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Abstract

Researches done so far indicate that oil reserves around the word will most probably have been used up in 50 year’s time.
This fact has necessitated the researches and use of new energy sources which can be alternative to oil, the most commonly
used energy source around the world. Unforgettable Chernobyl nuclear disaster in 1980s, in Ukraine, caused to see the
energy glass half empty; and this negative viewpoint has got more acute after the radiation leakage in Fukushima power
plant which was damaged in the earthquake in Japan, in 2011. Furthermore, hydroelectric power plants have provoked
reaction from many eco-warriors and organizations as they cause ecological disequilibrium through floods in natural habitat.
Moreover, it will be pointless to mention coal-fired thermal power plants, which created the term “year without summer”
due to the air pollution they caused during Industrial Revolution in England between 18th and 19th centuries.

When the topic is energy and its production, market conditions, in which inputs enabling production are dealt in, get affected
from various outside/exterior factors. Dynamics of these input markets which are based on delicate balances change
constantly; and thus, these changes become influential on aforementioned input prices. Thinking markets selling oil and its
derivatives, it becomes more comprehensible that dynamics are significant and related to each other. Without a doubt, one
of the energy inputs which are closely dependent on these critical market conditions is natural gas prices.

In this study, stability of daily natural gas prices between 1997 and 2012 will be researched and its volatility will be tried to

be modeled via ARCH&GARCH model family.
Keywords: Naturalgas Prices, Time Series Analysis, Box-Jenkins Method, Unit Root Tests, ARCH and GARCH Models, Volatility.
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Ozet

Arastirmacilar, diinyadaki petrol rezervlerinin ¢ok yiiksek ihtimalle Oniimiizdeki 50 yil iginde tiikenecegini ortaya
koymuslardir. Bu gergek arastirmacilari, diinya genelinde petroliin alternatifi olarak kullanilabilecek bir enerji kaynagi
arayisina itmistir. 1980°de Ukrayna’nin Cernobil sehrinde yasanan niikleer felaket, diinya {izerinde bu enerji tiiriine karst
bardagin bos tarafindan bakilmasina sebep olmus, bu olumsuz goriis 2011 yilinda Japonya’da meydana gelen deprem sonrast
Fukusima santralinde meydana gelen sizintidan sonra daha da artmigtir.

Ayrica hidro-elektrik santrallerin dogal yasam alanlarina verdigi zararlar, bu enerji tiiriine karsi, ¢evre savunucular1 ve
orgiitlerinin tepkilerine ve protestolarina sebep olmaktadir. Diger taraftan 18 ve 19. yiizyillardaki Sanayi Devrimi sirasinda
Ingiltere’de “Yazsiz Y11’ yasanmasina sebep olan termik santrallerden bahsetmeye gerek bile yoktur.

S6z konusu enerji ve iretimi olunca, bu {iretimi saglayan girdilerin alinip satildig1 piyasa kosullar1 birgok digsal faktérden
etkilenmektedir. Hassas dengeler iizerine kurulu bu girdi piyasalarinin dinamikleri kosullara bagli olarak siirekli degigsmekte
bu degisimlerde beraberinde s6z konusu girdilerin fiyatlari {izerinde etkili olmaktadir. Petrol ve tiirevlerinin alinip satildigi
piyasalar diisiiniiliince dinamiklerin ne kadar hassas ve birbirine bagli oldugu daha iyi anlagilabilmektedir. Bu hassas piyasa
kosullarina bagli enerji girdilerinden bir tanesi de hig siiphe yok ki dogalgaz fiyatlaridir.

Bu ¢aligmada, (1997-2014) yillar1 arasi giinliik dogalgaz fiyatlarinin duraganh@: arastirilarak, sahip oldugu volatilite
ARCH&GARCH model ailesi ile modellenmeye calisilacaktir.

Anahtar Kelimeler: Dogalgaz Fiyatlari, Zaman Serileri Analizi, Box&Jenkins Metodu, Birim Kok Testleri, ARCH&GARCH Modelleri,
Volatilite

Jel Simif Kodlari: C01, C20, C50, C51

Obtrusive effects of environmental problems,
desires to have alternate energy sources along with
charming processing prices gradually make natural
gas a more appealing energy source. Natural gas,
despite not having gained the oil throne yet but

1. Introduction

Humankind has been aware of the presence of
energy for millions of years. However, consuming

or producing this energy for the actual purpose was
not so rapid especially in the old-time. Even though
mankind’s taming these life sources and
consuming them in accordance with their actual
purpose took thousands, even ten thousand years in
the time scale, the time when human really
encountered with the energy dates back to just a
few centuries.

Increase in energy demand depending on the
energy consumption results in production need to
meet the popular demand. Various sources have
been made use of to provide production. One of
these commonly used sources is natural gas; the use
of which has considerably increased particularly
recently.

taking firm steps to take it soon, appears in
literature as today’s appealing and reasonable
energy source.

Natural gas, as mentioned earlier, depending on
many factors, such as increasing environmental
pollution in parallel with conservationist reactions,
prices and financial reasons, has been mostly
preferred for both heating and generating energy
rather than coal and its derivatives especially in
recent years.

Apparently, as with each globally alluring
energy sources, natural gas gets its share from the
other financial changes. Natural gas prices’ not
being dependent only on its market conditions and
recently growing popularity are the leading factors
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affecting the price of this energy source. Though
not like oil, natural gas has an unstable data
structure.

The aim of this study is to model natural gas
prices volatility, which is mostly affected by outer
(exterior) conjunctures. As with each time series
analysis, before modeling volatility in natural gas
prices series, the stationarity analysis will be
studied using ACFs and unit root tests.

After specifying the volatility,
ARCH&GARCH modeling family, which are
known as autoregressive models with changing
conditional variances proposed by Engle (1982)
and Bollerslev (1986) will be applied in the next
step.

2. Literature Study

Although there are articles analyzing natural gas
price volatility in literature, not many studies have
tried to model aforementioned volatility via
ARCH&GARCH model family. Particularly in
technical literature of Turkey, there has not been a
research done about natural gas volatility yet.
When considered from this point of view, this study
will be accepted as the first. Some of the similar
studies in international literature are as follows;

Fazilah ve Sonal (2009) searched the
relationship between daily natural gas and oil
prices, and tried to define whether the prices of
each topic had influence on each other’s price
volatility. Moreover, they studied what sort of
effects were caused on prices being questioned by
outside factors, such as crisis, stocking and reserve.
As aresult of their study, Fazilah ve Sonal modeled
volatility indicating that natural gas and oil price
volatility are closely dependent both on each other
and on amount of stock the top producers had.

Pindyck (2004) studied the effects of turmoil top
energy producers experienced on oil and natural
gas prices volatility in the USA between 1990 and
2000. At the end of the study, Pindyck claimed that
natural gas and oil prices volatility were mostly
dependent on risk conditions.

Alterman (2012) investigated monthly volatility
of natural gas prices between 2000 and 2012, yet
did not model the volatility. Alterman defined the
other materials having effects on natural gas price
volatility, examined trends, and concluded that
natural gas prices were particularly influenced by
oil prices.

Duong (2008) studied reasons for natural gas
volatility. As a conclusion, he suggested that
effects of negative shocks in crisis periods were
less than the effects of the positive ones. Stating
that weekly, even daily conjunctures had influence
on natural gas prices, Duong pointed out that
volatility of natural gas prices in winter months was
more than the summer months’, and also
speculations were not effective on the next-day
natural gas prices.

Chevallier ve S’evi (2011) analyzed the
relationship between trading volume and price
volatility in oil and natural gas markets using high
frequency series. According to the regression
analysis, they proposed a positive relation between
trading volume and price volatility. Furthermore,
according to the result of their analyses which was
based on the assumption that the relationship
between volatility and trading volume was
symmetrical (showing effects of shocks in crisis
periods with trading volume), the interaction being
questioned was not symmetrical. Asserting that the
effects of negative shocks were higher than the
positive ones’, they explained the relationship.

Qin et. al. (2010) questioned the dynamic
relation between the market basics and natural gas
prices. At the end of the study they conducted
which searched the hypothesis that natural gas
prices indicated different proceedings; they stated
that the claim presented was acceptable. In
addition, they presented that natural gas prices
volatility could be explained via GARCH type
models. As another outcome of the study, they
suggested that market basics were inefficient to
explain natural gas prices volatility and this
volatility was deeply influenced by lots of various
external factors.
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3. Material and Method

3.1. A General Outlook on the World Natural Gas
Market

Natural gas, major raw material of various
chemical products, meets an essential part of world
energy consumption. Its history dates back to
hundred years earlier. Historical recordings show
that it was first used in China 900 B.C. As it was
easy to carry, process and stock, common use of
natural gas was in the early 1800s. With the use of
natural gas pipeline transportation, increasing
natural gas consumption in 1920s also rose after the
World War 1. The USA was the first to use natural
gas to generate energy. While natural gas provided
10 % of world energy consumption in 1950s, in the
present day it meets 24 % of energy consumption.
It is estimated that known natural gas reserves have
a lifespan of 70 years. Known natural gas reserves
are equivalent to oil reserves (naturalgas.org).

In 2011, crude oil, having a strategic position
among the primary energy resources, met 33, 1 %
of world energy demand, while natural gas
provided 23, 8 %. After the second half of the 20th
century, environmental pollution which increased
particularly as a result of intense industrialization
caused a growing demand for natural gas, a
relatively clean fuel. To the first energy projection
for 2030 of International Energy Agency (IEA),
coal and natural gas demands are expected to
increase significantly. It is anticipated that annual
increase in world energy demand with 2, 4 %
average in the last twenty years will have dropped
back to 1,6 % annually until 2030, shares of gas and
non-fossil fuels in energy consumption will mount
up in proportion to fossil fuels, and oil will have the
lowest rate of increase, annually 0,7 % (T.P.O 2011
Oil and Natural Gas Sector Report).

According to T.P.A’s 2011 report, LNG liquid
natural gas trading volume around the world
continued to enlarge 10 % in 2011. Growth in LNG
importation resulted from increases in Japan,
specifically with the nuclear crisis, in developing
south hemisphere markets, as well as in developed
markets such as U.K., South Korea, and Taiwan.

LNG demand in Europe rose in the first half of the
year; however, it had an inclination/tendency to fall
in the second half. Demand increase in Asian
markets considerably lessened excessive amount of
LNG in markets. Production amount has been
constantly on the rise particularly since 1980 in
order to meet increasing demands.

As seen from Graph 1., natural gas consumption
amount in 2013 almost tripled the amount in 1980.
This condition, as mentioned before, resulted from
the fact that natural gas is a clean and obtainable
energy source. Graph 2. demonstrates natural gas
production between 1980 and 2013 by years. To
meet the increasing consumption need, production
amount almost tripled as consumption amount.
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In other hand if is it necessary to look reserves
natural gas by the country, 76 trillion m3 (41%) of
natural gas reserves are in Middle East countries,
59 trillion m® of reserves are found in Russia and
countries of Commonwealth of Independent States
(CIS), and there are 31 trillion m® (17%) in Africa/
Asia Pacific countries. Graph 3. depicts natural gas
reserve amounts regarding areas by milliard cube.
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Graph 3. Natural Gas Reserve Amounts Regarding Areas, 1980-
2013 (trillion cube) (Source: BP Statistical Review of World
Energy Outlook 2013)

The fact that most of reserves are located in
Central Asia and Russia has made these areas
production centers. As of 2013, shares of
production areas in total production are presented
in Graph 4. World natural gas production and
consumption shares of all areas as of 2011 can be
seen in Graph 4.
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Graph 4. World natural gas production and consumption shares
of areas (Source: BP Statistical Review of World Energy
Outlook)

As is seen from graph 3, both production and
consumption are dense mainly in Asia and Europe,
and mostly in North America. Among the reasons
for the situation, the closeness of these areas to
reserves and the intensity of industrial activities
especially in some countries such as North
America, Europe and Asia (Japan, China, and
India) can be stated.

3.2. Box & Jenkins Method

Box-Jenkins method is one the ways used to
forecast univariate time series. Short-term
prediction, this new and successful method of
methodology, shows a methodical approach to set
up intermittent and stationary time series models of
research values acquired by equal time intervals
and to make predictions. Whether the series
consisting values acquired by equal time intervals
are intermittent or stationary are vitally important
hypotheses assumptions of Box-Jenkins method.

Box — Jenkins method makes reliable future
estimation possible combining moving average
with autoregressive process after it stabilizes series
using differencing method. Box-Jenkins approach
is one of the most-frequently preferred methods to
analyze time series data and used to model
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stationary time series. While setting the model of
time series, selection of the most proper (p, d, q)
values is a problem. Box —Jenkins method is
applied to determine these values.

General ARIMA (p, d, g) model statement is as
follows (Enders, 2004);

W =W, +@,W_, +...+QW_, +a _gla‘[—l _923172 .- '_an'lfq

@

A: Differencing operator
d: Differencing level
(w ): Differentiated series

3.3. Unit Root Tests

When autoregressive process AR(1) from the
first level are discussed, the process is defined as
follows: (Gujarati, 2004)

Y. = PYiut+ & )

In 2 Model, y: means market value of time
series; Yy, , shows value of series in the previous
period, and p is the root of characteristic equation
in AR process.

In this model, think that Ho: p=0 (the series has
no unit root and is stationary) hypothesis will be
tested. Under Ho hypothesis, p parameter in the
equation above can be estimated with Least
Squares.

Moreover, g term in the model is the error term,
and this error term has normal distribution features
like E(&)=0 and Var(g,) = c?v-&, error term is
called as error term (white noise) (Gujarati, 2004,
p;802).

Gujarati (2004) (2) stated that if p is smaller than
one as absolute value, (|p|<1) y: series is stationary
and least squares estimator of y; is effective.
Besides, whether estimated value of p, p student t
statistic calculated comparing p estimation to
standard error is significantly different from zero or
not.

Dickey Fuller (DF), Corrected Dickey Fuller
(ADF) Tests and Phillips-Perron Tests

In unit rooted time series, at least one of the
characteristic equation roots of series should be “1”
as absolute value. In literature there are various
methods to test whether series include unit root or
not, or are stationary. However, the most
commonly used one in practice is DF test method,
which is based on least squares estimator
distribution of parameters. DF unit root test can be
applied only if process has only one unit root, and
if this case can be eliminated.

There are two hypotheses to test the presence of
unit root. They are;

H1: y<0 (p<1) (no unit root in series) (stationary
series)

Ho: v=0 (p=1) (unit root in series) (non-
stationary series)

Dickey and Fuller (1979) accepted the
hypothesis that residuals are independent and have
normal distribution in the test they developed. Yet,
the hypothesis that es are independent is not
always valid. Modeling a time series model needed
to be set at p. level (p>1) with AR(1) process will
cause residuals to be auto-correlated; that means
they will have a relationship. To eliminate this
problem, lag values of time series being questioned
should be included in the model. To reach the
equations which will be handled in extended
Dickey-Fuller test (ADF), it is adequate to add lag
values of y;

It is accepted that, in DF tests, error terms are
independent, and has normal distribution and fixed
variance. In the researches, this present relationship
is not taken into consideration. Phillips ve Perron
(1988) moderated the hypothesis which was
accepted within the scope of DF procedure with the
help of the method they had developed (Phillips ve
Perron, 1988);

When the following equation models are
examined;

Ye =My +MY ., +§ (3)
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« " « T
yt:m0+rnlyt—1+m2[t_5)+et 4)

T represents the number of observation in
equations. As ,E(e,)=0 , it is not necessary for
residual terms not to be in serial correlation or to be
homogenous. Phillips and Perron (PP) test, in
contrary to DF test, lets delicate dependence and
heterogeneity between residual terms. PP test;

Y = Vi +& Q)

for data produced as in equation 4, zero hypothesis
trial is applied against m* and m; coefficients.

3.4. ARCH&GARCH Models

ARCH model was developed by Engle (1982).
He rejected the constant variation hypothesis which
was presented in time series models and indicated
that errors were without constant variables through
a study examining inflation data in the U.K. with
use of ARCH process, various extensions were also
proposed / suggested.

To explain the ARCH models functioning, take
a regression model with a k variable as an example,

Ve =B+ BoXor +. o BXy +E (6)

In other words, ¢ has a zero means and
distributes normally with variance. While error
term’s having zero means is one of the hypotheses
of classic least squares method, taking variation of
error term in t period as a function of error term
square in (t-1) period is one of the changes which
ARCH model has made. In ARCH model,
conditional variation is a function of error terms
squares lag values. Engle (1982) explained
conditional variation of error term in t period
adding lag values of & itself to the model as
below;

ht zo_tz =0, + algtz—l (7

And this process is called as ARCH (1) process.
Hereby, conditional variation depends on only one
lag value of error term square. A profound shock
occurred in t-1 period causes a maximum
(conditional) variation in t period.

The model giving the forecast value of
conditional variation in t+1st period is as in
equation 8;

P
ho=a,+ zai 512+17p 8)

t=1

Engle (1982) proposed the simple model in the
following as an example of multiplicative
conditional heteroscasticity type;

j 2
& SV T &, )

Here, v; variation is described as a white noise
process equal to one, and v; and &, are
independent of each other. Moreover, under v; and
&, limitations, o, and o, get constant values.

GARCH models appeared in 1986 through
generalization of ARCH models by Tim
Bollerslev. They are also known as Generalized
ARCH models. GARCH models, in fact, are
modeling conditional error variation of v; process
as ARMA process. The reason why GARCH is
commonly used and preferred to ARMA model is
its having less parameters in structure. Thus, the
chance of ignoring the limitation of parameters’ not
being negative gets lower. According to GARCH
model, conditional variation is dependent on lag
values of error squares in previous period and on
previous period values of previous period
conditional variance of dependent variable.

Another important point of researches is to
examine ARCH effect. The most known of it is
ARCH-LM test shown that below.

3.5. ARCH-LM Test

ARCH test aims at determining whether the
effect named as ARCH effect exists in observation
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values being studied. In literature, there are
numerous tests having been developed for this task.
However, most of package software uses Lagrange
Multipler method known also as ARCH-LM test in
literature.

It is possible to apply LM test using least
squares errors for ARCH models. In the hypothesis
which will be developed for LM test, alternative
hypothesis indicating errors with ARCH effect is
tested instead of research zero hypothesis
explaining that errors have white noise process
determining the presence of ARCH effect. The LM
test has the following steps (Nargelecekenler,
2006);

For a univariate model,

Vi =HFTPY TP Yo TP Y g T & (10)

the model is estimated with Least Squares. Error
squares of estimated model, &2 , are provided.
Using these values, LM =(T—p)R* is
calculated statistically estimating regression
equation with constant term as in follows;

_ 2 2 2
h=a,+ae, +a,&,+.. A aE Y,
(11)

Hy: B=f=....=3,=0
H, : At least one f3, # 0 (no homoscedasticity)

To test the hypothesis;
4. Empirical Results

In this part of the study, Henry Hub Gulf
($/MMBTU) natural gas prices between January
1997 and December 2012 will be analyzed. Being
one of the mostly used natural gas prices in
international markets, it is approved to analyze
these natural gas prices. Analyzing process consists
of the following steps;

Initially , central tendency of the series will be
searched studying Cartesian Graphs of the series.

Then, volatility of series will be examined with the
help of auto-correlation and unit root methods.

Afterwards, ARIMA model group will be
defined to model relevant research values in hand
by means of Box-Jenkins.

Finally, having estimated the proper ARCH and
GARCH models for relevant research values, data
will be generated for the conclusion.

E-views 7 package program has been used for
these practices.
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Graph 5. Henry Hub Gulf Natural Gas ($/MMBTU) Daily
Prices, Jan 7, 1997- June 24, 2014 (Source : eia.gov)

When Cartesian graph indicating natural gas
prices is examined, it is seen that prices do not have
a tendency towards increase or decrease; on the
contrary, they have a fluctuating manner. Another
remarkable point in the series is the extreme values
in series on some dates.
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Graph 6. Henry Hub Gulf Natural Gas ($/MMBTU) Daily
Prices Profit Series Graph, Jan 7, 1997- June 24, 2014

It can be said that volatility is present in 2000,
2004, 2005, 2006 and 2009 when profit graph of
first differenced natural gas prices series is
examined. However, to get the final result, ARCH-
LM test needs to be done. Nevertheless, stationarity
analysis should be applied before examining
ARCH effect.

Unit root test results at various levels for ADF
ve PP tests are given in Table 1.
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Table 1. Unit root test results

Test  Model p AIC
(—\t level no trend no 01458 0,352
intercept
At level with intercept no 0,02 0,352
trend*

At level with trend and 0,037 0,352
intercept

ADF di .

.1 ifferencing no trend no 0,00 0,352
intercept *

1 differencing with

intercept no trend* 0.00 0.353
1 dlf_ferencmg with trend 0,00 0,353
and intercept *

At level no trend no 0,129 0,43
intercept

At level with intercept no 0,012 0,427
trend*

At level with trend and 0,01 0,424
intercept

PP - -

_1 differencing no trend no 0,00 0,43
intercept *

1 differencing with

intercept no trend* 0,00 0,428
1 differencing with trend 0,00 0,428

and intercept *

Ho: The series has unit root (It is not stationary)

To test the hypothesis, ADF and PP tests were
used, and at 5% significance level, it was seen that
first differentiated series usually does not have unit
root; that means it is stationary.

After unit root analysis, it was tried to determine
ARIMA  models to create data for
ARCH&GARCH models, and at the end of
analysis, Table 2. was generated for the proper
models among the tested models.

Table 2. ARIMA model groups

Model AlC

ARI(1,1) 0,426
ARIMA(2,1,2)* 0,352
ARIMA(2,1,1) 0,398
ARIMA(L,1,2) 0,353

Although error criterion values were very close
to each other at the end of trials to find the most
appropriate ARIMA model, it was decided that the
most appropriate model is ARIMA (2,1,2).

After this stage, it was questioned if the series
had ARCH effect or not, and ARCH-LM test
results for various lag length are given in Table 3.

Table 3. ARCH effect condition for various lag length

Lag length ARCH Effect p Value
k=1 Available 0,00
k=2 Available 0,00
k=3 Available 0,00
k=4 Available 0,00
k=5 Available 0,00
Ho: Bg=p=.....=5,=0

H, : At least one 3, #0 (no homoscedasticity )

At the end of the examinations for hypothesis
like above, it was observed that till 5 lag, at 5%
significance level, there was volatility effecting
series.

After this point, volatility modeling studies were
carried and results are given in Table 4.

Table 4. ARCH&GARCH model results

Model AIC
ARCH(1) -0,291
ARCH(2) -0,516
ARCH(3) -0,651
GARCH(1,1) -0,841
GARCH(2,1) 0,353
T-ARCH(1) DAS=1 -0,300
T-ARCH(2) DAS=1 -0,551
T-GARCH(1,1) DAS=1 -0,844
E-GARCH(1,0) DAS=1* 0,003*
E-GARCH(2,0) DAS=1 -0,333
E-GARCH(2,2) DAS=2 -0,857
P-GARCH(1,0) DAS=1 -0,300

Among the tested models, it was seen that E-
GARCH (1,0) model with 1 asymmetry level from
E-GARCH model group was also the one assuming
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that the model with least error criterion as absolute
value had no symmetrical effects on shocks (crisis)
series. It was also noticed that basic ARCH models
suggested proper models for the series in question.
In T-GARCH type models regarding leverage
effect, in modeling volatility in series being
questioned presents significant results.

The series did not have ARCH effect for 1 lag
in ARCH-LM tests applied to determine the fact
that whether the model which had been decided to
be the most appropriate one among the tested
models could eliminate ARCH effect in series or
not.

After trying E-GARCH(1,0) model ARCH-LM
test results for 1 lag given below. It’s shown that
the best model which was chosen can fit ARCH
effect.

Heteroskedasticity Test: ARCH

F-statistic  0.205134  Prob. F(1,4367) 0.6506

Obs*R-
squared 0.205219  Prob. Chi-Square(1) 0.6505

5. Discussion and Conclusion

Natural gas price volatility, having values
depended on various exterior effects, indeed, is not
an unexpected situation. Nearly all of the countries
around the world use natural gas as energy source,
and gradual increases in demand for the source
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Ozet

Bilisim teknolojilerinin kamu ve 6zel sektdrde yogun kullanimi, firsatlarla birlikte bilginin giivenligi, gizliligi, giivenilirligi
ve biitlinligl hususlarinda birtakim giicliikleri de beraberinde getirmistir. Aymi gekilde, i¢ kontrol ortami ve denetim
kanitinin dogasinda ciddi degisikliklere yol agmigtir. Bu nedenle, denetimlerin basarili bir sekilde yiiriitiilebilmesi igin yeni
denetim prosediirlerinin olusturulmasi zorunlu hale gelmistir. Bu ¢aligma, genel hatlariyla bilisim teknolojileri denetimini
aciklamakta ve Tiirk Sayistayinin deneyimleri hakkinda ayrintili bir izahat ve yiiksek denetim orgiitleri (YDK) i¢in dneriler
ortaya koymaktadir.

Anahtar Kelimeler: Bilisim Teknolojileri Denetimi, Tiirk Sayistayi.
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Abstract

Prevalent use of information technologies in both private and public sector has brought not only opportunities but also
various challenges in terms of security, confidentiality, reliability and integrity of information. By the same token, it has led
to a fundamental change in the internal control environment and nature of audit evidence. Hence, it has become compulsory
to design new audit procedures in order for successful implementation of audits. This study broadly defines information
technology audit and provides a comprehensive explanation of the experiences of the Turkish Court of Accounts and
recommendations for supreme audit institutions (SAIS).
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1. Introduction

Drastic changes in information technologies
altering nature of internal control environment and
audit for the last 15 years have led to the
information revolution which has imposed an
inevitable transformation at each and every aspect
of our lives. Not only everyday lives have been
profoundly influenced by innovations introducing
mobility, connectedness, easiness, and high quality
(ITIF, 2007) but also nature of the business
environments has been significantly reshaped by
the new rules of the business in today’s world
which has already become a global village.
Changes in the traditional decision-making process
have fueled the greed for timely, relevant, value-
added, coherent, and accurate information and in
turn increased the dependency in information
technologies. Likewise, public sector organizations
have kept pace with digital revolution in order to
meet the growing expectations for high quality,
easiness, and transparency in public services
(Kayrak, 2012a). As a consequence, digital
revolution has created a new world described by
four “I”’s: Information, Intelligence, Integration,
and Innovation (Hinnsen, 2012).

2. Information Technology Risks And
Controls

In the early phase of the digital revolution First
usage of information systems in financial
departments was automating payrolls and
recording them on the accounting books (Akbas,
2011).  Afterwards, introducing  various
information systems such as transaction processing
systems, office support systems, management
information systems, decision support systems and
strategic information systems helps organizations
manage information in its journey from data to
knowledge and wisdom created at different levels
of business (Topkaya, 2011). Today, intense use of
information technologies in the business processes
turns out to be an indispensable prerequisite of

competitiveness to survive and grow in the
challenging business environments.

Producing, processing, storing, achieving huge
amount of data from every segments of the
business requires newest and flexible technologies;
however, this does not necessarily add value to
organizations due to the fact that complicated
technologies and plethora amount of information
may lead to complexity, duplication, intolerability,
and confusion. By the same token, it is equally
noteworthy to figure out that use of information
technologies gives rise to detrimental impacts of
IT-related risks which should be mitigated within
the framework of business risk management while
keeping in mind that 100 percent security cannot be
reached at any information technology
environment.

Table 1: Risks with an IT origin (ECA, 2011)
Risk IT-related risk source

Individual errors become Automation replacing
systematic manual operations

Failure to identify the Electronic transactions not
performer logged

Unauthorised access and Electronic data not properly
changes to data secured

Electronic data not

Loss (destruction) of data protected

Disclosure of clasified Electronic data not properly
information secured

Defining threats and vulnerabilities is key to
launch a risk assessment and treatment and for this
reason it would be naive to define any IT controls
without an IT risk assessment. It is crucial to assess
the IT risk assessment procedures and figure out
impact of IT on financial statement assertions and
the level of risk (Schroeder and Singleton, 2010).

In an organization where business processes
financial or non-financial are carried out by the
help of information systems and where information
assets are threaten by the IT-related risks,
traditional internal control objectives are closely
integrated with IT controls. That is to say, control
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objectives in an information technology
environment stay unchanged from those of a
manual environment albeit the implementation
may differ. For that reason, internal control
objectives should be addressed IT-related business
processes (ISACA, 2010).

IT controls may be categorized as preventive,
detective and corrective controls as shown in the
Table 2. Preventive controls help managements
detect problems before they occur and prevent an
error, omission or malicious act from occurring
while detective controls detect and report the
occurrence of an error, omission or malicious act.
Corrective controls, on the other hand, are used to
resolve problems and eventual errors discovered by
detective controls and aimed at revising the system
in away to hinder the future occurrence of the same
or similar problems (INTOSAI, 2007; ISACA,
2010; Kayrak, 2012a).

Table 2: IT controls

Technical Administrative Physical

3 Useof Employ Only Locked

§ EncryptionSof  Qualified Doors,

g. tware, Personnel, Security
Intrusion Segregate Duties Personnel.
Prevention
Systems.

g Biometric Audit Physical

& Controls, Log Reviews Counting,

2 )

& Network Compulsory Smoke
Scanners Annual Leaves Detector

©  File Recovery  Insurance, Hot-Warm-

S -

E from Backups Disaster Recovery Cold Sites.

E4 Plan.

e Intense use of information systems in business
processes has profoundly influenced the audit
universe as well. It leads to alteration of the
nature of audit evidence and trail; change the
internal control environment; brings about
suitable circumstances for fraudulent activities;
and makes it compulsory to create new audit
procedures (Ozkul, 2002; INTOSAI, 1996). In

today’s audit profession, the role of IT audit
becomes very fundamental to avoid financial
fiascos like Enron and WorldCom (Senft and
Galleos, 2009) or IT incidents that adversely
affects the reliability and integrity of data
audited.

3. Information Technology Audit

3.1. Information Technology Audit: Definition and
Obijectives

Information technology audit was often called
electronic-data processing (EDP) audit due to main
use of information technologies to manage data in
the past. The terms “Information technology (IT)
audit” and “information system (IS) audit” have
been used in the recent decades because of
increasing role of IT in the business environment
which influenced change in the terminology.

IT audit can simply be explained as an audit of
an organization’s IT systems, IT operations, IT
governance and management and other related
processes. According to the definition of Ron
Weber, IT audit is “the process of collecting and
evaluating evidence to determine whether a
computer system (information system) safeguards
assets, maintains data integrity, achieves
organizational goals effectively and consumes
resources efficiently” (Sayana, 2002 cited in
Weber, 1988). Main goal of IT audit is to review
and provide assurance about certain information
criteria determined in accordance with the type,
scope and objectives of the audit. The seven
information criteria can be defined as follows
(ISACA, 2007):

Effectiveness deals with information being
relevant and pertinent to the business process as
well as being delivered in a timely, correct,
consistent and usable manner.

Efficiency concerns the provision of
information through the optimal (most productive
and economical) use of resources.

Confidentiality concerns the protection of
sensitive  information ~ from  unauthorized
disclosure.

Alphanumeric Journal

The Journal of Operations Research, Statistics, Econometrics and Management Information Systems

ISSN 2148-2225
httt://www.alphanumericjournal.com/



16 Musa KAYRAK / Alphanumeric Journal, 2(1) (2014) 013-022

Integrity relates to the accuracy and
completeness of information as well as to its
validity in accordance with business values and
expectations.

Availability relates to information being
available when required by the business process
now and in the future. It also concerns the
safeguarding of necessary resources and associated
capabilities.

Compliance deals with complying with the
laws, regulations and contractual arrangements to
which the business process is subject, i.e.,
externally imposed business criteria as well as
internal policies.

Reliability relates to the provision of appropriate
information for management to operate the entity
and exercise its fiduciary and governance
responsibilities.

While the main goal of IT audit is data integrity
and security in general, efficiency and
effectiveness of using IT assets are also an
important concern for the IT audit (Pathak, 2005).
IT auditor may focus on the abovementioned
information criteria as a whole or partly depending
on the audit objectives. To illustrate, if the audit
focus is to review IT governance in an auditee,
efficiency and effectiveness would be the main
information criteria. In the same way, integrity,
availability and confidentiality are the main
information criteria to give assurance if the audit
focus is information security (Kayrak, 2012a).

When IT audit is carried out as a part of financial
audit, the main audit focus will be reliability,
integrity, confidentiality and availability of
information owing to the fact that financial audits
concentrate upon reliability of financial statements
and legality and regularity of underlying
transactions. An IT audit in the context of a
financial audit aims at (ECA, 2011):

Understanding the overall impact of IT on key
business processes;

Assessing  management controls on T
processes;

Understanding how the use of IT for processing,
storing and communicating information affects

internal control systems, inherent risk and control
risk;

Evaluating the effectiveness of controls on IT
processes which affect the processing of
information.

Furthermore, efficiency and effectiveness of
information will be assessed in the case of
performing an IT audit as a part of performance
audit. A performance audit may have an IT focus
when (ECA, 2011);

The audit focuses on the performance of IT
systems;

The audit examines the efficiency and
effectiveness of a business process and/or
programme where IT is a critical tool for the
organization delivering those services;

Data reliability is to be assessed.

3.2. IT Audit Methodology

While it is apparent that internal controls of the
entities using complex IT systems mostly rely on
IT controls, references to IT in international audit
standards are rather marginal (Rechtman, 2009).
Considering that international audit standards for
SAls (ISSAI) does not provide a comprehensive,
up-to-date and exhaustive chapter for IT audit
methodology, SAls seem to implement different
approaches toward developing IT audit
methodologies. For instance, European Court of
Auditors and National Audit Office of the United
Kingdom preferred to launch a guideline for
“financial audit in an IT environment” for the
generalist auditors instead of preparing a purely
technical IT audit guideline (ECA, 2011; NAO,
2002). However, the General Accountability
Office of the USA prepared a separate IT audit
guideline of “Federal Information System Controls
Audit Manual” (GAO, 2009).

IT audit is carried out in accordance with the
specific ~ steps  designed  for  planning,
implementation and reporting of the audit work.
While conducting an audit of IT systems, IT
auditors are expected to comply with the following
steps in accordance with a risk-based audit
approach (Turkish Court of Accounts, 2013):
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Determine the risks arising from the use of IT
systems;

Identify the control mechanisms mitigating
these risks;

Examine whether the required control
mechanisms are established by the auditee, and if
so, whether they are functioning effectively or not;

Assess internal control weaknesses;

Report the findings obtained in line with
existing procedures.

IT auditors examine two types of controls in
order to understand whether control mechanisms
satisfactorily fulfill an expected level of maturity in
accordance with needs of the business.

Firstly, general controls are related to structures,
methods and procedures intended to ensure the
continuity of the activities of all IT systems of the
auditee. These controls create a reliable internal
control environment for IT applications and
application controls designed on those IT
applications. That’s why, they can be defined as
controls relating to the environment within which
IT applications are developed, maintained and
operated (ISACA, 2010). General controls consist
of the following areas:

Management controls

Physical and environmental controls
Network management and security controls
Logical access controls

Processing controls

System development and change management
controls

Emergency and work continuity planning
controls

Application controls, on the other hand, are
designed at IT application level. They can be
defined as “The policies, procedures and activities
designed to provide reasonable assurance that
objectives relevant to a given automated solution
(application) are achieved” (ISACA, 2012).
Pertaining to specific IT applications, application
controls either manual (performed by users) or
automated (performed by computer software) are
procedures that are designed to ensure the integrity

and confidentiality of data (ECA, 2011). They can
be categorized as:

Input controls

Processing controls
Output controls

Data transmission controls.

IT audit methodology involves both compliance
testing and substantive testing. While compliance
testing is aimed at finding out whether IT controls
are designed in line with management policies and
procedure, substantive testing focuses on
gathering evidences through testing auditee’s data
in relating to validity and propriety of transactions
(Office of the Comptroller & Auditor General of
India, 2006). IT auditors could follow either a
system based approach or a direct substantive
testing approach depending on the nature of audit.
System based audit approach which includes both
compliance and substantive testing concentrates on
aspects of regularity, economy, efficiency and
effectiveness besides evaluation of data integrity
and data security. On the other hand, direct
substantive testing approach requires selection and
testing of a sample of transactions which will
provide evidences to auditors in relating to validity
and propriety of transactions (INTOSAI, 2002).

4. Experience of the Turkish Court of Accounts
4.1. Background Information

The experience of the Turkish Court of
Accounts (TCA) relating to IT audit began more
than a decade ago through applying data analysis
techniques during compliance audits and IT audit
of the Undersecretariat of Treasury in cooperation
with an audit firm. On the other hand, first
systematic and methodological approach to meet
the rising needs for IT audit knowledge within the
TCA and in the public sector could be accepted as
the Twinning Project with the National Audit
Office (NAO) of UK held between 2004 and 2007.
Depending on the Twinning Project TCA drafted
the first version of IT audit guideline, launched
certain number of IT audits while improving data
analysis knowledge (mainly ACL). As an
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extension of the twinning project, the TCA signed
a protocol with the Scientific and Technological
Research Council of Turkey (TUBITAK) to further
develop its theoretical knowledge and experience
in the field. Signed in 2007, the protocol mainly
aimed at developing IT audit guideline, delivering
information system security trainings to the IT
auditors of the TCA and launching joint IT audits
in public institutions. Within the scope of the
protocol following outcomes were achieved:

e Review of the IT audit guideline of the TCA,

e A four month training program on subjects
such as IT audit, certificate on Certified
Information ~ System  Auditor  (CISA),
information security management system,
network and operating System security,
databases, business continuity, COBIT, and
common criteria and

e  Pilot IT audits.

The TCA organized an “IT Audit Self-
Assessment (ITASA) Workshop” in collaboration
with the “IT Working Group” of the European
Organization of Supreme Audit Institutions
(EUROSAIL) in 2013 and prepared an action plan to
determine the future of IT audit in the Court. Based
on the methodological works, experiences through
independent IT audits, and recommendations of the
ITASA, the final version of the IT audit guideline
of the Court was officially accepted and published
by the Presidency of the TCA upon the approval of
the Information Technology Steering Committee in

2013.
4.2. 1T Audit Guideline

The IT audit guideline is aimed at guiding the
auditors on how an IT audit is planned, performed
and reported. INTOSAI guidelines and standards,
Information Security Standards (ISO27K), ISACA
guidelines (mainly COBIT 4.1 and Assurance
Guideline) and the manuals of other countries and
relevant entities are the main references of the
guideline. Prepared with the assumption that it
would be used by the auditors specialized on IT
auditing (not generalist auditors), the guideline do
not provide very much conceptual. Basic IT

controls for the generalist auditors are provided in
the Regularity Audit Manual of the TCA (TCA,
2013b).

The IT Audit Guideline of the TCA provides
three main parts: Firstly, “Audit Planning” part
explains the steps to be taken by IT auditors such
as understanding the entity and its IT systems,
identifying the systems having effect on financial
statements, conducting system risk assessment,
determining the audit strategy, and preparing the
audit program. Secondly, “Assessing System
Controls” is composed of control areas and
provides a comprehensive framework in order to
help IT auditors prepare audit programs and assess
existence and effectiveness of controls in those
areas. Finally, third part focuses on reporting and
monitoring the audit results (TCA, 2013).

4.3. Main Findings of the IT Audit Practice of the
TCA

The TCA has carried out independent IT audits,
IT audits as a part of regularity audit and IT audits
as a part of value for money audit. The most
common and critical findings of the pilot IT audits
in the last 10 years can be summarized as (Kayrak,
2012b):

e lLack of IT strategic management with IT
strategic plans and IT steering committees
established at an appropriate level,

e Lack of written and approved policies, plans,
and guidelines;

e Weak IT risk management and value
management;

e Issues regarding compliance with IT laws and
regulations;

e Lack of formal IT project management;

e Inefficient IT organizations with lack of
defined IT roles and responsibilities;

e Weak design of application controls on
financial application;

e Poor physical and environmental conditions
imposing important risks on  business
continuity;
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e Lack of policies and monitoring in access
management, password management and
account management;

Lack of appropriate business continuity plans
(BCP) and disaster recovery plans (DRP).

4.4. Use of IT in TCA Audits

Auditors of the TCA make use of information
technology as much as possible so as to improve
quality of the TCA audits including regularity
audit, performance audit and IT audit. Main IT
systems that TCA uniquely implements are the
audit management system and the computer
assisted audit software.

4.4.1. Audit Management System of the TCA:
SAYCAP

SAY CAP, the audit management system tool of
the TCA, is a customized software product
developed between 2011 and 2012. The Presidency
of the TCA made the final decision in favor of
using this tailor-made AMS tool due to its high
level of adaptability and flexibility which enables
to meet all the requirements of the sui generis
nature of the TCA audits. SAYCAP has already
helped the TCA achieve following benefits (TCA,
2012):

e Improving efficiency and effectiveness of
regularity audits;

e Carrying out timely audits;

e  Measuring the planned costs of audits in order
to improve programming and budgeting
processes;

e Providing a high level of standardization

among the works of all audit teams completely
in line with regularity audit manual;

e Establishing a better quality control review
system including hot and cold reviews;

e Producing timely management information to
help senior management monitor audits and
take necessary decisions;

e Facilitating information sharing in a
systematic way among the auditors.

According to the statistics of the audit year
2013, the TCA has carried out the regularity audit
of 489 auditees by the help of SAYCAP which has
helped the auditors prepare 98243 electronic
working papers and determine 964 inherent or
control risks during understanding the auditee step
of audits.

SAYCAP automates all the steps of regularity
audit of the TCA and can be used to implement IT
audits and performance audits as well.
Furthermore, SAYCAP is based on an audit
procedure approach which requires creating
working papers for each and every single step of
the audit. As a part of regularity audits, 37 audit
procedures related to audit step of “understanding
the IT systems of the auditee” are created and
added to the audit procedure library and auditors
are supposed to follow these procedures during
regularity audits and may also add new one when
necessary. These audit procedures relating to
policy and strategy controls, software development
and change management controls, logical access
controls, physical controls and application controls
(TCA, 2013Db) are designed for generalist auditors
and that’s why, auditors do not need to have in-
depth IT audit knowledge and or IT skills to use
them.

4.4.2. Computer Assisted Audit Software and
System Design Project: SAYDAP

Currently, the TCA has an ongoing “Computer
Assisted Audit Software and System Design
Project” planned to be finalized at the end of 2013.
The aim of the Project is to define the computer
aided audit methodologies for the TCA and design
and develop a flexible, modular and functional
system which implements those methodologies. By
the end of the Project following benefits will be
fully achieved (TCA, 2013a);

e Regular data transfer from auditee in
accordance with the regulation describing the
methods, procedures and formats relating to
the data gathering from the auditees;

e A portal for the auditees to upload their data;
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e Automated data analysis on the off-line copies
of auditee’s data on a scheduled basis by the
Application itself;

e Implementation of a vast variety data analysis
techniques by the auditors;

e Carrying out basic data mining techniques
such as nearest K neighbor, decision tree,
forecasting and clustering analysis etc.

The first versions of the software have already
been tested by the system analysts and a group of
users and it is projected to use SAYDAP in the
course of TCA audits of the year 2014.

5. Conclusion and Lessons Learnt

In today’s world; rules, standards, expectations,
values and risks are heavily affected by the
information technologies. While people have
easiness in getting accustomed to what Peter
Hinnsen called this new phase digital revolution as
“the new normal” (Hinnsen, 2012), public
administrations  including  Supreme  Audit
Institutions do not act fast enough to achieve all the
benefits of the IT transformation or get rid of the
possible predicaments on their horizons. In today’s
world information is the biggest assets while
change, flexibility, speed and innovative thinking
are sidekicks of it. However, SAls do not operate
in isolated environment free from requisites of the
new normal; in other words, they also need to
adjust themselves to challenges of the information
revolution both in terms of administrative
processes and also auditing activities in the public
sector.

According to Gartner, in 2012 total amount of
IT investments are 3,6 trillion Dollar around the
world (Gartner, 2012) and the pace of increase in
IT investments will not likely to decrease in the
near future. On the other side of the coin, data
breaches, system failures and inefficient use of IT
turn out to be common IT-related issues regardless
of the development level of countries. This not only
reveals insufficient IT management and
governance practices but also give glints of where
the future of audit goes. In parallel to this,
researches point out that some auditors show

continued interest in leveraging technology-
enabled auditing as their top priorities for
improvement (Protiviti, 2013).

Based on the experiences and lessons learnt of
the TCA on IT audit, the following actions can be
suggested to flourish IT auditing within the
framework of supreme audit functions:

1. Is IT audit "the elephant in the room"?:
Traditional approaches to the audit are no longer
efficient enough to satisfactorily fulfill the roles
and responsibilities of SAIs; hence, it crucially
important not to overlook, ignore or leave
unaddressed the growing needs for IT audit.

2. Make a fresh start - self-assessments: "IT
Self-Assessment” and "IT Audit Self-Assessment”
are the best ways to figure out the current situation
of IT audit in SAls and draw a clear roadmap for
the future in harmony with one’s own needs.

3. Need for IT auditor- start from scratch:
Identifying generalist auditors who are capable and
who are interested in becoming IT auditors is the
best way to begin.

4. Establishing an appropriate level of IT
organization: Best practices among SAls show that
either creating separate 1T audit unit or distributing
IT auditors in audit groups are main options.

5. Actions speak louder than words - time to
start IT audits: Pilot audits in collaboration with
some IT experts, audit firms or other public
institutions would be preferred in the transition
period.

6. Need for IT audit methodology: It is essential
to have an IT audit guideline for SAls but it is
equally vital to implement a methodology in line
with internationally accepted standards. ITAF™: A
Professional Practices Framework for IS Audit/
Assurance, 2nd Edition; COBIT Assurance
Guideline; COBIT 3, 4.1 and 5; ISO/IEC 27K;
ISO/ IEC 15408 and ISO/IEC 38500; NIST SP 800,
ITIL; TOGAF; PMBOK and PRINCE2 are some
of the existing international frameworks which IT
auditor can make use of in preparing IT audit
guidelines and IT audit programs.

7. Improving awareness of stakeholders: SAls
could be key actors to highlight IT risks in the
public sector and raise the awareness of people and
Parliaments. This can be achieved through the IT
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audits of most critical IT systems of the country so
that findings of IT audits would be appealing to a
large number of stakeholders.

8. Continuing professional education and
training: Lack of expertise on IT audit isa common
issue among SAls with some exceptional cases
such as the SAls of Norway, Switzerland and UK.
According to international standards, IT auditors
are expected to maintain professional competence
through appropriate continuing professional
education and training (ISACA, 2013). This
requires better training planning in SAls to improve
IT awareness, IT knowledge and skills in IT
auditing.
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Ozet

Ugak bakim islemlerinde rutin islerin yani sira rutin olmayan (non-routine) islemlerin dl¢iimii 6nemlidir. Bu sebeple ugak
bakiminda toplam is yiikiiniin rutin olarak yapilmasi belli anlagsma paketleri ile gerceklesmektedir. Ancak rutin olmayan
isler bir tahmin dahilinde yapilmaktadir. Bu ¢alismada ge¢mis uygulamalarda kullanilan verilerden yararlanilarak bir
sonraki donemde olusabilecek rutin olmayan isler adam-saat bazinda tahmin edilmeye g¢alisilmistir. Calismanin temel
amaci, rutin olmayan (non-routine olarak) isler igin ne kadar adam-saat gerekeceginin hesaplanmasidir. Bu hesaplamalar
ile isletmenin gelecek donemlerde karsilasabilecegi problemleri ¢ozebilmelerinin yan1 sira, isletmenin adam-saat ¢caligma
birimleri ve maliyetlerini hesaplamasi kolaylagabilecektir.

Anahtar Kelimeler: Rutin, Rutin olmayan (non-routine), bakim karti, adam-saat, tahmin.
Jel Kodu: C, C1, C13.

Abstract

The measurement of non-routine operations, as well as routine works, are important in aircraft maintenance operations.
Therefore the total workload which made routinely has became with packages in aircraft maintenance. However, non-
routine works have realized by using forecasting. In this study, non-routine works which may occur in the next period,
was tried to forecast utilizing the data used in past practices on man-hour basis. The main purpose of the study,how much
man-hour would require for non-routine works was figured out. As well as solving the problems which might encounter in
the future periods by business, the man-hour units and cost accounts of business got easy by using these calculations.

Keywords: Routine, Non-routine ,job card, man-hour, forecast.
Jel Code: C, C1, C13.
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1. Giris

THY Teknik Bakim Merkezi, THY filosuna
bakim hizmeti vermek maksadiyla kurulmus olup,
son yillarda, 3rd party miisterilere de bakim
hizmeti vermeye baslamistir. Onceleri THY
blinyesinde bir Genel Midir Yardimciligi
konumundayken 2006 yilinda THY den ayrilarak
ayrt bir bakim sirketi olarak hizmet vermeye
baslamistir. Yaklasik 120 ugaklik THY filosunun
yanisira, bolgedeki diger Tiirk ve yabanci
havayollarina  hizmet verilmektedir. Verilen
hizmetin i¢inde, uc¢aklarin motorlarin, inis
takimlarinin ve komponentlerin overhaul (komple
bakim) seviyesinde bakimlart bulunmaktadir.

1.1. Bakim Kartlar:

Bakim karti, bir iiretim tesisi i¢in yapilmast
gereken is bilgilerini icerir. Uriiniin miktari,
programlanmasi (zaman planlamasi) ve ek
talimatlart igerir.

Her farkli gorev igin yapilmasi gereken is
talimatlarmi igeren bakim kartlari, teknisyenlere
yardimci olarak, her bir kart ne yapilacagini, hangi
dokiimantasyonlarin gerekli oldugunu belirtir.

1.2. Bakim Kartlarimin Hazirlanmasi

Anlagmalarla bakim sorumlulugu yiiklenilen
miisteri ugaklart igin; MPD kaynakli bakim
kartlari, uc¢ak imalat¢isindan saglanan PDF ve
SGML formatindaki AMM ve Task Card’lar
kullanilarak dijital olarak bilgisayar ortaminda
hazirlanir ve bakim kartlarinin otomatik olarak
iretilmesi saglanir. Bu sayede periyodik veya
planli bakimlarin daha efektif gegmesi saglanir.

Bu kartlar sayesinde toplanan teknik bilgilerle
ileride olugsmasi muhtemel sorunlar i¢in 6nceden
onlem alinabilmekte ve maliyetler
azaltilabilmektedir. Boylece THY Teknik bakim
sorumlulugundaki ugaklarin ucus emniyeti en {ist
seviyede tutulmaktadir. Hazirlanan bakim kartlari
icin gerekli olan malzeme ve takimlar tespit

edilerek bakim oncesi temin edilmesi i¢in gerekli
islemler yapilir. Bakim Kkartlarin referanslarina
(MRBD, MPD, AMM, SIB, SIL, Task Card...)
gelen revizyonlar takip edilerek bakim kartlar1 ve
ilgili bakim sistemi siirekli giincel tutulur (THY
Teknik, 2014).

1.3. Rutin Is (Rutin Gérev)

Gorevlerin, belirlenen periyotlarla siirekli
olarak yapilmasidir.

1.4. Rutin Olmayan (Non-Routine) Is

Rutin olmayan gorevler, planlananin disinda
gelisen, havacilik sanayi igerisinde
tanimlanmayan ariza ve aksakliklarin giderilmesi
icin yapilan iglere denir. Rutin olmayan (Non-
routine) isler, belirli periyotlar ile yapilmaz.
Gerekli goriildiigiinde, sozlesme disinda gelisen
olaylarin onarimi ve bakiminda dikkate alinarak
yapilir.

2. Rutin ve Rutin Olmayan (Non-Routine)
Islerin Tahmini

Kuruluglar, kontrollerinde olmayan gelecekteki
bazi olay ve durumlari tahmin etmek isteyebilirler.
Tahminler, karar verme siireglerinin  onemli
bilesenleridir. Ekonomik zaman serilerinin
gelecekte  goOsterecegi  seyri  tahmin  etmek,
planlama ve karar alma agisindan Onemlidir.
Dogru tahminler, isletmelere rehberlik ederken
yanlis yapilan tahminler isletmelerin iflas
etmesine sebep olabilir. Bu yiizden tahminler;
tretim, finans ve diger kurumsal faaliyetlerin
planlanmasinda 6nemli rol oynamaktadir.

2.1. Tahmin Yontemleri

Istatistikte “tahmin”, “kestirim” ve “Ongdrii”
kavramlar1 birbirlerine yakin anlamlar igermesine
ragmen bu ii¢ terim birbirlerinden farkli anlamlar
ifade etmektedir.

Tahmin ii¢ kisimdan olusur.
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e Zaman boyutlu 6ngoérii ( Forecasting)
o Kestirim (Prediction)
o Parametre tahmini ( Estimation)

Herhangi bir zamanda gelecekle ilgili
kestirimde bulunulmasina 6ngérii denir. Gelecek
olaylar1 ya da kosullar1 tahmin etmeye yardimci
olan 6ngorii zaman boyutludur.

Kestirim, eldeki verileri kullanarak bagimh
degiskenin gozlemlenememis degerlerini tahmin
etme islemi olarak tanimlanir.

Parametre tahmininde ise, 6rnek istatistiklerden
yararlanarak (6rnek ortalamasi, varyans vb.) yigin
parametreleri hakkinda tahminde bulunulur.

Nicel (kantitatif) tahmin modelleri iki ana
gruptan olusur :

¢ Nedensel modeller.
e Zaman serisi yontemleri.

2.1.1. Nedensel Modeller

Sebep sonug iligkisini agiklamaya ¢alisan
modellerdir ~ (Orhunbilge, 1999). Nedensel
modeller, bir degiskenin gelecekteki degerlerini
tahmin etmekten c¢ok degiskenler arasindaki
iligkinin agiklamasma yodneliktir. Daha c¢ok bu
modeller problemi matematiksel olarak ifade
etmeye yarar (Fretchling, 1996).

2.1.2. Zaman Serisi Yontemleri

Zaman serileri gozlem sonuglarinin zamana
gore dagilimin1 gosterir. Amaci, gegmis gozlem
degerlerindeki ~ veri  kaliplarim1  kullanip,
istatistiksel model olusturarak gelecegi tahmin
etmeye yararlar (Herbig vd., 1993).

2.1.2.1. Naive Tahmin Yontemi

Bir tahmin yapmanin yani sira yapilmis olan
bir tahminin tstiinliigliniin olup olmadigini tespit
etmekte kullanilir. Genellikle karmagik
modellerde uygulanir (Mclaughlin, 1983).

2.1.2.2. Naive (Trendli) Tahmin Yontemi

Eger tahmini yapilacak olan serinin kesin
trendi gdzleniyorsa, tahmin trendin ydniine gore
yapilir;

Yo=Y (yt - yt—l)

Yo = (t+1) donemindeki tahmin degeri,

y, =t donemindeki deger,

Y, — Y., =t donemiyle, bir 6nceki donemin
degerleri arasindaki farktir (Hanke ve Reitsch,
1992).

2.1.2.3. Hareketli Ortalamalar Yontemi

Bu yontem, gegmisteki verileri baz alarak bu
verilerin ortalamasmi bulup, bu ortalamaya gore
gelecek donem igin degiskenlerin nasil hareket
edecegini 6ngérmeye ¢alisir (Chen vd., 2003).
Basit Hareketli Ortalama

Basit hareketli ortalama tekniginde son n
donemin ortalamasi tahmini deger olarak alinir.
Bu islem,
Vet Yt Yoy

= O]
n

M

formiilii ile hesaplanmaktadir.

M,,, =t +1 donemindeki tahmin degeri

y, =t donemindeki gbzlem degeri

n= hareketli ortalamaya dahil edilen g6zlem
sayisidir (Makridakis ve Wheelwright, 1989).

Her yeni deger gerceklesmesinde en eski deger,
hesaplamadan ¢ikarilarak son m donemin
degerlerinin ortalamasi alinir. Hesaplanan bu
ortalama bir sonraki donemin tahmini degeridir.
Agirlikli Hareketli Ortalama

Basit hareketli ortalama yonteminden farkli
olarak her doneme farkli bir agirlik verilerek w,
degerleri, agirliklar1 gostermek iizere t+1
donemdeki ortalamalar1 hesaplamaya c¢alisir. Bu
islem,

M wo_ met + Wmflytfl +..t let—m+1
t+1
W, + W, +...+W,

formiilii ile hesaplanmaktadir (Armutlulu, 2000).

2.1.2.4. Ustel Diizeltme Yontemi
Hareketli ortalama yontemindeki sakincalari
ortadan kaldirmak i¢in kullanilan bir tahmin
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yontemidir. Bu yontem tahminde kullanilan
geemis donem verilerinden yakin gecmiste
gerceklesenlere yiiksek, veriler eskidikge ise istel
olarak azalan agirliklar vererek en iyi tahmini
yapmaya c¢alisir. Diigiik  maliyetlidir.  Yeni
donemlerin tahminini hizli bir seklide yapabilir
(Orhunbilge, 1999).
Tekli (Basit) Ustel Diizeltme Yontemi

Bu yontem literatiirde Brown’un basit iistel
diizlestirme yontemi olarak da bilinmektedir.

Y., Y,Y, belirgin bir trendi ve mevsimlik
dalgalanmasi olmayan zaman serisinin basit iistel
diizlestirme yontemiyle tahmini asagidaki sekilde
yapilmaktadir.

Y; =ay,,+1-a) ytl—l

Formiilde v, , t donemi tahmini degeri, y, ,,
t-1 donemi tahmini degeri ve o “Diizeltme Sabiti
(Smoothing Constant)”dir. Bu yontemde t donemi
tahmini a oraninda bir 6nceki dénem degeri ile (1-
o) oraninda bir 6nceki donem tahmin degerinden
olusmaktadir. o, O0<a<l degerleri arasinda
degisebilmektedir. Hatalarin kareleri toplamini
minimum yapan o degeri secilerek tahminlerde
kullanilmaktadir (Orhunbilge, 1999).

2.1.2.5. Regresyon

Sebep sonug iliskisini agiklamaya yarayan
istatistiksel analiz teknigidir. Temel amac,
modele alinan degiskenlerin modelin ne kadarmi
aciklayabildigini  gdstermektir. Bagimli  ve
bagimsiz degiskenlerden olusur.

3. Arastirmanin Metodolojisi
3.1. Arastirmanin Amaci

THY’de miisterilere verilen hizmetlerin en iyi
sekilde verilebilmesi i¢in miisterileri bulundugu
yerden, miisteriyi istedigi yere tasimak {izere
kullanilan ugaklarda rutin ve rutin olmayan (non-
routine) islemlerin tespit edilerek miisterilere en
iyi hizmeti vermedir. Bu baglamda hizmetin en iyi
sekilde verilebilmesi igin bakim kartlarmin is
yiikil karsiligi adam-saat cinsinden belirlenmesi,

rutin ve rutin olmayan (non-routine) islerin
ayriminin ~ yapilmasi tasarlanarak sapmalarin
belirlenmesidir.

Rutin Kkartlara ait adam-saat degerleri islerin
standart olmasi sebebiyle bakimdan bakima az
sapma gosterdiginden tahmin edilebilmesi daha
kolaydir. Rutin olmayan (non-routine) islerin
adam-saat  degerleri ise birgok faktorden
etkilendiginden Ongoriilmesi rutin kartlara gore
daha zordur.

3.2. Arastirmanin Kapsami ve Sinirlari

Turkish teknigi belirli zaman araliklarinda ugak
bakimlari ele alinarak belli bakim kartlar1 bazinda
rutin ve rutin olmayan (non-routine) islemler ele
almmistir.

3.3. Problem

Havacilikta toplam is yiikiinii olusturan rutin ve
rutin olmayan (non-routine) islerin adam-saat
miktarlarinin tahminini belirleme ve kapasite
planlamasi yapma problemin temelini
olusturmaktadir. Bu baglamda kapasitenin dogru
kullanimi, verimliligin arttirilmast ve sapmalarin
minimize edilmesi problemin temel amacidir. Bu
amact gergeklestirebilmek i¢in tahmin modelleri
kullanilmusgtir.

3.4. Kullanilan Yontem

Mevcut durumda rutin olmayan (non-routine)
adam-saat tahminlerinde yaganan sapmalarin en
aza indirilmesi kapasite planlarinin dogruya yakin
bir sekilde gergeklestirilebilmesi ve verimliligin
artirabilmesi  agisindan  biiyiik  Onem  arz
etmektedir. Secilecek sayisal bir tahmin ydntemi
araciligiyla daha dogru gergeklestirilebilecek bir
rutin olmayan (non-routine) adam-saat tahminiyle
sapmalarin en aza indirilmesi miimkiin olabilir.
Bu amagla c¢alisma kapsaminda c¢esitli tahmin
yontemleri denenmis ve bunlar arasindan en
uygun olam1 segilmeye ¢alisilmistir. Cozim
yontemi  olarak uygulamasi  gerceklestirilen
tahmin yontemleri sunlardir :
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e + Naive Tahmin

* Naive (Trendli) Tahmin

+ Basit Ortalama

« Basit Hareketli Ortalama

» Agirlikli Hareketli Ortalama
« Ustel Diizeltme (0= 0,1)

3.5. Yontemin Uygulanmasi

Tahmin projesi kapsaminda ugak bakim
midirligi tarafindan iiretilen 29 aylik adam x
saat verileri incelenmistir. Tahmin analizi igin
yukarida verilen yontemler kullanilmistir.

Veriler incelendiginde yaz aylarinda iiretilen
adam x saat degerlerinde diisme gozlenirken kis
aylarinda {retilen adam x saat degerleri
artmaktadir. Ayrica Aralik 2007 ve Aralik 2008
de beklenenden daha diisiik adam x saat tiretildigi
gozlenmektedir.

Bahsi gecen tiim yontemlerle kabin i¢i bakim
ve revizyon i¢in tahminler gergeklestirilmis ve
gerceklesen degerlerle karsilagtirilmistir.  Son
olarak ornek kartlardan olan E25-054 karti i¢in iki
tahmin  yontemi  karsilastirilarak  sonuglar
verilmistir. Yontem bazinda kargilagtirmalar
asagidaki grafik ve tablolarda sunulmustur :

Gergeklesen Adam x Saat

30000

25000

20000 W

15000 V

10000 = Gergeklesen Adam x
5000 Saat

Ocak 07
Nisan 07
EKim07 ]
Ocak08 |
Nisan08 |
Ekim08 |
Ocak09 |
Nisan 09

Temmuz 07 |
Temmuz08 |

Sekil3. Gergeklesen Adam x Saat Grafigi

Tablo3. Kabin I¢i Bakim ve Revizyon Igin Gergeklesen Adam
x Saat Degerleri

Aylar AdamxSaat
Ocak 07 16899,29
Subat 07 17346,47
Mart 07 19994,48

Aylar AdamxSaat
Nisan 07 18973,75
May1s 07 20690,58
Haziran 07 17991,52
Temmuz 07 15878,19
Agustos 07 16100,06
Eylil 07 18004,43
Ekim 07 19772,44
Kasim 07 19958,68
Aralik 07 14600,66
Ocak 08 20432,15
Subat 08 20403,94
Mart 08 20726,46
Nisan 08 19909,07
Mayis 08 20349,2
Haziran 08 18038,7
Temmuz 08 17977,44
Agustos 08 10323,49
Eylil 08 19018,75
Ekim 08 18369,79
Kasim 08 18498,3
Aralik 08 15649,91
Ocak 09 20984,06
Subat 09 20964,89
Mart 09 24207,57
Nisan 09 23037,19
Mayis 09 18969,95
Ortalama 18761,08

3.5.1. Naive Tahmin

Naive yontemi ile yapilan tahmin analizinde
elde edilen istatistiki sonuglar agagida verilmistir.
Adam saat verileri dalgalanma gosterdiginden,
hata yiizdelerinin (percent error) %20 ve
yukarisinda oldugundan, sapmalarin yiiksek
oldugu Tablo 3.1.’de gozlenmektedir.

3.5.2. Naive (Trendli) Tahmin

Naive (trendli) yontemi ile yapilan tahmin
analizinde elde edilen istatistiki sonuglar
incelendiginde sapmalarin naive tahmine godre
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daha da yiksek oldugu Tablo 3.2.°de
gozlenmektedir.

3.5.3. Hareketli Ortalama

Hareketli ortalama yontemi ile yapilan tahmin
analizinde elde edilen istatistiki sonuglar
incelendiginde, son 3 ayimn verilerin ortalamasina
gore analiz yapildigindan yine yazdan kisa ve
kistan yaza gecislerde sapmalarin yiikseldigi
ancak Agustos 2008 disinda genel olarak yaz sonu
ve kig sonu gibi aylardaki sapmalarin nispeten
daha az oldugu Tablo 3.3.’te gbzlenmektedir.

3.5.3.1. Agwrlikli Hareketli Ortalama

Agirlikl hareketli ortalama yontemi ile yapilan
tahmin analizinde elde edilen istatistiki sonuglar
hareketli ortalamaya goére daha az sapma icerdigi
Tablo 3.4’te gozlenmektedir. Bunun sebebinin
yaz-kis doniislerine bir onceki agirliginin daha
fazla olmasi nedeni ile tahmini bir 6nceki aya
daha yakin oldugu diisiiniilmektedir.

3.5.4. Ustel Diizeltme

Ustel diizeltme yontemi ile yapilan tahmin
analizinde elde edilen istatistiki sonuglar diger
yontemlere gbre nispeten az sapma gosterdigi
Tablo 3.5’te gorillmektedir. Bu yontemde dikkat
edilmesi gereken husus alpha degerinin se¢imidir.
Diisiik alpha degerleri nispeten daha az sapma ile
tahmin yapilmasini saglamaktadir. Tablo 3.5’te
0=0.1 iken, Tablo 3.6’da ise 0=0.4 iken sonuglar
verilerek grafiklerle karsilastirilmistir

3.5.5. Regresyon

Regresyon ile yapilan tahmin analizinde elde
edilen istatistiki sonuglar ile hesaplanan degerler
Tablo 3.7°de verilmistir. Bu yontemde dikkat
edilmesi gereken husus alpha degerinin se¢imidir.
Diisiik alpha degerleri nispeten daha az sapma ile
tahmin yapilmasini saglamaktadir.

Son olarak, gerceklestirilen calisma
kapsaminda Boeing 737-800 tipi ugaklara iliskin
non-routine adam-saat verileri degerlendirmeye
alinmustir. Bu dogrultuda Aralik 2006’dan Aralik
2008’¢ kadar Boeing 737-800 ugaklaria
gerceklestirilen C bakimlarindan iireyen tiim non-

routine kartlar analiz edilmistir. Toplam 41 ucaga
ait 47 C bakimi; bu 47 C bakimindan iireyen
1.974 adet non-routine adam saat degeri ve 460
adet bakim kart1 incelemeye tabi tutulmustur.
Incelenen tiim non-routine adam-saat degerlerinin
toplami1 73.635 A/S’e tekabiil etmektedir.

Caligmaya kaynak teskil etmek {izere incelenen
bu 460 adet karttan en sik uygulanan kartlardan
biri olan E25-054 bakim karti tahminlere kaynak
teskil etmek tizere secilmistir. Segilen E25-054
kartinin yaptirdigi i3 wucakta mutfak olarak
kullanilan tiim boliimlere iliskin muayene olup bu
islem esnasinda dogabilecek her tiirlii rutin
olmayan (non-routine) adam-saat is yuki, kartin
toplam {ireyen rutin olmayan (non-routine)
hanesine yazilmaktadir.

Bahsi gecen tiim yontemlerle kabin i¢i bakim
ve revizyon icin tahminler gerceklestirilmis ve
gerceklesen degerlerle karsilagtirilmistir.  Son
olarak ornek kartlardan olan E25-054 karti igin
agirlikli hareketli ortalama ve istel diizeltme
(0=0,2 ve o=0,4 iken) tahmin yoOntemleri
uygulanarak benzer bir ¢alisma yapilmis ve bu ii¢
tahmin yontemine iligkin sonuglar incelenmistir.
Yontem bazinda karsilastirmalar  Tablo 3.8.,
Tablo 3.9., Tablo 3.10 gosterilerek Sekil 3.9.,
Sekil 3.10., Sekil 3.11. ‘de sunulmustur.

Agirhikli Hareketli Ortalama tahmin
yontemiyle E25-054 karti igin gergeklestirilen
tahminler ve bu degerlerin gergcek degerlerle
kargilagtirmas1 Tablo 3.8.’de gosterilerek Sekil
3.9’da sunulmustur.

Ustel diizeltme tahmin y&ntemiyle ve 0=0,2 ve
0=0,4 secilerek E25-054 karti igin gerceklestirilen
tahminler ve bu degerlerin karsilagtirilmasi Tablo
3.9, Tablo 3.10. gosterilerek Sekil 3.10. ve Sekil
3.11.”de sunulmustur.
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Tablo3.1. Kabin i¢i Bakim ve Revizyon Igin Gergeklesen Adam x Saat ve Naive Tahmin Hesaplamalari

Absolute Error

Squared Error

Percent Error

Tarih Gergeklesen Naive Tahmin Error (Hata) (Mutlak Hata) (Hata Kare) ) (Hgta .
Yiizdelikleri)
Ocak 07 16899,29
Subat 07 17346,47 16899,29 -447,18 447,18 199969,9524  2,58%
Mart 07 1999448 17346,47 -2648,01 2648,01 7011956,96 13,24%
Nisan 07 18973,75 19994,48 1020,73 1020,73 1041889,733  5,38%
Mayis 07 20690,58 18973,75 -1716,83 1716,83 2947505,249  8,30%
Haziran 07 17991,52 20690,58 2699,06 2699,06 7284924884  15,00%
Temmuz 07 15878,19 17991,52 2113,33 2113,33 4466163,689  13,31%
Agustos 07 16100,06 15878,19 -221,87 221,87 49226,2969 1,38%
Eyliil 07 18004,43 16100,06 -1904,37 1904,37 3626625,097  10,58%
Ekim 07 19772,44 18004,43 -1768,01 1768,01 3125859,36 8,94%
Kasim 07 19958,68 19772,44 -186,24 186,24 34685,3376 0,93%
Aralik 07 14600,66 19958,68 5358,02 5358,02 28708378,32  36,70%
Ocak 08 20432,15 14600,66 -5831,49 5831,49 34006275,62  28,54%
Subat 08 20403,94 20432,15 28,21 28,21 795,8041 0,14%
Mart 08 20726,46 20403,94 -322,52 322,52 104019,1504  1,56%
Nisan 08 19909,07 20726,46 817,39 817,39 668126,4121  4,11%
Mayis 08 20349,2 19909,07 -440,13 440,13 193714,4169  2,16%
Haziran 08 18038,7 20349,2 2310,5 23105 5338410,25 12,81%
Temmuz 08 17977,44 18038,7 61,26 61,26 3752,7876 0,34%
Agustos 08 10323,49 17977,44 7653,95 7653,95 58582950,6 74,14%
Eyliil 08 19018,75 10323,49 -8695,26 8695,26 75607546,47  45,72%
Ekim 08 18369,79 19018,75 648,96 648,96 421149,0816  3,53%
Kasim 08 18498,3 18369,79 -128,51 128,51 16514,8201 0,69%
Aralik 08 15649,91 18498,3 2848,39 2848,39 8113325592  18,20%
Ocak 09 20984,06 15649,91 -5334,15 5334,15 28453156,22  25,42%
Subat 09 20964,89 20984,06 19,17 19,17 367,4889 0,09%
Mart 09 24207,57 20964,89 -3242,68 3242,68 10514973,58  13,40%
Nisan 09 23037,19 24207,57 1170,38 1170,38 1369789,344  5,08%
Mayis 09 18969,95 23037,19 4067,24 4067,24 16542441,22  21,44%
Haziran 09 13990,5 18969,95 4979,45 4979,45 24794922,3 35,59%
Temmuz 09 13990,5
BIASE MAD§ MSE** MAPE T
100,3031 2368,38931 11145841,93 14,11%

£ BIAS= Nonresponse Error (Cevaplama Hatasi)

§ MAD= Mean Absolute Deviation (Mutlak Deger Ortalamasi)

** MSE= Mean Square Error (Hata Kare Ortalamasi)
1 MAPE= Mean Absolute Percentage Error (Yiizdeliklerin Ortalamasi)
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Tablo3.2. Kabin i¢i Bakim ve Revizyon i¢in Gergeklesen Adam x Saat ve Naive Tahmin Trend Hesaplamalari
Absolute
. . Error Error Squared Percent Error
Tarih Gergceklesen Naive Trend (Hata) (Mutlak Error (Hata (Hata Yiizdelikleri)
Hata) Kare)

Ocak 07 16899,29
Subat 07 17346,47
Mart 07 19994,48 17793,65 -2200,83 2200,83 4843653 11,01%
Nisan 07 18973,75 22642,49 3668,74 3668,74 13459653 19,34%
Mayis 07 20690,58 17953,02 -2737,56 2737,56 7494235 13,23%
Haziran 07 17991,52 22407,41 4415,89 4415,89 19500084 24,54%
Temmuz 07 15878,19 15292,46 -585,73 585,73 343079,6 3,69%
Agustos 07 16100,06 13764,86 -2335,2 2335,2 5453159 14,50%
Eyliil 07 18004,43 16321,93 -1682,5 1682,5 2830806 9,34%
Ekim 07 19772,44 19908,8 136,36 136,36 18594,05 0,69%
Kasim 07 19958,68 21540,45 1581,77 1581,77 2501996 7,93%
Aralik 07 14600,66 20144,92 5544,26 5544,26 30738819 37,97%
Ocak 08 20432,15 9242,64 -11189,5 11189,51 1,25E+08 54,76%
Subat 08 20403,94 26263,64 5859,7 5859,7 34336084 28,72%
Mart 08 20726,46 20375,73 -350,73 350,73 123011,5 1,69%
Nisan 08 19909,07 21048,98 1139,91 1139,91 1299395 5,73%
Mayis 08 20349,2 19091,68 -1257,52 1257,52 1581357 6,18%
Haziran 08 18038,7 20789,33 2750,63 2750,63 7565965 15,25%
Temmuz 08 17977,44 15728,2 -2249,24 2249,24 5059081 12,51%
Agustos 08 10323,49 17916,18 7592,69 7592,69 57648941 73,55%
Eyliil 08 19018,75 2669,54 -16349,2 16349,21 2,67E+08 85,96%
Ekim 08 18369,79 27714,01 9344,22 9344,22 87314447 50,87%
Kasim 08 18498,3 17720,83 -777,47 777,47 604459,6 4,20%
Aralik 08 15649,91 18626,81 2976,9 2976,9 8861934 19,02%
Ocak 09 20984,06 12801,52 -8182,54 8182,54 66953961 38,99%
Subat 09 20964,89 26318,21 5353,32 5353,32 28658035 25,53%
Mart 09 24207,57 20945,72 -3261,85 3261,85 10639665 13,47%
Nisan 09 23037,19 27450,25 4413,06 4413,06 19475099 19,16%
Mayis 09 18969,95 21866,81 2896,86 2896,86 8391798 15,27%
Haziran 09 13990,5 14902,71 912,21 912,21 832127,1 6,52%
Temmuz 09 9011,05

BIAS MAE MSE MAPE

193,8082 3990,943 29251116 22,13%
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Tablo3.3. Kabin i¢i Bakim ve Revizyon i¢in Gergeklesen Adam x Saat ve Hareketli Ortalama Trend Hesaplamalar

Squared Percent Error

Tarih Gergeklesen CH)?tZ}ll;?T:! Error (Hata) ?&ﬁ:;tke:;:)r Error (Hata (Ha_ta -
Kare) Yiizdelikleri)

Ocak 07 16899,29
Subat 07 17346,47
Mart 07 19994,48
Nisan 07 18973,75 18080,08 -893,67 893,67 798646,1 4,71%
Mayis 07 20690,58 18771,57 -1919,01 1919,013 3682612 9,27%
Haziran 07 17991,52 19886,27 1894,75 1894,75 3590078 10,53%
Temmuz 07 15878,19 19218,62 3340,427 3340,427 11158450 21,04%
Agustos 07 16100,06 18186,76 2086,703 2086,703 4354331 12,96%
Eyliil 07 18004,43 16656,59 -1347,84 1347,84 1816673 7,49%
Ekim 07 19772,44 16660,89 -3111,55 3111,547 9681723 15,74%
Kasim 07 19958,68 17958,98 -1999,7 1999,703 3998813 10,02%
Aralik 07 14600,66 19245,18 4644523 4644523 21571597 31,81%
Ocak 08 20432,15 18110,59 -2321,56 2321,557 5389625 11,36%
Subat 08 20403,94 18330,50 -2073,44 2073,443 4299167 10,16%
Mart 08 20726,46 18478,92 -2247,54 2247543 5051451 10,84%
Nisan 08 19909,07 20520,85 611,78 611,78 3742748 3,07%
Mayis 08 20349,2 20346,49 -2,71 2,71 7,3441 0,01%
Haziran 08 18038,7 20328,24 2289,543 2289,543 5242009 12,69%
Temmuz 08 17977,44 19432,32 1454,883 1454,883 2116686 8,09%
Agustos 08 10323,49 18788,45 8464,957 8464,957 71655491 82,00%
Eylil 08 19018,75 15446,54 -3572,21 3572,207 12760660 18,78%
Ekim 08 18369,79 15773,23 -2596,56 2596,563 6742141 14,13%
Kasim 08 18498,3 15904,01 -2594,29 2594,29 6730341 14,02%
Aralik 08 15649,91 18628,95 2979,037 2979,037 8874659 19,04%
Ocak 09 20984,06 17506,00 -3478,06 3478,06 12096901 16,57%
Subat 09 20964,89 18377,42 -2587,47 2587,467 6694984 12,34%
Mart 09 24207,57 19199,62 -5007,95 5007,95 25079563 20,69%
Nisan 09 23037,19 22052,17 -985,017 985,0167 970257,8 4,28%
Mayis 09 18969,95 22736,55 3766,6 3766,6 14187276 19,86%
Haziran 09 13990,5 22071,57 8081,07 8081,07 65303692 57,76%
Temmuz 09 18665,88

BIAS MAD MSE MAPE

106,5072 2827,883 11637856 17,01%

Alphanumeric Journal

The Journal of Operations Research, Statistics, Econometrics and Management Information Systems
ISSN 2148-2225

httt://www.alphanumericjournal.com/



32

Halim KAZAN & Arzu TAVSAMAZ / Alphanumeric Journal, 2(1) (2014) 023-042
Tablo3.4. Kabin i¢i Bakim ve Revizyon i¢in Gergeklesen Adam x Saat ve Agirlikli Hareketli Ortalama Trend Hesaplamalari
Agirlikly hareketli ortalama yonteminde agirlikiar 3,2, 1,6 seklinde rastgele alinarak hesaplanmistir.
Tarih Gergeklesen :agrlélkltl:tllli Error (Hata) ?&Z‘i::tkeﬁgtrg Ersr?nlrjezﬁgta Perl?(ﬁ;;fml’
Ortalama Kare) Yiizdelikleri)
Ocak 07 16899,29
Subat 07 17346,47
Mart 07 19994,48
Nisan 07 18973,75 18595,95 -377,805 377,805 142736,6 1,99%
Mayis 07 20690,58 19042,78 -1647,8 1647,8 2715245 7,96%
Haziran 07 17991,52 20002,29 2010,767 2010,767 4043183 11,18%
Temmuz 07 15878,19 19054,91 3176,722 3176,722 10091561 20,01%
Agustos 07 16100,06 17384,70 1284,638 1284,638 1650296 7,98%
Eylil 07 18004,43 16341,35 -1663,08 1663,083 2765846 9,24%
Ekim 07 19772,44 17015,27 -2757,17 2757,173 7602005 13,94%
Kasim 07 19958,68 18571,04 -1387,64 1387,64 1925545 6,95%
Aralik 07 14600,66 19570,89 4970,232 4970,232 24703203 34,04%
Ocak 08 20432,15 17248,63 -3183,52 3183,52 10134800 15,58%
Subat 08 20403,94 18409,41 -1994,53 1994,532 3978157 9,78%
Mart 08 20726,46 19446,13 -1280,33 1280,33 1639245 6,18%
Nisan 08 19909,07 20569,90 660,8317 660,8317 436698,5 3,32%
Mayis 08 20349,2 20264,01 -85,1883 85,18833 7257,052 0,42%
Haziran 08 18038,7 20265,37 2226,667 2226,667 4958044 12,34%
Temmuz 08 17977,44 19120,60 1143,155 1143,155 1306803 6,36%
Agustos 08 10323,49 18393,15 8069,663 8069,663 65119466 78,17%
Eyliil 08 19018,75 14160,68 -4858,08 4858,075 23600893 25,54%
Ekim 08 18369,79 15946,78 -2423,01 2423,012 5870986 13,19%
Kasim 08 18498,3 17245,06 -1253,24 1253,24 1570610 6,77%
Aralik 08 15649,91 18542,21 2892,295 2892,295 8365370 18,48%
Ocak 09 20984,06 17052,69 -3931,37 3931,373 15455696 18,74%
Subat 09 20964,89 18791,72 -2173,17 2173,173 4722682 10,37%
Mart 09 24207,57 20085,45 -4122,12 4122,12 16991873 17,03%
Nisan 09 23037,19 22589,43 -447,765 447,765 200493,5 1,94%
Mayis 09 18969,95 23081,93 4111,983 4111,983 16908407 21,68%
Haziran 09 21198,63
BIAS MAD MSE MAPE
-116,88 2466,646 9111812 14,58%
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Tablo3.5. Kabin i¢i Bakim ve Revizyon igin Gergeklesen Adam x Saat ve Ustel Diizeltme (a=0.1 ) Trend Hesaplamalari

Ustel Diizeltme yonteminde katsayr a=0.1 alnarak trend hesaplamalart gerceklestirilmistir.

Absolute Error

Squared Error

Percent Error

Tarih Gergeklesen Ustel (a=0,1) Error (Hata) (MutlakHata)  (Hata Kare) YﬁZEjI;Ii’iitkaleri)
Ocak 07 16899,29
Subat 07 17346,47 16899,29
Mart 07 19994,48 17301,752
Nisan 07 18973,75 19725,2072 751,4572 751,4572 564687,9 3,96%
Mayis 07 20690,58 19048,89572 -1641,68 1641,684 2695127 7,93%
Haziran 07 17991,52 20526,41157 2534,892 2534,892 6425675 14,09%
Temmuz 07 15878,19 18245,00916 2366,819 2366,819 5601833 14,91%
Agustos 07 16100,06 16114,87192 14,81192 14,81192 219,3928 0,09%
Eyliil 07 18004,43 16101,54119 -1902,89 1902,889 3620986 10,57%
Ekim 07 19772,44 17814,14112 -1958,3 1958,299 3834935 9,90%
Kasim 07 19958,68 19576,61011 -382,07 382,0699 145977,4 1,91%
Aralik 07 14600,66 19920,47301 5319,813 5319,813 28300410 36,44%
Ocak 08 20432,15 15132,6413 -5299,51 5299,509 28084792 25,94%
Subat 08 20403,94 19902,19913 -501,741 501,7409 251743,9 2,46%
Mart 08 20726,46 20353,76591 -372,694 372,6941 138900,9 1,80%
Nisan 08 19909,07 20689,19059 780,1206 780,1206 608588,1 3,92%
Mayis 08 20349,2 19987,08206 -362,118 362,1179 131129,4 1,78%
Haziran 08 18038,7 20312,98821 2274,288 2274,288 5172387 12,61%
Temmuz 08 17977,44 18266,12882 288,6888 288,6888 83341,24 1,61%
Agustos 08 10323,49 18006,30888 7682,819 7682,819 59025706 74,42%
Eyliil 08 19018,75 11091,77189 -7926,98 7926,978 62836982 41,68%
Ekim 08 18369,79 18226,05219 -143,738 143,7378 20660,56 0,78%
Kasim 08 18498,3 18355,41622 -142,884 142,8838 20415,77 0,77%
Aralik 08 15649,91 18484,01162 2834,102 2834,102 8032132 18,11%
Ocak 09 20984,06 15933,32016 -5050,74 5050,74 25509973 24,07%
Subat 09 20964,89 20478,98602 -485,904 485,904 236102,7 2,32%
Mart 09 24207,57 20916,2996 -3291,27 3291,27 10832461 13,60%
Nisan 09 23037,19 23878,44296 841,253 841,253 707706,5 3,65%
Mayis 09 18969,95 23121,3153 4151,365 4151,365 17233834 21,88%
Haziran 09 13990,5 19385,08653 5394,587 5394,587 29101564 38,56%
Temmuz 09 14529,95865
BIAS MAD MSE MAPE
213,7962 2396,205 11082158 14,44%
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Tablo3.6. Kabin Igi Bakim ve Revizyon I¢in Gergeklesen Adam x Saat ve Ustel Diizeltme (0=0.4 ) Trend Hesaplamalari

Ustel Diizeltme yonteminde katsayr a=0.4 alinarak trend hesaplamalar: gerceklestirilmistir.

. ) Error Absolute Squared Percent
Tarih Gergeklesen Ustel (a=0,4) (Hata) Error Error (Hata Er"ror (Ijlata'
(MutlakHata) Kare) Yiizdelikleri)

Ocak 07 16899,29
Subat 07 17346,47 16899,29
Mart 07 19994,48 17167,598
Nisan 07 18973,75 18863,7272 -110,023 110,0228 12105,02 0,58%
Mayis 07 20690,58 18929,74088 -1760,84 1760,839 3100554 8,51%
Haziran 07 17991,52 19986,24435 1994,724  1994,724 3978925 11,09%
Temmuz 07 15878,19 18789,40974 2911,22 2911,22 8475200 18,33%
Agustos 07 16100,06 17042,6779 942,6179 942,6179 888528,5 5,85%
Eylil 07 18004,43 16477,10716 -1527,32 1527,323 2332715 8,48%
Ekim 07 19772,44 17393,50086 -2378,94 2378,939 5659351 12,03%
Kasim 07 19958,68 18820,86435 -1137,82 1137,816 1294624 5,70%
Aralik 07 14600,66 19503,55374 4902,894  4902,894 24038367  33,58%
Ocak 08 20432,15 16561,8175 -3870,33 3870,333 14979474  18,94%
Subat 08 20403,94 18884,017 -1519,92 1519,923 2310166 7,45%
Mart 08 20726,46 19795,9708 -930,489 930,4892 865810,2  4,49%
Nisan 08 19909,07 20354,26432 445,1943 445,1943 198198 2,24%
Mayis 08 20349,2 20087,14773 -262,052 262,0523 68671,39  1,29%
Haziran 08 18038,7 20244,37909 2205,679  2205,679 4865020 12,23%
Temmuz 08 17977,44 18920,97164 943,5316 943,5316 890251,9 5,25%
Agustos 08 10323,49 18354,85265 8031,363  8031,363 64502786  77,80%
Eyliil 08 19018,75 13536,03506 -5482,71 5482,715 30060163  28,83%
Ekim 08 18369,79 16825,66402 -1544,13 1544,126 2384325 8,41%
Kasim 08 18498,3 17752,13961 -746,16 746,1604 5567553  4,03%
Aralik 08 15649,91 18199,83584 2549,926  2549,926 6502122 16,29%
Ocak 09 20984,06 16669,88034 -4314,18 4314,18 18612146  20,56%
Subat 09 20964,89 19258,38814 -1706,5 1706,502 2912149 8,14%
Mart 09 24207,57 20282,28925 -3925,28 3925,281 15407829  16,22%
Nisan 09 23037,19 22637,4577 -399,732 399,7323 159785,9 1,74%
Mayis 09 18969,95 22877,29708 3907,347  3907,347 15267361  20,60%
Haziran 09 13990,5 20532,88883 6542,389  6542,389 42802852  46,76%
Temmuz 09 16607,45553

BIAS MAD MSE MAPE

139,276 2481,234 10115787  15,02%
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Tablo3.7. Kabin Igi Bakim ve Revizyon I¢in Gergeklesen Adam x Saat ve Regresyon Hesaplanmast

Aylar Sira(X) AdamxSaat(Y) Tahmin x? XY
Ocak 07 1 16.899,29 18.050,23 1 16.899,29
Subat 07 2 17.346,47 18.088,29 4 34.692,94
Mart 07 3 19.994,48 18.126,35 59.983,44
Nisan 07 4 18.973,75 18.164,41 16 75.895,00
Mayis 07 5 20.690,58 18.202,46 25 103.452,90

Haziran 07 6 17.991,52 18.240,52 36 107.949,12
Temmuz 07 7 15.878,19 18.278,58 49 111.147,33
Agustos 07 8 16.100,06 18.316,63 64 128.800,48
Eylil 07 9 18.004,43 18.354,69 81 162.039,87
Ekim 07 10 19.772,44 18.392,75 100 197.724,40
Kasim 07 11 19.958,68 18.430,81 121 219.545,48
Aralik 07 12 14.600,66 18.468,86 144 175.207,92
Ocak 08 13 20.432,15 18.506,92 169 265.617,95
Subat 08 14 20.403,94 18.544,98 196 285.655,16
Mart 08 15 20.726,46 18.583,04 225 310.896,90
Nisan 08 16 19.909,07 18.621,09 256 318.545,12
May1s 08 17 20.349,20 18.659,15 289 345.936,40
Haziran 08 18 18.038,70 18.697,21 324 324.696,60
Temmuz 08 19 17.977,44 18.735,26 361 341.571,36
Agustos 08 20 10.323,49 18.773,32 400 206.469,80
Eyliil 08 21 19.018,75 18.811,38 441 399.393,75
Ekim 08 22 18.369,79 18.849,44 484 404.135,38
Kasim 08 23 18.498,30 18.887,49 529 425.460,90
Aralik 08 24 15.649,91 18.925,55 576 375.597,84
Ocak 09 25 20.984,06 18.963,61 625 524.601,50
Subat 09 26 20.964,89 19.001,66 676 545.087,14
Mart 09 27 24.207,57 19.039,72 729 653.604,39
Nisan 09 28 23.037,19 19.077,78 784 645.041,32
Mayis 09 29 18.969,95 19.115,84 841 550.128,55
Haziran 09 30 13.990,50 19.153,89 900 419.715,00

Toplam 465 558062 9455 8735493

b=38
a=18012

Temmuz 2009 Tahmini =19153,89351
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Tablo 3.8. E25-054 Kart: i¢in Gergeklesen Adam x Saat ve Agirlikli Hareketli Ortalama Trend Degerleri

Agirlikli Hareketli Ortalama

JE25-054 Gergek
Agirhik Tahmin
JGN 1 2008-3 23,41 0,2 N/A
JGP 1 2008-3 4,25 0,4 N/A
JGS 1 2008-3 47,99 0,6 N/A
JFF 6 2008-4 78,71 0,8 N/A
JGO 1 2008-4 28 1 N/A
JGT 1 2008-4 13 1,2 N/A
JGV 1 2008-4 29,9 14 N/A
JFI 6 2008-5 201,11 1,6 N/A
JRJ 6 2008-6 113,97 1,8 N/A
JGU 1 2008-6 33,57 78,95
JFK 6 2008-7 71,81 73,65
JFL 6 2008-7 77,65 75,78
JFN 6 2008-8 163,39 77,58
JFT 6 2008-8 96,97 95,86
JFM 6 2008-9 158,99 98,98

Tablo3.9. E25-054 Kart1 I¢in Gergeklesen Adam x Saat ve Ustel Diizeltme (0. =0,2 ) Trend Degerleri

JE25-054 Gergek Ustel Diizeltme (0. =0,2)
JGN 1 2008-3 23,41 N/A
JGP 1 2008-3 4,25 N/A
JGS 1 2008-3 47,99 N/A
JFF 6 2008-4 78,71 N/A
JGO 1 2008-4 28 N/A
JGT 1 2008-4 13 N/A
JGV 1 2008-4 29,9 N/A
JFI 6 2008-5 201,11 N/A
JFJ 6 2008-6 113,97 N/A
JGU 1 2008-6 33,57 113,97
JFK 6 2008-7 71,81 97,89
JFL 6 2008-7 77,65 92,67
JFN 6 2008-8 163,39 89,67
JFT 6 2008-8 96,97 104,41
JFM 6 2008-9 158,99 102,92
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Tablo3.10. E25-054 Kart: igin Gergeklesen Adam x Saat ve Ustel Diizeltme (o =0,4 ) Trend Degerleri

JE25-054 Gergek Ustel Diizeltme (. =0,4)
JGN 1 2008-3 23,41 N/A
JGP 1 2008-3 4,25 N/A
JGS 1 2008-3 47,99 N/A
JFF 6 2008-4 78,71 N/A
JGO 1 2008-4 28 N/A
JGT 1 2008-4 13 N/A
JGV 1 2008-4 29,9 N/A
JFI 6 2008-5 201,11 N/A
JFJ 6 2008-6 113,97 N/A
JGU 1 2008-6 33,57 113,97
JFK 6 2008-7 71,81 81,81
JFL 6 2008-7 77,65 77,81
JEN 6 2008-8 163,39 77,75
JFT 6 2008-8 96,97 112,00
JFM 6 2008-9 158,99 105,99

3.6. Model Degerlendirmesi
Tablo 3.11. Tahmin modellerine iliskin sonuglarin karsilastirilmasi

BIAS MAD MSE MAPE

Kabin i¢i bakim ve revizyon igin gergeklesen adam x saat ve naive tahmin
hesaplamalar1

Kabin i¢i bakim ve revizyon igin ger¢eklesen adam x saat ve naive tahmin trend
hesaplamalar1

Kabin i¢i bakim ve revizyon igin ger¢eklesen adam x saat ve hareketli ortalama
trend hesaplamalari

Kabin i¢i bakim ve revizyon igin gerceklesen adam x saat ve agirlikli hareketli
ortalama trend hesaplamalari

Kabin i¢i bakim ve revizyon igin ger¢eklesen adam x saat ve tistel diizeltme
(0=0.1) trend hesaplamalar1

Kabin i¢i bakim ve revizyon igin gergeklesen adam x saat ve iistel diizeltme
(0=0.4 ) trend hesaplamalar1

100,3031 2368,38931 11145841,93 14,11%
193,8082 3990,943 29251116 22,13%
106,5072 2827,883 11637856 17,01%

-116,88 2466,646 9111812 14,58%
213,7962 2396,205 11082158 14,44%

139,276 2481,234 10115787 15,02%

Kabin i¢i bakim ve revizyon igin gerceklesen adam x saat ve regresyon b=38
hesaplanmasti a=18012
Temmuz 2009 Tahmini =19153,89351

Tahmin modellerine iligkin sonuglar
Tablo3.11.’de verilmistir. En kiiglik yiizdelik

30000

ortalama ile (Mean Absolute Percentage Error)
kabin i¢i bakim ve revizyon i¢in gergeklesen adam 20000
X saat ve naive tahmin hesaplamalar1 % 14,11 en 15000
iyi modeli, kabin i¢i bakim ve revizyon i¢in 10000 N

gergeklesen adam x saat ve istel diizeltme (0=04)
trend hesaplamalart %14,44 ile en iyi ikinci
modeli olugturmaktadir.

5000

o

Oy M a Chy On, M e, R G, W A
eop M, O, t oy My, 8, gy Vi, 8,
Kor 0, Ty, 70 Fop gy Ty, s Fog gy T,
@ % %

Regresyon tahmini, kabin i¢i bakim ve
revizyon i¢in gergceklesen adam x  saat
ortalamasinin 19153,89351 olmasi modeli en iyi
aciklayan durumu gostermektedir.
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Sekil 3.2. Gergeklesen Adam x Saat Naive Tahmin Trend
Grafigi
Sekil 3.1.°de, gerceklesen adam x saat degerleri
ile naive degerlerinin birbirine yakin oldugu
gozlenmektedir

Sekil 3.2.’de, Ocak 2008 ve Subat 2008’de,
Eylil 2008 ile Ekim 2008’de ayrica Ocak 2009,
Subat 2009, Nisan 2009°da kabin i¢i bakim ve
revizyon trendine bakildiginda asir1 sapmalarin ve
dalgalanmalarin  gdzlendigi trend grafiginden
anlasilmaktadir. Veriler incelendiginde, yaz ve kis
aylarindaki sapmalarin yaz tatiline girisler,
miigterilerin kig aylarinda ugak sirketlerini tercih
etme egilimlerinin  azalmasi, yazin bilet
fiyatlarinin artmasi gibi sebeplerle agiklanabilir.

30000
25000
20000
15000

= Gergeklesen

10000 = Hareketli Ort
5000
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> g, T O TSgy TG 0y g,

Sekil 3.3. Gergeklesen Adam x Saat Hareketli Ortalama Trend
Grafigi

Yukaridaki grafikte, Agustos 2008’de, May:1s
2009, Haziran 2009°da ve Mart 2009°da kabin igi
bakim ve revizyon trendine bakildiginda asiri
sapmalarin ve dalgalanmalarin gozlendigi trend
grafiginden anlasilmaktadir.

Agustos 2008’de kabin i¢i bakim gergeklesen
adam x saat degeri ile hareketli ortalama degeri
arasinda en yiiksek deger olan % 82’lik sapma
meydana gelmistir.

Veriler incelendiginde, Agustos ayinda izne
ayrilmak isteyen calisan sayisindaki artis firmanin
kabin i¢i bakim ve revizyon organizasyonunu
etkilemektedir. Mart 2009°da ise kisin ¢ok fazla
ucusun olmamasi buna kargilik ugaklarin yerde
kaldigi slirede bakim yapilmasi sapmay1
arttirmistir.

30000

25000
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10000 — Agirhkl Hareketli
Ortalama
5000
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Sekil 3.4. Gergeklesen Adam x Saat Agirlikli Hareketli
Ortalama Trend Grafigi
Sekil 3.4.te, Temmuz 2007, Aralik 2007,
Agustos 2008, Mart 2009 ve Mayis 2009’da kabin
ici bakim ve revizyon trendine bakildiginda asir
sapmalarin ve dalgalanmalarin gozlendigi trend
grafiginden anlasilmaktadir.

Agustos 2008’de kabin i¢i bakim gerceklesen
adam x saat degeri ile hareketli ortalama degeri
arasinda en yiiksek deger olan % 78’lik sapma
meydana gelmistir. Agustos 2008’de, gerceklesen
adam x saat degeri 10000 saatlik bakim iken,
agirlikli hareketli ortalama ile 15000 saatlik
bakima c¢ekilmesi gerektigi gézlenmistir.

Veriler incelendiginde, Agustos ayinda izne
ayrilmak isteyen galisan sayisindaki artig firmanin
kabin i¢i bakim ve revizyon organizasyonunu
etkilemektedir. Mart 2009°da ise kisin ¢ok fazla
ucusun olmamasi buna karsilik ugaklarin yerde
kaldigr slirede bakim yapilmast sapmay1
arttirmisgtir.
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Sekil 3.5. Gergeklesen Adam x Saat Ustel Diizeltme (0=0.1)
Trend Grafigi
Yukaridaki grafikte, kabin i¢i bakim ve
revizyon trendine bakildiginda gerceklesen adam
x saat degerleri ile iistel diizeltme (o =0.1) tahmin
degerleri birbirine yakin oldugu gozlenmektedir.
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Sekil 3.6. Gergeklesen Adam x Saat Ustel Diizeltme (0=0.4)
Trend Grafigi
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Sekil 3.7. Gergeklesen Adam x Saat Ustel Diizeltme (0=0.1 ve
0=0.4 iken) Trend Grafigi

0=0.4 iken, ger¢eklesen adam x saat degerleri
ile tstel diizeltme tahmin degerleri birbirine
yakindir. Alpha degeri arttiginda, gercek degerler
ile tahmin degerleri arasinda dalgalanmalar
gozlemlenecektir.

o= 0.1 ve o= 0.4 iken, gerceklesen adam x saat
degerleri ile istel diizeltme tahmin degerleri (o=
0.1 ve a= 0.4) birbirine olduk¢a yakindir. o= 0.1
iken  MAD =2396,205 iken, a=0.4 oldugu
durumda MAD=2481,234 oldugu goriilmiistiir.
Bu durum bize o katsayisimin biiyiidiikge
sapmanin arttigini gostermistir.

Asagidaki grafikte belirleme katsayisinin (
R? =0.514 ) oldugu goriilmektedir. Belirleme
katsayisinin ~ yeterince  yiksek  olmamasi,
faktorlerin ¢ok aciklayict bir &zellige sahip
olmadigini, bagimsiz degiskenin (sira

degerlerinin) bagimli degiskeni (adam x saat

degerlerini) yeterince agiklayamadigini gosterir.
Bu da bize faktorlerin yonetim tarafindan

basarili bir sekilde tespit edilemedigini ifade eder.
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Sekil3.8. Gergeklesen Adam x Saat Regresyon Grafigi
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Sekil 3.9. E25-054 Gergek Degerler ve Agirlikli Hareketli
Ortalama Tahmin Degerleri

Yukaridaki ~ grafikte, Agustos  2008’de,
gerceklesen adam x saat degeri 160 saatlik
bakimin iizerinde iken, agirlikli hareketli ortalama
ile 80 saatlik bakima indirilmesi gerektigi
gbzlenmigtir. Haziran 2008, Agustos 2008’de ve
Eylil 2008’de E25-054 kartina iligkin, asirt
sapmalarin ve dalgalanmalarin gdzlendigi trend
grafiginden anlagilmaktadir.
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Sekil 3.10. E25-054 Gergek Degerler ve Ustel Diizeltme (a
=0,2) Tahmin Degerleri
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Yukaridaki  grafikte, Haziran  2008’de,
gerceklesen adam x saat degeri yaklasik 40 saatlik
bakim iken, {istel diizeltme ile (o =0,2) ile
yaklagik 120 saatlik bakima g¢ekilmesi gerektigi
gbzlenmistir.

Haziran 2008, Agustos 2008’de ve Eyliil
2008°de E25-054 kartina iligkin, agir1 sapmalarin
ve dalgalanmalarin go6zlendigi trend grafiginden
anlasilmaktadir.
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120 / \ /
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Sekil3.11. E25-054 Gergek Degerler ve Ustel Diizeltme (o

=0,4) Tahmin Degerleri

Yukaridaki  grafikte, Haziran  2008’de,
gergeklesen adam x saat degeri yaklasik 40 saatlik
bakim iken, distel diizeltme ile (a0 =0,4) ile
yaklasik 120 saatlik bakima g¢ekilmesi gerektigi
gozlenmistir.

Haziran 2008, Agustos 2008’de ve Eyliil
2008’de E25-054 kartina iliskin, asir1 sapmalarin
ve dalgalanmalarin goézlendigi trend grafiginden
anlasilmaktadir.

4. Sapmalarin Sebepleri

Adam x saat Tlretimini temel bilesenleri,
personel ve personelin yapabilecegi istir. Adam X
saat  degerlerindeki  dalgalanmalarin  temel
sebepleri asagida siralanmustir.

e + Personel sayisindaki degisiklikler

e -« [zinli/raporlu/egitimdeki personel sayilari
e + Fazla mesai yapilmasi

e « Kapasiteden daha az is ylikii bulunmasi.

Yaz ve kis aylar1 arasindaki sapmalar, yillik
izin kullanimi ile agiklanabilmektedir. Yaz
mevsimindeki yiliksek yolcu talebi nedeni ile
havayollart bakimlarini miimkiin mertebe kis

mevsiminde yapmak istemektedir. Kapasiteden
daha az is yiikii olustugu icin tiim personelin
izinlerini yaz mevsiminde kullanmasima 6zen
gosterilmektedir. Kis mevsiminde ise is yiiki
zaman zaman kapasitenin tizerine ¢ikabilmekte ve
fazla mesai ile adam x saat iiretimi artmaktadir.

Aralik 2007, Ekim 2008, Aralik 2008
aylarindaki sapmalar incelendiginde bu aylarda
Ramazan ve Kurban Bayramu tatillerinin
bulundugu tespit edilmistir. Resmi tatillerde
personelin ¢alismasi durumunda ciddi miktarda
fazla mesai Odemesi yapilmasi gerektiginden,
bayram tatillerinde smirli sayida personel
calistirilmis ve adam x saat liretimi diigsmiistiir.

5. Calismanin Kisitlari

Havacilik sektoriinde faaliyet alanlariin fazla
olmas1 nedeniyle tiim faaliyetleri ayn1 anda ele
almak mimkiin olmamaktadir. Bu tiir zorluklar
gbz Oniine alinarak c¢alisma belli alanlarla
sinirlandirilmigtir.  Bu  sinirlandirma  galigmaya
genel manada kisit olusturmaktadir. Ayrica rutin
ve rutin olmayan (non-routine) islerin sadece
adam x saat bazinda ele alinarak belli kartlart
incelemesi diger bir kisiti olusturmaktadir. Bu
calismada, mevcut durumda rutin olmayan (non-
routine) adam x saat tahminlerinde yaganan
sapmalarin en aza indirilmesi kapasite planlarinin
dogruya yakin tahmin edilebilmesi igin diger
alanlardaki rutin ve rutin olmayan (non-routine)
islemlerin gerektigi gibi incelenememesi de bir
kisit olarak diisiiniilebilir. Gelecekte yapilabilecek
calismalarda yukaridaki kisitlar gbz Oniine
almarak bir calisma yapilirsa literatiire katki
saglamis olabilir.

6. Sonu¢ Ve Tartisma

Savunma, havacilik ve uzay teknolojileri, yolcu
tasimaciligr gibi daha bircok alanda faaliyet
gosteren ve ulusal ve uluslar arasi dzelligi 6ne
cikan havacilik sektorii ve bu sektor ile ilgili
kurum ve kuruluslar, gelisen teknolojiyi yakindan
takip etmek, degisimleri hizla biinyesine tagimak
ve daha yaygin bir hizmet agi olusturmak gibi
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yliksek performans gerektiren bir ¢alisma sistemi
gelistirmek zorundadirlar.

Yapilan ¢alisma kapsaminda farkli tahmin
yontemleri E25-054 ve JE25-054 Kkartlarina
uygulanmig ve tahmin degerleriyle gerceklesen
degerler makale igerisinde Kkarsilagtirilarak bir
degerlendirme yapilmistir. Dogru sonuglar ve
disik  sapmalar  gergeklestirebilmek  igin
gerceklesen degerlerlerle tahmin edilen degerler
stirekli kontrol edilerek meydana gelen sapmalar
diizeltilmelidir.

Bu c¢alisma kapsaminda degerlendirilen kartin
gergeklesme degerleri ¢ok farkli yonlerde ve
biiyiikk oranlarda sapmalar icerdiginden bu
degerlerin ortaya ¢iktigi siireglerin iyi bir sekilde
analiz edilmesi gerekir. Bu siireglerin kontrol
edilebilirligi ve dogrulugu saglandigi olgiide
tahminler de o oranda dogru gerceklesecektir.

Uygulama sonucuna bakildiginda tahmin
yontemlerinin siirecin kontrol altinda yiiriidiigi
donemlerde gercege yakin sonuglar verdigini
gostermektedir. Ozellikle a sabitinin 0,2 segildigi
iistel diizeltme yontemiyle yakin sonuglar elde
edilebilmektedir. Ancak gerceklesen degerlerin
yiiksek oranda saptigi ve siirecin kontrol dis1
degerler iirettigi durumlarda tahminler
gegerliligini  yitirmektedir. Tahminlerin dogru
sonuglar verebilmesi i¢in bu sapmalara neden olan
faktorler gozden gegirilmesi ve sapmaya sebep
olan durumlarin ortadan kaldirilmasi gerekir.

Yapilan calismada gerceklesen  degerler
iizerinde gozlemlenen kontrol dig1 sapmalar
uygulamada asagidaki faktorlerle gosterilmistir:

1. Mubhtelif kaygilardan 6tiirii hatali Adam x

saat girisleri.

2. Ayni kartin uygulanmasi sonucu bulgunun

giderilmesine yonelik rutin olmayan (non-
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Ozet

Joinpoint Regresyon Analizi, trendde meydana gelen istatistiksel olarak anlamli degismelerin en uygun noktalarini
belirlemede kullanilan istatistiksel metotlardan biridir. Bu ¢alismanin amaci Joinpoint regresyon analizini borsa verilerine
uygulamak ve bu metodun performansini gergek ve tahmin edilen degerleri karsilagtirarak belirlemektir. Bu amagla Nisan-
Mayis 2013 aylari i¢in Ulusal BIST 30 endeks degerlerine iliskin veri seti derlenerek Joinpoint analizi ile incelenmistir.
Joinpoint paket programi araciligi ile dogrusal ve dogrusal olmayan tekniklere gore ¢oziimleme yapilarak bu tekniklerden
hangisinin daha uygun oldugu Hata Kareler Ortalamasi (HKO) degerlerine gore belirlenmistir. Gelecek dénemler igin
yapilan tahminler ile bu donemlerde gerceklesen degerlere gore tahmin edilen degerlerin gercek degerlerden biraz yiiksek
oldugu gézlemlenmistir ama bu sonug Joinpoint regresyon analizinin gelecek déonem tahminlerini gerceklestirmek icin bir
zaman serisi verisine uygulanabilecegini gostermektedir.

Anahtar Kelimeler: BIST 30, Joinpoint Regresyon Analizi, Trend

Jel Kodu: C1, C4, C5.

Abstract

Joinpoint Regression Analysis is one of the statistical methods used to identify the best-fitting points if there is a
statistically significant change in the trend. The aim of this study is to apply joinpoint regression analysis in the stock
market and compare the performance of this method according to actual data set and estimated values. For this purpose,
we collected the data set from the National Istanbul Stock Exchange (ISE) 30 index for April-May 2013 and examined
that data set via Joinpoint Regression Analysis. We applied linear and nonlinear techniques with the help of Joinpoint
software and determined the best technique according to their Mean Square Errors (MSE). With the projection for the
future months and the actual results, we see that the estimated values are a little higher than the actual values However,
this shows that we may apply Joinpoint regression to a time series data set in order to forecast future values.
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1. Introduction

Regression Analysis is a method that models
the relationship between the dependent and the
independent  variable(s) with  mathematical
expressions. This relationship between variables is
actually a causal relationship expressed by a
mathematical function.

Regression analysis is applied to estimate the
average value of the dependent variable by the
help of the data set of the all variables and to test
whether or not the independent variables in the
model are statistically significant on the
dependent variable (Cankal, 2010).

Like many other statistical methods, regression
analysis needs to meet some assumptions. Least
Squares Technique is one of the most used
techniques to estimate the parameters in
regression analysis (Gazeloglu, 2012). This
technique is also suitable to use in the case of the
assumption of constant variance (Albayrak, 2008).

In Regression  Analysis numbers of
independent variables may be one, and often two
or more. Hence, if this relationship between the
variables is linear and the number of independent
variables is one, this model is called "Simple
Linear Regression Model". Simple linear
regression model is given in Equation 1. (Vural,
2007)

Yi :ﬂ0+ﬂlxi +€ 1)

The Joinpoint Analysis was used to identify the
best-fitting points where a statistically significant
change in the trend occurred (Cayuela et al.,
2004). Joinpoint Regression, also known as
piecewise linear regression, is increasingly used to
identify the timing and extent of changes in time
series (Goovaerts and Xiao, 2011). Segmented
line regression, also known in the literature as
multiphase regression with the continuity
constraint, broken line regression, piecewise linear
regression, has been successfully applied to
describe these trend data, and various statistical
techniques have been developed for inference
problems (Kim et al., 2004).

2. Material and Method

The Joinpoint Regression Software is a
Windows-based statistical software package that
computes and analyzes non-linear, piecewise
trends of time series. The software fits models to
the data that allow for testing of whether an
apparent change in trend is statistically significant.
These models are usually referred to as joinpoint
models. It is important to understand that goal of
the Joinpoint Regression Program is not to
provide models that best fit the data, but models
that best summarize the behavior or the data trend
(Marrett, 2010).

There are five steps involved in generating any
Joinpoint trend analysis;

Step 1: Create an input data file for Joinpoint,

Step 2: Set parameters in Joinpoint,

Step 3: Execute Joinpoint,

Step 4: View Joinpoint results, print models,
export graphs and data,

Step 5: Summarize Joinpoint results for
interpretation (Marrett, 2010).

The identification of changes in the recent
trend is an important issue in the analysis (Kim et
al., 2000). Simple Linear Joinpoint Regression
Model is given in Equation 2.

E[yi |Xi]:ﬁo+ﬂ1'xi +71(Xi _1-1)+
)

=+..+7,(%-7)

x;,i=1,2,...n;x<...<x, time variable, y;
,i=1,2, ... ,nare the response variable. 8, shows
constant coefficient in Equation 2 and S; shows
slope coefficient.

In modeling trends over time, it is important to
be able to detect when statistically significant
changes in the trend occur. Joinpoint analysis is
widely applied to detect these changes points
(joinpoints) and determine the trends between
joinpoints (Jiang et al., 2010).

Nonlinear Joinpoint Regression Model is given
in Equation 3.

E [Y- [ x ] — P AN ARG ) ey () 3)
1 1
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Bos B1: V1s --- » ¥ are regression coefficients in
Equation 2 and 3, t; k < n, is the k-th unknown
Joinpoints (Kim et al., 2000). Equation applies to
eliminate negative values during the prediction of
the observed values in Equation 4. If (x; — 1) IS
negative, this value is zero and if (x; — 1) is
positive, this value is accepted as (x; — Ty).

<x.—a>={Z° (=n) =(u-n)

0 otherwise

This model assumes a linear trend between
joinpoints and continuity at the joinpoints. The
joinpoint regression model has the same
underlying assumptions as simple regression. If
the year(s) when changes in the trend occur
(joinpoints) are known, then linear regression
techniques can be used to estimate the regression
parameters. However, in most instances, the exact
years for the joinpoints are unobservable.

The challenge in cancer trend analysis is to
determine the locations of the joinpoints if they
exist; and to determine the optimal number of
joinpoints for the most appropriate model (Jiang et
al., 2010).

There are three major decisions in any
joinpoint analysis;

1. The form of the mean function (Data

distribution: Normal or Poisson; Equation:
linear or nonlinear),

2. The location of the joinpoints given the

number of joinpoints,

3. The optimal joinpoint model (Jiang et al.,

2010).

The first step is determined by the form of the
data. The next step in fitting the model is to
determine the range of the number of joinpoints to
be tested; usually between 0 and 9. Then for each
given number of joinpoints the location of the
joinpoints is determined. To determine the
location of the joinpoints, either the Grid Search
method or Hudson’s method can be applied. The
grid search method creates a "grid" of all possible
locations for joinpoints specified by the settings,
and tests the sum square of errors (SSE) at each
one to find the best possible fit. Hudson's method

does a continuous testing between observed
values to find the best model. In Hudson's method,
each fitted sub-model has a local least square, and
the overall least squares of the model is found
when a complete curve to be fitted consists of two
or more sub models. The third step is to find the
optimal model, i.e. the optimal number of
joinpoints, and the optimal locations of related
joinpoints. (Jiang et al., 2010).

Permutation tests and Bayesian Information
Criterion (BIC) test may be applied to determine
the most appropriate model in the joinpoint
regression (Duyar, 1995). BIC is based on
goodness of fit test. Calculation of BIC is given in
Equation 5.

BIC (k) =In{SSE(k)/Obs}+{[2-(k+1)]/Obs}-In(Obs)
®)

Where SSE is the sum of squared errors of the
k-JoinPoint regression model, 2*(k+1) is the
number of parameters of the k-JoinPoint model
and Obs is the number of observations. The k-
JoinPoint model with the minimum value of
BIC(K) is selected as the final model (Pickle et al.,
2007).

The sequential method to determine the
optimal model using the permutation test is
described below;

k4, the maximum number of joinpoints, k, the
minimum number of joinpoints;

H, : kg is the best model.

H, : kq is the best model.

0 < ko <ky, and calculate a’ = ﬁ for a
1~ o

given significant level a

2) If p>a’, don’t reject Hy and set ky = ky-
11
If p < a’ then H, is rejected, set k, =k,

+ 1 and calculate new a' =

k1—ko

3)  Go back to do step 1 and 2 until k; = k,,
+ 1 (Jiang et al., 2010).
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The formula used to calculate the percent
change is given in Equation 6.
P.C.=100*¢” -1 (6)
In Equation 6, B is the slope coefficient of each
section.

3. Application

In the application part of the study, the daily
closing values of the stocks at the 2th quarter of
the months of April and May in 2013 for National
ISE 30 index was examined to estimate the values
for June 2013. The estimated values are also
compared with the real ones.

The survey was conducted with a total number
of 43 days (21 days for April and 22 days for May
in 2013) excluding weekends and public holidays.
The data set which obtained from the official site
of Istanbul Stock Exchange was compiled in a text
file and then transferred to Joinpoint regression
software. Analyses are concluded both for linear
and nonlinear Joinpoint regression models.

Figure 1. The graphical representation for closing data of

National ISE 30 Index in April- May

Whether the changes in the trends of ISE-30
index in April-May 2013 are statistically
significant or not, the breaking times and graphs
of these trends, model estimates and daily percent
changes (DPC) are given in Table 1.

aata BIST30 : 6 Joinpoims

Parameter Value

April-May in 2013)
Heteroscedastic errors option Constant variance
By variable Groups (ISE 30)
Number of Joinpoints min=0 ve max=9

Minimum number of 10
observations between two

joinpoints

Method Grid Search

Model Selection Method Bayesian Information
Criterion

Significance level 0,05

0 15 % 3 P

20
days

Table 1. Model and the parameters for ISE 30 Index.

Parameter Value

Model In(y) =xb/y=xb

Dependent variable Daily closing data

Independent variable Days (Days belonging to

4, Findings

The scatterplot and the trend lines for
National ISE 30 Index for April-May 2013 are
given in Figure 1. The results of the analysis show
that after some fluctuations in April there is an
increase with an amount of 1.78% at the end of
the April. After an increase in May with an
amount of 0.26% it can be seen that after May 22,
there is a decrease with an amount of -1.08% in
the total index.

Nonlinear  joinpoint ~ Regression  Model,
according to parameter estimates for April and
May is given in Equation 7. The detailed results of
the analysis are also given in Table 2.

(4,68-0,01x; +0,02§xi —5)-0,01(x; —11)
+0,01E><i —14§+0,01 X —20)-0,02(x; —23)

E[yi | Xi:| _ @ 0.01(x-36)
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Table 2. Results for Nonlinear Joinpoint Regression Model
Standard Parameter
Cohort Parameter Parameter  Sundard 5., popebiiily | MSE
estimates Error
E30 Constant 1 4683081 0011339 412992506 0,000000
1SE30 Slope 1 0014032 0004141  -3388868  0,002526
1SE30 Slope 2-Slope1 0020296 0005071 4002180  0,000560
1SE30 Slope3-Slope2 0014833 0013417 1105525 0260363 (oo
1SE30 Slope+-Slope3 0013246 0013417 0987249 0333793
1SE30 Slope5-Slope 4 0012079 0013417 0967395 0343410
1SE30 Slope 6-Slope 5 -0,015035 0013116  -1146305 0263456
1SE30 Slope 7-Slope 6 __-0,013491 __0,001913 __-7,050813 __0,000000
Test Statistics
Cobot_ Modes  Numberof  Number of Degrees of - -~
Joinpoint Parameter  Freedom
TSE 30 #1 0 Joinpoint 2 41 00317903 7,0348560
ISE 30 #  1Joinpoint 4 39 00165874  -7,5104305
ISE 30 #3  2Joinpoint(s) 6 37 00077217 81001004
ISE 30 #  3]oinpoint(s) 8 35 00056628  -82352841
ISE 30 #5  4Joinpoint(s) 10 33 00036137 85095150
ISE 30 #  5Joinpoint(s) 12 31 00029564 85353500
ISE 30 #7  6Joinpoint(s) 14 29 00024110  -85643233 *
ISE 30 #  7]oinpoint(s) 16 27 00022304 84632364
ISE 30 #  8Joinpoint(s) 18 2 00020562 83736408
ISE 30 #10 9 Joinpoint(s) 20 23 00018726 -82022279
The selected final model has 6 joinpoint.

The results of Bayesian Information Criterion
values indicate that the final selected model has 6
joinpoint.

Linear Joinpoint Regression Model, according
to parameter estimates for April and May is given
in Equation 8. The detailed results of the analysis
are also given in Table 3.

E[y, Ix] = 108,02-1,45x +2,10(x, —5)

~1,53(x, —11) +1,36(x, —14)

+1,43(x, —20) —1,61(x, —23) —1,49(x, —36)

Table 3. Results for Linear Joinpoint Regression Model

Standard Parameter

Cohort Parameter Parameter  Standard 7.0 Probabiliy  MSE
estimates error -
TSE 30 Constnt 1 108020053 1043206 56,898986  0,000000
ISE 30 Slape 1 1451426 0453955  -3,197292 0004004
ISE 30 Slope 2-Slope 1 2096154 0555979 3770204  0.000994
ISE 30 Siope 3-Siope2 1527801  L470982 1038827 0300775 oo
ISE 30 Slope4-Slope 3 1363997 1470982 0927270 0363415 O
ISE 30 Slope 5-Slope 4 1,425030 1470982 0968761 0342742
ISE 30 Slope 6-Slope 5 -1612738 1438039  -1121484¢ 0273654
ISE 30 Slope 7-Slope 6 1493279 0209773 7118562 0000000
Test Scatistics for the number of Joinpoint
Number of  Number of Degrees of

Cohort Model ) irpoint Parameter Frgn:edum SSE BIC
IE 30 #1 0Joinpoint 2 a1 3713961790 23310088
ISE 30 #  1Joinpoint 4 39 1907380213 18395798
ISE 30 #3 2Joinpoint(s) 6 a7 87,6198435 12366260
ISE 30 #4  3)oinpoint(s) 8 35 638955007 10058084
ISE 30 #5  3Joinpaint(s) 10 33 415241008 08397716
ISE 30 #  5oinpoint(s) 12 a1 354030696 08552357
ISE 30 #7 6 loinpaint(s) 14 29 287645525 08225205 *
ISE 30 4 7)oinpoint(s) 16 27 268953358 00302691
1SE 30 #  8oinpoint(s) 18 25 245636540 10145236
ISE 30 #10 9 Joinpoint(s) 20 23 221702821 1,0869480

The selected final model has 6 joinpoint

Because the MSE value of the nonlinear
joinpoint regression analysis is lower than the
MSE value of linear model, we can say that the
nonlinear joinpoint model is more appropriate to
conclude the estimations for June.

Estimations for June 2013 by the help of the
data set for April - May are given in Table 4. By

Table 4. Estimates and the actual values for June, 2013 by the help of the data set of April and May in 2013

April - May 2013
(Esﬁmatzdemmas June 3-4-5 2013) Actual ";‘lm“‘és
Cohort o I ) =g (June in2013)
3 4 s | 3 4 5 3 4 5
ISE 30 | 105,02 103,83 102,64 | 113,30 11217 111,05 | 94,83 99,20 97,60

examining Table 4, it can be seen that the actual
values are smaller than the estimated values.

5. Conclusion

The results of the analysis indicate that
Joinpoint regression analysis can be used to make
some estimations for the stock market. The
estimated values in this study are similar, but a
little higher than the actual values of the related
data set.

According to the data set for April-May 2013
there aren’t many fluctuations in April. However,
there is an increase in May. There is a serious
decrease after May 20.

During this period, after the declaration of
U.S.A Federal Reserve chairman, that they stop
injecting money into the economy, there had been
a negative impact on the Istanbul stock market.

Also the Istanbul stock market had been badly
affected because of the Gezi Park Protests.

It can be said that there had been a statistically
significant decrease in the closing values of traded
companies in the stock exchange related with
these events.

The estimated values in April are a little higher
than the actual data set for closing values of the
National ISE 30 index than in May. However, the
estimated values in May and June are a little lower
than the actual values because of the economic
and political events which occurred during these
months.
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