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BRIC ULKELERI HISSE SENEDI PIYASALARINDA UZUN HAFIZA VE VOLATILITE
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Received In this study, the existence of long memory effect in IBOVESPA, RTSI, S&P BSE, and SSE
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25.10.2023 IBOVESPA, RTSI, S&P BSE, and SSE COMPOSITE stock market indexes are tested by using
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ADF, Phillips Perron, and KPSS unit root tests. As a result of classical unit root tests,
IBOVESPA, RTSI, S&P BSE, and SSE COMPOSITE stock market indexes are found stationary
in 1(0). The long memory feature in the series is investigated by using the ARFIMA model,
and the long run volatility of the series is researched by using FIGARCH model. According
to the result of ARFIMA model, RTSI, S&P BSE and SSE COMPOSITE series have a stationary
long memory, and only the SSE COMPOSITE stock market index parameter is statistically
significant in FIGARCH model. Thus, the long memory behavior of the SSE Composite stock
index displays predictable behavior.
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Bu c¢alismada, BRIC ulkelerine ait Bombay Menkul Kiymetler Borsasi (S&P BSE), Bovespa
(IBOVESPA), Rusya Ticaret Sistemi (RTSI), ve Sangay Kompozite (SSE COMPOSITE)
endekslerinde uzun hafiza etkisinin varligi ve serideki uzun hafiza oynakligi, kesikli
bitlinlesik zaman serisi modellerinden olan “Otoregresif Kesirli Bltlinlesik Hareketli
Ortalama (ARFIMA)” ve “Kesirli Bitlinlesik Genellestirilmis Otoregresif Kosullu Degisen
Varyans (FIGARCH)” modelleriyle incelenmistir. Bu amagla ¢alismaya 01.07.1997-
30.09.2014 dénemine ait glnlik kapanis verileri modele dahil edilmistir. IBOVESPA, RTSI,
S&P BSE ve SSE COMPOSITE borsa endekslerinin duraganlik davranislari ADF, Phillips
Perron ve KPSS birim kok testleri kullanilarak test edilmistir. Klasik birim kok testleri
sonucunda IBOVESPA, RTSI, S&P BSE ve SSE COMPOSITE borsa endeksleri I(0) noktasinda
duragan bulunmustur. Serilerdeki uzun hafiza o6zelligi ARFIMA modeli kullanilarak,
serilerin uzun donem oynakhgi ise FIGARCH modeli kullanilarak arastirilmistir. ARFIMA
modelinin sonucuna gore RTSI, S&P BSE ve SSE COMPOSITE serilerinin duragan uzun
bellege sahip oldugu; FIGARCH modelinin sonucuna gore ise sadece SSE COMPOSITE hisse
senedi endeksinin uzun hafiza davranisinin 6ngorilebilir oldugu belirlenmistir.

Anahtar Kelimeler: BRIC Ulkeleri, Hisse Senedi, Uzun Hafiza, Oynaklik, ARFIMA, FIGARCH
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1. Introduction

Interest in long-term dependence or long memory processes first appeared in physical sciences, and
the first study on the subject was made by Hurst (1951), a British hydrologist. In this study, Hurst
tried to determine how to set the overflow periods of the Nile river. After that Mandelbrot and
Wallis (1968) identified long memory as "Joseph influence". Based on the Joseph's influence, Egypt
will have an abundance for seven years and famine for seven years. According to this study, the long
memory is a phenomenon of an event in the distant past to be highly correlated with future
observations. The effect of the long memory period on the financial markets was revealed by
Mandelbrot (1971). In the study, it was suggested that Hurst's "Transformed Width" statistic be
used to determine the long memory behavior of stocks. Long memory models are divided into two
as discrete and continuous models. The continuous long memory model is described by Mandelbrot
(1965) as a "fractional Brownian motion", generalized by Mandelbrot and Van Ness (1968). The
discrete long memory model was developed as a fractional autoregressive motion model, ARFIMA
(p, d, q), by Granger (1980), Granger, and Joyeux (1980) and Hosking (1981).

In capital markets, it has long been a matter of curiosity for how effective the markets are. In
particular, investors want to know how much they will get or how much they will lose when they
make investments. This has prompted both academicians and market professionals to investigate
these issues. Researchers have found the so-called "volatility" to be able to determine how much of
the capital has risen. While the volatility models have been developed for the short memory series
before, later they have also been developed for long memory models. FIGARCH model, which
detects volatility in long memory series was presented by Baille et al (1996). In recent years, there
have been several studies that have demonstrated the use of long memory by using fractionally
integrated models.

Doornik and Ooms (2004) compared the methods used for estimating the ARFIMA model with each
other. The quarterly UK inflation series for the period 1959.1 - 2002.2 and the monthly inflation
series for the United States of America from 1957.1 to 2003.4 were included in the study. Exact
Maximum Likelihood, Modified Profile Likelihood (MPL) and Nonlinear Least Squares methods were
compared with each other and the MPL method was found to give more accurate results than other
methods.

Kang and Yoon (2006) investigated the asymmetric long memory effect of the volatility of stocks in
Japan, South Korea, Hong Kong, and Singapore with ARFIMA, FIGARCH, and FIEGARCH models. As a
result of the study, the FIEGARCH model proved to be more successful in catching asymmetrical
effects in long memory.

Kasman and Torun (2007) investigated a long memory feature of Turkey's stock index in the period
of 1988-2007 with fractionally integrated models. As a result of Turkey's stock index was also found
to have a long memory both in returns and volatility.

In the study of Leite, Rocha, Silva, et al. (2007), they tried to determine the long-term correlations
using circadian rhythm, sleeping in different regimes, walking periods, and increasing age values
using DFA combined with segmentation and selective adaptive ARFIMA models. As a result of the
study, the selective adaptive ARFIMA model predicted long memory based on shorter segments,
therefore, it is more advantageous to use ARFIMA models.
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Siew, Chin, and Wee (2008) aimed to demonstrate and exemplify the use of time series models in
Air Pollution Index (APIl) estimates. The data used in the study consist of APl observations covering
the period of 03.1998 - 12.2003. ARIMA and ARFIMA time series methods were used. As the model
selection criterion, the lowest values of MAE, RMSE, and MAPE are taken into consideration. When
considering these two models, the integrated ARFIMA model is better because it has the lowest
MAPE value.

In the Wiphatthanananthaku and Sriboonchitta (2010), implemented the SET50 index option in
conjunction with the Chicago Board Options Exchange (CBOE) in their study as Thailand volatility
index. Long memory predicted ARFIMA - FIGARCH and ARMA - FIAPARCH models with the ability to
capture the effect of asymmetry in conditional variance and power transfer in the conditional
variance of the process. As a result of the study, while ARMA-FIGARCH model is more adaptive,
ARMA-FIAPARCH has a longer memory than ARMA-FIGARCH and catches asymmetrical effects
better.

In the study of Zhou, Chen, and Dong (2012), they estimate the traffic network in the northeastern
part of China was based on the ARFIMA model. The data consist of traffic data for 3 days from 0:00
to 24:00 in October 2009. The MATLAB program was used to analyze the data. According to the
findings, the ARFIMA model provides better results than traditional time series methods in the long
correlation analysis.

In the study of Guhathakurda, Bhattacharya, and Bhattacharya (2012) used daily returns, absolute
returns, and square returns of the stock markets from developed markets (USA, UK, Germany,
Australia, New Zealand, Hong Kong, France, Netherlands, Japan, Singapore) and from developing
markets (Russia, Hungary, Brazil, Chile, Mexico, Malaysia, Korea, Taiwan, China, and India)
investigated the long memory properties of them. Hurst exponent, Lo's statistics, and semi-
parametric GPH statistics were calculated to determine the long memory of asset returns. As a
result, it has been found that there is volatility in the long memory acquisition both in the developing
and developed markets, and there is no significant difference between the long memory statistics
of the two market groups.

In Kristoufek (2013) investigated mix-related ARFIMA (MC-ARFIMA) processes, which allowed
various properties of univariate and bivariate long memory and found that mix-related ARFIMA
processes enhance to create Maximum Likelihood Estimators, Generalized momentum estimators,
and Frequency domain estimators.

In the article of Wook Han (2014), it was investigated the effects of the global crises of 1997-1998
and the global crises of 2008 - 2009 on the long memory volatility of exchange rates compared with
the parametric FIGARCH model and the semi-parametric Local Whittle method. Daily exchange rates
of KRW-USD and JPY-USD are included in the study. As a result of the study, the KRW-USD reflects
the long-term volatility dependence more than of JPY-USD and two financial crises affect the
dynamics of volatility in all return series.

In the study of Turkyillmaz ve Balibey (2014), the efficiency of the Pakistani stock index for the period
2010-2013 was estimated by ARFIMA - FIGARCH methods under different distributions (Normal,
Student - t, Skewed Student - t and GED distributions). While the ARFIMA model does not reflect
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long memory behaviors for the Pakistan stock index, it is determined that the volatility of the index
return series is long memory as a result of the estimated FIGARCH model.

In this paper, it is investigated that whether the stocks of the BRIC countries, which have the largest
land pieces on the map, have strong memory by using the ARFIMA model, and the existence of long
memory volatility is determined using the FIGARCH model. In this paper, we applied ARFIMA-
FIGARCH models to BRIC countries, due to the long memory is a feature of emerging market stock
market indices rather than a feature of developed countries' stock market indices.

The organization of the paper is as follows. Section Il introduces employed econometric
methodology, Section Il reveals data and empirical results and Section IV presents the conclusion
of the study.

2. Method

2.1. ARFIMA Method

The concept of fractional integration is the definition of time series, often with a long memory or
long-term dependence. Time series with a purely stationary ARIMA process have a short memory.
The AR (p) model has infinite memory and all past values of the error term are stored in y:. However,
the effect of these past values follows geometric decline. The MA (g) model has a short memory
and the effect of the present value disappears after g delay. In the ARIMA model, the researchers
treat “d” as an integer number to make sure that the series formed by taking the difference have a
stationary process. However, the ARIMA model becomes fractional when d gets all real numbers
and is often referred to as the ARFIMA model (Baum, 2013). The ARFIMA method was developed
by Granger (1980), Granger and Joyeux (1980), and Hosking (1981). The mathematical formulation
of the method is shown as below.

Classic ARMA process:

Yt = d)l Yt1 +.....t+ d)p Yt-p +E++ 01 Exq +....+ Gq (c.t—q, (1)
t=1,2,.....,T €~ NID (0, 0%), E[&] = 0, E[&] = o%.

When latency polynomials and p are written using mean term, the model can be written as equation
(2) (Doornik ve Ooms, 2012, s. 5).

&(L) (ye - 1) = B(L)E: (2)

ARFIMA (p, d, g) model with d integration level, p autoregressive level and g moving
average levels are:

d(L)(21- L) (ye - W) = B(L)E (3)

Here, d is the difference parameter, ¢ (L) and 6 (L) are polynomial roots that all roots are outside
the unit circle. &t is the white noise process

$(L) = 1- 3Pi=1 ¢ (L) (4)
B(L) = 1- 3P=1 6 (L) (5)

The binomial expansion of (1-L)¢ is as shown below (Balcilar, 2002).
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A=D1 =32 bl "
_ _rg-a _ .
J T rGrar-a) H0<k<j(k —-1-4d)/k,j=01,2,.. (7)

The spectral density f (0) = 0 for the | (d) process and fx (w) = cw-2d for the low frequencies (Granger,
1980). Here, the value of the fractional coefficient "d" is less than zero, which indicates that the
series has a weak memory. If “d” is between (0, 1/2), the series has a stationary long memory, and
if “d” is between (1/2, o) indicates that the series has non-stationary long memory processes
(Banerjee ve Urga, 2005, s.14).

2.2. FIGARCH Method

Due to the development in financial markets, the number of investors has been increased in time.
This situation has let to the close relationship between financial markets and macroeconomic
variables. Thus, to prevent losses and damages that could be caused by high volatility, it is necessity
to model the changes observed in prices in financial market. To achieve this, "Fractional Integrated
Conditional Variance Models", which incorporate long memory conditions, have started to be
applied frequently (Nazarian, Nederi ve Alikhani, 2014, s. 16-17).

FIGARCH (p,d,q) model, which was found by Baille et al. (1996) is defined as:

[1- B(L)] 0 = w + [1- B(L) - b(L) (1 - L)?] &2

B(L) and ¢ (L) are polynomial roots in the delay operator and d is the long memory parameter; are
shown as follows:

d(L) = (L-afL) - B(L)(L-L),

a(l) = ail +.....+ aqld

B(L) = BiL +....+ BqlO

It is also assumed that all the roots belonging to polynomials ¢(L) and (1- B (L)) extend outside the
unit circle. In ARFIMA class models, while long term dependence of time series is modeled by
fractional difference parameter, short term behaviors are captured by traditional ARMA
parameters. The same situation holds for the validity of the model of conditional variance. In the
covariance stationary GARCH (p, g) model, the optimal estimate of the future conditional variance
is decreasing exponentially and it is important for the estimation of the IGARCH (p, q) model. In the
FIGARCH (p, d, q) model, a shock effect in the prediction of the future running variance will
disappear with a slow hyperbolic rate (Bollerslev ve Mikkelsen, 1996: 158). In the FIGARCH model,
when d = 0, the process becomes the standard GARCH (1,1) process, and when d = 1, it becomes
the IGARCH (1,1) process. The main point of the FIGARCH algorithm is to allow the autocorrelation
of absolute values and squares to decrease in slow hyperbolic order when 0 < d < 1 (Wook Han,
2014).

3. Data Set and Empirical Results

3.1. Data Set

To investigate the long memory effect and the long-term volatility of the return series of BRIC
countries’ stock market indexes; RTSI for Russia, SSE COMPOSITE for China, S&P BSE for India, and

5
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IBOVESPA index for Brazil were examined. All data belonging to the series were obtained from the
"finans.yahoo.com" website and daily closing values covering the period 01.07.1997 - 30.09.2014
were used.
To be able to perform the analysis, the daily sample prices are converted to the daily nominal return
series by using the formula as shown below:

re =100 In (Pt/Pt1), t=1,...,T.
In the formula, rt is the rate of return at time t, P is the price of the series at time t, Pr.1 is theprice
of the previous day of the series.

YCIN YBRAZILYA

T U T U T T T T T T T T T u T T
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000

YLNHINDISTAN YLNRUSYA

T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

Figure 1. Daily returns of SSE COMPOSITE, IBOVESPA, S&P BSE and RTSI indexes.

T T T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

As you can see in Figure 1, large changes are followed by large changes, while small changes are
followed by small changes in the series. Also, it appears that the two major financial crises
experienced seriously affected the series. The first of them is the Asian Crisis. The Asian crisis began
with the serious depreciation of the Thai currency in early July 1997 and the effects were seen for a
long time. This situation mostly affected Asian countries. As seen in the yield graphs, among the
BRIC countries, China was the most affected country during that period. The second of them is the
Global Crisis. The global crisis started to show its effect in March 2007, and in September 2008 the
crisis reached its peak. The collapse of the risky mortgage industry in America is the underlying cause
of this crisis and almost all the countries of the world are affected by this crisis. Again, as observed
in the graphs, the volatility of the stocks of the countries increased in 2008.

Table 1. Descriptive Statistics of SSE COMPOSITE, IBOVESPA, S&P BSE, and RTSI Indexes

Series SSE COMPOSITE(China) IBOVESPA(Brazil)  S&P BSE (India) RTSI (Russia)
N 4406 4277 4268 4414
Average 0.0114459 0.03335 0.042729 0.022093
Median 0 0.080179 0.098388 0.07898
Maksimum 9.400787 28.83245 15.98998 20.20392
Minimum -9.25615 -17.20824 -11.80918 -21.19942
Standart deviation 1.544692 2.14248 1.62114 2.564148
Skewness -0.11791 0.336796 -0.09542 -0.485892
Kurtosis 7.700897 16.29452 8.760846 11.46483
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4066.191
0.00

31570.76
0.00

5906.91
0.00

13348.91

0.00

Table 1 contains descriptive statistics of the return series. According to the obtained descriptive
statistical results, the return series show small average values and large standard deviations. The
skewness values of the series show negative asymmetry — except Brazil -, and the kurtosis values of
the series are greater than 3. Thus, there is a thick tail problem in all of the series, and the series
don’t fit to the normal distribution. To understand whether the series exhibit the normal
distribution, the Jarque - Bera test is also applied. As a result of the Jarque - Bera test, the zero
hypothesis is rejected because the probability value is found less than 0.05. Thus, the series are not
normally distributed. Besides, whether the error terms of the series distribute normal are examined
and it is found that the error terms are not appropriate for the normal distribution.

3.2. Unit Root Test Results

The stationary behaviors of the series must be investigated before analysis whether the series have
a long memory. For this reason, classical unit root tests [ADF (Augmented Dickey-Fuller), PP (Phillips
Perron), and KPSS (Kwiatkowski, Phillips, Schmidt, and Shin)] is applied to all sample returns. These
tests differ in terms of the null hypothesis. While the null hypothesis of ADF and PP tests is “The
time series have unit root”, the null hypothesis of the KPSS test is “time series is stationary”. The
experimental results of classical unit root tests are given in Table 2.

Table 2. Classical Unit Root Test Results

SSE COMPOSITE(China) IBOVESPA(Brazil)  S&P BSE (India) RTSI (Russia)

Trend + Constant -15.20437 -19.65331 -14.72035 -11.63873
p value 0.000 0.000 0.000 0.000
ADF Constant -15.20177 -19.655 -14.70319 -11.6369
p value 0.000 0.000 0.000 0.000
None -15.19273 -19.6264 -14.60706 -11.63444
p value 0.000 0.000 0.000 0.000
Trend + Constant -66.09908 -64.25673 -60.71386 -59.05919
p value 0.000 0.000 0.000 0.000
PP Constant -66.10376 -64.26464 -60.71455 -59.06549
p value 0.0001 0.0001 0.0001 0.0001
None -66.10472 -64.23049 -60.70076 -59.05642
p value 0.0001 0.0001 0.0001 0.0001
Trend + Constant
LM -STAT 0.083011 0.083422 0.083625 0.168024
1% 0.216000 0.216000 0.216000 0.216000
5% 0.146000 0.146000 0.146000 0.146000
KPSS 10% 0.119000 0.119000 0.119000 0.119000
Constant
LM -STAT 0.097192 0.088441 0.126369 0.165125
1% 0.739000 0.739000 0.739000 0.739000
5% 0.463000 0.463000 0.463000 0.463000
10% 0.347000 0.347000 0.347000 0.347000
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As a result of ADF, PP, and KPSS unit root tests, the series do not show unit root behaviors
with the significance levels of 1%, 5%, and 10%. Therefore, the null hypothesis is rejected in the ADF
and PP tests and is accepted in the KPSS test. The series are stationary. All series used in the study
are suitable for the analysis of long memory models.

3.3. ARFIMA Test Results

The "Approximate Whittle Method" is used when analyzing ARFIMA (p, d, q) series. To find out the
best ARFIMA(p,d,q) model, all possible models are tested for p + q < 2. When the best model is
determined, the significance of the parameters and the AIC information criterion are taken into
account. The "d" and AIC information criterion values obtained in Table 3 are given.

Table 3. ARFIMA Test Results

Modeller (0,d,0) (0,d,2) (1Ld,0) (1,d1) (0d2)  (2,d,0) (2,d,2) (1,d,2) (2,d,2)
d-coefficient ~ 0.0151  0.0329  0.0291  0.0098  0.0771  0.078 0.0727 0.0712 0.0465
p value 0.20212  0.09056  0.11839  0.4553  0.00448  0.0004  0.00442  0.00925  0.00486
AIC 144107  144.664 14493 14588 13694 135015  136.7 137.7964  127.893
SSE COM. Q(s) 17.4145  16.8925  17.0563  16.881  5.35974  3.47227  3.48557  4.880354 -
Q(10) 30.9098  31.533 31426  27.686  23.9354 22.0638  21.4148  22.43315  9.64122
Q(15) 463365 455654 457315  42.981 359621 34.1021  33.6107  34.57738  22.2551
d-coefficient ~ -0.0076  -0.04584  -0.049  -0.0477  -0.0497  -0.0464  -0.05293  0.00339  -0.05342
p value 052594  0.01248  0.01607 0.0547 0.03768 0.06707 0.01039  0.86187  0.03987
AIC 2937.46  2931.98  2931.97  2933.9  2933.91 2933.93  2924.35  2938.342  2926.45
BOSVEPA Q(s) 16.4342  4.65703  4.18249 43512  4.02569  4.52555  3.45535  19551.75 -
Q(10) 54.1024  43.7498  43.4417 43541 433069 43.6383  39.0494  36365.11  35699.1
Q(15) 613675  50.570  50.2845  50.371  50.1456  50.455  50.2971  50823.62  49512.3
d-coefficient  0.0362  -0.0221  -0.0216  -0.0084  0.0077 0.012 0.0122 0.0456 0.0161
p value 0.00256  0.21681  0.29952  0.6635 0.75862 0.61745 067482  0.31313  0.36015
AIC 544.994  530.477 532572  530.03 528956 528.626  530.625  530.3258  528.576
58P BSE Q(s) 23.7508  5.20062  7.54474  3.5498  3.07677 2.85757  2.86016  3.735355 -
Q(10) 50.6757  30.8537  33.5805  28.535  27.423  26.8876  26.8816  25.52207  23.721
Q(15) 61.3547 415326  44.2717  39.027 37.8213 37.2628  37.2567  36.23475  33.9029
d-coefficient ~ 0.0855  0.0414 00361  0.0359 00305  0.0357  0.0278 0.0273 0.1604
p value 0.000 002112 0.07444 0.1556  0.1869  0.15694  0.22447  0.17606  0.01504
AIC 4563.53  4555.16  4554.93  4556.9  4556.62  4556.92  4556.8 455525  4553.74
RSl Q(s) 21.077 897864  8.18116  8.1584  7.21386 8.13351  4.45902  3.050378 -
Q(10) 39.5419  26.8746  26.2337 26217 25541  26.1994  23.7754  22.5423  24.0822
Q(15) 59.7941  49.604  49.2084  49.199  48.7591 49.1888  46.8279  45.51328  40.9972

As a result of ARFIMA method, ARFIMA(2, d, 0) model for China, ARFIMA(O, d, 0) model for India,
and ARFIMA(O, d, 1) model for Russia are found as suitable models. Those return series have a long
memory. For Brazilian stocks, even though the d parameter is in the range of 0 to 0.5, the
appropriate model is not found because the d, AR and MA parameters are not significant. Thus,
Brazilian stock does not have a long memory. To avoid the autocorrelation problem in the series,
the NEW-WEST robust method is applied to the models and the problem is abolished. Also, Ljung-
Box statistical values are examined to determine whether error terms have ARCH effects, and X?m-
k distribution is used to decide whether the statistic is significant. In the X*m-k, k refers to the
number of parameters estimated. In table 3, the values for Q(5), Q(10), and Q(15) are given. It is
seen that the SSE COMPOSITE stock market doesn't have an ARCH effect in Q(5)'th delay, but it has
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an ARCH effect in Q(10), Q(15), Q(20). India and Russia are also found to have an ARCH effect for
the above 3 delays and more.

3.4. FIGARCH Test Results

In GARCH models, it is necessary to satisfy the conditions for the conditional variance to be positive.
For this purpose, while estimating the FIGARCH models, the constraints specified by Condrad and
Haad (2006) are used in this study. The results of estimated FIGARCH models is shown in Table 4.

Table 4. Estimated FIGARCH (1,d,1) Model Results of Indexes

SSE COMPOSITE S&P BSE RTSI
M 0.011 0.092 0.082
(0.017) (0.024) (0.034)
Q 0.283 0.027 0.139
(0.096) (0.014) (0.07)
al 0.066 -0.225 -0.274
(0.049) (0.164) (0.182)
B1 -0.066 0.729 0.524
(0.02) (0.095) (0.208)
d 0.306 0.573 0.439
(0.038) (0.09) (0.073)

Note: The values in parentheses are the standard errors of the parameters.

According to the results obtained from the FIGARCH test, only the SSE COMPOSITE stock market
index provides the necessary constraints from all the series. SSE COMPOSITE index is different from
zero with d = 0.306 and is suitable for a long memory. Although S&P BSE and RTSI have a long
memory and show ARCH effect, they do not confirm to the long memory volatility model. Based on
the obtained resutls, for SSE COMPOSITE index future volatility will depend on past events, and for
this reason, future forecasts can be made.

4. Conclusion

In this study, the volatility of stock market indexes of BRIC countries is investigated by using ARFIMA
and FIGARCH models. To find out the fractional behavior of the series, data covering the period
01.07.1997 - 30.09.2014 is included in the study. Firstly, classical unit root tests are applied to
determine the stationary behavior of the series. As a result of ADF, Phillips Perron, and KPSS unit
root tests, the series are found stationary at 1(0) level. Secondly, to investigate whether the series
have along memory, the ARFIMA model is applied to the series separately. As a result of the ARFIMA
model estimated by using the Whittle method, it is found that the RTSI, SSE COMPOSITE, and S&P
BSE indexes have a stationary long memory feature with the exception of the Brazilian IBOVESPA
index. Lastly, the FIGARCH model is used in the modeling of volatility. According to the obtained
result, only the Chinese’s SSE COMPOSITE index provides a long memory volatility. These findings
reveal that the long memory behavior of the return series indicates that stock prices display
predictable behavior.



LONG MEMORY AND VOLATILITY IN THE BRIC COUNTRIES’ STOCK MARKET RETURN
Author Contributions (Yazar Katki Orani): Cigdem YILMAZ OZSOY (%100)

Ethical Responsibilities of Authors (Yazarin Etik Sorumluluklari): This study was prepared in accordance with the rules
of the required ethical approval

Conflicts of Interest (Cikar Catigmasi): There is no conflict of interest with any institution related to the study.

Plagiarism Checking (intihal Denetimi): This study has been checked for plagiarism using a plagiarism scanning
programme.

10



Cigdem YILMAZ OZSOY
REFERENCES

Baum, C.F. (2013). “ARIMA and ARFIMA Models”. The access adress: http://fmwww.bc.edu/EC-
C/S2013/823/EC823.52013.nn08.slides.pdf

Baillie, R.T. (1996). “Long Memory Process and Fractional Integration in Econometrics”. Journal of
Econometrics, 73, 5-59.

Balcilar, M. (2002, September). “Persistence in Inflation Long Memory, Aggregation or Level
Shifts?”. METU International Conference on Economics, 6, 1-50.

https://pdfs.semanticscholar.org/e1d8/fb513830b86191d5686f66f0bc4cee8edf46.pdf

Banerjee, A. & Urga, G. (2005). “Modelling Structural Breaks, Long Memory and Stock Market
Volatility An Overview”. Journal of Econometrics, 129 (1-2), 1-34.

Bollerslew, T. & Mikkelsen, H. O. (1996). “Modelling and Pricing Long Memory in Stock Market
Volatility”. Journal of Econometrics, 73, 151-184.

Conrad, C. & Haag, B. R. (2006). “Inequality Constraints in the Fractionally Integrated GARCH
Model”. Journal of Financial Econometrics, 4(3), 413-449.

Doornik, J.A. & Ooms, M. (2012). A Package for Estimating, Forecasting and Simulating ARFIMA
Models: ARFIMA Package 1.06 for Ox, 1-35. http//www.doornik.com/ox/

Granger, CW.J. & Joyeux, R. (1980). “An Introduction to Long Memory Time Series Models and
Fractional Differencing”. Journal of Time Series Analysis, 1,1980, 15-39.

Granger, C.W. J. (1980). “Long Memory Relationships and The Aggregation of Dynamic Models”.
Journal of Econometrics, 14(2), 227-238.

Guhathakurda, K., Bhattacharya, S. N. & Bhattachary, M. (2012). “Exploring Presence of Long
Memory in Emerging and Developed Stock Markets”. Indian Institute of Management
Kozhikode, 10,1-30.

Han, Y. W. (2014). “Effects of Financial Crises on the Long Memory Volatility Dependency of Foreign
Exchange Rates: the Asian Crisis vs. the Global Crisis”. Journal of East Asian Economic
Integration, 18 (1), 3-27.

Hosking, J. R.M. (1981). “Fractional Differencing”. Biometrica, 68(1), 165-176.

Hurst, H.E. (1951). “Long Term Storage Capacity of Reservoirs”. Transactions of the American Society
of Civil Engineers, 116, 770-799.

Kang, S. H. & Yoon, S.M. (2006). “Asymetric Long Memory Feature in the Volatility of Asian Stock
Markets”. Asia - Pacific Journal of Financial Studies, 35(5), 175-198.

Kasman, A. & Torun, E. (2007). “Long Memory in the Turkish Stock Market Return and Volatility”.
Central Bank Review, 2, 13-27.

Kristoufek, L. (2013). “Mixed-Correlated ARFIMA Processes for Power-Law Cross-Correlations”.
Physica A: Statistical Mechanics and its Applications, 392(15), 6484-6493.

11



LONG MEMORY AND VOLATILITY IN THE BRIC COUNTRIES’ STOCK MARKET RETURN

Leite,A., Rocha, AP., Silva, ME., Gouveia, S., Carvalho, J. & Costa, O. (2007). “Long-Range
Dependence in Heart Rate Variability Data: ARFIMA Modelling vs Detrended Fluctuation
Analysis”. Computers in Cardiology, 34, 21-24.

Mandelbrot, B.B. (1965). “The Variation of Some Other Speculative Prices”. The Journal of Business,
40, 393-393.

Mandelbrot, B.B. & Wallis, J.R. (1968). “Noah, Joseph, and Operational Hydrology”. Water Resources
Research, 4(5), 909-918.

Mandelbrot, B. B. & Van Ness, J.W. (1968). “Fractional Brownian Motions, Fractional Noises and
Applications”. SIAM Review, 10(4), 422-437.

Mandelbrot, B.B. (1971). “When Can Price Be Arbitraged Efficiently? A Limit to the Validity of the
Random Walk and Martingale Models”. The Review of Economics and Statistics, 53(3), 225-
236.

Nazarian, R., Nederi, E, Alikhani, N.G. & Amiri, A. (2014). “Long Memory Analysis: An Emprical
Investigation”. International Journal of Economics and Financial Issues, 4(1), 16-26.

Siew, L. Y., Chin, L.Y. & Wee, M.J. (2008). “ARIMA and Integrated ARFIMA Models for Forecasting Air
Pollution Index in Shah Alam, Selangor”. The Malaysian Journal of Analytical Sciences, 12(1),
257-263.

Tirkyilmaz, S. & Balibey, M. (2014). “Long Memory Behavior in the Returns of Pakistan Stock
Market: ARFIMA-FIGARCH Models”. International Journal of Economics and Financial Issues,
4(2), 400-410.

Zhou, D., Chen, S. & Dong, S. (2012). “Network Traffic Prediction Based on ARFIMA Model”.
International Journal of Computer Science Issues, 9(3), 106-111.

Wiphatthanananthaku, C. & Sriboonchitta, S. (2010). “ARFIMA-FIGARCH ve ARFIMA - FIAPARCH on
Thailand Volatility Index”. The Thailand Econometrics Society, 2(2), 280-294.

12



AIZANOI FINANCE REVIEW

ISSUE: 2 / 2023

www.aizanoifr.com

info@aizanoifr.com

BANKALARIN CEVRESEL SURDURULEBILIRLIKLERININ COK KRITERLI ANALizi*

MULTI-CRITERIA ANALYSIS OF BANKS' ENVIRONMENTAL SUSTAINABILITY

Elcin NOYAN*¥,
*Dr. Ogr. Uyesi, Antalya Belek Universitesi, [iBF, Uluslararasi Ticaret ve isletmecilik B6liimi, elcin.noyan@belek.edu.tr,
ORCID: 0000-0003-2630-0274

MAKALE BILGISI 0z
Gonderilme Tarihi Cevresel surdirilebilirlik uygulamalari, kiresel 1sinma ile iklim degisikliginin diinyadaki
06.07.2023 dogal kaynaklar tehdit etmesini 6nlemek amaciyla isletmeler igin 6nemli bir arag haline
Revizyon Tarihi gelmektedir. Bankacilik sektori, tlke ekonomisi ve kalkinmasi agilarindan 6nemli yere
03.09.2023 sahiptir. Bankalarin diger isletmeler gibi cevreyi koruma, gelecek nesillere yeterli kaynak
Kabul Tarihi aktarma konularinda sorumluluklari bulunmaktadir. Cevresel siirdirilebilirlik konulari;
16.09.2023 yesil enerji uygulamalari, enerji, su tiiketiminin, sera gazi emisyonunun, atik yénetiminin
Makale Kategorisi saglanmasi, karbon ayak izinin azaltilmasi, yenilenebilir kaynak kullanimina yonelim, geri
Arastirma Makalesi doénlsimin saglanmasi, su sanitasyonu, ormansizlasmanin engellenmesi icin tedbirler
alinmasi olarak sayilabilir. Sirdardlebilir kalkinma icin ¢evresel teknolojiler, enerji
JEL Kodlan sistemleri, c¢evre bilinci ve bilgi teknolojileri gelistiriimelidir. Calismada ¢evresel
D70 sirdurulebilirlik kavrami, bu kavrami etkileyen kriterlerin agiklanmasi amaglanmis olup
M15 BIST surdirilebilirlik endeksinde yer alan bankalarin, cevresel sirdirilebilirlik
M41 performanslarina gére Cok Kriterli Karar Verme (CKKV) yontemlerinden olan DEMATEL ve
PROMETHEE yontemleri ile literatiir arastirmasi sonucu belirlenen 5 kriter siralanmistir.
Calismadan elde edilen sonuglarla arastirmacilara, banka yoneticilerine 6neriler
sunulmaktadir.
Anahtar Kelimeler: Cevresel Sirdirulebilirlik, Yesil Bankacilik, Cok Kriterli Karar Verme
Yontemleri, DEMATEL, PROMETHEE Yontemleri
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BANKALARIN CEVRESEL SURDURULEBILIRLIKLERININ COK KRITERLI ANALIZI
Giris
Surdurdlebilirlik, iklim degisikligi ve kiresel 1sinma konulari, isletmelerin giincel konulari arasinda
yer almaktadir. Bu siireglerin iyilestiriimesi ile ilgili uygulamalarin gelistiriimesi hedeflenmektedir
(Kurbanova, 2020). Teknolojik gelismeler beraberinde cevreye verilen zarari da ortaya ¢ikarmistir.
Klresel isinmanin ortaya cikardigi olumsuz etkilere karsi bireylerin ve isletmelerin farkindaliklarinin
artmasi gereksinimi, c¢evrenin korunmasina ve slrdirilebilirlige olan ilgiyi artirmistir.
Yenilenemeyen kaynaklarin kullanimindan kaynaklanan gevre kirliliginden tiiketicinin sorumlu hale
geldigi gorilmektedir (Padmavathi, 2012). Bankacilik Griinleri kapsaminda bilinglenme ile degisim,
donisim silirecleri baslamistir. Yenilikci Grlinlere olan talepte artislar gorilmistir. Bunlar; ATM
kullanimi, internet bankaciligi, online havaleler, banka kartlari ve kredi kartlaridir. Yenilik¢i Grtinler
hem bankaya hem de tiiketicilerine zamandan tasarruf saglarken maliyet avantaji da yaratmaktadir.
Sosyal sorumluluk, kalite ve gevresel stirdirulebilirlik gibi kavramlarin gelecekte isletmeler agisindan
dnemli hale gelmesi beklenmektedir (Ozogul ve Baran, 2016). Cevresel siirdiiriilebilirlik uygulamalari
ile sadece gevre Uzerindeki etkiyi azaltmak degil cevreye zarar vermeden uzun vadede kaynaklari
korumak icin ortaya cikarilan sirecler ifade edilmektedir (https:pnbindia.in). Calisma ile
sirdurdlebilir bankacilik, ¢cevresel siirdirilebilirlik kavramlari ve bu kavramlari etkileyen kriterler
actklanmig BIST sirdurilebilirlik endeksindeki 5 banka, gevresel surdurilebilirlik performanslarina
gore CKKV yontemlerinden DEMATEL ve PROMETHEE yontemleri ile siralanmistir.
1. Kavramsal Cergeve
1.1. Suirdiirilebilir Bankacilik
Ekonomik kalkinmanin temeli olan bankacilik sektord, slrdirdlebilir kalkinmayr tesvik etmede
onemli rol oynamaktadir (Weber vd., 2010). Bankacilik sektoriinde ¢cevre dostu uygulamalarin tesvik
edilmesinin 6nemi artmaktadir. Yesil bankacilik, bankalarin faaliyetlerinin ¢evre yonetimine
yonlendirilmesi ile gerceklesmektedir (Dewi ve Dewi, 2017). Bose vd. (2018) tarafindan yesil
bankacilik; cevre dostu teknolojilerin benimsenmesi ve tesvik edilmesi, karbon ayak izini azaltmak
icin bankalarin i¢ ve dis operasyonlari, cevre yonetimi olarak tanimlanmaktadirlar. Bouma vd. (2001)
sirdurilebilir bankacihgr; “finansal hizmet ve Urinlerin, aktivitelerinden dogabilecek cevresel ve
sosyal etkilerini gz dnlinde bulunduran sahis ve isletmelere saglanmasi” olarak tanimlamiglardir.
1.2. Yesil Bankacilik
2010 yilinda gelisen kavram ile cevreyi korumayi ekonomik karla bitinlestiren yeni bir finansal
yapidir (Wang ve Zhi, 2016). Yesil bankacilik kavrami, etik bankacilik, sosyal bankacilik ve
sirdurdlebilir bankaciligin kapsamina girmektedir. Tirkiye'de strdirilebilirlik kavrami siirekli
gelismektedir (Weber ve Feltmate, 2016).
Yesil bankacilik, stirdirilebilir biyime igin ¢evre dostu uygulamalar ile bankacilik sektériinde
karbon ayak izini azaltmayi amaglamaktadir. Sube bankaciligi yerine internet bankaciligi ile erigimin
saglanmasi, fatura 6demelerinin hesaplardan otomatik olarak gerceklesmesi, cevrimici banka
hesabinin acilmasi, Uretimde disiik karbon saliniminin gerceklestiriimesi ve bircok uygulamanin
gelistirilmesi Yesil bankaciliga 6érnek olarak verilebilir. Finans sektoriinde yeni bir kavram olan Yesil
bankacihk, bankacilikta mdasterilerin  aligkanhklarini  degistirerek  kalkinmayr  saglamayi
amaclamaktadir (https://rbidocs.rbi). Yesil bankacilik stratejilerini benimseyen bankalar, yatirimlara
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fon saglayip isletmelerin ve projelerin risklerini kontrol ederler. Toplum tarafindan desteklenen ve
cevreye faydali olabilecek projelere mali kaynaklar saglamaktadirlar (Sahoo ve Nayak 2008).
Bankalar, yeni girisimlerde bulunup yesil bankacilik Grtnlerini tesvik etmektedirler.

-Yesil Bankacilik Uygulamalarinin Adimlari (Masukujjaman ve Aktar; 2013).

a) Cevrimici olmak, internet bankaciliginin sikca kullanilmasi, hesap bakiyelerinin kontrolleri,
faturalarin 6denmesi, para transferi ve uzaktan para yatirma islemlerinin gerceklestirilmesidir. Kagit
kullanmadan daha az harcama ile daha az eneriji, kagit kullanimi tesvik edilmelidir.

b) internet bankacilig, bir internet sitesi (izerinden yapilan islemler (perakende banka, sanal banka,
kredi birligi veya yapi kooperatifi) blitliinin{ ifade etmektedir.

¢) Hesaplarin yesil kontrolli, musterilerin hesap 06zetlerini cevrimici olarak ATM veya 06zel
dokunmatik ekranlar ile goriintiilemeleridir. Hesaplarin yesil kontroli, cevresel stirdirilebilirlige ve
kiresel 1Isinmanin azaltiimasina katki saglamaktadir.

d) Ev iyilestirmeleri igin yesil krediler, giines ekipmanlarinin satin alinarak finansmanlarinin diigiik
maliyetlerle gergeklestirilmeleridir.

e) Yesil kredi karti kullanimi, yesil kredi kartlar ile harcanan her lira, bankalarin kdr amaci glitmeyen
cevre dostu kuruluslarina fon bagis yapma yoluyla c¢evresel sirdirilebilirlik programina destek
verilmesidir.

f) Kagit tasarrufu, musteriler geri donustirtlmis Grlnleri satin alarak para yatirma fisi, ATM fisi,
yillik rapor vb. islemlerinin gergeklestirilmesidir.

g) Gii¢ tasarrufu ekipmanlari ile daha az giic tiiketen ekipman kullanmasi, bu yonde uygulanan
kampanyalari kapsamaktadir.

h) Mobil bankacilik, banka miusterilerinin hesap bakiyelerin kontrol etmeleri, islemlerini
gerceklestirmeleri ile zamandan ve kagit kullanimindan tasarruf etmelerine yardimci olmaktadir.

i) Glines ve riizgar enerjisi kullanimlari ile yeni yatirimlar gelistirilebilir.

j) ATM ile banka musterileri, sube yardimi olmadan temel islemleri tamamlayabilirler (Gupta, 2015;
(Kumar ve Prakash, 2019).

2.Yontem

Bankalarin ¢evresel surdirulebilirlik performanslarinin  belirlenen kriterler dogrultusunda
siralanmalarinda kullanilan veriler, bankalarin 2022 yilindaki strdurilebilirlik raporlarindan ve her
bir bankanin resmi internet sitelerinden alinmistir. Calismada BIST siirdirilebilirlik endeksinde yer
alan 5 bankanin gevresel stirdirilebilirlik performanslari DEMATEL ve PROMETHEE yontemleri ile
siralanmistir.

2.1.DEMATEL Yontemi

DEMATEL (Decision Making Trial and Evaluation Laboratory) Yontemi, Cenevre Battelle Memorial
Enstitlisti tarafindan ortaya koyulmustur (Wu vd., 2010). Wu ve Tsai (2011) yontemi karigik
problemlerin birbirleri ile iliskilerinin tespiti icin gelistirmislerdir (Erdal, 2017).

-DEMATEL Yontemi’nin Adimlari:

1. Adim: Kriterlerin ikili karsilastirma 6lgegi kullanilarak uzman grup tarafindan belirlenmesidir.

2. Adim: Direkt iliski matrisinin hesaplanmasi ve kriterlerin iligskilerinin degerlendirilmeleridir.

3. Adim: Direkt iliski matrisinin normalizasyonu, matrisin satir ve stitun degerlerinin toplanip tim
elemanlarin en biyiik degere bélinmesidir.
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x=1/max(maxj ¥.i-, dij), maxi ¥7_, dij) (1)
4. Adim: Toplam iliski matrisinin elde edilmesidir. Normalize edilen iliski matrisinin (M) | birim
matrisinin (M) farkinin tersi ile carpilmasi ile bulunur.

S=M(I M) -1 (2)

5. Adim: Kriterler arasi iliskilerin tespit edilmesidir.
c=(ci)nx1(X7=4 tij)nx1 (3)
r=(rj)nx1(X 1 tij)1xn (4)

c ve r vektorlerinin toplamlari ve farklari alinir. (c+r) toplami kriterlerin 6nemini belirtir, (c-r) farki ise
kriterlerin etki durumlarini ifade eder. (c-r)< O ise diger kriterler tarafindan etkilenmektedir.
6. Adim: Ag yapisinin olusturulmasi icin dncelikle bir esik degeri tespit edilir. Daha sonra toplam iliski
matrisinde bu esik degerine esit veya bu degerden biyiik olan hiicre degerleri, kriterler arasi
iliskilerin yoniinii gostermektedir (Tsai ve Chou, 2009).
2.2. PROMETHEE Yontemi
PROMETHEE (The Preference Ranking Organization METHod for Enrichment Evaluation) yontemi,
CKKV problemlerin ¢oziimu icin kullanilir (Dagdeviren ve Eraslan, 2008).
GAIA (Geometrical Analysis for Interactive Aid) Diizlemi, PROMETHEE yonteminden elde edilen
bulgularin grafik gosteriminden olusmaktadir. PROMETHEE yontemi alternatifleri degerlendirirken
uyumsuzluklari tespit edip, celisen kriterler, duyarlilk hesaplamalari ile agirliklar test
edilebilmektedir (Tavana vd., 2013).
PROMETHEE Yontemi’nin Adimlari (Brans vd., 2005):

1. Adim: Alternatif kriterler ve kriter agirliklari tespit edilir,

Dj(a,b)= gj(a)-gj(b) (5)

2. Adim: Tercih fonksiyonlari belirlenir,

3. Adim: Ortak tercih fonksiyonlari belirlenir, bunlar: (1) Olagan (2) U-tipi (3) V-tipi (4) Seviyeli

(5) Dogrusal (6) Gaussian’dir.
Pra, b)
P(b, a)
P(a, c) P(c, b)

P(c a) P(b, ¢) cecee

Sekil 1: Ortak Tercih Fonksiyonu

Pab) =Y (b b)) Pba) = Zf o) (6)

J=1

4. Adim: Pozitif ve negatif Gstlinlik degerleri hesaplanir,
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i P(a, ¢) /( 5 P(c, a)
Pa b | D@ d) P(b, a) P/d a)
@ (a)

Sekil 2: Pozitif ve Negatif Ustiinlik Akimlari

$*(@) = —Tyeam(a,b), (7)
¢~ (@) =—12 _ m(ba) (8)

5. Adim: Alternatiflerin pozitif (O + ) ve negatif (O -) Ustlinllkleri hesaplanip kismi siralamalari
elde edilir (Dagdeviren vd., 2008).

6. Adim: Kismi 6ncelik degerleri belirlenir.

¢*(a) > ¢*(b) ve p~(a) < ¢~ (D) 9)
¢*(a) = ¢ (b) ve p™(a) < ¢~ (D) (10)
" (a) > " (b) ve p™(a) = ¢~ (b) (11)
" (a) = p*(b) ve p~(a) = ¢~ (D) (12)
¢*(a) > ¢*(b) ve p~(a) > ¢~ (b) (13)
" (a) < @™ (b) ve p~(a) < ¢~ (D) (14)

Esitliklerden 9, 10 ya da 11. denklem kosullarindan biri olusur ise; a alternatifi b alternatifine gore
daha Ustin bir alternatiftir. 9. esitlik kosulunun saglanirsa iki alternatif arasinda fark yoktur. 10. ya
da 11. denklem olusursa, a alternatifi b alternatifi ile karsilastirilamaz dolayisiyla tam bir siralama
elde edilemez. Boylece, siralamanin elde edilmesi icin bir sonraki asamaya PROMETHEE II’ ye gecilir.
¢ (@)= ¢*(a) -9~ (a) (15)
Denklem 15’teki gibi pozitif akim degerinin, negatif akim degerinden g¢ikariimasiyla bulunur (Brans
ve Mareschal, 2005).
7. Adim: Tam siralama degerleri elde edilir, karar seceneklerinin tam oncelikleri belirlenir ve
blyukten kiiclige dogru siralanir.

2.3. Bulgular
Calismada yer alan bankalar; Halkbank, Yapi Kredi Bankasi, Akbank, Garanti BBVA ve Tiirkiye s
Bankas’’dir. Calismada kullanilan bankalarin gevresel sirdirdlebilirlik kriterleri Tablo 1’de
gorulmektedir.

Tablo 1. Cevresel Siirdiiriilebilirlik Kriterleri

Kriterler
K1 Toplam enerji tiketimi
K2 Toplam su tiketimi
K3 Toplam sera gazi emisyonu
K4 Toplam atik miktari
K5 Kagit tiketimi
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DEMATEL Yontemi ile Kriterlerin Agirliklandirilmasi
Uzman gorisleri yardimlari ile Esitlik 2 ve 3 kullanilarak kriterler puanlanip direkt iliski matrisi
normalize edilmistir. Tablo 2’de normalize edilmis matris yer almaktadir.

Tablo 2. Normalize Edilmis Direkt iliski Matrisi

K1 K2 K3 K4 K5
K1 0,000 0,214 0,286 0,214 0,143
K2 0,214 0,000 0,286 0,214 0,143
K3 0,286 0,214 0,000 0,286 0,071
K4 0,143 0,143 0,286 0,000 0,143
K5 0,143 0,143 0,143 0,143 0,000

Toplam iliski Matrisi Tablo 3’te yer almaktadir.

Tablo 3. Toplam iliski Matrisi

0,227 0,193 0,289 0,434 0,289
6,938 1 1,11 0 4,44
1,734 1,249 1 1,665 0
3,469 2,782 1,11 1 2,22
2,775 1,111 8,326 1,11 1

Tablo 4. Onem Adirliklarinin Hesaplanmasi

D R D-R D+R wia wi
K1 1,432 15,143 -13,711 16,575 21,511 0,214
K2 13,488 6,335 7,153 19,823 21,074 0,210
K3 5,648 11,835 -6,187 17,483 18,545 0,185
K4 10,581 4,209 6,372 14,790 16,104 0,160
K5 14,322 7,949 6,373 22,271 23,165 0,231

Tablo 4’te D, R, Di+Rj ve Di-Rj, wia ve wi degerleri yer almaktadir. Onem agirliklarini etkileyen ve
onem agirhklarindan etkilenen kriterler belirlenmistir. Tablodaki wi degerleri, hesaplanan kriter
agirhiklarini géstermektedir.
2.4. PROMETHEE Yontemi ile Bankalarin GCevresel Siirdiiriilebilirlik Performanslarinin Siralanmasi
Tablo 5’te bankalarin internet sayfalarindaki 2022 yih sirdurdlebilirlik raporlarindan alinan veriler
yer almaktadir.

Tablo 5. Alternatif Bankalarin Kriterlerinin Karar Matrisi

Alternatifler

Kriterler Al A2 A3 A4 A5
K1 59.937,000 479.471,000 62.104,000 161.320,000 168.617,000
K2 206,000 225,000 184,000 233,000 282,000
K3 72.962,330 14.555,000 41.860,120 18.981,000  22.119,000
K4 693,000 1.272,100 1.689,000 204,000 765,000
K5 1.764,820 874,900 214,100 730,000 963,000
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Visual PROMETHEE programindan Sekil 3'teki kismi ve Sekil 4’teki tam siralamalara ulasiimistir.

+1.0

0,3685 =

0,1843 A3

0,0050

-0,2341 AL

L ] |
¢
s

-0,3237 A5

-1.0

Sekil 3. PROMETHEE | Kismi Siralama
Sekil 3'teki PROMETHEE I ile kismi siralama sonucunda A4 kodlu bankanin en iyi alternatif oldugu ve
kismi 6ncelige sahip oldugu goriilmektedir. A4 kodlu bankayi A3, A2, Al ve A5 kodlu bankalar takip
etmektedir.

+1.0

0,3434 E

0,1675

| ™
I 0.0
0275 g Al

A5

A3
0,0803

-0,3237

-1.0

Sekil 4. PROMETHEE Il Tam Siralama
Sekil 4'te PROMETHEE Il yontemiyle elde edilen tam siralama gorilmektedir. Tablo 7’de
alternatiflerden hangilerinin tercih edilebilir olduklari ifade edilmektedir.

Tablo 7. PROMETHEE Il Tam Siralama Sonucu

Sira Bankalar Phi Phi+ Phi-
1 A4 0,3434 0,5254 0,182
2 A3 0,1675 0,4688 0,3013
3 A2 0,0803 0,3959 0,3156
4 Al -0,2675 0,2262 0,4937
5 A5 -0,3237 0,2316 0,5553

Tablo 7’7de PROMETHEE agi, hangi alternatiflerin birbirlerine Ustlnlik sagladiklarini ifade eder.
Alternatiflere iliskin pozitif ve negatif akim degerleri goriilmektedir (Geng, 2013).
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v Zoom:100%

Sera gaz1 emisyonu oAz

A0

u Kagrt tiketimi
as[]
Toplam iierji tiketimi

Toplam atk miktar u

Toplam su titke timi Az

a0

Sekil 5. GAIA Dizlemi
Sekil 5’te bankalarin surdurilebilirlik performanslari GAIA diizleminde gosterilmistir. Karar gubugu
kirmizi renklidir. GAIA Dazlemi, A4, A3, A2, Al ve A5 kodlu bankalarin tercih edilebilir olduklari
hakkinda fikir vermektedir. En 6nemli kriterin ‘kagit tuketimi’ oldugu gorilmektedir. GAIA
diizleminde birbirleri ile ayni dogrultudaki eksenler ile temsil edilmektedirler.

3. Sonug ve Tartisma

Bankalar, surdurdlebilir kalkinmaya katkida bulunmak igin uygulamalarini gesitlendirmeliler ve bu
dogrultuda birbirlerine  model olmalidirlar. Uriin yelpazelerini, cevre dostu driinlerden
olusturmalidirlar. Yillik olarak yayinlanan GRI onayli sirdirilebilirlik raporlarinda; cevrenin
korunmasi, kaynaklarin etkin bicimde kullanilmalari, sosyal sorumluluk projelerinin gelistirilmeleri
konulari yer almaktadir.

Literatlirde yapilan calismalarda, cevresel surdirulebilirlikte yesil bankaciligin rolini arastiriimis,

bankalar icin 6nemli olabilecek uygulamalar vurgulanmistir. Strdurtlebilir bankacilik performansi

degerlendirilirken enerji verimliliginin 6nemine dikkat cekilmis, cevre yonetimi, yesil Grlnlerin ve
hizmetlerin  gelistirilmelerine yonelik degerlendirmeler yapilmistir. Bankalarda ¢evresel
surdardlebilirligin farkindahgl incelenmis, ¢evresel ve sosyal risklerin olgtilmesi 6nlenmesi ve
yonetilmesi konularinin 6nemi fark edilmistir. Strdaralebilir kalkinma igin egitim ve bilinglenmenin
onemi vurgulanmistir (Gupta, 2015; Kumar ve Prakash, 2018; Kurbanova ve Caliyurt, 2020; Aksaray
ve Ates, 2019).

Bu calisma kapsaminda bankalarin ¢cevresel siirdiirilebilirlik performanslari 2022 yili sirdirilebilirlik
ve faaliyet raporlarindaki veriler DEMATEL yontemi ile agirhklandiriip PROMETHEE yontemi ile
siralanmistir. Calismada hesaplanan kriter agirliklari K5>K1>K2>K3 ve K4 seklindedir. Yapilan
analizler sonucunda gevresel siirdirilebilirlik performansini en cok etkileyen kriterin ‘kagit tiketimi’
oldugu gorialmdistir. Cevresel sirdirilebilirlik uygulamalart konusunda banka yoneticileri bu
baglamda bilinclendirme ¢alismalari yapabilirler. Bankalarin ¢evresel strdirulebilirlik uygulamalari
kapsaminda siralanmalari; A4>A3>A2>A1 ve A5 seklinde gergeklesmistir.

Gelecekte yapilacak olan calismalarda, isletmelerin farkli konularda secim, siniflandirma ve siralama
problemlerine diger CKKV yontemleri, Bulanik Mantik veya Yapay Zeka Yontemleri uygulanabilir.
Elde edilecek olan sonuglar birbirleri ile kiyaslanabilir. Cevresel siirdirilebilirlik performanslarinin
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degerlendirilmesi ile ilgili farkli uzman gorislerinden yararlanilarak calismalar cesitlendirilebilir.
Gevresel surdurilebilirligin benimsenmesi ve saglanmasi noktasinda belirli uygulamalar igin
kamudan destek alinabilir. Kamu spotlari hazirlanabilir, banka personellerine gerekli egitimler
verilebilir.
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EXTENDED ABSTRACT

It is stated that with environmental sustainability practices, not only to prevent the impact on the
environment, but also to protect the long-term sources of exhibition damage (https: pnbindia.in).
The banking sector, which is the basis of economic development, plays an important role in
promoting sustainable development (Weber et al., 2010). It increases the importance of promoting
environmentally friendly in the banking sector. Green banking is realized by directing banks to
environmental management (Dewi and Dewi, 2017). Bose et al. (2018) internal and external
operations of banks for green banking, adoption and promotion of environmentally friendly
technologies, carbon footprint prevention, environmental management.

Green Banking: It is a new financial structure that integrates environmental protection with
economic profit with the concept never in 2010 (Wang and Zhi, 2016). The green banking concept
encompasses ethical banking, social banking and sustainable banking. The concept of sustainability
in Turkey is continuous improvement (Weber and Feltmate, 2016). Steps of Green Banking Practices
(Masukujjaman and Aktar; 2013): Going online, internet banking, green checking of accounts, green
loans for home restrictions, green credit card use, paper savings, power consumption equipment,
mobile banking, solar and wind energy uses, and ATM (Gupta, 2015; (Kumar & Prakash, 2019).

In the study, it was aimed to explain the concept of environmental sustainability and the criteria
affecting this concept and banks in the BIST sustainability index were listed according to their
environmental sustainability performances with the DEMATEL and PROMETHEE methods, which are
multi-criteria decision-making (MCDM) methods, and 5 criteria determined as a result of the
literature research. The DEMATEL (Decision Making Trial and Evaluation Laboratory) method was
introduced by the Geneva Battelle Memorial Institute (Wu et al., 2010). The method was developed
by Wu and Tsai (2011) to determine the relationships between complex problems (Erdal, 2017). The
PROMETHEE Method (The Preference Ranking Organization METHOD for Enrichment Evaluation)
method is used to solve MCDM problems (Dagdeviren & Eraslan, 2008). The GAIA (Geometrical
Analysis for Interactive Aid) Plane consists of a graphical representation of the findings obtained
from the PROMETHEE method. While the PROMETHEE method is evaluating alternatives, it is
possible to detect inconsistencies and test weights with conflicting criteria and sensitivity
calculations (Tavana et al., 2013). Sustainability performances of banks are shown on the GAIA level.
The decision bar is shown in red. It gives the idea that A4, A3, A2, A1 and A5 coded banks are
preferable. It is represented by axes in the same direction with each other on the GAIA plane, where
the most important criterion is the 'paper consumption’ criterion.

Studies in the literature have investigated the role of green banking in environmental sustainability
and emphasized the practices that may be important for banks. Sustainable banking performance
was evaluated, attention was drawn to the importance of energy efficiency, and evaluations were
made for environmental management and the development of green products and services. The
awareness of environmental sustainability in banks was examined, and it was argued that banks,
realizing the importance of measuring, preventing and managing environmental and social risks in
terms of sustainability, had a strong social and environmental credit policy.

The importance of education and awareness for sustainable development was emphasized (Gupta,
2015; Kumar and Prakash, 2018; Kurbanova and Caliyurt, 2020; Aksaray and Ates, 2019). In future
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studies, analyzes can be carried out with other MCDM, Fuzzy Logic or Artificial Intelligence Methods
for different businesses to decide on different subjects, in their selection, classification or ranking
problems. The results to be obtained can be compared with each other. Studies can be diversified

by making use of different expert opinions on the evaluation of environmental sustainability
performances.
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Introduction

Happiness appears as an ultimate goal that everyone strives to achieve (Frey and Stutzer, 2022).
Over the years, the concept of happiness has been presented with various aspects ranging from the
subjective appreciation of individuals with their material or spiritual values to having values that will
gain the appreciation of society, to their combination in various proportions, to the satisfaction with
the lifestyle they lead. However, today, when considering happiness, perceived happiness, that is,
whether the individual feels happy as an outcome of his/her own evaluation, has gained
importance. A person's state of being happy with any subject can be learned by asking the question
"how happy that person is with that thing" for his or her opinion on this subject. Such questions can
refer to many topics, such as “work, health, income” or “life as a whole” (Van Praag, 2007). The
happiness status of the countries is also determined by this analysis of the happiness status of the
individuals.

An interdisciplinary area of computer science called machine learning automates the creation of
sophisticated prediction models and algorithms by combining methods from other disciplines,
including statistics, game theory, information theory, and optimization (Shalev-Shwartz and Ben-
David, 2014). Since its inception in Arthur Samuel's 1952 Checkers-playing program and the early
research by Hunt, et al. (1966) in inductive problem solving, Nilsson (1965) in statistical functions
and data classification, Rosenblatt (1961) in neural networks, machine learning has undergone a
significant evolution. It is currently a widely accepted approach that is utilized in fields including
pattern recognition, the creation of new knowledge, and predictive analytics (Siegel, 2016). The
successful application of machine learning as a classification techniques in areas such as: marketing
and financial services, retail, travel, healthcare, sociology, and most recently social media (Finlay,
2014). This suggests that classification techniques could also be used to classify the happines status
of countries.

Saputri and Lee (2015) used a machine learning technique called Support Vector Machine for
classifying the country happiness. Using data of 187 countries from the UN Development Project,
the present model identify the most important factor needed to be improved by a certain country
to increase the happiness of their citizens. Chaipornkaew and Prexawanprasut (2019) presented a
happiness prediction model based on the survey. They used four machine learning techniques,
namely KNN, Decision Tree, Naive Bayes, and Multi-Layer Perceptron. Glines et al. (2020) proposed
an ordinal logistic regression for the variables affecting the happiness of provinces in Turkey. The
data from the TUIK life satisfaction survey 2013 were used. The model resulted in the conclusion
that happy people are those who are female, university graduates, upbeat, have positive
relationships with their social surroundings, and are satisfied with their money, marriage, health,
and social life. Ibnat et al. (2021) used machine learning, artificial intelligence, and computational
strategy to predict the life satisfaction score of any specific country based on the defined
parameters, emphasizing the happiest countries and regions based on the 2019 happiness report
findings. You (2021) utilized the linear model and some tree models to analyze the features that are
related to the happiness index and to make some predictions for Chinese adults. Jannani et al.
(2021) predicted the quality of life by using different machine learning techniques on data from the
World Happiness Report and made a comparative analysis to determine the most appropriate
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machine learning algorithms. The best algorithms are Lasso regression, multiple linear regression,
and long short-term memory (LSTM) to predict quality of life indicators for 2021. In order to
investigate the impact of inequality on the degree of happiness in the globe, Kandemir (2021)
employed the logistic regression by using the world happiness index data. According to the results
of the logistic regression, disparities in health and education have a detrimental impact on people's
levels of happiness, with disparities in education having a disproportionately greater impact. Khder
et al. (2022) used the Neural Network training model and the OneR models to classify the happiness
status of countries and identify the main features. The results were evaluated using different
performance metrics such as accuracy and confusion matrix. Faroog and Shanmugam (2022)
presented the results of the different machine learning algorithms to analyze the happiness status
using the happiness report dataset which shows the data that how much citizens have freedom and
the COVID-19 dataset. They identified the best algorithm based on computational studies. Lin and
Horng (2023) presented the machine learning approach to explain and predict happiness scores.
They used the given five prediction models: linear regression, random forest regressor, decision
tree, Bayesian linear model, and Lasso Lars.

In the literature study, it was seen that there was no study used logistic regression and artificial
neural networks together in the classification of the happiness status of countries using the 2021
World happiness report data. With this motivation, the presented paper aims to classify the
happiness status of the countries in the World Happiness Report by using logistic regression and
artificial neural networks.

The remained part of the paper has represented an order as follows. The second part explains the
methodology. The third part presents the application. In the last part, results and conclusions are
represented.

1. Methodology

In the study, it’s aimed to classify the happiness status of the countries. The World Happiness Index
published in the World Happiness Report 2022 are used in the study. In the interest of establishing
a composite index by which the countries can be ranked according to their happiness, the World
Happiness Index (HI) attempts to define happiness based on a number of indicator variables, each
of which is said to reflect a component of the general happiness of a country. Each of these
indicators can also be connected to numerous sustainability-related topics. In support of the United
Nations high-level summit on "Well-being and Happiness: Establishing a New Economic Paradigm,"
the World Happiness Report was first released in April 2012 and has since been released yearly. The
first paper analyzed the growing science of happiness and offered current worldwide statistics on
country happiness, demonstrating that a range of parameters can be used to consistently,
legitimately, and reliably evaluate people's quality of life. Updated evaluations, in-depth special
themes on the science of wellbeing, and a number of chapters on happiness in certain regions and
countries are all included in each issue. The reports were typically prepared around a particular
theme, but occasionally they had a different focus. World Happiness Report data is collected by a
company called “Gallup World Poll”. The company conducts this survey to approximately 1000
people over the age of 15 in more than 150 countries each year. When conducting these surveys,
the company asks respondents to think of a 10-step ladder and on which rung they see themselves,
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with 10 as the best possible life and 0 as the worst possible life. This ladder is called the "Cantril
Ladder". The World Happiness Council combines the data from this survey with other data sources
to form the World Happiness Report. The countries in the World Happiness Report are ranked
according to the "Happiness Index", which is a single index, although it consists of many data and
factors. The six key factors most related to the Happiness Index were determined. These factors are;
economy, health, freedom, trust, generosity and corruption. These factors are used in the
calculation of the happiness index. In addition to these factors, an additional factor called "Dystopia"
is taken into account. Dystopia is an imaginary country with the most unhappy people in the world.
The sum of these seven factors is called the “Happiness Score” and allows us to rank the countries
according to their happiness with a single value. According to the latest report published in 2022,
Finland is the happiest country in the world. Ranking of countries by happiness index values
according to the World Happiness Report for 2022 are given in Figure 1. When the rankings in the
world happiness report are examined, it is also seen how much of the total values given are caused
by which factor. According to the world happiness report, Finland, Denmark, Iceland, Switzerland,
Netherlands, Luxembourg, Sweden, Norway, Israel, New Zealand, which are the top 10 happiest
countries, have high scores in terms of factors. According to the world happiness report, the 10
countries with the lowest scores are Zambia, Malawi, Tanzania, Sierra Leone, Lesotho, Botswana,
Rwanda, Zimbabwe, Lebanon, Afghanistan. Six of the G20 countries (Australia, Germany, Canada,
USA, United Kingdom, France) with the world's largest economy in dollar terms are in the top 20 of
the happiness ranking. The G20 Group countries represent 85% of the world's population and 65%
of the world's GDP. Only ten countries in G20 countries are in the top 50 of the happiness ranking.
Turkey ranks one hundred and twelfth in this ranking.

The study is carried out on behalf of 140 countries for which variable values can be obtained and
are in the World Happiness Index. In this study, countries are classified according to their happiness
values. First of all, the happiness index value, which is planned to be classified according to the
logistic regression and artificial neural network, is rearranged into two categories. Here, while
creating the categories, the average of the happiness index values given for the countries are taken
and the countries below the average are coded as 0O, that is, unhappy, and the countries above the
average are coded as 1, that is, happy. When the data set did not contain outliers, the arithmetic
mean instead of the median is taken as a measure of central position. From this point of view, in all
methods to be used in the continuation of the study, the groups related to the happiness index will
be expressed as output variable. Population, labor force, life expectancy at birth, school enrollment,
primary (% gross), GDP per capita (current USS), poverty headcount ratio at national poverty lines
(% of population) of each country are taken into account as factors in order to examine the
happiness status of countries. Population, labor force, life expectancy at birth, school enroliment,
GDP per capita, poverty headcount ratio data taken from the World Bank database and happiness
data is taken from the 2022 World Happiness Report.
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Figure 1. Ranking of Countries by Happiness Index Values According to the World Happiness
Report for 2022
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Figure 1. Ranking of Countries by Happiness Index Values According to the World Happiness
Report for 2022 (continued)
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Figure 1. Ranking of Countries by Happiness Index Values According to the World Happiness
Report for 2022 (continued)
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1.1. Logistics Regression

In statistical applications, many regression methods have been developed to establish a relationship
between the independent variable and the outcome variable. It is known that results cannot always
be obtained by using only one of the developed methods. Therefore, alternative methods have been
developed. The Logistic Regression (LR) has also been introduced for this purpose. LR is one of the
machine learning models (Sperandei, 2014). LR is generated from a linear regression where the
dependent variable is binary (Bailly et al. 2022). LR is useful in estimating a categorical variable. LR,

which is similar to linear regression in many ways, is more suitable when the dependent variable is
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a categorical data type with two or more options (Leech et al., 2004). Many of the variables studied
in the social sciences are measured using a sensitivity scale, others are two-choice data, such as
positive-negative, successful-unsuccessful, yes-no, and satisfied-not satisfied. Binary data is the
most prevalent type of category data. The most popular model used in econometrics where the
dependent variable has two-choice qualitative characteristics, such as yes/no,
successful/unsuccessful, etc., is the logit model (Hill and Lim, 2011). For investigating the cause-and-
effect relationship between the dependent variable and the independent variable, LR is utilized
when the dependent variable is categorical data with two variables (Agresti, 2002).

Logit model is used in many fields such as economics, market research, politics, finance, and
transportation engineering (Greene, 2012). The dependent variable is typically coded as "1" or "0"
in binary logit models. The dependent variable is coded as "1" when the outcome is favorable or
successful. The dependent variable is recorded as "0" since the outcome was unsuccessful or
negative. Unlike conventional regression models (Y; = ao + a:1X; + ), logit models conceal the error
term. In logit models, there is not a &; as in the traditional regression model, but there is a €i in the
background. Therefore, the estimated dependent variable can be interpreted as the probability of
causing it (Kennedy, 2008).

LR allows us to construct a regression model without many assumption checks. LR is analysis where
variables can be continuous or discrete. If necessary, in order to establish the LR model, a continuous
result variable, in other words, the predicted variable can be transformed into a discrete variable
(Tabachnick and Fidell, 1996). The method is widely used because it offers a more flexible structure
and is easier to apply compared to similar analyzes.

In the LR, a model is established between one or more independent variables and the outcome
variable. LR is used to model the relationships between the dependent variable measured in
categories and some independent variables measured categorically or continuously. The difference
from other methods is that in other regression methods, the outcome variable takes continuous
values, while in LR, it is used when the outcome variable takes two or more discrete values (Hosmer
et al., 2013). The major conclusion that can be reached from this investigation is that it is actually
possible for the relationship between the dependent variable and the independent factors to be
realized (Umar and Nashir, 2009).

The basis of the LR is based on the odds ratio. The odds ratio compares the probability that an event
will occur with the probability that the same event will not occur. Thus, LR is obtained by taking the
natural logarithm of the odds ratio. The maximum likelihood method is widely used when estimating
the parameters of the obtained LR (Berenson and Levine, 1996).

LR is also an alternative to discriminant analysis and crosstabs. The validity criterion of the normality
assumption is also discarded in this analysis because the dependent variable is one that may be
classified as a binary preference with a range of 0 to 1. The results of this method are also incredibly
adaptable and simple to interpret, which contributes to its high level of interest. In addition,
conditions such as normality, linearity, covariance, and continuity, which are required in linear
regression analysis, are not required in LR. The maximum likelihood method is used. The maximum
likelihood method, on the other hand, refers to the parameter findings that provide the maximum
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compatibility of the parameter values obtained from the application findings with the real data set
we have (Alpar and Karabulut, 2007).

In any regression model, the expression E(y/x) represents the conditional mean value. This
expression shows the mean value of the dependent variable (y) given the independent variable (x).
The most important quantity in any regression problem is the mean value of the result for a given
independent variable value. This quantity is the “conditional mean” and is denoted as “E(yIx)”. E(y/x)
is interpreted as "The expected value of y for a given value of x".

E(ylx) =Bo+B1x (1)

Given x in LR (1), the conditional distribution mean of Y is shown as m(x) = E(y/x). The special case
of LR model is as follows.

eﬁ0+ﬁ1x

Elylx) = mlx) =——7—7 (2)

A transformation of m(x) that will be at the center of our logistic regression work is the "logit*
transformation". This transformation is defined in terms of m(x) as follows.

g)=In [0 = BotBax G)

1-m(x)

There is a linear relationship between the logit value and the independent and dependent variables.
The logit g(x), which is linear in its parameters, can be continuous and take values from — oo to + oo
, depending on the definition range of x.

In the binary LR, there are two situations, 0 and 1, for the event to occur and not to occur. The ratio
of the probability of an event to its probability of occurrence is defined as the odds ratio. Odds ratio
(4) can take values between 0 and +oo (Agresti, 1996).

0dds ratio= =) = gBo+hax (4)

s
1-m(x)

Poin the function represents the constant term. 1 is the slope coefficient. 51 represents the change
in odds ratio versus a one-unit change in x (Gujaranti, 2010). In logistic regression, the maximum
likelihood method is used instead of the least squares method in estimating the regression
coefficients. In the maximum likelihood method, the probability of an event occurring is desired to
be maximum (Alpar,2013).

1.2. Artificial Neural Networks

Artificial neural networks (ANNs) are revealed by the design of nerve cells in the human brain and
consist of interconnected processing elements with different levels of importance. ANNs are among
the classification algorithms and are frequently preferred in practice today, where machine learning
algorithms are increasingly being used. Although McCulloch and Pitts first used the concept of
artificial neurons in their study in 1943, it started to be used quite frequently, especially after the
90s (Rojas, 1993). ANN is a mathematical model created by imitating the operation of simple
biological nervous systems. The basic principles of ANN include gaining new information by learning
the brain, gaining abilities such as critical thinking, problem solving and estimation. ANN is of
interest to researchers because of its features such as producing solutions by learning the
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relationship between input and output related to any event, whether linear or not, from the
examples at hand, and correlating previously unseen events with past examples (Kaftan, 2010).

ANNs have been thoroughly utilized in many different fields for prediction in last years. Especially
in non-linear time series, the superior success of ANN over traditional methods has been an
important factor in the preference of this method (Zhang et al., 1998).Artificial neural networks can
be applied in many different applications such as robotics, pattern recognition, medicine, power
systems, signal processing, prediction and system modeling (Dogan and Atik, 2004; Ataman et al.,
1998; Demir et al., 1998; Kalogirou and Bojic, 2000; Bayram et al., 2013; Sahin, 2014; Ozdemir,
2011).

Haykin (1999) introduced the following definition for ANN: “A neural network is a densely parallel
distributed processor composed of simple processing units, which has a natural tendency to
accumulate experiential information and enable it to be used. This processor is similar to the brain
in two ways: 1. Information is obtained by the network from the environment through a learning
process. 2. Interneuron connection strengths, also known as synaptic weights, are used to
accumulate the obtained information”. As a machine learning technique, ANN is described as having
the capacity to generate and find new information through behavior modification, similar to how
the human brain does (Chehreh et al., 2008). Gamache et al. (2018) defined ANN a machine learning
technique used to measure the relationship between input and output variables. Yakubu et al.
(2019) presented artificial neural network models as an alternative to traditional regression models
and defined them as a nonlinear parametric method that mimics the processing mechanism of the
human brain. Kumar and Giri (2019) defined ANN as the simplification of biological neural structures
and defined them as highly interconnected processing units (neurons) for understanding, acquiring
information and using this information. ANN, which are commonly described as neural networks,
are a prediction-based model in the common set of statistics, cognitive psychology and artificial
intelligence, designed with inspiration from biological observations of human brain functions (Yang
et al., 2016; Bhosale, 2016; Kasiviswanathan et al., 2016).

ANNs include traditional prediction models such as regression analysis, correlation analysis, moving
averages, exponential smoothing method, box-jenkins method, autoregressive moving average,
autoregressive integrated moving averages, simulation methods. The method differs from these
methods in that it is a nonlinear model using the sum and transfer functions in the middle layer
(Karahan, 2011; McNelis, 2005).

ANN can provide nonlinear modeling without making any assumptions, without the need for any
prior knowledge between input and output variables. By giving the input information and the
corresponding output information to the network, it is ensured that the network learns the
relationship between input and output, and in this way, the training of the network is carried out
(Hosmer, 1999).

Neural networks consist of three layers: input layer, hidden layer and output layer. Each layer
consists of neurons. The basic element of the technique is the processing elements called neurons
(Bagis and Konar, 2010). The input layer shows the level corresponding to the independent variable
in the statistical analysis, and the output layer shows the level corresponding to the dependent

variable. The hidden layer ensures that only the signals from the input layer are transmitted to the
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output layer (Budak and Erpolat, 2012). The connections of neurons to each other in various ways
form a network. The function of the neuron is to add the values obtained by multiplying each of the
input data with the weight values, with the threshold (addition function) value, and to pass this sum
through the sigmoid or tanh activation functions and give it to the output. In general, neuron output
is expected to be between (0-1) for sigmoid and (-1,1) for tanh (Sencan and Cicek Bezir, 2003). ANN
can be represented in many different ways. The structure of the multilayer perception model is as
shown in Figure 2 (Ivan et al., 2016).

The information transmitted from the input layer is processed within the framework of certain
standards and transmitted to the output layer. The main task of the network is the hidden layer.
The number of hidden layers varies from network to network in line with the purpose to be realized.
In the output layer, the information from the intermediate layer is processed. Output is produced
in the output layer, which must be produced according to the inputs presented to the input layer.
There are as many neurons in the output layer as the number of outputs of each data presented to
the network. The values produced from the output layer constitute the output values created by
the artificial neural networks against the problem. In modeling a problem in which the artificial
neural network method is used, it is very important to determine the number of processing
elements in the layers together with the number of hidden layers to be used for the best solution
of the problem (Sahan and Okur, 2016).

In ANN, the process of updating the connection settings in the network to perform functions such
as classification, modeling, optimization or prediction is called learning. This process, which is done
in order to increase the performance of the network, is carried out in computer programs in the
form of iterations. The learning process is carried out with algorithms (Caliskan and Deniz, 2015).
Many classifications of artificial neural networks are encountered in the literature. Artificial neural
networks are classified as feed forward and feedback recurrent artificial neural networks according
to the direction of the information flow between the nerves in their structures, and are classified as
supervised and unsupervised artificial neural networks according to the learning structure of the
network. In feed forward artificial neural networks, there are multi-layer structures, one of which is
the input layer, one is the output layer, and the others are hidden layers. In this artificial neural
network structure, the information flow is forward-directed by being transmitted from the input
layer to the hidden layer and transmitted from the hidden layer to the output layer. Examples of
such networks are; multilayer perceptron and learning vector quantization. In feedback recurrent
artificial neural networks, there is a multi-layered structure as in feed-forward networks. However,
unlike the feed forward network structure, the information flow in this network structure can be
backwards. Outputs of cells; it can also be used as an input to itself or another cell in the network
(Sagiroglu et al., 2003). Multilayer perceptrons are used in this study due to the usefulness of feed
forward networks.
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Figure 2. Structure of the Multi-Layer Sensor Model
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Resource: Ivan Nunes da Silva, Danilo Hernane Spatti, Rogerio Andrade Flauzino, Luisa Helena
Bartocci Liboni, Silas Franco dos Reis Alves,(2016), Artificial Neural Networks: A Practical Course,
Springer, New York.

2. Application

2.1. Logistic Regression Results

LR is applied to the variables used in the study. LR is carried out with the WEKA program. The Weka
program is a data analysis tool developed at the University of Waikato using the Java software
language. It is also widely used in the field of data mining. There is a lot of information about
machine learning, clustering and statistics available on the Weka program. The variables were
determined and the significance of the model was tested. The Omnibus test was applied to evaluate
the significance of the coefficients in LR. Omnibus test results obtained as a result of the analysis
are presented in Table 1. Since p=0,000<0,05, the coefficients of the independent variables are
nonzero. It is observed that there is a significant difference between the model with independent
variables and the model with only constant variables. In other words, at least one of the
independent variables added to the model contributes to the estimation of the dependent variable.
The results show that the model is generally significant.

Table 1. Omnibus Tests of Model Coefficients

Chi-square df Sig.
Step 1 |Step 98,186 6 ,000
Block 98,186 6 ,000
Model 98,186 6 ,000

The Hosmer-Lemeshow test is one of the methods used to determine whether the obtained model
has fit to the data. The Hosmer-Lemeshow test is one of the methods used to determine whether
the obtained model fits well with the data. This test tests whether there is a significant difference
between the values predicted by the model and the observed values. The insignificance of the result
of this test (p>0.05) indicates that the model-data fit is sufficient, in other words, the model has an
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acceptable fit (Toraman and Karaca, 2016). As a result of the test, it's concluded that there is no
significant difference between the estimation values and the observation values, in other words,
the theoretical data represent the model well and significant (p=0,976>0,05).

Table 2. Hosmer and Lemeshow Test

Step | Chi-square df Sig.
1 2,155 8 ,976

The relationship between the estimated probabilities and the actual probabilities, showing how the
model represents the data, and statistics of -2loglL are given in Table 3. In LR, the strength of the
relationship between the dependent variable and the independent variables is determined by the
Cox-Snell R Square and Nagelkerle R Square values. The values of the logistic regression explanatory
coefficients (R Square statistics) show what percentage of the dependent variable is explained by
the independent variables. As presented in Table 3, the explanatory power of the independent
variables for the dependent variable was 53.6% according to the Cox&Snell R square value, while
this value was 71.5% according to the Nagelkerke R square value.

Table 3. Model Summary

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square
1 78,759 ,536 ,715

The results of LR are presented in Table 4. In this table, the number of countries correctly identified
as happy (True positive-TP) is 60, the number of countries incorrectly as happy (False positive- FP)
is 13, the number of countries correctly identified as unhappy (True negative-TN) is 56, the number
of countries incorrectly idetified as happy (False negative-FN) is 11. The calculated correct
assighment rate must be greater than 50% to conduct the analysis. According to the results
presented, countries defined as happy as a result of LR are classified as correct at a rate of 84.5%,
while countries defined as unhappy are classified correctly at a rate of 81.2%. The overall accuracy
rate is also found to be 84.5%. As a result, it can be said that the classification effectiveness of the
model is quite good.

Table 4. The Resuls of Logistic Regression Classification

Predicted
Percentage
Happy | Unhappy Correct
Happiness | Happy 60 11 84,5
Unhappy 13 56 81,2
Overall Percentage 82,85

The results of the LR of the variables affecting the dependent variable are examined. The coefficients
of the independent variables: population, labor force, life expectancy at birth, school enroliment,
GDP per capita, poverty headcount ratio at national poverty lines are -0.0001, 0.0001, 0.2526,
0.0109, 0.0001, 0.0176, respectively. According to these coefficients (p values): population, labore
force, school enrollment, GDP, poverty are determined as important factors, while life expectancy
(p=0.2526>0.05) are determined as unimportant factor. The odds ratios of the independent
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variables: population, labore force, life expectancy, school enrollment, GDP, poverty are 0.9999,
1.0001, 1.2873, 1.011, 1.0001, 1.178, respectively. The labor force, school enrollment, GDP, poverty
have a positive, statistically significant effect on happiness. A one-point increase in the labor force
component increases the happiness level of countries by about 1.0001 times. A one-point increase
in the school enrollment component increases the happiness level of countries by about 1.011
times. A one-point increase in GDP component increases the happiness level of countries by about
1.0001 times. A one-point increase in the poverty component increases the happiness level of
countries by about 1.0178 times.

2.2. Artificial Neural Networks Results

In the study, it is aimed to predict the happiness status of the countries. While estimating the state
of happiness (happy, unhappy), artificial neural network method is used with the help of Weka
software. Since the network has better learning ability in the presence of more than one layer in the
artificial neural network structure to be used in the prediction analysis, the multi-layered network
structure is determined as the network structure and the generated network structure is shown in
Figure 3. As seen in Figure 3; The artificial neural network has an input parameter and an output
parameter. In other words, the happiness status (output parameter) of the countries was estimated
based on the population, labor force, life expectancy at birth, school enrollmen, GDP per capita,
poverty headcount ratio at national poverty lines of the countries (input parameters).

As a result of the evaluation of the results of different parameter values, the use of the model using
2 hidden layer and 10 neurons is applied in the study. The classification models' performance for
prediction was evaluated using cross-validation. It was also employed in previous studies (Hall et al.,
2009; Wahbeh et al.,2011) since it evaluates how well a model works with new or test data. Cross
validation is crucial, because a model is often fitted exclusively to the training dataset. Cross-
validation enables the model's prediction accuracy to be seen when there is new data. The
classification models in this study were evaluated using WEKA's 10-fold cross validation feature.

Figure 3. Artificial Neural Network Structure for the Prediction of Happiness Status of Countries
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ANN classification values are presented in Table 5. In this table, the number of countries correctly
identified as happy (True positive-TP) is 59, the number of countries incorrectly as happy (False
positive- FP) is 14, the number of countries correctly identified as unhappy (True negative-TN) is 55,
the number of countries incorrectly idetified as happy (False negative-FN) is 12. The calculated
correct assignment rate must be greater than 50% to conduct the analysis. According to the results
presented, countries defined as happy as a result of ANN are classified as correct at a rate of 83.1%,
while countries defined as unhappy are classified correctly at a rate of 79.7%. The overall accuracy
rate is also found to be 81.4%. As a result, it can be said that the classification effectiveness of the
model is quite good.

Table 5. The Resuls ANN Classification

Predicted
Percentage
Happy | Unhappy Correct
Happiness | Happy 59 12 83,1
Unhappy 14 55 79,7
Overall Percentage 81,4

2.3. Performance Evaluation

To evaluate the performance of LR and ANN, different evaluation metrics are taken into account.
An indicator of the model's performance across all classes is accuracy. It is measured as the
proportion of correctly predicted events to all predicted events. The accuracy is calculated as the
ratio of Positive samples that are correctly classified to all samples that are classified as Positive
(either correctly or incorrectly). The precision assesses how well the model categorizes a sample as
positive. The recall is determined as the proportion of Positive samples that are correctly identified
as Positive to all Positive samples. The recall evaluates how well the model can identify Positive
samples. The weighted harmonic mean of recall and precision is the F-measure. ROC area is the area
under the curve of a plot that presents the True Positive Rate against the False Positive rate and
measures the overall performance of the model. Table 6 and Figure 4 present the result of the
evaluation metrics of LR and ANN. The given chart shows that LR gives better results for all
evaluation metrics and has better accuracy for this dataset.

Table 6. The Performance Evaluation of LR and ANN

Method/Measument | LR ANN
Accuracy 82.85 | 81,4
Precision 829 | 814
Recall 829 |814
F-measure 829 |814
ROC Area 90.9 | 87.3
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Figure 4. Accuracy Chart
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Additional evaluation metrics are considered to compare the performance of the presented
approaches. The consolidation between two sets of categorized data is measured by the kappa
statistic (Melville et al., 2005). Kappa values range from zero to one. The stronger the agglomeration,
the higher the value of the Kappa statistic. There is perfect agreement if Kappa = 1. There is no
agreement when Kappa is equal to 0. If Kappa statics values vary between 0.40 and 0.59, they are
regarded as moderate, 0.60 to 0.79, as substantial, and above 0.80, as extraordinary (Landis and
Koch, 1977). The mean absolute error (MAE) is calculated by dividing the total absolute error by the
number of estimates. It is a measurement of how closely a predicted model matches a given
collection of actual values. The square root of the sum of squared errors divided by the number of
estimates is the root mean square error (RMSE). The disparities between values assumed by a model
and the values actually observed are measured. Better accuracy of the model is shown by a low
RMSE value. So, the more accurate and precise the estimate, the lower the RMSE and MAE. The
variation in errors in a group of forecasts can be identified by combining the MAE and the RMSE.
The variation in the individual errors in the sample will always be bigger than the MAE or greater
than the RMSE, depending on how much of a difference there is between the two. All errors have
the same magnitude if the value of RMSE is equal to the value of MAE. When comparing a mean
error (also known as a residual) to errors generated by a simple model, the relative absolute error
(RAE) is expressed as a ratio. A ratio of less than one is the outcome of an acceptable model, or one
that generates results that are better to those of a simple model. A ratio that is nearly zero will be
generated by an accurate forecasting model; A poor model (one that performs worse than the
simplistic model) will result in a ratio higher than 1. The square root of the squared errors of a
predictive model normalized by the squared errors of a simple model is known as the Root Relative
Squared Error (RRSE). The model outperforms the simple model when the RRSE is less than one.
Therefore, the model is better the lower the RRSE.

Figure 3 show the obtained results by using LR. Figure 4 presents the results of ANN. These results
state that the performance of LR better than the performance of ANN. There are a number of

evidence that utilize LR is superior to ANN. Firstly, the kappa statistic offers a substantial boost in
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predictions, and LR is of greater value than ANN. Secondly, a prediction is more accurate if the RMSE
and MAE values are as low as possible. When compared to the ANN approach, the RMSE and MAE
values for LR are the lowest. Third reason is the the value of RAE and RRSE. LR has higher RAE. LR
outperforms ANN has lower RRSE.

Figure 3. The Obtained Results by Using Logistic Regression

=== Summary ===

Correctly Classified Instances 1l& 82.8571 %
Kappa statistic 0.a8569

Mean absolute error 0.2292

Boot mean sguared error 0.345

Belative absolute error 45.58431 %

Root relative sguared error 658.9899 %

Total NHumber of Instances 140

Figure 4. The Obtained Results by Using Artificial Neural Networks

=== Summary ===

Correctly Classified Instances 114 51.4286 %
Kappa statistic 0.6283

Mean absolute error 0.2272

Root mean sguared error 0.3608

Belatiwve absolute error 45.44459 %

Root relative sguared error T2.1061 %

Total HNumber of Instances 140

3. Results

In recent years, there has been a general tendency to study the concept of happiness as an indicator
of economic development. There has been an increase in the studies carried out on this subject,
that happiness is the goal that is desired to be achieved socially rather than an individual goal. The
status of happiness of countries is examined by survey studies and by considering different
development factors as well as economic status indicators. Within the scope of this study, the
classification of the happiness status of the countries is discussed by using LR and ANN. The happines
status of countries is determined by using the variables: population, labor force, life expectancy at
birth, school enrollment, GDP per capita, poverty headcount ratio at national poverty lines. The
world happiness index values is used to determine the happines status of countries. Since the
dependent variable in the model has 2 categories (happy, unhappy), the results of the multiple
classification method were examined to determine the relationship between the independent
variables. Within the scope of this study, current happiness values were first adapted to the analysis.
The missing data in the data set was cleaned and made suitable for the .arff file format. The results
obtained were divided into two categories, happy and unhappy countries. The cleaned data set was
estimated using LR, and ANNs, which is the estimation tool of WEKA software. Statistical analyzes
was performed with SPSS statistic software package.

The results show that population, labor force, school enrollment, GDP per capita, poverty headcount
ratio at national poverty lines have a positive, statistically significant effect on happines status.
Different evaluation metrics are used to compare the performances of the classification methods.
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These are as follows: Accuracy, precision, recall, F-measure, ROC Area, Kappa statistic, mean
absolute error, root mean squared error, relative absolute error, root relative square error. The
comparative analysis revealed that LR offers better results. It is concluded that the LR is more
appropriate than ANN for determining the happiness situations of countries using given variables.
The study is expected to assist decision-makers by offering data assistance during the process of
making strategic decisions and by identifying the indications that countries should take into account
while attempting to improve their position.
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Giris

Egitim harcamalari-bliyiime arasindaki iliski iktisat biliminin ilgi ¢ekici konularindan biridir. Egitim
harcamalarinin beseri sermayenin ana 6gesi olmasi nedeniyle dncelikle beseri sermaye kavramini
incelemek gerekmektedir. Beseri sermaye (Erkan,1998:27) bireyin bilgi ve yeteneklerinin bilesimi
seklinde ifade edilebilir. A.Smith’e kadar gotirebilecek olan egitim-bliyime iliskisini inceleyen
calismalar esasen insana yapilan yatirimin bir Glkenin bliyime ve kalkinmasini temelini olusturmasi
nedeniyle 6nem arz etmektedir. Egitim harcamalari ilk asamada maliyet kalemi olarak ifade
edilmesine karsin uzun donemde kalkinma carilerinin icerinde yer almaktadir. Bu kapsamda Endustri
Devrimi’'ni gerceklestirmis ingiltere’nin 19.ylizyilin ikinci yarisindan beri uygulamis oldugu zorunlu
ilkogretim uygulamasi ve egitim faaliyetlerine yonelik bu harcamalarin kamu tarafindan finanse
edilmesinin saglanmasi politikalari egitimin blylime ve kalkinma icin 6nemini gdsteren tarihsel bir
gelismedir (Parasiz,2003:47)

Teknoloji Politikas1
Kiltiirel, Tarihi, Saghik Egitim Politikast
.. Politikasi

Sosyolojik,
Psikolojik,

Dini vb.

Nedenler

Yatirimlar Yatirimlar Yatirimlar
Hanehalklari .
Ozel
Firmalar
L Yatirimlar

\
Beseri Sermaye /
Yaraticilik l

\ v

Arastirma Gelistirme (AR-GE)

/ Bilgi Uretimi

Tesadiifler

— l
Yenilik
v v l
Yaparak Ogrenme Iktisadi Biiyiime

Sekil 1. i¢sel Biiylime Modellerinin Temel Belirleyicileri (Kibritgioglu,1998:217)
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Sekil 1’de icsel biyiimenin temel belirleyicilerine yer verilmistir. icsel biiyime modelleri
cercevesinde biylmenin temel unsurlarinin egitim, saglik ve teknoloji politikalaridir. Kilturel, tarihi,
sosyolojik, psikolojik vb. unsurlar ise dolayh olarak iktisadi biylimeye etki etmektedir. Ulkeye has
dolayl faktorler ise tesadifler ve yaraticilik unsurlari vasitasiyla AR-GE harcamalarinin artmasina
neden olmaktadir. Hem temel unsurlar hem de dolayl unsurlar AR-GE faaliyetlerinin artmasina yola
acarak iktisadi biiyimeye neden olmaktadir. Ulkeye has dolayli faktérler ise tesadiifler ve yaraticilik
unsurlariyla AR-GE harcamalarinin artmasina neden olmaktir (Berber,2006:174)

icsel biylime modellerinde beseri sermayenin dnemi Lucas(1988)’'un modellemesiyle 6n plana
cikmistir. Lucas’in beseri sermaye modeli 6zetleyecek bir denklem biciminde asagida ifade edilmistir.
Denklem 1’de beseri sermayenin dissallik etkisinin yer aldigi ortalama beseri sermaye diizeyi h, ve
teknoloji seviyesi A sabiti ile ifade edilmistir.y simgesi ise beseri sermayenin dissallik etkisini
gostermektedir.

Y = F(A,K,N,h) = AKB (uhN)*~#h}, (1)

h(t) = h(t)5[1 — u(t)] 6>0 (2)
Calisilan sure u, iscilerin ortalama yetenek dizeyi h, 1 —u ise calismadan kalan zamanla
okullasmaya bagli sermaye birikimini ifade etmektedir. u(t) = 1 durumunda iscilerin bitin
vakitlerini Uretime harcamalarindan 6tiiri kendi yeteneklerini gelistirmeye zaman ayirmamalari
sonucu beseri sermeye birikimi sifirken, . u(t) = 0 durumunda ise is¢ilerin Gretime vakit ayirmayip,
bitlin vakitlerini yetenekleri gelistirmek icin kullandiklarini dolayisiyla beseri sermaye birikimin bu
istisnai durumda ise maksimum oldugu ifade edilir. Modellemeye u(t) degeri sifira yaklastikca
beseri sermaye artacaktir veya vice versa (Uzlimcii,2018:266)
Egitimin, beseri sermayenin en dnemli unsuru olarak kabul edilmesinin altinda bireylerin isglicl
kabiliyetinin ve verimliliginin artmasina yol agmasidir (Herndon, 2008; Langelett, 2000; Lau vd.,
1991). Egitim yoluyla i¢sellestirme siireci arz ve talep yonli yaklasimlarla ifade edilebilir. Bireylerin
rasyonel hareket ettigi varsayimi altinda egitim diizeyi ne kadar yiksekse mal talebinde hata yapma
olasiligi daha dusuktiir Arz yonli icsellestirme sireci ise egitim dlizeyi gorece yiiksek olan bireylerin
bu bilgi birikimlerini gelecek nesillere aktarmalari, daha fazla sosyal faaliyette bulunmalari ve
etkilesimde bulunduklari gevrenin iyilesmesine katki sunmalari bigiminde ifade edilebilir (Demir,
Uziimcii ve Duran,2006: 28).
Calismada su sekilde bir planlama yapilmistir. Oncelikle calismanin giris kisminda beseri sermaye
kavrami, beser? sermaye icinde egitimin onemi, i¢csel biyimenin temel belirleyicileri ve egitim-
bliylme iliskine ait teorik bir bakis sunulmustur. Bu asamadan sonra konuyla ilgili literatir
¢alismalarina, ekonometrik analiz ve sonug kismina yer verilecektir.
1. Literatiir Taramasi
Calismanin bu kisminda konuyla ilgili ulusal ve uluslararasi yazinda yer alan calismalar kronolojik
bicimde tasnif edilmistir.

Tablo 1: Literatiir Calismalari

Yazar(lar) YIl Ulke/Ulke Grubu | Dénem Yontem(ler) Sonug
Varsak ve Tirkiye 1970- Vektor hata Egitim harcamalarindan biiyiime dogru
Bakirtas(2006) 2008 dizeltme modeli, tek yonlu nedensellik iliskisi vardir.

varyans ayristirma
analizi
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dizeltme modeli

Aka ve ABD 1929- Hata diizeltme Egitim harcamalarindan bliyiimeye dogru
Dumont(2008) 1997 modeli tek yonli nedensellik vardir.
Cooray(2009) 46 diisik ve orta 1999- Panel GMM Okullasma orani iktisadi blylime icin

gelirli tilke 2005 onemlidir. Hikiimet harcamalari egitim
kalitesini artirarak ekonomide biylimeye
neden olur.
Atherton 42 (lke 1960- Panel veri analizi Egitim kalitesi iktisadi blylumeyi
vd.(2013) 2004 artirmaktadir
Eggoh vd. 49 Afrika tlkesi 1996- Panel GMM Egitim ve saglik harcamalari iktisadi
(2015) 2010 blylmeyi olumsuz etkilemektedir.
Lingaraj vd. 14 Asya ulkesi 1973- Panel FMOLS Egitim harcamalari iktisadi blylimeyi

(2016) 2012 artirmaktadir.

Hanif ve Arshed Glney Asya 1960- Panel FMOLS ilkégretim harcamalari iktisadi biyliimeyi

(2016) Bolgesel isbirligi 2013 olumsuz etkilemesine ragmen ortaokul ve

Teskilati’'na tGye 5 yliksekodgretim harcamalari iktisadi
lke blylmeyi olumlu etkilemektedir.
Akinci(2017) Tlrkiye 2006Q1- ARDL testi Egitim harcamalari buyimeyi hem kisa
2017Q2 dénemde hem uzun dénemde
artirmaktadir. Uzun dénemde egitim
harcamalarinin biylime Gzerindeki etkisi
kisa donemden daha fazladir.
Goumrhar 65 gelismekte 1985- Statik panel veri Okullagsma oraninin iktisadi biyiime
(2017) olan ulke 2010 analizi Uzerinde pozitif ve anlamli bir etkisi
varken; egitimde esitsizlik unsurunu
iktisadi bliylimeyi olumsuz etkiledigini
sonuglarina ulasiimistir
Kose vd.(2022) OECD dlkeleri 1984- Panel regresyon Egitim harcamalari iktisadi blytmeyi
2018 analizi artirmaktadir
Yildiz(2023) Tirkiye 2006Q1- ARDL, FMOLS ve Kamu egitim harcamalari ve iktisadi
2022Q4 DOLS tahmincileri bliyiime degiskenleri arasinda cift yonli
nedensellik iliskisi vardir
Fahim vd. Fas 2001- VAR analizi ve Yiiksekogretime yapilan yatirimlar ile
(2023) 2018 Vektor hata blylme arasinda pozitif bir iliski vardir.

Fakat blyldmenin yiksek 6gretime
yapilan yatirimlari tesvik etmede sinirl bir
rolU vardir.

Not: Yazar tarafindan olusturulmustur.

2. Ekonometrik Analiz ve Bulgular

Bu calismanin amaci G-7 Ulkelerinde 1990-2021 déneminde olasi kisi basina disen egitim
harcamalari biylme iliskisini tespit etmektir. Bliyime degiskeni; icin kisi basina disen milli gelir,

egitim harcamalari icin ilkégretimde 6grenci basina yapilan harcamalar kullanilmistir. Degiskenlere
ait veriler OECD(2023) ve Worldbank(2023) resmi sitelerinde elde edilmistir. Ama¢ dogrultusunda
Fourier fonksiyonlarina dayali testler kullaniimistir. Analizde Fourier tabanh fonksiyonlara ait
testlerin kullanilmasinin nedeni yapisal kirilmalari dikkate almayan geleneksel birim kok testlerinin
ve esbitlinlesme sinamalarinin sonuglarinin bir tarafa daha yatkin olmasi ve bu yoniyle bu testlerin
glvenilirliginin tartismali olmasidir. Yapisal kirilmalari dikkate alan testlerde ise kirilmanin tespiti igin
kukla degisken kullanimi nedeniyle kukla degiskenin modele nasil dahil edildigi, kirilma sayisi ve
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kirillma bigimleri sorun olmaktadir. Dolayisiyla iktisat bilimi icinde yapisal degisimin belli bir siireg
gerektirdiginden hareketle ani bir yapisal kirllmadan ziyade yumusak gegisli bir yapisal degisimin
daha rasyonel oldugunu ifade etmek gerekir. Fourier fonksiyonlarina dayal testler yapisal degisimin
kademeli oldugu, yapisal degisim sayisinin, konumun ve biciminin 6nem arz etmeden modellere
dahil edildigi modellemelerdir. Fourier fonksiyonlari trigonometrik terimleri (Sinds, kosinls gibi)

icerir.

Fourier ADF birim kok testi istatistikleri asagidaki gibi hesaplanir;

Ay, = o + y,sin (ZHTH) + y,cos (ZHTH) + 6y + & (3)
Ay, = a+ B¢ + yisin (ZnTkt) + y,cos (ZnTkt) + 68y, t+ & (4)

denklemlerde belirtilen y fourier tahmin fonksiyonu, t zaman trendini, k uygun frekans degerini
(1<k<5) ve T gozlem blyuklugina temsil eder (Enders ve Lee, 2012).
Degiskenlerin diizey degerlerine uygulanan Fourier ADF birim kok testine iliskin sonuclar Tablo 2’de

verilmistir.
Tablo 2: Biiyiime Dediskeni i¢cin Fourier ADF Birim K6k Testi Sonuglar
Ulkeler k* F ADF istatistigi F istatistigi
Almanya 1 -3.630 4.581
Amerika 1 -4.428 5.217
ingiltere 1 -3.361 4.549
italya 1 -3.225 3.947
Fransa 2 -2.699 5.807
Japonya 1 -3.804 5.799
Kanada 2 -1.888 -5.447

Not: %5 anlamlilik diizeyinde temel hipotez olan “birim kok vardir” 1 ifade etmektedir. k* uygun frekans dagihmi ifade
eder.

Tablo 2’de ulasiimis bulgulara gore blylime degiskeni diizey degerleri dikkate alindiginda G-7
Ulkelerinin tamaminda Fourier terimlerinin istatistiki bakimdan anlamsiz oldugu sonucuna
ulasilmistir. Fourier terimlerinin istatistiksel agidan anlamsiz oldugu G-7 Ulkelerinin tamami igin
biylime degiskenine ADF birim kok testi uygulanmistir (Tablo 4’te verilmistir)

Tablo 3: Egitim Harcamalari Dediskeni icin Fourier ADF Birim Kék Testi Sonuglari

Ulkeler k* F ADF istatistigi F istatistigi
Almanya 1 -3.662 4,183
Amerika 1 -3.403 5.183
ingiltere 1 -3.034 4.673

italya 1 -3.373 3.808

Fransa 1 -3.239 3.875
Japonya 1 -4.554 5.299

Kanada 1 -2.456 2.009

Not: %5 anlamlilik diizeyinde temel hipotez olan “birim kok vardir” 1 ifade etmektedir. k* uygun frekans dagihmi ifade
eder.

Tablo 3’e gore, F-ADF test sonuglarina gore G-7 ulkelerin tamaminda egitim harcamalari degiskeni
icin birim kokin varhgini ifade eden temel hipotez kabul edilmistir. Fourier terimlerinin istatistiksel
acidan anlamsiz oldugu G-7 ulkelerinin tamami icin egitim harcamalari degiskenine ait ADF testi

uygulanmistir.
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Tablo 4: Degiskenlerin Diizey Degerlerine Uygulanan ADF Birim Kék Testi Sonuglari

Ulkeler Biiyiime(Diizey) Egitim Harcamalari (Diizey)
Almanya -2.403*(0) -2.393(0)
Amerika -1.955*(1) -2.649(2)
ingiltere -1.978*(0) -1.738(0)

italya -2.466*(0) -1.676*(0)

Fransa -2.379*(0) -1.818*(0)
Japonya -2.921*(0) -2.803*(0)

Kanada -0.871%(0) -1.485%(0)

Not: * %5 anlamlilk diizeyinde temel hipotez olan anlamlilik dizeyinde temel hipotez olan “birim kok vardir” i
gostermektedir.
Tablo 4 ADF birim kdk sinama bulgularina gore, G-7 ulkelerin tamaminda hem biylime hem de
egitim harcamalari degiskenlerinin dizey degerleriyle duragan olmadiklarini géstermistir Dolayisiyla
hem F-ADF hem de ADF sonuglarina gore birim koke sahip blylime ve egitim harcamalari
degiskenlerinin birinci farklarina ADF testi uygulanmistir.

Tablo 5: Birinci Farki Alinmis Degiskenlere Uygulanmis ADF Birim Kék Testi Sonuglari

Ulkeler Biiyiime(1. Farki alinmig) Egitim Harcamalari (1.farki alinmig)
Almanya -5.9992 -6.9742
Amerika -5.8212 -4.836°
ingiltere -5.376° -6.537°
italya -7.264° -6.412°
Fransa -7.789% -7.728%
Japonya -5.4822 -8.8892
Kanada -6.9282 -5.568°

Not: @ ifadesi %5 anlamlilik diizeyinde temel hipotez olan anlamlilik diizeyinde temel hipotez olan “birim kdk vardir” in
reddedildigini gostermektedir.

Tablo 5’taki sonuglara gore bliyiime ve egitim harcamalari degiskenlerinin birini farklarinda duragan
olduklari bulgusuna ulagiimistir. Dolayisiyla ¢alismanin bu asamasinda G-7 ulkelerinde 1990-2021
donemi icin s6z konusu degiskenlere ait esbutiinlesme testi uygulanmistir. Degiskenlere ait Tsong
vd. (2016) tarafindan gelistirilen Fourier esbiitiinlesme (FSHIN) test bulgulari Tablo 6’ da verilmistir.
Bu test Shin(1994) tarafindan gelistirilen esbitinlesme testinin Fourier fonksiyonlarina
dondstirdlmis bir formudur. Bu testte temel hipotez “esbliitiinlesmenin varligi” olarak
tanimlanmuistir.
Tablo 6: Fourier FSHIN Esbiitiinlesme Test Sonuglari

Ulkeler k* Test istatistigi F istatistigi
Almanya 2 0.048* 10.830**
Amerika 2 0.052* 14.495**
ingiltere 2 0.047* 7.877%*
italya 1 0.050 8.914
Fransa 2 0.221 6.740
Japonya 2 0.072* 6.649**
Kanada 3 0.069* 7.656**

Not: * %1, %5 ve %10 anlamlilik diizeylerinde sifir hipotezi olan egbiitiinlesme iliskinin reddedilemedigini géstermektedir. ** %5

anlamhhk dlzeyin Fourier terimlerinin istatistiki anlamliligini gstermektedir. k* uygun frekans sayisini géstermektedir.
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Tablo 6’daki Fouirer Shin esbiitiinlesme test bulgularina gére 1990-2021 déneminde italya ve
Fransa hari¢ G-7 Ulkelerinin tamaminda egitim harcamalari ile blylime degiskenleri arasinda
esbutiinlesme iliskisi vardir.

3. Sonug¢

Gelismis Ulke ekonomilerin bliyimeyi destekleyen dnemli faktorlerden biri egitime ayrilan paydir.
Ulkede egitim seviyesinin artmasi beseri sermayeye destek saglayarak icsel biiyiime teorilerinde
Uzerinde duruldugu lzere bilylimeye katki saglayacaktir. Bu galismada gelismis Ulke ekonomileri
orneklemi igin G-7 Ulkeleri segilmis olup egitimin biylime iliskisi esbltinlesme analiziyle sinanmistir.
Ekonometrik analiz kisminda Fourier tabanli fonksiyonlara bagli ADF ve esbiitlinlesme testleri
uygulanmustir. Calismanin sonucunda G-7 ilkelerinde (Fransa ve italya harig) 1990-2021 déneminde
egitim harcamalari ile blylime degiskenleri arasinda esbitiinlesme iliskisi bulunmustur. Calismada
ortaya gikan sonuglar genel olarak igsel biylime teoremleri nermeleriyle uyumludur. Bu baglamda
politika yapicilarin/karar birimlerinin egitimden merkezi bltgeden ayrilan payi daha da artirmasinin
(egitimin kalitesini ve verimliligine etki ederek digsalliklar yoluyla ekonomiyi pozitif etki edecegi)
onemi vurgulanmistir.

Yazar Katki Orani (Author Contributions): Fatih Volkan AYYILDIZ (%100)

Yazarin Etik Sorumluluklari (Ethical Responsibilities of Authors): Bu ¢alisma bilimsel arastirma ve yayin etigi kurallarina
uygun olarak hazirlanmistir.

Cikar Catigsmasi (Conflicts of Interest): Calismadan kaynakl ¢ikar ¢atismasi bulunmamaktadir.

intihal Denetimi (Plagiarism Checking): Bu calisma intihal tarama programi kullanilarak intihal taramasindan
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Gonderilme Tarihi Ulusal pay piyasasinin makroekonomik degiskenlere duyarlliginin incelenmesi son
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E32 degiskenlerinin 6nemli etkisinin oldugu, dolayisiyla da BiST100 endeksine yatirim yapanlar
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HiSSE SENEDI GETIRIiSi VE ENFLASYON ORANI ARASINDAKI iLiSKi: BORSA iISTANBUL ORNEGI
Giris
Makroekonomik gostergelerde meydana gelen degisimlerin finansal piyasalar tGzerinde meydana
getirdigi etkiler literatiirde sikga tartisilan bir konu olarak gorilmektedir. Gelismekte olan Ulkelerde
finansal piyasalar oldukga kirilgan bir yapiya sahiptir. Bu kirilganlik, finansal piyasalardaki karsilikh
baglantilarin karmasikhgina baghdir. Bu tiir bir karmasiklik sistematik likidite krizleri seklinde
bulasmaya yol acabilmektedir. Ekonomilerdeki makroekonomik temeller uluslararasi ticaret,
enflasyon, faiz oranlari gibi faktorler 6zellikle finansal kriz donemlerinde bulasma agisindan
onemlidir.
Ekonomik biiyiime, GSYiH, faiz orani, enflasyon ve diger makro ekonomik degiskenler, piyasada
islem goren finansal varliklarin gercek degerinde fiyatlandirmasinda 6nemli katkida bulunmaktadir
(Glikas &digerleri 2019:350-351).
Enflasyon oranlari en 6nemli makroekonomik gostergelerden biridir. Sermaye piyasalarinda islem
goren hisse senedi fiyatlari gesitli makroekonomik politikalardan etkilenmektedir. Glinliimuiz serbest
piyasa ekonomisinde enflasyon veya enflasyon oranlari emtia fiyatlarinin agirligini gésteren en
onemli makroekonomik gostergedir. Emtia fiyatlarindaki degisiklikler piyasadaki her tirli fonun bir
dereceye kadar asinmasina veya degismesine yol acabilmektedir. Hisse senedi piyasalari sadece
makroekonomik ve uygulanan politikalardan degil ayni zamanda yatirrmci beklentilerinden de
etkilenmekte ve oynakliklar gdstermektedir. Piyasada islem yapan ¢ogu yatirimci gelecegin nasil
degisecegini gelecekteki makroekonomik durumu tahmin ederek mevcut ekonomik konjonktire
gore yatirimlarini sekillendirmektedirler. Enflasyonun kendisi yatirimcilarin gelecekteki ekonomik
duruma iliskin belirsizligi acikca arttiracak olan makroekonomik gostergelerin basinda gelmektedir.
Enflasyon yatirimcilarin beklenen getirilerini ve reel getirilerini dogrudan azaltmaktadir. Bu durum
gelecekteki reel gelirin azalmasinin dogrudan bir sonucu olan enflasyon vergisi gibidir. Ayrica bir
ekonomide enflasyonist durum diger bir ifade ile enflasyon baskisi yatirrmcilarin beklenen
gelirlerinin azalmasina yol agmaktadir (Bai,2014:263-264).
Gelismekte olan lilkelerde zayif siyasi ve ekonomik kurumlar, yliksek ve degisen enflasyon ekonomik
bliyime ve refah Uzerinde olumsuz etkiye sahiptir. Gelismekte olan ekonomilerde enflasyon
belirsizligi yatirnm dizeyini ve ekonomik faaliyetleri azaltarak is ve finansal faaliyetler Gzerinde
onemli etkilere neden olabilmektedir (Arwatchanakarn&Akhand, 2016:2792-2794).
Pay getirileriyle enflasyon arasindaki etkilesimi arastiran cogu deneysel calisma daha kisa donemlere
odaklanmaktadir. Fakat hisse senedi ve enflasyon arasindaki uzun vadeli iliskiyi incelemek dnemlidir.
Cunkl pratik bir acisindan bakildiginda, cogu yatirirmci hisse senedi yatirimlarini uzun vadeli yatirm
olarak gormekte ve dolayisiyla uzun siire elde tutma egilimindedir. Bu nedenle pay fiyatlarinin
enflasyonla uzun dénem etkilesimi hakkinda bilgi sahibi olmak kazangh bir yatirim igin énem arz
etmektedir. Bu konuda yapilan ¢ogu akademik ¢alismalar makroekonomik degiskenlerle, hisse
senedi fiyat endeksi arasindaki etkilesimin oldugunu bulmustur. Bu nedenle enflasyonun borsa
performansi Uzerindeki etkisinin arastirilmasi piyasa katilimcilari ve politika yapicilar icin 6nemli
sonuglar dogurmaktadir. Bu makalenin geri kalani su sekilde diizenlenmistir. Birinci blimde 6nerilen
baslik altinda daha énce yapilmis ampirik ¢alismalar incelenmektedir. ikinci béliimde calismanin
kavramsal gergevesi anlatilmakta, tglincl bélimde ¢alisma igin kullanilan aragtirma metodolojisini

59



ibrahim Halil UCAR & Erkan ALSU

ele almaktadir. Dordiinci bélimde ampirik sonugclar tartisiimakta, son boliminde ise tartisma ve
sonug boélimleri yer almaktadir.

1. Literatiir Ozeti

Makroekonomik degiskenler ve (lke borsalari arasindaki etkilesim literatiirde sik¢a tartisilan bir
konudur. Ornegin, Choudhry. (2001) calismasinda, Arjantin, Sili, Meksika ve Venezuela gibi Latin ve
Orta Amerika uUlkelerinde pay kazanglari ve enflasyon arasindaki iliskiyi arastirmistir. Calismanin
sonucunda, cari pay piyasasl getirileri ile cari enflasyon arasinda pozitif bir iliskinin oldugunu ve
ayrica geg¢mis enflasyon oranlarinin mevcut pay getiri oranini da etkiledigini tespit etmistir. Fakat,
Spyros. (2001) calismasinda, Yunanistan ekonomisi icin enflasyon ile hisse senedi getirileri
arasindaki etkilesimi Ocak 1990- Haziran 2000 donemi icin incelemistir. Calismanin sonucunda,
enflasyon ve hisse senedi arasinda negatif ancak istatiksel olarak anlamli bir iliski olmadigini
bulmustur. Diger taraftan, Kim&Francis(2005) ¢alismasinda, hisse senedi getirileri ile enflasyon
arasindaki iliskiyi ABD igin Ocak 1926- Aralik 2000 dénemini kapsar sekilde incelemis ve galismanin
sonucunda, hisse senedi getirileri ile enflasyon arasinda en kisa (1 aylik dénem) ve en uzun (128 aylik
donem) Olgekte pozitif iliski, ara olceklerde ise negatif iliski tespit etmistir. Goriildigl Gzere hisse
senedi getirileri ve enflasyon orani arasindaki iliski oldugu tim c¢alismalarda tespit edilmis ise de,
degiskenler arasindaki iliskinin yoni ¢alismalarda farklihklar géstermektedir. Bu farkliliklarin segilen
ulke, veri donemi, analiz yontemi vb. gibi nedenlerden kaynaklandigi gorilmektedir.

Fakat ilerleyen yillarda yapilan bazi ¢alismalarda hisse senedi getirileri ve enflasyon orani arasinda
herhangi bir iliskinin olmadigi ileri siriilmustiir. Ornegin, Hondroyiannis&Papaterou. (2006)
calismasinda, Yunanistan’da hisse senedi getirileri ile enflasyon arasindaki etkilesimi incelemislerdir.
Calismanin sonucunda, hisse senedi piyasasi performansinin ekonomideki herhangi bir enflasyon
kaynagi ile iligkili olmadigini diger bir ifade ile reel pay getirilerinin beklenen ve beklenmeyen
enflasyonlailiskili olmadigi tespit edilmistir. Diger taraftan, Keun Yeong Lee (2008) ¢alismasinda, reel
hisse senedi getirileri ile enflasyon arasindaki dinamik etkilesimi incelemistir. Calismanin sonucunda,
enflasyon orani ve hisse senedi performansi arasinda negatif bir iliski tespit ederken, 1970-2000
déneminde ise iki degisken arasinda herhangi bir iliski tespit edememistir. iki calisma arasindaki fark
secilen donemin iliskinin tespiti agisindan 6nem arz ettigini gdstermektedir.

ilerleyen yillarda asagida kronolojik olarak sunulan calismalarin literatiirde yer aldigi tespit
edilmistir.

ibrahim&Agbaje (2013) Pay getirileri ve enflasyon arasindaki uzun ve kisa dénemli dinamikleri
incelemislerdir. Ocak 1997 ile Aralik 2010 dénemine iliskin aylik hisse senedi ve tiiketici fiyat endeksi
verilerini Nijerya merkez bankasindan temin ederek ARDL sinir testi ile yaptiklari ¢alismalarinda
enflasyonun pay getirileri Gzerinde olumlu etkisinin oldugu ve enflasyon ile pay getirilerinin uzun
dénemde esbiitlinlesik olduklarini tespit etmislerdir.

John Khumalo (2013) Gliney Afrika sermaye piyasasinda enflasyon ve pay fiyatlari arasindaki iliskiyi
arastirmistir. 1980q1 ve 2010g4 donemini kapsayan ceyrek donemlik verileri kullanarak ARDL
modeli ile yaptigl calismasinda pay getirileri ile enflasyon ve diger agiklayici parametreler arasinda
glclt bir iliskinin oldugu, pay fiyatlarinin enflasyon ve faiz oranlarina olumsuz tepki verdigi ve
enflasyonun pay getirilerini olumsuz etkiledigini tespit etmistir.
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Bai. (2014) Cin’de enflasyonun borsa Uzerindeki etkisini incelemistir. Ocak 2001 — Ekim 2010
doénemini kapsayan tiiketici fiyat endeksi ve Sangay borsasi bilesik endeksi yillik ortalama verilerini
ulusal istatistik blirosu ve Sangay borsasindan alarak vektor otoregresif VAR modeli ile yaptig
calismasinda enflasyonun Cin hisse senedi fiyati tizerindeki etkisinin ¢ok az ve hisse senedi fiyati ile
korelasyonunun ¢ok zayif oldugunu tespit etmistir.

Ozkan (2015) Turkiye’de enflasyon, hisse senedi getirileri ve reel iktisadi faaliyetler arasindaki
iliskileri incelemistir. Ocak 2003 ile Aralik 2014 dénemini kapsayan TUFE endeksi, cari ayin TUFE
beklentisi ve sanayi iretim endeksi (SUE) aylik verilerini TCMB ve Tiirkiye istatistik kurumundan,
Borsa istanbul100 endeksi verilerini ise Borsa istanbul internet sayfasindan temin ederek Fisher
hipotezi modeli ile arastirdigl calismasinda reel iktisadi faaliyetler ile reel hisse senedi getirileri
arasinda pozitif iliski tespit etmistir. Ote yandan enflasyon ile reel iktisadi faaliyetler arasinda net bir
iliski tespit edememistir.

Ucan&digerleri (2017). Borsa Istanbul-100 ile petrol, déviz, enflasyon ve faiz gibi makroekonomik
degiskenler arasindaki iliskiyi panel veri analizi ile test etmislerdir. 2005 ve 2016 donemine iligkin
aylik verileri TCMB veri dagitim sistemi, TUIK, maliye bakanhgi ve is yatirim gibi cesitli birimlerden
alarak makroekonomik degiskenlerle Borsa istanbul-100 endeksi arasindaki iliskinin varhgini
Johansen es bitiinlesme testi ile belirlemeye calistiklari calismalarinda Borsa istanbul-100
endeksinin analize kapsamindaki degiskenlerle anlamh bir iliskinin oldugu, enflasyonun tim
ekonomik faaliyetleri dogrudan ve dolayli yoldan etkileyen 6nemli bir faktor oldugu tespit edilmistir.
lorember&digerleri (2017) Enflasyonun Nijerya hisse senedi piyasasi Gzerine etkisini incelemislerdir.
Ocak 1995 ve Aralik 2016 donemini kapsayan tiiketici fiyat endeksi ve borsa endeksine ait aylik
veriler Nijerya merkez bankasi istatistik bilteninden alinarak E-GARCH modeli ile yaptiklar
incelemelerinde enflasyonun Nijerya borsasinda islem goren hisse senedi getirilerini etkilemedigi ve
borsa performansi ile enflasyon arasinda bir iliskinin olmadigi saptanmistir.

Isnandari&Chalid (2017) Cin, Hindistan, Endonezya, Giiney Kore, Malezya, Filipinler, Tayvan ve
Tayland gibi sekiz Asya llkesinde pay getirileri ile enflasyon arasi etkilesimi arastirmislardir. 2001-
2014 yillarint kapsayan aylik tliketici fiyat endeksi ve hisse senedi verileri datastream ve ilgili
borsalarin veri tabanlarindan alinarak dogrusal regresyon analizi ile yaptiklari calismalarinda test
edilen 35 sektorden yiyecek icecek, tiitlin, elektrik ve kamu hizmetleri, yapi ve insaat malzemeleri
ve savunma sanayisi hisse senetlerinin enflasyon riskinden korunma kabiliyetine sahip olduklari
tespit edilmistir.

Sathyanarayana&Gargesa (2018) Enflasyonun borsa performansi Gzerindeki etkisini incelemislerdir.
Mart 2000 ile Mart 2017 dénemine iliskin aylik enflasyon ve hisse senedi verileri www.yahoo.finans
ve diger ilgili veri tabanlarindan alinarak ADF birim kok testi ve Pearson korelasyon katsayisi ile
yaptiklari calismada Japon Endeksi (Nikkei) ile enflasyon arasinda negatif bir iliski saptanirken,
Avusturya endeksi (ATX), Belcika Endeksi (BEL20), Kanada Endeksi (GSPTSE), Sili Endeksi (IPSA), Cin
Endeksi (SSEC), irlanda (ISEQ), Fransa Endeksi (FTHI) ve Endonezya Endeksi JKSE icin enflasyon ile
hisse senedi getirileri arasinda pozitif iliski saptanmistir.

Akgali&digerleri (2019) Turkiye’de enflasyon, doviz kuru ve faiz gibi makroekonomik degiskenlerde
olusan soklarin birbirlerini etkileme ve bulasicilik etkilerini incelemislerdir. Mart 1999 ve Aralik 2018
donemini kapsayan tiketici fiyat endeksi ve faiz oranlarinin g aylik, reel efektif doviz kurunun ise

61



ibrahim Halil UCAR & Erkan ALSU

aylik verileri kullanilarak ARMA-EGARCH yontemi ile yaptiklari calismada faiz oranlari, enflasyon ve
doviz kurunda olusan soklarin birbirlerinin kosullu degiskenleri Gizerinde tek ve gift yonli etkilerinin
oldugu ve degiskenler arasinda gligli karsilikli bulasicilik etkiler tespit etmiglerdir.

2. Veri Seti ve Yontem

Bu calismada, Borsa istanbul Endeksi ve TEFE/TUFE endeksleri arasinda iliski incelenmektedir. Bu
kapsamda BiST100, TUFE ve TEFE, endekslerinin ayhk getirileri kullanilarak uzun dénem iliskisi, Ocak
2003- Aralik 2021 veri donemi igin ARDL sinir testi ile incelenmistir. Ayni zamanda degiskenler
arasindaki kisa dénem nedensellik iliskisinin tespiti icin Tado Yamamoto nedensellik testi
kullanilmistir. 2003-2021 dénemini kapsayan BiST100, TUFE ve TEFE degiskenlerine ait aylik veriler
TCMB veri tabanindan alinmistir. Degiskenler arasi uzun periyot iliskisini belirlemek icin yapilan
calismada oncelikle Genisletilmis Dickey&Fuller (ADF) ve Fuller&Phillp (PP) birim kok testleriyle
serilerin birim kokleri incelenmistir. Calismada degiskenler arasindaki nedensellik iligskisi Toda
Yamamoto nedensellik testi ile analiz edilmistir. BiST100, TUFE ve TEFE arasindaki uzun dénem
iliskisi arastirilan parametrelerin 2003-2021 dénemini kapsayan aylik verilerinin logaritmik degerleri
baz alinarak ARDL modeli ile incelenmistir. Calismanin en dnemli kisitlarindan biri déviz kuru, GSYiH,
faiz orani, issizlik oranlar gibi diger makroekonomik unsurlar da pay getirisini etkilemekle birlikte
¢alismada diger sartlar sabitken varsayimi dikkate alinmistir.

2.1. Birim Kok Testi

CGalismada analiz edilen degiskenlerin, birim kok strecinin diger bir deyisle degiskenlerin duraganlik
durumlarinin kontrol edilmesi glivenilir istatistiksel sonuclar icin 6nemlidir. Clink(i incelenen bir
degiskenin duragan olup olmamasi analizin siirecini ve sonucunu etkileyebilmektedir. Bu nedenle
calismada degiskenlerin duraganlik durumlari genisletilmis Dikey&Fuller ve Phillip&Perron birim kok
testleri ile kontrol edilmistir.

2.1.1. Genisletilmis Dickey ve Fuller Testi

Genisletilmis Dickey&Fuller testi zaman serisinin duraganligini test etmek icin uygulanan bir
istatistiksel testtir. Bu test asagida verilen regresyon denklemini kullanir.

AY=B1+B2+8Y 1+ X1, 000 AY,_j+& (2)

Burada A= birinci farkta duraganlik, AY;_;= bagiml degiskenin gecikme degerleri, e,=hata terimi, ;=
sabit katsayi, 3,=t zamandaki egim katsayisi, 8= gecikme katsayisi, Y;_; ve Y; ise hisse senedinin ya
da piyasa deger endeksinin logaritmik degerdir (Guney&Komba,2016:10).

2.1.2. Phillips ve Perron Testi

Birim kok testi uygulanirken ardisik bagimhligi ele alan parametrik nitelik géstermeyen yaklasim
Phillips&Perron tarafindan gelistirilmistir. Dickey&Fuller birim kok testine dayanan Phillip&Perron
testi, t istatistiginde parametrik 6zellik gostermeyen bir diizeltme yapar. Phillips&Perron testi birinci
dereceden otoregresif yonteme dayanmaktadir.

AYe=0o+BY—1+M¢ (3)

burada a bir katsayidir, A farkliliklari géstermektedir., B egilim (trend), Y tahmin edilen bagimli
degisken, |, ise hata terimini temsil etmektedir (Polat&O0lgun,2020:210; Jebran&Iqgbal,2016:6)
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2.1.3. Nedensellik Testi
Calismada BIiST100 ile Enflasyon arasindaki nedensellik arastirilan degiskenlerin aylik logaritmik
verileri kullanilarak Toda Yamamoto nedensellik testiyle incelenmistir.
2.1.4. Toda Yamamoto Testi
Toda Yamamoto yonteminde test edilen degiskenlerin duraganlik mertebeleri farkl olabilir. Bu teste
onem verilmesi gereken en 6nemli nokta parametrelerin maksimum butiinlesme derecesi olan
(dmax)’in testin uygun gecikme uzunlugu olan (k)’dan biyik olmamasidir. Toda Yamamoto testinde
parametreler arasindaki iliskiyi test eden hipotezler; Hy: degiskenler arasinda nedensellik yoktur.
H;: degiskenler arasinda nedensellik vardir.
Toda Yamamoto testi ile degiskenler arasi nedensellik tespit edilirken tahmin edilen VAR (k+dmax)
denklemi soyle ifade edilebilir.
Yt=(0+2%(=1 01j Xt—i+2¥=1 Bui Yt—i"'Zfl:r?g(l 81 Xt—i+2?=r?<ix1 01; Ye_i+€1t (4)
Uygun gecikme uzunlugunu gosteren (k) bilgi kriterlerinden faydalanarak, maksimum bitlinlesme
derecesini gosteren (dmax) ise birim kok testleri ile saptanabilmektedir. Analiz edilen degiskenler
arasinda karsilikh nedenselligin olup olmadigini saptamak icin Hy= o;j =0 hipotezi Wald testi ile
kontrol edilmektedir. Modellenen diger bir deyisle hesaplanan wald testi istatistigi degeri k
serbestlik derecesi olan K? tablo degerinden daha biyik ise bahsi gecen hipotez kabul
edilmemektedir (Aydin&Afsal,2018:235).
2.1.5. ARDL Modeli
ARDL modeli Paseran vd galismalariyla 6nceki es biitlinlesme modellerindeki eksiklikleri gidermek
gayesi ile gelistirilen ¢ok kullanish es bltlinlesme modelidir. Bu modelde test edilen parametrelerin
bitlinlesme dereceleri dikkate alinmaksizin seriler arasindaki uzun ve kisa donem iliskileri test
edilebilmektedir. ARDL modelinin diger modellerden Ustiin yani test edilen parametrelerin birim
koklerine bakilmaksizin uygulanabilmesidir. Bu nedenle ARDL modeli epeyce kullanish ve giivenilir
neticeler veren bir modeldir.
Arastirmada pay getirileri ile enflasyon arayiziindeki iliskiyi agiklamaya c¢alisan teorik gergeveye
dayanarak tahmin modelleri belirlenmistir. BIST ile ifade edilen hisse senedi getirisi bagimli
degiskendir, aciklayici degiskenler ise tiiketici fiyat endeksi (TUFE) ve toptan esya fiyat endeksi (TEFE)
ile temsil edilen enflasyondur. Bu durum asagida verilen islevsel bicimlerde ifade edilebilir
BiST,=f (TUFE,) (5)
BiST,= § (TEFE,) (6)
Hisse senedi getirisi (BIST) ile enflasyon degiskenleri olan (TUFE) ve (TEFE) arasindaki islevsel iliski
ARDL modeli ile asagidaki sekillerde ifade edilebilir.
ABIST = ag + 8, BiST,_; + B, TUFE,_; + ¥¥ | 61; + ABIST,_; + ¥¥ | 6,; ATUFE,_; + &, (7)
ABiST=ato+f, BiST,_1+B,TEFE,_1+Y¥_ | 81;+A BIST,_;+YK_ | 5,;ATEFE,_;+&, (8)
BiST= BiST100 endeksi, TUFE: tiiketici fiyat endeksi, TEFE: toptan esya fiyat endeksi, a: sabit terimi,
k: optimal gecikme uzunlugu, A: fark islemcisi, €: hata terimini temsil etmektedir.
ARDL yaklagimindaki ilk adim denklemi (7 ve 8) kullanarak en kiiglik kareyi (OLS) tahmin etmektir.
ikinci adim ise denklem (5 ve 6)'de tahmin edilen gecikmeli diizey degiskenlerinin katsayilarinin sifira
esit olmasini kisitlayarak uzun donem iliskisinin olup olmadigini belirlemektedir. Modelde

Hy= Degiskenler arasi uzun dénem iliskisi yoktur.
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H;= Degiskenler arasi uzun dénem iliskisi vardir.
Wald testi ile hesaplanan F istatistigi Pesaran vd tarafindan belirlenen standart 6zellik gdstermeyen
kritik sinir degerleriyle mukayese edilir. ARDL sinir testinden elde edilen test istatistigi | (0) ve 1(1)
kritik degerleriyle mukayese edildiginde tahmin edilen F istatistiginin degeri Ust kritik degerden yani
I (1)'in kritik degerinden biiyik ise test edilen parametreler arasinda uzun periyot es bitinlesme
iliskisinin oldugu sonucuna varilir. Aksi durumda ise test edilen parametreler arasinda uzun dénemli
bir iligkisinin olmadigi temel hipotezi kabul edilir.Tahmin edilen test istatistiginin alt ve Ust kritik
degerler arasinda olmasi halinde ise parametreler arasinda uzun dénem iliskisi hakkinda net bir
karar verilemez. ARDL sinir testi ile uzun dénem iliskisine dair sonuclar elde edilirse uzun ve kisa
donem katsayilari modellenebilir. Uzun donem katsayisi asagidaki modeller kullanarak
modellenebilir.
BiST= oy +B;BIST._;+B,TUFE,_;+&, (9)
BiST= oty +B,BIST,_; +B,TEFE,_, +&, (10)
Degiskenler arasi uzun donem iliskisi belirlendikten ve test edilen parametreler arasi uzun periyot
iliskisine dair katsayilar modellendikten sonra ARDL yénteminin bir sonraki stireci olan kisa dénem
iliskisine dair katsayilar ve olasilik degerlerinin modellenmesidir. Bu dogrultuda degiskenler arasinda
uzun doénemli iliskileri tespit etmek igin olusturulan regresyon denklemi kalintilarinin agiklayici
parametreler olarak dahil edildigi bir hata diizeltme modeli olusturularak kisa donem iliskisine dair
katsayi ve olasilik degerlerinin yaninda modelin ¢alisip ¢alismadigini yani anlamli olup olmadigini
gosteren hata diizeltme terimi de tahmin edilir. Degiskenler arasi kisa dénemli dinamik modeller
asagidaki sekillerde ifade edilebilir.
ABIST= oty +3K | 81; ABIST,_; +3X ; 8,;A TUFE,_; +858ct,_; +& (11)
ABIST= oty +3 K, 81; ABIST,_; +35; 8,;A TEFE_; +838ct_; +& (12)
Burada ect_;:: bir donem gecikmeli hata diizeltme terimi, § ise denklemde diizeltme hizini 6lgme
katsayisini temsil etmektedir.
Hata dizeltme terimi modelin kisa donem katsayilarini verir. Eger hata diizeltme modeli
calismiyorsa kurulan model anlamsizdir. Modelin ¢alismasi icin hata diizeltme modelinin katsayisi
1’den kiguk, isareti (-) ve olasilik degeri anlamli olmalidir. Hata diizeltme katsayisi es butilinlesik
degiskenler arasinda uzun dénemde bir sapma oldugunda bu degiskenlerin tekrar birbirine yaklasip
yaklasmadigini gosteren bir katsayidir (Ibrahim&Agbaje,2013:152-154; Gonill(i,2020:228-229).
2.2. Arastirma Bulgulari ve Tartisma
Calismanin bu kisminda analiz edilen degiskenlerin sirasiyla tanimlayici istatistikleri, korelasyon
dereceleri, fiyat serisi grafikleri, birim kok, nedensellik, ARDL sinir testi ve tanisal test sonugclari
sunulmustur.
2.2.1. BiST100, TUFE ve TEFE Degiskenlerinin Tanimlayici istatistikleri Sonuglari
Tanimlayici istatistikler incelenen degiskenlere iliskin serilerin normal dagilim gosterip
gostermedigini belirlemek acisindan énemlidir. Bu nedenle BiST100, TUFE ve TEFE parametrelerine
ait ayhk fiyat serilerine iliskin tanimlayici istatistikler hesaplanmistir.
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Tablo 1. BiST100, TUFE ve TEFE Degiskenlerinin Tanimlayici istatistikleri

BIST100 TUFE TEFE
Ortalama 6.5584 5.4966 18.310
Ortanca 6.6210 5.4435 18.264
Maksimum 7.5270 6.5322 19.465
Minumum 5.4817 4.8168 17.586
Std sapma 0.4184 0.4302 0.4647
Carpikhk -0.2767 0.3738 0.3702
Basikhk 2.6980 2.1367 2.1426
Jarque Berra 3.1796 10.435 10.268
Olasihk 0.2039 0.0054 0.0058

Gozlem 192 192 192

Tablo 1, getiri serileri icin ©zet istatistikleri raporlamaktadir. Jarque Berra istatistigi olasilik
degerlerinin TUFE ve TEFE degiskenleri icin 0.05’ten kiiciik cikmasi fiyat serilerinin normal
dagilmadigi, BiST100 icin ise 0.05’ten biiyiik olmasi serilerin normal dagihm gosterdigi seklinde
yorumlanabilir. Fiyat serilerinin normal dagilimi igin dnemli katsayilar olan egiklik, basiklik ve Jarque
Berra istatistigi olasilik degerlerinin TUFE ve TEFE degiskenleri icin normal degerlerin altinda ¢ikmasi
fiyat serilerinin normal dagihm gdstermedigini gdstermektedir. Egikligin BiST100 icin (-0.27) degeri
ile sola, TUFE ve TEFE icin (0.37) degerleri ile saga dogru oldugu goériilmektedir. TUFE ve TEFE serileri
pozitif carpikhga sahiptir ve bu da dagilimin uzun bir sag kuyruga sahip oldugunu gostermektedir.
Diger taraftan hisse senedi getiri serileri negatif ¢arpikliga sahiptir ve bu da dagilimlarin uzun bir sol
kuyruga sahip oldugunu géstermektedir. Ayrica BiST100 icin carpiklik katsayisinin negatif (-) cikmasi
zararin kardan daha cok diger bir ifade ile negatif getirilerin pozitif getirilerden daha fazla oldugu
seklinde yorumlanabilir.

2.2.2. BiST100 ile TUFE ve TEFE Arasindaki Korelasyon

Arastirmanin amaci ve icerigi agisindan dnem arz eden BiST100, TUFE ve TEFE arasindaki iliski
derecesini tespit etmek amaciyla ilgili degiskenlerin aylik logaritmik fiyatlari kullanilarak korelasyon

matrisi dizenlenmistir.
Tablo 2. BiST100, TUFE ve TEFE Arasindaki Korelasyon Matrisi Sonuglari

Degiskenler BiST TUFE TEFE
BIST 1
TUFE 0.90722568 1
TEFE 0.91103451 0.99862524 1

Tablo 2’te korelasyon matrisi incelendiginde BiST100 ile TUFE ve TEFE degiskenleri arasinda sirasiyla
0.90 ve 0.91 degerleriyle yiiksek korelasyonun olmasi BiST100 endeksinin bu degiskenlerle iliskisinin
glicli oldugunu gostermektedir.

2.2.3. BiST100, TUFE ve TEFE Degiskenlerinin Fiyat Serisi Grafikleri

Piyasa dalgalanmasi, asagi veya yukari dogru fiyat degisimlerinin sikligi ve buylkliglidur. Fiyat
degisimleri ne kadar blylik ve sik gerceklesirse piyasanin o kadar degisken oldugu kabul

65



ibrahim Halil UCAR & Erkan ALSU

edilmektedir. BiST100, TUFE ve TEFE degiskenlerine ait aylik fiyat degisimlerinin egilimleri grafiklerle
incelendiginde degiskenlere ait serilerin duragan olmadiklari sdylenebilir.
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Sekil 1. BIST100, TUFE ve TEFE Degiskenlerinin Fiyat Serisi Grafikleri

Sekil 1’de Fiyat grafikleri incelendiginde BiST100 fiyat serilerinde 2008, 2013, 2016 ve Covid19
donemlerinde asagi dogru kirilmalar olmasina ragmen uzun dénemde artis gosteren bir trend egilimi
gosterdigi gorilmektedir. TUFE ve TEFE fiyat serilerinin ise siirekli artis gdsteren bir trend egilimi
gosterdigi gortlmektedir.

2.3. Birim Kok Testi Sonuglari

Analiz kapsaminda incelenen BiST100, TUFE ve TEFE degiskenlerine ait fiyat serilerinin duraganligi
diger bir ifade ile birim kokleri ADF ve PP birim kok testleri ile arastiriimistir. Calismada kullanilan
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Hy= seride birim kdk vardir, H;= seride birim kdk yoktur biciminde kurulan hipotezlerin gegerliligi
hem seviye degerleri hem de birinci farklari alinarak yapilan birim kok testleriyle arastirilmistir.

Tablo 3: Genisletilmis Dickey&Fuller Testi Sonuglari

Seviye
Sabitli Sabit&Trendli
t istatistigi Olasilik t istatistigi Olasilik
BiST100 -0.4122 0.9033 -3.092 0.1218
TUFE 2.9794 1.0000 3.0891 1.0000
TEFE 2.8981 1.0000 2.3887 1.0000
1.FARK
BiST100 -13.7793 0.0000 -13.8062 0.0000
TUFE -5.5333 0.0000 -6.0974 0.0000
TEFE -5.7383 0.0000 -6,2887 0.0000
Tablo 4: Phillips&Perron Testi Sonuglari
Seviye
Sabitli Sabitli&Trendli
tist Olasihk tist Olasihk
BiST100 -0.4178 0.9024 -3.1913 0.0893
TUFE 3.6422 1.0000 2.9902 1.0000
TEFE 3.2933 1.0000 2.6816 1.0000
1.FARK
BiST100 -13.7799 0.0000 -13.8061 0.0000
TUFE -5.3501 0.0000 -5.7662 0.0000
TEFE -5.7383 0.0000 -6.3071 0.0000

Tablo 3 ve 4 incelendiginde analiz kapsaminda incelenen degiskenlere ait serilerin diizey degerleri
ile birim kok icerdikleri ve rastgele yiriyis hipotezine gore hareket ettikleri gérilmektedir. Fiyat
serilerinin birincil farklari alindiginda degiskenlerin %1 6nem seviyesinde duraganlastiklari ve birim
kok icermedikleri saptanmistir.

2.4. Toda Yamamato Testi Sonuglari

Calismada BiST100, TEFE ve TUFE arasindaki nedensellik Toda Yamamato testi ile incelenmis ve elde

edilen sonuclar %5 6nem seviyesine gore degerlendirilmistir.
Tablo 5. Toda Yamamoto Nedensellik Testi Sonuglari

.. . Ki Kare Test . .. .
Degiskenler dmax k Hipotez S Ki Kare Degeri Nedensellik
Istatistigi
TUFE 1 3 TUFE->BIST100 11.9461 0.0025 VAR
BiST100->TUFE 4.1827 0.1235 YOK
TEFE 1 3 TEFE->BIST100 12.3509 0.0020 VAR
BiIST100->TEFE 3.9447 0.1391 YOK

Tablo 5 incelendiginde TUFE ve TEFE’den BiST100’e dogru %1 anlamhlik diizeyinde tek yonli
bir nedensellik saptanirken, BiST100’den TUFE ve TEFE’ye dogru %5 dnem seviyesinde anlaml bir
nedensellik tespit edilememistir. Toda Yamamoto testi sonuglarina gére TUFE ve TEFE gibi iki dnemli
enflasyon degiskeninin BiST100 endeksini anlamli bir sekilde etkiledigi fakat BIST100’iin enflasyon
Uzerinde herhangi bir anlamli etkisinin olmadigi sonucuna varilabilir.

2.5. BiST ile TUFE Arasi ARDL (1,0) Modeli ile Tahmin Edilen Es biitiinlesme Testi Sonuglari
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BIST100 ile TUFE arasindaki es biitiinlesme derecesi ARDL sinir testi (1,0) modeli ile modellenmeden
icerisinde sabit ve hata teriminin oldugu; BISTy = @y + a; TUFE, + &, seklinde dogrusal bir denklem

kurulmustur.
Tablo 6. ARDL (1,0) Modeli ile Tahmin Edilen F istatistigi ve Kritik Degerler

Model K M Fist Onem Seviyesi Alt Sinir Ust Sinir
%10 4.04 4.78
ARDL (1,0) 2 8  5.485237 %5 4.94 5.73
%1 6.84 7.84

Not: M, Maksimum gecikme uzunlugu, K: Agiklayici parametre sayisini temsil etmektedir.
Tablo 6’da BIST100 ile TUFE arasindaki uzun dénem iliski derecesini gésteren ARDL (1,0) sinir testi
ile hesaplanan F istatistigi ve kritik degerler incelendiginde ARDL modeli ile hesaplanan F
istatistiginin Paseran vd tarafindan %1 ve %5 6nem diizeyi icin belirlemis olduklari Gst kritik
degerlerin tamamindan disiik olmasi nedeniyle degiskenler arasi uzun dénem iliskisinin olmadigini
sdyleyen sifir hipotezi kabul edilmektedir. Bu sonug BiST100 ile TUFE endekslerinin uzun dénemde
es bitlnlesik olmadigi anlamina gelmektedir.

Tablo 7. ARDL (1,0) Modeli ile Tahmin Edilen Uzun Dénem Katsayilari

Degiskenler Katsayi Standart Sapma t-istatistigi Olasilik
Sabit 0.0563 0.0570 0.9875 0.3244
BIST100 (-1) -0.0636 0.0195 -3.2634 0.0013
TUFE 0.0671 0.0247 2.7108 0.0072

Tablo 7’de degiskenlere ait uzun dénem katsayilari incelendiginde BiST100’iin uzun dénemde kendi
gecikmeli degeri ile %1 anlamlilik diizeyinde istatiksel olarak anlamli fakat negatif yonde, TUFE ile
ise pozitif bir uzun dénem iliskisine sahip oldugu goriilmektedir. Sonuclara gore TUFE’deki %1’lik bir
degisimin BIST100’li (0.067116) oraninda pozitif ydnde etkiledigi tespit edilmistir.

Tablo 8. ARDL (1,0) Modeli ile Tahmin Edilen Hata Diizeltme Katsayilari

Degiskenler Katsayi Standart sapma T istatistigi Olasihk
Sabit 0.0563 0.0141 3.9676 0.0001
Hata diizeltme katsayisi -0.0636 -0.0191 -3.3195 0.0011

Tablo 8 incelendiginde ARDL (1,0) modelinin hata diizeltme katsayisi negatif ve istatistiksel olarak %1
anlamlilik diizeyinde anlamlidir. Bu durum hata diizeltme modelinin sorunsuz isledigini, modelin
anlamli oldugunu gostermektedir. Modelde hata diizeltme teriminin (-0.063699) olmasi kisa
donemdeki sapmalarin (-0.063699) ddnem sonrasi tekrar uzun doénem dengesine ulastigini
gostermektedir.

Tablo 9. ARDL (1,0) Modelinin Tanimsal Test Sonuglari

RZ2 - 0.046689 XZom 0.444407 (0.6418)
Diizeltilmig R? ~ 0.042452 X2 e 1.688664 (0.1951)
F istatistigi 2
(Olasiik] 11.01945 (0.001052) X2 rque Berra 13.28530 (0.001304)
Durbin Watson™ 2.043984 X&amsey Reset 2.267619 (0.1335)
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Tablo 9’da ARDL (1,0) modelinin tanimsal test sonuclari sunulmustur. Modelin bitlindniin anlamlilig
hakkinda bilgi veren F istatistigi degerinin pozitif ve anlamh oldugu gorilmektedir. Serilerin
duraganhgi hakkinda bilgi veren Durbin Watson istatistiginin 2.043984 ile 2’ye yakin bir deger almasi
serilerin birim kok icermeyebilecegini yani duragan olabileceklerini isaret etmektedir. R? ve
ayarlanmis R? degerleri parametrelerin BiST100’deki degisimi sirasiyla % 0.046689 ve % 0.042452
oraninda acikladigini géstermektedir. Breuch-Godfrey LM serisel korelasyon, ARCH varyans ve
Ramsey Reset testleri olasilik degerlerinin sirasiyla 0.6418, 0.1951 ve 0.1335 olduklari
gortlmektedir. Olasilik degerlerinin 0.05’ten blyik ¢ikmasi modelde degisen varyans ve
otokorelasyon ve model kurma hatasinin olmadigi géstermektedir. Jarque Berra normallik testinin
olasilik degerinin 0.001304<0.05’ten kiiclik cikmasi serilerin normal bir sekilde dagiimadigini

gostermektedir.
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Sekil 2. CUSUM ve CUSUMSQ Grafikleri (BiST100 ve TUFE)

Sekil 2’de degiskenlerin istikrar sartini yerine getirip getirmediklerini test etmek icin yapilan CUSUM
ve CUSUMSQ testlerinden elde edilen grafikler incelendiginde BIST100 ile TUFE arasindaki etkilesimi
tespit etmek igin yapilan ARDL sinir testi ile tahmin edilen parametrelere ait uzun periyot
katsayilarinin CUSUM grafiginde %5 anlamhlik diizeyinde ve %95 gliven araligini gésteren kirmizi
kesikli cizgilerin icinde hareket ettigi ve herhangi bir yapisal kirllmanin olmadigl ve parametre
tahmininin istikrar kosulunu sagladigi gorilmektedir. CUSUMSQ testinde kirmizi kritik cizgileri asan
eylemler degiskende ya da oynaklikta olusan bir istikrarsizligl isaret etmektedir. Kirmizi kritik
gizgilerin Uzerinde ya da kirmizi kritik degerleri asan kirilmalar modelde bir yapisal kirilma olarak
tespit edilmektedir. Modelde CUSUMSQ testi ile tespit edilen yapisal kirilma tarihleri hem BiST100-
TUFE hem de BiST100-TEFE grafiginde 2008Q2 ile 2015Q3 arasi ddnem olarak tespit edilmistir.
2.6. BiST ile TEFE Arasi ARDL (1,0) Modeli ile Tahmin Edilen Es biitiinlesme Testi Sonuglari
BIST100 ile TEFE arasi es biitiinlesme iliskisi ARDL (1,0) modeli sinir testi ile hesaplanan F istatistigi
degeri baglaminda incelenmis ve %5 6nem seviyesinde degerlendirilmistir. Elde edilen sonuglar
asagidaki Tablo 10’da gosterilmistir.

Tablo 10. ARDL (1,0) Modeli ile Tahmin Edilen F istatistigi ve Kritik Degerler

K M Fist Onem Seviyesi Alt Sinir Ust Sinir
%10 4.04 4.78
ARDL (1,0) 8 5.216501 %5 4.94 5.73
%1 6.84 7.84

Not: M; maksimum gecikme uzunlugu, K aciklayici degisken sayisini temsil etmektedir.
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Tablo 10’da BiST100 ile TEFE arasi uzun dénem iliskisi incelendiginde degiskenler arasi uzun dénem
etkilesimini gdsteren F istatistigi degerinin Paseran, Shin ve Smith’in %5 ve %1 6nem seviyesi igin
belirlemis olduklari degerlerin st sinirlarindan kiigiik cikmasi nedeniyle (5.21<5.73 ve 7.84) BiST100
ile TEFE arasinda es bitiinlesme yoktur diyen sifir hipotezi kabul edilmektedir. Bu durumda BiST100
ile TEFE’nin esbitiinlesik olmadigl sonucuna varilabilir. Dolayisiyla BIST100 ve TEFE endekslerinin

birbirinin alternatifi olmadiklarini séylemek mimkindur.
Tablo 11. ARDL (1,0) Modeli ile Tahmin Edilen Uzun Dénem Katsayilari

Degiskenler Katsayi Standart Sapma t-istatistigi Olasihk
Sabit -0.683181 0.309456 -2.207680 0.0283
BIST (-1) -0.060213 0.018926 -3.181482 0.0017
TEFE 0.059280 0.022700 2.611462 0.0096

Tablo 11’de ARDL (1,0) modeli elde edilen BiST100 ile TEFE arasindaki uzun dénem iliskisine ait
katsayilar ve olasilik degerleri sunulmustur. Degiskenlere ait uzun dénem katsayilari incelendiginde
BIST100’lin TEFE ile ise %1 anlamhlik diizeyinde uzun dénemde pozitif bir iliskiye sahip oldugu
gorilmektedir. Sonuglara gére TEFE’deki %1’lik bir degisimin BiST100’{i (0.059280) oraninda pozitif
yonde etkiledigi tespit edilmistir.

Tablo 12. ARDL (1,0) Modeli ile Tahmin Edilen Hata Dlizeltme Katsayisi

Degiskenler Katsayi Standart Sapma t- istatistigi Olasilik
Sabit -0.6831 0.2149 -3.1784 0.0017
Hata Diizeltme Katsayisi -0.0602 0.0186 -3.2372 0.0014

Hata diizeltme aygitinin galismasi igin kosul hata diizeltme katsayisinin negatif ve istatiksel olarak
anlamli olmasidir. ARDL (1,0) modeli ile modellenen hata diizeltme katsayisinin kosullari sagladigi ve
cahistig gorilmektedir. Hata dizeltme terimi negatif ve anlamli ¢gikmasi parametreler arasi kisa
dénemde olusacak bir sapmanin (-0.060213) donem sonra tekrar uzun dénem dengesine gelecegi

anlamina gelmektedir.
Tablo 13. ARDL (1,0) Modelinin Tanimsal Test Sonuglari

Rz - 0.044503 XZaim 0.452968 (0.6363)
Diizeltilmig R? 0.040256 XZRrcH 1.691522 (0.1947)
T 10.47958 )
F istatistigi (Olasilik) (0.00389) XJarque Berra 1261120 (0.0018)
Durbin Watson™ 2.044367 XRamsey Reset 2.367364 (0.1253)

Tablo 13’te ARDL (1,0) modelinin tanimsal test sonuclari goriilmektedir. Modelde R? ve diizeltilmis
R? degerleri degiskenlerin BiST100’deki degisimi sirasiyla % 0.044503 ve % 0.040256 oraninda
acikladigini gostermektedir. Modelin anlamliligini gésteren F istatistiginin pozitif ve anlamh ¢iktig
gortlmektedir. Serilerin duraganhgl hakkinda bilgi sunan Durbin Watson istatistiginin 2.044367
degeri ile 2'ye yakin bir deger ¢ikmasi serilerin birim kok icermeyebileceklerini isaret etmektedir.
Breuch-Godfrey LM serisel korelasyon, ARCH degisen varyans ve Ramsey Reset testleri olasilik
degerlerinin sirasiyla 0.6363, 0.1947 ve 0.1253 >0.05’ten biiylk ¢ikmasi modelde degisen varyans,
otokorelasyon ve model kurma hatasinin olmadigini ifade etmektedir. Ayrica Jarque Berra normallik
testinin olasilik degerinin 0.001826<0.05'ten kiguk ¢ikmasi kalintilarin normal dagiimadigini
gostermektedir. Modelde seriler normal dagilim gostermezse de otokorelasyon, degisen varyans ve
model kurma hatasinin olmamasi modelden saglanan sonuclarin gilvenilir oldugu sonucuna
varilabilir.
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Sekil 3. CUSUM ve CUSUMSQ Grafikleri (BIST ve TEFE)
CUSUM&CUSUMSQ testleri serilerin istikrar kosulunu saglayip saglamadiklarini test etmek igin
yapilir. Grafiklerde kirmizi kesikli gizgiler %95 gliven araligini géstermektedir. Diiz gizgi ise parametre
tahminlerini ifade etmektedir. BIST100 ile TEFE arasindaki etkilesim derecesini belirlemek icin ARDL
(1,0) modeli ile tahmin edilen degiskenlere ait uzun donem katsayilarinin CUSUM grafiginde kirmizi
kritik degerlerin icinde hareket ettikleri yapisal kirllmanin olmadigi gériilmektedir. Ancak CUSUMSQ
grafinde degiskenlere ait uzun dénem katsayilarinin karelerinin %95 gliven araligini gésteren kirmizi
kritik cizgiler icinde hareket etmedikleri kirilgan bir yapida olduklari ve duragan olmadiklari
gortlmektedir. Bu durum degiskenlere ait uzun doénem katsayilarinin istikrar kosulunu
saglamadiklari modelde yapisal kirilmanin oldugunu gostermektedir. CUSUMSQ grafiginde bu
yapisal kirilma tarihlerinin 2008Q2 ile 2015Q3 arasi oldugu gortlmektedir.
3. Sonug Ve Oneriler
Hisse senedi getirileri ile enflasyon gibi makroekonomik degiskenler arasindaki uzun dénem iliskisi
yatirimcilar, yabanci sermaye yatirimlari ve piyasa etkinligi acisindan cok o6nemlidir. Clink
piyasalarda islem yapan ¢ogu yatirimci hisse senedi yatirimlarini uzun vadeli yatirim olarak gérmekte
ve dolayisiyla uzun sire elde tutma egilimindedir. Dolayisiyla pay fiyatlari ile enflasyon arasi uzun
donem etkilesimi hakkinda bilgi sahibi olmak kazangli bir yatirim i¢in 6nem arz etmektedir.
Bu calismada BiST100 ile TUFE ve TEFE endeksleri arasindaki uzun dénem iliskisi ve dinamik etkilesim
arastirilmistir. Enflasyon gibi makroekonomik degiskenler isletmelerin kar orani, gelecekteki nakit
akislari, is ve Uretim faaliyetlerini etkileyerek hisse senedi fiyatini etkilemesi nedeniyle hisse senedi
piyasalar (zerinde etkili olabilmektedir. Bu amacla BiST100, TUFE ve TEFE endeksleri analiz
kapsamina alinmistir. Analiz kapsaminda incelenen BiST100, TUFE ve TEFE endekslerinin 2003 ve
2021 doénemine iliskin aylik kapanis endeks fiyatlarinin logaritmik degerleri kullaniimistir.
Arastirmada parametreler arasindaki nedensellik iliskisi Toda Yamamoto nedensellik testi ile
arastirilmistir.
BiST100 ile TUFE ve TEFE endeksleri arasindaki uzun dénem iliskisinin tespit edilmesinde Paseran,
Shin ve Smith’in katkilariyla daha 6nceki es bitinlesme modellerindeki eksiklikleri gidermek igin
gelistirilen gok kullanish ve daha glivenilir sonuglar veren bir eg bitlinlesme yaklasimi olan ARDL sinir
testi tercih edilmistir. Bu model ile test edilen parametrelerin bitinlesme dereceleri ve duraganlik
durumlari dikkate alinmaksizin zaman serileri arasindaki uzun donem iliskisi arastirilabilmektedir.
Calismada kullanilan degiskenlere ait veriler TCMB veri tabanindan alinmistir. Toda Yamamoto
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nedensellik testi ile TUFE ve TEFE’den BiST100 endeksine dogru %1 énem seviyesinde tek yonlii bir
nedensellik saptanmistir.

BiST100 ile TUFE, TEFE arasindaki es biitiinlesme derecesi ARDL (1,0) sinir testi tahmin edilmis, elde
edilen F istatistik degerlerinin Paseran vd tarafindan %1 ve %5 6nem dizeyi icin hesaplanmis olan
Ust kritik degerlerin tamamindan dustik cikmasi nedeniyle degiskenlerin esbiitiinlesik olmadiklari
fakat uzun dénem katsayilari baglaminda pozitif ve anlaml bir uzun donem iliskisi icinde olduklar
tespit edilmistir. Dolayisiyla uzun dénemde TUFE ve TEFE’deki %1’lik degisimlerin BIST100’( sirasiyla
(0.067116) ve (0.059280) oranlarinda pozitif yonde etkiledigi saptanmistir. Calismada degiskenler
arasindaki es bitlinlesme iliskisinin tespit edilmesinde tercih edilen ARDL modeli ve nedensellik
testleri sonuclari hisse senedi fiyatlari ile enflasyon arasinda anlamli ve pozitif bir uzun dénem
iliskisinin oldugunu gostermektedir.

Calismada elde edilen sonuglar pay getirileri ile enflasyon degiskenleri arasinda gugli bir es
bitinlesme iliskisinin olmadigi fakat enflasyonun pay getirileri Gizerinde uzun dénemde anlamli ve
pozitif bir etkiye sahip oldugunu gdstermektedir. Bu durum enflasyonun Borsa istanbul’da yatirm
akisini etkileyen ve BiST100’de islem goéren hisse senetlerinin getirisinde fark edilen yoni ve
degisiklikleri belirleyen 6nemli bir makroekonomik degisken oldugu anlamina gelmektedir.
Dolayisiyla bu ¢alisma enflasyonun hisse senedi getirileri Gzerinde olumlu bir etkisi oldugunu
belirten Fisher hipotezinin dnermesini de dogrulamaktadir.

BIST100 ile TUFE ve TEFE degiskenleri arasindaki es biitiinlesme derecesini tahmin eden ARDL kisa
ve uzun periyot iliskilerine iliskin tanimsal testlerden ARDL modellerinde hata terimlerinin normal
dagildigi, model kurma hatasi, otokorelasyon ve degisen varyansin olmadigi, modellerle tahmin
edilen hata diizeltme katsayilarinin negatif ve anlamli oldugu saptanmistir. Dolayisiyla modellerden
elde edilen sonuglarin glvenilir oldugu ve modellerin sorunsuz galistigi sdylenebilir.

Ekonomi s6z konusu oldugunda enflasyon arz ve talep taraflarindaki uyumsuzlugun bir sonucudur.
Diger bir ifade ile toplam arzin toplam talepteki artisi karsilayamamasidir. Dolayisiyla enflasyon,
gerekli mal ve hizmetlerin arzinin artirilmasiyla kontrol altina alinabilir. Calismada elde edilen
sonuclar, ekonomistler, yatirnm analistleri ve arastirmacilar arasinda yaygin olarak kabul edilen
inanci destekler nitelikte hisse senedi fiyatlarinin enflasyonla ilgili degisimlere olumlu tepki verdigini
gostermektedir. Mevcut ¢alisma enflasyonun borsa getirileri tGzerindeki etkisine agik bir sekilde i1sik
tutmaktadir, bu nedenle fon yoneticileri, finansal piyasa diizenleyicileri ve yatirimcilar gibi piyasa
katilimcilarinin beklenen enflasyon ve beklenmeyen enflasyon hakkindaki bilgilere dayanarak iyi
portfoy kararlari almalarina yardimci olabilir. Calisma, borsa getirileri ile enflasyon arasinda ters
yonlu bir iliski oldugunu teyit etmektedir. Politika yapicilar da ekonomideki enflasyonist egilimleri
dizenlemek amaciyla ihtiyatli para politikalari olusturmak igin mevcut bulgulardan bir ipucu elde
edebilirler.
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EXTENDED ABSTRACT

The long-run relationship between stock returns and macroeconomic variables such as inflation is
very important for investors, foreign capital investments and market efficiency. This is because most
investors who trade in the markets consider stock investments as long-term investments and
therefore tend to hold them for a long time. Therefore, having information about the long-run
interaction between stock prices and inflation is important for a profitable investment.

This study investigated the long-run relationship and dynamic interaction between BIST100 and CPI
and WPI indices. Macroeconomic variables such as inflation can have an impact on stock markets as
they affect the profit rate, future cash flows, business and production activities of enterprises and
affect the stock price. For this purpose, BIST100, CPl and WPI indices were included in the scope of
the analysis. The logarithmic values of the monthly closing index prices of the BIST100, CPl and WPI
indices for the period between 2003 and 2021 were used in the analysis. In the study, the causality
relationship between the parameters was investigated by Toda Yamamoto causality test.

In determining the long-run relationship between BIST100 and CPl and WPI indices, ARDL bounds
test was prefered which is a very useful and more reliable co-integration approach developed by
Paseran, Shin and Smith to overcome the deficiencies in previous co-integration models. With this
model, the long-run relationship between time series can be investigated regardless of the degree
of integration and stationarity of the parameters tested. The data on the variables used in the study
are taken from the CBRT database. The Toda Yamamoto causality test revealed a unidirectional
causality from CPl and WPI to BIST100 index at 1% significance level.

The degree of cointegration between BIST100 and CPI, WPl was estimated using the ARDL (1,0)
bounds test, and since the F statistic values obtained were lower than the upper critical values
calculated by Paseran et al. for 1% and 5% significance levels, it was determined that the variables
were not cointegrated but had a positive and significant long-run relationship in terms of long-run
coefficients. In the long run, 1% changes in CPl and WPI positively affect BIST100 by (0.067116) and
(0.059280), respectively. The results of the ARDL model and causality tests, which are preferred in
determining the cointegration relationship between the variables in the study, show that there is a
significant and positive long-run relationship between stock prices and inflation.

The results of the study show that there is no strong cointegration relationship between equity
returns and inflation variables, but inflation has a significant and positive effect on equity returns in
the long run. This implies that inflation is an important macroeconomic variable that affects
investment flows in Borsa Istanbul and determines the direction and changes in the returns of stocks
traded in BIST100. Therefore, this study also confirms the premise of the Fisher hypothesis, which
states that inflation has a positive effect on stock returns

In the ARDL models that estimate the degree of co-integration between BIST100 and CPl and WPI
variables, it is found that the error terms in the ARDL models are normally distributed, there was no
model fitting error, autocorrelation and changing variance, and the error correction coefficients
estimated by the models were negative and significant. Therefore, it can be said that the results
obtained from the models are reliable and the models run smoothly.

When it comes to the economy, inflation is the result of a mismatch between the supply and
demand sides. In other words, it is the inability of aggregate supply to meet the increase in aggregate
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demand. Therefore, inflation can be controlled by increasing the supply of necessary goods and
services. The results of the study support the widely accepted belief among economists, investment
analysts and researchers that stock prices respond positively to changes in inflation. The current
study clearly sheds light on the impact of inflation on stock market returns, so it can help market
participants such as fund managers, financial market regulators and investors to make good
portfolio decisions based on information about expected inflation and unexpected inflation. The
study confirms that there is an inverse relationship between stock market returns and inflation.
Policy makers can also take a cue from the present findings to formulate prudent monetary policies
to regulate inflationary trends in the economy.
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SERMAYE PiYASASI KANUNU’NUN 106. MADDESINDE DUZENLENEN BIiLGi SUISTIMALI SUCU
Giris
Sermaye piyasasinda yapilan islem sayisi her gecen giin artmaktadir. islem yapan kisiler; ilk bakista
ekonomik cikarlari dogrultusunda emir veren, alim — satim yapan kisiler olsalar da s6z konusu
kisilerin arasinda piyasa manipilasyonlari yapanlar ya da piyasanin giivenilir sekilde calismasini
engelleyen kisiler de bulunmaktadir ve bu durum da giin gectikce artma egilimi gostermektedir.
Dogal bir sonuc¢ olarak bu durumla micadele etme ihtiyaci da artmistir ve Sermaye Piyasasi
Kanunu’nda (SerPK) éngorilen hiikimler ile bu manipdlatif eylemler sug olarak diizenlenmistir.
Yirirlakteki 6362 sayili SerPK’de iki temel sermaye piyasasi sugu diizenlenmistir. Bu suglar; bilgi
suiistimali ve manipilasyon sucudur. Bu calismada da sermaye piyasasi suclarindan bilgi suistimali
sugu; sucun konusu, faili, magduru, maddi ve manevi unsurlari, ortaya cikis bicimleri, muhakeme ve
yaptirimi ve zamanasimi basliklari altinda incelenecektir.
1. Bilgi Suistimali Sugunun Genel Esaslari
Bilgi suistimali sugunun olusmasina neden olan durum, piyasay etkileyebilecek énemli bir bilginin
kamuya duyurulmasindan 6nce, bu bilgi sayesinde bir islem vyapilarak kar ya da kazang
saglanmasidirl. Zira piyasa degerinin etkilenebilecegi her turli bilgi halka duyurulmak zorundadir.
Bu husus, gliven unsuru temeline kurulmus olan sermaye piyasasi i¢cin 6nemlidir. SerPK’de hiikiim
altina alinmis olan bilgi suistimali sugundaki ekonomik anlamda temel unsur, tGzerinde genel olarak
alim —satim emri verilebilecek mal varhgi degerleri hakkinda birinin 6nceden daha fazla bilgiye sahip
olmasidir.
1.1. Konu
1.1.1. Hukuki Konu
Bilgi suistimali sugunun diizenlenisi ile korunmasi amaglanan hukuki menfaat; piyasada islem yapan
her kimsenin firsat esitligine sahip olmasi, piyasasin giivenilirliginin korunmasi, piyasanin diizenli ve
duzgin bicimde islemesidir?2. Nitekim su¢ normunun dizenlenis sekline ve dizenlendigi yere
bakildiginda, bilgi suistimali sucunun hukuki konusunun piyasanin diizenli ve diizglin bicimde faaliyet
gbstermesindeki toplum menfaati oldugu ortaya cikacaktir3.
1.1.2. Maddi Konu
Bilgi suistimali sugunda hareket; alim — satim emri, emir degisikligi ya da emir iptali gibi islemler
oldugundan, bu islemler sermaye piyasasi araglari tzerinde yapilabilmektedir®. Dolayisiyla bilgi
suistimali sucunun maddi konusunu sermaye piyasasi araclari olusturmaktadir®. Ogretide bu sucun
maddi konusunun sermaye piyasasi araclari degil, bilgi oldugu ydoniinde de gorisler bulunmaktadir®.
1.2. Magdur
Sucun magduru ya da diger bir ifadeyle sugun pasif sljesi; ceza normunda sucun hukuki konusunu
olusturmakta olan ve norm ile korunmakta olup da sug tarafindan ihlal edilen, hukuki varlik ya da

|u

1 Gundogdu, Aysel. “Tiirk Sermaye Piyasasinda Bilgi Suistimali ve Piyasa Dolandiriciligi Sugu Diizenlemelerinin irdelenmesi” , Maliye
Finans Yazilari, Y1l 2017, Sayi1 108, s. 13.

2 Okuyucu Erglin, Glines. “Bilgi Suistimali Yasaginin Muhatabi”, Banka ve Ticaret Hukuku Dergisi, Yil 2021, Cilt XXXVII, Sayi 1, s. 8.

3 Okuyucu Ergiin, s. 8.

4 Duman, Buminhan. “Tiirk Sermaye Piyasasi Hukukunda Bilgi Suistimali (iceriden Ogrenenlerin Ticareti) Sugu”. Kirikkale Hukuk
Mecmuasi 2 (2022 ), s. 393.

5 Okuyucu Ergiin, s. 22.

6 Arslan, Cetin. — Ozdemir, Didar. Tiirk Ceza Hukukunda Bilgi Suistimali Sucu, International Conference On Eurasian Economies,
Session 2D: Hukuk, 2018, s. 406.
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menfaatin sahibi ya da hamilidir’. Bu nedenle sucun magduru kavraminin tanimi, sucun hukuki
konusu ile iligki igindedir. Bilgi suistimali suguna viicut veren islemin niteligi hakkinda bilgisi veya
haberi olmayan ve bu bilgisizlik ve habersizlik icerisinde piyasada islem yapan gercek veya tizel
kisiler, bilgi suistimali sucunun magduru olacaklardir?.

Bilgi suistimali sucunun magdur sayisi, kamuya agiklanmayan esasli bilginin ne kadar cok kisiye
ulastigiyla dogru orantilidir®. Diger bir deyisle, sermaye piyasasinin kamusal niteliginden dolays,
piyasanin etkin sekilde islerlik gbstermesine ve glivenilirligine dair menfaati olanlar ve dolayisiyla
toplum, bu sucun magdurudur®®. Sé6z konusu su¢ sebebiyle menfaatleri dolayli bicimde zarara
ugrayan kimseler, suctan zarar géren sifatini tasiyacaklardirt?.

1.3. Fail

Sucun faili ya da diger bir ifadeyle sucun aktif sijesi; ceza hukukunda hukuka aykiri fiili gerceklestiren
gercek kisidir'?. Her sucun bir faili olmakla birlikte'3, 6zgii suclar olarak ifade edilen bazi sug
tiplerinde ise sugun islenebilmesi igin failin, o sugun kanuni diizenlemesinden kaynaklanan 6zel bir
sifatinin olmasi gerekir'#. Bilgi suistimali sugu, bir 6zgl suc olmayip herkes tarafindan islenebilen bir
suctur®.

SerPK md. 106 hikminde bilgi suistimali sucunun failinin kimler olabilecegi yazilmistir. Anilan
diizenlemeye gore; “a) ihraggilarin veya bunlarin bagli veya hdkim ortakliklarinin yéneticileri, b)
ihraggilarin veya bunlarin bagh veya hékim ortakliklarinda pay sahibi olmalari nedeniyle bu bilgilere
sahip olan kisiler, c) is, meslek ve gérevlerinin icrasi nedeniyle bu bilgilere sahip olan kisiler, bu
bilgileri sug islemek suretiyle elde eden kisiler, d) sahip olduklari bilginin bu fikrada belirtilen nitelikte
bulundugunu bilen veya ispat edilmesi hélinde bilmesi gereken kisiler” bilgi suistimali sucunun faili
olabileceklerdir?®.

Sucun faili olacak olan icerden 6grenen kisinin kim olabilecegi ikili bir ayrima tabi tutulmustur®’. Bu
ayrima gore, isi veya meslegi ya da statlsi uyarinca dogrudan erisme imkani ile icerden bilgi
ogrenenler birinci derece icerden 6grenen olmaktadir. Bilgiye dogrudan erisme imkani olmamasina
ragmen icerden bilgi 6grenenler ise ikinci derece icerden 6grenen kisi olarak tanimlanmistir. icerden
ogrenen sifati, 6gretide anildigi sekilde ayrima tutulsa da SerPK md. 106 hiikm uyarinca verilecek

7 Toroslu, Nevzat. Clirimlerin Tasnifi Bakimindan Sugun Hukuki Konusu, Savas Yayinevi, Ankara, 2019, s. 56; Hafizogullari, Zeki. —
Ozen, Muharrem. Tiirk Ceza Hukuku Genel Hiikiimler, US-A Yayincilik, 11. Baski, Ankara, 2018, s. 208; Toroslu - Toroslu, s. 114; Orhan,
Ugur. “Manipilasyon (Piyasa Dolandiriciligl) Sugu”, DEUHFD, 2021; 23(2), s. 1646; Katoglu, Tugrul. “Ceza Hukukunda Sugun Magduru
Kavraminin Sinirlari”, AUHFD, C. 61, S. 2, Y. 2012, s. 657 vd.

8 Arslan, Abdullah. Sermaye Piyasasi Hukukunda icerden Ogrenenlerin Ticareti, AUSBE, Yayimlanmis Doktora Tezi, Ankara, 2021, s.
235.

9 Arslan, s. 235.

10 Arslan — Ozdemir, s. 407.

11 Usluadam, Asena Kamer. “Bilgi Suistimali Sugu”, Anadolu Universitesi Hukuk Fakiiltesi Dergisi, 5 / 1 (Kasim 2019), s. 238; Ugras,
Dilek Ozge. “Bilgi Suistimali Sucu (igeriden Ogrenenlerin Ticareti Sugu)”, TAAD, Yil: 12, Sayi: 47, 2021, s. 469.

12 poktrinde hakim gériis tiizel kisilerin cezai sorumluluk altinda olmadigini kabul etmektedir. Bu yénde bkz. Hafizogullari — Ozen, s.
375-376; Centel, Nur. — Zafer, Hamide. — Cakmut, Ozlem. Tiirk Ceza Hukukuna Giris, Beta, 11. Baski, istanbul, 2020, s. 253; Toroslu -
Toroslu, s. 107. Aksi yonde bkz. Yalgin, Tirkan. — Koprdll, Timugin. Ceza Hukuku Genel Hikimler Uygulamali Calismalari. Savas
Yayinevi, Ankara, 6. Baski, 2019, s. 156.

13 Hafizogullari — Ozen, s. 373; Toroslu, s. 55.

14 Ozbek, Veli Ozer. Ekonomi Ceza Hukuku Birinci Kitap Genel Hiikiimler, Seckin Yayincilik, 3. Baski, Ankara, 2021, s. 67; Toroslu, s. 54.
15 Okuyucu Ergin, s. 18 vd.

16 Kanuni duzenlemede fail olarak sayilan kisilerin sinirli sayida sayilmadigi, bu kisilerin 6rnek niteliginde olup somut olayin
ozelliklerine gore kanunda sayillmis 6rnekler disindaki kisilerin de sugun faili olabilecegine dair gorUsler igin bkz. Memis, Tekin. —Turan,
Gokgen. Sermaye Piyasasi Hukuku, Segkin Yayincilik, 6. Baski, Ankara, 2022, s. 216; Arslan, s. 234;

17 Arslan, s. 234.
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cezada, icerden 0Ogrenenin birinci derece ya da ikinci derece olmasinin bir 6nemi
bulunmamaktadir®,

2. Sugun Unsurlari

2.1. Maddi Unsur

2.1.1. Davranis

Bilgi suistimali sucunun hangi hareketlerle ortaya cikacagi SerPK md. 106’da diizenlemistir. Bu
baglamda, sermaye piyasasi araglari igin alim — satim emri, emir degisikligi ya da emir iptali gibi
islemler ile kendine veya bir baskasina menfaat saglandiginda, bilgi suistimali suguna viicut verilmis
sayllmaktadir’®. S6z konusu sug, SerPK md. 106’nin lafzindan anlasildigina gére farkli bicimlerde de
gerceklesebilecektir. Diger bir ifadeyle SerPK md. 106 hiikm{, bilgi suistimali sugunun olusumunda
secimlik hareketler éngdérmiuistiir?°.

S6z konusu hareketlerden bir tanesinin ya da bunlardan bazilarinin yapilmasiyla sug islenebilir; ancak
birden fazla secimlik hareketle sucun islenmesi, sucun tekligini degistirmeyecektir?l. Dolayisiyla
SerPK md. 106 hikminde sayilan segimlik hareketlerden birinin ya da birden fazlasinin
gerceklesmesi sadece bir kez bilgi suistimali sucu islenmis olacaktir??.

Ornegin, icerden 6grenilen bilgi ile bir pay senedi satin alindiginda ve s6z konusu pay senedinin
degeri belirli bir seviyeye geldikten sonra satildiginda iki ayri su¢ olusmayacaktir?3. Bilgi suistimali
sugu, sadece SerPK’da diizenlenmis olan hareketlerle islenebilecektir. Bu anlamda sugun bagh
hareketli bir su¢ oldugu séylenebilir?*.

2.1.2. Netice

Bilgi suistimali sucunun tamamlanabilmesi icin sug ile menfaat elde edilmesi gerekmektedir?. Sugun
neticeli bir su¢ oldugu ve netice icin bir menfaatin ortaya ¢cikmasi kosulu belirlendiginde, s6z konusu
menfaat ortaya ¢ikmadigl hallerde, kisi hakkinda tesebbis hiikiimlerinden sorumluluguna gidilmesi
ihtimali ortaya c¢ikabilecektir?®.

Suc¢ sonucunda elde edilmesi gereken menfaat, sadece failin kendi namina elde ettigi maddi bir
menfaat degil; ticlincii kisi yararina elde edilen bir menfaat de olabilir?’. Bilgi suistimali neticesinde
herhangi bir zarardan kurtulma durumu ortaya cikmissa, bu husus da menfaat elde etme
kapsaminda degerlendirilecektir?.

2.1.3. Nedensellik Bagi

Bir bilginin bilgi suistimali suguna viicut verecek nitelikte icerden Ogrenilen bir bilgi olarak
degerlendirilmesi icin SerPK md. 106 hiikmiinde birtakim ozellikler 6ngorilmistir. Anilan
dizenlemeye gore “dogrudan ya da dolayli olarak sermaye piyasasi arag¢lari ya da ihraggilar

18 Usludam, s. 235.

19 Memis — Turan, s. 215; Arslan, s. 235.

20 Usludam, s. 239.

21 Hafizogullari — Ozen, s. 188.

22 Okuyucu Ergiin, s. 113.

23 Arslan, s. 235.

24 Usludam, s. 239.

25 Usluadam, s. 243.

26 Buna karsin menfaat temini, objektif cezalandirilabilme kosulu olarak degerlendirildiginde; SerPK’da diizenlenen igerden
O0grenenlerin ticareti sugu bakimindan belirlenen fiillerin icrasi sonucu menfaat temin edilemediyse sorumluluk s6z konusu
olmayacagina dair bkz. Usludam, s. 244; Arslan, s. 237.

27 SerPK md. 106; Arslan, s. 237.

28 Arslan, s. 237.
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hakkinda, ilgili sermaye piyasasi araglarinin fiyatlarini, degerlerini veya yatirnmcilarin kararlarini
etkileyebilecek nitelikteki ve heniiz kamuya duyurulmamis” bilgiler, bilgi suistimali suguna viicut
verebilecek tiirde icerden 6grenilen bilgi niteligini tasiyacaktir. Bu kategoride olmayan bilgiler, sugun
olusumu icin gereken tipiklik unsurunun gerceklesmesini onleyeceklerinden, icerden 6grenilen bilgi
sifatini tasimayacaktir®.
2.2. Manevi Unsur
Bilgi suistimali sugunun manevi unsuru, 2499 sayih milga SerPK’'nin md. 47A-1 hikmiine goére
“kendisine veya lciincii kisilere menfaat saglamak amaciyla” ifadesinden 6tuirl 6zel kastti®°. Ancak
6362 sayili SerPK’nin md. 106 hiikmiinde menfaat temini bir amac olarak diizenlenmediginden, bilgi
suistimali sucunun manevi unsuru icin genel kast yeterli olacaktir3?.
2.3. Hukuka Uygunluk Nedenlerinin Bulunmamasi

Tirk Ceza Kanunu’nun md. 24 ve devamindaki hikimlerde diizenlenen hukuka uygunluk
nedenlerinin yani sira SerPK md. 108 hikmiinde, bilgi suistimali suguna 6zel hukuka uygunluk
nedenleri diizenlenmistir. Buna gore asagidaki haller bilgi suistimali suguna viicut vermeyecektir:

“a) TCMB ya da yetkilendirilmis baska bir resmi kurum veya bunlar adina hareket eden kisiler
tarafindan para, déviz kuru, kamu borg yénetim politikalarinin uygulanmasi veya finansal istikrarin
saglanmasi amaciyla islem yapiimasi

b) Kurul diizenlemelerine gére uygulanan geri alim programlari, ¢alisanlara pay edindirme
programlari ya da ihraggi veya bagli ortakliginin ¢alisanlarina yénelik diger pay tahsis edilmesi

¢) Kurulun bu Kanun kapsamindaki fiyat istikrarini saglayici islemlere ve piyasa yapiciligina
iliskin diizenlemelerine uygun olarak icra edilmeleri kaydiyla, miinhasiran bu aracglarin piyasa
fiyatinin énceden belirlenmis bir siire icin desteklenmesi amaciyla sermaye piyasasi araglarinin alim
veya satiminin yapilmasi yahut emir verilmesi veya emir iptal edilmesi.”
3. Sugun Ortaya Gikis Bigimleri
3.1. Tesebbiis
Tamamlanmamis suglara iliskin TCK md. 35 hikmi geregince tesebbilis kurumu giindeme
gelebilmektedir. Tamamlanmayan her su¢ bakimindan tesebbis hiikiimlerinin uygulanacagini
sdylemek dogru olmamakla birlikte, bilgi suistimali sugunda tesebbiisiin cezalandirilabilecegi kabul
edilmektedir32. Sucun hazirlik ve icrai hareketleri gerceklestikten sonra, menfaat temini neticesi
olusmasa dahi, kisi hakkinda tesebbiis kurumu uygulama alani bulabilecektir33. Nitekim bilgi
suistimali sucunun kanuni diizenlemesinde yer alan menfaat elde etme; suc tipinin agirlastirici bir
nedeni degil, sucun maddi unsurunun bir parcasidir3?.
Ote yandan TCK md. 36 hitkmiinde géniillii vazge¢me kurumu diizenlemektedir. Buna gére: “fail,

29 Usluadam, s. 240. Ayrica igerden 6grenilen bir bilginin SerPK md. 106 hilkmii baglaminda, dogrudan ihraggl ya da sermaye piyasasi
araci ile ilgili olmayan; ancak, sermaye piyasalarini etkileme kapasitesine sahip bilgilerin de icerden 6grenilen bilgi olarak
degerlendirilmesi gerektigi hakkinda bkz. Arslan, s. 236. Ornegin bu gériise gore hiikiimetin uygulamaya koyacagi sermaye piyasalarini
etkileme kapasitesine sahip politikalarin uygulamaya konulmadan 6nce 6grenilmesi durumunda edinilen bilginin igerden 6grenilen
bilgi olarak degerlendirilmesi gerekmektedir.
30 (3zel kast hakkinda bkz. Hafizogullari - Ozen, s. 251 vd.
31 Karakehya, Hakan. iradilik Unsuru Baglaminda Ceza Hukukunda Kast, Ankara: Savas 2010, s. 24. Taksirli suglarin cezalandirilabilmesi
icin kanunda acikga diizenlenmeleri gerektiginden ve bilgi suistimali sugunun taksirli hali agik¢a diizenlenmediginden bu sug taksirle
islenemez.
32 Usludam, s. 248.
33 Hafizogullari - Ozen, s. 304 vd.; Toroslu - Toroslu, s. 270 vd.; Usludam, s. 248.
34 Memis — Turan, s. 216, dp. 323.
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sugun icra hareketlerinden géniillii vazgecer veya kendi ¢abalariyla sucun tamamlanmasini veya
neticenin gergeklesmesini énlerse, tesebblisten dolayi cezalandirilamamakta; fakat tamam olan
kissm esasen bir su¢ olusturdugu takdirde, sadece o suga ait ceza ile cezalandirilabilmektedir”.
Gonilla vazgecme kurumunun 6zellikleri, bilgi suistimali sucuna somut olayin 6zellikleri elverdigi
slirece uygulanabilecektir.

3.2. istirak

Soyut anlamda, bir kimsenin tek basina sugu islemek suretiyle ihlal edebilecegi bir norm, baska
kimselerle bir araya gelinerek ihlal edilmisse suca istirak s6z konusu olur3. Bilgi suistimali sucu
bakimindan da TCK’de diizenlenen istirak hiikiimleri uygulama alani bulabilecektir3®.

3.3.ictima

3.3.1. Fikri ictima

Suglarin igtimai, bilgi suistimali sugu icin gercek ictima seklinde tezahiir edebilir?’. Ozel norm-genel
norm iliskisi dikkate alinarak, bu goriinliste ¢atisma durumu ¢6ziime kavusacaktir. SerPK ile TCK
arasinda da 6zel norm - genel norm iliskisi mevcut oldugundan, anilan 6rnek suglar ydoniinden SerPK
0zel norm niteliginde olacaktir.

3.3.2. Zincirleme Sug

Zincirleme sug; birden ¢ok kez ayni sugun, ayni kisiye karsi, farkli zamanlarda, sug isleme kararindaki
birlik dogrultusunda islendigi hallerde ortaya c¢ikmaktadir3®. Zincirleme su¢, TCK md. 43’te
diizenlenmistir. Bilgi suistimali sugunun kanuni taniminda belirtilen segimlik hareketlerden birden
fazlasinin islenmesi halinde zincirleme suc hiikiimleri uygulanmayacaktir. Bu durumda tek fiil ve tek
su¢ mevcut olacaktir.

4. Muhakeme ve Yaptirim

Bilgi suistimali sugcunun sorusturulmasina iliskin hitkiim, SerPK md. 115’te3° yer almaktadir. Anilan
dizenlemeye goére SerPK’'de diizenlenmis olan suglar bakimindan sorusturma yapilabilmesi igin
Cumhuriyet Bassavciligina yazili olarak Kurul tarafindan basvurulmasi gerekmektedir. S6z konusu
basvuru, bu su¢ bakimindan muhakeme sarti olarak belirlenmistir®®. Kovusturma evresinde
uyusmazhigr gérecek olan, diger bir ifadeyle gorevli mahkeme ise SerPK md. 1164 hikmiinde

35 Detayli bilgi icin bkz. Toroslu — Toroslu, s. 322 vd; Centel — Zafer — Cakmut, s. 486 vd.

36 Hafizogullari - Ozen, s. 324 vd.; Arslan, s. 239.

37 Okuyucu Ergiin, s. 22; Ornegin “gliveni kétiiye kullanma” ya da “ticari sir, bankacilik sirri veya miisteri sirri niteligindeki bilgi veya
belgelerin agiklanmasi” sugu bakimindan, iki normun da ihlal edilmis olabilecegi ihtimali akillara gelse de bu durumdaki ¢atismanin
goriintste olduguna iliskin olarak bkz. Usluadam, s. 249.

38 Hafizogullari — Ozen, s. 360 vd.

39 SerPK m. 115: “(1) Bu Kanunda tanimlanan veya atifta bulunulan suglardan dolayr sorusturma yapilmasi, Kurul tarafindan
Cumhuriyet bassavciligina yazili basvuruda bulunulmasina baglidir. Bu basvuru muhakeme sarti niteligindedir.

(2) Basvuru tizerine kamu davasi agilmasi hélinde iddianamenin kabulii ile birlikte, bir 6rnedi Kurula teblig edilir ve Kurul ayni zamanda
katilan sifatini kazanir.

(3) Bu Kanunda tanimlanan veya atifta bulunulan suglardan dolay! yapilan sorusturmada Cumhuriyet savcisi, Kurul meslek
personelinden yararlanabilir. Bu suglardan dolayi siipheli veya tanik sifatiyla kisilerin ifadesinin alinmasi sirasinda Kurul meslek
personelinin de hazir bulunmasi saglanabilir.

(4) Bu Kanunda tanimlanan veya atifta bulunulan suglardan dolayi yapilan sorusturmada kovusturmaya yer olmadidi kararinin
verilmesi hdlinde, Kurul bu karara karsi itiraza yetkilidir.

(5) 4/5/2007 tarihli ve 5651 sayili internet Ortaminda Yapilan Yayinlarin Diizenlenmesi ve Bu Yayinlar Yoluyla islenen Suglarla
Miicadele Edilmesi Hakkinda Kanunun 8 inci maddesi, 109 uncu maddede yer alan suglar bakimindan da uygulanir.”

40 Coskun, s. 230.

41SerPK m. 116: “(1) Bu Kanunda tanimlanan veya atifta bulunulan suglardan dolayi yargilama yapmaya Hdkimler ve Savcilar Yiiksek
Kurulunun ihtisas mahkemesi olarak gérevlendirecegi asliye ceza mahkemeleri yetkilidir.”
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diizenlenmis olup bu mahkeme, asliye ceza mahkemeleridir. Ancak hangi asliye ceza mahkemesi
olacagl hususu, Hakimler ve Savcilar Kurulu’nun ihtisas mahkemesi olarak bir mahkemeyi
gorevlendirilmesiyle ¢ozlilecektir.

5. Zamanasimi

Dava zamanasimi sliresi, TCK'nin dava zamanasimi baslikl md. 66/1 hikmiinde dizenlenmistir.
Anilan normun (e) bendinde; “bes yildan fazla olmamak iizere hapis veya adli para cezasini
gerektiren suglarda sekiz yil gegmesiyle kamu davasinin diisecegi” yer alir. Dava zamanasiminin
belirlenmesinde, sucga iliskin 6ngérilen cezanin Gst sinirt géz 6ninde bulundurulur®?. Kanun
hikmiinde birden ¢ok tirde secimlik cezalarin bulundugu sug tiplerinde ise TCK md. 66/4 hikmu
uyarinca s6z konusu hikimde yer alan hapis cezasi, zamanasiminin belirlenmesinde esas
alinacaktir3,

Dava zamanasiminin durmasina iliskin olarak TCK md. 67 hikmi glindeme gelecektir. Dava
zamanasiminin durdugu hallerde, bu durmanin ne zaman son bulacagl anilan hikimde yer
almamakla birlikte, dava zamanasimi siiresinin ne zaman durmus olacagina iliskin de herhangi bir
diizenleme mevcut degildir. Ogretideki baskin goris, Savciligin yetkili mercie izin ya da karar icin
basvurdugu giinden itibaren zamanasiminin duracagi yoniundedir®4,

Bilgi suistimali sugu bakimindan, sugun islendigi tarihten itibaren zamanasimi islemeye baslar ve bu
stire Savcilik tarafindan Kurul’a sorusturma izni icin bagvuruldugu tarihte durur®. S6z konusu izin ya
da karar islemi hukuka uygun bigimde tamamlandigi tarihte ise zamanasimi kaldigi yerden islemeye
devam eder?®. Dolayisiyla TCK md. 67/1 hikmiine gére, Kurul’'un denetleme faaliyetleri kapsaminda
personelini gorevlendirdigi tarih ile SerPK md. 115 hiikmiine gore ilgililer hakkinda su¢ duyurusunda
bulunulmasina dair kararin verildigi zaman araliginda zamanasimi stiresi duracaktir’. S6z konusu
kararin verilmesiyle birlikte; bilgi suistimali sugunun islenmesi tarihinden, Kurul’un sugun islendigini
o0grendigi tarihe kadar zamanasimi suresi isleyecektir ve islendigi iddia edilen sug hakkinda Kurul’'un
karar organinca gerekli denetim ve inceleme faaliyetlerinin yapilmasi icin baslatilacak gérevlendirme
tarihinden, SerPK md. 115/1 hikmiine gore su¢ duyurusunda bulunulacak sireye kadar zamanasimi
suresi duracaktir.

6. Sonug¢

Gelisen dinyada teknolojik ilerlemeler 1s1ginda, sermaye piyasasinda yapilan islem sayisi her gegen
giin artmaktadir. islem yapan kisiler ilk bakista ekonomik cikarlari dogrultusunda emir veren, alim —
satim yapan kisiler olsalar da s6z konusu kisiler arasinda borsa maniptlasyonlari yapanlar ya da
piyasanin givenilir sekilde calismasini engelleyen kisiler de bulunmaktadir ve bu durum da giin
gectikce artma egilimi gostermektedir. Dogal bir sonug olarak bu durumla miicadele etme ihtiyaci
da artmigtir ve Sermaye Piyasasi Kanunu (SerPK) ile bu manipilatif eylemler hukuki diizenleme ile
bulusturulmustur.

42 Taner, Fahri Gékgen. Ceza Hukukunda Zamanasimi, AUSBE, Yayinlanmis Yiiksek Lisans Tezi, Ankara 2007, s. 64-68.
43 Coskun, s. 229.

4 Toroslu — Toroslu, s. 504 vd.; Taner, s. 108.

45 Coskun, s. 231.

% Taner, s. 108.

47Yarg. 5. CD’nin 26.9.2012 tarih ve E.2012/12185, K.2012/42119 (aktaran Coskun, s. 231).
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Bilgi suistimali suguna viicut veren islemin niteligi hakkinda bilgisi veya haberi olmayan ve bu
bilgisizlik ve habersizlik icerisinde piyasada islem yapan gergek veya tizel kisiler bilgi suiistimali
sugunun magduru olacaklardir. Bilgi suistimali sugu, bir 6zgl sug¢ olmayip, herkes tarafindan
islenebilen bir suctur. Bilgi suistimali sucunda hareket, alim — satim emri, emir degisikligi ya da emir
iptali gibi islemler oldugundan, bu islemler sermaye piyasasi araglari (izerinde yapilabilmektedirler.
6362 sayili SerPK md. 106 hikmd, bilgi suistimali sucunun hangi nedenlerle ortaya c¢ikacagini
diizenlemistir. Bu baglamda, sermaye piyasasi araglari i¢in alim — satim emri, emir degisikligi ya da
emir iptali gibi islemler ile kendine veya bir baskasina menfaat saglandiginda, bilgi suistimali suguna
vicut verilmis sayilmaktadir. S6z konusu sug, SerPK md. 106’nin lafzindan anlasildigi Gzere farkli
bicimlerde de gerceklesebilecektir. Diger bir ifadeyle 6362 sayili SerPK'nin md. 106 hikmu, bilgi
suistimali sucunun olusumunda secimlik hareketler 6ngérmistar.
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