadir. Ilce niifusu ise
471.059dur (IBB, 2016). Sekil 2’de gosterildigi iizere Ka-
dikdy, Kartal, Sancaktepe ve Atasehir ilgeleriyle komsudur.


https://tr.wikipedia.org/wiki/%C4%B0stanbul_(il)
https://tr.wikipedia.org/wiki/Marmara_Denizi
https://tr.wikipedia.org/wiki/Anadolu_yakas%C4%B1
https://tr.wikipedia.org/wiki/%C4%B0l%C3%A7e
https://tr.wikipedia.org/wiki/Kad%C4%B1k%C3%B6y
https://tr.wikipedia.org/wiki/Kad%C4%B1k%C3%B6y
https://tr.wikipedia.org/wiki/Kartal,_%C4%B0stanbul
https://tr.wikipedia.org/wiki/Sancaktepe
https://tr.wikipedia.org/wiki/Ata%C5%9Fehir
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Sekil 2. Maltepe ilge smirlar1 (IBB)

Kadikdy-Pendik Metrosu (M4) Istanbul’da Anadolu Ya-
kast’nin ilk metro hattidir. Metronun agilmasiyla beraber
birgok semtte gayrimenkul fiyatlarinda artis kaydedilmistir.

Maltepe , Satilik Konut Ortalama Birim m? Fiyat Analizi
4200 TL
4000 TL
3800 TL
3600 TL

3400 TL

EYLUL 15 EKIM 15 KASIM 15 ARALIK 15 OCAK 16 SUBAT 16

MART 16

Sekil 3’de Maltepe ilgesinin 2015 ve 2016 yillart arasinda
satilik konut ortalama m? birim fiyat1 goriilmektedir. Konut-
larin fiyatlarma etki ettigi diisiiniilen parametreler agagidaki
gibi belirlenmistir.

Konutun yast

Konutun oda sayisi

Konutun metrekaresi

Binanin kat sayis1

Binanin kaginei1 katinda oldugu

f. En yakin metro istasyonuna olan uzakligi

1Y 2Yil Konut Satlik

NISAN 16 MAYIS 16 HAZIRAN TEMMUZ ACUSTOS EYLUL 16
16 15 18

Sekil 3: Maltepe ilgesi satilik konut ortalama birim m? fiyat analizi (hurriyetemlak.com, 2016)

Calisma bdlgesi incelendiginde, ES aksinin iist kisminda
kalan mahallelerdeki konutlar ile ES aksinin alt kisminda
(sahil bolgesi) kalan konut fiyatlar1 arasinda belirgin farkli-
liklar oldugu tespit edilmistir. Bu sebepten Maltepe il¢esini
bir biitiin olarak incelemek yerine ikiye ayirmak daha uy-
gundur. ES aksinin iist kismindaki bolge birinci bdlge ola-
rak, ES aksinin alt kismindaki bolge ise ikinci bolge olarak
isimlendirilmistir. Birinci bolgede 118 konut ve ikinci bol-
gede 297 konut olmak lizere toplamda 415 tane satilik konut
icin konumsal ve fiziksel alt1 adet parametre ile regresyon
analizi yapilmistir. Konutun yasi, metrekaresi gibi fiziksel

6l

ozellikleri, Hiirriyet Emlak sitesinde verilen satilik ilanla-
rindan temin edilmistir. Konutun metroya olan uzakligi ise
kendisine en yakin metro istasyonuna olan kusbakisi uzak-
lig1dur.

Kenan Evren Kislasi’nin Bagibiiyiik Mahallesi sinirlari
icerisinde, Nurettin Baransel Kislasi’nin ise Biiytikbakkal-
kdy Mahalle sinirlar igerisinde kalmasindan dolay: bu ma-
hallelerde konut satig ilanina rastlanmamistir. Bu nedenle
Basibiiyiik ve Biiylikbakkalkdy Mahalleleri uygulamaya da-
hil edilmemistir. Uygulama alan1 Sekil 4’de gosterilmistir.
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Sekil 4. Uygulama alani

Konut fiyatlari arasinda belirgin farkliliklarin oldugu bi-
rinci ve ikinci bolgeler i¢in Model 1 ve Model 2 olmak tizere
iki farkli regresyon modeli olusturulmustur. Bunun nedeni,
birbirinden net bir sekilde farkli olan iki bdlge i¢in olustu-
rulacak modelde bagimsiz degiskenlerin bagimli degiskeni
farkl1 katsayilarla etkileyecegidir. ki model igin de istatis-
tiksel olarak anlamli ¢iktig1 stirece ayni bagimli degisken ve
bagimsiz degiskenler kullanilmigtir. Regresyon modeli i¢in

kullanilan degiskenler Tablo 2’ de verilmistir.

Tablo 2. Degiskenler

Bagimh Degisken | Bagimsiz Degisken

Konutun fiyat: (F) | Konutun yast ()

Konutun metrekaresi (M)
Konutun oda sayist (O)
Konutun kaginci katta oldugu (K)

Binanin kat sayist (B)

Konutun en yakin metro istasyonuna olan uzak-
1181 (U)

BASIBUYUK

62

BUYUKBAKKALKOY

Model 1°de konut fiyatini etkileyen parametrelerin (Y, M, O,
K, B ve U) konut fiyatiyla (F) olan iliskisi incelenmistir. Elde edi-
len sonuglar Tablo 3, Tablo 4 ve Tablo 5’de gosterilmistir.

Tablo 3. Model 1 katsayilar tablosu

Katsayilar | Standart Hata t Stat P-degeri

Kesisim 11,15 2,49 4,48 *0

(0) 0,01 0,08 0,09 0,93

M 0,47 0,10 4,81 0

Y -0,06 0,04 -1,73 0,09

B 0,28 0,06 5,08 0

K 0,03 0,07 0,50 0,62

U -0,12 0,02 -5,50 0

Tablo 4. Model 1 regresyon istatistikleri

Coklu R 0,79
R? 0,63
Ayarh R? 0,61
Standart Hata 6,07
Gozlem 118
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Tablo 5. Model 1 ANOVA tablosu
df SS MS F Anlamhhbk F
Regresyon 6 6893,86 1148,98 | 31,20 *0
Fark 111 4087,75 36,83
Toplam 117 10981,60

Tablo 3’ de verilen P degerlerinden M, Y, B ve U %90
giivenirlik diizeyinde istatistiksel olarak anlamlidir. O ve K
%090 glivenirlik diizeyinde istatistiksel olarak anlamli ¢ik-
madigindan modelden ¢ikarilmis ve Model 1 revize edilerek
Tablo 6, Tablo 7 ve Tablo 8’de gosterilmistir.

Tablo 6. Model 1 katsayilar tablosu

revize

Katsayilar | Standart Hata t Stat P-degeri
Kesisim 11,17 2,20 5,07 0
M 0,49 0,04 11,09 0
Y -0,06 0,03 -1,75 0,08
B 0,30 0,04 6,86 0
U -0,12 0,02 -5,55 0
Tablo 7. Model 1, regresyon istatistikleri
Coklu R 0,79
R? 0,63
Ayarh R? 0,61
Standart Hata 6,02
Gozlem 118
Tablo 8. Model 1, ANOVA tablosu
df SS MS F Anlamliik F
Regresyon 4 6884,01 1721 47,46 0
Fark 113 | 4097,60 | 36,26
Toplam 117 | 10981,61
Model 1 i¢in elde edilen konut fiyat1 denklemi asa-

revize

gida gosterilmistir:
Konut fiyat: (F) = 11,17+ 0,49*M - 0,06*Y + 0,30*B — 0,12*U

Model 1
bidir:

_ ’ye iliskin elde edilen bulgular asagidaki gi-

revize

63

Incelenen &rnege ait R= 0,63 ¢ikmustir. Kullanilan
bagimsiz degiskenlerin (M, Y, B ve U) konut
fiyatindaki (F) toplam varyasyonu agiklayabilme orani
%63°diir. Kalan %37’lik kisim bilinmeyen faktorler
nedeniyle olusmustur.

R? degeri 0,5-0,7 araliginda ¢iktig1 i¢in F ile M, Y, B
ve U arasinda orta dereceli iliski vardir.

Ayarli R?>= 0,61 ¢ikmistir ve R? ile neredeyse aynidir.
Bu durumda modeli olusturmak igin gézlem sayisinin
yeterli oldugu sdylenebilir.

F= 47,46 i¢in P degeri 0,1 ’den ¢ok kii¢iik oldugu igin
model genel olarak yiiksek derecede anlamli ¢ikmastir.

F ile M ve B arasinda pozitif korelasyon vardir. Yani
konut biiyiidiikce ve bulundugu apartman yiikseldikce
konutun fiyati artmaktadir.

F ile Y ve U arasinda negatif korelasyon vardir. Yani
konutun yasi arttikca ve metrodan uzaklastikca fiyati
azalmaktadir.

Model 2’de konut fiyatini etkileyen parametrelerin (Y,
M, O, K, B ve U) konut fiyatiyla (F) olan iliskisi incelen-
mistir. Elde edilen sonuglar Tablo 9, Tablo 10 ve Tablo 11°de
gosterilmigtir.

Tablo 9. Model 2 katsayilar tablosu

Katsayilar | Standart Hata t Stat P-degeri

Kesisim 1,80 2,46 0,73 0,46

0 0,15 0,08 1,84 0,07

M 0,60 0,09 7,05 0

Y -0,15 0,02 -1,77 0

B 0,17 0,04 3,92 0

K 0,13 0,06 2,35 0,02

U 0,19 0,03 5,57 0

Tablo 10. Model 2 regresyon istatistikleri

Coklu R 0,80
R? 0,65
Ayarh R? 0,64
Standart Hata 8,22
Gozlem 297
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Tablo 11. Model 2 ANOVA tablosu

Df SS MS F | Anlamhhk F
Regresyon 6 35640,09 | 5940,01 | 87,81 *0
Fark 290 19617,13 67,65
Toplam 296 55257,21

Tablo 9’da verilen P degerlerinden O, M, Y, B, K ve U
%090 giivenirlik diizeyinde istatistiksel olarak anlamlidir.
Model 2 i¢in elde edilen konut fiyati denklemi ve elde edi-
len bulgular asagidaki gibidir.

Konut fiyat1 (F) = 1,80 + 0,15*O + 0,60*M — 0,15*Y +
0,17*B + 0,13*K + 0,19*U

Incelenen &rnege ait R= 0,65 ¢ikmustir. Kullanilan
bagimsiz degiskenlerin (O, M, Y, B, K ve U) konut
fiyatindaki (F) toplam varyasyonu agiklayabilme
orant oransal olarak %65°dir. Kalan %35°lik kisim
bilinmeyen faktorler nedeniyle olusmustur.

R? degeri 0,5-0,7 araliginda ¢iktig1 icin F ile O, M, Y,
B, K ve U arasinda orta dereceli iliski vardir.

a.

Ayarli R*= 0,64 ¢ikmistir ve R? ile ¢ok yakindir. Bu
durumda modeli olusturmak igin gozlem sayisinin
yeterli oldugu soylenebilir.

F= 87,81 i¢in P degeri 0,1 ’den ¢ok kiiciik oldugu igin
model genel olarak yiiksek derecede anlamli ¢ikmustir.

F ile O, M, B, K ve U arasinda pozitif korelasyon
vardir. Yani konut biiyiidiik¢e, oda sayisi arttikga ve
bulundugu kat ve apartman yiikseldik¢e konutun fiyati
artmaktadir. Ayrica model 1°den farkli olarak metroya
olan uzaklik arttikca konutun fiyat1 artmaktadir ¢linkii
konut metrodan uzaklastik¢a denize yaklagmaktadir.
Bu da evin fiyatini arttirir.

f. File Y arasinda negatif korelasyon vardir. Yani konut
yaslandikga fiyati azalmaktadir.

IV. KONUT iSTATISTiKLERI

Bu ¢alismada 415 konut analiz edilmistir. Maltepe ilge-
sindeki konutlarin yasi en az 1 en ¢ok 41°dir. flgedeki konut-
larin yasinin %65 oraninda 0-5 yas arasinda oldugu tespit
edilmistir. Tablo 12’de gosterilmistir.

Tablo 12. Konutlarin yas1

Yas aralig1 (y1l) Oran (%)
0-5 1
5-15 65
15-25 8
25-35 17
35-45 9

64

Maltepe ilgesindeki konutlarin metrekaresi en az 30 m?
en ¢ok 350 m?’dir. flgedeki konutlarin metrekaresinin %74
oraninda 75-150 m? arasinda oldugu tespit edilmistir. Tablo

13’de gosterilmistir.

Tablo 13. Konutlarin biyiikligii

Konut biiyiikliigii (m2) Oran (%)
0-75 8
75-150 74
150-225 15
225-350 3

Maltepe il¢esindeki konutlarin oda sayisi en az 1 en ¢ok
8°dir. Tlgedeki konutlarn oda sayisinin %41 oraninda 3-4
arasinda oldugu ve %35 oraninda 2-3 arasinda oldugu tespit
edilmistir. Tablo 14’de gdsterilmisgtir.

Tablo 14. Konutlarin oda sayisi

Oda sayisi Oran (%)
1 8
2 35
3 41
4 7
5 7
6 2

Maltepe ilgesindeki konutlarin bulundugu kat sayisi en
az 1 en ¢ok 23’diir. ilcedeki konutlarin bulundugu kat say1-
sinin %81 oraninda 5-10 arasinda oldugu tespit edilmistir.
Tablo 15°de gosterilmistir.

Tablo15. Konutlarin bulundugu kat

Konutun bulundugu kat Oran (%)
0-5 81
5-10 17
10-15 2

Maltepe il¢esindeki binalarin kat sayist en az 2 en ¢ok
30°dur. flgedeki binalarin kat sayisinin %71 oraminda 5-10
arasinda oldugu tespit edilmistir. Tablo 16’da gosterilmistir.

Tablo 16. Konutlarin kat sayist

Kat sayisi Oran
0-5 71
5-10 21
10-15 3
15-20 2
20-25 2
25-30 1
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Maltepe ilgesindeki konutlarin metroya olan uzakligi en
az 9,08 m en ¢ok 3143,31 m’dir. flgedeki konutlarin metroya
olan uzakliklarinin %56 oraninda 500-1500 m arasinda ol-
dugu tespit edilmistir. Tablo 17’de gosterilmistir.

Tablo 17. Konutlarin metroya uzakligi

Metroya uzakhk Oran
0-500 21
500-1500 56
1500-2000 15
2000-2500 5
2500-3000 2
3000-3500 1

Maltepe ilgesi konut m? birim fiyatlar ile ilgili olarak,
%46 oraninda 1700 TL ve 3750 TL arasinda fiyat araligi
gozlemlenirken ayni zamanda %46 oraninda 3750 TL ve
5700 TL arasinda bir fiyat araligiin varligindan sz edilebi-
lir. Tablo 18’de gdsterilmistir.

Tablo 18. Konutlarin birim fiyatlari

Birim Fiyat Oran
0-3750 46
3750-5700 46
5700-7700 7
7700-9700 1

Maltepe ilgesi icin mahalle bazinda metrekare birim fi-
yatlar1 asagidaki tabloda gosterildigi gibidir. [lgede ortalama
m? birim fiyat1 4158 TL’dir. Tablo 19’da gdsterilmistir.

Tablo 19. Konutlarin m?2 birim fiyatlar

flge m? birim fiyat1 (TL)
Altaycesme 4444
Altintepe 4000
Aydmevler 3500
Baglarbas1 3909
Cevizli 4222
Cinar 3864
Feyzullah 4574
Findiklt 2692
Idealtepe 4389
Kiigikyall 4200
Ziimriitevler 4300

Maltepe il¢esindeki analiz yapilan 415 konutun fiyat da-
gilimi1 Tablo 20°de gosterilmistir.

65

Tablo 20. Konutlarin fiyatlart

Fiyat arahg Oran
0385000 29
385000 — 625000 51
625000 — 865000 17
865000 — 1000000 2
1000000 ve iizeri 1

V. SONUC

Maltepe ilgesinde Basibiiyiik ormani, sahil yolu, ES ka-
rayolu ve deniz bulunmaktadir. Ayrica Maltepe sahil yo-
lunda 1 milyon 200 bin metrekarelik dolgu alanina sahip bir
sahil parki yapilmistir. Giilsuyu ve Giilensu mahallerinde ise
IBB onayl kentsel doniisiim projeleri s6z konusudur. Dola-
yistyla Maltepe kendi i¢inde kompleks bir yapiya sahiptir.
Analiz yapilirken bdlgenin metro istasyonuna olan uzakli-
giyla birlikte, ¢alisma alanini belirli kisimlara bolerek in-
celemek uygun goriilmiistiir. Bu nedenle Maltepe ilgesi iki
bolgeye ayrilarak ilgedeki konut fiyatlarini belirleyen iki
farkli regresyon modeli gelistirilmistir.

Maltepe ilgesindeki konutlarin %35°1 5 yasindan biiytik-
tiir. Konutun fiyat1 ile yas1 arasinda negatif bir iligki oldugu
goriilmiistiir. Olusturulan iki modelin sonucunda konut fi-
yatini etkileyen en 6nemli faktoriin konutun metrekaresi ol-
dugu bulunmustur. Konutun metrekaresinin fiyati {izerin-
deki etkisi 1. Bolge icin %49 iken 2. Bolge icin %60’dr.
Bu oran metroya olan uzakligin sahip oldugu etkinin yakla-
sik 3 katidir. Yani kisiler konut alirken yakin ¢evre degisken-
lerinden ¢ok konutun biiytikliigiine dikkate ederler. Konut-
lar zaten metrekare birim fiyatlar1 iizerinden satilmaktadir.
Maltepe ilgesi i¢in genel olarak konut fiyatlari, 400000 TL
ve 500000 TL arasindadir. Konut ortalama m? birim fiyati
450000 TL civarindadir. Bununla birlikte, konutun bulun-
dugu kat ve oda sayisinin fiyat tizerindeki etkisi istatistiksel
olarak 1. Bolge igin anlamli ¢ikmamistir. Dolayisiyla Mo-
del 1 i¢in analiz yapilirken konutun oda sayisi ve kaginci
katta oldugu dikkate alinmamistir. Bu faktorlerin 1. Bolge
icin anlamsiz ¢ikmasinin nedeni, o bolgenin ticari faaliyet
yerine daha ¢ok konutlagsmaya yonelik oldugudur. 2. Bolge
icin ise oda sayist ve konutun kaginci katta oldugu konut fi-
yatini sirasi ile %15 ve %13 oraninda etkilemektedir. Bunun
nedeni daha pahali ve degerli evlerin bulundugu 2. Bolgede
¢ok odal1 ve yiiksekte bulunan evlerin fiyat: daha da arttir-
masidir.

Her iki model i¢in, metroya olan uzaklik istatistiksel ola-
rak anlamli ¢ikmistir. 1. Bolge i¢in metroya olan uzaklik
konut fiyatin1 %12 oraninda negatif yonde etkilemektedir.
Konut fiyati ile metroya olan uzaklik arasinda negatif kore-
lasyon vardir. Yani konutun metroya olan uzaklig: arttik¢a
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fiyat1 azalmaktadir. 2. Bolge i¢in ise metroya olan uzaklik
konut fiyatin1 %19 oraninda pozitif yonde etkilemektedir.
Konut fiyati ile metroya olan uzaklik arasinda bu defa po-
zitif korelasyon vardir. Konutun metroya olan uzaklig: art-
tikga fiyat1 artmaktadir. Bunun nedeni 2. Bolgedeki mahal-
lelerin konum olarak denize yakin olmasi ve bu bdlgenin
zaten oturmus bir konut fiyat araligina sahip olmasidir. Met-
roya uzaklastik¢a denize yakinlasildig1 i¢in metroya yakin-
lik fiyat: bu defa olumsuz yonde etkilemistir. 1. Bolge ve 2.
Bolge konum agisindan kiyaslandiginda 2. Bolge daha pres-
tijlidir. Her iki bolge konutlasma agisindan kiyaslandiginda
ise 2. Bolgenin konutlagma stirecinin biiyiik bir kismini ta-
mamladigi ve 1. Bolgenin ise bu siireci devam ettirdigi tespit
edilmistir. Metrodan giineye dogru gidildik¢e konutlar sahil
kesimine dogru yaklagsmaktadir ve konutlarin fiyatlar: art-
maktadir. Yani konutun metroya olan uzakligindan daha ¢ok
denize yakinlig1 veya deniz manzarasina sahip olmasi konut
fiyatin1 etkileyen konumsal bir faktordiir. Altintepe, Aydi-
nevler, Girne, Ziimriitevler, Idealtepe ve Kiigiikyalt mahalle-
leri metroya yiiriime mesafesinde olmasina ragmen fiyatlari
Maltepe ilgesi i¢in ortalama fiyat araligindadir. Ancak Yali,
Feyzullah ve Idealtepe mahallesinin belirli bir boliimiinde
konut fiyatlarinin ortalamanin iizerinde oldugu gozlemlen-
mektedir. Bunun nedeni konutlarin sahile yakin olmasidir.

Metroya uzakligin konutun metrekaresine gore daha az
etkiye sahip olmasinin nedeni diger ulasim alternatiflerinin
de var olmasidir. Maltepe ilgesinde ulagim demiryolu ve ka-
rayolu ile yapilmaktadir. Demiryolu Maltepe’nin E-5 Kara-
yolu altinda kalan Eski Maltepe’nin kurulmus oldugu giizer-
gahtir. ES karayolu ise Maltepe’yi iice ayirmaktadir. Bu yol
Maltepe’yi Anadolu’ya, yan yollar ise komsu ilgelere bag-
lar. Tkinci 6nemli karayolu ise Bagdat Caddesi olup Bostanci
ile Pendik arasindaki glizergahi olusturmaktadir. Maltepe il-
cesi ayrica Kadikoy, Kartal, Sancaktepe ve Atasehir ilgele-
riyle komgudur. Ulasim i¢in birgok alternatif oldugu goriil-
mektedir. Bu da Maltepe’de yasayan kisilerin illa ki metro
kullanmay1 tercih etmek zorunda kalmayacaklarini gosterir.

Konutlart etkileyen bir¢cok fiziksel faktdr olabilir. Bu
bazi bolgelerde sahile yakinlik, bazi bolgeler i¢in kent orma-
nina yakinlik, bazi bolgeler i¢in ise konutun islek bir cadde
iizerinde olmast olabilir. Yani konutlarin fiyati aslinda met-
roya olan uzakligindan farkli olarak ilgenin semtlerine gore
de degismektedir. Bu sebepten sahile yakin olan Yali Ma-
hallesi aslinda metroya en uzak mahallelerden biri olma-
sina karsin sahile yakin olmasi nedeniyle fiyati yiiksektir.
Konut degerlemede etki yapan bir¢ok faktor vardir. Model-
lemede daha fazla faktoriin kullanilmasi, analiz sonucunda
¢ikan aciklanamayan nedenlerin belirlenmesini ve daha sag-
likl1 bir denklemin elde edilmesini saglayacaktir.

66

Ulasim yatirimlarinin uzun vadedeki etkilerini tespit et-
mek ulagim alt yap1 yatirrmindan dnce ve sonrasini deger-
lendirerek daha net bir sonuca gétiirebilir. Ancak iilkemizde
bu konuda yapilan arastirma ve ¢aligmalarin az olmasi, em-
lak sektoriinde veri tabaninin kisitli olmasi, uzun dénem igin
yapilacak olan caligmalarda gerekli olan veriye ulagsmay1
zorlastirmaktadir. Bu durum bir yatirimin planlanmasi ve fi-
zibilite ¢aligmalarinda hata ya da yanilma oranini yiikselt-
mektedir. Ayrica bu ¢aligmadaki gibi matematiksel model
kurularak emlak vergisi ve rayi¢ bedel degerleri konutun fi-
ziksel ve konumsal nitelikleri ile belirlenebilir. Boylece de-
ger belirlemedeki gorecelik ortadan kalkarak daha dogru ve
standart bir uygulamaya gegilmis olur. Bu ¢alismada reg-
resyon modeli kullanilmistir. Bunun yerine degiskenler ara-
sinda daha kapsamli bir iliski kurmak i¢in farkli makine 6g-
renme yontemleri kullanilabilir.
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Oz

Embriyonik gelisim sirasinda gonadotropin salgilatict hormon (Gonadotropin Releasing Hormone, GnRH) néronlari, koku alma néronla-
rinin akson rehberligini kullanarak, olustuklari olfaktor plakoddan son hedefleri olan hipotalamusa go¢ etmektedirler. Bu rehberlikte mey-
dana gelen kusur nedeniyle néronlarin yanlis yonlendirilmesi bozulmus koku fonksiyonu ve Hipogonadotropik Hipogonadizm (HH) bir-
likteligindeki Kallmann Sendromu (KS) ile sonuglanmaktadir. Netrin-1 ve reseptorii DCC (Deleted in Colorectal Cancer) sinyalizasyonu,
GnRH migrasyonu i¢in bir yapi iskelesi gorevi goren olfaktor liflerin gelisiminde gorev almaktadir. Yakin dénemde, DCC/NTNI mutas-
yonlarmim GnRH néron gégiinde ve HH/KS hastalik etiyolojisinde rol oynadigi ilk kez gosterilmistir. Caligmamizda, HH ve KS hastala-
rinda DCC/NTNI genlerindeki olasi patojenik varyantlarin tanimlanmasi amaglanmistir. Bu dogrultuda, DCC geninde daha 6nce bildiril-
memis iki varyant (p.Arg386GlIn, p.Arg1124Cys) ve bir mutasyon (p.Gly470Asp), NTN1I geninde ise daha dnce bildirilmemis bir varyant
(p-Pro73Ser) heterozigot sekilde toplamda bes hastada tespit edilmistir. Ayrica ii¢ hastanin HH-iliskili diger genlerde (OTUD4, SEMA3A,
CHD?7 ve WDRI1) nadir sekans varyanti tagidigi belirlenmistir. Sonug olarak, DCC ve NTN1 genlerindeki {i¢ nadir sekans varyantinin HH/
KS hastalik modeliyle iliskili oldugu ilk kez tanimlanmistir. Olas1 patojenik varyantlar1 hastaligin her iki formunda da gézlememiz, anos-
mik ve normosmik model arasinda net bir ayrim olmadigini bir kez daha dogrulamistir.

Anahtar Kelimeler: akson rehberligi, Kallmann sendromu, hipogonadotropik hipogonadizm, oligogenik kalittm, DCC, NTN1

Abstract

During embryonic development, Gonadotropin Releasing Hormone (GnRH) neurons migrate from the olfactory placode to their final tar-
get hypothalamus, using axon guidance of olfactory neurons. Misdirection of neurons due to a defect in this guidance results in Kallmann
Syndrome (KS) associated with impaired olfactory function and Hypogonadotropic Hypogonadism (HH). The signaling of Netrin-1 and
its receptor DCC (Deleted in Colorectal Cancer) is involved in the development of olfactory fibres which act as a scaffold for migration.
Recently, DCC/NTNI mutations have been shown to play a role in GnRH neuron migration and disease ethiology. In our study, we aimed
to identify possible pathogenic variants in DCC/NTN1 genes in HH and KS patients. Accordingly, two novel (p.Arg386GlIn, and p.Arg-
1124Cys) and one previously reported (p.Gly470Asp) rare sequence variants in DCC and another novel rare sequence variant (p.Pro73Ser)
in NTN1 were identified in five patients in the heterozygous state. In addition, three of the patients had RSVs in other HH-related genes
(OTUD4, SEMA3A4, CHD7, and WDRI1). In conclusion, likely causative RSVs in DCC/NTN1 have been identified for the first time to be
associated with HH/KS disease model. Our observation of the variants in both forms of the disease confirmed once again that there was no
clear discrimination between the anosmic and normosmic forms.
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1. GIRiS

Koku alma duyusundaki yetersizligin Hipogonadotropik
Hipogonadizm (HH) ile birlikteligi klinik olarak Kallmann
Sendromu (KS [MIM 308700, 147950, 244200, 610628,
612370, 612702]) olarak tanimlanmaktadir [1]. Embriyo-
nik gelisim sirasinda olfaktor plakodda olusan gonadotro-
pin salgilatict hormon (Gonadotropin Releasing Hormone,
GnRH) noéronlari, son hedefleri olan hipotalamusa ulagsmak
icin koku alma néronlarinin akson rehberligini kullanmak-
tadirlar. Dolayistyla KS hastalarinda bu rehberlikte olusan
bozuklugun, GnRH néronlarmin yanlis yonlendirilmesine
neden oldugu ileri siiriilmektedir [2, 3]. Bugiine kadar, bu
norogelisimsel siireci kontrol eden ¢ok sayida faktor tanim-
lanmis ve aksonal kilavuzlu gé¢ yolunda 30’dan fazla gende
nedensel mutasyonlar bildirilmistir [4].

Akson rehberlik yolaginda Semafor, Netrin, Slit, itici
Rehberlik Molekiilii ve Ephrin olmak {izere bes kanonik pro-
tein ailesi tanimlanmustir [3]. Yolakta yer alan netrin (net-
rin 1-5), noronal gelisimde 6nemli rol oynamaktadir. Akson
bliylimesine aracilik eden DCC (Deleted in Colorectal Can-
cer) ise netrin i¢in fonksiyonel bir reseptordiir [5, 6]. Kemir-
gen ¢alismalarinda Dcc inaktivasyonunun, netrin-1 eksikligi
ile uyumlu sekilde aksonal projeksiyon bozukluguna neden
oldugu gosterilmistir [7]. Bouilly ve ark. 2017 yilinda HH
hastalarinda DCC/NTNI mutasyonlarinin, fare GnRH néron
ontogenezindeki rolleriyle benzer sonuglara sahip oldugunu
raporlamis ve her iki gen oligogenik kalitim listesine dahil
edilmigtir [8].

Calismamizda, HH ve KS hastalarinda DCC/NTNI gen-
lerindeki olasi patojenik varyantlarin tanimlanmasi ve bu
hastalarda hastalik ile iligkili diger genlerde bulunan nadir
gen degisimlerini belirlenmesi amaglanmistir. Bu dogrul-
tuda, HH/KS klinigi i¢in hastalik patogenezinde tek basina
yeterli olmayan ancak potansiyel olarak zararli yeni varyant-
lar oligogenik kalitima eklenmistir.

IL. YONTEM

HH kizlarda 13, erkeklerde 14 yaginda olmasina ragmen dii-
slik bazal gonadotropin seviyeleri ile piibertal gelisimin eksikligi
olarak tanimlanmaktadir [9]. KS’li hastalarda koku duyusunun
kismi (hiposmi) veya tam kaybi (anosmi) mevcuttur. Hastalarimn
olfaktor fonksiyon seviyeleri fizik muayene ile belirlenmistir.

Eksom sekanslamas1 (Whole Exome Sequencing, WES)
daha once bildirilen yonteme gore yapilmistir [10]. DCC
ve NTNI genlerinin kodlayan eksonlar1 ve yakin komsulu-
gundaki gen bolgeleri HH ve KS hastalarinda taranmustir.
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Tespit edilen varyantlarin alelik frekanslart gnomAD (the
genome aggregation consortium, https://gnomad.broadins-
titute.org/) ve GME (the Greater Middle East variom pro-
ject, http://igm.ucsd.edu/gme/) veritabanlarinda hastalarin
etnik kokeniyle uyumlu olarak (ENF, European non-Fin-
nish, TP, Turkish Peninsula) kontrol edilmis ve her iki ve-
ritabaninda da 0.001’den az goriilmesi durumunda varyant
nadir (Rare Sequence Variant, RSV) olarak kabul edilmis-
tir. Patojenite skorlamast CADD (Combined Annotation De-
pendent Depletion, https://cadd.gs.washington.edu/snv) ya-
zilim1 kullanilarak yapilmis ve 20’yi gegen varyantlar zararlt
kabul edilmistir. Belirlenen kriterler disinda kalan varyantlar
calismaya dahil edilmemistir. RSV’ler ayrica ClinVar (ht-
tps://www.ncbi.nlm.nih.gov/clinvar/) veritabaninda taran-
mistir. Varyantlarin protein tizerindeki lokasyonlar: UniProt
veritabani (https://www.uniprot.org) ile belirlenmistir. Tim
varyantlar ACMG/AMP (American College of Medical Ge-
netics and Genomics and the Association for Molecular Pat-
hology) kriterleri geregince VarSome (https://varsome.com)
veritabani lizerinden degerlendirilmistir [11]. Hastalikla ilis-
kili genlerdeki olasi patojenik RSV’ler ayn1 yontem kullani-
larak belirlenmistir [2].

Calismamiz, Cukurova Universitesi Tip Fakiiltesi Etik
Kurulu tarafindan onaylanmis (no: 82/47) ve ¢aligma hasta-
larindan ve/veya velilerinden yazili onam alinmustir.

III. BULGULAR

Calismamizda, DCC (HGNC ID: 2701, NM_005215.3)
geninde daha 6nce tanimlanmamus iki varyant (c.1157G>A,
p-Arg386GlIn; ¢.3370C>T, p.Argl124Cys) ve bir mutas-
yon (c.1409G>A, p.Gly470Asp), NTNI (HGNC ID: 8029,
NM 004822.2) geninde ise tanimlanmamis bir varyant (c.
217C>T, p.Pro73Ser) heterozigot sekilde toplamda bes has-
tada tespit edilmistir. Tiim varyantlarin gnomAD alel fre-
kanslar1 0.001den kiiciik olup, hi¢cbiri GME veritabaninda
bildirilmemistir. Sadece p.Gly470Asp mutasyonunun Clin-
Var veritabaninda kayitli oldugu belirlenmistir. ACMG/
AMP degerlendirmesi ile CHD7 disindaki tiim varyant-
larin “Onemi belirsiz” (Variant Uncertain Significance,
VUS) kategorisinde oldugu belirlenmistir. Ayrica WES ta-
ramasi ile ii¢ hastanin HH-iliskili diger genlerde (OTUD4,
NM _001102653.1, ¢.2909G>C, p.Arg970Thr; SE-
MA34, NM_006080.2, c.1849C>G, p.Arg617Gly; CHD?7,
NM 017780.3, ¢.8197G>A, p.Ala2733Thr ve WDRII,
NM 018117.11, ¢.2305A>G, p.Met769Val) RSV tasidigi
belirlenmistir. Iki hasta KS, ii¢ hasta ise HH klinigindeydi.
iki hastada birer, bir hastada ise iki ek gen varyant: tespit
edildi. Geriye kalan hastalarda farkli gende varyant buluna-
madi. Caligma hastalarmin klinik ve genetik detaylar1 sira-
styla Tablo 1 ve 2°de gosterilmistir.
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Tablo 1. DCC/NTNI varyant: tespit edilen hastalarin klinik ve laboratuvar 6zellikleri.

Hasta no Cinsiyet Yag* FSH (mIU/mL) | LH (mIU/mL) Estradiol | Testosteron (ng/dL) Olfaktor Akrabahk
(ng/dL) fonksiyon
I E 19.0 0.47 0.05 - 17 normosmik var
11 K 14.5 0.50 <0.02 5.0 - normosmik yok
111 E 15.8 2.80 0.36 - 24 normosmik yok
I\% E 27.0 0.60 0.42 - 38 hiposmik var
\4 E 17.5 0.84 0.21 - 1660* hiposmik yok
E, erkek; K, kadin; —, belirlenmemis; *tani yast; *tedavi altinda
Tablo 2. Tanimlanan heterozigot DCC/NTNI varyantlariin molekiiler genetik 6zellikleri.
Hasta Gen cDNA, gnomAD GME Protein do- CADD dbSNP Ek gen var- Ek gen var-
no Protein ENF TP maini skoru yantl/ yanti CADD
Zigosite skoru
c.1409G>A,
I DCC p.Gly470Asp 0.005069 - Fibronectin ty- 27.7 rs141813053 OTUD4 223
pe-1I 1 p.Arg970
Thr
Heterozigot
c.1409G>A,
I DCC p.Gly470Asp 0.005069 - Fibronectin ty- 277 5141813053 -
pe-111'1
c.1157G>A,
11 DCC p.Arg386GIn 0.0002215 - Ig-like C2- 22.5 15140711456 SEMA3A 22.7
type 4 p.Arg617
Gly
Heterozigot
¢.3370C>T,
v DCC p.Argl124Cys | 0.0001027 - - 33.0 15547920182 CHD7 224
p.Ala2733 23.0
Thr
Heterozigot
WDRI11
p-Met769
Val
Heterozigot
c.217C>T,
\Y NTNI p.Pro73Ser - - Laminin N-ter- 23.0 - -
minal
IV. TARTISMA NTNI ve ana reseptorii olan DCC’nin embriyonik geli-

Kallmann sendromu, GnRH ve olfaktor ndronlarinin or-
tak gelisimindeki bozukluktan kaynaklanmaktadir ve ge-
netik olarak heterojendir [12]. Hastalikla iligkili olarak ta-
nimlanan norogelisimsel genler, ilgili néronlar arasindaki
topografik baglantt nedeniyle KS ile néroendokrin genler
ise koku alma duyusunun etkilenmedigi HH formu ile ilis-
kilendirilmistir [13]. Ancak her iki hastalik modeli arasinda
net bir ayrim yapilamadigindan, hem anosmik hem de nor-
mosmik klinige neden olan gen mutasyonlari bildirilmis ve

yakin donemde bu listeye yenileri eklenmistir [8, 10, 12].
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sim sirasinda akson rehberliginde rol aldigr bilinmektedir
[14]. Caligmalar, DCC/Netrin-1 sinyalizasyonunun GnRH
noéron migrasyonu igin bir yapi iskelesi goérevi goren olfak-
tor liflerin gelisiminde gerekli oldugunu goéstermistir [15].
Yaptigimiz ¢aligmada III numarali HH hastasinda saptanan
her iki RSV’nin de (DCC p.Arg386GIn ve SEMA3A p.Ar-
g617Gly) aksonal rehberlikte gorev alan genlerde oldugu
belirlenmistir [13]. Buna ragmen hastanin olfaktor fonksi-
yonunun normal olmasi, hastaligin iki formu arasinda net
ayrim bulunmadigina yeniden isaret etmektedir. Dolayi-
styla tespit edilen varyantlarin hastada aksonal rehberligi
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tamamen degil kismen bozdugu, buna bagl olarak bir grup
GnRH noronunun hedefine ulasabildigi ancak islevsiz kal-
dig1 ve/veya islevini yapmak icin yeterli sayida olmadigin
yorumu yapilabilmektedir.

Calisma hastalarinda gozlenen varyantlarin protein
tizerindeki lokasyonu incelendiginde p.Gly470Asp, FN3
(Fibronectin type-III), p.Arg386GIn ise Ig-like (immunog-
lobulin-like) domaininde bulunmaktadir. Ig domaini protein
stabilitesi, FN3 domaini ise DCC/Netrin-1 baglantisini iize-
rinde etkili alanlardir [14]. Dolayisiyla bu bolgelerde mey-
dana gelen bir degisimin zarar verici olacagi diistiniilmekte-
dir. Bu 6ngoriiyle uyumlu olarak RSV’lerin CADD skorlar1
patojeniteyi destekleyici sekilde yliksek bulunmustur.

Aralarinda akrabalik iligkisi bulunmayan iki hastada (I
ve II) daha once bildirilmis olan DCC p.Gly470Asp mutas-
yonu tespit edilmistir. /n vitro ¢aligmalar, bu degisimin sin-
yal kaybima neden oldugunu ancak DCC/Netrin-1 baglan-
masinda bozulma yaratmadigini gostermistir [8]. Bununla
birlikte yapay DCC mutantlarinin Netrin-1 ile normal bag-
lanmasina ragmen hatali sinyalizasyonlar1 bildirilmistir
[16]. p.Gly470Asp mutasyonu ClinVar veritabaninda (Clin-
Var ID: 187790) konjenital ayna hareketi (Congenital Mirror
Movement, CMM) ile iligkilendirilmistir. KS vakalarina ya-
rik damak, sagirlik, ayna hareketleri gibi ek anomalilerin de
eslik edebildigi bilinmektedir [2]. Oysaki hastaligin normos-
mik formu olan HH’de GnRH néronlart hipotalamustaki ni-
hai hedeflerine ulagmalarina ragmen islevsizdir. Dolayisiyla
HH vakalarinda ek anomali beklenmemektedir [2]. Tlgili
mutasyonu tasiyan her iki normosmik ¢aligma hastamizda
da bu durumla uyumlu olarak ek konjenital anomali yoktur.
Bouilly ve ark. calismasinda p.Gly470Asp degisimine sahip
iic KS hastasindan sadece birinde ayna hareketi gézlenmis-
tir [8]. Buna bagli olarak hastada ek anomalinin ortaya ¢ik-
masinda mutasyonun tek basina degil yardimci varyantlarla
birlikte etkili oldugunu diisiinmekteyiz.

Caligmamizda Mendel dis1 kalitim paterninin bir isareti
olarak ii¢ hastanin birden fazla gende RSV tasidigini tes-
pit ettik [17]. Geleneksel olmayan kalitim modellerinden
biri olan oligogenik kalitim, belirgin sekilde artan rapor sa-
yist ile HH hastalik modelinde giderek on plana ¢ikmuistir [9,
10, 12]. Hastalikla iligkili genlerde gdzlenen ancak mevcut
bilgilerde klinik yansimasi heniiz netlesmemis RSV’lerin
bu kalitim modeline katkida bulundugu disiiniilmektedir.
Farkli genlerde tespit edilen mutasyonlar arast muhtemel si-
nerjik etkinin belirlenmesi, hiicresel veya ¢evresel faktorler
tarafindan da modifiye edilebilecegi i¢in, tek gen hastalikla-
rina oranla daha fazla zaman almaktadir [17]. Dolayisiyla bu
alanda yapilan calismalarin artmasinin oligogenik bulmaca-
nin kisa stirede tamamlanabilmesi i¢in ¢ok énemli oldugunu
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diistiniiyoruz. Bu sebeple, ozellikle hastalik patogenezinin
olusabilmesi i¢in gerekli olan ¢oklu etkilesimde, heniiz sa-
dece tek gen varyanti belirlenmig hasta verilerinin (I ve V
¢gibi) ileriye yonelik gen kesfinde yol gosterici olabilecegini
ongdrmekteyiz.

V. SONUC

Bu calismada DCC ve NTNI genlerindeki ii¢ nadir se-
kans varyantinin HH ve KS hastalik modeliyle iliskili ol-
dugu ilk kez tanimlanmistir. Varyantlarin hastaligin her iki
formunda da gdzlenmesi, anosmik ve normosmik model
arasinda net bir ayrimin olmadigini literatiirle uyumlu ola-
rak dogrulamistir. Ayrica HH ve KS klinigindeki hastalarda
DCC vel/veya NTNI olas1 patojenik nadir sekans varyantla-
rina ek olarak bilinen diger HH/KS genlerinde mutasyonlar
tespit edilmesi, oligogenik kalitimin bir igareti olacagi igin
hastalikla iliskili diger gen varyantlarin aranmasi daha iyi
bir genetik yonetimi saglayacaktir.
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Oz

“Gonadotropin Salgilatict Hormon 17 geni (Gonadotropin-releasing hormone 1, GNRH1), gonadotropin salgilatict hormon ailesinin tiyesi
olan bir preprohormonu kodlamaktadir ve Idiyopatik Hipogonadotropik Hipogonadizm’e (IHH) yol agan genler arasindadir. Bugiine kadar
hastalikla iliskili olarak GNRH’de oldukga sinirli sayida mutasyon bildirilmesine ragmen, homozigot ¢.99delA delesyonu farkli etnik ko-
kenlere sahip IHH’li ailelerde tekrarlayan sekilde raporlanmistir. Bu ¢alismada, GNRH1 ¢.99del A mutasyonu tasiyan [HH tanili {i¢ bagim-
siz aileden toplam dort hastada ayrintili genetik ve klinik inceleme yapilmasi amaglanmistir. Bu ailelerdeki her ii¢ indeks olgu da IHH nin
klinik olarak en agir yansimasi sayilan inmemis testis/mikropenis ile bagvurmustur. GNRHI mutasyonunun komsulugundaki homozigot
segmentlerin her ti¢ ailede de farkli olmasi mutasyonun ortak bir atadan kalitilmig (founder mutation) olmak yerine, mutasyona egilimli
bir bolge (mutational hotspot) nedeniyle olusmus oldugunu diisiindiirmektedir. GNRH I homozigot mutasyonlari IHH i¢in halen nadir go-
riilen nedenlerden biri olmasina ragmen hastalarda nedensel GNRH taramasi yapilirken ¢.99del A mutasyonu 6ncelikli bakilmasi gereken
noktalarin basinda gelmektedir.

Anahtar Kelimeler: GNRH, idiyopatik hipogonadotropik hipogonadizm, delesyon, gergceve kaymasi mutasyonu

Abstract

“Gonadotropin-releasing hormone 1” gene (GNRHI) encodes a preprohormone that is a member of the gonadotropin-releasing hormone
family and is among the causal genes for the idiopathic hypogonadotropic hypogonadism (IHH) disease model. To date, although a very
limited number of mutations have been reported in the GNRH associated with the disease, the homozygous ¢.99delA has been repeatedly
reported in IHH families with different ethnic backgrounds. In this study, we aimed a detailed genetic and clinical investigation of four
IHH patients from three independent families with GNRHI ¢.99delA mutations. All three probands in these families presented with unde-
scended testicles and/or micropenis, which is considered clinically the most severe manifestation of IHH. The fact that the homozygous re-
gions flanking to the GNRHI mutation are different in each of the three families suggest that the mutation is caused by a mutational hotspot
rather than a founder mutation. Although GNRH1 homozygous mutations are still one of the rare causes of IHH, c.99del A mutation is a pri-
mary point to be noted when performing a causative GNRH1 screening.

Keywords: GNRH 1, idiopathic hypogonadotropic hypogonadism, deletion, frameshift mutation

Sorumlu yazar/Corresponding Author: Leman Damla KOTAN, Tel: 0322 3386060, e-posta: dkotan@cu.edu.tr
Gonderilme/Submitted: 05.09.2019, Diizenleme/Revised: 13.11.2019, Kabul/Accepted: |1.12.2019


https://orcid.org/0000-0001-6176-8986
https://orcid.org/0000-0002-1684-1053
https://orcid.org/0000-0002-5654-247X
https://orcid.org/0000-0003-1597-8418
https://orcid.org/0000-0003-4378-3255
https://orcid.org/0000-0003-2931-9552

Int. J. Adv. Eng. Pure Sci. 2020, |: 73-78

GNRHI c.99delA

1. GiRiS

Gonadotropin salgilatict hormon (Gonadotropin-relea-
sing hormone, GnRH), hipotalamo-hipofizer-gonadal ek-
seni harekete gecirerek sekonder cinsiyet 6zelliklerinin ve
iireme yeteneginin gelismesini, dolayisiyla piibertenin basg-
lamasini saglamaktadir. Idiyopatik Hipogonadotropik Hipo-
gonadizm (IHH), anormal gonadotropin salgilanmasindan
kaynaklanan tam veya kismi pubertal gelisim bozukluguyla
karakterize bir hastaliktir [1]. GNRH (Gonadotropin-relea-
sing hormone 1), GnRH ailesinin iiyesi olan bir preprohor-
monu kodlamaktadir [2]. iki farkli grubun 2009 yilinda art
arda GNRH’deki homozigot ¢ergeve kaymasi mutasyon-
larin1 ITHH’1i olgularda raporlamasi sonucu, hastaliktan so-
rumlu genler listesine dahil olmustur [3,4]. Ergenlik siire-
cindeki roliiniin kesfinden bugiine kadar gecen siirede bu
gende oldukc¢a smirlt sayida mutasyon bildirilmistir [5-7].
Ancak calismalar GNRHI ve reseptorii olan GNRHR’ nin
IHH etiyolojisindeki en énemli aday genler oldugunu des-
teklemektedir [1,8]. IHH’li bir olguda GNRH’deki homo-
zigot ¢.99delA mutasyonu ilk olarak 2009 yilinda Chan ve
ark. tarafindan bildirilmistir [4]. Ayni pozisyondaki deles-
yon 2016 yilinda merkezimizden Mengen ve ark. tarafindan
raporlanmustir [7].

Bu ¢alismada, GNRH1 genindeki nadir patojenik bulgu-
lara ragmen, IHH hastalarinda tekrarlayan sekilde bildirilen
c.99delA delesyonunun ayrintili sekilde klinik ve genetik in-
celemesi ve ilgili mutasyon sikliginin nedenlerinin aragtiril-
mas1 amaglanmustir.

IL. YONTEM

Cukurova Universitesi Tip Fakiiltesi Cocuk Endokrino-
lojisi Polikliniginde genetik ¢alismasi yapilan, IHH tanili ve
etiyolojisinde GNRHI (HGNC: 4419, NM_001083111.2) c.
99delA mutasyonu saptanan hastalar degerlendirmeye alin-
mistir. ¢.99delA delesyonuna sahip olan hastalarda kalitim
paterninin belirlenebilmesi i¢in aile i¢i segregasyon calis-
mas1 Sanger sekanslamasi ile yapilmistir. Degisimin in si-
lico kontrolii i¢in VarSome veritabant kullanilmigtir [9].
Hasta bireylerin tiim eksom sekans verileri incelenerek mu-
tasyonun bulundugu homozigot bdlgenin sinirlart belirlen-
mistir. Bu hastalarda bilinen diger IHH genlerinde neden-
sel bir mutasyon tespit edilmemistir. Bu ¢alisma Cukurova
Universitesi Tip Fakiiltesi Etik Kurulu tarafindan onaylan-
mis (no: 81/2) ve ¢aligma hastalarindan ve/veya velilerinden
yazilt onam alinmustir.

Aile 1: Ug yasinda sag orsiopeksi operasyonu gegiren in-
deks olgu (II-4) 21 yasindayken ergenlik bulgularinin basla-
mamasi yakinmastyla Pediatrik endokrinoloji poliklinigine
basvurdu. Arap kokenli olan anne ve babasinin aralarinda
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akraba olmadigi o6grenildi. Kemik yasi, takvim yasi ile
uyumlu olan hastanin {i¢ y1l 6nce HH tanisi ile insan koriyo-
nik gonadotropini, follitropin alfa tedavisi aldig1 égrenildi.
Testis hacmi bilateral 3cc olan hastanin tedavi sonrasi Lute-
inlestirici Hormon (LH): 0,28 mIU/ml (0,4-7,0), Folikil Sti-
miilan Hormon (FSH): 0,46 mIU/ml (2,60-11,00), Total Tes-
tosteron: 0,36 mg/mL (3,50-9,70) olarak saptandi. Olgunun
12 yas 3 aylik erkek kardesi (II-6) penis kiigiikliigl sikayeti
ile bagvurdu. Kemik yasi 11 yas 6 ay ile uyumlu iken puber-
tal muayenesinde aksiller ve pubik killanma evre 1, testis
hacimleri; sol 2-3 cc, sag 1-2 cc olarak not edildi. Hormonal
degerlendirmesinde LH: 0,34 mIU/ml, FSH: 0,32 mIU/ml,
Total Testosteron: 0,13 ng/mL olmasi {izerine takibe alinan
hastanin koku muayenesi normal, 13 yas 6 aylikken yapi-
lan son degerlendirmesinde testisleri bilateral 2 cc ve kemik
yas1 takvim yast ile uyumluydu. Olgunun bazal LH: 0,60
mlIU/ml (0,20-4,90), FSH: 0,36 mIU/ml (1,80-3,20), Total
Testosteron: 0,26 mg/mL (0,18-1,50), LHRH uyari testinde
pik LH: 0,95 mIU/ml (>5) saptandi ve IHH tanis1 aldi. Her
iki olgunun hipofiz MR goriintiilemesi normaldi.

Aile 2: Pediatrik endokrinoloji poliklinigine ilk kez 17
yas 6 aylikken testislerinin kii¢iik olmas1 yakinmasiyla bag-
vuran indeks olgunun (II-1) 6zge¢misinde sag orsiopeksi
operasyonu oldugu 6grenildi. Ozgegmisinde Tiirk kokenli
anne ve babasinin kuzen oldugu bildirilmisti. Pubertal de-
gerlendirmesinde aksiller ve pubik killanma evre 1, tes-
tis hacimleri ise prepubertaldi. Koku muayenesi normal
ve kemik yasi takvim yasi ile uyumlu olan hastanin bazal
hormonal degerleri ve LHRH uyari testi sonuglart IHH ile
uyumluydu. Ug aylik testosteron tedavisi sonrasi son mua-
yenesinde testisleri bilateral 2 cc ve LH: <0,03 mIU/ml (0,4-
7,0), FSH: 0,1 mIU/ml (2,60-11,00), Total Testosteron: 0,72
ng/mL (3,50-9,70) olarak not edildi. Yapilan LHRH uyar1
testinde pik LH yanit1 1 mIU/ml (>5) olan hastanin diger hi-
pofiz hormonlari normal sinirlardaydi. Olgunun hipofiz MR
goriintiilemesi normaldi.

Aile 3: Onbes yas 9 aylik indeks olgu (II-1) ilk kez bir
yasinda penis kiiciikliigli ve bilateral inmemis testis yakin-
masi ile gocuk endokrinolojisi poliklinigine bagvuran hasta
iki yasinda orsiopeksi operasyonu gegirmistir. Ebeveynleri-
nin Tiirk kdkenli ve kuzen olup zamaninda ergenlik yasa-
diklar1 6grenildi. Son muayenesinde testis hacimleri bilate-
ral 1 ml olan hastanin gerilmis penis boyu 3.6 cm, kemik
yast ise 11 yas ile uyumluydu. Hormonal degerlendirmesi
LH: 0.1 mIU/ml (0.2-5,0), FSH: 0.2 mIU/ml (2,0-9,2) ve To-
tal Testosteron 0,10 ng/mL (2,00-6,20) ile prepubertal olan
hastanin koku muayenesi normaldi. Hasta IHH tanisiyla iz-
lenmektedir.
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ITII. BULGULAR

Toplam, ii¢ aileden dort hasta birey GNRHI ¢.99delA
homozigot mutasyonun (c.del99A/c.del99A) incelemesi
icin c¢alismaya alimmistir. Bu degisime gore, genin ilk

eksonundaki kodlayan dizide 99. niikleotid pozisyonunda
bulunan adeninin (A) kaybt sonucu (c.99delA) baz dizili-
minde kayma meydana gelmis ve 34. aminoasit olan gli-
sin (Gly), glutamik aside (Glu) degismistir (p.Gly34Glufs)
(Tablo 1a, 1b).

Tablo 1.a. GNRH1 33-42. aminoasit dizilimi, normal (wild-type) dizi. *koyu renk ile gdsterilen baz, delesyon sonucu kayba ugramistir

Aminoasit no 33 34 35 36 37 38 39 40 41 42
Triplet GGA GGA AAG AGA GAT GCC GAA AAT TTG ATT
Aminoasit Gly Gly Arg Arg Asp Ala Glu Asn Leu Ile

Tablo 1.b. GNRH1 33-42. aminoasit dizilimi, mutant dizi

Aminoasit no 33 34 35 36 37 38 39 40 41 42
Triplet GGG GAA AGA GAG ATG CCG AAA ATT TGA -
Aminoasit Gly Glu Arg Glu Met Pro Lys Ile Ter -

Sanger sekansi ve aile i¢i segregasyon caligmalari ile bi-
rinci ailede ebeveynlerin delesyon igin heterozigot oldugu
(c.99delA/WT), genetik calismasi yapilabilen saglikli kar-
deslerin ise her iki alelinde de mutasyon tasimadig1 (wild-
type, WT) (WT/WT) tespit edilmistir. Ikinci ailede kan 6r-
negine ulasilabilen ebeveynin heterozigot oldugu, ii¢iincii

ailede ise ebeveynler ve saglikli kardesin mutasyonu hete-
rozigot (c.del99A/WT) tasidigr belirlenmistir (Sekil 1, 2).
Hastalarin eksom verilerinde delesyonun bulundugu alan in-
celenmesinde, aile 1 (II-4) 21.5-35.4 Mb, aile 2 (II-1) 22.9-
41.8 Mb ve aile 3 (1I-1) 12.4-52.7 Mb araliginda homozigot
bdlgeye sahip olduklarini belirlenmistir.

T CC TA TG G TG C G CCC
T T A T A T

T ¢cc T ATG 6T G G CcC Cc Cc T
T CCTATG 6 AT 6 G CC CTCTT

NAAAA

T G

T G £ G C C C

L~p [} ]

T C C T A
T CC T HT GG

o

G CGCCC 1

v Wy

Sekil 1. GNRHI c.del99A delesyonu sanger sekans dizilemesi. Ust sira homozigot normal dizi (WT/WT), orta sira heterozigot mutant
dizi (c.del99A/WT), alt sira homozigot mutant dizi (c.del99A/c.del99A) gosterilmektedir
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Aile no: 1

c.del99A/WT |c.del99A/WT
1 2 3 4 5 6
1
WT/WT WT/WT c.del99A/c.del99A WT/WT  c.del99A/c.del99A
Aile no: 2 Aile no: 3
1 2 1 2
I I
c.del99A/WT c.del99A/WT |c.del99A/WT
1 1 2
c.del99A/c.del99A c.del99A/c.del99A  c.del99A/WT

_Sekil 2. c.del99A mutasyon segregasyonunun aile agaci lizerinde gosterimi. Yuvarlak sekiller kadin, kareler erkegi temsil etmektedir.
I¢i tamamen taranmis sekiller delesyonu homozigot tagiyan bireyleri, yarim taranmis sekiller heterozigot tasiyan bireyleri, ok ise indeks
olguyu gostermektedir. Cift ¢izgi ebeveynler arasinda akrabalik oldugunu belirtmektedir

IV. TARTISMA

Bu calismada GNRHI geninde yineleyen bir sekilde
gozlenen ve IHH klinigine yol agan ¢.99delA cerceve kay-
mas1 mutasyonu klinik ve molekiiler genetik 6zellikleri ag1-
sindan incelenmistir. Cergeve kaymasi (frameshift, fs) mu-
tasyonlar, mRNA okunmasinin standart kurallar dahilinde
lokal degisiklikler ile yeniden dizilenmesidir. Bu gibi okuma
gergevesini degistirebilen olaylar, olduk¢a nadir goriilme-
sine karsin protein iiretimini ciddi diizeyde etkileyebilecek
giictedir [10]. Bir aminoasidi temsil eden kodonun ikinci
niikleotidinde baslayan protein translasyonlar1 “+1 ¢ergeve
kaymasi1”, ligiincii niikleotidinde baglayanlar ise “-1 ¢erceve
kaymas1” olarak tanimlanmaktadir [11]. Primatlarin mito-
kondriyal genomlarinda yapilan taksonomik calismalarda,
+1 ¢erceve kaymasi mutasyonlarinin — 1’e oranla daha fazla
stop kodonu kombinasyonuna sahip oldugu bildirilmistir
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[11,12]. Bu durumdan ortaya ¢ikan, +1 ¢ergeve kaymalari
yoluyla dogal seleksiyonun optimize edildigi 6nermesi, +1
mutasyonlarimin — 1’e gore daha patojenik sonuglar1 oldu-
gunu diisiindiirmektedir [12]. ITHH klinigindeki hastalari-
mizda tespit edilen ¢.99delA mutasyonu +1 siniflandirma-
sina girmektedir. Delesyonun sebep oldugu kayma sonucu
yeniden diizenlenen okuma gercevesinde, mutant bolgeden
sekiz aminoasit sonra stop kodonunun (Termination, Ter)
erken kodlanmasiyla dizi sonlanmistir (p.Gly34GlufsTerS)
(Tablo 1a,b). Cergeve kaymasi mutasyonlari sonrasi olusan
yeni diziden sentezlenen peptidler ¢cogunlukla sitotoksik et-
kidedir [11,13]. Bu gibi prematiir stop kodonu tasiyan mR-
NA’lar, zarar verici nitelikteki normal dis1 protein liretimi-
nin engellenebilmesi i¢in nonsense-mediated decay (NMD)
adli mekanizma ile elimine edilmektedir [14]. ¢.99delA mu-
tasyonunun VarSome veritabani incelenmesi, ACMG/AMP
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2015 (The American College of Medical Genetics and Ge-
nomics and the Association for Molecular Pathology) kri-
terlerince hastalik yapici diizeyde PVS1 (pathogenic, very
strong), PM2 (pathogenic, moderate), PP5 (pathogenic, sup-
porting) ile skorlanmis ve delesyonun patojenik oldugu so-
nucuyla degerlendirilmistir [15]. In silico programlarca ¢ok
yiiksek ihtimalle NMD mekanizmasini aktive etmesi tahmin
edilen ¢.99delA delesyonunu tasiyan hastalarimizda mutas-
yonunun bir sonucu olarak ilgili genden protein {iretiminin
olmamas1 ve GnRH aktivitesinin total kaybi beklenmektedir.
Bu 6ngoriiyle uyumlu olarak literatiirdeki her iki c.del99A
homozigot mutasyonlu hastada da komplet IHH mevcuttur
[4,7]. Benzer sekilde daha sonra tani koyulan hastalarimiz
da (Aile 1, 1I-4; Aile 2, 1I-1) IHH nin en agir klinik belirtisi
sayllan inmemis testis/mikropenis ile bagvurmustur. inme-
mis testis/mikropenis varligi bu bireylerde hipotalamo-hipo-
fizer-gonadal eksenin embriyonik ve fetal gelisimi sirasinda
GNRHI’in kodladigi GnRH nin iiretiminin agir bir sekilde
azalmis oldugunu telkin etmektedir.

Geemis calismalarda homozigot ¢.99delA mutasyonu
Chan ve ark. tarafindan beyaz Avrupa kokenli bir ailede,
Mengen ve ark. tarafindan ise Tiirk kdkenli bir ailede (Aile
3, II-1) bildirilmistir [4,7]. Bu ¢alismadaki olgular dahil ya-
yinlanmis biitiin ¢.del99A delesyonlu hastalar dikkate alin-
diginda tiim olgularin Avrupa’dan bildirildigi gézlenmekte-
dir. Bu durum, ¢.99delA delesyonunun atasal olarak ilk kez
Avrupa’dan koken almis olabilecegi ve atalarin birinden do-
gup Avrupa’da yasayan nesiller boyunca yayilan eski bir ku-
rucu mutasyonu (founder mutation) temsil etmesinin ola-
siligini diistindiirmistiir [16]. Bu goriisiin netlesmesi i¢in
haplotip analizi ve baginti analizi yontemleri uygulanabil-
mektedir. Etkilenmis bireyler arasinda paylasilan homozigot
bolgelerin belirlenmesi esasina dayanan homozigosite hari-
talamasi, otozomal resesif gecisli Mendel hastaliklarina ne-
den olan genlerin tanimlanmasinda kullanilan basarili bir
yontemdir ve ebeveynlerden kalitilan resesif hastaliga sa-
hip bireylerde polimorfik belirteglerin genomda taranmasi
ile yapilmaktadir [17]. Tiim eksom sekanslamasi teknigini
de kapsayan yeni nesil sekanslama verileri kullanilarak ho-
mozigotluk haritasi olusturulup, nedensel olabilecek degi-
siklikleri iceren bolgeler belirlenebilmektedir [18]. ilgili ko-
numlanma, haritalamas1 yapilan ii¢ hasta birey i¢in de ortak
homozigot bolge kapsaminda bulunmaktadir. Ancak her lig¢
hastanin da homozigot alan biiyiikliikleri, baslangi¢ ve bi-
tim noktalar1 birbirinden farklidir. Bu durumda c.99A de-
lesyonunun ortak bir atadan kaynaklanmasi yerine ayni po-
zisyonda tekrarlayan bir mutasyon olabilecegini gii¢lii bir
sekilde disiindiirmektedir. Bu gibi belirli noktalara kon-
santre olmus mutasyonlar, niikleotid sekanslari boyunca

77

mutasyona yatkin bolge (hotspot) olarak adlandirilan alan-
larin varligini isaret edebilmektedirler [19].

V. SONUC

GNRHI homozigot mutasyonlart IHH igin halen nadir
goriilen nedenlerden biridir. Gendeki ¢.99delA delesyonu-
nun IHH’ye sebep oldugu, caligmamiz ile birlikte toplamda
iic farkli etnisitede degisik homozigot haplotip boyutla-
riyla gosterilmistir. Dolayistyla IHH hastalarinda nedensel
GNRH] taramasi yapilirken ¢.99delA mutasyonu bir ho-
tspot olarak oncelikli bakilmasi gereken noktalarin basinda
gelmektedir. IHH’de ayn1 mutasyonlarin farkli klinik 6zel-
liklere neden olabilecegi gesitli kereler bildirilmisken, c.
del99A mutasyonuna sahip hastalarin hemen hemen ayni
derecede agir bir klinige sahip olduklar: bu ¢aliymada goz-
lenmistir. Bununla birlikte belirli bir populasyondaki kurucu
mutasyonlarin ve/veya hotspotlarin tanimlanmasi, molekii-
ler tantya ve ilerleyen donemlerde genetik danismanliga kat-
kida bulunacaktir.
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Cografi Sosyo-Ekonomik Mahrumiyetin ve Hava Kirleticilerinin
Bebek Dogum Agirhig Uzerindeki Etkisi

Impacts of Geospatial Socio-Economic Deprivation and Air Pollutants on Infant Birth Weight
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Oz

Klasik gevresel saglik risk tahmin yontemleri, insan-cevre sistemlerinin dongiiselligine ¢6ziim getirmede ve gevresel kirletici degiskenle-
rinin insan saglig1 tizerindeki olasi etkilerinin incelenmesinde yetersiz kalmaktadir. Bu ¢alismada Bayesian yontemleri kullanarak nitrojen
dioksit (NO,) maruziyeti, partikiil madde (PM), sosyoekonomik mahrumiyet ve bebek dogum agirlig1 arasindaki iligkinin New York sehri
6rnegi lizerinde arastirilmast hedeflenmistir. Epidemiyolojide NO, ve PM,  maruziyetinin olasi karistirici etkenler (6r. viicut kitle indeksi)
tizerindeki etkilerini géz oniine alabilmek igin, ve NO,, PM, , ve degiskenlerin (or. sosyoekonomik mahrumiyet) teorik etkileri arasinda iki
yonlii iligkinin incelenmesi igin Bayesian Ag (BA) modeli gelistirilmistir. Gelistirilen PM-NO,-BA etki modeli ile farkl: tiirdeki bilgileri
biraraya getirerek risk analizi gergeklestirilmistir. Bu makalede sunulan modelleme yaklasimi halk sagligina etki eden risk faktorleri ara-
sindaki dogrusal olmayan iliskinin degerlendirilmesi konusunda 6nemli katkida bulunacaktir. Diisiik Viicut Kitle Indeksine (VKI) sahip
annelerin hava kirleticilerine maruziyeti ve buna bagl olarak bebek dogum agirlig riskinin etkilendigi gdzlenmistir. Normal VKI’ne sahip
annenin yiiksek NO, konsantrasyonuna maruziyeti sonucunda diisiik dogum riski %7 iken diisiik VKI’ne sahip annenin yiiksek NO, kirli-
ligine maruz kalmasi sonucunda bu risk %36’ya ¢ikmaktadir. Farkli sosyo-ekonomik mahrumiyet indeksine (SMI) ait vakalar kirleticilere
maruziyet sonucunda farkli risklerle kargilasmaktadir. NO, maruziyetine benzer olarak PM, , maruziyeti diisiitk SMI’da yiiksek risk (%27)
olustururken daha yiiksek indekse sahip grupta bu riskin azaldigi elde edilmistir.

Anahtar Kelimeler: Cevresel istatistik, risk analizi, maruziyet-saglik iliskisi, halk saglig1, hava kirliligi, sosyoekonomik mahrumiyet

Abstract

Conventional environmental health risk estimation methods are insufficient to solve the cyclicity of human-environmental systems and
to examine the possible effects of environmental pollutant variables on human health. In this study, it is aimed to investigate the relation-
ship between nitrogen dioxide (NO,) exposure, particulate matter (PM) exposure, socioeconomic deprivation and infant birth weight by
using Bayesian methods on the New York City example. In order to consider the effects of NO, and PM, , exposure on possible confound-
ing factors in epidemiology, and to investigate the two-way relationship between theoretical effects of NO,, PM, , and variables (e.g. socio-
economic deprivation), Bayesian Network (BN) model has been developed. Risk analysis was carried out by combining different types of
information based on literature knowledge and data. The proposed modeling approach presented in this article will make a significant con-
tribution to assessing the nonlinear relationship between risk factors affecting public health. It was observed that mothers with Low Body
Mass Index (BMI) were exposed to air pollutants and consequently the risk of infant birth weight was affected. While the risk of low birth
is 7% as a result of exposure to high NO, concentration of the mother with normal BMI, this risk increases to 36% as a result of the expo-
sure of the mother with low BMI to high NO, pollution. Cases of different socio-economic deprivation index (SMI) face different risks as
a result of exposure to pollutants. Similar to NO, exposure, PM, , exposure poses a high risk (27%) in low SMI, whereas this risk decreases
in the higher index group.

Keywords: Environmental statistics environmental risk analysis, exposure-health relationship, public health, air pollution, socioeconomic
deprivation

Sorumlu yazar/Corresponding Author: Nur H. ORAK, Tel: 0380.541.111 I, e-posta: nurorak@duzce.edu.tr
Gonderilme/Submitted: 14.02.2019, Diizenleme/Revised: 26.11.2019, Kabul/Accepted: 28.12.2019


https://orcid.org/0000-0002-3830-9260

Int. J. Adv. Eng. Pure Sci. 2020, |: 79-88

Sosyo-Ekonomik Mahrumiyet ve Saglik

1. GiRiS

Cevresel saglik arastirmalarinda sosyo-ekonomik etken-
lerin ve gevresel kirleticilere maruziyetin entegre edilme ih-
tiyact uzun siiredir bilinmektedir [1, 2]. Ayn1 zamanda gii-
niimiizde gebelik siirecinde hava kirleticilerine maruziyetin
olumsuz etkilerini inceleyen arastirma sayisi artmaktadir
[3]. Birgok literatiir caligmast hava kirliliginin dogum sii-
recini ve sonuglarii olumsuz etkiledigini, buna sebep olan
biyolojik mekanizmay1 ve sistematik oksidatif stres etken-
lerini ortaya koymaktadir [4]. Ancak az sayida caligma bu
korelasyon ile iligkili sosyo-ekonomik etkenleri incelemek-
tedir. Bunun sebebi kirleticilere maruziyetin tahmin yon-
temleri veya 6l¢iim hatasi [5] gibi farkli ispat agamalarinda
belirsizliklerin olmasidir. Ayrica, karistirict etkenlerin ana-
liz eksikligi de bu tutarsizlifa neden olmaktadir. Mevcut
calismalar arasinda ortak amaglardan biri sosyo-ekonomik
mahrumiyet ile cografi kirlenme maruziyeti arasindaki ko-
relasyonun etkin bir sekilde incelenmesidir [6]. Bireysel
sosyo-ekonomik diizeyin (SED) dikkate alindig1 birgok ¢a-
lisma, cografi mahrumiyetin hamilelik sonuglarina olumsuz
etki ettigini gostermektedir [7]. Ancak, bu ¢aligmalarin ¢ok
az1 hava kirleticilerine maruziyetin ve gebelik gelisimi so-
nuclar1 arasindaki diferansiyel iligkiyi sosyo-ekonomik diiz-
lemde incelemistir. Bu ¢aligma kapsaminda Bayesian yon-
temleri kullanilarak sosyo-ekonomik etkenler, hava kirliligi
parametleri ve dogum agirlig1 arasindaki dogrusal olmayan
iliski olasiliksal olarak incelenmistir.

Hizli ve diizensiz sehirlesme hava kirleticileri ile insan
saglig1 arasindaki dogrusal olmayan iligkinin incelenmesini
kritik hale getirmistir. Tip ve gevre bilimlerinin uyguladigi
yontemler siirlt olmakla birlikte, ¢evresel boyutun anali-
zinde yetersiz kalmaktadir. Bu ¢alismada 6rnek bir durum
iizerinden ¢evresel ve sagliksal etkenleri entegre edecek is-
tatistiksel bir yontem gelistirilmesi hedeflenmistir. Hava kir-
leticilerinin halk saglig1 iizerinde uzun sireli kritik etkileri
bulunmaktadir. Bu risk ile iligkili etkilerin en aza indirgene-
bilmesi i¢in dncelikle olugma siirecinin ve etkenler arasin-
daki korelasyonun tespiti gerekmektedir. Sosyo-ekonomik
diizeyin tanimlanmasi ve hesaplanmasinda birgok farkli go-
rlis bulunmaktadir. Temel etkenler arasinda irk, egitim sevi-
yesi ve gelir diizeyi sayilabilir. Ancak her ¢alismada SED’e
etki eden degiskenler farklidir, bu nedenle fikir birligi sag-
layacak bir tespit metodu 6nermek bugiine kadar miimkiin
olmamigtir. SED degiskenlerinin énemi ve risk olusumuna
katkis1 senaryo bazinda degigmektedir. Bu problem holistik
bir yaklasimin gerekliligini gostermektedir.

Cevre sagligi arastirmalarinda kimyasal ve kimyasal ol-
mayan etkenlerin insan saglig1 iizerine olan birlesik etki-
sine olan ilgi uzun bir siiredir artmaktadir [1, 2, 8, 9]. Yeni
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aragtirma sonuglari kronik psikososyal stresin, kirleticilerin
insan saglig1 tizerine etkisini modifiye eden bir etken oldu-
gunu bir takim epidemiyolojik ve toksikolojik kanitlar ile
ortaya koymaktadir [10, 11]. Arastirmacilarin sosyal ve fi-
ziksel ¢evre arasindaki iliskiyi anlayabilmesi i¢in yeni yon-
temlerin gelistirilmesine ihtiya¢ duyulmaktadir. Psikososyal
stres genel olarak sosyal stres faktorlerine (olay, durum, fi-
ziksel veya psikolojik bir etken ile karsilasilmasi) maruziyet
sonucu geligir. Bireylerin kaldirabileceginin Stesinde stres
faktoriine diizenli olarak maruz kalmasi sonucunda stres
kronik hale gelir. Kronik psikososyal stres olumsuz duygu
durumlart ile iligkilidir, bu durum immiin, endokrin, ve me-
tabolik fonksiyonlara etki eder [12]. Bu fizyolojik degisim-
ler bireylerin kimyasal maruziyetlere (6rn. kirleticiler, pa-
tojenler) olan tepkisine etki edebilir ve bu gruplarin birgok
hastaliga olan maruziyet riskini artirabilir [13]. Bunun bir
sonucu, kronik olarak sosyal stres faktorlerine maruz kalan
birey ve toplumlar ¢evresel kirleticilerin olumsuz saglik et-
kilerine daha hassas olabilir [14]. Stres faktorlerinin 6l¢iimii
oncelikli olarak bireysel anketlere veya stresli olaylarin tah-
mini i¢in kullanilan biomarker verisine [14], stres olusu-
muna sebep olabilecek durumlara [15], ve akil sagligina etki
eden kronik stes faktorlerine baglidir [16].

Kronik psikososyal stresin degerlendirilmesine odakla-
nan bir¢ok epidemiyolojik ¢alisma bireysel seviyede stresi
Olgemediginden toplumsal indikatorleri kullanmaktadir (sug
orani, fakirlik seviyesi, muhit giivenligi, finansal stres gibi).
Ancak her bireyin toplumsal stres faktorlerine kars1 vere-
cegi tepki farklidir. Sosyal ve ¢evresel etkenlerin birlesik so-
nuglarint inceleyen birgok epidemiyolojik ¢calisma SED ve
demografik Ol¢iimleri kullanmaktadir. Bunun bir sonucu
olarak SED indikatorlerinin sosyal ve psikososyal stres ma-
ruziyetini ifade etmede yeterli olmast konusunda belirsizlik
dogmaktadir. Cok sayida arastirma bolgesel mahrumiyetin
ve SED’in dogum sonuglarina olumsuz etki ettigini goster-
mektedir [17]. Ancak bu ¢alismalardan pek az1 hava kirleti-
cilerine maruziyet ile bebek dogum agirligi arasindaki ilis-
kiyi incelemistir.

Bu calismada gebelik siirecinde NO,, partikiil madde
PM, , maruziyeti ve cografi sosyo-ekonomik mahrumiye-
tin bebek gelisimine etkisini incelemek i¢in istatistiksel bir
yontem gelistirilmesi hedeflenmistir. Bu yontem tibbi bilim-
lerde hasta durum analizinin gergekei bir sekilde yapilma-
sinda kullanilabilecektir. Bu entegre yaklagim hava kirleti-
cilerinin ve farklt SED degiskenlerinin kiimiilatif etkisini
degerlendirmeyi hedeflemektedir.

Bu calismada test edilmesi ve cevaplanmasi planlanan
hipotez ve sorularin baglicalari: Ayr1 ayr1 ve birlesik ola-
rak NO, ve PM, .’in hangi konsantrasyon seviyeleri dogum
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agirligi lizerinde en yiiksek riski olusturmaktadir, degisken-
ler (dogum agirligi, annenin egitim seviyesi, saglik giiven-
cesi, gibi) ve stres faktorleri arasindaki olasiliksal iliski ne-
dir, hangi senaryolar en yiiksek riski olusturur, bu etkenler
ile ilgili olarak hangi anne aday1 grubu hamilelik sonucunda
en yiiksek diisiik riski ile kars1 karstyadir.

II. MATERYAL VE YONTEM

Gebelik siirecinde NO,, PM, _ maruziyeti ve cografi sos-
yo-ekonomik mahrumiyetin bebek gelisimine etkisini ince-
lemek i¢in detayli veriye ihtiya¢ duyulmaktadir. Bu arastir-
manin gerceklestirilebilmesi icin ABD’deki New York Sehri
ornek olarak incelenmistir. Bu sehrin se¢ilmesinin nedeni
gerekli veri bankasiin bulunmasidir. Bu ¢aligmada Shmool
ve dig. (2015) [18] tarafindan raporlanan ve 2008-2010 yil-
lar1 arasinda dort mevsim siiresince New York City Com-
munity Air Survey (NYCCAS) tarafindan toplanan yiik-
sek ¢oziiniirliiklii cografi hava kirliligi verisi ve 2008-2010
yillar1 arasinda New York Sehri hastane dogum kayitlarini
(n=243,853) ozetleyen sonuglar kullanilarak (Tablo 1) Ko-
sullu Olasilik Tablolar1 (KOT) olusturulmustur. Buradaki
ama¢ mekansal mahrumiyetin tanimlanabilmesi i¢in dogum
sonuglaryla iligkili cografi tabanli degiskenlerin kategorize
edilmesidir.

Bu calismada kullanilan degiskenler: dogum agirligi, an-
nenin egitim seviyesi, saglik giivencesi durumu, irk, anne-
nin yasi, dogum 6ncesi viicut kitle indeksi, gebelik siiresince
saglik hizmeti alma durumu, toplam gerceklestirdigi dogum
say1s1, gestasyonel yas (hafta), yil, konutsal bélgedeki NO,
konsantrasyonu (ppb), konutsal blgedeki PM, , konsantras-
yonudur (pg/m?).

Sosyo-ekonomik mahrumiyet indeksi (SMI) referans
olarak kullanilan Shmool ve dig. (2015) caligmasina bagh
olarak modellenmistir. Referans calismanin komposit in-
deksin hesaplanmasinda baz aldig1 yaklasim Messer ve dig.
(2006) [19] calismasinda belirtilen cografi tabanlt mahrumi-
yet indeks hesabidir. Bu indeksin amact sehrin farkli bolge-
lerindeki heterojen paternleri yeni bir jeoistatistik yaklasim
ile kategorize etmektir.

Bayesian modelleri GeNle (Graphical Network Inter-
face) programi ile gelistirilmistir. GeNIe son yirmi yilda
gelistirilen Bayesian tabanli bir network programidir [20].
Bayesian Aglar1 1980’lerin sonlarinda degiskenler ara-
sindaki olasilik iliskisini anlamak i¢in olasilikli bagimli-
lik modellerini yonlendirilmis asiklik grafiklerle (DAG)
gorsellestirmek icin gelistirilmistir [21, 22]. BA’lar giicli
karar verme araglaridir ve diger modelleme yaklasimla-
rina kiyasla nispeten basittir [23]. Degiskenler arasindaki

8l

baglantilarin karakterizasyonu, hem nicel hem de nitel bil-
gilerin kullanilmasina izin verecek sekilde deterministikten
ziyade, tipik olarak olasiliksaldir. KOT’lar tist hiicrelerdeki
olast her bir durum kombinasyonu i¢in alt hiicredeki her
olast durumun olasiligini verir. Bayes kurali (Denk. 1) ag-
daki her bir diiglimiin inang olasiligin1 siirekli olarak giin-
celler [24]:

p(X =)p(Y =y|X =x)
YapX =xDpY = y|X =x")

pEX=xY=y) _
pY =y)

p(X =xlY =y) =

(1

Burada X olasiligini hesaplamak istedigimiz olay, Y ise
X ile ilgili olan yeni kanitlardir. Incelenen senaryoda X ve
Y’nin aldig1 degerler x ve y olarak belirtilmistir. p(X|Y) pos-
terior olarak adlandirilir, bu bizim tahmin etmeye calistigi-
miz kosullu degerdir. p(Y|X) ilk hipotezimizi gdzoniine al-
digimizda yeni kanitlarin gdzlenme olasiligidir. Ilk olarak
konsept model olusturulmustur. Konsept model iki dnemli
asamadan olusmaktadir: ag degiskenlerinin belirlenmesi ve
bu degiskenleri kullanarak model iskeletinin (etki diagrami)
olusturulmasi. Bayesian Ag Modelleri sebep-sonug iligkisini
etki diagramlari tizerinden tanimladig1 i¢in bu asama model
olugturmanin 6nemli bir agamasidir. Konsept model olus-
turma konusunda birgok farkli yaklagim bulunmaktadir. Bu
calismada benimsenen yaklagim uzman goriisii ile veri kay-
nakli elde edilen bilginin birlestirilmesidir. Buna hibrid mo-
del de denilebilir. Veri kaynakli etkilesim bilgilerinin elde
edilmesi konusunda birgok farkli algoritma kullanilmistir.
Bunlar arasinda Bayesian Search, PC, Essential Graph Se-
arch, Greedy Thick Thinning, Tree Augmented Naive Ba-
yes (TAN), Augmented Naive Bayes, ve Naive Bayes bu-
lunmaktadir. Modelin bu agsamasinda bir¢ok iterasyon adimi
gergeklestirilmistir.

Etki diagrami olusturulduktan sonra Bayesian Ag mode-
lindeki her bir hiicre i¢in KOT’lar referans ¢alismaya gore
tahmin edilir, baska bir deyisle BA modelindeki her bir hiicre
icin gerekli olan kosullu olasilik tablolar1 veri kaynakli 68-
renilir. Model tamamlandiktan sonra Sekil 1°de drneklendi-
rildigi sekilde BA modeli olusturulmus olur. Bu model ile
¢esitli senaryolar incelenerek dogum agirlig: tizerindeki kii-
miilatif etkisi incelenmistir. Kirletici konstantrasyonlarinin
farkli risk faktorleri ile biraraya gelerek olusturdugu dogum
agirhign riski incelenmistir. Bu sayede diisiik yapma riski
yiiksek olan anne adaylarinin dahil oldugu grup olasiliksal
olarak belirlenmistir.
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Tablo 1. Popiilasyon karakteristikleri (Shmool ve dig. 2015 [18] calismasindan uyarlanmustir). Parantez icindeki degerler ilgili

kategorideki hasta sayisidir.

Calisma popiilasyon
n=243,853
Dogum agirhg (g) % (n)
<1500 0,04 (88)
1500-2499 2,6 (6402)
2500-3999 90,3 (220,156)
4000 7,1 (17,207)
Anne egitim diizeyi (y1l) % (n)
<9 8,1 (19731)
9-11 17,6 (42819)
12 (lise) 23,9 (58286)
13-15 21,9 (53376)
16 (lisans) 16,3 (39793)
>16 12,2 (29857)
Sosyal giivence
Evet 61,1 (149106)
Hayir 38,9 (94,747)
Anne irk
ABD dogumlu — beyaz 19,4 (47233)
Yabanci-beyaz 9,4(22912)
ABD dogumlu-siyahi 12,0 (29339)
Yabanci-siyahi 9,8 (23856)
ABD dogumlu - hispanic 12,4 (30346)
Yabanci-hispanic 21,8 (53248)
ABD dogumlu-Asyali 1,2 (2899)
Yabanci-Asyali 14,0 (34,020)
Maternal (anne) yas %(n)
<20 6,6 (16108)
20-25 20,8 (50608)
25-30 26,6 (64814)
30-35 26,4 (64481)
35-40 15,3 (37246)
>4() 4,4 (10596)
Dogum oncesi Viicut Kitle Indeksi (VKI)
<18,5 (diisiik) 5,5 (13445)
18,5<25 (normal) 54,3 (132442)
25<30 (yiiksek) 23,7 (57842)
>30 (obez) 16,5 (40124)
Veri Yil
2007
2008
2009
2010
Yerlesim birimine yakin ortalama NO, (ppb) 26,8 (5,3)
Yerlesim birimine yakin ortalama PM_ _(ng/m?) 11,8 (1,9)

Belirtilen bilgilere dayanarak konsept Bayesian ag mo-
deli Sekil 1’de gosterildigi formuyla olusturulmustur. BA
modelinde 10 (on) adet hiicre bulunmaktadir. Her bir hiicre
farkli sayida kategorilere ayrilmistir. “anne yas” hiicresi
6 kategoriye (20 yas ve alti, 20-25 yas araligi, 25-30 yas
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araligi, 30-35 yas araligi, 35-40 yas aralig1, 40 yas ve iizeri),
“anne egitim” hiicresi 8 kategoriye (9 yildan az, 9-11 yil
arast, 12 yil/lise, 13-15 yil arasi, 16 yil/lisans, 16 y1l iizeri
egitim), “anne irk™ hiicresi bes kategoriye (beyaz, ABD do-
gumlu siyahi, iilke digt dogumlu siyahi, hispanic, asyal1),
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“SMI” hiicresi li¢ kategoriye (<1,5, 1,5-2,5 araligi, >2,5),
“PM” hiicresi 4 kategoriye (<10 pg/m3, 10-11 pg/m? arasi,
11-12 pg/m? arasi, >12 pg/m?), “NO,” hiicresi dort katego-
riye (<23 ppb, 23-26 ppb, 26-29 ppb, >29 ppb), “dogum on-
cesi VKI” hiicresi dort kategoriye (zayif, normal, asirt ki-
lolu, obez), hedef hiicre olan “dogum araligi” hiicresi dort
kategoriye (<3040 g, 3040-3320 g, 3320-3625 g, >3625) ay-

rilmastir.

saglik
guvencesi

dogum
agirligi

Sekil 1. Konsept Bayesian Ag Modeli

fkinci adim olarak her bir hiicre icin referans calismada
verilen ortalama verilere ve literatiirden elde edilen bilgilere
gore KOT’lar olusturuldu. EK-Sekil 1°de her bir hiicre igin
olugturulan KOT’lara ait histogramlar gosterilmistir. Sekil
3, KOT’lar ile &grenilmis revize Bayesian ag modelini gos-
termektedir.

Model tarafindan saglanabilecek 6ngérii tiirlerini vurgu-
lamak i¢in ¢esitli alternatif senaryolar incelenmistir. Bunlar:

e Farkli SMI kategorilerinin dogum agirligini nasil
etkiledigi

* Artan hava kirletici konsantrasyonlarmin (PM,, ve
NO,) dogum agirligini nasil etkiledigi

e Dogum 6ncesi annenin VKI’nin dogum agirligini nasil
etkiledigi

Bu amagla simiile edilen yirmidort senaryo Tablo 2°de
listelenmistir.

Tablo 2. Simiile edilen yirmidort senaryo (Diisiik ve yiliksek konsantrasyon ifadelerinin solundaki maddeler simiilasyon numaralaridir.)

SMI Senaryo
sl s2 3
NO, PM NO, PM NO, PM
1) diisiik 13) diisiik 5) diisiik 17) diisiik 9) diisiik 21) diisiik
:E sl below 23 | sl _below 10 | sl below 23 | sl below 10 | sl below 23 | sl below 10
% = 2) yiiksek 14) yiiksek 6) yiiksek 18) yiiksek 10) yiiksek 22) yiiksek
2 s4 29 up s4 12 up s4 29 up s4 12 up s4 29 up s4 12 up
W
§ _ 3) diisiik 15) diisiik 7) diisiik 19) diisiik 11) diisiik 23) diisiik
g sl below 23 | sl below 10 | sl below 23 | sl below 10 | sl below 23 | sl below 10
; 4) yiiksek 16) yiiksek 8) yiiksek 20) yiiksek 12) yiiksek 24) yiiksek
s4 29 up s4 12 up s4 29 up s4 12 up s4 29 up s4 12 up

Model tamamlandiktan sonra hedef (H) hiicre olarak
“dogum agirligi” hiicresi belirlenmistir ve modele duyarlilik
testi GeNle tarafindan dahili saglanan test 6zelligi ile yapil-
mistir. Tiirev, hedef hiicrenin sonsal (posterior) olasilik H’in
senaryodaki p parametresine olan ilk tiirevinin aldig1 deger-
dir. Sonsal olasilik, asagidaki lineer rasyonel fonksiyonel
form ile ifade edilir?°:

_axp+b
T cxp+d

83

Duyarlilik analizi algoritmasi dort sabiti hesaplar; a, b, ¢
ve d. Dort sabit hesaplandiktan sonra tiirevi alinarak hedef
sonsal olasilik hesap edilir. Tiirevin formiilii:

axd—bxc
- (cxp+d)?

Payda pozitif oldugundan tiirevin igareti p’nin tiim de-
gerleri igin sabittir ve fonksiyon monotonik veya sabittir.
[k denklemdeki p olasiligina gére p’nin biitiin aralikta de-
Sismesiyle sonsal olasiligin ne kadar degisecegi hesaplanir.
Aralik su sekilde tanimlanmaktadir:
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b
pl_d

a+b
c+d

P2 =

axd—bXc terimi hangi degerin (p, ve p,’den) minimum ve
maksimum olduguna karar verir. Sekil 2 hassasiyet testinin nasil
uygulandigini gostermektedir. X-ekseni p’nin aldig1 degeri, y
ise H hedef hiicresinin se¢ili kategorisinin aldig1 sonsal olasilig1
gostermektedir. Yesil grafik ¢izgisi calismada baz alinan
parametrenin sonsal olasiligini, mavi ¢izgi ise tiirevini ifade
etmektedir.

Sekil 2. GeNle duyarlilik testi 6rnek [20]

ITII. BULGULAR VE TARTISMA

Sekil 3’te 6grenilmis revize Bayesian Ag modeli gdste-
rilmistir. Anne yas ve anne egitim degiskenlerinde normal
dagilim gozlenmektedir. Diisiik olarak belirtilen 2500 g ve
alti dogum agirliklarmin ortalama olasilig1 %5 olarak belir-
tilmistir. Bu ag modelini baz alarak yapilan yirmidort simii-
lasyonun ilki Sekil 4’te gosterilmistir. Goriildiigi tizere dii-
siik VKI’ya sahip diisiik SMI’ndeki annenin 23 ppb altinda
NO, kirliligine maruz kalmasi durumunda bebek dogum
agirhiginin diisiik aralikta olma riski %5°ten %13’°e ¢ikmis-
tir. Karsilagtirma yapabilmek i¢in benzer sekilde Tablo 2°de
belirtilen yirmidort senaryo simiile edilmistir.

Tablo 3 biitiin senaryolar i¢in simiile edilen sonuglari
ozetlemektedir. Annenin diisitk VKI’ne sahip olmasi hava
kirleticilerine maruziyetini ve buna bagli olarak bebek do-
gum agirhigr riskini etkilemektedir. S1 indeksindeki nor-
mal VKI'ne sahip annenin diisiik NO, konsantrasyonuna
maruz kalmasi sonucunda diisiik dogum agirlig: riski %2
iken, ayni sartlarda diisitk VKI’ne sahip olmasi riski %13°e
cikarmaktadir. VKI'nin etkisi yiiksek NO, konsantrasyo-
nuna maruziyette daha 6nemli boyutta goriilmektedir. Nor-
mal VKI’ne sahip annenin yliksek NO, konsantrasyonuna
maruziyeti sonucunda diisiik dogum riski %7 iken diisiik
VKTI’ne sahip annenin yiiksek NO, kirliligine maruz kal-
mas1 sonucunda bu risk %36’ya ¢ikmaktadir. Diger iki
SMI kategorisinde de yaklasik olarak benzer trendler go-
riinmektedir. S2 indeksinde yliksek NO, maruziyeti normal

P anne yas o PM
s1_below_20 6% s1_below_1031%
s2_20_25 - saglik guvencesi s2 1011  36%][
s3_25_30 s3_11_12 15%
s4_30_35 s4_12_up 18%
s5_35_40

s6_40_up

B T
°© dogum agirligi

SMI
s117%
s254%]|
s329%

s1_dusuk 5%
s2_normal95%[
,/'

anne irk o

dogum oncesi VKI ]

s1 8% dusuk 5%
$226%| normal54%]|"
s315% | kilolu  24%|IIN

s429%

obez 17%[I

o NO2
s1_below_2333%

s2_ 2326 32%|
s3_26_29 17%

s4 29 up 18%

s522%

Sekil 3. Kosullu Olasilik Tablolari ile 6grenilmis revize Bayesian Ag Modeli (Her bir kategori i¢in olasiliklar yiizde olarak gosterilmistir,

her bir hiicrenin olasiliklarinin toplami 100 etmektedir.)
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‘o anne yas

s1_below_20 8%
s2_20_25
s3_25_30
s4_30_35

o

PM

o saglik guvencesi

No 75% ||
Yes25%[ |

s2_10_11
s3_11_12
s4_12_up

s1_below_1031% ]

3%
15% [l
18% [l

s5_35_40
s6_40_up

© anne egitim
s1 2%]

s2 5%|
s3 9%l
s412% |l
s5 6%

= dogum agirligi

631% B0 |
s724% R

s811%|

s1_dusuk 13%[J|
s2_normal 87 %|I1

B
s1 5%
$220%

anne irk o

normal
kilolu
obez

dogum oncesi VKI

o NO2
s1 below 23100%
s2_23 26 0%
s3_26_29 0%
s4_29 up 0%

Sekil 4. Senaryo 1-Bayesian Ag Modeli

VKI’ne sahip annede %4 diisiik dogum riski olustururken
bu risk diisiik VKI’de %17’e ¢ikmaktadir. S3 indeksinde de
benzer bir iliski goriilmektedir. Distiik VKI’nin PM, ; kon-
santrasyonuna maruziyet sonucunda normal VKI’ne sahip
adaylara gore diisiik dogum agirlig: riskinin daha yiiksek
oldugu goriilmektedir. Ornegin s1 indeksindeki bir anne-
sin normal VKI’ya sahip olmasi durumunda disiik PM,,
konsantrasyonu maruziyeti sonucunda diisiik dogum agir-
l1g1 riski %5 iken, diisiik VKI’ya sahip olmasi durumunda
bu risk %27’e ¢ikmistir. Ancak ayn1 VKI'ne sahip annede
artan PM maruziyetinin dogum agirligi riskini artirdigi
gozlenmemistir. Farkli SMI kategorilerini karsilagtiracak
olursak farkli kirleticilere maruziyet ve farkli VKI katego-
risine aidiyet etkileri farklilagtirmaktadir, diger bir deyisle

tek bir trend gozlenmemistir. Ornegin, diisiik VKI katego-
risine bakacak olursak s1 indeksinde yiiksek NO, kirletici-
sine maruz kalma sonucu %36 risk olusurken bu risk s2’de
%17’ye, s3 indeksinde %23’e diismektedir. Benzer trend
diisiik kirletici konsantrasyonunda gozlenmemistir. Nor-
mal VKI kategorisinde ise yiiksek NO, konsantrasyonunda
diisiik dogum agirligi riski artan SMI indeksinde s1-s2 ara-
sinda azalma, s2-s3 arasinda artig gostermistir. Ancak s2
ve s3 arasindaki fark istatistiksel olarak belirgin degildir.
NO, maruziyetine benzer olarak PM,, maruziyeti diisiik
SMI’da yiiksek risk (%27) olustururken daha yiiksek in-
dekse sahip grupta bu riskin azaldigi ancak s3’de ayni1 kal-
dig1 elde edilmistir. Benzer iligki yiiksek kirletici konsant-
rasyonunda da elde edilmistir.

Tablo 3. Yirmidort senaryo i¢in simiilasyon sonucunda elde edilen diisiik dogum agirlig1 olasikliklart (Tablo 2’de belirtilen herbir

senaryo numarasinin yaninda yiizde olarak diisiik dogum riski belirtilmistir)

SMI Senaryo
sl s2 s3
NO, PM,, NO, PM,, NO, PM,,
e Disiik 1) %13 13) %27 5) %10 17) %16 9) %31 21) %27
cE d 2) %36 14) %18 6) %17 18) %13 10) %23 22) %31
&
2
Normal 3) %2 15) %5 7) %3 19) %5 11) %8 23) %4
4) %71 16) %3 8) %4 20) %2 12) %8 24) %9
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Sekil 5’te goriildigi gibi diisik SMI indeksindeki en
geng anne kategorisi yiiksek NO, kirliligine maruz kal-
diginda en yiiksek dogum agirlig1 riskini goéstermekte-
dir. Annenin yas1 20’nin altina diistiigiinde kiimiilatif dii-
stik dogum agirligi riski %61’e ¢ikmaktadir. Ayni sartlarda
annenin obez araligina ¢ikmasi durumunda risk neredeyse
ayni kalmakta (%60) ancak normal ve kilolu araligina diis-
mesi durumunda risk %45°e gerilemektedir. VKI’nin hava

° anne yas

kirleticilerinden etkilenme mekanizmasina ve sonug olarak
dogum agirlig: riskiyle olan iliskisi 6nemlidir. Ayrica ayni
sartlara sahip annenin s3 kategorisine dahil olmasi duru-
munda %61°lik risk %17’e gerilemektedir. Bu sonug sos-
yal mahrumiyet indeksinin yiiksek kirleticilere maruz ka-
lmsa dahili dolayli olusturdugu sartlardan dolay: diisiik
dogum agirlig1 riskini 6nemli 6l¢iide pozitif dogrultuda et-
kiledigini gostermektedir.

o PM
s1_below_1031%

0% =
No 75%
Yes25%|

saglik guvencesi

s2_10_11 36%|
s3_11_12  15%
s4_12_up 18%

o anne egitim
s1 2%]

s2 5%

s3 9%
s412% [l
s5 6%

o dogum agirligi

s631%10
s724% |
s811%

o anne irk o

s1 5%
s220%]
$318%
s450%

dusuk 100%
normal 0%
kilolu 0%
obez 0%

Y
dogum oncesi VKI

s5 7%|

Sekil 5. Senaryo: Anne yas: <20, SMI: s1, dogum éncesi VKI: diisiik, NO2: >29 ppb

Bu c¢aligmada duyarlilik analizi ile gelistirilen Baye-
sian modelin hedef hiicresine etki eden en 6nemli degisken-
ler tespit edilmistir. Ancak arastirmanin dogasi geregi bir ta-
kim kisitlamalar bulunmaktadir. Referans alinan ¢alismada
yalnizca bir bebege hamile, sigara igmeyen, 37-42 haftay1
tamamlayan dogumlar veri olarak kabul edilmistir. Ayrica
anne adaylarmin giindelik yasam tarzlariyla ilgili higbir 6l-
¢lim kullanilmamistir. Anne adaylariim hamilelik siiresince
ikamet degistirmedigi varsayilmaistir.

Sekil 6’da hedef hiicre olan dogum agirligi’na etki eden
hiicrelerin duyarhilik derecesi gdsterilmistir. En koyu kir-
miz1 en giicli iliskiyi, en acik kirmizi tonu en zayif ilis-
kiyi temsil etmektedir. Hicbir senaryo belirtilmeyen ve
KOT’larinin 6grenildigi bu ham modelde dogum agirligi-
nin duyarlilig1 en fazla anne yasina ve hava kirleticilerine
maruziyete baglhdir.

Sekil 7’de hassasiyet testi sonucunda elde edilen tor-

nado diyagramlari gosterilmektedir. Sekil 7a’da hedef hiicre
icin sonsal olasilik araligt goriilmektedir. Minimum ve
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maksimum degerler secilen senaryoya bagh olarak degis-
mektedir. Diyagram en duyarli degiskenden en az duyarli
degiskene dogru siralanmaktadir. Bar rengi hedef hiicre-
deki degisimin hangi yonde oldugunu gostermektedir; kir-
mizi negatif, yesil pozitif degisimi belirtmektedir. Yontem
boliimiinde agiklanan a, b, ¢ ve d katsayilarina bagl olarak
hesaplanan tiirev gelistirilen agin numerik parametrelerinin
ne kadar net oldugu konusunda bilgi verir. Eger parametre
p’nin tiirevi bilylikse p degerindeki kiiciik degisiklikler bile
hedef hiicrenin sonsalinda biiyiik degisiklikler olmasina ne-
den olabilir. Eger tiirevi kiiciikse, parametredeki biiyiik de-
gisiklikler sonsalda ¢ok kiiciik degisikliklere sebep olacagi-
nin isaret¢isidir. Dusuk dogum agirligi kategorisi en fazla
diisik PM, , konsantrasyonlarindan, normal ve ¢ok yliksek
NO, konsantrasyonundan etkilenmektedir. Hava kirletici
konsantrasyonlarini takip eden en hassas degisken annenin
20 yasin altinda olma kategorisidir. Benzer trend normal do-
gum agirligi kategorisi i¢in de gegerlidir (Sekil 7b).
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anne egitim T
s1 8% e
$218%]| SM o dogum agirligi
s324% [ S1 17% I
s41 6% _*\_ s254% 00
s5 6% $329% I = |s1_dusuk 5%
s617%f s2_normal95% L
s7 9% P
s8 3%]| pd
.
anne irk = dogum oncesi VKI
51 8% dusuk 5%
5226%|1 normal54%
$315% kilolu 24%
s429% obez 17% 4
$522% i

Sekil 6: Ogrenilmis Bayesian Ag Modeli duyarhlik testi

Sensitivity for BWGT=s1_dusuk
Current value: 0.0538005 Reachable range: [0.0527844 .. 0.0548347]
0.0535 0.054

0.053 0.0545

Sensitivity for BWGT=s2_normal
Current value: 0.94610 Reachable range: [0.045165 . 0.047216]

0.046 0.0485

b)

0.0455 0.047

1 Phinear_mean fotal=s1_below 10

2 NO2Znear_meal_total=s2_23 26

3: NO2near_mean fotal=s4 20 u

repregBMi=normal | M_AGE=s3_25_30

2 NOZnear_meaf_total=s2_23 26

3: NO2near_mean fotal=s4 20 u

4: PMnear_mear] fotal=s2_10_11

7: prepregBMi=nomal | M_AGE=s2_20_25

8. prepregBMI=nomal | M_AGE=s4_30_35

10: prepregBMi=normal | M_AGE=s3_25_30

Sekil 7. Ogrenilmis Bayesian Ag Modeli Tornado Diyagrami

IV. SONUC

Mevcut teknolojik gelismeler yiiksek ¢oziiniirliiklii veri
teminini miimkiin kilmistir. Ancak veri analizi konusunda
benimsenen klasik istatistiksel yontemler veriden dgrene-
bilecegimiz bilgiyi kisitlamaktadir. Tibbi bilimlerde gevre-
sel kirleticilerin halk saglig1 tizerindeki etkisini inceleyen
bilimsel gruplar verilerin degerlendirmesi ve degiskenle-
rin kiimiilatif etkisini inceleme konusunda zorluk yagamak-
tadir. Bu zorluklar ve belirsizlikler halk sagligimi koruma
amacl etkin mevzuat degisikliklerinin yapilmasini engelle-
mektedir. Bu ¢aligmada halk sagligina etki eden risk faktor-
leri arasindaki dogrusal olmayan iligkinin degerlendirmesi
konusunda yeni bir yontem sunulmustur. Geleneksel yakla-
sim olan degiskenler arasindaki ikili iliskilerin degerlendi-
rilmesinden farkli olarak risk faktorleri arasindaki iligkiler
ag analizi ile incelenmistir. Ornek olarak secilen New York
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sehri hava kalitesi (PM,, ve NO, konsantrasyonlari), sos-
yoekonomik mahrumiyet ve dogum agirlig1 arasindaki iligki
olasiliksal olarak incelenmistir. Yirmidort farkli vaka senar-
yosu olusturularak meydana gelebilecek risk seviyeleri kar-
stlastirilmistir. Bebek dogum agirligina hava kirleticilerinin,
annenin yasinin ve dogum dncesi VKI’sinin dnemli etkide
bulundugu gosterilmistir. VKI’nin etkisi yliksek NO, kon-
santrasyonuna maruziyette daha dnemli boyutta goriilmek-
tedir. Ayrica annenin dahil oldugu SMI'nin hava kirleticile-
rine olan maruziyeti ve bunun sonucunda dogum agirligina
etki ettigi gosterilmigtir. Diisiik VKI kategorisine bakacak
olursak sl indeksinde yiiksek NO, kirleticisine maruz kalma
sonucu %36 risk olusurken bu risk s2’de %17’ye, s3 indek-
sinde %23’e diismektedir. Bu ¢alismadan elde edilen so-
nuglarin halk sagligi-cevresel risk analizi alanlarina birgok
onemli katkist bulunacaktir. Ayrica bu ¢alisma kapsaminda
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gelistirilen holistik degerlendirme ¢ercevesi farkli gevresel
risk senaryolarina uygulanarak ¢ok sayida risk faktorii ve
degisken ayni anda degerlendirilebilir.

Tesekkiir

Bu arastirma kamu, ticari veya kar amaci giitmeyen sek-
torlerdeki finansman kuruluslarindan 6zel bir fon almamis-
tir. Bu makalede gelistirilen modeller, BayesFusion, LLC,
http://www.bayesfusion.com/ adresinden akademik aras-
tirma kullanimi igin iicretsiz olan GeNle Modeler kullanila-
rak olusturulmustur.
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Abstract

Basements of buildings are generally used as parking garages and vehicles located in there release harmful gases. It is generally not possi-
ble to ventilate parking garages with natural ventilation methods. For this reason, ventilation systems should be used to keep the concen-
tration of harmful gases below certain limits. One of these ventilation systems is jet fan system. It can also be used for smoke control and
exhaust of harmful gases in case of fire. In this study, the jet fan system was designed for a parking garage and its performance has been
observed by Computational Fluid Dynamics (CFD). Carbon monoxide concentration and air velocity parameters were investigated accord-
ing to the different car occupancy rates with the CFD analyses for daily ventilation. In the results, when the number of cars increased, the
air velocities decreased in the areas where the cars located and exhaust of the CO gas took longer time. In fire analyses, the same parame-
ters were analyzed according to the different jet fan hanging heights. In the fire ventilation results, when the jet fan hanging height was in-
creased, distribution of the air velocity profiles changed and it took longer time to exhaust the CO gas from the car park.

Keywords: CFD, Parking garages, Smoke control, Jet fan, Car park ventilation

Oz

Binalarm genellikle bodrum katlart kapali otopark alani olarak kullanilmakta ve otoparklarda bulunan araglardan zararli gazlar yayilmak-
tadir. Otoparklart dogal havalandirma yontemleriyle havalandirmak genellikle miimkiin degildir. Bu nedenle, zararli gaz konsantrasyonunu
belirli sinirlarn altinda tutmak i¢in havalandirma sistemleri kullanilmalidir. Bu havalandirma sistemlerinden biri jet fan sistemidir. Ayrica
bu sistem yangin durumunda duman kontrolii ve zararli gazlarmn atilmasi i¢in de kullanilmaktadir. Bu ¢alismada, bir otopark i¢in jet fan
sistemi tasarlanmis ve sistemin performansi Hesaplamali Akiskanlar Dinamigi (CFD) ile gézlemlenmistir. Giinliik havalandirma i¢in kar-
bon monoksit konsantrasyonu ve hava hizi parametreleri farkli ara¢ doluluk oranlarinda incelenmistir. Sonuglarda, araba sayisi arttikga
araglarin konumlandig: bélgelerde hava hizinin azaldig1 ve CO gazinin daha uzun siirede egzoz edildigi gézlemlenmistir. Yangin analizle-
rinde, ayn1 parametreler farkl: jet fan asma yiiksekliklerine gore analiz edilmistir. Yangin havalandirmasi sonuglarina gore, jet fanlarin asil-

dig yiikseklik arttirildiginda, hava hizi profillerinin dagiliminin degistigi ve CO gazinin daha uzun siirede egzoz edildigi gézlemlenmistir.

Anahtar Kelimeler: CFD, Otoparklar, Duman kontrolii, Jet fan, Otopark havalandirma

I. INTRODUCTION

In recent years, jet fan system is preferred more than ducted system for parking garages due to its advantages. This sys-
tem can be used to provide daily ventilation and smoke control in case of fire. Jet fans are used in locations that need large
amounts of air with high velocity for example in car parks and tunnels [1]. Jet fans accelerate fresh air supplied from fresh
air sources inside parking lot and transmit it to exhaust fans by the effect of thrust power. In the event of a possible fire in
parking garages or tunnels, toxic gases and fumes generated by the combustion will spread rapidly into the car park and the
spread smoke will limit the visibility. If the ventilation system is not installed in the area, it will be difficult for firefighters
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to intervene the fire. Many national and international studies
on smoke exhaust systems are conducted.

S. Lu et al. [2] investigated smoke control capacity of jet
fan system in a parking garage. The study also includes the
comparison of jet fan system with ducted system. According
to the results, increased jet fan air speed can cause smoke
circulation. The results show that the jet fan system not only
prevents smoke spreading, but also provides good visibility
to fire fighters when compared to the ducted ventilation sys-
tem. Z. Spiljar et al. [3] examined effect of partition walls
of parking garage on the jet fan system. According to the
results jet fan system is not suitable for all parking garages
that especially includes partition walls. Because, these walls
obstruct to air distributions. For such garages, ducted venti-
lation systems are more suitable than jet fan system. X. Dec-
kers et al. [4] examined the effects of the smoke heat control
system in case of fire with CFD simulation. According to the
results, in cases where the flow is unilateral, increasing the
rate of heat release and decreasing the smoke exhaust rate
causes back layering of the smoke. In addition, it was ob-
served that when smoke recirculation occurred, increasing
the exhaust rate did not constitute a solution. S.C. Li et al.
[5] investigated the influence of the make-up air amount on
smoke exhaust efficiency by performing numerical simulati-
ons. An atrium fire is analyzed with simulations. According
to the results, the amount of make-up air should be 30% of
the amount of smoke exhaust. Because it is observed that the
efficiency decreases when the amount of supply air is inc-
reased. The jet fan system is used to reduce density of toxic
gases in daily ventilation, to reduce the smoke density du-
ring the fire and to increase the visibility for tunnels and
parking garages. It is difficult to ventilate the underground
parking garages by natural ventilation so special ventilation
systems are needed to remove the dirty exhaust air emitted
by motor vehicles. Dirty and harmful gases emitted from ve-
hicle engines are generally CO, hydrocarbons and nitrogen
oxides. The most important factor in terms of human health
is the density of CO, so studies to improve air quality in car
parks are generally focused on CO gas, but nitrogen oxides,
sulfur oxides, other odorous and polluted gases cause the air
quality of the car parks to decrease [6] . CO is an odorless,
colorless and toxic gas. It is not possible to see, taste or smell
this gas. It is possible to be exposed to this gas without no-
tice. The CO joins the hemoglobin faster than oxygen and
prevents the oxygen from entering the body by forming oxy-
hemoglobin [7]. Many institutions around the world have
published criteria for acceptable levels of concentrations for
toxic gases .The US EPA accepts 35 ppm concentration limit
value for 1 hour exposure. [§]
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Jet fans are mounted near the ceiling. In cases where the
jet fans are very close to the walls, the air flow becomes ad-
hered to the surface because of the induced air and low pres-
sure due to unilateral in near wall installations. This situa-
tion is called as coanda effect. Witt K.C et al. were studied
with Witt & Sonn AG [9] related with the jet fans that are
used in tunnels. They compared traditional jet fans with ba-
nana jets for observing the effect of coanda. Banana jet is
formed by bending the silencers at the suction and blowing
side of the conventional jet fans at certain angles. Thus, co-
anda effect was reduced with the use of banana jet.

In this study, a suitable jet fan system was designed for
the parking garage according to the needed capacity of fans
of the system and checked them by CFD analyses. Accor-
ding to the analyses results, there is no dead space unven-
tilated. Thus, the accuracy of the jet fan system and the
equipment layouts has been confirmed. Three dimensional
drawing of the car park were made by Blender program and
CFD analyses were carried out with Fire dynamic simula-
tor (FDS) program that was developed on fire simulations.
The car park was drawn in full scale and its physical structu-
res that are ramps, beams, columns, fresh air shaft, exhaust
shafts and cars were added to the drawing. Jet fans and ex-
haust fans of the system were drew and their technical pro-
perties were processed to the FDS program. For daily ven-
tilation analyses, air velocity profiles and CO concentration
in the closed parking garage were investigated with CFD
analyses according to the different car occupancy rates. In
the fire analyses of this study, air velocity profiles and CO
concentrations were observed according to the different jet
fan hanging heights.

II. MATERIAL AND METHOD

2.1 CO Emission Calculation

A vehicle emits CO in two conditions. These are the cold
emission when the engine is started up and the hot emission
when the engine is warm. Motor vehicle emission factors for
hot and cold-start operation given in ASHRAE 2007 Hand-
book are shown in Table 1.

Table 1. Predicted CO Emissions in Parking Garages [10]

Hot emission (mg/s)

Cold emission (mg/s)

Season

1991 1996 1991 1996
Summer, 32°C 42,33 31,5 71,17 61
Winter, 0°C 60,17 5633 345,67 316

The CO generation rate per unit floor area G (mg/m?s)
rate can be determined using Equation (1) [10].



Jet Fan System

Int. J. Adv. Eng. Pure Sci. 2020, |: 89-95

G=N xE/A; 0]

N is number of cars in parking garage, E (mg/s) is average CO
emission rate for a typical car, and As (m?) is total floor area of
parking garage.

2.2 Exhaust Fan Selections

According to the regulation on fire protection of buildings of
Turkey at least 10 air changes per hour extract rate must be
provided in the parking garages [11]. Area of the parking garage
is 2033m? and ceiling height is 4.75 m. The exhaust flow rate, Q
(m*/h) can be determined using Equation (2).

Q=AxhxACH ®)

Q is exhaust flow rate, h is ceiling height and ACH is air change
per hour. Calculated exhaust flow rate is 96567.5 m*h. The
exhaust flow rate is provided by two pieces exhaust fans. They
were selected from a manufacturer catalog and they were located
in the exhaust shafts of the parking garage. Flow rates of the
selected exhaust fans are shown Table 2.

Table 2. The air flow rates of the exhaust fans

Fans Flow rate (m*/h)
EF-1 51277
EF-2 51277

Total 7 pieces jet fans were placed in the parking garage
and it was checked whether any unventilated areas. The ve-
locity contours are shown in Figure 1. As can be seen in Fi-
gure 1, there is no dead or unventilated areas that are not
ventilated by the jet fan system.

Figure 1. The ventilated areas by jet fans

The thrust powers and blowing distances of the jet fans
are given in Table 3.

Table 3. The thrust powers and blowing distances of the jet fans

Jet Fan Number Thrust Power (N)  Blowing Distances (m)
1 50 34
2 50 34
3 50 34
4 50 34
5 80 50
6 80 50
7 80 50

Location of the jet fans, fresh air opening, exhaust shafts,
garage and fire(burning car) are shown in Figure 2.
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Figure 2. The Jet fans, exhaust shafts and fresh air openings

2.3 Inputs of Daily and Fire Ventilation Simulations

There are 9 case studies about daily and fire ventilation
of the parking garage. Case Study-1, 2, 3, 4, 5, 6 and 7 are
belong to the the daily ventilation simulations. In these stu-
dies, influence of the number of cars and car occupancy ra-
tes on performance of the jet fan system were observed. For
fire analyses, Case-8 and 9 were performed and the effect of
the jet fan hanging heights were compared on the jet fan sys-
tem performance.

2.3.1 Daily Ventilation

The parking garage was filled with 50 ppm CO in ini-
tial conditions. Simulation time is 900 seconds for all daily
ventilation case studies. The CO concentration and exhaus-
ting time were examined according to the different car occu-
pancy rates of the car park.

Maximum 38 pieces car can be parked in the parking
garage. Case study-1, Case Study-2 and Case-Study-3 were
performed to examine the effect of the cars located in the ga-
rage on air velocity profiles. In the case studies, 4, 19 and 38
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cars were placed in the simulations, respectively. Dimensi-
ons of the cars are 2.16 m width, 4.168 m length and 1.1 m
height. Each one is defined as an obstacle at a height of 1.1
meters and air velocity profiles were examined at a height of
0.55 meters from the floor.

In the Case Study-4, Case Study-5, Case Study-6 and
Case Study-7, car occupancy rates were increased as 10%,
25%, 50% and 100% respectively. To measure the CO con-
centrations, 13 measuring points are determined in the par-
king lot. These points are located at 2.1 meters height from
the floor and distributed throughout parking garage. Loca-
tion of the measuring points are shown in Figure 3.

YA

(0,0)

Figure 3. Locations of the measuring points

Coordinates of the measuring points are given in Table 4.

Table 4. Coordinates of the measuring points

Numbers of Coordinates
Measuring Points (x,y)
(m)

1 12.24,56.52

2 28.44,56.52

3 3.96 ,49.68

4 12.24,42.12

5 28.44,42.12

6 34.74,49.14

7 48.96,42.84

8 41.04,32.40

9 57.60,22.68

10 74.16,23.04

11 49.32,15.84

12 57.60, 8.28

13 74.16 , 8.28

During 900 seconds time period, changing of CO concent-
rations are measured from the points. After measuring CO con-
centrations, the average of CO values the points were calcula-
ted every two seconds of 900 seconds time period. In addition
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the CO concentrations at the 1.65 meters height section of the
parking garages were given in the results of this study.

2.3.2 Fire Ventilation

Case Study-8 and Case Study-9 have been performed
with CFD analyses to observe and compare the air velocities
and exhaust time of CO due to the jet fan hanging heights. In
these simulations, 4 MW HRR a car fire were analyzed. The
center point of the burning car is (19.08, 39.42) on X-Y co-
ordinates of the parking garage. The jet fans started to work
in 300™ seconds and the fire reached the maximum level in
900 seconds. The total simulation time is 1500 seconds. The
jet fans hanging heights are 2.91 m and 3.63 m, for Case-8
and Case-9 respectively. The heights of analyses result sec-
tion for both cases are 1.65 meters. This height is from the
floor to the ceiling.

III. RESULTS AND DISCUSSIONS

3.1 Daily Ventilation Simulation Results

According to the CFD results, air velocities was low
in the regions where the cars were located and high in the
empty regions without the cars. Air velocity profiles for
Case Study-1, 2 and 3 are shown in Figure 4. In study of Z.
Spiljar et al. [3], partition walls have been found to cause air
stagnation. In our study also, cars that are identified as obs-
tacle in CFD, caused to air stagnation where they located. It
is seen that all kinds of obstacles placed in the parking lot
causes air stagnation. Therefore, the placement of the jet fan
system is very important for efficient ventilation.

Caze Study-1

Figure 4. The air velocity contours according to the number of

cars at 0.55 meter height from the floor
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For Case Study-4, Case Study-5, Case Study-6 and Case
Study-7, the car occupancy rates are 10%, 25%, 50% and
100%, respectively. In this study, E value were assumed
46.25 mg/s. This value is average of the 31.5 mg/s (hot emis-
sion) and 61 mg/s (cold emission) from Table 1. Calcula-
ted generations rates of the Case Study-4, Case-Study 5, Ca-
se-Study 6 and Case-Study-7 are given in Table 5.

Table 5. Calculated CO generation rates due to the car occupancy

rates

Case study Car occupancy E, Average CO  G,CO generation rate

CO Concentrations of the Case Study-4, Case Study-5,
Case Study-6 and Case Study-7 are between 0-15 ppm, 0-29
ppm, 0-45 ppm and 0-67 ppm respectively, at the end of si-
mulations and at 1.65 meters height from the floor. Simu-
lation results of the each case studies depends on time are
shown in Figure 5.

The graph that includes the variation of the CO con-
centrations depends on time for each cases is shown in Fi-
gure 6. The results that are shown in the graph are obtai-
ned from the measuring points located in 2.1 meter height

il rate emi(ssio/n)rate (i) from the floor of the parking garage. As shown in Figure
mg/s . . .
2 0% 1625 0086448593 6, CO concentrations increased due to the increased car oc-
5 25% 46.25 0.216121495 cupancy rates.
6 50% 46.25 0.432242991
7 100% 46.25 0.864485981
ooy
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Figure 5. The CO concentration variations of Case-4, 5, 6 and 7 at 1.65 meter height from the floor
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Figure 6. The variations of the CO concentration depend on time
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3.2 Fire Ventilation Simulation Results

Air velocity profiles are shown in Figure 7 for Case
Study-8 and 9. CFD simulations shows that as jet fans move
away from the ceiling, jet profile improves and air velocity
increases in the cross section. In the opposite case, as jet
fans close the ceiling, the jet speed profile takes a form that
is adhered to the wall and the air velocity in the cross section
drops with the effect of coanda.

Siew

i
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Figure 7. Air velocity profiles of Case-8 and Case-9 at 1.65 meter
section height from the floor

Results of CO gas analyses show that jet fan hanging he-
ight have influence on exhaust of the CO gas. Air velocities
decreased with coanda effect when jet fans closed to the ce-
iling. In the literature, the coanda effect has been generally
investigated for jet fans used in tunnels. One of these studies
is belong to the Witt K.C et al. [9]. They mentioned in their
work that air adhere to the wall with the effect of coanda.
The same result was observed in the results of our study. The
graph of the CO concentration variation depends on time
around the fire source is shown in Figure 8. As shown in the
graph, the CO concentration of the Case-9 more than Case-
8. The CO concentrations were measured by Measuring Po-
int-4 (MP-4) which is near the fire source.
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Figure 8. The CO concentration variations around the fire for
Case Study-8 and 9

It was observed that exhaust of CO gas took longer time in Case
Study-9 when compare with Case Study-8. According to the
results, time of decreasing CO concentration below 35 ppm is
1020 seconds in Case Study-8 and 1058 seconds in Case Study-9.
The simulation results CO concentrations variations depends

on time for both case studies is shown in Figure 9. As it can see
from the simulation results, jet fans hanging height has significant
effect on CO exhaust.

Case Study-8

Caze Study-2 ¥.C0

1058tk
second

10202
second

Figure 9. The CO concentration simulation results for the Case
Study-8 and 9 @1.65 meter section height from the floor.
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IV. CONCLUSIONS

In this study, the jet fan system was designed for the par-
king garage. The applicability of the jet fan system has been
checked by means of CFD analyses and it has seen that the
designed jet fan system is suitable. Both daily ventilation
analyses and fire ventilation analyses were performed for
the parking garage and the simulation results were shared.

CO concentrations and air velocity profiles depending
on car occupancy rate were investigated in daily ventilation
simulations. In Case Study-1, 2 and 3 the number of cars
were changed and air velocities were examined in the re-
gions where the cars were placed. Cars were defined as 1.1
meter height obstacles in FDS software. When the velocity
profiles were examined, it was observed that the air velocity
was low in the areas where the obstacles located.

In case studies 4, 5, 6 and 7, it was observed that the CO
concentrations increased as the car occupancy rate increa-
sed. Thus, CO exhaust time is increased as car occupancy
rate increased. For Case Study-4, 5, 6 and 7 the concent-
ration of CO are between 0-15 ppm, 0-29 ppm, 0-45 ppm
and 0-67 ppm respectively at the end of 900 seconds simu-
lation time.

In the fire ventilation analyses that are Case Study-8 and
Case Study-9, the effect of jet fans hanging heights on air ve-
locity and CO exhaust time in fire ventilation analyses have
been investigated. In Case Study — 8 and 9 jet fans were han-
ged 2,91 meter and 3,63 height from the floor, respectively.
In this way, coanda effect was observed. When the jet fans
near the ceiling, it was observed that the air velocity profile
adhered to the ceiling. In this case, the CO exhaust time is
longer in Case Study-9 when compared with Case Study-8.
In Case Study-8 and Case Study-9, CO concentration decre-
ased below to 35 ppm in 1020 and 1058 seconds time, res-
pectively. Therefore, it was concluded that the jet fans han-
ging heights should be well optimized.
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Agsiz Yontem Uygulamalar icin Trigonometri Tabanh Radyal
Ozellige Sahip Yeni Bir Temel Fonksiyon

A New Trigonometric Based Radial Basis Function for Meshless Method Applications

Atakan ALTINKAYNAK! !
1stanbul Teknik Universitesi, Makina Fakiiltesi, Makina Miihendisligi Boliimii, 34437, Beyoglu, Istanbul, T tirkiye

Oz

Bu galismada, agsiz yontemler igin radyal 6zellige sahip yeni bir temel fonksiyon énerilmistir. Onerilen fonksiyon, iki boyutta, dort farkli
problemde, agsiz yontemlerde siklikla kullanilan Ters Multikuadrik ve Gauss fonksiyonlariyla birlikte test edilmistir. Test problemlerinin
ii¢ tanesi 2. mertebeden miihendislik problemlerini igerirken son test problemi 4. mertebeden bir miithendislik problemi uygulamasi olmusg-
tur. 2. mertebeden test problemlerinde farkli sinir kosullart ve problem tiirleri incelenmistir. Yapilan sayisal deneyler, onerilen fonksiyo-
nun Ters Multikuadrik ve Gauss fonksiyonlarina kiyasla daha az nokta sayilarinda benzer mertebedeki hatalara ulasabildigini gostermistir.
Ayrica nokta sayisinin artmasiyla ayni mertebedeki hatalar i¢in kullanilabilecek sekil/dlgek parametresinin (€) diger iki fonksiyona kiyasla
daha genis bir aralikta segilebildigi gosterilmistir. Dolayisiyla, 6nerilen fonksiyon, agsiz yontem uygulamalarinda bir alternatif olarak kul-
lanilabilecektir.

Anahtar Kelimeler: Radyal 6zellige sahip temel fonksiyon, trigonometri, agsiz yontemler, Multikuadrik, Gauss

Abstract

In this study, a new radial basis function for meshless method is proposed. The proposed function was tested on four different 2D problems
along with the two well-known IMQ and Gauss functions. Three of the test problems include 224 order engineering problems whereas the
last test problem was a 4t order engineering problem. 2™ order engineering problems were used to investigate the type of boundary con-
ditions and problems. Numerical experiments suggested that similar order of error can be obtained using the proposed function with less
number of nodes compared to IMQ and Gauss functions. Besides that, with an increase on the number of nodes, the range of shape/scale
parameter (€) for the proposed function is broader that that for the other two functions. Thus, the proposed function is a good candidate for
meshless method applications.

Keywords: Radial basis function, trigonometry, meshless methods, Multiquadric, Gauss

I. GIRiS

Gliniimiizde miihendislik problemlerinin sayisal ¢oziimiinde Sonlu Elemanlar Yontemi [1], Sonlu Hacimler Yontemi
[2], Sinir Elemanlar Yontemi [3], Agsiz Yéntemler [4] gibi farkli araglar kullanilmaktadir. Ozellikle son 30 yildir siiren yo-
gun gelistirmeler sonucunda, Sonlu Elemanlar Yontemi artik diferansiyel denklem ¢oziimlerinde standart olarak kullanilan
bir yontem halini almistir [5]. Bunun yani sira, bir ag yapisi gerektirmemesi ve ¢ok sayida bagimsiz degiskenli problemler
icin kolaylikla uygulanabilir olmasi, agsiz yontemlerin uygulama alanini giin gegtikge genisletmektedir. Agsiz yontemlerin
bir kolu olan radyal 6zellige sahip temel fonksiyonlar (RTF), son yillarda 6ne ¢ikan yontemlerden birisidir [5]. RTF fonksi-
yonlarin iki temel 6zelligi olan fonksiyon merkezinden esit uzaklikta fonksiyonun ayni degeri almasi (radyal) ve fonksiyo-
nun her derecede tiirevinin olmasi, bu fonksiyonlarin uygulama alanmni genisletmistir. {lk olarak Kansa [6, 7], Multikuadrik
RTF fonksiyonunu diferansiyel denklemlerin ¢dziimiinde kullanarak RTF agsiz yontemlerin miihendislik uygulamalarinda
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kullanilmasimin 6niinii agmigtir. Giiniimiizde Gauss, Ters
Multikuadrik, Bessel ve Wendland gibi ¢ok farkli RTF fonk-
siyonlariin miithendislik problemlerine uygulamalari mev-
cuttur [8].

Diferansiyel denklemlerin ¢dziimiinde RTF kullanila-
rak tissel yakinsama hizlari elde edilebilmistir [9]. Fakat bu-
rada 6nemli olan hususlardan biri, RTF’yi olugturan ve ge-
nelde € ile tanimlanan sekil/6l¢ek parametresinin optimum
degerinin belirlenmesidir. Sekil parametresinin kiiclik de-
gerleri i¢in daha kesin sonuglar elde edilebilirken bu deger-
deki diisiis ¢oziimde sayisal kararsizliklara ve iraksamalara
neden olmaktadir [10]. Bu kararsizliklarin giderilmesinde
Contour-Pade [11] ve RBF-QR [12] gibi temel degisiklik-
ler gerektiren yontemler disinda, matris degisikligi iceren 6n
kosullandirma (preconditioning) [13] ve noktalar arasi ilis-
kinin tiim ¢6ziim bolgesi yerine yerel bir bolge i¢in tanim-
lanmast (local support) [14] gibi yontemler gelistirilmistir.
Optimum € degeri, problemin ve kullanilan RTF’nin tiirlin-
den, sinir kosullarindan, nokta dagilimindan ve nokta sayi-
sindan oldukca etkilenmektedir. Dolayisiyla, optimum e de-
gerinin belirlenmesi giiniimiizde {izerinde arastirma yapilan
konulardan biridir [15-17].

Yapilan ¢alismalarda her ne kadar ¢ok sayida RTF gelis-
tirilmis olsa da, literatiirde trigonometrik fonksiyon temelli
bir RTF’ye rastlanilmamistir. Yapilan calismada, trigono-
metrik fonksiyon temelli yeni bir RTF ortaya konmugtur. Bu
RTF, 2-boyutta, dort farkli problemde ve farkli sinir kosul-
larinda kullanilarak ¢dziimler elde edilmistir. Bu ¢oziimler,
Gauss ve Multikuadrik RTF ¢oziimleri ile kiyaslanarak ge-
listirilen RTF nin karakteristik dzellikleri belirlenmistir.

II. SAYISAL YONTEM

2.1 Noktasal RTF Yontemi

Genel bir kismi diferansiyel denklem Esitlik (1) ve
(2)’deki gibi verilebilir:
Lop=f(x) x€Q, (1)
Bp=g(x) x€00 2
Bu denklemlerde £ diferansiyel operatdriinii, B Dirich-
let, Neumann gibi sinir kosullar1 operatoriinii, Q ¢6ziim bol-
gesini, dQ ise ¢oziim bolgesi simirlarmi ifade etmektedir.
Noktasal RTF yonteminde, diferansiyel denklemde ¢oziil-
meye calisilan bagimsiz bilinmeyen ¢’nin x; noktasindaki
degeri, RTF’nin bu nokta temel alindiginda, diger tiim mer-
kez noktadaki degerlerinin dogrusal kombinasyonu olarak
Esitlik (3) ve (4)’teki gibi yazilabilir:
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Ne¢

b (x;) = Z Gy ij(xi)

=1

@)

Ne

¢'(x;) = Z G @}(xi)

j=1

Q)

Bu denklemlerde; x, i’ninci ¢6ziim bolgesi noktasini,
N_, merkez nokta sayisini, @(x), RTF’yi, c ise ¢, ¢',... gibi
bagimsiz bilinmeyen fonksiyonlarin yaklagik degerinin be-
lirlenebilmesi i¢in hesaplanmasi gereken sabitleri ifade et-
mektedir. Esitlik (3) ve (4)’ten goriilebilecegi gibi, ¢ katsa-
yilar1 sabit oldugundan dolay1 ¢'min n. mertebeden tiirevinin
yaklasik degerinin belirlenebilmesi i¢cin RTF fonksiyonu-
nun z. mertebeden tiirevinin kullanilmas: gerekmektedir.
RTF fonksiyonlarinin her dereceden tiirevleri bulundugun-
dan dolay1 bu islem rahatlikla yapilabilmektedir. Esitlik (3)
ve (4)’teki denklemler, Esitlik (1) ve (2)’deki diferansiyel
denklem ve sinir kosullart denklemlerinde yerine konuldu-
gunda noktasal yaklasik ¢oziim igin gerekli olan ¢ sabitleri
Esitlik (5) kullanilarak elde edilebilir:

0N = o)

B (x) )
LI

A
c sabitleri belirlendikten sonra Esitlik (3)’te yerine ko-

nularak yaklasik ¢6ziim elde edilmektedir. Esitlik (5)’in ¢6-
ziilebilmesi i¢in A # 0 olmas1 gerekmektedir. RTF kullanil-
mas1 durumunda, A matrisi pozitif tanimli matris olmaktadir
ve bu durum da bir ¢6ziim elde edilebilecegini gdstermek-
tedir. Fakat burada dikkat edilmesi gereken durum; problem
tiri, sinir kosullari, RTF tiirli, nokta dagilimi, nokta sayisi,
¢Oziim bolgesi noktalarinin etkilesimde oldugu merkez nok-
tast sayist vb. etkenlerin A matrisinin karakteristigini etki-
leyerek matrisin determinantinin sifira yaklasmasina neden
olmasidir (kotii kosullanma —ill conditioning). Bu durum da
¢oziimde kararsizliklar ortaya ¢ikarmaktadir.

Diferansiyel denklem ¢6ziimlerinde sikga kullanilan RTF
ornekleri Tablo 1°de verilmektedir. Tablo 1’de = ||x — y||,
¢Oziim bolgesi noktalari ile merkez noktalar1 arasindaki me-
safeyi, ¢, sekil/dlgek parametresini, K, ikinci tiirden degis-
tirilmis Bessel fonksiyonunu ve d boyutu ifade etmektedir.
Genel Multikuadrik fonksiyonunda f degerinin negatif ol-
dugu durumda fonksiyon Ters Multikuadrik, pozitif oldugu
durumda ise Multikuadrik olarak adlandirilmaktadir. Coziim
bolgesi noktalari, ¢oziim bolgesi iginde ve sinirlarinda ola-
bilirken, merkez noktalari, ¢6ziim bolgesi disinda da olabil-
mektedir. Uygulamalarda, ¢oziim bolgesi siirindaki nok-
talar icin belirlenen merkez noktalarinin, ¢éziim bdlgesi
disinda olmasi durumunda hatanin azaldig1 gézlemlenmistir
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[18]. Bu bulgu heniiz herhangi bir teoriye dayanmadigindan
dolay1, genelde yapilan ¢alismalarda merkez noktalari, ¢6-
zlim bolgesi noktalar ile ayni koordinatlarda secilmektedir
[5].

Nokta sayist ve dagilimmin A matrisinin karakteristi-
gini etkilediginden bahsedilmisti. Literatiirde diizgiin, Hal-
ton, Chebyshev, Glacier, Optimal gibi ¢ok sayida nokta da-
gilim1 yontemi bulunmaktadir [10]. Ornek olarak, diizgiin
ve Halton nokta dagilimi Sekil 1°de verilmektedir. Halton
nokta dagilimi durumunda, noktalar ¢oziim bdlgesi igeri-
sinde diizgiinvari sekilde rastgele olarak dagilmaktadirlar.
Bu durumda, tamamen rastgele duruma goére daha kesin so-
nuglar elde edilmektedir [19]. Sekil 1’de sadece ¢6ziim bol-
gesi noktalar1 gosterilmekte, merkez noktalar1 ise gosteril-
memektedir. Yapilan ¢aligmada, merkez noktalari, ¢dziim
bolgesi noktalarryla ayni koordinatlarda se¢ilmistir.

Tablo 1. Diferansiyel denklem ¢6ztimlerinde kullanilan RTF

ornekleri
Isim Formiil p(x)
_ 2
Gauss e~ () £>0
Genel Multi- 2
. (1+(er)?)f €>0, BER\N,
kuadrik
Ka (er)
Mat i’
atern e
E_B £>0, B>=
(er)z
1 1o e o X
&) O
0000000000000 O0O Oooooooooooooqsooooooo
0% 000000000000 O0O0O 09, Oooo QDOOO %ooo OOO
0000000000000 O0O0 o Y P ©“0 0 O 0,%. O
08 08p° 5 Qo P %9, o Qo
000000000000 0O0O0 0000 o %5040 o L
07 0000000000000 0O0 07& 0o 00 o 8 0%00 Oc
st 000000000000 O0O0O o6t © QJOOOOOOOOO o°0 g
000000000000 O0O0O0 ’ Cs8 o ooépgo
>05¥ 00 0000000000000 X >05 OOOO OOOOO 0000000o
0000000000000 O0O0 C?OO goooo Q L0 0%
04 0000000000000 0O 049" 0 Q o 0%00000O 0%,
03X 000 000000000000 03 OOOOOOOOO 0,0, @ 0 %
0000000000000 0O0 poo@ooo Ooooogo Ooo
02X 0000000000000 00 0.2 %00000000 Ooooooo
yf0000000O0O0OO0OOOOOO R o 9 09,0 & oog
0000000000000 O0O R OOOOOO o 0000000
9 0% R Q.
04 02703 04 Q5 06 07 08 09 01 02703 04 05 06 07 08 09
(@ (b

Sekil 1. Coziim bolgesi igerisinde (o) ve sinirlarindaki (x) 6rnek
nokta dagilimi (289 adet nokta igin): (a) Diizgiin dagilim, (b)

Halton dagilimi

2.2 Yeni Bir RTF: Siniis-RTF

Yapilan calismada trigonometrik fonksiyon temelli yeni
bir RTF fonksiyonu olusturulmustur. Bu fonksiyon Esitlik
(6)’da verilmektedir.
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sin(er)

px) = &r
1

,r>0
r (6)

,7r=20

Siniis-RTF fonksiyonunun (x , y) € [0,1]? ¢bziim bol-
gesi icerisinde (0,5,0,5) noktasi i¢in davranisi Sekil 2’de
verilmektedir. € parametresinin degeri azaldik¢a Gauss ve
Ters Multikuadrik RTF’de oldugu gibi Siniis-RTF de yataya
yakin bir fonksiyon halini almakta ve bu durum A matrisi-
nin kotli kosullanmasina neden olmaktadir. € degeri arttikga
farklt RTF’ler farkli karakteristik gostermektedir. Fakat ge-
nel olarak € degeri arttikca ¢oziim kararliligi artmakla bir-
likte hata miktar1 da artmaktadir. Dolayisiyla, optimum bir €
degerinin belirlenmesi gerekmektedir. € degeri arttikga Ga-
uss ve Ters Multikuadrik fonksiyonlarin davranisi, ¢dzim
noktasi civarinda sivri bir tepe ve diger kisimlarda sifira ya-
kin yatay bir davranis seklinde olurken, Siniis-RTF’in dav-
ranigt sivri tepe disindaki kisimlarda fonksiyon tanimi iti-
bariyle salinim seklindedir (Sekil 2). Ayrica, Siniis-RTF’nin
radyal karakteristigi Sekil 2’de goziikmektedir.

Siniis-RTF fonksiyonunun pargali fonksiyon olarak ta-
sin(er)

nimlanmasinin nedeni, teriminin r = 0’ da tanimsiz

olmasidir. Coziim bolgesi ile merkez noktasinin ayni oldugu
sin(er)

durumlarda r = 0 olmakta ve = terimi tanimsiz olmak-
tadir. Bu durumda bir ¢6ziim elde edilememektedir. r = 0
disindaki (¢oziim bolgesi ve merkez noktalarimin farkli ko-
ordinatlarda olma durumu) tiim reel sayilar i¢in ise bu fonk-
siyon taniml1 ve siireklidir. Bu tiir stireksizlikler, kaldirilabi-
lir stireksizlik olarak ifade edilmekte ve fonksiyonun tanimli
olmadig1 noktalarda fonksiyonun limit degeri kullanilarak
giderilebilmektedir. Bu sebepten dolay1, Siniis-RTF fonksi-
yonu parcali fonksiyon olarak tanimlanarak r = 0 i¢in Esit-
lik (7)’de verilen limit degeri kullanilmistir. Boylece fonksi-
yon siirekli hale getirilmistir. Benzer sekilde, Sintis-RTF’nin
farkli mertebelerdeki tiirevlerinin de diferansiyel denklem
¢dziimlerinde r = 0 i¢in tanimlanmasi gerekmektedir. Ornek
olarak, Siniis-RTF’nin, Laplace problemi i¢in tanimi Esitlik
(8)’deki gibi olmaktadir. Benzer RTF, kosiniis fonksiyonu
kullanilarak elde edilememektedir ¢iinkii kosiniis fonksiyo-
nunun r = 0 durumu i¢in limiti bulunmamaktadir.

sin(er)
m = (M
r—0 Er
(sin(sr) — er(cos(er) + ersin(er))
- B = ,r>0
o(x) = g2 ®)
3 =0
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(a)

I11. SAYISAL DENEYLER ve TARTISMALAR

Onerilmis olan radyal 6zellige sahip temel fonksiyon Si-
niis-RTF’nin davranisi, farkli sayisal problemler igin test
edilmistir. Bu bdliimde segilen problemler, miithendislik
problemlerinde siklikla karsilasilan 2-boyutlu eliptik dife-
ransiyel denklemlerden olusmaktadir. Problemlerin belirlen-
mesinde analitik ¢dzlimiin olmasina dikkat edilmis, boylece
hatanin hassas bir sekilde belirlenebilmesi amaglanmistir.
Problemlerde ¢ziim bolgesinin (x , ¥)€Q = [0,1]? oldugu
kabul edilmistir. Coziimler, diizglin ve Halton nokta dagi-
lim1 durumunda ve farkli nokta sayilari igin elde edilmis-
tir. Coziim bolgesinde hatay1 belirlemek i¢in diizgiin olarak
dagilmig 40x40 degerlendirme noktasinda, analitik ¢6ziim
ile sayisal ¢ozlimler karsilastirilarak karesel hata (RMS) ve
maksimum hata degerleri elde edilmistir. Karesel hata de-
geri Esitlik (9) kullanilarak hesaplanmustir.

©

2
n j—
RMS = \/Zizl(xanahtlk xsaylsal )i
n

Esitlik (9)’da n ¢6ziim bolgesinde bulunan toplam nokta
sayisini ifade etmektedir.

Temel olarak, Esitlik (1)’deki £ operatorii, degisken kat-
sayilara sahip eliptik bir operatdr olarak Esitlik (10)’daki
gibi tanimlanabilir. Esitlik (10), iki boyutta siireksiz (hete-
rojen) ve yone bagli (anisotropik) ortamlardaki sizinti akisi
miithendislik problemine karsilik gelmektedir.

d do d d¢
Sl ra peng | = fen
Esitlik (10)’da a(x, y) = 1 ve b(x, y) = 1 olarak segil-
mesi durumunda, standart Poisson problemi elde edilmekte-
dir. Poisson problemi miihendislikte elektrostatik, 1s1 trans-
feri, akiskanlar mekanigi, diflizyon problemleri gibi bir¢ok
alanda kargimiza ¢ikmaktadir. Dolayisiyla, ilk asamada farkli
sinir kosullari i¢in Poisson problemi, onerilen Siniis-RTF

(b)

Sekil 2. Siniis-RTF fonksiyonunun (0,5,0,5) noktas1 icin [0,1]? ¢coziim bélgesi igerisinde davranisi: (a) € = 1, (b) € = 10, (¢) ¢ = 30

99

05

(c)

kullanilarak ¢oziilmiistiir. Sayisal sonuglar, Gauss ve IMQ
(B =—0,5) RTF’leri kullanilarak elde edilen sonuglar ile kar-
stlastirtlmistir. Boylece, farkli RTF’lerin bu problemlerdeki
davranislari hakkinda bilgi sahibi olunmustur.

3.1 Poisson Problemi-1
ik Poisson problemi, Dirichlet sinir kosullarina sahiptir
ve Esitlik (11)’deki gibi tanimlanmistir [20].
5m? Ty
2 - ——qj —_—
Vep(x,y) = 2 sm(nx)cos( 5 ),

fib(xJ’) = Sirl(fo), (x, }’) € Fll
Px,y)=0, (xy) €L,
I ={(y):0<x<1,y=0}T =00\,

(11)

Esitlik (11)’den gortldigi gibi, bu problemde y = 0
olan smir igin ¢(x , y) = sin(mx) ve diger sinirlar igin ise
¢(x , y) = 0 Dirichlet sinir kosullar1 tanimlanmistir. Bu
problemin analitik ¢6ziimii

¢(x,y) = sin(mx)cos (%) (12)
olarak elde edilmektedir. Bu problemde; farkli € degerleri
i¢in Siniis-RTF, Multikuadrik ve Gauss RTF kullanilarak elde
edilen karesel hata (RMS) degerleri Sekil 3°de verilmektedir.
Sekil 3’ten goriilebilecegi gibi, en diisiik karesel hatanin elde
edildigi € degerini RTF tiirliniin yan1 sira nokta say1s1 ve nokta
dagilimi da etkilemektedir. Ayrica, sayisal yontemin kararli-
lig1 € degerinden oldukea etkilenmektedir. Bu durum, daha
onceki yapilan ¢alismalarda belirtilmistir [5, 21]. Nokta sayi-
smin artmasi ve € degerinin azalmasi (fonksiyonun diiz yatay
¢izgiye yaklagmasi), A matrisinin kotii kosullanmasina neden
olarak Sekil 3’te goriilen kararsizliklar1 olusturmaktadir. Bu
kararsizliklarin giderilmesinde kullanilan farkli yontemlerden
“Girig” boliimiinde bahsedilmistir. Ayrica, Sekil 3’teki sonug-
lara bakildiginda, Siniis-RTF igin 10%’dan daha diisiik hata
degerlerinin elde edildigi € araliginin, diger iki RTF’e gore
daha genis oldugu goriilmektedir. Bu durumun, 6zellikle en
uygun € parametresinin belirlenmesinde avantaj saglayacagi
diigiiniilmektedir.
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RMS Hatasi

RMS Hatasi

RMS Hatasi

10° 10%

RMS Hatasi

Sekil 3. Farkli nokta dagilim1 ve nokta sayisi i¢in € parametresine gore karesel hatanin degisimi: (a) 225 nokta diizgiin dagilim, (b) 625
nokta diizgiin dagilim, (¢) 225 nokta Halton dagilimi, (d) 625 nokta Halton dagilimi

Sekil 4’te karesel hatanin, sabit € parametresi i¢in nokta
sayisina bagli olarak degisimi gosterilmistir. IMQ, Gauss ve
Siniis RTF’ler icin sirasiyla € = 1, € = 2 ve € = 4 olarak alin-
mustir. Nokta sayist diizgiin dagilim i¢in 100’e, Halton da-
§ilim i¢in ise 50°ye kadar arttikca, Sinlis-RTF kullanilarak
elde edilen karesel hata, diger iki RTF’ye gore daha hizh
bir sekilde azalmaktadir. Nokta sayist daha fazla arttiginda
ise hata kararsiz ve genel olarak yatay bir seyir izlemistir.
Bu durumun nedeni, nokta sayisinin daha fazla artmasiyla A

matrisinin boyutunun biiytliyerek kotii kosullanmasidir. IMQ
ve Gauss RTF’lerinde daha fazla nokta say1s1 i¢in kararli so-
nuglar elde edilerek hatanin azaltilmasi saglanabilmektedir.
Sintis-RTF ile 80 nokta kullanilarak elde edilen hata mer-
tebelerine IMQ ve Gauss RTF’lerinde 200 ve daha fazla
nokta kullanildigr durumda ulasilmaktadir. Dolayisiyla, Si-
niis-RTF kullanilmas1 durumunda benzer hata mertebelerine
daha az nokta kullanilarak erisilebildigi gdzlemlenmistir.

---.MQ
s GAUSS
Siniis

RMS Hatasi
S

.162
Nokta Sayisi

(a)

ol oy

Bl A vnmd v o

RMS Hatasi

10
Nokta Sayisi

(b)

Sekil 4. Farkli nokta dagilimi ve nokta sayisi i¢in karesel hatanin degisimi: (a) Diizglin nokta dagilimi, (b) Halton nokta dagilimi

100
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Hatanin ¢6ziim bolgesindeki davranigt Halton ve diizgiin ~ davranis oldugu sdylenebilir. Bu sebepten dolayi, ayni € de-
nokta dagilimi durumunda incelenen tiim RTF’ler igin Sekil ~ geri kullamldigi durumda, Sinus-RTF’de nokta sayist belli
5’te verilmistir. Sonuglar, 81 nokta i¢in elde edilen degerler-  bir degerin iistiine ¢iktiginda hatada fazla bir degisim goziik-
dir ve sonuglarin daha iyi yorumlanabilmesi igin renk ara-  memektedir. Gauss ve IMQ RTF i¢in ise nokta sayisindaki
liklar1 her bir durum igin elde edilen maksimum hataya gére  artis, kdse ve kenardaki hatalarin azalmasini saglayarak ge-
belirlenmistir. IMQ, Gauss ve Siniis-RTF’ler i¢in € deger-  nel hatanin diisme egilimine girmesini saglamustir.
leri sirasiyla € = 1, € = 2 ve € = 4 olarak sabit tutulmustur.

IMQ ve Gauss RTF’lerin kullanildigi durumda Halton nokta ~ 3-2 Poisson Problemi-2

dagilimi, diizgiin nokta dagilimina gore daha az hata olus- Ikinci Poisson probleminde Dirichlet ve Neumann sinir
masimi saglamustir. Ayrica diizgiin nokta dagiliminda hata  kosullar1 beraber bulunmaktadir [20]:

genelde sinirlara yakin artis gdsterirken, Halton nokta da- V2¢(x,y) = —5,4x,

gl.hmlnda bu davranig koselere yakln. g.ézlemlenmistlr..s'l- g_d’ (£,y)=0, (x,y)€LUT,

niis-RTF kullanilmas1 durumunda her iki nokta dagilimi igin '(;5 y) =01, (xy) el (13)
IMQ ve Gauss RTF’den daha diisiik hata elde edilmistir. d(x,y)=1, (x,y)€TL,

[ ={(xy):0<x<1,y=0},L={(xy)x=1,0<y<1}

Diizgiin ve Halton nokta dagiliminda ise diger iki RTF’ nin L= () 0<x<ly=10T = {(xy)r=00<y=1)

aksine hata mertebeleri birbirine yakindir. Hatanin genel
davranist incelendiginde, Siniis-RTF kullanildigi durumda
hatanin sinirlarda yogunlagsmadigi, aksine tiim ¢6ziim bolge-
sine dagilarak tepecikler seklinde olustugu gozlemlenmistir.
Bu davranigin elde edilmesindeki en biiylik etkenin, her bir
nokta i¢in RTF fonksiyonunun ¢dziim bolgesinde gosterdigi $(x,y)=1-09x3 (14)

‘ ' .
2

Esitlik (13)’ten goriildiigh gibi bu problemde y = 0 ve
y = 1 olan sinirlarda Neumann simir kosullar1 diger sinirlar
icin ise Dirichlet sinir kogullar1 tanimlanmistir. Bu proble-
min analitik ¢ozlimii Esitlik (14)’te verilmektedir.

o e

Hata

05

§0 308

0 = 0

0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X
(e ®

Sekil 5. 81 nokta sayist i¢in farkli nokta dagilimmda ¢6ziim bolgesindeki hata davranist: (a) IMQ-Diizgiin nokta dagilimi, (b) IMQ-
Halton nokta dagilimi, (¢) Gauss-Diizgiin nokta dagilimi, (d) Gauss-Halton nokta dagilimi, (e) Siniis RTF-Diizgiin nokta dagilimi, (f)
Siniis RTF-Halton nokta dagilim1

01
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IMQ, Gauss ve Siniis RTF’leri kullanilarak elde edilen
karesel hatanin farkli nokta dagilimi ve nokta sayisi i¢in €
parametresine gore degisimi Sekil 6’da verilmistir. Sekil
3 ve 6’da verilen hata sonuglar1 kiyaslandiginda, en diisiik
karesel hatanin elde edildigi € parametresinin, nokta sayisi
ve dagilimi disinda probleme ve smir kosullara da bagl
oldugu goriilmektedir. Benzer duruma daha dnce yapilan
calismalarda da rastlanilmistir [22]. Bu problemde, nispeten
diistik € degerleri disinda, yiiksek € degerleri igin de sayisal
kararsizlik bolgesiyle karsilasiimistir. Bu duruma Poisson-1
probleminde rastlanilmamustir. Yiiksek € degerleri igin
hatada olusan kararsizligin Neumann sinir kosullarindan
kaynaklandig1 diisiiniilmektedir. Bunun disinda, Poisson-1

RMS Hatasi

FTTTT I ETIIT T

RMS Hatasi

probleminde oldugu gibi bu problemde de Siniis-RTF
fonksiyonu i¢in hatanin diisik seviyelerde kaldigi €
degerleri genis bir araliktadir. Bu 6zellik, Siniis-RTF i¢in
diger fonksiyonlarla kiyaslandiginda bir avantaj olmaktadir.

Sekil 7°de karesel hatanin sabit € parametresi i¢in nokta
sayisina bagl olarak degisimi Poisson-2 problemi igin gos-
terilmistir. RTF’ler i¢in kullanilan € degerleri Poisson-1
problemiyle ayni olarak alinmigtir. Bu problemde hatanin
nokta sayisina gore degisimi Poisson-1 probleminde gozle-
nen duruma benzerdir. Poisson-1 probleminden farkli ola-
rak, IMQ ve Gauss RTF’ler i¢in nokta sayisi arttik¢a hatanin
asag1 egimli bir seyir izlemesi daha belirgindir.

e (Gauss

Sinus

RMS Hatasi

(©

10?

RMS Hatasi

(d)

Sekil 6. Farkli nokta dagilimi ve nokta sayis1 i¢in € parametresine gore karesel hatanin degisimi: (a) 225 nokta diizglin dagilim, (b) 625
nokta diizgiin dagilim, (c) 225 nokta Halton dagilimi, (d) 625 nokta Halton dagilim1
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RMS Hatasi

1 L

ood vl oot

RMS Hatasi

10°
Nokta Sayisi

(@)

107
Nokta Sayisi

(b)

Sekil 7. Farkli nokta dagilimi ve nokta sayisi i¢in karesel hatanin degisimi: (a) Diizgiin nokta dagilimi, (b) Halton nokta dagilimi

Sekil 4 ve 7 incelendiginde, ayni nokta sayisindaki hata
degerlerinin, tiim RTF’ler i¢in Poisson-1 problemine gore
yaklagik 10 kat daha fazla oldugu goriilmistiir. Bu durumun
daha iyi irdelenebilmesi i¢in 81 nokta i¢in ¢dziim bolgesin-
deki hata davranis1 Sekil 8’de gosterilmistir. Diizgiin nokta
dagilimi durumunda, IMQ ve Gauss RTF’leri i¢in 6zellikle
Neumann sinir kosullarinin tanimlandig1 kenarlarda hatanin
1073 mertebelerinde oldugu gériilmiistiir. Bu durum, Halton
nokta dagiliminda ortadan kalkmistir. Poisson-1 problemine
benzer sekilde, hata, diizglin nokta dagiliminda kenarlara
yakin yiiksek degerlerdeyken, Halton nokta dagiliminda ko-
selere yogunlagmistir. Dolayisiyla, kdse ve kenarlarda bulu-
nan nokta sayisinin artmasiyla hata belirli bir degere kadar
azaltilabilmektedir. Siniis-RTF sonuglarina bakildiginda ise,
hatanin Halton nokta dagilimi i¢in Poisson-1 problemine
benzer sekilde genele yayildigi goriilmiistiir. Diizgiin nokta
dagilimi icin ise Dirichlet sinir kosullarmin tanimlandig ke-
narlara dogru hatanin arttig1 gézlemlenmistir. IMQ, Gauss
ve Siniis-RTF i¢in gozlemlenen bu davranislar, hatanin Pois-
son-1 problemine gore daha yiiksek mertebelerde olmasina
neden olmustur. Fakat bu davranislarin en énemli nedeni,
nokta sayisina gore en diisiik hatayr veren € degerinin be-
lirlenerek Sekil 8’in olusturulmamasidir. Ornek olarak, Si-
niis-RTF’de diizgiin nokta dagilimi i¢in € = 2 degeri se¢i-
lerek analiz yapilmasi durumunda daha diisiik mertebede
genele yayilmig bir hata davranist gézlemlenmistir.
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Sekil 8. 81 nokta sayist i¢in farkli nokta dagiliminda ¢6ziim
bolgesindeki hata davranisi: (a) IMQ-Diizgiin nokta dagilimi, (b)
IMQ-Halton nokta dagilimi, (¢) Gauss-Diizgiin nokta dagilimi,
(d) Gauss-Halton nokta dagilimi, (e) Sinilis RTF-Diizgiin nokta
dagilimi, (f) Siniis RTF-Halton nokta dagilim:
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3.3 Problem 3 — Genel Eliptik Problem (Sizint1 Akisi)

a(x,y)=2—x2—y2 b(x,y) = eX degiskenlerine
sahip bu genel eliptik problemde Dirichlet sinir kosullar

0 |bxy)dd| _

dy dy

d |a(x,y)dd
0x Jx ]+

—xe¥Y(1 —x)(3 —2y) + 2y(1 — y)(3x%? + y* —x — 2),

bulunmaktadir [20]. Problem tanimmi Esitlik (15)’te veril-
mektedir:

(15)

$(x,y) =0, (x,y) €T =00

Bu problemin analitik ¢6ziimii Esitlik (16) ile verilmek-
tedir.

¢, y) =xy(1 -2 ~-y) (16)

Sekil 9°da genel eliptik problem igin karesel hatanin
farkli nokta dagilimi ve nokta sayisi i¢in € parametresine
gore degisimi verilmistir. Bu davranis ilk iki test problemiyle
benzerlik gostermektedir. Bu test probleminde, hata deger-
lerinin 108 mertebelerine kadar diistiigii gdzlemlenmistir.

Fakat burada dikkat edilmesi gereken husus, ilk iki test
probleminde analitik ¢6ziim degerleri yaklasik 10°! merte-
belerinde iken bu problemde 10 mertebesinde olmasidir.
Dolayistyla hata degerlerinde meydana gelecek yaklasik 10
katlik azalma goreceli olarak benzer davranisa tekabiil et-
mektedir. Bu problemde Siniis-RTF, ilk iki test problemine
benzer 6zellikler gdstermistir ve hatanm 107%°dan daha dii-
stik elde edilebilecegi genis bir € aralig1 gézlemlenmistir.

RMS Hatasi

RMS Hatasi

RMS Hatasi

(©

Sekil 10°da karesel hatanin sabit € parametresi igin nokta
sayisina bagl olarak degisimi genel eliptik problem i¢in goste-
rilmistir. € degerleri ilk iki problemde oldugu gibi; IMQ, Gauss
ve Siniis RTF’ler i¢in sirasiyla € = 1, € = 2 ve € = 4 olarak sa-
bit alinmustir. Genel eliptik problem igin karesel hatanin genel

RMS Hatasi

(d)

Sekil 9. Farkli nokta dagilimi ve nokta sayisi i¢in € parametresine gore karesel hatanin degisimi: (a) 225 nokta diizgiin dagilim, (b) 625
nokta diizgiin dagilim, (¢) 225 nokta Halton dagilimi, (d) 625 nokta Halton dagilimi

davransi ilk iki test problemiyle benzerdir. Bu problemde, Ga-
uss RTF ozellikle diisiik nokta sayilarinda Poisson-2 proble-
mine kiyasla daha iyi bir performans gostermistir.

Coziim bolgesindeki hata davranisi 81 nokta i¢in Sekil
11°de verilmistir. ilk iki problemle kiyaslandiginda diizgiin
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nokta dagilimi durumunda IMQ ve Gauss RTF’leri igin
hata davraniginin farkli oldugu ve hatanin ¢6ziim bolgesi
geneli boyunca yiiksek oldugu gézlemlenmistir. Diger du-
rumlar i¢in elde edilen sonuglar ise Poisson-1 problemiyle
benzerlik gostermektedir. Sekil 5, 8, ve 11°de verilen hata
sonuglart incelendiginde, hata davraniginin IMQ ve Gauss

RTF’leri i¢in problemden ve simir kosullarindan oldukga et-
kilendigi gozlemlenmistir. Sinlis RTF i¢in ise hata davrani-
sindaki farkliliklar diger iki RTF i¢in gézlemlenen farklilik-
lar kadar belirgin olmamakla birlikte hatanin baz1 bolgelerde
artis egiliminde oldugu goérilmiistiir.

-----

RMS Hatasi
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Sekil 10. Farkli nokta dagilim1 ve nokta sayisi igin karesel hatanin degisimi: (a) Diizgiin nokta dagilimi, (b) Halton nokta dagilimi
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Sekil 11. 81 nokta sayist i¢in farkli nokta dagiliminda ¢6ziim bolgesindeki hata davranist: (a) IMQ-Diizgiin nokta dagilimi, (b) IMQ-
Halton nokta dagilimi, (¢) Gauss-Diizgiin nokta dagilimi, (d) Gauss-Halton nokta dagilimi, (e) Siniis RTF-Diizgiin nokta dagilim, (f)
Siniis RTF-Halton nokta dagilim1
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3.4 Problem 4 — 4. Mertebe Eliptik Problem (Kirchhoff
Plaka Egilmesi)

Yayili yiik altinda egilmeye maruz kalan homojen,

yonden bagimsiz dzelliklere sahip basit mesnetli ince pla-
kada meydana gelen deformasyon Esitlik (17)’deki diferan-
siyel denklem ile tanimlanmaktadir [23]:

Vg = L

0 (17
¢plx.y) =0 (wylel=an
M, = —D{::‘i-“iﬂx-}’} +i1—w) (c‘us o ﬁ‘if:.y} + sin‘ @ ﬁ‘i(:f,y} + sinZa E‘I;F;f} J} =0, (xyler=an

Bu denklemde p yayilh yiikidi, D plakanin egilme
rijitligini,v Poisson’s oranini, « ise sinirlarda yiizey normali-
nin x-ekseni ile yapmis oldugu aciy1 ifade etmektedir. Prob-
lemde sinir kosullar1 olarak deformasyon ve moment sifir
olarak tanimlanmaktadir. Problemin analitik ¢6ziimii (Na-
vier seri ¢oziimii) Esitlik (18) ile verilmektedir [23].

() =%ii

m=1n=1

sin(mmnx) sin(nmy)
mn(m? + n?)?

(18)

Esitlik (18)’de m ve n tek sayidir. Analitik ¢oziimiin
elde edilmesinde ilk 100 terim kullanilmistir. Bu degerin
secilmesinin nedeni, diger tiim terimlerin toplam etkisinin
101%dan daha az olmasidir. Test probleminde p/D = 1

olarak alinmaistr.

Sekil 12°de plaka egilmesi problemi i¢in karesel hatanin
farkli nokta dagilimi ve nokta sayisi i¢in € parametresine
gore degisimi verilmistir. Test edilen diger problemlerde
oldugu gibi IMQ ve Gauss RTF’lerinde hatayr minimum
yapan optimum bir € degeri hem diizgiin hem de Halton
nokta dagilimi igin gézlemlenmistir. Benzer davranis Siniis-
RTF igin 225 nokta sayisinda gozlemlenmistir. Nokta
sayis1 625 oldugunda ise, diger test problemlerinde oldugu
gibi Siniis-RTF i¢in hatanin belirli bir degerden diisiik
oldugu bir € araligi ortaya ¢ikmistir. 625 nokta sayisi ve
Halton nokta dagiliminda tiim RTF’ler i¢in minimum hata
degerleri diger test problemlerine kiyasla artmistir fakat
bu oran Siniis-RTF i¢in daha belirgindir. Sonuglarin daha
iyi degerlendirilebilmesi i¢in minimum karesel hata ve bu
hatanin elde edildigi € parametresi degerleri tim RTF’ler
icin Tablo 2’de verilmektedir.

RMS Hatasi

107 oo Gauss = |
E Siniis E|

RMS Hatasi

RMS Hatasi

RMS Hatasi

Sekil 12. Farkli nokta dagilim1 ve nokta sayisi i¢in € parametresine gore karesel hatanin degisimi: (a) 225 nokta diizgiin dagilim, (b) 625
nokta diizglin dagilim, (¢) 225 nokta Halton dagilimi, (d) 625 nokta Halton dagilimi
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Tablo 2. Minimum karesel hatanin elde edildigi € degerleri

Isim IMQ Gauss Siniis
Nokta sayisi ve dagilimi 225 625 225 625 225 625 225 625 225 625 225 625
(H-Halton, D-Diizgiin) D D H H D D H H D D H H
Minimum hata (x1077) 2.29 1.00 1.05 12.11 0.98 1.95 0.66 6.71 0.47 1.43 0.75 74.29
€ 1.97 1.71 1.11 1.18 343 4.22 3.06 4.52 20.78 22.28 22.80 18.52
10% ¢ T 10 g7 i g
E i e | WA F -=-=--IMQ 3
10" Errr e e Gauss 10" E e GAUSS [ 5
E Sinls I Sinis | 1
10° - 100 -
107k T 3
g 10‘2% ; g |
LS : &
T q0% <+ T
N B g "]
B 10e 1 2

10k
10% &
10-7 |-
10% =
10’ 10°
Nokta Sayisi
(2)

Evvmnl i o

10?
Nokta Sayisi

(b)

Sekil 13. Farkli nokta dagilim1 ve nokta sayisi i¢in karesel hatanin degisimi: (a) Diizgiin nokta dagilimi, (b) Halton nokta dagilimi

Karesel hatanin sabit € parametresi i¢in nokta sayisina
bagli olarak degisimi 4. mertebe eliptik problem icin Sekil
13’te gosterilmistir. Diger problemlerden farkli olarak, € de-
gerleri IMQ, Gauss ve Siniis RTF’ler icin sirasiyla € = 2,
€ = 4 ve € = 10 olarak alinmistir. Karesel hatanin genel dav-
ranist, Sinis ve IMQ RTF’leri i¢in benzerlik gdstermekte-
dir. Gauss RTF ise 6zellikle fazla nokta sayilarinda daha iyi
performans sergilemektedir. Nokta sayis1 belirli bir degeri
astiginda diger test problemlerinde oldugu gibi hata davra-
nisinda kararsizliklar olusmustur. Bu kararsizliklar Halton
nokta dagilimi i¢in daha belirgindir.

Coziim bolgesindeki hata davranisi 81 nokta i¢in Sekil
14’te verilmistir. Bu problemin Esitlik (18)’de verilen anali-
tik ¢coziimii eksenel simetriktir. Diizgiin nokta dagilimi i¢in
Gauss ve IMQ RTF’leri igin yaklagik ¢6ziimiin de simet-
rik oldugu hata sonuglarindan anlasilmaktadir. Fakat Hal-
ton nokta dagiliminda, noktalarin diizgiin olmayan dagili-
mindan dolay1 bu davranig bozulmaktadir. Siniis RTF’de ise
fonksiyonun harmonik davranisindan dolay: diizgiin nokta
dagilimi oldugu durumda dahi tam simetrik sonug elde edi-
lememistir. Diger test problemlerinde, bu problemde tiim
RBF’ler icin ortaya c¢ikan genel hata davranisi gézlemlen-
memistir. Ayrica, bu test probleminde Halton nokta dagilimi
diizgiin nokta dagilimima gore daha diisiik hata olugmasini
saglamistir.
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3.5 Siniis-RTF Sonuglari ve Tartismalari

Sekil 3, 6, 9 ve 12°de verilen sonuglar incelendiginde,
Siniis-RTF kullanildigr durumlarda hatanin minimum ol-
dugu bir € araliginin oldugu ve bu araligin problemin tii-
riine, nokta dagilimia ve nokta sayisina gore farklilik gos-
terdigi goriilmiistiir. Ornek olarak, 2. mertebe diferansiyel
denklem iceren ilk ii¢ test probleminde diizgiin nokta dagi-
lim1 ve 225 nokta sayisi i¢in hatanin minimum oldugu aralik
yaklasik olarak 4 < € < 11 olarak degisirken, Halton nokta
dagilimi1 durumunda aralik 4 < € < 20 olarak gozlemlenmis-
tir. Nokta say1s1 625°¢e ¢iktiginda ise bu araligin 6zellikle {ist
sinirinin arttigr goriilmiistiir. Dolayisiyla nokta sayisi ile €
iist sinir1 arasinda bir iligskiden s6z edilebilir. 4. mertebe dife-
ransiyel denklem igeren son test probleminde ise 225 nokta
sayisi i¢in diizglin ve Halton nokta dagilimi durumunda bu
aralik sirasiyla 7 < € < 23 ve 14 < € < 32 olarak degismis-
tir. Her ne kadar sinir kosullarinda 1. mertebe terimler ice-
ren Uglincii test probleminde ilk iki test problemine kiyasla
€ araliginda ufak farkliliklar olsa da, bu farkliliklar 2. mer-
tebe terimleri igceren son test probleminde belirgin sekilde
ortaya ¢ikmaktadir.

Test edilen problemlerde Siniis-RTF’nin farkli nokta
sayilarinda ve € degerlerinde nasil bir davranis gosterdigi
Sekil 15°te gosterilmektedir. 2. mertebe problemlerde ge-
nis bir € araliginda ve diisiik nokta sayilarinda diisiik hata
mertebelerine erisilebilmistir. Diizgiin nokta dagiliminda
50, Halton nokta dagiliminda ise 40 nokta sayisindan
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baslayarak nokta sayisindaki artig ile orantili olarak ge-
nisleyen bir € araliginda diisiik hatalar elde edilebilmistir.
Plaka egilmesi probleminde ise optimum € araliginin daha
dar oldugu gdzlemlenmistir. Ozellikle Halton nokta dagi-
liminda nokta sayisinin 500’iin lizerine ¢ikmasiyla sayisal
kararsizliklar nedeniyle diger problemlerde hatanin digiik
oldugu 4 < € < 40 araliginda daha yiiksek hatalarin olus-
tugu goriilmistiir. Bu davranisa neden olan en dnemli et-
ken 4. mertebe problemlerde tiirevlerin daha fazla sayida
terime sahip olmasi ve ¢oziimiin bu terimlerin hassas ola-
rak elde edilmesine yakindan bagli olmasidir.
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IV. SONUCLAR

Yapilan ¢alismada agsiz yontemlerin bir kolu olan radyal
ozellige sahip temel fonksiyon yontemi i¢in yeni bir fonksi-
yon onerilmistir. Onerilen fonksiyon dort farkli problemde
test edilmistir. Elde edilen sonugclar, 6nerilen Siniis-RTF nin,
IMQ ve Gauss RTF’ye gore daha az nokta sayilarinda daha
diisiik hata degerlerine ulasabildigini gostermistir. Ayrica,
nokta sayisinin artmastyla kullanilabilecek optimum € arali-
ginin genisledigi ve nokta sayist ile € iist degerinin iliskili ol-
dugu goriilmiistiir. Dolayisiyla, 6nerilen Siniis-RTF’nin ag-
siz yontemlerde, IMQ ve Gauss RTF ye kiyasla bir alternatif
olarak kullanilabilecegi gosterilmistir.
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Sekil 14. 81 nokta sayisi i¢in farkli nokta dagiliminda ¢6ziim bdlgesindeki hata davranist: (a) IMQ-Diizgiin nokta dagilimi, (b) IMQ-
Halton nokta dagilimi, (¢) Gauss-Diizgiin nokta dagilimi, (d) Gauss-Halton nokta dagilimi, (e) Siniis RTF-Diizgiin nokta dagilim, (f)
Siniis RTF-Halton nokta dagilim1
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Sekil 15. Farkli nokta dagilimi, nokta sayist ve € parametresine gore Siniis-RTF icin karesel hatanin degisimi: (a) Poisson 1-Diizgiin
nokta dagilimi, (b) Poisson 1-Halton nokta dagilimi, (¢) Poisson 2-Diizgiin nokta dagilimi, (d) Poisson 2-Halton nokta dagilimi, (e)
Problem 3-Diizgiin nokta dagilimi, (f) Problem 3-Halton nokta dagilimi, (g) Problem 4-Diizgiin nokta dagilimi, (h) Problem 4-Halton
nokta dagilimi
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