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Bas Editor’den

Degerli okuyucular,

Istatistik Arastirma Dergisi, Tiirkiye Istatistik Kurumu'nun 2002 yilinda yaymnlanmaya
basladigi uluslararas1 akademik bir dergisidir.

Yayin politikasi yenilenen ve kisa bir aradan sonra Temmuz 2021’°de yeniden yaymlanmaya
baslayan Istatistik Arastirma Dergisi’nde istatistik yaninda ekonometri, yoneylem arastirmasi ve
istatistigin ara¢ olarak kullamldigi diger bilim dallarinda teorik ¢aligmalara yer verdigimiz gibi,
uygulamali orijinal ¢alismalara yer verilmektedir.

Istatistik Arastirma Dergisi’nin hedefi séz ettigimiz konularda yayimlayacagi makaleler ile
literatiire katki saglamaktir. Bu dogrultuda, derginin farkli endekslerde taranmasina yonelik
caligmalara da yer verilmektedir.

Bu sayida makaleleri ile destek veren yazarlarimiza, dergimizin bilimsel ¢izgisine yon veren
hakemlerimize, dergimizin Editérler Kuruluna {iye olmay1 kabul ederek bizi onurlandiran degerli
bilim insanlarina, desteklerinden otiirii TUIK Baskam Saymn Erhan CETINKAYA’ya ve emegi gecen
herkese tesekkiirlerimi sunarim.

Dergimizin Aralik 2023 (Cilt 13, Say1 2) sayisinin bilim diinyasina katki saglamasii diler,
bundan sonraki sayilarimiza da ilgi ve desteginizin devamin diler, saygilarimi sunarim.

Prof. Dr. Selahattin GURIS
Bas Editor
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Abstract

This study aims to determine the most effective model for forecasting volatility within the Nordic stock markets.
In this regard, the forecasting power of HAR-RV, RSV, and PS models is compared to the ARFIMA-RV model
using high frequency data for 7 Nordic stock market indices spanning from 2010 to 2019. One-day-ahead out-of-
sample realized volatility forecasts are produced using a recursive window mechanism. The out-of-sample forecast
losses are measured by the MSE and QLIKE criteria. The results indicate several noteworthy points. Firstly, the
HAR-RV (PS and RSV) models are suggested to be best performing realized volatility models over the ARFIMA-
RV model. Secondly, the separation of realized variance into positive and negative realized semivariances, which
is known as good and bad volatilities, might offer valuable financial insights in certain situations, aiding the
prediction of future realized volatility. Lastly, the results and findings are specific to market, data frequency, time
horizon, and some characteristics of data, emphasizing the importance of these factors in interpreting the findings.
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Volatilite Tahmini: Iskandinav Hisse Senedi Piyasalarindan Bulgular

Ozet

Bu calisma, Iskandinav borsalar1 igin en etkin volatilite tahmin modelini belirlemeyi amaglamaktadir. Bu
baglamda, HAR-(RV, RSV ve PS) modellerinin tahmin giicii, 2010-2019 yillar1 arasinda 7 iskandinav borsa
endeksi i¢in yiiksek frekansli veriler kullanilarak ARFIMA-RV modeli ile karsilastirilmistir. Ozyinelemeli pencere
mekanizmasi kullanilarak bir giin sonra gerceklesen drneklem dis1 volatilite tahminleri iiretilmektedir. Orneklem
dis1 tahmin kayiplari, MSE ve QLIKE kriterleri ile dl¢iiliir. Sonuglar birka¢ énemli noktaya isaret etmektedir. Tlk
olarak, HAR-RV (PS ve RSV) modellerinin, ARFIMA-RV modeline gore daha iyi performans gosteren model
grubu oldugu 6ne siiriilmektedir. Ikincisi, varyansin pozitif ve negatif yar1 varyanslara veya diger bir deyisle iyi
ve kotii varyanslara ayristirilmasi, bazi durumlarda, gelecekteki varyansin tahminine yardim eden faydali finansal
bilgiler sunabilir. Son olarak, sonuglar ve bulgular pazara, veri sikligina, zaman ufkuna ve verilerin bazi
karakteristik 6zelliklerine 6zgiidiir ve bulgularin yorumlanmasinda bu faktorlerin 6nemi vurgulanmaktadir.

Anahtar sézciikler: Volatilite, Tahmin, HAR-RV ve ARFIMA-RV, Iskandinav hisse senedi piyasalar

1. Introduction

Although numerous studies have explored volatility predictability, a consensus on the optimal forecasting model
remains elusive in the literature. Stocks, exchange rates, and crude oil constitute the most examined assets,
predominantly using GARCH family models since the 1980s. GARCH models with daily data have become
prevalent. However, the availability of minute-wise data prompted the adoption of intraday data for volatility
forecasting. Consequently, realized measures, derived from tick-by-tick data using diverse statistical formulas,
emerged as a result of these significant advancements. Corsi introduced the paradigm-shifting Heterogeneous
Autoregressive model of the Realized Variance (HAR-RV) in 2009, which has since become a prominent model
in recent volatility research.

The HAR-RV model extends standard realized volatility models, typically based on high-frequency financial data,
to incorporate lower-frequency inter-day data. This study employs HAR-RV type models for volatility forecasting
across 7 Nordic stock markets between 2010 and 2019, comparing the outcomes with the ARFIMA-RV model.
Utilizing 5-minute realized variance series derived from high-frequency data, the study generates one-day-ahead
out-of-sample volatility forecasts employing recursive windows forecasting technique. Forecast accuracy is
assessed using criteria such as MSE, QLIKE, and the conditional Giacomini-White pairwise test (2006) to
determine statistical significance in forecast errors between competing models.

The focus on Nordic stock markets stems from the region's reputation for innovation and technological
advancements, attracting successful companies particularly in biotechnology, clean energy, information
technology, and gaming. Despite this, there is a lack of empirical studies within the wider body of literature that
specifically focused on Nordic stock markets from the perspective of realized volatility. Therefore, this research
seeks to identify the most effective model for predicting volatility within these markets. The findings highlight
several key points: the superiority of HAR-RV (PS and RSV) models over the ARFIMA-RV model; the potential
insights gained from separating realized variance into positive and negative realized semivariances for predicting
future volatility; and the specificity of results based on market, data frequency, time horizon, and data
characteristics, emphasizing the importance of each contribution in the literature. These findings hold practical
implications in financial econometrics, especially in risk management, option pricing, and portfolio management,
where accurate realized volatility forecasts are essential.

This paper is organised as follows: Section 2 presents the review of related literature. In Section 3, the data and
methods used in this study are explained in more detail. Afterwards, Sections 4 gives the empirical results and
their evaluations respectively. Finally, the conclusion is presented in Section 5.
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2. Literature Review

During the 2000s, the accessibility of high-frequency data revolutionized financial volatility research. Numerous
studies, including works by Andersen and Bollerslev (1997), Andersen, Bollerslev, Diebold, and Labys (2001),
Martens and Zen (2004), Koopman, Jungbacker, and Hol (2005), Chortareas, Jiang, and Narkervis (2011), and
Sevi (2014), demonstrate that models utilizing intraday or high-frequency data notably enhance the precision of
volatility forecasts. This enhancement can be attributed to several reasons. Firstly, owing to the persistence
property of volatility, high-frequency data offer a more accurate assessment of current volatility, thus enhancing
future volatility predictions. Secondly, these data contribute to better volatility forecast evaluations by minimizing
inconsistencies in volatility model rankings. Additionally, high-frequency data aid in comprehending the dynamic
nature of financial volatility, a crucial aspect for effective modelling and forecasting.

The availability of high-frequency data prompted the use of intraday data to create more direct proxies for financial
volatility, referred to as "realized measures" or "realized variance" in this context. Studies by Barndorff-Nielsen,
Kinnebrock, and Shephard (2010), Andersen, Bollerslev, Diebold, and Labys (2003), among others, validate the
superiority of realized variance as a proxy for true volatility. As a result, realized variance has become the most
commonly used volatility measure among alternative proxies. This measure, derived from the summation of
squared intraday returns, necessitates careful consideration of the frequency interval for intraday data to ensure
accuracy. Scholarly investigations, such as those by Martens and Zein (2004), suggest that increased intraday
observation frequency leads to more precise daily volatility estimations. However, excessively high frequencies,
termed ultra-frequency data, may distort data efficiency due to microstructure noise, leading scholars like Hol and
Koopman (2002) to propose frequency intervals between 5 and 30 minutes.

Liu, Patton, and Sheppard (2015) conducted a comprehensive analysis comparing various realized measures,
concluding that surpassing the accuracy of the five-minute realized variance is challenging. Consequently, the
consensus among researchers and practitioners leans towards utilizing the 5-minute realized variance as the target
volatility. This study opts for the simple realized variance based on 5-minute squared returns for estimations.
Andersen and Bollerslev's (1998) introduction of the realized variance as a more accurate measure of true volatility
compared to daily squared returns marked a pivotal moment. Initially employed as an estimator for true volatility
assessment in volatility models' forecasting performance, the realized variance gained prominence with the
increasing availability of high-frequency data. Andersen et al. (2001, 2003) emphasized that higher data
frequencies lead to more accurate volatility forecasts. However, ultra-high frequency data may introduce
microstructure noise, destabilizing parameter estimates. Evidence from various studies, including Blair, Poon, and
Taylor (2001), Engle (2002), Andersen (2003), Koopman et al. (2005), and Bollerslev (2009), supports the notion
that high-frequency returns data outperform daily returns data in measuring true volatility.

Corsi (2009) proposed the Heterogeneous Autoregressive model of realized variance (HAR-RV) based on the
Heterogeneous Market Hypothesis, showcasing its impressive performance despite its simple structure.
Subsequent research by Andersen et al. (2011), Patton and Sheppard (2009), and Bollerslev et al. (2016)
corroborated the superior performance of the HAR-RV model. Barndorff-Nielsen, Kinnebrock, and Sheppard
(2010) introduced positive and negative realized semivariance measures derived from signed high-frequency
intraday returns. Expanding the HAR-RV model, Sevi (2014) decomposed volatility into jump and continuous
components, negative and positive realized semivariances, and incorporated the leverage effect. Patton and
Sheppard (2015) emphasized the significance of negative realized semivariance in future volatility forecasting,
advocating for an asymmetric HAR model that includes both positive and negative realized semivariances. Fang,
Jiang, and Luo (2017) highlighted the importance of decomposing only the daily component of the HAR model,
suggesting that considering all components alters the influence of explanatory variables.

Research on realized variance has become a highly explored area in forecasting volatility, particularly after
significant advancements in this field. The abovementioned studies were among the pioneers in demonstrating that
realized variance proves to be a more precise gauge of volatility when compared to squared returns. Using the data
of different financial assets many studies aim to find out the best performing volatility forecasting model. However,
the literature has still to reach a consensus. Most of the papers concentrate mainly on the stock markets, yet in the
context of single (or several) stocks or market indices. Even though stock market indices become one of the most
investigated financial assets, there is still a gap in the literature in terms of the most recent developments in the
research of tick-by-tick data such as the introduction of new models and applications of those in international
markets. Therefore, this study fills this gap in the literature by carrying out a volatility forecasting exercise within
7 Nordic stock market indices between 2010-2019.
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3. Data and Methodology

3.1. Data Description

The data used in this study is provided by the Oxford-Man Institute of Quantitative Finance Realized Library. 5-
min realized (and semi) variance series are employed for the volatility prediction of 7 Nordic stock market indices
which are Amsterdam Exchange Index, Belgium 20 Index, OMX Copenhagen 20 Index, OMX Helsinki All Share
Index, OMX Stockholm All Share Index, Oslo Exchange All Share Index, and Swiss Stock Market Index. Majority
of them consist of the indices of developed countries. The full list of index names and abbreviations is given at
Table 1. The reason of investigating Nordic stock markets is that Nordic region has a reputation for being at the
forefront of innovation and technology. The stock markets in this region have seen listings of many successful and
innovative companies, especially in sectors such as information technology, biotechnology, clean energy, and
gaming. These companies contribute to the growth and development of the Nordic stock markets and attract
investor interest.

The dataset of this forecasting exercise is the post-2007/2008 global financial crisis period. Each index covers the
period of 9 years, specifically from January 4, 2010 to October 3, 2019.* The number of observations in each index
is approximately 2400 trading days. However, total trading days in a year can differ between each countries due
to different public holidays and nontrading periods. In this forecasting exercise, the initial sample comprises
approximately one year period (330 obs. [2010-2011]), whilst the time interval of out-of-sample volatility forecasts
is 8 years (2070 obs. [2011-2019]). We arbitrarily choose the in-sample length as 330 observations considering
the length at least one year period to let the regression fit normally and obtain a longer out-of-sample period. This
is because the main objective of this work is to evaluate the out-of-sample performance of the models.

Table 1. The full list of index names and abbreviations

Symbol Name Mean St. Dev. Skew.  Ex. Kur.
AEX Amsterdam Exchange Index 7.23E-05 0.00011 9.1184 135.49
BFX Belgium 20 Index 6.66E-05 8.51E-05 8.1125 109.33
OMXC20 OMX Copenhagen 20 Index 8.74E-05 0.00031 29.286 1039.0
OMXHPI OMX Helsinki All Share Index 7.33E-05 0.00046 46.596 2253.9
OMXSPI OMX Stockholm All Share Index 6.31E-05 0.00024 34.113 1410.1
OSEAX Oslo Exchange All Share Index 8.74E-05 0.00015 8.8676 129.06
SSMI Swiss Stock Market Index 5.51E-05 0.00012 21.799 680.43

Source: (Author’s calculation)

Table 1 presents the first four statistical moments of 5-minute realized variance series for different indices
respectively, namely; mean, standard deviation, skewness, and excess kurtosis. The values of the moments are as
commonly seen in the literature. The means of realized variance series are close to zero for each index that is
consistent with the literature. The series also have a high positive skew. Lastly, the values of the fourth moment
indicate the leptokurtic distribution for all the dataset. Therefore, it can be pointed out that the series have non-
Gaussian distribution.

Liu, Patton, and Sheppard (2015) conducted a comparison of more than 400 realized measures, noting that the
challenge in outperforming the five-minute realized variance significantly has failed. Hence, we opt for the 5-
minute realized variance as a stand-in for true volatility. Generally, higher data frequency tends to enhance the
precision of volatility estimation. However, increased frequency may introduce errors in measurement and price
discreteness due to microstructure noise, potentially affecting the efficiency of the data in higher frequencies.

! The Oxford-Man Institute’s Realized Library is no longer available after 2020 and they have no future plans to replace this.
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3.2. Methods

3.2.1. Realized Volatility and Realized Volatility Models

Volatility, being latent, requires a substitute to represent the true volatility. Initially, researchers commonly utilized
daily squared returns until Andersen and Bollerslev's work in 1998 revealed their inadequacy compared to
cumulative intraday squared returns. Subsequently, Andersen, Bollerslev, Diebold, and Labys (ABDL; 2003)
introduced the concept of realized variance, which sums the squared intraday returns. Both realized variance and
daily squared returns serve as unbiased estimates of volatility, but realized variance is renowned for its high
efficiency as a measure of volatility.

RV, = YL, rtz,i (D

As expressed in Equation (1), realized variance is computed by summing the squared intraday returns, where 'm'
signifies the number of intraday observations on day 't. In theory, a higher 'm' value leads to a more precise
estimation of daily volatility. However, excessively high 'm' numbers can distort the efficiency of high-frequency
data due to microstructure noise effects. ABDL (2003), Martens (2001), and Hol and Koopman (2002) recommend
a frequency interval between 5 and 30 minutes. In a recent study by Liu, Patton, and Sheppard (2015), comparing
over 400 realized measures, it was noted that surpassing the accuracy of the five-minute realized variance is
challenging. Consequently, we opt for the 5-minute realized variance in estimating the HAR and ARFIMA models.
Barndorff-Nielson et al. (2010) separate realized variance into positive and negative realized semivariances,
depicting good and bad volatilities.

3.2.2. HAR-RV Models

The HAR-RV model is based on the heterogeneous market hypothesis of Muller, Dacorogna, Dave, Olsen, Pictet
and von Weizsacker (1997). According to this hypothesis, there are three types of investors that have different risk
preferences and different reactions to the same new market information. In addition to the hypothesis, the same
researchers develop the Heterogenous Autoregressive Conditional Heteroskedasticity (HARCH) model. Inspired
by the HARCH maodel and its background hypothesis, Corsi (2009) proposes the HAR-RV model that is an additive
cascade model of different volatility components. The model is specified as:

RVt‘ih = fo+ .BdRth + BwRVY + B RVE™ + €r4n )

where RV is daily realized volatility; RV, refers to weekly realized volatility, and then RV,™ indicates monthly
realized volatility. RV¥ and RV™ can easily be calculated as follows:

w o 1 d d d
RV = 5 (RVEs + RV, + -+ RVL))

RV = i(RVd + RVE, + -+ RVE
t - 22 t—22 t-21 t-1

The main point of the HAR-RV model is to predict future volatility using three different volatility components; a
daily (RV#), a weekly (RV}"), and a monthly (RV;™) components. The HAR-RV model can simply be estimated
by the ordinary least square (OLS) method. The model is such a good alternative to the ARFIMA model. The
HAR-RV model can also capture long memory characteristics of volatility even though it is not in the class of long
memory models. In practice, the HAR-RV model is found to be such a promising model as the model performance
is remarkably good in spite of its simple structure.

Different types of investors have different objectives in financial markets. For instance, some investors are
completely hedgers whilst some others are completely speculators. Hence the HAR-RV model is based on
capturing different reactions of different investors through the simple autoregressive process. Financial
interpretation of the model is that the investors are divided into three different categories. In the model, RVZ, RVY,
and RV/™ components represent short-term, middle-term, and long-term investors respectively and indicate the
degree of different investors’ impact on current realized volatility. In other words, the model coefficients provide
an understanding of how these different market participants react and perceive to volatility. Moreover, the HAR-
RV model can successfully capture the persistence feature of realized volatility.

RSV = ?ilrtz,i 1 {rt,i > 0} 3
RSV = Zﬁlrtz,i [{r,; <0} (4)
5
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where [ {} is an indicator function. We should also note that RV, = RSV;* + RSV,". Barndorff-Nielsen,
Kinnebrock, and Sheppard (2010) first introduce positive and negative realized semivariance measures, which are
obtained from the signed high frequency intraday returns. Patton and Sheppard (2015) decompose only the daily
explanatory HAR model component into negative and positive realized semivariances. In this study, we call Patton
and Sheppard (2015)’s model as the HAR-PS model. The HAR-PS specification is presented in Equation (5):

RVt‘ih = Bo+ BaRSVy + .B&FRSVJ + BwRVY + B RV™ + €14 (5)

Following that it is added one more realized semivariance specification to the model comparison that decomposes
not only the daily component, but also separates weekly and monthly components. The model of Patton and
Sheppard (2011) is called here as the HAR-RSV and the model is given as follows:

RVA, = By + BZRSVy + BYRSV: + By RSV + BERSVY + RSV + BERSVE + e44n (6)

According to the seminal research of Patton and Sheppard (2011) and Barndorff-Nielsen, Kinnebrock, and
Sheppard (2010), the decomposition of realized variance into positive and negative realized semivariances (or
good and bad volatilities) adds more information for the prediction of future volatility.

3.2.3. ARFIMA-RV model

The long memory autoregressive fractionally integrated moving average (ARFIMA) model is in the class of long
memory models and therefore can successfully capture the persistency feature of volatility. Andersen et al. (2003)
suggest the univariate ARFIMA model in order to model the realized volatility. An ARFIMA (p, d, q) model is
presented by:

(L)1 - L)4RVE —p) = 8(L)e, (7)

where @ (L) and 8(L) are the lag polynomials of the autoregressive (4R) and moving average (MA) components.
& is the error term which is distributed approximately as a Gaussian white noise [N(0,0.2)]. The fractional
differencing parameter is represented by d in equation (7). The AR and MA components explain the short memory
properties of volatility and as for the d, it accounts for the long memory properties of volatility. The value of d is
expected between 0 and 0.5 in order to capture long memory property. Andersen et al. (2003) found d=0.401. In
this context, a general empirical conclusion with ARFIMA model is that this framework outperforms traditional
GARCH models which are based on daily returns (Hansen and Lunde, 2010).

3.2.4. Recursive window forecasting method and loss functions

The recursive window method is used for obtaining the volatility forecasts. The loss functions; the mean squared
error (MSE) and the quasi-Gaussian log-likelihood (QLIKE) are considered in order to compare the models.
Lastly, the Giacomini and White (2006) pairwise test is employed to evaluate the forecasting performance of two
models. Initially, the whole sample needs to be divided into two subgroups such as the initial sample and out-of-
sample windows. In the literature, there is no consensus on how to select an appropriate forecasting window. Since
the main objective of this work is to evaluate the out-of-sample performance of the models, we arbitrarily choose
the initial and out-of-sample windows considering a length that allows the regression fit normally and obtain longer
out-of-sample period. The recursive window’s working principle does work the way that the estimation sample is
then rolled forward by adding one new observation and not dropping the most distant observation. In this way, the
size of initial sample window used to estimate the models grows in each step.

Since the main goal of this work is to compare the performance of the competing models, we need to measure the
ability of the models using some loss functions. Many different forecasting criteria can be used for comparison
purpose. Lopez (2001) points out that it is not clear to decide which measure is the most accurate to which model.
On the other hand, Patton (2011) documents the robustness of the QLIKE and MSE criteria. The reason is
explained as such: in the case of such a noisy volatility proxy, the QLIKE and MSE provide consistent rankings
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for volatility models. In this regard, these two criteria are selected, namely the mean squared error (MSE) and the
quasi-Gaussian log-likelihood (QLIKE). The loss functions are specified as follows:

1 —.,  RV?
QLIKE = 317, [logRV? + 5] (®)
1 _
MSE = ;Z{:%H[thz - RVt2]2 9)

where RV/? is the proxy of the true volatility and R/I7t2 is the volatility forecast. The number of observations is
represented by 7. The QLIKE and MSE loss functions are frequently used criterion in the literature due to being
robust to the noisy volatility proxy. Patton and Sheppard (2009) indicate that the QLIKE is powerful in the
Diebold-Mariano test, which is quite similar test to the Giacomini and White (GW) test that we use here. Although
the MSE and QLIKE are the most frequently used criteria, there is still a possibility that such a model with the
lower error may not be exactly better than the other model. For further robustness, it is necessity to apply the GW
test.

4. Empirical Results

Employing one-step-ahead recursive window forecasting method this study assesses the forecast results of four
competing models (HAR-RV, HAR-PS, HAR-RSV, and ARFIMA-RV) for seven Nordic stock market indices.
The forecasting exercise results of the four models are given in Table 2 and 3. Those forecasts are generated using
the recursive window technique and then the forecasts’ losses are measured by the QLIKE and MSE criterion.
Lower QLIKE and MSE values in these tables indicate better performance and higher accuracy in forecasting the
future volatility of stock market indices.

According to the results of QLIKE and MSE loss functions, it is clear that HAR-RV type models (e.g. HAR-RV,
HAR-PS, and HAR-RSV) outperform ARFIMA-RV model. This means that HAR-type models are found to be
promising models at forecasting realized volatility and exhibits remarkably good performance in spite of its simple
structure in comparison with ARFIMA-RV model.

Table 2. QLIKE for recursive window forecast models

Index/Model HAR-RV HAR-PS HAR-RSV ARFIMA-RV
AEX -8.8430 -8.8420 -8.8407 -8.6583
BFX -8.8527 -8.8528 -8.8532 -8.7515
OMXC20 -8.4475 -8.4293 -8.3141 -8.1909
OMXHPI -8.6986 -8.6938 -8.6664 -8.6894
OMXSPI -8.9579 -8.9805 -9.0016 -7.9089
OSEAX -8.6303 -8.6371 -8.6183 -8.4479
SSMI -9.0730 -9.0746 -9.0708 -8.8375

Source: (Author’s estimation)
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Table 3. MSE for recursive windows forecast models

Index/Model HAR-RV HAR-PS HAR-RSV ARFIMA-RV
AEX 8.29E-09 8.40E-09 8.42E-09 9.42E-09
BFX 4.85E-09 5.06E-09 5.19E-09 5.47E-09
OMXC20 3.90E-08 3.93E-08 4.05E-08 4.42E-08
OMXHPI 7.85E-09 7.81E-09 7.63E-09 1.15E-08
OMXSPI 8.77E-09 8.25E-09 8.29E-09 6.77E-08
OSEAX 1.76E-08 1.79E-08 1.81E-08 1.95E-08
SSMI 1.48E-08 1.69E-08 1.78E-08 1.52E-08

Source: (Author’s estimation)

When these results are examined in more details, the best performing HAR-RV genre models differ from one
market index to another index and also between the employed two loss functions. Therefore, this analysis evaluates
those results index by index separately and then try to draw a more precise picture in the end. In terms of the AEX
and OMXC20 stock market indices, HAR-RV model is superior to the other counterparts such as HAR-PS and
HAR-RSV models. We should remember here that while the HAR-PS model decomposes only the daily
component, the HAR-RSV model decomposes the daily, weekly and monthly components. When the BFX index
is evaluated, it can be seen that the loss functions give opposite results. For instance, the HAR-RSV is the best
performing volatility forecasting model for the QLIKE criterion whereas the MSE loss function favours the HAR-
RV for this stock market index. Afterwards, when it comes to the OMXHPI index, the findings of the QLIKE and
MSE tell vice versa compared to the BFX such that the HAR-RSV is the best performing volatility forecasting
model for the MSE criterion, whilst the QLIKE loss function suggests the HAR-RV for this stock market index.
The decomposition of positive and negative semi variances does work for the index of the OMXSPI. However,
the only difference is that while the QLIKE supports the HAR-RSV, the MSE criteria shows the HAR-PS as a best
performing volatility forecasting model for the OMXSPI. Lastly, the results of the OSEAX and SSMI stock market
indices are in the same direction even though the loss functions yield opposite results. For example, the QLIKE
selects the HAR-PS as a best performing model for both the indices, but the HAR-RV is suggested by the MSE
for the same indices. It is important here to note that each one of these loss functions has a specific calculation
method that could cause to yield different results, which is unsurprising.
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Table 4. Conditional Giacomini-White test results

AEX HAR-PS HAR-RSV ARFIMA-RV
HAR-RV 0.084 (-) 0.095 (-) 0.050 (-)
HAR-PS - 0.023 (-) 0.002 (-)

HAR-RSV - - 0.005 (-)

BEX HAR-PS HAR-RSV ARFIMA-RV

HAR-RV 0.181 (-) 0.184 (-) 0.197 (-)
HAR-PS - 0.086 (-) 0.046 (-)

HAR-RSV - - 0.030 (-)
OMXC20 HAR-PS HAR-RSV ARFIMA-RV
HAR-RV 0.079 (-) 0.000 (-) 0.000 (-)
HAR-PS - 0.000 (-) 0.000 (-)

HAR-RSV - - 0.000 (-)
OMXHPI HAR-PS HAR-RSV ARFIMA-RV
HAR-RV 0.045 (+) 0.018 (+) 0.000 (-)
HAR-PS - 0.000 (+) 0.000 (-)

HAR-RSV - - 0.000 (-)
OMXSPI HAR-PS HAR-RSV ARFIMA-RV
HAR-RV 0.000 (+) 0.001 (+) 0.000 (-)
HAR-PS - 0.017 (-) 0.000 (-)

HAR-RSV - - 0.000 (-)
OSEAX HAR-PS HAR-RSV ARFIMA-RV
HAR-RV 0.264 (-) 0.024 (-) 0.000 (-)
HAR-PS - 0.181 (-) 0.000 (-)

HAR-RSV - - 0.000 (-)

SSMI HAR-PS HAR-RSV ARFIMA-RV

HAR-RV 0.451 (-) 0.151 (-) 0.084 (-)
HAR-PS - 0.089 (-) 0.110 (+)

HAR-RSV - - 0.286 (+)

Source: (Author’s estimation)

In order to underpin those results, further robustness tests need to be done, in particular the pairwise GW test to
test the equal conditional predictive ability of the forecasts produced by the competing models. For instance, we
have two different forecasted series, namely X and Y. Assuming that the values of loss functions of X are lower
than Y. Can it be said that the forecast X has a superior performance compared to the forecast Y? Or is it possible
that the difference between the forecasts X and Y is inherently insignificant? In order to test conditional predictive
ability Giacomini and White (2006) suggest a pairwise test on equal conditional predictive ability, which examines
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whether two different forecasting models statistically have the same accuracy or not. In short, this test evaluates
the forecasting performance of two competing models.

The p-values of the conditional GW test results are reported in Table 4. The null hypothesis is that “the two models
(row and column) statistically have the equal predictive accuracy” is tested in terms of squared forecast error. The
signs, + and —, in bracket show which model outperforms best and which model is outperformed. A positive sign
indicates the superiority of the column model, whilst a negative sign means that the model in row outperforms the
column model. In more detail, a positive sign means that the model in row has larger forecast loss in comparison
with the model in column, which implies that the column model is significantly superior. In a similar vein, a
negative sign does imply that the row model forecast performs significantly better compared to the column model
forecast, since the latter produces larger loss. If the test statistics higher than 0.05 critical value (which implies the
null hypothesis cannot be rejected), this means that the column and row models perform equally well, so that it is
difficult to say that whether the row model or column model is superior. The results in Table 4 further confirm the
superiority of the HAR specification over the ARFIMA-RV model as the last column signs are mostly negative
and the null hypothesis “row and column models statistically have the equal predictive accuracy” is rejected.
Therefore, column model (HAR) is superior to the row model (ARFIMA-RV). However, the evaluation among
the HAR type models is unclear, meaning equal forecasting performance between the column and row (HAR-RV,
HAR-PS, and HAR-RSV) models. This is because the values of loss functions between the winning model and the
second winning model in Tables 2 and 3 are quite close to each other. It is difficult to say which HAR model is
best among only HAR models regardless of ARFIMA-RV model. These findings are also in line with the results
of both loss functions.

In a nutshell, each one of the loss functions has a specific calculation method, causing to produce different results.
The QLIKE and MSE are the most popular and frequently used ones in the literature due to being robust to the
noisy volatility proxies. In this work, the QLIKE and MSE criteria indicate that the HAR specification is the winner
against the ARFIMA-RV model in all the indices, whereas the superiority among only the HAR models differs in
the stock market indices.

5. Conclusion

This exercise compares the forecasting power of HAR-RV, RSV, and PS models to the ARFIMA-RV models
which are derived from high frequency data. In this regard, 7 different Nordic stock market indices in the region
between 2010-2019 are included. One-day-ahead out-of-sample realized volatility forecasts are produced using
the recursive window mechanism. The out-of-sample forecast losses are measured by the MSE and QLIKE loss
functions. Afterwards, the conditional Giacomini-White pairwise test is used to test the forecasting accuracy of
the competing models. In this volatility forecasting exercise, the HAR-type models are found to be promising
models against the ARFIMA-RV model. Moreover, the decomposition of realized variance into positive and
negative realized semivariances (or good and bad volatilities), in certain cases, could add more information for the
prediction of future volatility.

In the end, the aim of this empirical exercise is an attempt to find which model best fits in the data of Nordic stock
markets. Nordic region has an enviable reputation for being at the forefront of innovation and technology and
therefore the Nordic stock markets have seen listings of many successful and innovative companies. These
companies contribute to the growth and development of the Nordic markets and attract institution and investor
attention. Therefore, the findings of this study could be utilized in many practices in the Nordic stock markets
where the realized volatility forecasts are required to generate accurate volatility forecasts, especially for the
applications of risk and portfolio managements.
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Abstract

The calendar effects are categorized into working days, trading days, leap years, moving holidays and fixed
holidays. In order to analyze the calendar effects for short term statistics ten different composite calendar regressors
were calculated. Theoretical averages were used instead of a specific date range to calculate long-term averages.
This study explains how to calculate ten composite calendar regressors, including moving holidays such as
Ramadan and Sacrifice Feast, which significantly impact economic activities in Tiirkiye. Furthermore, the
consistency analysis of the composite calendar regressors over the periods was also mentioned. The calendar
effects of the Industrial Production Index (IPI) time series are determined by reducing the number of observations
backward as a case study. This study will make significant contributions to the literature and be beneficial for other

countries where there are moving holidays according to the Lunar Calendar.
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Tiirkiye'de Hareketli Tatilleri iceren Birlesik Takvim Regresorlerinin Hesaplanmasi

Ozet

Takvim etkileri, is giinii, ticaret giinii, artik yil, hareketli tatil (Hicri takvime bagl: tatiller) ve sabit tatil (Miladi
takvime bagli tatiller) gibi kategorilere ayrilir. Kisa dénemli istatistiklerdeki bu takvim etkilerini analiz etmek
amaciyla on farkli birlesik takvim etkisi regresorleri olusturulmustur. Uzun donem ortalamalarin hesaplanmasinda
belirli bir tarih aralig1 yerine teorik ortalamalar kullanilmaktadir. Bu ¢aligma Tiirkiye’de ekonomik aktiviteler
izerinde 6nemli etkisi olan Ramazan Bayrami ve Kurban Bayrami gibi dini tatillerin de kapsandigi on farkli
birlegik takvim etkisinin nasil elde edildigini agiklamaktadir. Ayrica ¢alismada elde edilen birlesik takvim
regresorlerinin donemler igerisindeki tutarliliginin analiz siirecinden de bahsedilmistir. Uygulama 6rnegi olarak,
Sanayi Uretim Endeksi (SUE) zaman serilerinin geriye dogru gozlem sayis1 azaltma yontemiyle takvim etkileri
belirlenmistir. Bu ¢aligmanin literatiire dnemli katkilar saglayacagi ve ay takvimine gore hareketli tatillerin oldugu
diger tlkeler i¢in faydali olacag: diisiiniilmektedir.

Anahtar sozciikler: Birlesik Takvim Regresorii, Tiirkiye, Ay Takvimi, Hareketli Tatil, Mevsimsel Diizeltme

1. Introduction

Seasonal movements observed in economic indicators can make it challenging to understand the actual trend of
these series. For the series' general tendencies to be measured in a reliable way, they must be seasonally adjusted.
However, adjusting the seasonal component only is not sufficient for this purpose. Another reason of short-term
fluctuations in economic indicators is the "holidays," which occur in time series depending on the composition of
the calendar in the month and year, are classified under the name of "calendar day" effects and differ from month
to month and year to year (Atabek et al. 2009). Ignoring the possible effects of holidays, one of the deterministic
components of the time series, on economic activities causes biased results in determining time series models. This
situation causes erroneous evaluations of economic indicators. In particular, the effects of Ramadan (Eid al-Fitr)
and Sacrifice (Eid-al-Adha) holidays, which are called moving holidays depending on the Lunar (Hijri) calendar,
on the number of working days in a month can be tremendous and cause fluctuations in economic indicators.
Therefore, it is essential to accurately estimate the effects of moving holidays to compare the monthly/quarterly
and annual growth of economic time series.

There are many studies in the literature on calendar effects. Young (1965) put forward the pioneer study on this
subject. Theoretical and applied studies on calendar effects include Cleveland and Devlin (1982), Hillmer et al.
(1983), Bell and Hillmer (1983), Cano et al. (1996), Soukup and Findley (2000), Lin and Liu (2002), Shuja et al.
(2007) can be cited as examples. On this subject, a detailed literature review on calendar effects was made by
Ladiray (2006). However, the number of studies examining the effects of Lunar calendar holidays is limited. Bessa
et al. (2009) examined the effect of Ramadan on sectors in Tunisia. On the other hand, Faye et al. (2019) compared
the effects of Ramadan on prices in Morocco, Senegal, and Tunisia.

In Tiirkiye, a country with a large Muslim population, although moving holidays are based on the Lunar calendar,
the country's official calendar is the Solar (Gregorian) calendar. Therefore, the calendar effects on the Turkish
economy should be handled in more detail, mainly due to the moving holidays. The first study on this subject in
terms of Tirkiye belongs to Atuk and Ural (2002). This study examined the performances of X-12 ARIMA and
TRAMO/SEATS seasonal adjustment methods on monetary aggregates, considering the calendar effects. Alper
and Aruoba (2004) found that the deterministic part of seasonal effects is significant in monthly economic time
series. According to the results of the Reg-ARIMA model in his study, Kogak (2009) revealed that moving holidays
have a negative and significant effect on the Industrial Production Index (IPI). On the other hand, Atabek et al.
(2009) analyzed calendar effects with production indicators within the framework of working days. This study
introduced a regression variable created to eliminate calendar day effects. As a result, the importance of calendar-
adjusted series in annual comparisons of industrial production index (IPI) was revealed. Bozok and Kanli (2013),
in their study on the effect of bridge days on production indicators, found that half-day eve days and bridge days
before and after moving holidays were significant on industrial production. Demirhan (2016) demonstrated the
calendar and working day effect in detail for foreign trade statistics using daily data. Eyerci et al. (2021) examined
the effect of Ramadan on prices and production by converting the Solar calendar to the Lunar calendar. In a similar
study, Eyerci (2021) investigated the possible effect of Sacrifice Feast on red meat prices.

In the studies examined in the literature, it has been observed that calendar effects regressors in time series models
are examined separately for working days, trading days, public holidays, and moving holidays or by considering
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several common dates. This study explains how to obtain ten different composite calendar regressors, including
moving holidays such as Ramadan Feast and Sacrifice Feast, which significantly impact on economic activities in
Tirkiye. Unlike other studies, this study used theoretical averages instead of a specific date range to calculate
long-term averages while constructing the composite calendar regressors. The disadvantages of long-term averages
obtained by using a specific date range, such as subjectivity and variability over time, are also mentioned in the
study. By considering these issues, the usability of the more objective and fixed theoretical averages structure over
time has been expressed as a new approach in the theoretical and applied framework. In addition, the analysis
process of the consistency of the composite calendar regressors over the periods is also mentioned. For this
purpose, the IPI - Manufacture of Food Products time series for the period 2010-01:2021-12 was used for the case
study. Calendar effects were determined using datasets with different time spans obtained by decreasing the
observations backward one at a time. The lack of options to analyze the effects of moving holidays depending on
the Lunar calendar in the existing software used for seasonal and calendar adjustment studies has also been a
source of motivation for producing composite calendar regressors for Tiirkiye.

2. Methodology

It is assumed that the calendar effect in an observed time series consists of two parts: the seasonal and non-seasonal
parts. The seasonal part of the calendar effect consists of effects whose cycle is completed in a year (for example,
March has 31 days each year). In contrast, the non-seasonal part consists of effects that have a cycle longer than
one year (February has 29 days every four years, or the number of Saturday-Sunday in a given month varies over
the years). According to the Seasonal Adjustment Guide? of the European Statistical System, only the non-seasonal
part of the calendar effect should be adjusted from the relevant series during the calendar adjustment process.

In order to adjust for the non-seasonal part of the calendar effect, it is first necessary to estimate the seasonal part
of the calendar effect. For this purpose, long-term monthly averages are estimated for each month. The number of
days worked is then adjusted for the long-term monthly average estimated for each month. The date length of the
long-term average used here should “sufficiently” cover the seasonal cycle of the relevant calendar effect.
Therefore, this study used theoretical averages instead of a specific date range in calculating long-term averages.
In order to better understand the reason for using theoretical averages, both the Lunar? calendar and the Solar®
calendar cycle should be discussed in detail.

2.1. Lunar Calendar Effect

While a calendar year is 354.37 days on average in the Lunar calendar, a calendar year is 365.24 days in the Solar
calendar. The Lunar year is 10-12 days shorter than the Solar year compared to the leap year in the two calendars.
For this reason, Ramadan and Sacrifice holidays go back 10-12 days every year. The difference between the Lunar
and Solar calendars is approximately one year in 33 years. To put it more clearly, once every 33 or 34 Lunar (32
or 33 Solar) years, the first day of the Lunar year (1 Muharram) coincides with one of the first ten days of January.
In this case, the total number of days in the 34 Lunar year is 12048.58 (354.37 x 34 = 12048.58), while the total
number of days in the 33 Solar years is 12052.92 (365.24 x 33 = 12052.92). According to this calculation, the
difference (12052.92 - 12048.58 = 4.34) between the Lunar and Solar calendars has still not been eliminated. For
this reason, it can be stated that considering 33 years or different year periods in calculating the average number
of holidays for Ramadan and Sacrifice Feasts may cause bias. For example, in July 1982, there was a 3-day
Ramadan holiday, and 33 years later, in July 2015, there was a 3-day Ramadan holiday. However, in August 1981,
there were three days of Ramadan holiday, and 33 years later, in July 2014, there were three days of Ramadan
holiday. While the first day of the Ramadan holiday was August 1, 1981, it was July 28, 2014. In this case, the
Ramadan holidays coincide with a deviation of 4 days. In theory, this difference should be 4.34 days.

In light of this information, the long-term averages of the moving holidays within the Lunar calendar are calculated
with a theoretical average rather than a specific calendar period. According to the Lunar calendar, it is a moving
holiday for eight days (including eve days) every 354.37 days. For example, 0.70 (31 x 8 / 354.37 = 0.70) days of
moving holidays fall on average in a year in January. Table 1 shows the number of moving holidays per month
based on 32-year intervals.

! https://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/KS-GQ-15-001
2 https://en.wikipedia.org/wiki/Islamic_calendar
3 https://en.wikipedia.org/wiki/Gregorian_calendar
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Table 1. Total number of moving holidays per months

19842015 19742005 19752006  'neoretical

Average
January 20 17 17 19.6
February 18 18 18 17.9
March 21 21 21 19.6
April 20 20 20 19.0
May 18 18 18 19.6
June 19 19 19 19.0
July 20 20 20 19.6
August 20 21 21 19.6
September 16 21 21 19.0
October 20 15 15 19.6
November 21 20 20 19.0
December 18 21 18 19.6
Total 231 231 228 230.9

Note:* The calculation of theoretical averages will be explained in the following sections.

As can be seen from the Table 1, the number of moving holidays per month varies for different 32-year time
intervals, even if it is taken into account that the cycle of moving holidays is approximately 32 years. Therefore,
the theoretical averages calculated according to the months for each holiday effect should be used to adjust for
calendar effects.

2.2. Solar Calendar Effect

The approach suggested above for Lunar holidays can be similarly applied to holidays within the Solar calendar.
Below, it is explained how the theoretical averages are calculated for the effect of days of the week, national
holidays, and leap years within the scope of the Solar calendar. Since February is 29 days every four years, 28.25
days are included in the calculations.

2.2.1. Weekend-Sunday Effect

The cycle, as mentioned earlier, mainly affects the Saturday-Sunday distribution per month. From this point of
view, the long-term average of the weekend or Sunday effect can be calculated as follows. If one of every seven
days is a Sunday, for example, in January, an average of 4.43 (31 x 1/7 = 4.43) days is Sunday. With a similar
approach, an average of 4.04 (28.2524 x 1/7 = 4.04) days in February is Sunday.

2.2.2. Fixed (National) Holidays

In Tiirkiye, there are seven national holidays within the scope of the Solar calendar, according to Law No. 2739
dated 27/5/1935, Law No. 2429 dated 17/3/1981, and Law No. 6752 dated 29/10/2016. These holidays are January
1, April 23, May 1, May 19, July 15, August 30, and October 29. October 29 holiday starts in the afternoon of
October 28 and lasts for 1.5 days, while other national holidays are one day. National holidays take place on the
same date yearly, depending on the Solar calendar. Due to these features, there is no shift like calendar events in
the Lunar calendar. From this point of view, National holidays depending on the Solar calendar, can be evaluated
within the scope of seasonality, not within the scope of the calendar effect. However, in the event that national
holidays overlap (coinciding with the same date) with other Lunar or Solar calendar events, these effects should
now be considered within the scope of the calendar effect. Due to the laws enacted on different dates in Tiirkiye,
national and religious holidays and durations vary from 1936 to the present. These differences are shown in Table
2.
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Table 2. National and Religious holidays between 1936 and 2027

1936/January - 1981/April - 2009/May - 2017/3uly -
Holidays 1981/March 2009/April 2017/June 2027/December
31 December
New Year (half-day), 1 January 1 January 1 January
1 January
National Sovereignty and 22 April (half- . : .
Children's Day day), 23 April 23 April 23 April 23 April
Labour and Solidarity 1 May i 1 May 1 May
Day
Commemoration of
Atatiirk, Youth and Sports - 19 May 19 May 19 May
Day
Democracy and National ) i i
Unity Day 15Uy
Victory Day 30 August 30 August 30 August 30 August
28 October 28 October 28 October 28 October
Rebuplic Day (half-day), (half-day), (half-day), (half-day),
29-30 October 29 October 29 October 29 October
Ramadan Feast
(Eid al-Fitr) 3 day 3.5 day 3.5 day 3.5 day
Sacrifice Feast
(Eid al-Adha) 4 day 4.5 day 4.5 day 4.5 day

2.3. Composite Calendar Regressors

Calculating the composite calendar regressors is based on the number of days effectively worked. For this purpose,
holiday effects are subtracted from the month's total number of working days. It is possible to group the calendar

effects used in short-term statistics under the following four main headings:

. Weekend (Saturday-Sunday) or Sunday effect

o Fixed (national) holidays depending on the Solar calendar

o Moving (religious) holidays depending on the Lunar calendar (Ramadan and Sacrifice Feast)
. Leap year (February 29) effect

Ten composite calendar regressors were calculated using these four primary calendar effects with different

combinations. (Table 3).

Table 3. Composite Calendar Regressors

Z
o

Composite Calendar Regressor

Exc. Sunday

© 00 N O Ol A W N P

[ERN
o

Exc. moving holiday

Exc. Saturday and Sunday

Exc. Sunday, fixed and moving holiday
Exc. Saturday, Sunday and moving holiday
Exc. Sunday and moving holiday

Exc. Saturday, Sunday and fixed holiday
Exc. Sunday and fixed holiday

Exc. fixed and moving holiday

Exc. Saturday, Sunday, fixed and moving holiday
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One of the essential points to consider when calculating composite calendar regressors is that there are holidays
that coincide with the same date. The effects of Ramadan and Sacrifice Feasts, national holidays, and the day of
the week may coincide. For example, January 1 of any year can coincide with a fixed holiday, a Sunday, and the
first day of the Ramadan Feast. In such cases, defining each calendar effect to different dummy variables will lead
to the problem of over-weighting the relevant day in case of overlapping calendar effects. Therefore, composite
calendar regressors were used to fix this problem.

Composite calendar regressors are calculated monthly, quarterly, and annually. The equations used in the
calculation of the monthly regressors are given below. Equations can be easily converted accordingly when
quarterly or monthly regressors are needed.

Ry =Y — Yi,t (€
Yie=Xe —Zi; (2
Yi,t =X, — PX, 3)

. i :composite calendar regressor in Table 3 (i = 1,2, ...,10)

o t :index of year-month between 1936-January:2027- December* (1 < t < 11045)

o R;; : composite calendar regressor i in the month t

. Y;+ :the number of working days in month t for the composite calendar regressor i

. Y; . : the theoretical average of working day in month t for the composite calendar regressor i

o X, : the total number of days in the month t

. Z; + the total number of holidays in month t for the composite calendar regressor i

Composite calendar regressor i is calculated in month t by using Equation (1). In this equation, the theoretical
average of working days (¥; ) is the difference between the total number of days in a month and the total number
of number of holidays. In Equation (2), the number of working days for the composite calendar regressor i can be
calculated by differencing the total number of days from the total number of holidays in the month t. The total
number of days in months are as follows:

31, mod(t,12) =1
28.25, mod(t,12) = 2
31, mod(t,12) =3
30, mod(t,12) = 4
31, mod(t,12) =5
30, mod(t,12) =6 4)
31, mod(t,12) =7
31, mod(t,12) = 8
30, mod(t,12) =9
31, mod(t,12) = 10
30, mod(t,12) = 11
31, mod(t,12) =0

ke
I

4 Data on the days of Ramadan and Sacrifice Feast holidays in Tiirkiye can be accessed on the Time Calculation
page of the Presidency of Religious Affairs. The Presidency of Religious Affairs calculates religious days with
Islamic and astronomical criteria determined by experts in the field at the International Hijri Calendar Union
Congress (2016). The dates of religious days have been determined until 2027. As the data on the dates of
religious days are updated, the composite calendar regressors are updated accordingly.

5 It represents the total number of months between January 1936 and December 2027.
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The probabilities required to calculate the long-term averages of the holidays are represented by P;. These
probabilities are weighted by the total number of days per month to obtain the number of month-specific holidays.
Holiday probabilities for ten different composite calendar regressors specified in Table 3 are shown below.

( ny, i=1
n,, i=2
n,+ (1 —n)dng+ (1 —n)(1 —nz)my, i=3
n, + (1 —ny)n; + (1 —ny)(1 — nz)m,, i=4
ny + (1 —nyng, i=5 (5)
n, + (1 —ny)ns, i=6
n, + (1 —nydmy, i=7
n, + (1 —ny)my, i=8
ns + (1 —ngy)m,, i=9
ns, i=10

Here n and m represent holiday probabilities. n represents holidays whose cycle lasts longer than one year, and m
refers to holidays whose cycle is completed within one year. n, and n, represent Lunar holidays and n5 represent
Solar calendar holidays. In other words, with the probability, n, = 2/7, shows the weekend holidays, and n, =
1/7 shows the Sunday holidays.

7
/35437, t<544°

(6)
8
/35437, ¢ =544

ni =

n, represents the probability that half-day eve holidays were excluded before April 1981 but included after. The
(1 —ny,3) terms are used to avoid duplication when more than one calendar effect is defined together. Since
there is a national holiday specific to each month, m, is calculated by considering the number of national holidays
specified in Table 2.

¢ In March 1981, there were legal changes regarding the duration of national and religious holidays. Accordingly,
May 19 (Commemoration of Atatiirk - Youth and Sports Day) has been declared a public holiday. April 23
holiday (National Sovereignty and Children's Day) was changed to 1 day, while it was celebrated as a 1.5-day
holiday starting in the afternoon of April 22. The October 29 holiday (Republic Day) was changed to 1.5 days,
while it was celebrated as 2.5 days, starting from the afternoon of October 28. While the 1st January holiday
(New Year's Day) was 1.5 days to start in the afternoon of December 31, it was changed to 1 day. The days
before religious holidays have been declared half-day holidays since 1981. Therefore, the value of 544
corresponds to the common year-month (1981-April) index on which the changes made are reflected.
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( 1/Xt' mod(t,12) = 1
O/Xt, mod(t, 12) = 2
O/Xt, mod(t, 12) = 3

mod(t,12) = 4

/ )
Xe't < 8817 mod(t,12) =5

O/Xt, mod(t, 12) = 6
O
mod(t,12) =7
1/Xt' mod(t,12) = 8
O/Xt' mod(t,12) = 9

2,5
/Xt 't < 544

15 > 544 mod(t,12) = 10
/x,

O/Xt, mod(t,12) = 11

0,5
/x,t < 544

0/ > 544 mod(t,12) =0
X’

The situations in Table 2 are considered both for the total number of holiday days (Z;,) specific to the relevant
month and year in Equation (2) and the P; values reflecting the long-term averages of the holidays in Equation (1).

The calculation of the composite calendar regressor "Exc. Saturday, Sunday, fixed and moving holiday" (i=3) for
the year 2022 is explained below as an example. In addition, the calculation of the theoretical average number of
working days for July 2022 is explained as an example. This month was chosen because a fixed holiday coincides
with the Feast of Sacrifice in July 2022. In order to obtain the monthly composite calendar regressors, first of all,
a daily table should be prepared in which the days with and without holidays are determined. Accordingly, the
daily table design for July 2022 is given in Table 4.

" It corresponds to the year-month (2009-May) index, which expresses the period when May 1 (Labor Day - Labor and Solidarity Day) was
declared a national holiday again as of May 2009.

8 1t corresponds to the year-month (2017-July) index, which expresses the period when July 15 (Democracy and National Unity Day) was
declared as a national holiday in May 2017.
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Table 4. Daily Table Design of 2022 July

A B C D E = max(A,B,C,D)
Sacrifice 15 Saturday, Sunday, Fixed
Date Feast July SETeEy SRty and Moving Holidays

Friday,1.7.2022
Saturday,2.7.2022
Sunday,3.7.2022
Monday,4.7.2022
Tuesday,5.7.2022
Wednesday,6.7.2022
Thursday,7.7.2022
Friday,8.7.2022
Saturday,9.7.2022
Sunday,10.7.2022
Monday,11.7.2022
Tuesday,12.7.2022
Wednesday,13.7.2022
Thursday,14.7.2022
Friday,15.7.2022
Saturday,16.7.2022
Sunday,17.7.2022
Monday,18.7.2022
Tuesday,19.7.2022
Wednesday,20.7.2022
Thursday,21.7.2022
Friday,22.7.2022
Saturday,23.7.2022
Sunday,24.7.2022
Monday,25.7.2022
Tuesday,26.7.2022
Wednesday,27.7.2022
Thursday,28.7.2022
Friday,29.7.2022
Saturday,30.7.2022
Sunday,31.7.2022
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The table includes all fixed and moving holidays in July 2022. It takes 1 if the holiday exists on the relevant date
and 0 otherwise. One day before the first day of Sacrifice Feast, a value of 0.5 is assigned since it is a half-day
holiday. Column E in the table gives the combination of Saturday, Sunday, fixed (July 15 - Democracy and
National Unity Day), and moving holidays (Sacrifice Feast) on the relevant date. Holidays coinciding with the
same date are counted as one by taking the maximum value of the relevant date. Since there are no Ramadan Feast
and other fixed holidays in July 2022, they are not included in the table. Then, the daily table is aggregated, and
the monthly table is obtained. Table 5 shows the values of the other months, along with July.
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Table 5. Creation of the Composite Calendar Regressor 3 (for monthly data)

A B C=A-B D E=C-D
Total number of . .
202 Total Saturday-Sunday, Number of days Theoretical Composite
number . - average number of  Calendar Regressor
of days fixed and moving worked working days (i=3)
holidays
X: Z;; Yii=X.—Z;; ?i,t =X; —PX; Ry, =Y — ?i,t
January 31 10 21 20.94 0.06
February 28.25 8 20 19.72 0.28
March 31 8 23 21.64 1.36
April 30 9 21 20.25 0.75
May 31 13 18 20.25 -2.25
June 30 8 22 20.94 1.06
July 31 135 17.5 20.94 -3.44
August 31 9 22 20.94 1.06
September 30 8 22 20.94 1.06
October 31 10.5 20.5 20.60 -0.10
November 30 8 22 20.94 1.06
December 31 9 22 21.64 0.36

Column B in Table 5 consists of the number of Saturday-Sunday days and the sum of fixed and moving holidays
excluding Saturday-Sunday. In other words, fixed and moving holidays that coincide with Saturday and Sunday
are combined. In calculating probability of the theoretical average number of working days for July 2022, Equation
(5) was used.

Pi—3 =ny+ (1 —nynz; + (1 —ny)(1 —nz)m;
In the equation, n, = 2/7 indicates the probability of Saturday-Sunday holiday, and n; = 8/354.37 (Equation 6)
indicates the probability of a moving holiday. m, (Equation 7) is the fixed holiday probability in July. Therefore,

its value in July 2022 is obtained with m, = 1/X,. The theoretical average number of days for July 2022 is obtained
using this information.

bis5t59)+(1-2) (-5t ) - oo

The theoretical average number of working days is obtained using the holiday probability obtained for the
composite calendar regressor no. 3 (column D).

7312022_7 = X2022_7 - P3X2022_7 =31 —0.32436078877 * 31 = 20.9448155479

Pea =24 (a
s ==+ ((

In order to obtain composite calendar regressor (column E) subtract the theoretical average number of
working days (¥; 5022_7) from the number of days worked (Y 2922-7)-

R32022-7 = Y32022-7 — 173,2022—7 =175-2094 = -3.44

3. Case Study

In the seasonal and calendar adjustment process of short-term statistics, the model, filters, outliers, and appropriate
calendar variables are determined each year following the release of the data for the last period, and parameters
and factors are re-estimated in each newsletter period throughout the year. In this direction, calendar effects are
also reviewed annually. At this stage, first of all, the statistical and sectoral significance of the calendar effect is
examined. Then, the determined significant calendar effect is compared with the previous year, and its consistency
is checked. Thus, revisions due to calendar effects are kept at a minimum as much as possible. In order to determine
whether the relevant time series has the same calendar effect in the past periods, the data is analyzed with the
backward reduction method during the analysis phase. For this, data sets with different observation numbers are
produced by decreasing the time series backward one by one (month-quarter) for a total of 2-5 years. Then, the
significance of ten different composite calendar regressors for each data set is tested with Reg-ARIMA models.

As a case study, monthly time series (2010-01:2021-12) was used for the Industrial Production Index (IPI)-
Manufacture of food products (NACE Rev. 2 - C10). The composite calendar regressor will be determined by the
backward reduction of the number of time series observations. In this direction, ten different composite calendar
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regressors will be tested with datasets of different lengths, reducing observations one by one for two years (24
months) backward from the last observation period (2021-12). The datasets mentioned here consist of time series
obtained by excluding the last time series period at each observation reduction. Table 6 shows the design plan for
the period covered by the time series and the number of observations it contains. Thus, each composite calendar
regressor will be tested in 24 different time spans.

Table 6. Backward Observation Reduction Design of Time Series

No of time Period Number of Observations
span
1 2010-01:2021-12 144
2 2010-01:2021-11 143
3 2010-01:2021-10 142
22 2010-01:2021-03 123
23 2010-01:2021-02 122
24 2010-01:2021-01 121

The t-statistics of the parameter estimates of the composite calendar regressors are used to determine the calendar
effect. Using the t statistics, the calendar effect is decided with essential statistical criteria and graphical tools. The
graph of the t statistics of the composite calendar regressors obtained is given below (Figure 1).

20+

Exc. fixed and moving holiday Exc. moving holiday
30

10'—_—'\/ ™, N /

Exc. Saturday and Sunday Exc. Saturday, Sunday and fixed holiday
30

20+
10+
e —

30+

204

10 G

t Statistics

Exc. Sunday and fixed holiday

Exc. Sunday, fixed and moving holiday

e —

Figure 1. t-stats of Composite Calendar Regressors
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The t statistics were interpreted according to the critical value of 1.96 at the 0=0.05 significance level. The red
dashed lines in Figure 1 represent the 1.96 threshold value. According to the figure, some regressors proceed in a
fixed line above the threshold value, while others follow a volatile path quite close to the threshold value. From
this point of view, we can quickly eliminate regressors with a volatile and inconsistent structure in the first stage.
Accordingly, the t statistics of the regressors "Exc. Saturday, Sunday, fixed and moving holiday" and "Exc.
Saturday, Sunday and moving holiday" seem more consistent than the others. Summary statistics were calculated
to examine the analysis with numerical data (Table 7).

Table 7. Summary Statistics of t-stats

Number of  Number of time

Number  Mean Min  Max

Composite Calendar of time of Std.Dev. of of time spans spans with
Regressor Spans t-stat of t-stat tstat  tostat with maximum
P t-stat > 2 t- stat

Exc. Sunday, fixed and 24 1344 18 579 1573 24 16
moving holiday
Exc. Saturday, Sunday, 24 1300 110 1067 14.13 24 2
fixed and moving holiday
Exc. Sunday, moving 24 1228 157 598 1356 24 0
holiday
Exc. Saturday, Sunday 24 1068 095 876 1221 24 0
and moving holiday
Exc. moving holiday 24 9.36 2.04 529 11.84 24 0
Exc. fixed and moving 24 88 235 531 1241 24 0
holiday
Exc. Saturday and Sunday 24 813 1025 197 28.10 23 2
Exc. Sunday 24 634 1038 110 29.53 10 4
Exc. Saturday, Sunday 24 483 079 330 6.67 24 0
and fixed holiday ' ' ’ ’
Exc. Sunday and fixed 24 246 068 124 391 19 0

holiday

According to the summary statistics, the regressor "Exc. Sunday, fixed and moving holiday" has the highest
significance regarding the mean value of the t statistics. In addition, this regressor has significant t statistics in all
time spans and the highest t statistics in 16 of the time spans. Although it is seen as the most significant regressor,
its inconsistency in the past periods should also be considered. Considering the mean of t statistics among the
regressors selected according to Figure 1, "Exc. Saturday, Sunday, fixed and moving holiday" and "Exc. Saturday,
Sunday and moving holiday” can be preferred. On the other hand, when the standard deviations are compared, it
is seen that the regressor "Exc. Saturday, Sunday and moving holiday" has less volatility than "Exc. Saturday,
Sunday, fixed and moving holiday". When we evaluate the situation from a sectoral point of view, it is known that
fixed holidays significantly impact the food manufacturing sector in Tiirkiye. According to all these evaluations,
the "Exc. Saturday, Sunday, fixed and moving holiday" regressor for the IPI - Manufacture of Food Products time
series was preferred because it includes all effective holidays. This preference is also compatible with the
composite calendar regressor for the previous year.

In order to emphasize the importance of calendar effects, a forecast analysis was also carried out for the selected
“Industrial Production Index (IPI)-Manufacture of food products (NACE Rev. 2 - C10)” time series in this paper.
In this context, the period (2010-01:2020-12) was considered for the the C10 index time series and was estimated
for the period (2021-01:2021:12) with and without "Exc. Saturday, Sunday, fixed and moving holiday" calendar
effect. Information about the models is given in the Table 8. In both models, (0,1,1)(0,1,1) Airline model and
(2020-4) TC outlier were considered so the effects that may arise from the model and the outlier were fixed.
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Table 8. Summary Statistics of models with calendar and without calendar for C10 series
With Calendar

Without Calendar

Arima model (0,1,1)(0,1,1) (0,1,1)(0,1,1)
Log Yes Yes
Theta coef=-0.5198 coef=-0.7754
t-stat:-6.50 P-value:0.000 t-stat:-13.16 P-value:0.000
BTheta coef=-0.295 coef=-0.3139
t-stat:-3.31 P-value:0.001 t-stat:-3.36 P-value:0.001
Calendar Exc. Saturday, Sunday, fixed and moving None
Effect holiday
coef=0.0278
t-stat:13.40 P-value:0.000
Outlier TC (4-2020) TC (4-2020)
coef=-0.1580 coef=-0.1812
t-stat:-4.38 P-value:0.000 t-stat:-3.57 P-value:0.0005
AIC 681.37 778.81
BIC -6.33 -5.54

In order to compare forecast values for (2021-01:2021:12) period with and without calendar effect with the level
values for the original time series, firstly annual growth rates (Year over Year -YoY) were calculated (Fig.2). Our
expectation in annual growth rates graphs is that the with calendar model will obtain results close to the original
series, especially during moving holiday periods. In 2021 Ramadan Feast was on May 13-15 and Sacrifice Feast
was on July 20 - 23. When the relevant periods are examined graphically, we can say that the annual growth rates
of the calendar effect model follow the direction in the original series and produce results close to the real annual
growth rates. However, the annual growth rate of the without calendar model doesn’t reflects this situation,
especially in the May and July period, and differs from the original data.

Year over Year(YoY) Change

20210101 2021-0201 20210301 20210401  2021-0501 2021-06:01  2021-07-01 20210801  2021-09-01 20211001 20211101  2021-12-01

Figure 2. Year over Year (YoY) change with calendar, without calendar and original series

In the paper, a study was also conducted on the absolute revisions of the with calendar and without calendar model
(Table 9). The table contains the Root Mean Square Revision (RMSR) results of the growth rates for monthly,
annual and level values with and without calendar. According to these results, the model containing the calendar
effect was found to be more successful because the revisions of the calendar results were smaller than without
calendar model.

Table 9. Root Mean Square Revision (RMSR) results with and without calendar added

Calendar Added Without Calendar
MoM 5.02 8.13
YoY 4.60 7.72
Level 4.16 7.12
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3. Conclusion

This study discusses how the composite calendar regressors are constructed, how the calendar effect is analyzed,
and how the statistically significant calendar effect is determined. Using a specific date range in the generation of
composite calendar regressors will only reflect the effect for that period. Instead, using theoretical averages is
considered a more consistent and reliable way to obtain long-term averages. The usability of the more objective
and invariant theoretical averages structure is expressed in this study as a new approach within the theoretical and
practical framework. In this direction, ten composite calendar regressors were calculated with different
combinations using the effects of the weekend (Saturday-Sunday) or Sunday, a Solar calendar based on fixed
(national) holidays, a Lunar calendar based on moving (religious) holidays, and Leap year (February 29).

The significance of the composite calendar regressors for the IPI - Manufacture of Food Products sector was
analyzed at different time spans with the method of backward reduction. When both numerical statistics and
graphics were evaluated for this sector, the most suitable composite calendar regressor was tried to be preferred.
While making this choice was also considered whether the calendar effect had a consistent structure in different
time spans. Especially from a sectoral perspective, since working days or holiday durations in the sectors do not
vary much, it is expected that the calendar effects will not have volatile structure. Therefore, when deciding on the
composite calendar regressor, it is essential to interpret it in terms of the sector as well as its statistical significance.

One of the main purposes of time series analysis is to predict the future (forecasting) based on the past values of
the relevant time series. In order to emphasize the importance of the calendar effect for forecasting the time series,
a forecast analysis was also carried out for the selected time series with and without calendar effect. The monthly
and annual growth rates and RMSR values of these prediction values were calculated and it was determined that
the model containing the calendar effect was more successful in prediction because the revisions of the calendar
results were smaller than without calendar model.

As a result, it is thought that the approach of calculation and analysis of composite calendar regressors will be a
guide for other countries such as Tiirkiye, where there are moving holidays according to the Lunar calendar, and
will contribute to the literature.

26



Citation / Atf: TUZEN M. F., GOKCIN G. M., YIGIT 0. (2023). The Calculation of Composite Calendar Regressors Including Moving
Holidays in Tirkiye. Istatistik Arastirma Dergisi, 13 (2), 13-27.

References

Alper, C.Emre, and S.Boragan Aruoba. 2004. "Moving holidays and seasonal adjustment: the case of Turkey."
Review of Middle East Economics and Finance 2 (3):203-209.

Atabek, Aslihan, Oguz Atuk, Evren Erdogan Cosar, and Cagri Sarikaya. 2009. "Mevsimsel Modellerde Caligma
Giinii Degiskeni." TCMB Ekonomi Notlar: 09/03.

Atuk, Oguz, and Beyza Pinar Ural. 2002. "Seasonal adjustment methods: an application to the Turkish monetary
aggregates." Central Bank Review 2 (1):21-37.

Bell, William R, and Steven C Hillmer. 1983. "Modeling time series with calendar variation." Journal of the
American statistical Association 78 (383):526-534.

Bessa, Mohamed, Rim Dhifalli, Dominique Ladiray, Adnen Lassoued, and Bechir Maghrabi. 2009. "Les effets de
calendrier dans les séries tunisiennes." STATECO (103).

Bozok, Thsan, and Ibrahim Burak Kanli. 2013. "Impact of “De Facto” Bridge Holidays." TCMB Ekonomi Notlar
13/08.

Cano, Stephanie, Patricia Getz, Jurgen Kropf, Stuart Scott, and George Stamas. 1996. "Adjusting for a calendar
effect in employment time series.” Proceedings of the Survey Research Methods Section of the American
Statistical Association, U.S. Bureau of Labour Statistics.

Cleveland, William S, and Susan J Devlin. 1982. "Calendar effects in monthly time series: modeling and
adjustment.” Journal of the American Statistical Association 77 (379):520-528.

Demirhan, Aslihan Atabek. 2016. "Dis Ticaret Istatistiklerinde Mevsimsel Anomaliler." Gazi Universitesi Iktisadi
ve Idari Bilimler Fakiiltesi Dergisi 18 (2):471-484.

Eyerci, Cem. 2021. "Kurban Bayraminin Kirmizi Et Fiyatlara Etkisi." Kafkas Universitesi Iktisadi ve Idari
Bilimler Fakiiltesi Dergisi 12 (23):107-126.

Eyerci, Cem, A. Omer Toprak, and Omer Demir. 2021. "Ramadan effect on prices and production: Case of
Turkey." Statistika: Statistics and Economy Journal 101(2):159-186.

Faye, Modou Ndour, Béchir Maghrabi, Adnen Laoussed, Amal Mansouri, and Dominique Ladiray. 2019. "The
Effects Of Ramadan On Prices : A Comparison Between 3 Countries (Marocco, Senegal, Tunisia)." Time Series
Workshop, Paris,France, 26-27 September 2019.

Hillmer, SC, WR Bell, and GC Tiao. 1983. "“Modeling Considerations in the Seasonal Adjustment of Economic
Time Series, in Zellner, A., Applied Time Series Analysis of Economic Data."74-100.

Kogak, Necmettin Alpay. 2009. "Sanayi Uretiminde Tatil Etkileri." Istanbul University Econometrics and
Statistics e-Journal (10):20-28.

Ladiray, Dominique. 2006. "Calendar Effects and Seasonal Adjustment:A Review." Conference On Seasonality,
Seasonal Adjustment And Their Implications For Short-Term Analysis And Forecasting, Luxembourg.

Lin, Jin-Lung, and Tian-Syh Liu. 2002. "Modeling lunar calendar holiday effects in Taiwan." Taiwan Economic
Forecast and Policy 33 (1):1-37.

Shuja, Norhayati , Mohd Alias Lazim, and Wah Yap Bee. 2007. "Moving holiday effects adjustment for malaysian
economic time series." Journal of the Department of Statistics, Malaysia 1:35-50.

Soukup, Raymond J, and David F Findley. 2000. "Detection and Modeling of Trading Day Effects." ICES II:
Proceedings of the Second International Conference on Establishment Surveys (2001).

Young, Allan H. 1965. Estimating trading-day variation in monthly economic time series. Vol. Technical paper
No. 12. Washington, DC: Department of Commerce, U.S. Bureau of the Census, Washington D.C.

27



: o 4o o o 2023), 13 (2
Istatistik Arastirma Dergisi gawfm, Féeieived 113.11.2023
Journal of Statistical Research Kabul / Accepted  :15.12.2023

https://dergipark.org.tr/tr/publ/jsstr
ISSN: 2791-7616 P gipark.org.tr/tr/publj

ARASTIRMA MAKALESI RESEARCH ARTICLE

Tarimsal Uretim ve Hayvanciligin Cevresel Kirlilige Etkisi: Toplamsal Olmayan Panel
Kantil Yontemi

Zeynep SENGUL
Marmara Universitesi / Doktora Ogrencisi
zzeynepsengul@gmail.com
Orcid No: 0000-0002-0461-6203

Nazan SAK
Marmara Universitesi / Dog. Dr.
nazan.sak@marmara.edu.tr
Orcid No: 0000-0002-7155-2940

Ozet

Cevresel kirlilik ile ekonomik biiyiime arasindaki iliskiyi gostermek icin Cevresel Kuznets Egrisi (CKE) hipotezi
onerilmektedir. Literatiir incelendiginde karbondioksit igin bir¢ok caligma mevcutken metan gazina dair
caligmalarin daha az sayida oldugu goriilmektedir. Bu sebeple iklim degisikliginde en biiyiik ikinci faktdr olan
metan gazi salinimi ig¢in Cevresel Kuznets hipotezinin gegerliligi, toplamsal olmayan panel kantil yontemi ile
incelenmistir. 2050’ye kadar diinyanin en biiyiik ekonomisine sahip olacag diigiiniilen BRICS iilkelerinde 1990-
2019 yillar1 arasindaki donem i¢in ¢alisma yapilmistir. Metan gazi i¢in gergeklestirilen uygulamada gelir
gostergesine ek olarak ekilebilir arazi, yenilenebilir enerji kullanimi, giibre tiiketimi, biiylikbas hayvan iiretim
indeksi, tarimsal alan makine sayisi, toplam alan igindeki ormanlik alan verisi dahil edilmis ve tiim degiskenler
i¢in anlamli sonuglar elde edilmistir. Bu ¢alisma i¢in CKE hipotezinin gegerli oldugu belirlenmis ve gevre kirliligi
ile gelir arasindaki iligkinin N bi¢iminde oldugu sonucuna varilmistir. Calismanin bulgularina gore biiyiikbas
hayvan indeksi, giibre tiikketimi, tarimsal alan makine sayisi, ekilebilir alan ve ormanlik alan degiskenlerinin metan
gazini arttirdi@i goriilmistiir. Biiylikbas hayvan yetistiriciliginde ¢evreyi koruyucu diizenlemeler yapilmasinin ve
topragt korumaya yonelik inorganik giibrelerin kullaniminin metan gazi salinimini azaltici etkisi olacagt
diistiniilmektedir. Calismada yenilenebilir enerji kullaniminin kirliligi azalttigina yonelik bulgular elde edilmistir.
Bu sebeple riizgar, giines, dalga panelleri kurularak temiz enerji iiretmenin metan gazi salinimi azaltmada etkili
olacagi ongoriilmektedir.

Anahtar sozciikler: Cevresel Kuznets Egrisi, Metan Gazi, Ekonomik Biiyiime, Toplamsal Olmayan Sabit Etkili
Panel Kantil Regresyon Yontemi
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Impact of Agricultural Production and Livestock on Environmental Pollution: Non-
Additive Fixed Effect Panel Quantile Method

Abstract

The Environmental Kuznets Curve (EKC) hypothesis is proposed to demonstrate the relationship between
environmental pollution and economic growth. When the literature is examined, it is seen that while there are
many studies on carbon dioxide, there are fewer studies on methane gas. For this reason, the validity of the
Environmental Kuznets hypothesis for methane gas emissions, which is the second largest factor in climate change,
was examined with the non-additive panel quantile method. The study was conducted for the period between 1990
and 2019 in BRICS countries, which are thought to have the largest economy in the world by 2050. In addition to
the income indicator in the application for methane gas, arable land, renewable energy use, fertilizer consumption,
large head animal production index, number of agricultural machinery, forest area data in the total area is included
and meaningful results are obtained for all variables. It was concluded that the EKC is valid for this study and the
relationship between environmental pollution and income is in the form N. According to the findings of the study,
it was observed that the variables of livestock index, fertilizer consumption, number of agricultural machinery,
arable land and forest area increased methane gas. It is thought that making environmentally protective regulations
in cattle breeding and the use of inorganic fertilizers to protect the soil will have a reducing effect on methane gas
emissions. For this reason, it is predicted that producing clean energy by installing wind, solar and wave panels
will be effective in reducing methane gas emissions.

Keywords: Environmental Kuznets Curve, Carbon Dioxide Emissions, Methane Gas, Economic Growth, Panel
Quantile Regression Method

1. Giris

Ekonomik gelisme siireci igerisinde tarim toplumundan sanayi toplumuna gegisiyle birlikte, artan kentlesme ve
niifus artigi, tiretim ve tiiketimde fosil yakit kullanimi artigina sebep olmus; ekonomik ve toplumsal doniisiim siireci
biiytime artisiyla birlikte ¢evresel kirliligin artigini da beraberinde getirmistir.

Kuznets (1955) g¢alismasinda, gelir dagilimi ile ekonomik biiylime arasindaki iligkinin incelenmesinden sonra
1990’11 yillarda kiiresel isinmanin ¢ok hissedilmesi, hava kirliliginin artmasi, artan niifus ile dogal kaynak
kullaniminin artmasi sebebiyle Kuznets Egrisi yaklagimi ¢evre sorunlarina uyarlanmustir.

Cevresel Kuznets hipotezi yaklasimina gore, ekonomik biiyiime artik¢a iiretim ve tiiketimden dolayr gevre
kirliligine sebep olan zararli gazlarin salinimi artig gostermektedir. Belli bir ekonomik biiylime seviyesinden sonra
¢evreyi koruyucu politikalarin uygulanmasi, yasal diizenlemeler gibi sebeplerle ¢evre kirliliginde diisiis meydana
gelmektedir. Bu ¢alismada ¢evresel kirletici olarak metan gazi emisyonu degiskeni kullanarak Cevresel Kuznets
Egrisi hipotezinin (CKE) gegerliligi arastirilacaktir.

Karbondioksit emisyonu %61, metan gazi emisyonu %15, CFC gazlar1 %11, ozon gaz1 %9 ve N20 %4 oraninda
kiiresel 1sinmaya sebep olan gazlardir. (Temur, 2017). Giinliik yasantida insanlarin kullanmis oldugu plastikler,
evsel ve hayvansal atiklar ¢evre sorunlarini tetiklemektedir. Gelismis ve gelismekte olan iilkeler atigin geri
doniistiiriilmesi i¢in ¢aligmalar saglarken geri doniisiime gitmeyen atiklar yakilarak veya topraga gomiilerek yok
edilmektedir. Yakilarak yok edilmek istenen atiklar evrene karbondioksit yayarken topraga gomiilerek yok
edilmek istenen atiklar kimyasal tepkimeye ugrayarak iklim degisikliginin biiyiik sebeplerinden olan metan
gazinin yayilmasina yol agmaktadir (Kahvecioglu, 2004). Metan gazi salinimi, sulak tarimsal alan kullanimindan
(piring iiretimi vb.), hayvancilik sektdriinden ve fosil yakitlarin kullanimindan etkilenmektedir. Tarimda metan
gaz1 hem giibrenin kullanimi kaynakli hem de sulama ile olugsmaktadir.

Karbondioksit emisyonu diinyada iklim degisikliginde en biiyiik etken iken metan gazi iklim degisikliginde ikinci
biiyiik etken olarak goriilmektedir. Metan gazi, atmosferi birim basina diisen karbondioksitten 20 kat daha giiclii
1sitma potansiyeline sahiptir (Euronews, 2021). Bu sebeple karbondioksit emisyonu yerine metan gazi iizerine
yogunlasip ¢evre politikast gelistirildigi takdirde daha hizli bir sekilde iklim degisikliginin Oniine gecilebilecegi
distiniilmektedir.
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Calismada metan gazi salinimini etkileyen faktorler, BRICS iilkelerinin 1990-2019 yillar1 arasindaki verileri
kullanilarak disiik (0.20), orta (0.50) ve yiiksek (0.80) kantiller dikkate alinarak toplamsal olmayan sabit etkili
panel kantil regresyon yontemi ile aragtirtlacaktir. Yapilan ¢aligsmalar incelendiginde, tarimsal ve hayvansal iiretim
faktorlerinin metan gazi salinimu iizerindeki etkisinin toplamsal olmayan panel kantil yontemiyle incelendigi bir
caligmanin olmamasi bu ¢aligmanin literatiire katkisi olarak belirtilebilir.

Calisma planma gore ikinci boliimde ilgili literatiir sunulacaktir. Ugiincii béliimde Cevresel Kuznets Egrisi
hipotezi ve dordiincii bolimde toplamsal olmayan panel kantil modeli hakkinda bilgi verilecektir. Besinde
boliimde veri yapisit ve uygulama ile ilgili sonuglar sunulacak; sonu¢ ve degerlendirme boliimii ile galismaya
devam edilecektir.

2. Literatiir

Literatiir incelendiginde metan gazina gore karbondioksit emisyonu iizerine birgok ¢aligmanin farkli ekonometrik
modeller kullanilarak incelendigi goriilmektedir. Grossman ve Krueger (1991), Panayotou (1993), Selden ve Song
(1994), Torras ve Boyce (1998), Baret ve Graddy (2000) ¢alismalarinda CKE hipotezinin varlig1 incelenmistir.

Cole ve ark., (1997) ¢alismalarinda, OECD iiyesi 11 iilke i¢in nitrojen dioksit, siilfiir dioksit, metan gazi gibi
gostergeleri dikkate alarak CKE hipotezinin varligini arastirmus; kiiresel kirlilik gostergeleri igin gelirin artmasi
ile karbondioksitin arttigini ifade etmiglerdir.

Jaunky (2001) yapmis oldugu g¢alismada, yiiksek gelirli 36 tilkenin 1980-2005 donemi verilerini kullanarak
karbondioksit emisyonu ve GSYIH degiskenleriyle CKE hipotezinin gecerliligini arastirmistir. Calismada panel
birim kék ve esbiitiinlesme testleri uygulanmistir. Analiz sonucunda Malta, Umman, Portekiz, Ingiltere ve
Yunanistan iilkeleri i¢in CKE hipotezinin gegerli oldugu sonucuna varilmistir.

Hamilton ve Turton (2002) ¢alismalarinda OECD iilkelerini dikkate alarak 1982-1997 donemleri arasinda CKE
hipotezinin gecerliligini incelemek i¢in sera gazi, ekonomik biiylime, enerji yogunlugu degiskenlerini kullanmistir.
Calismada Avrupa Birligi ile Amerika’da enerji yogunlugu diiserken, Japonya’da artig gosterdigi sonucuna
ulagilmustir.

Dijkgraaf ve Vollebergh (2005) ¢alismasinda OECD iilkelerinde 1960-1997 dénemi i¢in karbondioksit emisyonu
ve kisi basi GSYIH degiskenleri kullamlarak panel veri yontemi ile CKE hipotezinin gegerliligi incelenmistir.
Analiz sonucunda CKE hipotezinin gecerli oldugu sonucuna varilmstir.

Ang (2007), yapmis oldugu calismada Fransa’da 1960-2000 dénemi igin karbondioksit emisyonu, GSYIH ve
enerji kullanimi degiskenleri dikkate alinarak CKE hipotezinin gegerliligini incelemistir. Caligma sonucunda CKE
hipotezinin varlig1 tespit edilmistir.

Jalil ve Mahmud (2009), ARDL yaklasimini kullanarak Cin’in karbondioksit emisyonu, enerji kullanimi, gelir,
ticaret etkisi gostergeleri i¢in 1975-2005 donemi verilerini kullanilarak CKE hipotezinin gegerliligine yonelik
bulgulara ulasmustir.

Hao (2016) calismasinda, CKE hipotezini test etmek i¢in Cin’in 29 vilayetine ait 1995-2012 doénemi dikkate
almarak kisi basina diisen komiir tiiketimi ile gelir gostergeleri kullanilmistir. Analiz sonucunda hipotezin gegerli
oldugu ifade edilmistir.

Lebe (2016) yapmis oldugu calismada ARDL-Sinir testi yaklasimi ve VECM model ile CKE hipotezini test
etmistir. Tiirkiye’ye ait 1960-2010 donemi i¢in karbondioksit salinimi, GSYIH, enerji tiiketimi, disa agiklik,
finansal gelisme gostergeleri ile analiz gergeklestirmistir. Analiz sonucunda CKE hipotezinin varligina yonelik
bulgulara ulagilmistir.

Williamson (2017) caligmasinda iki farkli konu dikkate alinarak 181 iilke i¢in 2012 yilina ait hem karbondioksit
emisyonu i¢in hem de metan gazi i¢in uygulama gerceklestirilmistir. Aragtirma sonucuna gore karbondioksit
emisyonu i¢cin CKE hipotezinin gecerli oldugu, metan gazi i¢in CKE hipotezinin gegerli olmadigi ifade edilmistir.

Benavides ve ark. (2017), Avusturya i¢in CKE hipotezini gelir, metan gazi, elektrik tiiketimi ve ticaret agiklig
degiskenlerini kullanarak ARDL ile incelemistir. Caligma sonucunda ters U seklinde iliski oldugu bulgusuna
ulasilmstir.

Giiris ve Sak (2019) caligmalarinda secilmis 32 OECD iilkesi i¢in 1993-2014 doénemindeki yillik frekanstaki
verileri dikkate alarak karbondioksit emisyonu, kisi bast GSYIH, yenilenebilir enerji tiikketimi, enerji kullanimi,
kent niifusunun toplam igindeki payi, ticari agiklik, finansal gelisme degiskenlerini kullanmistir. CKE hipotezini
test etmek icin toplamsal olmayan panel kantil regresyon yontemini kullanilarak elde edilen bulgularin CKE
hipotezinin gecerliligini destekledigi belirtilmistir.
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Shahbaz ve ark., (2019) calismalarinda, ABD i¢in 2000-2015 donemini kapsayan karbondioksit emisyonu, enerji
tilketimi, ticari aciklik ve dogrudan yabanci yatirimlar degigkenleri ile CKE hipotezini test etmislerdir. Analiz
sonucunda CKE hipotezinin gecerli oldugu belirtilmistir.

Beyene ve Kotosz (2020) calismasinda, 1990-2013 donemi aras1 12 Dogu Afrika Ulkesi i¢in CKE hipotezi,
Havuzlanmis Ortalama Grup yontemi ile sinanmis ve hipotezin gecerli oldugu ifade edilmistir.

Chu (2021) ¢aligmasinda 118 iilkeye ait ekonomik karmasiklik ve karbondioksit degiskenleri kullanilarak 2002-
2014 doénemi i¢in CKE hipotezi ARDL yaklasimu ile test edilmis ve hipotezin gecerli oldugu belirtilmistir.

Ajam ve ark. (2021) calismasinda, Iran icin 1979-2016 dénemi icin kiiresellesme, karbondioksit emisyonu ve
tarimsal katma deger degiskenleri ile NARDL yaklagimi kullanilarak CKE hipotezi test edilmistir. Degiskenlerin
karbondioksit emisyonlari ile ters iligkili oldugu ifade edilmistir.

Djoukouo (2021), Orta Afrika Ekonomik ve Parasal Toplulugu (CEMAC) alt1 iilkesi i¢in CKE hipotezini ve metan
gaz1 emisyonlari ile GSYIH arasindaki iliskiyi Panel Granger Nedensellik testini kullanarak incelemistir. Test
sonucunda ¢ift yonlii nedensellik iliskisi oldugu ve CKE egrisi hipotezinin gegerli oldugu ifade edilmistir.

Handoyo ve ark. (2022), Asya iilkelerinde {ist ve orta gelirli grup i¢in iki analiz gergeklestirmistir. Analizde 2010-
2019 yillar1 arasinda ithalat, ihracat, karbondioksit emisyonu, dogrudan yabanci yatirnmlar degiskenleri
kullanilarak Poisson Maksimum Olabilirlik yontemi ile CKE hipotezi test edilmis ve hipotezin gecerliligine
yonelik bulgulara ulasilmistir.

Ericson (2022), ¢aligmasinda 1992-2018 yillar1 arasinda G20 iilkelerine ait metan gazi, ekonomik biiylime, enerji
tilketimi ve dogal gaz tiikketimi degiskenleri dikkate alinarak sabit etkiler regresyon modeli ile CKE hipotezi test
edilmistir. Analiz sonucunda CKE hipotezinin gegerli oldugu ifade edilmistir.

Ramos ve ark. (2023), Kolombiya i¢cin GSYIH ve metan emisyonlar1 degiskenlerini kullanarak ARDL testi ile
CKE hipotezini gegerliligini sinamiglardir. Calisma sonucunda ters-U seklinde CKE hipotezinin gegerli oldugunu
ifade etmislerdir.

Literatiir incelendiginde ekonometrik yontem olarak ¢ogunlukla regresyon, ARDL ve esbiitiinlesme yontemlerinin
tercih edildigi goriilmektedir. Bu calismada tahmin yontemi olarak Toplamsal Olmayan Sabit Etkili Panel Kantil
Regresyon yontemi kullanilmaktadir. Bu yontemin se¢ilmesinin sebebi, normal dagilim varsayimimin gegerli
olmamasi ve veri setinde u¢ deger olmasi durumunda etkin tahmin yapilabilmesidir. Bu yontemin bir diger
avantaji, diisiik-orta-yiiksek kantillerde degiskenlerin katsayi degisimlerindeki farkliliklari gdrmemize olanak
saglamasidir. Caligmada BRICS iilkeleri igin 1990-2019 donemi dikkate alinarak metan gazi emisyonu ile
ekonomik biiylime, yenilenebilir enerji kaynaklarinin kullanimi, biiylikbas hayvan indeksi, giibre kullanimi,
ekilebilir arazi, tarim makinesi sayist ve ormanlik alanin toplam alan i¢indeki pay1 arasindaki iliski, CKE hipotezi
ile test edilecek; degiskenler arasindaki iliskinin yonii farkli kantiller igin belirlenmeye ¢aligilacaktir.

3. Cevresel Kuznets Egrisi Hipotezi

Ekonominin gelismesiyle beraber, sanayinin artmasi, tiretim ve tiiketim sonucu salinan karbondioksitin havaya
karigmasi ve atiklarin denizlere dokiillmesi, niifusun artmasi, ¢ok fazla makinenin kullanimi ¢evresel kirliligi ve
iklim degisimini etkilemektedir. Cevresel kirlilik ile gelir arasindaki iligkiyi incelemek i¢in Cevresel Kuznets
Egrisi (CKE) hipotezi literatiire kazandirilmistir.

CKE hipotezi, Simon Kuznets (1955)’in yapmis oldugu ¢calismada ekonomik biiyiime ile gelir esitsizligi arasindaki
ters-U iligkisinin ekonomik biiyiime ve gevresel bozulma arasindaki iliskiye uyarlanmis seklidir (Bo, 2011: 1323).
Grossman ve Krueger (1991) calismasinda Kuznets egrisi hipotezinin, ¢evresel bozunma ve ekonomi iliskisini
ortaya koyacak sekilde genisletildigi goriilmektedir. Grossman ve Kruger (1991)’e benzer olarak CKE ile ilgili
literatiirde yer alan ilk calismalarda cevresel kirlilik ile ekonomik biiyliime arasindaki iligkinin yapis1 incelenirken,
zamanla ekonomik biiyiimenin yani sira farkli degiskenlerin etkisinin de modellere dahil edildigi goriilmektedir.

CKE hipotezine gore ekonomik gelismenin ilk durumda artan milli gelirin ve ekonomik faaliyetin etkisiyle ¢evre
kirliligini arttiracagi; belirli bir seviyeye kadar gelirin artmasindan sonra ise gevre kirliligindeki artisin diisiis
gosterecegi ifade edilmektedir. Bu durumun ortaya ¢ikmasinda zamanla iiretim sektdriinden hizmetler sektoriine
hareketliligin ve teknolojik gelismelerin 6zellikle ¢evreye duyarli teknolojilerin kullanimindaki artigin etkisi
oldugu belirtilmektedir. (Spilker, 2013:11). Agras ve Chapman (1999)’un CKE’nin isleyis mekanizmasini
gelismis ve gelismekte olan iilkelerin ekonomik yapilart i¢in farkli sektorleri dikkate alarak olusturduklar sema,
Sekil 1°de yer almaktadir.
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Sekil 1. Cevresel Kuznets Egrisinin Zit Dinamikleri (Kaynak: Agras ve Chapman, 1999: 275)

Sekil 1 incelendiginde, gelismekte olan iilkeler tarim ekonomisinden sanayi ekonomisine gegmeye basladiginda
cevresel bozulmanin arttig1 goézlenirken; gelismis iilkelerde ekonomi hizmetler sektoriine kaydikga gevresel
bozulmanin asag1 yonde hareket ettigi goriilmektedir. Bu durum, gelismekte olan iilkeler i¢in kisi basina diisen
milli gelirin ve kirliligin artmasina sebep olurken; gelismis tilkelerde ithalattaki artisin kirliligin azalmasina sebep
oldugu gériilmektedir. incelenen semada enerji fiyatlarinin ¢evresel bozulma iizerindeki etkisi dikkate alindiginda,
enerji fiyatlarindaki diisiigiin iki tilke kategorisi i¢in de bozulmaya sebep oldugu goriilmektedir.

Cevresel Kuznets Egrisi modeli;
Yie = a; + BoXie + BoXit + BaXit + BuZir + €4 1)

olarak ifade edilmektedir. Denklemde i ve t sirasiyla iilkeleri ve yillar1 ifade etmektedir. Y ¢evresel bozulmay1
ifade eden bagimli degisken, X degiskeni ekonomik géstergeyi ifade eden bagimsiz degiskeni ve Z g¢evresel
bozulmaya sebep olabilecek diger degiskenleri ifade etmektedir.

Cevresel etki ile ekonomik gosterge arasindaki iliski durumu g; katsayilarmin anlamlihgma gore yedi farkli
bicimde smiflandirilmaktadir (Dinda, 2004: 340-341). X ile Y arasinda iligki igin;

i) B1 = B, = B3 = 0 oldugu durumda iliski olmadigi,

ii) B; > 0ve B, = B3 = 0 oldugu durumda dogrusal artan iligki oldugu,

iii) B; < 0ve B, = B3 = 0 oldugu durumda dogrusal azalan bir iliski,

iv) B; > 0, B, < 0 ve B3 = 0 oldugu durumda ters-U seklinde iliski,

V) B1 <0, B, >0 ve B3 = 0 oldugu durumda U seklinde iliski,

vi) B > 0, B, < 0ve 3 > 0 oldugu durumda N seklinde fonksiyonel iligki,

vii) B; < 0, , > 0 ve 3 < 0 oldugu durumda ise ters-N seklinde iligki mevcuttur.
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4. Yontem

Ekonometride en yaygin olarak kullanilan En kiiciik Kareler tahmin yontemi igin gecerli olan temel
varsayimlardan bir tanesi, normal dagilimin saglanmasidir. Anakiitlede yer alan asir1 degerler sebebiyle normal
dagilim varsayiminin saglanamadig1 durumlarda kantil regresyon yonteminin kullanimi 6nerilmektedir.

Koenker ve Basset (1978) tarafindan literatiire kazandirilan kantil regresyon, farkl kantil seviyelerinde tahmin
sonuglarinin elde edilmesine olanak saglamaktadir. Farkli kantillerdeki tahminlere dair katsayilar dagilim boyunca
degisim gostermektedir. Bu sebeple, farkli kantillerde farkli katsay: ve test istatistiklerine ulasilmaktadir. Kantil
regresyon modeli;

Y = X{Bo + ug; 2

olarak ifade edilmektedir. Denklemde yer alan Y;, bagimli degisken, X;, agiklayict degisken ve By, farkli kantiller
icin tahmin edilen katsayidir. Bu deger (), 0 < 6 < 1 arasinda yer almaktadir. ug;, hata terimidir. Kantil
regresyon modeli minimizasyon problemini ele alarak ¢6ziimii sagladigi i¢in 6. kantil regresyon;

. 1 ’ I
ming {3,y oxts 1% = XIBI + Ty oxp(1 — OIY: — X(B1} ®)

seklinde ifade edilmektedir (Koenker ve Bassett, 1978). Kantil regresyon yonteminin zamanla veri alaninin
genigledigi ve farkli tahmin yontemlerinde kullanildig1 gériilmektedir. Koenker (2004) makalesinde, panel kantil
regresyon modelinin sabit etki varsayimi altinda genisletilerek tanimlandig1 kantil fonksiyonu;

QYij(T|Xij) = Qq; + XL,]B(T) ] = 1,2, ., my, i = 1,2, e, n (4)

olarak ifade edilmektedir. Denklemde yer alan «; , kosullu kantil {izerinde konum degisikligini ifade etmektedir.
Degiskenlerin belirlenen kantil degerlerine (7) bagli olmasina izin verilmektedir (Koenker, 2004). Zamanla farkli
panel kantil caligmalarinin literatiirde yer aldig1 goriilmektedir. Bu ¢calismada Powell (2016) ¢calismasiyla tanitilan
ve Powell (2023) calismasinda gelistirilen toplamsal olmayan sabit etkili panel kantil regresyon modeli
kullanilmistir. Bu panel veri modelinde sabit etkilerin bilindigi varsayilmaktadir. Toplamsal sabit etkiler
modelinde (Y;; — a;)|X;; dagilimi1 hakkinda bilgi elde edilmektedir. Toplamsal olmayan sabit etkiler modelinde
ise (Y;; — ;)|X;; dagihm yerine Y;;|X;; bagimli degisken dagilimi hakkinda bilgi elde edildiginden heterojenlik
g6z ardi edilmeden bagimli degisken iizerindeki etki ortaya cikarilabilmektedir. Toplamsal olmayan panel kantil
modeli;

Y = Xi,t,B(Ui*t) 5)

olarak tanimlanmaktadir. Denklemde yer alan U;; = f(a;, U;;) seklinde sabit etkileri kapsayacak sekilde ifade
edilmektedir (Powell, 2022: 2682).

5. Veri ve Uygulama

Calismada BRICS iilkeleri igin 1990-2019 yillar1 arasindaki veriler kullanilarak metan gazi emisyonunu etkileyen
faktorler arastirilacaktir. Tablo 1°de ¢alismada kullanilan degiskenler yer almaktadir.

Tablol. Degisken Tanimlari

Uygulamaya Ait Degiskenler Kaynak

MG Metan emisyonu (kiloton karbondioksitin egiti) World Bank
GSYH Kisi bast GSYIH (US $) World Bank
YE Yenilenebilir enerji tiiketimi (toplam enerji tiiketiminin %) World Bank
EA Ekilebilir arazi (arazinin %) World Bank
BUI Biiyiikbag hayvancilik tiretim indeksi (2014-2016=100) World Bank
GT Giibre tiiketimi (ekilebilir arazinin hektar basina diisen kilogrami) World Bank
MS Makine Sayis1 (1000 hektar tarim arazi basina diisen)

Our World in Data
OA Ormanlik Alan (toplam alan i¢indeki %) (meyve tarlalar1 ve tarimsal World Bank
orman alanlar1 harig)

Degiskenlere ait grafikler Sekil 2’de yer almaktadir.
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Buyuk Bag Uretim Indeksi
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Sekil 2. Degiskenlere ait Grafikler

vit

filkeler

tlkeler

Sekil incelendiginde, 2019 yil1 dikkate alindiginda, metan gazinin en fazla Cin’de en az Giiney Afrika’da oldugu
goriilmektedir. Kisi basmna diisen GSYIH en fazla Rusya en az Giiney Afrika’da yer almaktadir. Yenilenebilir
enerji kullanimi en fazla Brezilya’da en az Rusya’dadir. Ekilebilir Arazi en fazla Hindistan en az Brezilya’dadir.
Gtibre tiiketimi en fazla Cin’de en az Rusya’dadir. Biiyiikbas tiretim indeksi en fazla Hindistan’da en az Giiney
Afrika’dadir. Makine Sayisi en fazla Cin en az Rusya’dadir. Orman alani en fazla Brezilya’da en az ise Cin’dedir.
Grafikler incelendiginde, bazi degiskenlerin zaman i¢inde sigramalara sahip oldugu goriilmektedir. Bu durum asiri
deger olmasina sebep olabilmektedir.
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Sekil 3’te bagimli degisken Metan Gazina ait asir1 degerleri gosteren kutu grafigi yer almaktadir.

Metan Gazi

Sekil 3. Metan Gaz1 Kutu Grafigi

Sekil 3 incelendiginde, noktalar metan gazi degiskenine ait veri setinde aykir1 degerlerin oldugunu gostermektedir.
Bu sebeple, aykir1 gozlemlere karsi direncli olan panel kantil regresyon kullanimi ¢alisma i¢in avantajli olacaktir.

Degiskenlere ait tanimlayic istatistikler Tablo 2°de yer almaktadir. Degiskenler logaritmik formda modele dahil

edilmigtir.

Tablo 2. Tanimlayici istatistikler

Degiskenler  Ortalama  Medyan Mak. Min. Std. Carpiklik  Basiklik JB
Sapma (prob.)
LMG 11.7674 115291  13.9778  10.0301  1.0730 0.4115 2.0061 9.5449*
LGSYH 9.1922 9.2755 11.1296 5.7088 1.2938 -0.6738 2.7696 42%08%09)*
LYE 1.9412 2.3154 4.0716 -4.7069  1.8040 -2.1631 8.2967 1(106.080007)*
LEA 2.5402 2.5414 4.0069 0.3557 0.8682 -0.5914 2.9360 35022292*
LBUI 4.4363 4.5192 5.1446 3.5743 0.2580 -1.0128 3.5552 45038222*
LGT 4.8053 4.8404 6.3562 1.8290 0.8494 -0.8025 3.7956 7(5%040109)*
LMS 39.444 40.2168  70.4580  16.7380 16.7979  0.2167 1.6805 1(20032l
LOA 1.3183 0.4729 7.9045 0.0933 2.0337 2.0257 5.7776 1?82%
0.002

*: %1 e gore normal dagilmadigini ifade etmektedir.

Tablo 2, degiskenler igin tanimlayici istatistik sonuglarimi sunmaktadir. Jarque Bera test istatistikleri
incelendiginde, “seriler normal dagilmaktadir" temel hipotezinin reddedildigi gorilmektedir.
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Sekil 4. Uygulamaya Ait Degiskenlerin Kernel Yogunluk Fonksiyonu Grafikleri

Sekil 4 incelendiginde, degiskenlerin Kernel Yogunluk fonksiyon grafiklerinin normal dagilim sergilemedigi ve
birden fazla tepeye sahip olduklari gériilmektedir.

Yapilan inceleme sonucunda, normal dagilmayan, asir1 degerler barindiran degiskenler i¢in farkli heterojen
etkilerin modellenmesini saglayan toplamsal olmayan panel kantil regresyon tahmin yontemi kullanilarak BRICS
iilkeleri igin Cevresel Kuznets egrisi hipotezinin gegerliligi incelenmis ve sonuglart Tablo 3’te sunulmustur.
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Tablo 3. Toplamsal Olmayan Sabit Etkili Panel Kantil Regresyon Modeli Sonuglari

Q. Kantil LMG Katsay1 Std. Hata Z (proh.) Giiven Araliklar
LGSYH 28.33291 1.077385 26.30* 26.22127 30.44454
(0.000)
LGSYH? -4.191281 0.1449334 -28.92* -4.475345 -3.907216
(0.000)
LGSYH? 0.1971537 0.0063729 30.94* 0.1846629 0.2096444
(0.000)
LYE -0.6765331 0.045379 -14.91* -0.7654743 -0.587592
Q(20) (0.000)
LEA 0.8664791 0.0294095 29.46* 0.8088375  0.9241207
(0.000)
LGT 0.1378428  0.0474057 2.91* 0.0449294 0.2307563
(0.004)
LBUI 0.1531695  0.0291351 5.26* 0.0960659 0.2102732
(0.000)
LMS 1.13532 0.0213579 53.16* 1.093459 1.177181
(0.000)
LOA 3.020708 0.0756803 39.91* 2.872377 3.169038
(0.000)
LGSYH 28.16399 1.645976 17.11* 24.93794 31.39005
(0.000)
LGSYH? -4.267471 0.2208818 -19.32* -4.700391 -3.83455
(0.000)
LGSYH? 0.2044287 0.0097623 20.94* 0.185295 0.2235624
(0.000)
LYE -0.903096 0.0262113 -34.45* -0.9544691 -0.8517229
Q(50) (0.003)
LEA 1.029338 0.0221885 46.39* 0.9858494 1.072827
(0.000)
LGT 0.2760092 0.0243066 11.36* 0.2283691 0.3236494
(0.000)
LBUI 0.3381451 0.0211134 16.02* 0.2967636 0.3795265
(0.000)
LMS 1.07919 0.0188575 57.23* 1.04223 1.11615
(0.000)
LOA 3.544028 0.0701607 50.51* 3.406515 3.68154
(0.000)
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Tablo 3. Toplamsal Olmayan Sabit Etkili Panel Kantil Regresyon Modeli Sonuglar1 (Devam)

LGSYH 2.524009 0. 9809861 2.57* 0.6013114 4.446706
(0.010)
LGSYH? -0.4497282  0.1268149 -3.55% -0.6982808  -0.2011756
(0.000)
LGSYH3 0.0236576  0.0054817 4.32* 0.0129138 0.0344015
(0.000)
LYE -0.4219534  .0071041 -59.40% -0.4358771  -0.4080297
Q(80) (0.000)
LEA 0.1746625  0.0061573 28.37* 0.1625944 0.1867306
(0.000)
LGT 0.1690149  0.0262309 6.44* 0.1176033 0.2204266
(0.000)
LBUI 0.1575232  0.0381946 4.12* 0.0826633 0.2323832
(0.000)
LMS 0.1719574  0.0112324 15.31* 0.1499422 0.1939726
(0.000)
LOA 0.195286  0.0510375 3.83* 0.0952544 0.2953176
(0.000)

*: %5’e gore istatistiksel olarak anlamlilig ifade etmektedir.

Calismanin sonuglar1 incelendiginde; LGSYH, LGSYH?, LGSYHS? degiskenlerinin tiim kantiller igin sirasiyla;
arttirict, azalticy, arttiric etkisi oldugu goriilmektedir. Biiylikbag hayvan iiretim indeksinin de metan gazini arttirici
etkisi oldugu goriilmektedir. Bunun temel sebebi, biiyiikbas hayvanlarin gevis getirirken karbonhidratlarin
mikroorganizmalar tarafindan pargalamasi sebebiyle metan gazinin agiga c¢ikmasidir (Karaalp, 2008). Giibre
tilketiminin ve ekilebilir arazinin metan gazi salinimu arttirdig1 yoniinde sonuglar elde edilmistir. Topragin verimli
mahsul vermesi i¢in kullanilan giibrenin oksijensiz ortamda pargalanmasi sebebiyle metan gazi agiga ¢ikmaktadir.
Topragin giibreli olmasi ekilebilir arazinin metan gazi salinimini arttiracaktir. Tarim alanlart i¢in kullanilan
makinenin giibreli topragi islemesi sebebiyle metan gazini artirdigi goriilmektedir. Orman alani degiskeni
incelendiginde, metan gazini arttirdig1 goriilmektedir. Biyojenik olmayan metan gazi ormanlardan, okyanuslardan,
sulak alanlardan, piring iiretiminden kaynaklanmaktadir (Isik ve Okmen, 2013). Tarim alaninda asir1 miktarda
giibre kullanimi topragi etkilemekte, yeralti sulart i¢in de kirlilik kaynagi olusturmaktadir. Topraga ve suya
uygulanan giibreler amonyak ve azot oksitlere ayrilmaktadir. Siirekli sulama yapilan alanlarda metan gazi salinimi
olmaktadir (Atis 2005). Ormanlik alanlarda su kanallari, dere daha fazladir ve yagis diger alanlara gore daha fazla
gerceklesmektedir. Bu durum, metan gazi artigina neden olmaktadir. Yenilenebilir enerjinin ise tiim kantil
degerleri i¢in metan gazi salinimini azaltict etkiye sahip oldugu goriilmektedir.

BRICS iilkeleri i¢in metan gazi salinmmini etkileyen faktorlerin panel kantil regresyon yontemi ile analiz
edilmesiyle elde edilen tahmin sonuglar incelendiginde, farkli kantil seviyelerinde egim parametrelerinin 81 >0,
B2 <0, 3 >0 ve anlaml oldugu sonucuna varilmistir. Sonug olarak, BRICS iilkeleri i¢in N bigiminde CKE
hipotezinin gegerli oldugu belirlenmistir.

6. Sonuc

Cevresel Kuznets egrisi hipotezine goére ekonomi ve ¢evresel kirlilik birbirini etkileyen iki 6nemli kavramdir.
Literatiirdeki c¢aligmalar incelendiginde, bir¢ok caligmada Cevresel Kuznets egrisi hipotezinin gegerliliginin
ekonomik bilylime ve karbon emisyonu iizerindeki etkisinin arastirildig1 goriilmektedir. Fakat ¢evre kirliligine dair
veriler incelendiginde, iklim degisikligine sebep olan ikinci biiyiik etkenin metan gazi salmimi oldugu
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goriilmektedir. Bu sebeple, metan gazi saliniminin Cevresel Kuznets egrisi hipotezi ile incelendigi ¢aligmanin
kullanilan yontem ve incelenen degiskenler acisindan literatiire katki saglayacagi disiiniilmektedir.

Insan irkinin ortaya ¢ikmasi ve zamanla niifusun artmasi sebebiyle tarim ve hayvanciliga olan talep artmaktadr.
Niifusun artmastyla beraber gida ihtiyacinin karsilanmasi i¢in tarim alanlarinin verimli olmasi gerekliliginden
dolay1 giibreye ihtiya¢ duyulmaktir. Kullanilan giibre ve bazi mahsuller (piring vb.) metan gazi salinimina sebep
olmaktadir.

Bu sebeple, ¢aligmada ekonominin metan gazi salimimmina etkisini incelerken biiyiikbag hayvan iiretim indeksi,
giibre kullanim, ekilebilir alan, yenilenebilir enerji kullanimi, tarim makine sayis1 ve mahsul ekilmeyen ormanlik
alanin toplam alan igindeki pay1 modele dahil edilerek CKE hipotezi incelenmistir.

Calismada toplamsal olmayan panel kantil regresyon yonteminin tercih edilmesinin sebebi, farkli kantillerde
dagilim yiizdelerini gormemize olanak saglamasidir. Bu ¢aligmada diisiik-orta-yiiksek kantiller (Q20-Q50-Q80.)
dikkate alinmistir. Calisma sonucunda farkli kantil seviyesideki metan gazi salinimi tizerine degiskenlerin etkisi
benzer yonde bulunmusgtur. Biiyiikbas hayvan indeksi, giibre tiiketimi, ekilebilir alan, orman alani, makine sayisi
metan gazini arttirmaktadir. Giibrenin oksijensiz ortamda pargalanmasi sebebi ile metan gazi aciga ¢ikmaktadir.
Biiyiikbas hayvanlardan metan gazi yayilimi1 hem giibre hem de gevis getirmeleri sirasinda gerceklesmektedir.
Ekilebilir alandaki artig daha fazla giibre kullanimi sebebiyle metan gazini arttirmaktadir. Ormanlik alanlarin fazla
yagmur almasi, dere, akarsu alanlarinin fazla olmasi, metan gazi iizerinde arttirici etkiye sahiptir. Yenilenebilir
enerjinin metan gazini azalttigi; bu sebeple, kullaniminin iklim degisikligi i¢in kiymetli oldugu goriilmektedir. Bu
sebeple, komiir, fosil yakit, benzin yerine yenilenebilir enerji kullanimi1 6nem arz etmektedir. Biiyiime degiskenleri
incelendiginde Cevresel Kuznets hipotezinin gegerli ve N seklinde oldugu belirlenmistir.

Calisma sonucunda biiyiikbas hayvanlarin sayisini azaltmaya yonelik bir politika dnerisi sunmak gida tiiketimi
acisindan temel protein kaynagi olan biiylikbas hayvanlar i¢in pek miimkiin degildir. Bu konuda hayvanlarin
cevreye zarar vermeyecek sekilde yetistiriciligine yonelik 6nlemler alinabilecegi diistintilmektedir. Giibre tiiketimi
ve ekilebilir arazi i¢gin topragi korumaya ve islemeye yonelik politikalarin gelistirilerek topragin verimli olmast
icin farkli yontemlerin kullanilmasi ve giibre tiikketiminin azaltilmasi, ¢evreye zararli olmayan inorganik giibrelerin
kullanilmasi da uygulanacak politikalar arasinda olabilir. Metan gazi salinimini azaltici etkisi oldugu goriilen
yenilenebilir enerji kaynaklarinin kullanimi yayginlagtirilmali; bu sebeple, riizgar, giines, dalga, hidrolik giig,
jeotermal enerji panelleri kurularak temiz enerji saglanmalidir.
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Abstract

This study examines the relationship between climate policy uncertainty (CPU), China's environmental impact,
social responsibility and corporate governance practices (ESG) leader scores and logistics stocks. China Ocean
Shipping Company (COSCO), one of the pioneers in global markets, was chosen to represent the logistics industry.
The variables were analyzed with the Time-Varying Parameter Vector Autoregressive Model (TVP-VAR) using
monthly data from October 2007 to July 2022. As a result of the analysis, it was determined that the COSCO
logistics sector variable spreads the volatility to the Chinese ESG Leaders and CPU variables. This indicates that
COSCO, one of the leading companies in the global markets, has an impact on the sustainability scores of the
CHINA Stock Exchange. In other words, it has been observed that shock transfer occurs from the COSCO variable
to the China ESG Leader and CPU variables. Finally, it proves that the sustainability scores of companies operating
in the Logistics sector, especially for China, are dominant among all other sector scores.
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iklim Politikas: Belirsizligi, Lojistik Firma Hisse Getirileri ve ESG Puanlar1 Arasindaki
Iliskisinin Analizi: TVP-VAR Modelinden Kanitlar

Ozet

Bu calisma iklim politikas1 belirsizligi (CPU), ESG skorlar1 ve lojistik hisse getirileri arasindaki iliskiyi
incelemektedir. Lojistik sektoriinii temsilen China Ocean Shipping Company (COSCO) secilmistir. Ekim 2007-
Temmuz 2022 doneminin aylik verileri kullanilarak Zamanla Degisen Parametre Vektdrii Otoregresif Modeli
(TVP-VAR) uygulanmistir. Analiz sonucunda COSCO'nun volatiliteyi Cin ESG ve CPU'ya yaydigi tespit
edilmistir. Bu durum kiiresel piyasalarda oncii firmalardan olan COSCO™nun Cin Borsasinin siirdiiriilebilirlik
skorlart tizerinde etkili oldugunu isaret etmektedir. Baska bir ifadeyle, COSCO degiskeninden Cin ESG skorlari
ve CPU degiskenlerine sok aktarimi gerceklestirdigi goriilmiistiir. Son olarak, o&zellikle Cin igin Lojistik
sektoriinde faaliyet gosteren firmalarin siirdiiriilebilirlik skorlarmin tiim diger sektor skorlari i¢inde de baskin
oldugunu kanitlar niteliktedir.

Anahtar sozciikler: Iklim Politika Belirsizligi, ESG, Lojistik Sektorii, COSCO

1. Introduction

Global warming and climate change are not only one of the most important problems facing humanity in the 21st
century, but also a problem that changes the future plans of companies (Chen et al. 2023). On the other hand,
policies aimed at combating climate change bring along the efforts of countries around the world to reduce
greenhouse gas emissions for a more sustainable future (Gavriilidis, 2021). Therefore, how to regulate
environmental protection along with economic growth in the face of climate change has become an important issue
all over the world (Ren et al. 2022). The Paris Agreement has brought a new perspective to climate policy, such
as promoting the use of clean energy, carbon emission permits and green bonds. However, there are concerns about
the uncertainties in the implementation of these policies and the macroeconomic effects of these uncertainties (Li,
2022).

Logistics has become a rapidly growing and developing industry around the world, playing a very important role
in global trade and economic growth (Yingfei et al., 2022). The primary purpose for companies is to organize
logistics activities in a way that maximizes profitability. However, in recent times, as a result of growing public
and governmental emphasis on ecological matters, company have faced mounting demands to diminish the
ecological footprint arising from their logistical activities (McKinnon, 2015). The growing trend of globalization,
coupled with the rising prominence of outsourcing and commercial interactions within the logistics industry,
underscores the critical significance of effective supply chain management. However, this heightened connectivity
and economic activity also contribute to environmental challenges. Greenhouse gas emissions stemming from fuel
consumption, escalating use of natural resources, and the mounting volume of packaging and other waste types
present substantial issues, impacting sustainability across environmental, economic, and social dimensions
(YYontar, 2022).

Logistics pertains to the systematic administration of procurement, conveyance, and warehousing of resources,
components, and finalized goods across companies and distribution networks, encompassing the associated
streams of information to meet order requirements (Christopher, 2011). Green logistics is the main sustainability
trend of modern logistics. The notion of eco-friendly logistics pertains to a collection of supply chain management
practices concentrated on the handling of materials, waste disposal, packaging, and transportation. Its objective is
to minimize the environmental and energy impacts associated with the distribution of goods (Seroka-Stolka &
Ociepa-Kubicka, 2019). Maritime transport accounts for more than 80% of world trade, which constitutes a large
area for global logistics applications (Pang et al., 2021:423). Although this situation offers shipping companies
new opportunities in the global economy, it has caused the maritime industry to cope with some new challenges.
The globalization of commercial practices has brought with it climate change and environmental problems caused
by maritime transport (Felicio et al. 2021).
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Supply chain practices, especially logistics practices, are part of the critical practices of companies that consume
more energy and release dangerous gases and wastes into the environment (Agyabeng-Mensah et al., 2020:1).
Logistics is the most dependent on fossil fuels of all sectors. In addition, 37% of CO2 emissions in 2021 originate
from the logistics sector. Although logistics is one of the sectors most affected by the Covid-19 epidemic, this rate
is increasing day by day due to global trade (IEA, 2021). In 2021, global CO2 emissions from the logistics sector
rose 8% to around 7.7 Gt CO2, as pandemic restrictions were lifted and passenger and goods movements resumed
after the big drop in 2020 (IEA Transport Report, 2022). Figure 1 shows the global CO- emission rates in transport
by mode for 2020. In Figure 1, “shipping” CO2 emissions rank third after “passenger cars” and “medium and heavy
trucks”.

W Passenger cars

B Medium and heavy trucks

M Spipping
Aviation

M Buses and minibuses
Light commercial vehicles
Two/three-wheelers

M Rail

Figure 1. Global CO, emissions in transport by mode of 2020
Source: IEA, 2022

The possible stagnation of economies in an environment of uncertainty is supported by academic literature. On the
other hand, it is seen that many prediction and calculation methods have been developed for the uncertainties in
global markets. Apart from the known methods, an indexing that has been trying to find a place in the academic
literature in recent years has come to the fore. These indexes, in which economic and political uncertainties are
calculated, appear as a form of calculation that includes political discourses along with financial risk. The climate
policy uncertainty index(CPU) is also an index created using this method (Giirsoy, 2021). Combating
environmental degradation worldwide is of great importance for both developed and developing countries. The
fact that the issue has global as well as local effects forces countries to cooperate in improving environmental
quality in this field. Researchers examine numerous determinants of environmental quality that can help reduce
the growing ecological footprint and achieve sustainable development and make recommendations on how
environmental quality can be improved worldwide. Financial and economic variables can influence environmental
dynamics in various ways, ultimately causing environmental degradation or contributing to environmental
recovery. As a result of both situations, there is an expectation that environmental sustainability has a two-way
interaction, especially with logistics (Shahbaz et al. (2023)

This study explores the correlation spread between CPU, ESG and COSCO stock returns. Previous studies have
shown that CPU index and sustainability were examined together. In particular, the relationship between climate
policy uncertainty and variables such as sustainable financial assets (stock market, bonds), fossil fuel prices,
geopolitical risk, EPU, exchange rate is frequently investigated. The number of studies investigating the
relationship between CPU, ESG and stock market is quite limited. In the study, the share prices of China Ocean
Shipping Company (COSCO) were taken to represent the logistics sector. COSCO is one of the world's leading
conglomerates for container shipping. On the other hand, it is the largest company in China. COSCO is the world's
fourth largest container shipping company in 2022, with operations spread over 40 countries with a fleet of
approximately 480 container ships with a container carrying capacity of 2,932,779 TEU (Marine Insight, 2023).
On the other hand, it is still the fourth largest company in the world with a container transport capacity of 2,888,256
TEU and a market share of 10.8% as of May 19, 2023 (Alphaliner, 2023). In addition, the results of the study are
important for investors and company managers. The results obtained will allow policy makers to develop more
realistic and accurate sustainable environmental policies.
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The rest of this study is created as follows: In the subsequent section a brief literature review is given. In section
3, detailed explanations are given about the time-varying parameter vector autoregressive (TVP-VAR) model. In
Chapter 4, after giving information about the variables and data set, analyses are made to determine the asymmetric
dynamic spillover relationship and empirical findings are discussed. Finally, the results are evaluated and
suggestions for next studies are presented.

2. Literatiir Review

In the last few years, the Climate Policy Uncertainty (CPU) Index, MSCI China ESG Leaders Index (China ESG
Leaders) and the shipping market have been evaluated from different perspectives in the literature using the time-
varying parameter vector autoregressive (TVP-VAR) model. Below is a three-dimensional literature review. First
of all, studies on CPU and TVP-VAR model, and secondly, studies on MSCI Index and TVP-VAR model were
examined. Finally, studies focusing on the shipping market and TVP-VAR model were examined.

- CPU Index and TVP-VAR Model

Yan and Cheung (2023) explored the changing impacts of Central Processing Unit (CPU) and coal price on the
carbon price in China through the implementation of the TVP-VAR model. The research involved the development
of a CPU index specifically for China. The findings of the analysis revealed that both CPU and coal price exhibited
noteworthy time-varying influences on the carbon price. Yu et al. (2023) examined the time-varying effects of
CPU on green bond market volatility using the TVP-VAR model. With short-term overreactions or underreactions
as well as medium and long-term inversions were found from the analyses.

Xiao and Liu (2023) evaluated the effect of uncertainty measures of CPU, geopolitical risk (GPR), economic
policy uncertainty (EPU), and equity market volatility (EMV) on the oil implied volatility index (OVX) using
TVP-VAR model. Empirical results have shown that the CPU is more important to trigger oil market fears since
the last Paris Agreement. During the COVID-19 pandemic, CPU, EPU and EMYV instead of GPR play an important
role in increasing the fear of the oil market.

Zhou et al. (2023) investigated a model known as the time-varying parameter vector autoregressive model with
stochastic volatility (TVP-VAR-SV) to ascertain the changing association between CPU, oil prices, and renewable
energy consumption. The outcomes of their examination revealed that the relationship between these variables
fluctuates over time. In a separate study, Guo et al. (2022) examined the nonlinear impacts of CPU, financial
speculation, economic activity, and the US dollar exchange rate on global prices of crude oil and natural gas by
employing TVP-VAR-SV models. The findings underscored the existence of significant nonlinear effects in how
energy prices respond to various shocks.

- MSCI Index and TVP-VAR Model

Polat et al. (2023) investigated the influence of the media coverage index (MCI) related to COVID-19 on the
interconnectedness of return and volatility among five MSCI Climate Changes Indices, namely the USA, Emerging
Markets (EMU), Japan, Europe, and the Asia Pacific. The research employed the TVP-VAR model and the
frequency-dependent connectedness network approach for analysis. Empirical results underscore that the MCI acts
as a recipient of net shocks across all waves, with the highest level of interconnectedness observed in the initial
wave. Similar patterns were observed regarding volatility in the findings. Cepni et al. (2023) assessed the influence
of climate-related uncertainty on the transmission of effects among conventional and environmental, social, and
governance (ESG) financial markets in Europe. The study examined the spillover effects stemming from climate
uncertainty within these markets. TVP-VAR and asymmetric dynamic conditional correlation (ADCC) models
and portfolio analysis were used in the analyses. The results show substantial evidence of climate uncertainty,
important insights into managing climate risk exposures, and the driver of information spillovers across
conventional and ESG assets.

Liu et al. (2023) examined the effect of ESG investment on return and volatility spillover effects in major Chinese
financial markets such as stock, bond, interbank and foreign exchange markets using the TVP-VAR method. In
the study, it was found that sustainability and stability are positively related. Akhtaruzzaman et al. (2022)
investigated the dynamic connectedness between the COVID-19 MCI and the ESG leader indices. The results of
the analysis showed that MCI facilitated the contagion during the pandemic to the developed and emerging equity
markets.
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- Shipping Market and TVP-VAR Model

Xie et al. (2023) analyzed risk spillovers in China's financial and maritime markets using dynamic spillover
measures based on TVP-VAR and generalized forecast error variance decompositions (GFEVD). Unexpectedly,
the study found that bonds, gold, and shipping were safe tools that facilitate portfolio optimization. Samitas et al.
(2022-a) evaluated the dynamic interconnections between fine wine, equities, bonds, crude oil, commodities, gold,
copper, shipping, and real estate markets using the TVP-VAR model. The research investigated the presence of
positive spillovers in terms of volatility among these markets. However, the study revealed that the overall
connectedness is susceptible to external shocks, which reach their highest levels during periods of stress.

Samitas et al. (2022-b) analyzed the transmission of volatility between natural alternative investments (such as
timber and water) and a range of traditional financial instruments (including bonds, crude oil, gold, real estate,
shipping, and currency) using a time-varying spillover methodology. The results indicate that these markets
demonstrate a moderate level of integration, and the overall interconnectedness amplifies during periods of
heightened stress. In a separate study, Chen et al. (2021) explored the nonlinear and dynamic relationship between
the global oil market, the global shipping market, the Chinese stock market, and GDP using the TVP-VAR-SV
model. The findings suggest that the impact intensity of the Baltic Dry Index (BDI) on China's economy triggers
diverse changes, ranging from positive to negative, across various lag periods.

In Table 1, the author, variable, period information and methodology of the studies in the literature are summarized,
respectively.

Table 1. Literature Summary

CPU Index and TVP-VAR Model

- CPU Index 02.01.2019- - TVP-VAR Model
Yan and Cheung (2023) 05.05.2022 (daily)

- Coal Price
- Carbon Emission

- CPU Index 01.01.2010 - - TVP-VAR Model

Yu, Zhang, Liu and Wang 31.12.2021 (monthly)

- Green Bond Index

(2023)
- Green bond volatility
- CPU Index 01.05.2007 - - TVP-VAR Model
- OVX Index 31.10.2021 (monthly)
Xiao and Liu (2023) - GPR Index
- EPU Index
- EMV Index
- CPU Index 01.01.2005 - - TVP-VAR-SV Model
Zhou, Siddik, Guo and Li _ Oil Prices 30.04.2021 (monthly)
(2023)

- Renewable Energy
Consumption

- CPU Index 01.01.2000 - - TVP-VAR-SV Model
- Oil Prices 31.03.2021 (monthly)

- Natural Gas Prices
Guo, Long and Luo (2022) )

- Baltic Dry Index

- US dollar exchange rate

- T-index (WT)
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Table 1. Literature Summary (Continuing)

MSCI Index and TVP-VAR Model

- MSCI Climate Change 11.03.2020 - - TVP-VAR Model
Polat, Khoury, Alshater and 1212 TN 228 (RN - Frequency-based
Yoon (2023) - Media Coverage Index TVP-VAR Network

Connectedness

- MSCI Europe ESG 03.01.2014 - - TVP-VAR Model
Cepni, Demirer, Pham and Various Euro-based 30.09.2021 (daily) - ADCC Model

- ESG Bond Indexes - Portfolio analysis

- ESG Stock 01.09.2010 - - TVP-VAR Model

- General Stock 31.08.2022 (monthly)

Liu, Guo, Ping and Luo (2023) - Interbank Market
- Bond Market

- FX Market

- Media Coverage Index 01.01.2020- - TVP-VAR Model
Akhtaruzzaman, Boubaker and - ESG leader Index 21.04.2021 (daily)
Umar (2022) (EMU, China, Brazil,

Russia, India, and South
Africa, UK and US)

Shipping Market and TVP-VAR- (SV) Model

- Stock, - Fund 20.01.2020 - - TVP-VAR Model
Xie, Cheng, Liu, Zheng and Li - Bond, - Interbank 26.05.2022 (daily) - GFEVD
(2023) - Forex, - Futures
- Gold, - Shipping
- Fine wine, Bonds - 01.01.2010- - TVP-VAR Model
Equities, Gold

31.05.2021 (monthly)

Samitas, Papathanasiou, - Bonds, - Crude oil,

Koutsokostas and Kampouris - Commodities, -,
(2022-a) Shipping

- Copper, -,

- Real estate

- Timber, - Water 01.01.2010 - - TVP-VAR Model
Saifis, Papathanasiou, - Equities, - Bonds 30.09.2021 (monthly)
Koutsokostas and Kampouris - Crude oil, - Gold
ey - Real estate, - Shipping

- Currency

- World oil market 01.01.1998 - - TVP-VAR-SV Model
Chen, Zhang and Chai (2021) . GIEbaI bulk shipping  31.12.2020 (quarterly)

market

- Stock market

- Economic growth
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3. Research Methodology

This section provides an elaborate description of the time-varying parameter vector autoregressive (TVP-VAR)
model, elucidating its conceptual framework. Figure 2 below illustrates the methodological structure employed in

the study.

‘ Determining of the Study Objectives

1
‘ Determining of the Variables ‘ — [Expert Opinion]
!

Collecting of the Data and Creating of the
Data

«— Investing.com

MSCI China ESG Leaders Index

Climate Policy Uncertainty Index (CPU)

!

Determining the Asymmetric Dynamic
Spillover

< Time-Varying Parameter
Autoregressive (TVP-VAR) Model

Vector

Evaluating of the Results

Figure 2. Methodological Framework

In this study, time-varying parameter vector autoregressive (TVP-VAR) model was used to investigate the time-
dependent dynamic relationship between the returns of the series, proposed by Antonakakis et al. (2020). The
TVP-VAR approach proposed by Antonakakis et al. (2020) allows variation of the variance-covariance matrix
over time through a Kalman Filter estimation based on Koop and Korobilis (2014) forgetting factors. In fact, it
extends the connectedness approach proposed by Diebold and Yilmaz (2009, 2012, 2014). In this way, the model
avoids the possibility that the rolling-windows technique, which has no consensus in the literature about the
selection criteria and which is usually chosen arbitrarily, leads to irregular or flattened parameters and the loss of
valuable observations (Antonakakis & Gabauer, 2017; Gabauer & Gupta, 2018; Korobilis & Yilmaz, 2018).
Accordingly, the model can be used to examine dynamic connectivity measures for both low-frequency data and
limited time-series data. The lag length of the series was determined as 1 according to the Bayes information
criterion (BIC) and the TVP-VAR (1) estimation was performed.

The TVP-VAR model is expressed as follows:

Ve = Az 1 €

vec(4,) = vec(Ai_q) + &

with

€¢1Q_1~N(0, %)

Et|Qt—1~N(O' Et)

Vi-1 Aqy
J’t‘—z A, = Ayt
Ye-p Ay
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Here, respectively, it represents; all available information till Q;_;, t-1; y, and z, m x 1 and mp x 1 vectors; A,
and A;;, m x mp and m x m dimensional matrix; €, one m x 1 vector and &, one m?p x 1 dimensional matrix. The
time-varying variance-covariance matrices ¥, ve Z, are m x m and m x m and m?p x m?p dimensional matrixes,
respectively. Also, vec(A,), m?p x 1 is a vectorization of A,, which is a m?p x 1 vector.

Prior prediction is used to initialize the Kalman filter. Based on equations, with A,,s, Y4, and ¥ o.s equal to the
VAR estimate for the first 20 months:

vec(Ag)~N(vec(AoLs), YoLs
Yo = 2oLs

To ensure numerical stability in the Kalman filter algorithm, the decay factors were applied as k,=0,99 and
k,=0,99 recommended by Koop and Korobilis (2014)

Time-varying coefficients and time-varying variance-covariance matrices, Koop et al. (1996) and Pesaran and
Shin (1998), based on generalized impulse response functions (GIRF) and generalized prediction error variance
decompositions (GFEVD) to estimate the generalized connectivity procedure. For the calculation of GIRF and
GFEVD, TVP-VAR needs to be converted to a vector moving average (VMA) representation within the
framework of the Wold Decomposition theorem. The VMA representation is converted as follows (Dogan et al.,
2023; Akkus and Dogan, 2023):

Ve = ' (Me(Ze—p +1e-1) +1¢ 3)
=] (M(M¢(Z¢—3 + 1e—2) + Me—1) +1¢) 4
®)
k
ZII(MLl(_th—k—l +2Mt} m_,-) (6)
=0

M, indicate a dimension matrix of the mp x mp, 7, is dimention vector of a mp x 1, J indicate a dimension matrix
of the mp x m

GIRFs (W;;.(H)) express the response in all variables j to a shock in variable i. it is not a structural model, an
estimate of H (H step ahead) is calculated in which variable i is both shock and non-shock, and the difference
between is attributed to variable i. This is as follows

GIRFt(H' 6j,tr Qt—1) = E(yt+H|ej = 6j,t» Q‘t—l) - E(yt+j|0‘t—1) (7)

By :yce; O
W) =—= 2 5, = (Y, ®)

Vi ij,t \V ij,t
_1
W (H) = 3 2 By See; ©)

Calculating GFEVD (éijyt(H)) which represents bidirectional dependency from j to i. The effect of variable j '
on variable i is explained in terms of estimation error variance shares. The said variance shares are normalized and
all variables together explain 100% of the estimation error variance of the variable i. Its mathematical expression
is as follows:

~ Z{:I=_11 lp'z',t
@ijc(H) = o U

S ST (10)
je1 Zeci Wi

Oy ¢~>UI(H) =1Ve}io, J)i}-‘t(H) = m. The denominator in this equation is the cumulative effect of all shocks;
The numerator represents the cumulative effect of a shock in the variable i. Using the GFEVD, the Total
Connectedness Index (TCI) is calculated as follows:
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Lij=1,izj Pije (H) £ 100 = Li=ti=j Pijc (H) i

C,(H) = —
e(H) Ti=1Pij,e (H) m

100 (11)

This connectedness approach shows the spread of the shock in one variable to other variables. Based on this
approach, Total Directional Connectedness to Others (TO), which shows the spread of the shock in variable i to
all other variables j, is calculated as follows:

Yim1ix) G (H) .

Coyo(H) = A
Y Te1 @jie (H)

100 (12)

Total Directional Connectedness from Others (FROM), that shows the spread of shock in all j variables to variable
i, is calculated as follows:

ST i Pije (H) i

Cicj:(H) = _
vt ™ b (H)

100 (13)

To unveil the Net Total Directional Connectedness, which signifies the impact a variable exerts on the examined
network, the disparity between Total Directional Connectedness to Other Variables (TO) and Total Directional
Connectedness from Other Variables (FROM) is computed:

Cir = Cisje(H) — Cij (H) (14)

In this equation, if C;, takes a positive value, it indicates that variable i directs the network by affecting other
variables more than it has; If C; , takes a negative value, it means that variable i is driven by the network under the
influence of other variables.

Finally, Net Pairwise Directional Connectedness is calculated by decomposing Net Total Directional
Connectedness to examine bidirectional relationships:

NPDCyy(H) = ($jie(H) = Bije(H) ) * 100 (15)

NPDC indicate the situation where variable i dominates variable j or variable j dominates variable i (Antonakakis
etal., 2020, pp. 4-7).

4. Analysis

In this section, firstly, information about the variables and data set used in the study was given. Then, explanations
were made regarding the findings obtained in the analyses.

4.1. Data Set

This study examined the asymmetric dynamic spillover relationship between China Ocean Shipping Company
(COSCO) stock returns, Climate Policy Uncertainty (CPU) and MSCI China ESG Leaders Index (China ESG
Leaders). This index is a publicly adjusted, market capitalization weighted index. It was created by taking into
account the performance of companies selected from a core index based on Environmental, Social and Governance
(ESG). Factor Groups (e.g. Value, Size, Momentum, Quality, Return and Volatility) that have been extensively
documented in academic literature. Calculated by taking into account data in the literature and confirmed by MSCI
Research as the main drivers of risks and returns in stock portfolios.

A dataset containing monthly data was used for the sampling period from October 2007 to July 2022. First of all,
it was determined that the series were not stationary according to the ERS unit root test (Elliott et al., 1996), which
takes into account an unknown mean or trend in the series. and the logarithmic return of the series was calculated
with the formula In (y,/y._,) .The graph expressing the logarithmic return of the series is given in Figure 3.
Adekoya et al. (2022)'s approach was followed to observe the asymmetric spread in the series and monthly returns
were decomposed into positive and negative as follows;
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Figure 3. Logarithmic Return of Series

Descriptive statistics of the return series are given in Table 2. According to the ERS unit root test, it was determined
that each series has a unit root, that is, the null hypothesis was rejected for all series at 1% or 5% significance level.
Fisher and Gallagher's weighted Ljung-Box results show that the returns of all series have significant
autocorrelation in their squares. This means that each series has time-varying variances and it is appropriate to use
the TVP-VAR model in the study.

Table 2. Descriptive Statistics

COSCO CPU CHINA.ESG.LEADERS
Mean -0.008 0.008 0.001
Varyans 0.024 0.132 0.004
Skewness 0.185 0.089 -0.524***
-0.298 -0.616 -0.005
Ex.Kurtosis 3.586*** 0.326 0.365
0 -0.285 -0.248
JB 96.372*** 1.022 9.142%**
0 -0.6 -0.01
ERS -4.231%** -5.208*** -1.479*
0 0 -0.141
Q(10) 9.523* 27.712%%* 4.025
-0.087 0 -0.661
Q2(10) 5.24 13.443** 24, 735%**
-0.47 -0.013 0

Note: *, ** and *** represent significance level at 1, 5 and 10% respectively
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Within Table 2, you will find an overview of the descriptive statistics pertaining to the variables utilized in this
research. The results show that the variables are not normally distributed and do not include unit root. In addition,
Q and Q2 test statistics show that it contains autocorrelation.

4.2. Findings

4.2.1. Average connectedness

Average connectivity results are given in Table 3. The upper section of Table 3 displays the comprehensive
outcomes, disregarding any asymmetry. The lower sections, however, focus on assessing measures of asymmetric
interconnectedness concerning both positive and negative returns. The values along the diagonal represent the
impact of past shocks from the variables on their respective error variance. Conversely, off-diagonal values
indicate the binary correlation between variables within the network. It is evident that the diagonal values surpass
other values within the network, highlighting the significant contribution of variables' own shocks to the estimation
error variance. For example, the largest value in the COSCO column is 87.49, which represents an 87%
contribution to its own forecast error variance. A value of 22.77 in the column indicates a 23% return spillover
from COSCO to China ESG Leaders.

The Corrected Total Connected Index (cTCI) value shows the total connectivity within the network regardless of
time. The cTCI value at the top of the table is 29%, implying that the interdependence of the variables within the
network is partially high. The “From” column represents the connectedness to a variable that is passed from all
other variables in the network; The “To” line indicates the transfer of connectivity from one variable to all other
variables in the network. When the relationship between “From” and “To” is examined for each variable, the
correlation of COSCO stock returns to other variables in the network; It is observed that the China ESG Leaders
index is the variable that is transferred from the other variables in the network. However, looking at the average
net donors and net buyers, the main net giver within the network is COSCO stock returns. China ESG Leaders and
CPU indices are net buyers in the network.

The middle and bottom of Table 3 represent positive and negative returns, respectively. It shows that both the main
findings and the findings from positive and negative returns are similar in terms of ranking of network transmitters
and network receivers. It should be noted, however, that cTCI is greater in connectivity based on negative returns
(31%) compared to that based on positive returns (ie 16%). Negative returns have higher overall network
connectivity, implying evidence for asymmetric effects.

Table 3. Average Connectivity

COSCO CPU CHINA.ESG.LEADERS FROM
COSCO 87.49 1.74 10.77 12.51
CPU 4.4 85.42 10.18 14.58
CHINA.ESG.LEADERS 22.77 8.4 68.82 31.18
TO 27.17 10.14 20.95 58.27
Inc.Own 114.66 95.56 89.78 cTCI/TCI
NET 14.66 -4.44 -10.22 29.13/19.42
NPT 2 0 1
+ COSCO CPU CHINA.ESG.LEADERS FROM
COSCO 91.94 4.15 3.91 8.06
CPU 5.12 88.32 6.56 11.68
CHINA.ESG.LEADERS 7.04 6.14 86.82 13.18
TO 12.16 10.29 10.47 32.92
Inc.Own 104.1 98.61 97.29 cTCITCI
NET 4.1 -1.39 -2.71 16.46/10.97
NPT 2 0 1
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Table 3. Average Connectivity (Continuing)

- COSCO CPU CHINA.ESG.LEADERS FROM
COSCO 77.17 2.1 20.73 22.83
CPU 4.83 92.29 2.89 7.71
CHINA.ESG.LEADERS 29.5 2.21 68.29 31.71
TO 34.33 431 23.61 62.25
Inc.Own 1115 96.6 91.9 CTCI/TCI
NET 11.5 -3.4 -8.1 31.12/20.75
NPT 2 0 1

Note: The outcomes are derived from an analysis utilizing a TVP-VAR model with a lag length determined by the Bayesian
Information Criterion (BIC) and a generalized prediction error variance decomposition conducted up to 20 steps ahead.

4.2.2. Dynamic total connectivity

The above-mentioned measures of mean connectivity are time-independent and, therefore, it is not possible to
observe the dynamic evolution of spillovers between variables. Considering that various economic and political
events occurred during the sample period that could affect the returns of the series positively or negatively, it
would be more accurate to focus on dynamic measurements. From this perspective, the Total Connectedness Index
(TCI) results, which show the change in the dynamic total interconnectedness between the returns of the variables
during the sample period, are given in Figure 4. The black shaded area shows the evolution of the TCI, which
includes both positive and negative values. With this, the green line on the Chart represents the TCI consisting of
only positive returns, while the red line represents only negative returns.

Focusing on the black shaded area to observe the evolution of connectivity within the network throughout the
sample period, it is seen that the connectivity between the variables exhibits a decreasing trend over time. Despite
the downtrend from 80% to 20%, the correlation between the variables is relatively strong. Also, although the
three different series exhibit a qualitatively downward trend, the correlation between positive returns is very low,
while the correlation between negative returns is much higher, supporting previous findings. The fact that the
correlation between negative returns is relatively higher and volatile compared to positive returns reveals that
negative news is more effective on stability in the network.

100

2008 2010 2012 2014 2016 2018 2020 2022
Figure 4. Total Connectedness Index (TCI)

Notes: Results presented herein are derived from a TVP-VAR model utilizing a lag length of one (selected based on the
Bayesian Information Criterion) and a generalized prediction error variance decomposition conducted up to 20 steps ahead. In
the visual representation, the black region corresponds to the symmetrical total interconnectedness, while the green and red
lines signify positive and negative total interconnectedness, respectively.
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4.2.3. Net total and net bidirectional connectivity

Net Total Directional Connectivity provides a dynamic view of the net-receiving or net-transmitting role of a
variable. The results are given in Figure 5. A positive value in Figure 5 indicates that the variable is a net transmitter
in the network, and a negative value indicates that it is a net receiver. It should be noted that the role of a variable
in the network may change over time.

In Figure 5, according to the total returns without considering the asymmetric relations; During the entire sample
period, China ESG Leaders are net receiver and COSCO is net transmitters. However, the role of the CPU index
changes over time, but is usually in the receiver position.

According to the results of asymmetrical interconnectedness relations, a role change occurs between the positive
returns of all variables. In terms of negative returns; There is no role change in the negative returns of COSCO
and China ESG Leaders. Unlike general findings, especially in some periods, COSCO is the receiver of positive
returns from China ESG Leaders.
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Figure 5. Net Total Directional Connectivity

Notes: The outcomes stem from an analysis employing a TVP-VAR model with a lag length determined by the Bayesian
Information Criterion (BIC) and a generalized prediction error variance decomposition extending up to 20 steps ahead. The
shaded region depicted in black signifies the overall balanced interconnectedness, while the presence of green and red lines
denotes positive and negative interconnectedness, respectively.

For more detailed inferences, we focus on Net Bidirectional Connectivity results. The Net Bidirectional
Connectivity results given in Figure 6 show the dynamic interconnectedness between two variables in the network.
Each graph represents the net transmitter/receiver role of the variable named in the first row with respect to the
variable named in the second row. For example, when we examine the black shaded area in the "COSCO-CHINA
ESG LEADERS" graph, we can say that China ESG Leaders were net recipients of emissions from COSCO during
the entire sample period. Findings from both general and positive and negative returns support previous findings.
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Figure 6. Net Bidirectional Connectivity

Notes: The findings presented in this study are derived from an analysis conducted using a TVP-VAR model, employing a lag
length determined by the Bayesian Information Criterion (BIC), and a generalized prediction error variance decomposition
carried out up to 20 steps ahead. The shaded region in black illustrates the comprehensive interconnectedness, while the
presence of green and red lines indicates positive and negative connectivity, respectively.
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Figure 7. Network graph representation of volatility spillover of variables.

In Figure 7, the connectivity transfer network between the variables is presented. The blue dots represent the
transmitter variables that conduct connectivity to other variables, and the yellow dots represent the receiver
variables that are linked from other variables. The size of the variable circles indicates the effect size of the
transmitter or receiver variable. The arrows drawn from the circles show the direction of the relationship between
the variables, while the thickness of these arrows shows the strength of the relationship. When the graph is
examined, COSCO is the variable that transmits the shock, while the China ESG Leaders and the CPU are the
variables that receive the shock. Shock transfer takes place from the COSCO variable to the China ESG Leaders
variable.
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5. Conclusion

This study explored the link between CPU, ESG and COSCO stock return spread. An autoregressive model with
time-varying parameter vector was used in monthly data covering the period October 2007-July 2022. As a result
of the analysis, it was seen that the volatility spread to the COSCO variable, China ESG Leaders and CPU
variables. In other words, shock transfer occurred from the COSCO variable to the China ESG Leader and CPU
variables.

As a result of industrialization, environmental degradation increases significantly with the developing economic
development. Countries need to realize their management and strategies within the framework of sustainability.
Since the logistics sector acts as a bridge in trade, it is important to take measures to prevent environmental
degradation. In addition, determining the leading criteria in the realization of green logistics activities and ensuring
the selection of areas according to these criteria is one of the steps that should be taken in order to prevent
environmental degradation caused by the logistics sector. Based on the findings obtained as a result of the study,
the evaluation of the logistics sector in terms of green transformation and the centralization of the sector with this
awareness will make a great contribution to solving the greenhouse gas problem in the world.

There are a number of limitations to this research, which examines the correlation spread between CPU, ESG and
COSCO stock returns. First of all, the results should be evaluated in terms of COSCO share returns, which
represent the logistics industry. Future studies on green logistics activities will help environmental sustainability
policy makers. In addition, examining the relationship between the logistics sector index and sustainability indices,
clean energy indices and carbon emission indices will contribute to the literature.
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Ozet

Simiflandirma, herhangi bir konu hakkinda gozlemlenen verilerin yapilarini inceleyerek verileri birbirlerine benzer
gruplara, igeriklere ve belirledigimiz bazi 6zelliklere gore gruplandirma islemi olarak tanimlanabilir. Boylece
birbirlerine benzeyen gruplarda yer alan go6zlemlerin arastirma amaglarina gore degerlendirilmesi ve
yorumlanmasi kolaylasacaktir. Kiimeleme analizi siniflandirma ¢aligmalarinda en sik kullanilan ydntemlerden
biridir. Kiimeleme analizi dogal gruplar1 bulunmayan verileri grup veya kiimelerin sinirli bir sayisina ayirmay1
amaclayan cok degiskenli istatistiksel bir yontemdir. Gri Iliskisel Kiimeleme yonteminde kiimelerin belirli bir
kurala gore gruplanmis nesnelerden olustugu icin kiimeler homojenlige sahip olmasi ve yeniden hesaplama
yapilmaya gerek duymadan nesnelerin kendi igerisinde ayrimini yapabilen bir yontemdir. Ayrica kiime sayisi
analiz Oncesinde degil, kiimeleme gerceklestirildikten sonra belirlenebilecegi igin yaygin kullanilan diger
kiimeleme algoritmalarina gére alternatif bir yaklagim sunabilmektedir.

Bu caligmada Tirkiye’deki illerin sosyo-ekonomik veriler yardimiyla gri kiimeleme analizi ile siniflandirilmasi
amaclanmustir. Tiirkiye Istatistik Kurumu’ndan alinmis veriler ile oncelikle gri iliskisel katsayr matrisleri
olusturulmus ve sonrasinda kiimeleme analizi yapilarak illerin sosyo-ekonomik verilere gore dagilimi
belirlenmistir. Analizler egitim, tarim, istihdam gibi alt basliklarda verilen veri kategorileri i¢in de ayri ayri
yapilarak Tiirkiye’nin sosyo-ekonomik haritasi belirlenmeye calisiimistir.
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Classification of Provinces in Turkiye According to Socio-Economic Data with Gray
Cluster Analysis

Abstract

Classification can be defined as the process of examining the structures of the data observed on any subject and
grouping the data according to similar groups, contents and some characteristics we have determined. Thus, it will
be easier to evaluate and interpret the observations in similar groups according to the research objectives. Cluster
analysis is one of the most frequently used methods in classification studies. Cluster analysis is a multivariate
statistical method that aims to classify data without natural groups into a limited number of groups or clusters. In
the Gray Relational Clustering method, since the clusters consist of objects grouped according to a certain rule,
the clusters have homogeneity and it is a method that can distinguish objects within itself without the need for
recalculation. In addition, since the number of clusters can be determined after clustering is performed, not before
the analysis, it can offer an alternative approach to other commonly used clustering algorithms.

In this study, it is aimed to classify the provinces in Turkiye by using gray clustering analysis with the help of
socio-economic data. Gray relational coefficient matrices were first created with the data obtained from the Turkish
Statistical Institute and then clustering analysis was performed to determine the distribution of provinces according
to socio-economic data. Analyses were also conducted separately for the data categories given under sub-headings
such as education, agriculture and employment, and with this it is aimed to determine the socio-economic map of
Turkiye.

Keywords: Gray Clustering Analysis, Socio-Economic Data, Classification, Gray Relational Analysis

1. Giris

Bireyler, kurumlar veya organizasyonlar kendi ihtiyaclar1 dogrultusunda cesitli ama¢ veya hedeflerini
gerceklestirmek igin karar vermek durumundadirlar. Kendilerine maksimum fayda elde etmek i¢in bir¢ok alternatif
kargisinda en iyi se¢imi belirlemek ¢cogu zaman kolay olamamaktadir. Bu secimleri bazi alternatif tekniklerden
yararlanarak yapmak hem zaman hem de maliyet agisindan tasarruf saglanmasina yardimci olmaktadir. Bu
teknikler genel olarak karar verme ve simiflama olarak iki genel baslik altinda toplanabilir. Karar verme ve
smiflandirma neredeyse benzer faaliyetlerdir. Her iki durumda da bir problem hakkindaki bilgi ve veriler bir ¢6ziim
aramak i¢in kullanilir. Karar kurallar1 ve siniflandirma algoritmalart bilgi ¢ikarimini gergeklestirir. Kullanici
taniml1 siiflar baglaminda veriler donistiiriiliir, sinif etiketleriyle eslestirilir. Bilgi, bir dizi soru baglaminda ilgili
verilerdir (Mulder, 1985). Karar vermede eylemler genellikle gercek diinyada gergeklesen sorunlardir ve elde
edilen ¢oziimler direkt sonuca etki edebilmektedir. Siniflandirma c¢aligmalarinda eylemler ise genellikle bir
gozlemin bir gruba dahil edilmesi veya isimlendirilmesi olarak karsimiza ¢ikmaktadir ve sonuglar bazen gergek
diinyada teori diizeyinde kalabilmektedirler.

Genel bir tanim vermek gerekirse siniflandirma, herhangi bir konu hakkinda gbzlemlenen verilerin yapilarini
inceleyerek verileri birbirlerine benzer gruplara, igeriklere ve belirlenen bazi 6zelliklere gore gruplandirma islemi
olarak tanimlanabilir. Sonug olarak birbirlerine benzeyen gruplarda yer alan gézlemlerin arastirma amaglarina gore
degerlendirilmesi ve yorumlanmasi kolaylagacaktir. Karar verme, canlilarin c¢esitli alternatifler ve imkanlar
arasinda amaglarima uygun olanlarin1 se¢gmek olarak tanimlanabilir. Karar verme siireci, karar vericinin
degerlerine, tercihlerine ve inanglarina dayanan bir akil yiiriitme stirecidir. Her karar verme siireci bir se¢imden
olusur ve bireyin bazen lehine bazen de aleyhine sonuglar verebilir.

Kitalar, iilkeler veya bolgesel calismalarda gelismenin ve kalkinmanin en 6nemli gdstergelerinden biri sosyo-
ekonomik gelismislik verileri gosterilebilir. Birgok yerde oldugu gibi Tiirkiye’de de il veya bdlgesel bazda
kullanilan bu veriler ile gelismisligin diizeyi belirlenebilmektedir. Tiirkiye’de yapilacak olan kamu veya 6zel
yatirimlar ve bunlara ayrilacak paylar, bu veriler esas alinarak hazirlanmaktadir. Tiirkiye’de gelismenin mekan
izerinde dagilimi iller ¢evresinde yogunlagma tarzindadir. Bu dagilimin kapsami ve g¢evre iller iizerinde etkisi,
merkezlerdeki iktisadi ve sosyal faaliyetlerin yogunlugu ile de dogru orantilidir. Mekansal gelisme egilimleri
bolgesel ve biitiinsel gelismelere de altyapi olusturmaktadir (Erilli, 2009). Yine de yapilacak bir¢ok ¢aligmadan
elde edilen sonuglarin dogru ve tarafsiz bir sekilde degerlendirilmesi, bolgesel gelismislik farklarinin azaltilmasi
konusunda 6nemli bir yer tutmaktadir.
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Literatiirde sosyo-ekonomik veriler yardimiyla yapilan siniflama calismalari her gecen giin artis gostermektedir.
Fakli istatistiksel yontemler ile elde edilen farkli siniflama sonuglar ile arastirmacilar, Tirkiye’nin sosyo-
ekonomik haritasina katki saglamaktadirlar. Filiz (2005) ¢alismasinda Tiirkiye’deki illeri k-ortalama teknigi ile
smiflandirmis ve 16 sosyo-ekonomik degisken ile 7 kiime elde edilmistir. Albayrak (2005) g¢alismasinda
Tirkiye’deki illerin sosyo-ekonomik gelismislik diizeylerini faktor analiziyle aragtirmis ve 8 faktor elde etmistir.
Kaygisiz vd. (2005) caligmalarinda Path analizi ve Kiimeleme analizi birlikte kullanilmis ve sonug olarak
Tiirkiye’de iller 5 kiimeye ayrilmistir. Erilli vd. (2009) ¢aligsmalarinda Tiirkiye’deki iller, bulanik kiimeleme analizi
ile 58 degisken kullanilarak siniflandirilmis ve sonug olarak 5 kiime bulunmustur. Celik (2013) ¢alismasinda k-
ortalamalar yontemi kullanarak Tiirkiye’deki illeri saglk degiskenlerine gore simiflandirmig ve elde edilen
sonuglart 7, 10 ve 15°1i kiime boliinmesi i¢in yorumlamistir. Tekin (2015), saglk gostergeleri yardimiyla
Tiirkiye’deki illeri Ward yontemi ile gruplandirmis ve sonugta 5, 7 ve 11°li kiime boliinmeleri elde edilmistir.
Zorlutuna ve Erilli (2018) ¢aligmalarinda 2002, 2008 ve 2013 yillarina ait 3 farkli donem sosyo-ekonomik veriler
kullanarak Bulanik C-ortalamalar yontemi ile Tiirkiye’deki illeri siniflandirmislardir. Calismada her 3 dénem igin
iller ve yillar aras1 korelasyon degerleri hesaplanarak yorumlanmigtir. Kandemir (2018) ¢alismasinda konaklama
verileri kullanarak Tiirkiye’deki illeri Bulanik kiimeleme yontemi ile siniflandirmistir. Yerli ve yabanci turizm
icin ayrt ayr1 yapilan analizlerde illerin 2 kiimede toplandiklari belirlenmistir. Bulut (2019) ¢aligmasinda
Tirkiye’deki illeri memnuniyet endeks verilerine gére modele dayali EM algoritmasi ve k-ortalamalar yontemi
kullanarak kiimelere ayirmigtir. Analizlerin sonucunda EM algoritmasi ile 2 kiime, k-ortalamalar yontemi ile 5
kiime elde edilmistir. Birkalan ve Bay (2022) ¢aligmalarinda Tiirkiye IBBS Diizey-2 bolgelerini bolgesel asgari
licret varsayimi altinda, 2015-2020 yillar1 i¢in Ward kiimeleme yontemi ile analiz etmigler ve bazi yillar i¢in 3,
bazi yillar i¢in de 4 kiime bulmuslardir. T{im bu ¢alismalarda kullanilan farkl: siniflama yontemleri ve farkli sayida
degiskenler ile elde edilen kiime sayilarinin degiskenlik gdstermesi beklenen bir sonuctur. Onemli olan kullanilan
degiskenlerin, yapilan smiflama calismalarindaki yapiy1r ne derece etkilediginin belirlenmesi ve kullanilan
istatistiksel yontemlerin sonuglar iizerindeki etkilerinin yorumlanabilmesidir.

Bu caligmada 2019 yilina ait sosyo-ekonomik veriler kullanilarak Tiirkiye’nin sosyo-ekonomik haritasi
belirlenmeye c¢alisilmigtir. Demografik, Egitim, Niifus ve G6¢, Tarim ve Hayvancilik, Saglik ve Finans bagliklart
altinda hazirlanan bu veriler ile olusturulacak sosyo-ekonomi haritalar1, Cok Kriterli Karar Verme (CKKYV) ve
smiflama yontemlerinin ortak yonlerini barindiran Gri kiimeleme analizi ile gergeklestirilmistir.

2. Materyal ve Metot

2.1. Kiimeleme Analizi

Kiimeleme analizi siniflandirma ¢aligmalarinda en sik kullanilan yontemlerden biridir. Kiimeleme analizi siniflart
(dogal gruplar1) bulunmayan verileri grup veya kiimelerin sinirli bir sayisina ayirmayi amaglayan ¢ok degiskenli
istatistiksel bir yontem olarak tanimlanabilir. Ayirma, ayni gruptaki gézlemlerin birbirine benzer iken farkli
gruplardaki gézlemlerin birbirlerinden farkli olacak sekilde yapilandirilmasi islemleridir. Boylece gruplar igi
homojen, gruplar arasi ise heterojen yapilar elde edilebilecektir. Kiimeleme analizi ilk kez Tryon tarafindan 1939
yilinda kullanilmis ve 1960°11 yillardan sonra kullanimi yayginlagmistir (Anderberg 1973). Kiimeleme analizi, is
ve bilim diinyasinda sik kullanilan ¢ok degiskenli istatistiksel yontemlerinden belki de en 6nemlisidir. Kiimeleme
Analizi incelenen bir ¢aligmada goézlemler arasindaki benzerliklerine veya benzemezliklerine gore kiimeler
olusturarak siniflandirma yapmayi, birimlerin benzer ozelliklerini belirlemeyi, bu siniflar ile ilgili genel
diizenlemeler yapmay1 ve genel yargilarda bulunmayi saglayan bir yontem olarak tanimlanabilir. Ydntemin amaci
grup olusturmamig gozlemleri benzerliklerine (benzemezliklerine) gore siniflandirmak ve arastirma yapanlara
uygun, genellenebilir 6zet bilgiler elde etmelerinde yardimci olmaktir (Tathidil, 2002). Kiimeleme Analizi,
birbirine ¢ok benzeyen gozlemleri ayni kiime iginde gruplandirir ve bunun sonucunda olusan kiimeler kendi
iclerinde yiiksek homojen ve kiimeler aras1 diisiik heterojen degerler tasimaktadirlar (Kalayci, 2005). Kiimeleme
analizindeki genel amaclarin disinda baz1 6zel amaglar1 da bulunmaktadir. Bunlar; 6rneklemlerin bagli oldugu
gercek tiplerin belirlenmesi, modellestirmenin kolaylastirilmasi, gruplar igin dnsel tahminler, dnceden belirlenen
hipotezlerin test edilmesi, veri yapisinin belirginlestirilmesi, veri (boyut) azaltma ve ug¢ (aykir) degerlerin
bulunmasi olarak 6zetlenebilir (Tatlidil, 2002). Kiimeleme analizinde kullanilmak iizere bireylerin veya nesnelerin
aralarindaki benzerlik i¢in uzaklik Olgiileri, korelasyon Olgiileri veya katsayilar1 karsilastirma oOlgiitleri
kullanmaktadir. Uzaklik 6lgiileri bireyleri siniflandirmak igin kullanilirken, korelasyon 6l¢iileri ise degiskenleri
smiflandirmada kullanilir (Erilli, 2009).
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2.2. Gri Sistem Teorisi

Cok Kriterli Karar Verme (CKKV) Teknikleri, sayica fazla olan kriterlere gore segeneklerin avantaj ve
dezavantajlarin1 degerlendirebilen analitik yontemler toplulugu olarak 6zetlenebilir. CKKV, cok sayida ve ayni
anda uygulanan kriterler arasindan en iyi ve en dogru alternatifin segilmesini saglayan ydntemdir (Hamurcu ve
Eren, 2015). Bagka bir ifade ile CKKV teknikleri ile karar vericiler farkli 6zellige sahip segenekleri birden ¢ok
kritere gore degerlendirerek siralayabilirler. Bu yontemlerden biri de Gri Sistem Teorisidir.

Gri sistem teorisi (GST) ilk defa Deng (1982) calismasi ile tanitilmistir. GST kiigiik 6rnekleme sahip ve yeterli
bilgi igermeyen problemlerin ¢éziimiinde kullanilmak {izere 6nerilen bir yontemdir (Liu ve Forrest, 2010). GST,
belirsizligin sayisallastiriimasinda kullanilan bir yontem olarak da tanimlanmaktadir (K&se vd, 2013). Son yillarda
diinya genelinde ¢ok kriterli ¢aligmalarda siklikla goriilmeye baglanan Gri sistem teorisi istatistik, isletme,
miihendislik gibi bir¢ok alanda farkli konu basliklar1 altinda hizla yayilmistir. Bulanik matematik yontemi
kullanilarak incelenen tiim nesnelerin belirgin olmayan sinirlart ve kesin bir icsellige sahiptir. Ornegin “sicak
corba” kavrami bulanik bir kavramdir. Zira bircok kisi sicak ¢orba denilince aslinda neyin anlagilmasi gerektigini
bilir fakat belirgin bir sicaklik kavramini tanimlamak zordur. Ciinkii “Sicak ¢corba” dedigimiz kavram cok genis
anlamlari ifade eder. Gri sistem teorisinde ise incelenen nesneler kesin sinir ve kesin olmayan bir igsellige sahiptir.
Ornegin, “Tiirkiye Merkez Bankasi, 2023 yilsonu igin dolar kur araligim 28 ile 30 TL arasinda kontrol etmeyi
planliyor” ciimlesindeki “28 ile 30 TL” aralig1 parasal biiyiikliik ile ilgili kesin bir sinir1 belirtirken, tanimlanan
araligin bilinen (veya hesaplanan) degeri hakkinda herhangi bir netlik igeren bilgiye sahip olamamamiz gri bir
kavram olarak tanimlanabilir.

Problem ¢oziimlerinde kullanilan matematiksel veya istatistiksel sistemler, ger¢ek hayatin kii¢iik bir boliimiiniin
modellemesine benzer. Sistem modelleri karmasik yapilari, farkh giivenilirlik diizeyleri veya belirsizlik noktalari
arasindaki yapilar ile degerlendirilir. Ortaya ¢ikarilan matematiksel modeller ne kadar ayrint1 icerse de {lizerinde
arastirma yapilan gercegi tam olarak yansitamamaktadirlar. Ciinkii ger¢ek diinya gerek isleyisi gerekse kavramlari
ile karmasik bir yap1 icermektedir. Bu karmasikliklarin temel sebebi kavramlar tizerindeki belirsizlik, kesinlikten
yoksunluk veya kararsizliklardan kaynaklanmaktadir. Bilim insanlar1 bu tarz sorunlarin yasandig1 problemlere her
gecen giin farkli analizler ile yaklasarak gergegi farkli boyutlarda aramaya ¢aligmaktadirlar. Bu yontemlerden biri
de gri sistem teorisi ile kiimeleme analizinin birlesimi olana Gri Kiimeleme Analizi yaklagimidir.

2.3. Gri Kiimeleme Analizi

Gri kiimeleme analizinin temeli Deng (1982) tarafindan gelistirilen Gri Sistem Teorisine (GST) dayanmaktadir.
GST kiigiik 6rnekleri ve sinirh bilgileri igeren problemlerin incelenmesine olanak saglayan bir teoridir (Liu ve
Forrest, 2010). Kiimeleme; nesnelerin ayrilmasina gore gri kiimeleme analizi ve gri beyaz agirlik fonksiyonu
kiimeleme analizi olarak ayrilabilir. Gri beyaz agirlik fonksiyonu kiimeleme analizi, bir gozlemin belirlenen farkli
kategorilere ait olup olmadigint kontrol etmek i¢in kullanilir. Gri kiimeleme analizi ise temel olarak karmasik
sistemleri basitlestirilmis hale getirmek i¢in benzer faktorlerde kullanilir (Ke vd, 2012).

Gri kiimeleme analizi; gdzlemleri siniflandirmak veya dnceden belirlenen bir kiimeye gozlemleri dahil etmek igin
gri sayilarin beyazlastirma agirlik fonksiyonu kullanir. Gri kiimeleme analizi birbirlerine benzeyen unsurlarin
smiflandirilmasi yoluyla karmasik sistemlerin basitlestirilmesi i¢in kullanilmaktadir (Liu ve Forrest, 2010).

Beyazlagtirma agirlik fonksiyonlarini kullanan gri kiimeleme yontemi esas olarak gbzlem nesnelerinin dnceden
belirlenmis siniflara ait olup olmadiklarini test etmek i¢in uygulanir. Gri Kiimeleme Yontemi gézlem nesnelerini
tanimlanabilir gruplarla smiflandirmak igin gelistirilmis ve gri insidans matrisleri veya beyazlastirma agirlik
fonksiyonlar1 araciligiyla gergeklestirilebilir (Liu ve Forrest, 2010). Gri kiimeleme analizinin avantajlar
kiimeleme nesnesinin 6rnek dagilimini 6zel bir gereksinim olmaksizin ele almasi ve basit bir hesaplama siireci
araciligiyla daha yararli kiimeleme sonuglar1 elde edilebilmesidir (Ke vd, 2012). Gri kiimeleme analizindeki,
degerlendirilen nesneler, fonksiyon degerine ve gri kategori degerine gore alt boliimlere ayrilir. Temel adimlar
agagida verildigi gibidir (Lin, 2015).

1. Gri kiimeleme analizinin m gostergesi ve n tane gri kategorisi olmak iizere;

2. Gri kiimeleme analizi islevleri &, ; m gdstergenin ve n gri kategoriye ait olacaktir.
k
3. Gergek degere veya tahmini degere gore gri kiimeleme analizinin degerleri nlj( =m—Jk u!(P) dir. P
j=17"i

degerlendirmesinin altindaki nesneler elde edilir ve R matrisi elde edilir.
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4. Gri kiimeleme analizinin degerine gére matris J', t nesnesinin yaklastk m gostergesi ve n gri kategorisi elde
edilir.

5t11 5t12 5t1n
S o' 0.

é‘t — :21 :22 :2n (2)
é‘tml é‘tm2 §tmn

5. Deger j/rtn t nesnesinin i-inci gri kategorisinin kapsamlt bir gri kiimeleme analizi fonksiyonu elde edilir. T

nesnesinin gri kategori fonksiyon degerine gore onaylanir.
t 1 . t
7i==2.9 3)
miz

Gri kiimeleme adimlari su sekilde siralanir (Chang ve Yeh, 2005):

Adim 1: Gegici bir kiime tanimlanir.

C= {Cl, Cpyony Cq} seklinde gecici bir kiime tanimlanir. Gegici kiime C = X seklinde diistintilmiis bir veri setidir.
Bu durumda g =m ve C, =X olacaktir. Gegici kiime, 6grenme siirecinde bir veri kiimesi olarak kullamlir ve
tam bir 6grenme yinelemesinden sonra C'deki 6geler giincellenir.

Adim 2: Esigin baslangi¢ degeri ayarlanir.

Baslangic esik degeri & olarak [0, 1] araliginda olmak iizere bir gercek say1 secilmelidir. 11k esik degeri, nihai
kiimeleme sonuglarini (yani kiimelerin sayisi ve kiime merkezlerinin konumu) gii¢lii bir sekilde etkileyecektir (Bu
daha sonra tanimlanacaktir).

Adim 3: Bir 6grenme siireci baglatilir,

X, = X, =C olmak iizere ve i =1 olarak tamimlanr.
Adim 4: Gri iligkisel iliski dereceleri hesaplanir.

Bu yineleme i¢in X; € X, ilgili referansi egitim modeli yapin. Ardindan, referans X; ile X ’deki tiim oriintiiler

—d. )
arasinda gri iligkisel Orlintii dereceleri; v(x;,%;),J =1,2,..,q ile gosterilen V(Xri,Xq):[dm—") ile

max _dmin

belirlenebilir. (£ € (0,0) ayrt edici bir katsayidir).
Adim 5: Etkin modeli giincellenir.

Karsilastirmali bir model X i¢in; gri iliskisel oriintii derecesi V(Xri VX ) > g ’yi karsiliyorsa; o zaman C'de kargilik

gelen 6geye anlamli bir oriintii denir. Bu anlamli 6riintiiler arasinda, aktif bir oriintii olan C;, kendisine karsilik

gelen kargilastirma Oriintiisii en biytik gri iliskisel 6riintii derecesi olan Vv(X,,C,)= max V(Xri , ch) esitligine
jefl.2,..q

sahip olacak sekilde tanimlanir. Bdylece aktif olan oriintii C; su sekilde giincellenir: ¢, == . Burada W, ,

W,

k=1

onemli C: modelinin agirliklandirma faktériidiir. Genellikle tiim k degerleri icin W, = 1/N alnir. Bagka bir

secenek ise, W, = V(X C:) esitliginin aktif 6riintliniin yeni konumunu daha biiyiik iligki dereceli driintiilere daha

ri !
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yakin hale getirmesine izin vermektir. Birden fazla aktif Oriintii varsa, hepsi ayni anda ¢, =

giincellenir.

Eger her egitim verisi i=( seklinde tanimlanirsa Adim 6'ya gidilir. Aksi takdirde, i'yi 1 artirip ardindan Adim 4’ten
devam edilir.

Adim 6: Elde edilen sonuglar kontrol edilir.

Giincellemeden sonra gegici kiime ayni kalirsa, yani C'nin yakinsamasi saglanirsa, 6grenme siirecini durdurulur
ve kiime merkezlerini belirlemek i¢in Adim 8'e gidilir. Aksi takdirde, bir sonraki adima gegilir.

Adim 7: Elde edilen sonuca gore esik degeri artirilir.

Esik degeri (8 ) gerekirse artirilir. Boylece baska bir 6grenme yinelemesi igin giincellenmis C kiimesiyle 3. adima

gidilir. & esigi, € =1 olana kadar dogrusal veya iistel olarak arttirilabilir.
Adim 8: Kiimeleri ve kiime merkezleri belirlenir.

C'nin yakinsamasi saglandiktan sonra, C'deki bazi elemanlar esit olabilir. Son giincellenen C kiimesini, ayn alt
kiimedeki tiim 6gelerin ayn1 oldugu birkag¢ ayrik alt kiimeye boliin. Alt kiimelerin sayis1 verideki kiime sayisidir.
C'nin bir alt kiimesindeki 6geler i¢in, orijinal X veri kiimesindeki karsilik gelen kaliplari bir kiime olarak
boliinebilir ve kiime merkezi bu alt kiimedeki 6gelerden biri olacaktir.

Yiiksek iliskisel dereceli kaliplar1 bir kiime olarak gruplamak i¢in, referansa olduk¢a benzeyen N anlamli kalip
secilmeli ve ardindan 5.Adimda aktif kalibin yeni konumu olarak bunlarin ortalamasini alinmalidir. Adim 5 ayrica,
diisiik iliskisel dereceli kaliplarin egitildikten sonra degismedigini ortaya koymaktadir. Adim 7'deki esigin
arttiritlmasi, kendi kendini organize eden 6zellik haritalarindaki mahalle boyutunu kiigiiltme fikrine ¢ok benzer
(Kohonen, 1995). Esik arttik¢a, bu 6nemli modeller yakinsak bir duruma dogru hareket ederler. Nihai sonuglar,
istenen kiime merkezleridir. Tiim prosediir, yalnizca veri kiimesinin altinda yatan yapiya dayandigindan, dnerilen
yontem denetimsiz bir kiimeleme yaklasimi olarak tanimlanabilir.

Adim 5'te, anlamli modellerin se¢iminin esigin degerine bagl oldugu goriilmektedir. Aslinda, Adim 2'de
sectigimiz esigin baslangi¢ degeri, yontemimizin nihai siniflandirma sonuglarint giiglii bir sekilde etkilemektedir.
Genel olarak konusursak, farkli baglangig esikleri, veri kiimeleme probleminde farkli sonuglar verebilir. Baglangi¢
esik parametresinin duyarlilign farkli 6rneklerde farklilik gosterilecektir. Yukarida Onerilen gri kiimeleme
algoritmasi, sabit bir baslangi¢ esigi igin bir veri kiimesini bolmek igin kullanilir. [0, 1] i¢inde farkli baslangig
esikleri i¢in sonuglar almak igin gri kiimeleme algoritmasinda fazladan bir prosediir kullanilabilir. Bu sonuglar
arasinda, uygun bir kiimeleme sonucu bulmamiza yardimci olacak bir kritere ihtiyacimiz olacaktir. Bir performans
endeksi su sekilde tanimlanmigtir (Jain ve Dubes, 1988):

M

h

_ 1
Pl =— 4)
zmd Sq
a1
Burada h kiime sayisini, My, d=12,..,Nh dnci kiimeye ait Oriintii sayisin1 ve §; ise asagida verildigi gibi
tanimlanmistir:
. 2
o ming oo, —0j||
=

= (5)
1’2"th —0, ||/ m,
t=1

Burada 0y , d-nci kiimenin kiime merkezini ve Xj; ise d-nci kiimeye ait driintiilerini ifade etmektedir.

Bu indeks, bir kiimedeki kaliplarin merkeze yakin olmasi ve kiime merkezlerinin birbirinden uzakta ayrilmasi
gerektigi anlaminda veri kiimelemenin amacini yansitir. S; performans indeksi ne kadar biiyiik olursa, kiimeleme

sonucunun o kadar iyi oldugunu gorebiliriz (Wong vd, 2001).

Simdi, sonucun performans indeksini (PI) maksimize etmesi anlaminda optimal bir sonu¢ belirlemek i¢in gri
kiimeleme algoritmasinin son adimini verilebilir.
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Adim 9: En uygun sonug belirlenir.

Adim 8'de farkli baslangic esikleri kullanilarak elde edilen her sonug i¢in performans indeksi (Pl) hesaplanmalidir.
Optimal kiimeleme sonucu, performans indeksini maksimize eden sonugtur. Pl yerine, Adim 9'da farkli
performans indeksleri de kullanilabilir. Ornegin, kiime merkezi ile kiimedeki &riintiiler arasindaki mesafelerin
ortalamasi, ele alinan tek amag ise, alternatif performans indeksini en aza indiren sonucu aramak i¢in Adim 9
degistirilmelidir.

3. Uygulama

Bu ¢alismada, Tirkiye’deki sehirler 2019 yilina ait Tirkiye sosyo-ekonomik verileri kullanilarak gri kiimeleme
analizi yontemi smiflandirilmaya calisilmigtir. Caligmada kullanilan 2019 yili verileri Tiirkiye Istatistik
Kurumu’nun internet adresinden alinmis ve derlenmistir (URL-1).

2019 yili verileri ile ilk olarak gri iligkisel katsay1 matrisleri olusturulmus ve sonrasinda gri kiimeleme analizi
yapilarak illerin sosyo-ekonomik verilere gore dagilimi belirlenmistir. Analizler MATLAB 2009, SPSS.25 ve
Microsoft Excel paket programlari ile yapilmistir. Calismada Sosyo-Ekonomik verilerin tiimii kullanilarak gri
kiimeleme analizi sonuglar elde edildikten sonra sirasiyla Demografik, Egitim, Saglik, Tarim, Niifus ve Finans alt
bagliklari i¢in de ayr1 ayr1 gri kiimeleme analizi uygulanmis ve Tiirkiye nin sosyo-ekonomik haritasi belirlenmeye
calisilmugtir.

Gri kiimeleme analizi hesaplamalarinda uygun kiime sayilarinin belirlenmesi i¢in gegerli bir ydntem
bulunmamaktadir. Bu yilizden uygun kiime sayilarinin belirlenmesinde klasik kiimeleme yontemlerinde siklikla
kullanilan Silhoutte ve bulanik kiimeleme yontemlerinde kullanilan Xie-Beni kiime gegerlilik yontemleri beraber
kullanilmistir (Rousseuw, 1987; Xie ve Beni, 1991). Her 2 yonteme gore de ayni kiime sayisinin ulagildig: kiime
sayilart optimal kiime sayis1 olarak alinmistir. Analizlerde kullanilan sosyo-demografik verileri olusturan basliklar
ve bilesenleri Tablo 1°de verilmistir.

Tablo 1. Analizlerde kullanilan 2019 yili Tiirkiye Sosyo-ekonomik degiskenleri

Demografik Egitim

Bebek Oliim Hiz1 (binde) flkokul okullagma oram 2012 ve sonras1 (kadin)-net (%)

5 yas alt1 6liim hiz1 (binde) [lkokul okullasma orani 2012 ve sonrasi-net (%)
Toplam dogurganlik hiz1 (¢ocuk sayis1) flkokul /Ogretmen bagina diisen dgrenci sayist

Kaba evlenme hizi (binde) [Ikogretim okullagma oran1 2012 ve sonrasi (kadim)-net (%)

Kaba 6liim hiz1 (binde)
Kaba dogum hiz1 (binde)
Kaba bosanma hiz1 (binde)
Dogusta beklenen yasam siireleri (yil)

Niifusa gére bosanma oranlari

[Ikogretim okullasma orani 2012 ve sonrasi-net (%)
Okuma yazma bilen orani (%)
Ortaokul /Ogretmen basina diisen 6grenci say1si

Ilk ve ortaokul /Derslik basina diisen 6grenci say1si

Niifus ve Gog

Tarum-Hayvancuik

Net go¢ hizi (binde)
Niifus yogunlugu (kilometrekareye diisen kisi say1si)
Ortalama hane halk biiytikliigii
Yillik niifus artig hiz1 (binde)
Tiirkiye'den yurt disina giden go¢

Kiigiikbas hayvan sayisi (bas)
Tahillar ve diger bitkisel iiriinlerin tiretim miktar1 (ton)

Biiylikbas hayvan sayisi (bas)

Saghk

Finans

Yiizbin kisi basina toplam hastane yatak sayist

Bin kisi bagina diisen toplam hekim sayisi

Toplam ithalat (bin $)
Toplam ihracat (bin $)
Kisi bagina GSYH (TL)

Kaynak: www.tuik.gov.tr (Erigsim Tarihi: 10.11.2022)
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Yukarida da belirtildigi tizere Silhoutte ve Xie-Beni kiime gegerlilik yontemlerinin ayni uygun sonuglart verdigi
kiime sayilar1 optimal kiime sayis1 olarak alinmis ve gri kiimeleme analizi bu kiime sayilarina gore yapilmistir.
Silhouette kriterine gore toplamda en biiyiik Silhouette degerini veren kiime sayisi uygun kiime sayis1 olarak alinir
(Rousseuw, 1987). Buna karsilik Xie-Beni indeksinde en kiigiik indeks degerini veren kiime sayisi uygun kiime
sayisi olarak alinir (Balasko vd., 2005). Degisken gruplari i¢in hesaplanan Silhouette ve Xie-Beni indeks degerleri
Ek.1’de verilmistir. EK.1’de verilen tablo sonuglarina goére sadece Egitim ve Tarim-Hayvancilik degisken
gruplarinda bu 2 endeks degeri istenen durumda ¢ikmamus, digerlerinde istenen durumlarda ¢ikmustir (Silhouette
indeksinin en biiyiik oldugu yerde Xie-Beni indeksinin en diisiik ¢ikmasi). Egitim ve Tarim-Hayvancilik
degiskenlerinde Silhouette indekslerinin istenen duruma olduk¢a yakin ¢ikmalarindan dolay1, minimum Xie-Beni
indeks degerinin oldugu kiime sayis1 optimal say1 olarak belirlenmistir. Bulunan optimal kiime sayilar1 Tablo 2°de
verilmistir.

Tablo 2. Degisken gruplarina gore optimal kiime sayilari

Degisken Grubu Kiime Sayis1

Sosyo-Ekonomik
Demografik
Egitim

Saglik
Tarim-Hayvancilik

Niifus-Gog

o ~N W 00 o0

Finans 10

Tablo 2’de verilen kiime sayilarina uygun Gri kiimeleme analizi sonuglari Tiirkiye haritasi tizerinde her degisken
icin ayr1 ayr1 gosterilmistir. EK.2’de ilgili degisken gruplarina gore yapilan kiimeleme sonuglarindan elde edilen
kiimelerin ilgili degiskenlere gore tanimlayici istatistikleri verilmistir. Sekil 1’de Demografik degiskenlere gore
illerin kiimelere dagilimi1 gosterilmistir.

} Klrklareh \

‘_b\e

Sekil 1. Demografik degiskenlere gore illerin kiimelere dagilimi

Sekil 1°de verilen sonuglara gore Tokat, Zonguldak, Isparta gibi kiigiik illerin Istanbul, Ankara, Izmir ile ayni
kiimede yer almasi, Karabiik’iin tek basina bir kiimeyi olusturmasi ve Bartin ile Giresun’un ayni kiimede yer
almasi beklenenden farkli sonuglar olarak karsimiza ¢ikmaktadir. Sekil 2°de Egitim degiskenlerine gore illerin
kiimelere dagilimi gosterilmistir.
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Sekil 2. Egitim degiskenlerine gore illerin kiimelere dagilinu

Sekil 2°de verilen sonuclara gore Hakkari ve Tokat’in ayn1 kiimede yer almasi, Giimiishane’nin ise tek bir kiime
olusturmasi farkli bir sonug olarak ele alinabilir. Istanbul, izmir, Ankara gibi illerin aym kiimede yer almasi
beklenen bir durumdur. 7. ve 8. kiimelerdeki illerin egitim olanaklarinin diger kiimelerden daha az oldugu
diistiniilebilir. Sekil 3’te Saglik degiskenlerine gore illerin kiimelere dagilimi gésterilmistir.

Sekil 3. Saglik degiskenlerine gore illerin kiimelere dagilim

Sekil 3’te verilen sonuglarin en dikkat cekici olani Istanbul’un gerek niifus gerekse demografik olarak benzemedigi
birgok il ile ayni kiimede yer almasi olarak gosterilebilir. Sekil 4’te Tarim ve Hayvancilik degiskenlerine gére
illerin kiimelere dagilim1 gosterilmistir.

Sekil 4. Tarim ve Hayvancilik degiskenlerine gore illerin kiimelere dagilimi

Sekil 4’te verilen sonuglarma gore Konya tahil iiretimindeki lider konumuyla tek bir kiimede yer aldigi
sOylenebilir. 4. kiime genel olarak tarim alani kisith illerden olusmustur. Van ilinin tek kiimede olmasini
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hayvanciligin ildeki 6nemi ile aciklanabilir. Sekil 5’te Niifus ve Go¢ degiskenlerine gore illerin kiimelere dagilimi
gosterilmistir.

Sekil 5. Niifus ve Gog degiskenlerine gore illerin kiimelere dagilimi

Sekil 5°te verilen sonuglara gore Istanbul’un tek bir kiimeyi olusturmasmin nedeni en fazla go¢ almasi ve
buradaki is olanaklarinin fazla olmasi etkili bir faktordiir. Canakkale ve Giresun illerinin de tek baglarina bir kiime
olusturduklar goriilmektedir. Sekil 6’da Finans degiskenlerine gore illerin kiimelere dagilimi gosterilmistir.

Sekil 6. Finans degiskenlerine gore illerin kiimelere dagilimi

Sekil 6°da verilen sonuglarina gére Istanbul, Ankara ve Gaziantep illerinin ticaret ve sanayi kaynakli ayr1 ayr tek
bir kiimeyi olusturdugu soylenebilir. Genellikle sanayi ve ticaretin az oldugu illerin 9. kiimede yogunlastig
goriilmektedir. Son olarak 30 degiskenden olusan Sosyo-Ekonomik veriler yardimryla elde edilen Gri Kiimeleme
sonuglar1 Sekil 7°de verilmistir.

Sekil 7. Sosyo-Ekonomik verilere gore illerin kiimelere dagilimi

Sekil 7°de verilen sonuglarina gore Tiim veriler degerlendirildiginde Ankara, Izmir ve Istanbul illerinin ayni
kiimede yer aldig1 goriilmektedir. Bartin ve Giresun illerinin ayn1 kiimede yer almasi ve Karabiik ilinin tek bir
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kiimeyi olusturmasi farkli sonuglar olarak s6ylenebilir. 3. kiime genel olarak kirsal niifusun ¢ok oldugu iller olarak
kargimiza c¢ikmaktadir. Sosyo-Ekonomik dagilimimin beklenildigi gibi homojen sehirlerden olusmadigt
goriilmektedir. Bazi benzer yapidaki sehirlerin ayni kiimede yer almalarina karsin genel olarak bazi kiimelerde
kiime ici farkliliklar géze carpmaktadir.

4. Sonug ve Tartisma

Bu c¢aligmada gri kiimeleme analizi yardimiyla Tirkiye’deki iller 2019 yilina ait sosyo-ekonomik verileri
kullanilarak kiimelere ayrilmistir. Sosyo-ekonomik veri basligi altinda 30 degisken ile yapilan analizlerin yani sira
sosyo-ckonomik baslig1 altindaki sirasiyla demografik, egitim, saglik, tarim, niifus ve finans alt bagliklari i¢in de
ayr1 ayri gri kiimeleme analizi uygulanmis ve yorumlanmustir.

Sonuglara genel olarak bakildiginda Gri kiimeleme analizi ile belirlenen kiime sayilarinin Tarim-Hayvancilik alt
kategorisi hari¢ 7 ve 7’den biiyiik olduklar1 gériilmektedir. Bu sonuglarin hepsinde de ayrica en az 1 sehrin tek
basina kiime olusturduklar1 goriilmektedir. Genelde Istanbul ilinin gerek niifus yapisi gerekse ekonomik yapisi
dolayisiyla tek basina kiime olusturdugu calismalara nazaran bu ¢calismada Karabiik, Giimiishane, Van, Konya gibi
illerin farkli kategorilerde tek baslarna kiime olusturduklar1 goriilmektedir. Eski déonemlerde Devlet Planlama
Teskilati, gliniimiizde Kalkinma Ajanslarinin yaptigi Tiirkiye’deki illerin siniflandirma ¢alismalarinda 5 veya 6
kiime yapist goriiliirken bu c¢aligmada hesaplanan 7 veya lizeri kiime olusumlarinin gri kiimeleme analizinde
kullanilan gri iliskisel matris hesaplamalarinin etkisi oldugu diisiiniilmektedir. Ozellikle tiim degiskenlerin
kullanildig1r Sosyo-Ekonomik verilerin degerlendirilmesinde olusan kiime yapilarinin bir biitiinliik gdstermemesi
ve hemen her bolgeden benzer sosyo-kiiltiirel ve biiyiikliikteki sehirlerin farkli kiimelerde yer almasi gri kiimeleme
analizinin farki olarak goriilmektedir. Kiimeleme, diskriminant analizi gibi siniflama ¢aligmalarinda genellikle
degisken basma 20 gozlemin olmasi Onerilir. Bunun daha azi nispeten belirsizlik sorununa yol agabilir. Bu
calismada kullanilan 30 degiskene sadece 81 gozlem kullanilmistir. Bu ise kiimeleme analizinde belirsiz sonuglarin
olugmasina sebep olabilecegi diisiiniilmektedir. Gri kiimeleme analizi ile yapilan siniflandirmalarin, belirsizlik
altinda karar vermede yardimc1 oldugu diistiniilmektedir.

Bu ¢alismada Gri Kiimeleme analizi ile elde edilen kiime sayilarinin Tiirkiye sosyo-ekonomik verileri ile yapilan
benzer ¢alismalara gore daha farkli sonuglar elde edildigi goriilmiistiir. Gri kiimeleme analizinde kiime sayisinin
belirlenmesi i¢in heniiz belirgin yontemlerin bulunmamasi ve gozlem sayisi-degisken sayisi farkinin az olmasinin
bu farkliliklarda etkisi oldugu diisiiniilmektedir. Gri kiimeleme analizinin etkinliginin test edilmesi i¢in literatiirde
siklikla kullanilan veriler ile benzer calismalarin yapilarak gerek yontem hakkinda gerekse kiime sayisinin
belirlenmesi hakkinda daha detayli bilgiler elde edilebilecektir.
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Ek 1. Degisken gruplarina gore Silhouette ve Xie-Beni indeks degerlerinin farkli kiime sayilarina gére
degerleri

Sosyo-Ekonomik Demografik Egitim Saghk
Kiime Sayisi Silh. XB Silh. XB Silh. XB Silh. XB
2 0,6552 9,87 0,7165 10,41 0,6933 21,45 0,7362 8,25
3 0,6475 10,01 0,7453 14,78 0,6984 18,75 0,7481 6,99
4 0,7142 8,88 0,7586 8,61 0,7045 12,36 0,7259 11,67
5 0,6968 9,85 0,7438 10,28 0,7068 11,57 0,7148 7,82
6 0,6940 6,35 0,7781 3,79 0,7166 134 0,7236 7,4
7 0,7304 4,38 0,7912 4,89 0,7257 8,9 0,7369 8,52
8 0,7161 5,88 0,7986 2,99 0,7235 6,01 0,7389 9,91
9 0,6832 7,91 0,7864 5,08 0,7135 6,94 0,7301 13,34
10 0,6936 10,09 0,7784 3,87 0,7194 7,99 0,7291 12,78

Ek 1. Degisken gruplarina gore Silhouette ve Xie-Beni indeks degerlerinin farkli kiime sayilarina gore
degerleri (Devam)

Tarim-Hayvancihk Niifus-Goc¢ Finans

Kiime Sayisi Silh. XB Silh. XB Silh. XB

2 0,6833 16,87 0,6418 15,76 0,7095 12,54
3 0,6912 14,5 0,6568 10,54 0,7066 9,89
4 0,6988 12,31 0,6591 11,86 0,7032 12,36
5 0,7064 8,61 0,6601 6,37 0,6981 10,01
6 0,7099 591 0,6734 8,56 0,6988 8,67
7 0,7092 3,22 0,6781 3,78 0,6881 4,99
8 0,7051 6,45 0,6824 2,73 0,7011 5,98
9 0,6984 6,75 0,6818 4,02 0,7182 3,21
10 0,6831 8,88 0,6799 6,48 0,7194 3,01
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Ek 2. Kiimeleme analizi sonuglarina gore ortaya ¢ikan kiimelerin ilgili degiskenlere gore tanimlayict
istatistikleri

Degiskenler 1Kiime 2Kiime 3.Kiime 4.Kiime 5Kiime 6.Kiime 7.Kiime 8.Kiime 9Kiime 10.Kiime
Bebel Oliim Hizi (binde) 475 114462 743333 855789 6,24 3 10,1667 14,2286
5 vas alti 8liim hizi (binde) 6.3 14,0385 8,88 10,7789 77866667 3 12,1889 17,1286
é Toplam degurganitk hizi (cocuk sayisy) 1455 252308 154533 191421 16153333 141 185556 257429
= Kaba evienme hizi (binde) 5625 691692 6,108 669842 6.0426667 574 6,14 671714
% [Kaba oliom hizi (binde) 82 453077 692 585789 7.0266667 7.1 577778 424286
E Eaba dogum hizi (binde) 945 19,3615 109333 14,1895 11313333 9.4 13,8778 19,9429
A Kaba boganma hizi (binde) 1,755 106769 207533 168579 1,78 19 1,19444 098286
Dogusta beklenen yagam siireleri (yvil) 78,8 77,8308 7834 782316 78486667 T84 785556 778286
Niifusa gére boganma oranlart 572,18 14069 520928 681014 60976938 526394 106524 184527
licokul okuilasma oran: 2012 ve sonrasi (kadin)-net (92472 89,765 94542 93207 91,272 93,939 86,780 68410
[lkokul okullagma oram 2012 ve sonrasi-nert (%) 92,677 90,010 94560 93416 91,712 93975 87215 68200
Tkokul /Ogrermen basina diigen dgrenci sayisi 15556 15500 15381 14778 15286 15571 14500 13,000
-E llksgrerim okullagma orani 2012 ve sonrast (kadin) 97243 94423 97941 97439 97,847 97,642 92325 70,330
Eﬂ liksgrerim okullagma eorani 2012 ve sonrasi-net (%) 97,264 94325 97823 97349 97,870 97,532 92435 70,180
Olona yazma bilen orani (%) 95864 95573 97788 96604 94,062 97201 96,710 96330
Ortaockul /Ogretmen bagina diigen agrenci sayist 13222 12500 13524 12667 13357 12857 12500 9.000
Ik ve ortackul /Derslik bagina diisen 8érenci sayis: 21111 18250 20,524 17,667 20,429 20,619 23,000 13,000
E] Yiizhin kigi bagina toplam hastane yatak sayist 386,25 232,371 307,524
@ Bin kisi bagina diisen toplam hekim sayist 3 1 2
H é Kiiglikbag hayvan sayis: (bag) 1895245 403085 1143401 110349 2708012 2459960 738916
g
2 E Tahillar ve diger bitkisel tiriinlerin tiretim miktar: (for 2315467 1224438 1776096 438517 1707764 1.6E+07 2131025
= b
Pt T |Buyikbas hayvan sayist (bag) 417158 214520 245221 111866 180693 927082 295044
o |Net go¢ hizi (binde) 5508 875364 -12455 493 210131 -19579  -55544 092429
8 Niifus yogunilugu (kilometrekareye diigen kigi sayisy) 65,63 756227 5708 298677 54,58 104,13 87,6389 132997
é Orralama hanehallka bitviikligi 2,76 3,46091 330273 3,33 2,63 27824 369667 351143
2 |l nufus arng iz (binde) 21222 395545 -16018 29353 276 538176 463667 8350333
~ Tiirkive'den yurt digina giden gog 1071 386391 115518 140223 2014 333829 1243.06 25069
a Toplam ithalat (bin 8) 756186 258384 3208794 1310107 7854188,7 405139 2397621 5006595 1,1E+07 1,05E+08
g Toplam ihracat (bin §) 916187 390852 4054981 1590084 10122356 123260 2187391 7418005 8313060 85636418
B Kisi bagina GSYH (TL) 45092 411316 40828 438996 66913 342306 43144 37633 71027 86798

74



	0a-Cover
	0b-Editorial
	1-Article
	2-Article
	3-Article
	4-Article
	5-Article

