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EDITORDEN

Sayinin ilk makalesi Rabijita Buragohain, Hemanta Saikia ve Dhruba Das tarafindan hazirlanan Trend Analysis
and Change Point Detection of Winter Rice in North Bank Plains Zone (NBPZ) of Assam: A Non-Parametric
Approach baslikli calisgmadir. Calismada Hindistan’in Kuzeydogu eyaletlerinden biri olan Assam’da kis pirinci ver-
imliliginin belirlenmesi amaglanmigtir. Bu amagla kis pirinci liretimi, tarim alan1 ve verimlilik degiskenleri i¢in Mann-
Kendall ve Sen testleri kullanilarak trend analizi yapilmigtir. Serilerdeki homojenligin belirlenmesi icin ise Pettitt ve
Buisahand testleri kullanilmistir. Elde edilen bulgulara gore, son otuz yilda Kuzey Bankas1 Ovast Bolgesi’nde (NBPZ)
alanin azalmasina ragmen, calismada kis pirinci iretiminin ve verimliliginin arttig1 sonucuna ulagilmustir.

Sayinin 2. sirasinda “Analysis of Skills and Qualifications Required in Data Scientist Job Posting Based on the
Pareto Analysis Perspective Using Text Mining” baslikli Erkan Isigicok, Sadullah Celik ve Dilek Ozdemir Yilmaz’a
ait makale yer almaktadir. Calismada, veri bilimi alaninda ig arayanlarin hangi becerilere, tekniklere, konulara, alanlara
vb. oncelik vermesi gerektigi metin madenciligi teknikleri ile belirlenmistir. Bu amagla Tiirkiye ve ABD’den 200 veri
bilimci is ilan1 analiz edilmistir. Sonuglara gore, veri Bilimci istihdam etmek istedigini bildiren igverenler, Makine
Ogrenmesi, Veri Bilimi, Python, SQL, R, Istatistik ve Matematik alanlarinda uzman kisileri, lisans, yiliksek lisans
ve doktora egitim seviyelerine sahip kisileri, 3+ yil is tecriibesine sahip kisileri ve Gorsellestirme, Veri Madenciligi,
Tahmin, NLP ve Kiimeleme tekniklerini bilen kisileri tercih ettigi sonucuna ulagilmagtir.

Saymin iigiincii makalesi “Asset Allocation with Combined Models Based on Game-Theory Approach and Markov
Chain Models” baslikli Salih Cam’a ait ¢calismadir. BIST 30’da islem goren 29 hisse senedi ile ¢esitli modeller analiz
edilmigstir. Elde edilen bulgulara gére oyun teorisine dayal1 olarak olusturulan portfoyiin diger modellere kiyasla daha
yiiksek getiri sagladig: ifade edilmistir.

Sayinin 4. sirasinda “A Monte Carlo Simulation Analysis of The NARDL Method with A View Towards Cryptocur-
rencies” baslikli Abdiilsamet Aca ve Kemal Dinger Dingec tarafindan yazilan makale yer almaktadir. Bu ¢alismada,
normal dagilima sahip olmayan kripto paralar ile diger degiskenler arasindaki uzun ve kisa donemli asimetrik iligkileri
gosteren NARDL modelinin farkli agir kuyruklu dagilimlar (Student t-dagilimi ve Skew-t dagilimi) altinda giivenilir-
ligi test edilmistir. Caligmanin sonunda, NARDL modelinin kripto paralar gibi normal dagilima sahip olmayan zaman
serileri i¢in kullanildiginda elde edilen istatistiksel ¢ikarimlarin cogunlukla giivenilir oldugu sonucuna varilmustir.
Sayinin 5.sirasinda Oguz Tiimtiirk tarafindan yazilan “Key Macroeconomic Variables under Exchange Rate Volatil-
ity: Time-Varying Causality in the Presence of Structural Breaks and Nonlinearity” isimli makale yer almaktadir.
Bu makalede, doviz kuru ile GSYIH, enflasyon orani ve faiz oram arasindaki nedensellik iliskisi Toda and Yamamoto
(1995) ve Shi, Hurn, and Phillips (2020) nedensellik testleri araciligtyla incelenmistir. Sonug¢lar Déviz kuru ile faiz
oranlari arasinda nedensellik iligkisi oldugunu ve doviz kurundaki oynakligin enflasyonun belirleyicisi oldugunu vur-
gulamaktadir.

Emin Karatag Ve Ayylice Memis Karatag tarafindan yazilan “A Causal Relationship Between Financial Indicators,
Bitcoin, Gold, And Vix: An Empirical Analysis From Fragile Five Countries” isimli makale saymin 6. sirasinda
yer almaktadir. Calismada kirillgan 5°li iilkelerinde doviz kurlari, 10 yillik tahvil getirileri ve Merkez Bankas1 poli-
tika faizleri arasindaki nedensellik iligkisi, Altin, Bitcoin fiyat1 ve Volatilite Endeksi (VIX) gibi kiiresel gostergelerle
karsilagtirilmaktadir. . Elde edilen bulgular Tiirkiye, Endonezya ve Giiney Afrika icin doviz kurlar ile faiz oran-
lar1 arasinda nedensellik iligkisinin oldugunu, Brezilya ve Hindistan icin ise bu iliskinin olmadigin1 gostermektedir.
Bununla birlikte VIX, politika faizleri ve farkli doviz kurlar1 olmak iizere yedi farkli degiskenden etkilenen en 6nemli
degiskendir.

Sayinin 7. siradaki makalesi Sevcan Caglayan ve Selahattin Giirig’e ait “CO2 Emisyonlarin1 Etkileyen Faktorlerin
Zamanla Degisen Katsayih Parametrik Olmayan Panel Veri Modelleri fle Analizi” baslikli calismadir. Calismada
14 OECD iilkesinin 2000-2021 yillar1 arasindaki verileri zamanla degisen katsayili parametrik olmayan panel veri
modeliyle incelenmistir.

Sayinin 8. siradaki makalesi “Sera Gazi Emisyon Olciitleri Uzerine K-Ortalama ve Hiyerarsik Kiimeleme Analizi:
G20 Ornegi” baslikli Mutlu Tiizer ve Seyhun Dogan’a aittir. Calismada, farkli emisyon olgiitlerine dayali olarak iki
farkli kiimeleme analizi yontemiyle G20 iiyelerinin birbirleriyle karsilagtirtlmigtir.

9. siradaki makale Esra Kilci’ya ait “Analysis of the Relationships among Compulsory Health Spending, Doctors,
Hospital Beds and Hospital Stays for Turkey” baslikli caligmadir. Makalede zorunlu saglik harcamalari ile diger
saglik gostergeleri arasindaki iligski Fourier nedensellik testleri ile analiz edilmistir.

VIII
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Saymin 10. sirasindaki makale Umut Aydin, Gizem Kaya Ve Bur¢ Ulengin’e ait “A Comparison of Forecasting Per-
formance of PPML and OLS Estimators: The Gravity Model in Air Cargo Market” baslikli calismadir. Caligmada
taginan toplam kargo miktarlari icin olusturulan modellerin tahmin performanslari karsilagtiritlmistir.

Saymnin 11. sirasinda Havva Kog tarafindan yazilan “The Hybrid New Keynesian Phillips Curve: An Applica-
tion For Tiirkiye” baglikli calisma yer almaktadir. Bu calismada, 2013 ile 2022 arasinda Vektor Otoregresif model
yardimi ile TCMB beklenti anketi ile dlciilen gelecek 12 aya iliskin enflasyon beklentilerinin, beklenen politika faiz
oraninin, TL'de beklenen deger kaybinin, ¢ikt1 agig1 ve ithalat fiyatlarinin enflasyon iizerindeki etkilerini arastirilmustir.
Calismada, Merkez bankas1 veya ekonomik otoritenin enflasyon belirsizligini azaltarak beklentilere dayali politikalar
geligtirmesi enflasyona olumlu etki yapacagi vurgulanmugtir.

Saymin 12. sirasinda “Soklar Brezilya, Giiney Afrika ve Yeni Zelanda’da Kisi Basi Ekolojik Dengeyi Kalic1 Olarak
Etkiler mi?” baglikli Mehmet Erdogmus’a ait makale yer almaktadir. Calismada Brezilya, Giiney Afrika ve Yeni Ze-
landa i¢in ayr1 ayr1 hesaplanan kisi basi ekolojik dengenin soklardan kalici olarak etkilenip etkilenmedigi belirlenmistir.
Analiz donemi incelenen tiim iilkeler i¢in (veri mevcudiyetine bagh olarak) 1961-2022 dénemini kapsamaktadir. Kisi
basi ekolojik denge, kisi bag1 biyolojik kapasiteden kisi basi ekolojik ayak izinin ¢ikarilmasi ile elde edilmistir. Elde
edilen bulgulara gore Brezilya, Giiney Afrika ve Yeni Zelanda icin ayr1 ayr1 hesaplanan kisi basi ekolojik dengeye
yonelik soklarin kalic1 etkiye sahip oldugu bulunmustur.

Saymin 13. sirasinda Ovgiican Karadag Erdemir tarafindan yazilan “A Comparative Perspective on Multivariate
Modeling of Insurance Compensation Payments with Regression-Based and Copula-Based Models” isimli makale
yer almaktadir. Caligmada, Tiirkiye motorlu kara tasitlar1 zorunlu mali sorumluluk sigortasina iliskin 2018-2022 yil-
lar1 arasindaki tazminat 6demeleri, regresyon bazli ve copula bazli ¢cok degiskenli istatistiksel yontemler kullanilarak
karsilagtirmali olarak modellenmistir. Model sonuglarinin karsilagtirilmasina gore, sigorta tazminat ddemelerinin ¢ok
degiskenli modellenmesi i¢in copula bazli modellerin karisiminin daha uygun oldugu vurgulanmaktadir.

14. siradaki “Sermaye Yeterlilik Oram ile Finansal Rasyolar Arasindaki iliskinin Panel Veri Analizi ile Tespiti:
Tiirk Bankacihk Sektorii Uzerine Bir Calisma” baslikli makale Batuhan Medetoglu tarafindan kaleme alinmustir.
Caligmada aktif biiyiikliigii en fazla olan 10 banka ile cesitli finansal oranlar1 arasindaki iligki panel veri yontemi ile
analiz edilmigtir. Elde edilen bulgulara gore, sermaye yeterlilik orani ile tiim degigkenlerin istatistiksel olarak anlamli
iliskiye sahip oldugu ifade edilmistir.

brahim Sezer Belliler tarafindan yazilan “ODKA Ulkelerinin Savunma Harcama Yakisamasi: Cok Kirllmal
Fourier Panel Birim Kok Testinden Kamtlar” isimli makale saymin 15. sirasinda yer almaktadir. Makale 1977-
2021 yillar1 arasinda 12 ODKA iilkesinin (Cezayir, Bahreyn, Misir, Iran, Israil, Urdiin, Kuveyt, Fas, Umman, Suudi
Arabistan, Tunus, Tiirkiye) savunma harcama yiiklerinin yakinsama analizi incelenmektedir. Caligmada yatay Kesit
bagimlilig ve birimler arasi heterojenligi dikkate alan Bahmani-Oskooee(2014) nin Cok Kirilmali Fourier Panel Birim
kok testi kullanilmustir. Elde edilen bulgulara gore Bahreyn, Urdiin, Kuveyt, Suudi Arabistan ve Tiirkiye nin savunma
harcamalari ODKA ortalamasina yakinsama davranig1 gostermektedir.

Prof. Dr. Burak GURIS
Bas Editor
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ABSTRACT

Rice from Assam is well-known for having a wide range of genetic varieties. In the past, Assam produced more rice due to its
geographic location and climatic conditions. The main rice crop in Assam is winter rice, which makes up a significant amount of
the state’s overall rice production. The NBPZ is one of the key locations where agriculture provides many people with a means of
subsistence. The goal of the study is to determine the turning point for winter rice productivity in Assam’s NBPZ by analyzing
trends regarding winter rice output, area, and productivity. The transition point for the productivity of winter rice was discovered
by analyzing more than 30 years of NBPZ data. The study also shows the NBPZ to not just be restricted to researching winter
rice’s climate-resilient productivity but to also have a critical need to adopt efficient crop production and productivity measures.
Thus, the study’s findings are anticipated to be able to help policymakers create an effective agricultural policy that is easier for
farmers to adopt.

Keywords: change point, hypothesis testing, non-parametric, trend analysis

Introduction

Assam is a state in northeastern India, and 69% of its population is dependent on agriculture. Assam has six agroclimatic
zones: the Upper Brahmaputra Valley Zone (UBVZ), Lower Brahmaputra Valley Zone (LBVZ), Central Brahmaputra Valley Zone
(CBVZ), North Bank Plains Zone (NBPZ), Barak Valley Zone (BVZ), and Hills Zone (HZ). This study specifically focuses on
the NBPZ, which is comprised of the six districts of Dhemaji, Lakhimpur, Sonitpur, Biswanath Chariali, Darrang, and Udalguri.
Altogether, these districts cover 18.37% of the total area of Assam. This NBPZ area has a unique geographical location surrounded
by hills, alongside which flows the mighty Brahmaputra River, which is a blessing for any crop grown in this zone. Because of
its unique geographical location, the NBPZ encounters weather variability that resultantly influences the crop productivity. The
NBPZ has historically produced more rice due to its physical characteristics, climatic circumstances, and geographic location.
Winter rice is the main rice crop that accounts for a significant share of the nation and zone’s overall rice production. Winter
rice earns its name from when it is harvested. It is sown sometime between June and July and harvested between November and
December.

However, the time for sowing winter rice is the same time the Brahmaputra and its tributaries deluge the NBPZ, which also
causes an imbalance in agricultural crop production in this zone. Climate is a key factor for agriculture in terms of the quantity
and quality of crop production. Due to the adverse heterogeneous impact of weather conditions, so many uncertainties occur
that can result in failures in crop production and productivity. Therefore, assessing the past trends of the area, production, and
output of winter rice is essential and can further be linked to the policymaking decisions the government of Assam makes for
its stakeholders. In addition to the past trend assessment, this study also focuses on identifying the change point in the NBPZ, in
particular with regard to the area, production, and productivity of winter rice.
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Figure 1. Geographical location map of Assam’s NBPZ.

Literature Review

The potential threats the expected fluctuations in the Earth’s climate pose to crop yield have long been a source of concern, as
well as the extent to which the agricultural system will be able to adapt to these changes to maintain the food supply (Wing, 2021).
Usually, high temperatures result in a significant reduction in global rice production, and according to Peng et al. (2004), the yield
of dry season crops in the Philippines will decrease by 15% for every 1°C increase in the growing season’s average temperature.
In India, the summer monsoon, often known as the southwest monsoon, dominates its climate system, albeit to a lesser extent than
the northeast monsoon. As a significant source of precipitation for India and other parts of South Asia, the southwest monsoon
is responsible for over 80% of all rainfall in India (Bagla et al., 2012). Rainfall is one of the most researched meteorological
phenomena in India due to the monsoon’s significance to the Indian economy. The distribution of rainfall over space and time, in
addition to its total volume, has a significant impact on agricultural output (Goswami et al., 2006). According to studies, the Indian
monsoon is swiftly and steadily degrading, with more extremes in rainfall frequency and intensity (Auffhammer et al., 2012).
The number of rainy days and early and late monsoon rainfall trends in India has shown decreasing trends between 1951-2003
according to studies such as Ramesh and Goswami (2007). This has been followed by a significant increase in the overall area
experiencing monsoon rainfall being one standard deviation below the mean.

For rice crops, the appropriate combination of rainfall and temperature is required throughout all of its growing stages. More
defense mechanisms are found to be activated in the seedling growth of rice as temperatures rise (Han et al., 2009). Because
the temperature around the apical meristem controls leaf appearance (Ritchie, 1993), floodwater temperatures in fields are also
important. Although higher temperatures increase the cultivation numbers (Yoshida, 1973) and plant height (Oh-e et al., 2007),
the ripening temperature of rice is generally thought to be 24°C, which is when the highest grain weight is seen (Kobata et al.,
2004). However, depending on the cultivar and growth stage, temperatures above 35°C produce several types of heat that are
harmful to rice crops (Yoshida et al., 1981). Therefore, the negative impact of weather parameters during any stage of crop growth
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ultimately results in lower productivity. Ravindranath et al. (2011) utilized an index-based approach by using principal component
analysis to select the key sectors of vulnerability for Northeast India at the district level as a result of climate change. The study
concluded the majority of districts in Northeast India to currently and in the near future be vulnerable to climate change and
ranked the districts in accordance with the vulnerability index. Das et al. (2009) researched similar effects of climate change in the
eastern Himalayan terrain with international boundaries, and its trans-boundary river basins due to its geographical and ecological
fragility and strategic location.

Despite the NBPZ’s subtropical climate and substantial rainfall, it has recently faced drought-like conditions as a result of
global climate change. Both severe climatic conditions, as well as droughts and floods have been brought on by insufficient
or excessive rainfall. In locations with a rainy climate such as Northeast India, drought has been more severe. In recent years,
the entire northeastern region of India has suffered from unprecedented drought-like circumstances, with 2005, 2006, and 2009
requiring special consideration. In the absence of scientific evidence about the region’s susceptibility to climate change, farming
communities need to be immediately encouraged to adopt management practices such as conservation agriculture, afforestation,
rainwater harvesting, efficient input use, and appropriate agricultural techniques for drought. Dutta (2014) researched the effects of
climate change on the tea-growing regions of Northeast India to make projections for future climatic conditions and their impact
on tea output by 2050. According to the study, the average temperature in Northeastern India might rise 2°C by 2050, yet no
change is expected to occur in the region’s rainfall patterns.

Data and Methodology

Study Area and Data Collection

This study covers the NBPZ districts of Dhemaji, Lakhimpur, Sonitpur, Biswanath Chariali, Udalguri, and Darrang and gathered
data on winter rice production, area, and productivity from Assam’s Directorate of Economics and Statistics for these NBPZ
districts from 1988-2018. The analytical studies have been performed with the help of the statistical software programs Microsoft
Excel and XL-STAT.

Trends in Winter Rice Area, Production, and Productivity Analysis

The Mann-Kendall test is a type of non-parametric distribution-free test that can be used to determine whether the relevant
variable of interest has a monotonic upward or downward trend over time. A monotonic upward or downward trend may or may
not be linear and denotes a consistent growth or reduction in the variable over time. This test can also be used in place of a
parametric linear regression analysis to determine whether or not the estimated linear regression line’s slope deviates from zero.
The Mann-Kendall test statistic is defined as:

S =Tp /2 sen(X - Xi) (1
where
1if x> 0
sgn(x)z{ 0if x= 0}
-lif x< 0

The mean of S is 2[S] = 0, and the variance o2 is defined as:

o2 ={n(n-1)2n+5) - 20 1j(1; = 1215 +5)}/18 )

where p is the number of tied groups in the data set and ¢; is the number of data points in the j tied group. The S statistic is
normally distributed as an approximation, provided that the following Z-transformation is employed:

=lif s >0
{ 0if S =0} ©)
sl s >0
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The S statistic is closely related to Kendall’s 7, which is given by:

“

T =

s
D

1
2

1 1 1
whereD = En(n -1)- 52;;1”(” - 1)] [zn(n - 1)]

Magnitude of Trend

Sen (1968) created Sen’s slope, which has been extensively used to determine the size of trends in long-term temporal data
(Tabari et al., 2011). Because Sen’s slope, symbolized by Q, is unaffected by data outliers, it is thought to be a stronger indicator
of a linear relationship. The temporal data shows a positive trend when Qi values are positive and a negative trend when Qi values
are negative. The annual magnitude of slope is the unit of measurement of Sen’s slope Qi. According to Sen’s technique, this test
determines the slope (i.e., linear rate of change) and the intercepts. The following formula is initially used to calculate a set of
linear slopes:

X - X
j—i

(&)

for (1 <1i<j <n), where d is the slope, x denotes the variable, n is the number of observations, and i and j are indices. Sen’s slope
is then calculated as the median from all slopes, where b = the median (dy), after which the intercepts are computed for each time
step t as given by:

ar = X; — (b X1) (6)

The median of all intercepts is also the corresponding intercept. The upper and lower confidence bounds of Sen’s slope can also
be calculated using this technique.

Homogeneity Test and Change Point Detection

The homogeneity test is carried out to determine whether the series may be regarded as homogeneous over time or if a point
occurs where a change happens (Jaiswal et al., 2015). Numerous tests are available for verifying the homogeneity of a series.
Finding the change points in a time series is crucial for determining where the substantial changes have occurred. In order to
examine the homogeneity of series and identify any change points, this study takes into account two homogeneity tests, namely
the Pettitt and Buishand tests.

Pettitt’s Test

A significant change point may be found using Pettitt’s test, which can detect a large shift in the average of a time series of data
even when the precise timing of the change is unknown. The statistic used for Pettitt’s test is defined as Uy, and has been indicated
by Kang and Yusof (2012), Dhorde and Zarenistanak (2013), and many others as:

Up =25 om; — k(n+1) 7

where m; is the rank of the ith observation of k whose values are 1, 2, ..., n; the series values x1, x2, . . . , x,, are also sorted in
ascending order. As the next step, the statistical change point test is defined as follows:

K =max|Ug|, 1<k<n (8)

A change point occurs in the series when U-k reaches the highest value of k. The crucial value is obtained as follows:
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Ui = [~In o« (n® +n2)/6]? )

where the critical value « is determined by the threshold of significance, and n is the number of observations.

Buishand’s Test

Buishand’s (1982) test is a non-parametric test. The following model with a single shift (change point) is calculated as follows,
with X standing for a normal random variate:

Xiz,u+A+6,~ i=1,....m
. (10)
u+A+e i=m+1,...,ne ~N(0,0).

The null hypothesis A = 0 is tested against the alternative A # 0. The rescaled adjusted partial sums are calculated as
Sk =2k (X; — X). Thus, Buishand’s U test is calculated as:

2
U= [n(n+ 1)]—122;11(S—K) (11)
Dx

where Dx = [n™1Z! (X; - X)and a Monte Carlo simulation with m repetitions is used to evaluate the p value (Pohlert, 2016).

Results and Discussions

Based on the trend analysis results from the Mann-Kendall Test and Sen’s slope, the NBPZ is observed to have shown a
significantly decreasing trend (see Figure 2 in the Appendix), with a magnitude of - 419.5 ha/year in terms of area (see Table 1).
The Government of Assam’s Directorate of Economics and Statistics has also cited the cultivable land in Assam to have decreased
considerably over the last five years as per the report from the Land Utilization Statistic (Provisional) for 2019-2020. Many studies
have established several reasons behind the disappearance of cultivable land, such as increased populations, urbanization, and
floods. Another huge concern is river erosion. River erosion has wreaked havoc in the NBPZ, as each year this region must face a
huge loss of area due to flood and river erosion. When the Brahmaputra and its tributaries rise in the NBPZ, thousands of cultivable
lands immediately get submerged by the river. Reports have shown the Brahmaputra River to throw up new islands every 10 to 15
years, which are called the char-chapori (riverine) area.

However, the trend for the production and productivity of winter rice in the NBPZ is found to have been significantly increasing,
with a magnitude of 1,733 kg/ha for production and 29.90 kg/ha for productivity (see Table 1) Overall, despite the decrease in
area, evidence (see Figures 3 & 4 in the Appendix) shows the production and productivity of winter rice to have increased over
the last 30 years. All the improvements made over the past years in the agricultural sector, such as improved crop patterns, the use
of hybrid crops (HY Vs), the expansion of high yield variety areas, the status of irrigation infrastructure, and the ease with which
farmers’ packaging and practices can be assessed have caused an upward trend in production.

Table 1. Mann-Kendall Test of Trend and Sen’s Slop Estimation for the NBPZ

Variables Mann-Kendall test | Sen’s slope | Trend

D Change Year
Area 0.032* 2004 -419.5 decreasing
Production | 0.007* 2008 1,733 increasing
Productivity | 0.001%* 2009 29.90 increasing

* Significance determined at a level of @ = 0.05

In addition to identifying the homogeneity of the series and detecting the change points using the two non-parametric tests (i.e.,
the Pettitt and Buishand tests), the change point has also been detected by examining the high and low values in the data set. The
results from these change point tests could reveal the exact year in which a break or change occurs. This change point leads to a
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trend line that may either increase or decrease the trend. Moreover, for winter rice production, the two tests identified different
years for the change points.

A slight deviation occurred when identifying the change points using Pettitt’s test and Buishand’s test, and this deviation was
also observed by Pal (2018). In such a case, fitting a trend line confirmed the usefulness of the correct test. If the presence of a
trend is shown, then one can consider that the data to be non-homogeneous. Namely, a change point has occurred in the series, and
no change point is present when no trends occur. For example, in terms of the NBPZ, the Pettitt test resulted in a change point in
2003, whereas Buishand’s test resulted in the same change point occurring in 2004. Moreover, Pettitt’s test revealed the data to be
homogeneous, whereas Buishand’s test revealed the data to be non-homogeneous. Therefore, computing the Mann-Kendall trend
test has confirmed a significant trend to be present in the series, thus accepting Buishand’s test results and the change year for the
NBPZ accordingly being 2004 (see Table 1). Regarding production and productivity, both the tests imilarly revealed the data to no
longer be homogeneous and provided results showing the changes to have happened in 2008 and 2009, respectively.

Conclusion and Future Scope of the Study

As an outcome, the study indicates that, winter rice production and productivity in the NBPZ have increased over the past 30
years despite the area having decreased. Winter rice production and productivity trends are greatly influenced by climatic and
non-climatic elements that also mark a change point in the trend. In addition, the atmosphere of this region is mostly humid due
to the NBPZ’s geographical and topological conditions. Therefore, the crop needs an optimum temperature to complete its life
cycle, from panicle initiation to maturation. Therefore, to increase the winter rice output, thorough research on the cultivation
of cold-tolerant types of the variety is highly required to enhance productivity alongside its best indigenous features, because
the indigenous or local varieties have been least affected by the changes in weather conditions. Recently, most farmers who are
officially listed as beneficiaries of the government agricultural sector were observed to have switched over to cultivating improved
or high-yield varieties (HYV) in place of indigenous winter rice varieties. Although the Assam Government provides the HY Vs,
focus should be placed on high-yielding, cold-tolerant, nutrient-rich varieties in addition to water- and stress-resistant varieties,
because the area is mostly humid and more susceptible to flooding.

Due to the NBPZ being geographically suitable for agriculture, the need exists for regular monitoring of weather impacts on
agriculture. Additionally, monitoring all the socio-economic factors related to agriculture must be studied simultaneously so that
government schemes can be gainfully implemented to enhance winter rice production and productivity. Such schemes and policies
can bring proper approximation of inputs, such as a minimum support price index, suitable credit disbursement, or different kinds
of crop insurance schemes. The implementation of such real-valued schemes and policies can undoubtedly provide a ray of hope
for a better future for the agrarian society. Similarly, the responsible body should take appropriate action to counteract climate
change impacts on agriculture in this region in order to achieve sustainable agricultural development and provide food security
for the constantly growing population. To highlight regional distinctions and direct intense measures regarding the viewpoint on
climate change, more of this type of region-specific study should be performed. Researchers can also use stepwise regression
analyses by considering weather parameters such as rainfall, humidity, and maximum and minimum temperatures to identify the
factors responsible for increasing the trends in production and productivity.
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Appendix

Figure 2. Trend and change point identification for area of winter rice in the NBPZ.

Figure 3. Trend and change point identification for production of winter rice in the NBPZ.
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Figure 4. Trend and change point identification for productivity of winter rice in the NBPZ.
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ABSTRACT

Today, there are more job posts than ever before, making it incredibly challenging for job searchers to find the position that best
suits them. To overcome this difficulty, text mining methods can be used to extract information such as job titles, required skills,
and required experience, and to analyze job postings. This information can also be used to match job seekers with the most relevant
job postings. The main purpose of this research is to determine which skills, techniques, subjects, fields, and so on should be
prioritized by job seekers. For this purpose, 200 data scientist job postings from Turkey and 200 data scientist job postings from
the USA are analyzed. According to the results, employers who have announced their interest in hiring a Data Scientist prefer
people who are experts in Machine Learning, Data Science, Python, SQL, R, Statistics, and Mathematics, people with BSc, MSc,
and PhD education levels, people with 3+ years of work experience, and people who know Visualization, Data Mining, Prediction,
NLP, and Clustering techniques. For this reason, it is recommended that people who want to become data scientists in TR or the
USA improve themselves in these techniques, skills, and experiences to be accepted to data scientist position jobs more easily.

Keywords: Data Scientist, Job Postings, Text Mining, Document-Term Matrix, Pareto Analysis

Introduction

In the 21st century, the Internet has become more accessible to people all over the world (Cooper et al., 2000). Various factors,
such as the widespread use of mobile devices, the greater use of social media, and the facilitation of internet access, have led to
an increase in internet use. Moreover, mobile gadgets like smartphones, tablets, and other mobile devices have made it easier for
users to access the Internet while on the go. Social media platforms such as Facebook, Twitter, and LinkedIn also make it easy for
people to stay connected with their friends and network. In addition, the price of internet access has become more affordable in
recent years, which makes it more accessible to people around the world. The increasing use of the Internet has caused a significant
change in our lifestyles and working styles. It has enabled people to stay connected with their loved ones, share information, and
easily access a wealth of information. In addition, the Internet has had a transformative effect on the economy and has created new
opportunities for businesses and entrepreneurs.

The economy and the way businesses run have both been significantly changed by the Internet. In the past, businesses had to rely
on traditional marketing and advertising methods to reach their target audience. This was often very costly and time-consuming.
Thanks to the Internet, businesses can now reach a much wider audience at a much lower cost and in a shorter time. They can
also interact directly with their customers in a way that was not possible before. At this point, to where the Internet and the digital
world have come, more efficient and effective ways of doing business have emerged.

Another change brought by the Internet has been the way businesses sell their products and services. In the past, businesses had
to sell their products through stores operating in real places (Teece, 2010). This was often very costly as businesses would have to
rent or purchase a shop and hire employees to manage the store. Thanks to the Internet, businesses can now sell their products and
services online for much cheaper (Jain et al., 2021). As a result, the gains obtained by lowering the costs of the enterprises cause
the prices of the products or services to fall.
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It is also possible to argue that the Internet has influenced changes in employment. The most significant change is that employers
can now advertise open positions, making it easier for employers and job seekers to meet. The Internet has made job searching
much easier and faster than it was in the past (Kuhan et al., 2014). Another change brought about by the Internet is the way
employers and employees communicate with each other. Email and instant messaging have made staying in touch with colleagues
much easier. Undoubtedly, this situation has caused the spread of working from home or remotely with the effect of the pandemic.
It can also be said that the Internet has made it easier for employers to reach human resources all over the world (Vardarlier, 2020).
Indeed, employers or human resources departments can now reach candidates with the necessary skills and experience with the
click of a mouse, no matter where they are.

Of course, the Internet has also made it easier for employees to learn about potential employers. In the past, it was often
difficult to learn about companies and their culture. However, numerous online resources available today can help employees make
informed decisions about whether a company is right for them. In general, it would not be wrong to say that the Internet makes the
job-finding and career-management processes much easier and more efficient and creates new opportunities for both employers
and employees.

On the other hand, data is just as important as the Internet in terms of data science. Data, also called the oil of our times, helps us
understand the world around us. For example, data can help us understand how people behave, and what they like and dislike. Thus,
purposefully collected data can be used to make better decisions on almost everything from marketing to product development,
from finance to investing. Data can also help us understand complex systems. For example, it can also be used to understand how
traffic flows in a city, how diseases spread, and how economic systems work. Understanding data-driven decision-making can thus
provide the basis for better decision-making and more efficient systems.

Data can also help us automate decision-making. The data can be used to identify patterns and trends, make future projections
based on population parameters and historical data, and analyze sample data (statistics). These estimates can also be evaluated to
automatically make decisions such as buying a stock or approving or rejecting a loan application. Finally, Data is also important
because it helps improve the quality of decisions made. This process can also be considered as the confirmation of the decision
taken. For example, data can be used to test hypotheses and identify and correct errors. The process of using data to improve
decision-making is called data-driven decision-making and is an essential tool for businesses and organizations of all sizes. One
of the quality management principles is the data (evidence) based decision-making approach.

The data provides information on new jobs in employment, the types of jobs in demand, and the skills needed to perform
them. It also provides an understanding of the changing nature of the workplace and workforce. Data is increasing the demand
for technically skilled occupations such as computer programmers and web developers. The demand for professions that require
customer service skills, such as customer service representatives and salespeople, is also increasing. The data also reveals demand
for occupations that require analytical skills, such as market research analysts and financial analysts.

Data is also changing the workforce and the skills in demand (National Research Council, 2008). This is important as it requires
the workforce to adapt to the changing needs of the workplace. The data also reveals an increasing globalization of workplaces
and an increasing demand for professions that require international skills, such as translators and interpreters. The data is also
significant because it provides insight into new jobs, job types in demand, and the skills required to perform them, emphasizing
the changing nature of the workplace and workforce.

New data-driven jobs are those that rely on data to make decisions. These jobs are often found in areas such as marketing,
finance, and operations. Data-driven jobs require the ability to analyze data, identify trends, and make predictions (Severson et al.,
2019). Data-driven jobs are becoming increasingly popular as more and more organizations rely on data to make decisions. As a
result, those who work to analyze data and draw conclusions are in high demand. The number of highly in-demand employees in
this field is growing by the day.

Today, many different types of data-driven businesses have emerged. However, among the most common are data analysts,
data scientists, and business intelligence analysts. Data analysts are responsible for collecting and analyzing data and often use
statistical methods to identify trends and make predictions (Aleryani, 2020). Data scientists are similar to data analysts, but they
also use their computer science and math knowledge to develop new ways of collecting and analyzing data. Business intelligence
analysts use data to help organizations make better decisions about business strategies. Data-driven jobs require a mix of technical
and analytical skills. Employees must be able to understand and work with complex datasets and communicate their findings to
others. As organizations’ reliance on data increases, the demand for data-driven transactions is expected to increase in the coming
years.

During the last pandemic, we saw and experienced the best examples of how important data is and how information is extracted
from it. This study aims to provide some insights to job seekers by identifying the technical qualifications, competencies, and
skills sought in data scientist job demands in Turkey (TR) and the USA (United States of America) by using Pareto Analysis and
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Text mining methods. In the literature, no study has been found that examines data scientist job postings in TR and the USA using
text mining methods and Pareto analysis.

This paper is structured as follows. In the second part of the study, a literature review and some studies related to the subject are
given. In the third chapter, general information about data scientists is given. In the fourth chapter, basic information about text
mining is given and four basic stages of text mining are discussed. In the fifth chapter, the structure and working method of the
Document Term Matrix used in text analysis are explained. In the sixth chapter, theoretical information about Pareto Analysis is
given. In the seventh chapter, the results of the analysis are given and interpreted. In the last section, the results obtained are listed
and a short evaluation is made.

Literature Review

There is a growing body of research obtained through text mining methods that explores the skills, techniques, subjects, and
areas job seekers should focus on. Some studies on the subject in the selected literature are given below.

Costa and Santos (2017) explored how the data scientist profile is represented in the European E-Competence Framework and
the Skills Framework for the Information Age. To do this, they employed a comparative method. The results indicated that the
data scientist profile is well-represented in both of these frameworks, with continuous learning, analysis, problem-solving, and
software skills all featuring prominently.

Rey-Ares et al. (2017) aim to identify the most common quality-of-life health states in Latin America. The article covers the
Pareto analysis of the EuroQol EQ-5D questionnaire using data from a study project from Argentina, Brazil, Chile, and Uruguay.
Other Latin American countries were included in the study. The article used SPSS and Excel programs to evaluate the data
collected about the participants’ sociodemographic characteristics (gender, age, socioeconomic status) and quality of life health
status. A statistical reliability test was used for the Pareto analysis and results were recorded by users. Based on the results of
the article, it was concluded that the most common quality-of-life health statuses were similar in all Latin American countries.
According to the Pareto analysis, the most common health condition is pain. In addition, it was determined that sociodemographic
characteristics did not significantly affect the determination of the quality of life and health status.

Radovilsky et al. (2018) define and compare the knowledge areas and skills that characterize the Business Data Analytics and
Data Science professions. In the study, a model was developed to systematize the knowledge skills expected for Business Data
Analytics and Data Science. For this purpose, Job Data Analytics and Data Science job posting data were collected from online
websites and analyzed using the text mining method. The analysis results reveal some similarities and differences between the
knowledge areas and skill groups required for Business Data Analytics and Data Science. The results provide important predictions
for designing curricula and training in Business Data Analytics and Data Science. In addition, the skills required by people who
want to work in the Business Data Analytics and Data Science job market were determined.

Alexander’s (2018) work shows how to use Pareto analysis to analyze text data using the R package. The study shows a way for
R users to perform Pareto analysis individually and institutionally. In addition to using R packages for Pareto analysis, the article
also explains how to prepare the input file required to create a word cloud. It also explains the commands used to create the word
cloud and how to interpret the output. The result provides R users with guidance on performing Pareto analysis for text data and
creating a word cloud to show the results.

In the study by Meyer (2019), data scientist skills and qualifications needed in the US healthcare industry are investigated.
The study’s data were gathered from job postings for health data scientists and analyzed using content analysis. According to the
results of the study, among the health data scientist qualifications, the basic concepts of data science, data collection and analysis,
data security, data architecture, data modeling, and reporting are the most sought-after qualifications. Also, other skills sought
in healthcare data scientists are R and Python programming, statistics, machine learning, SQL database management, developing
data-driven solutions, and data handling skills.

Verma et al. (2019) aim to determine the skills required for professions such as business analysts, business intelligence analysts,
data analysts, and data scientists. For this purpose, business analysts, business intelligence analysts, data analysts, and data scientists
analyzed the data collected from online job postings with the content analysis method. As a result of the analysis, the skill categories
for the positions worked were presented in the form of a list. Furthermore, by making a pairwise comparison between business
analysts, business intelligence analysts, data analysts, and data scientists, it was concluded that skills such as decision-making,
organization, communication, and structured data management are vital for all business categories. The results also show that
technical skills such as statistics and programming are the most sought-after skills.

Washington Durr (2020) analyzes data science career opportunities, US iSchool educational institutions, and the contribution
of education to data science. Data was collected through oral interviews and questionnaires from twenty iSchool institutions in the
USA. The results show that iSchool schools play an important role in learning data science. It also reveals that the data science
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education of iSchool schools is not sufficient for most students and that more resources and support are needed for the development
of data science. On the other hand, it is stated in the article that iSchool schools have an important role in providing career support
to data scientists.

A study by Ergiit (2021) aimed to reveal the current employment opportunities of Econometrics graduates and the needs of
companies that want to employ Econometrics graduates. In the research, a text mining approach was used to reveal the skills and
characteristics required for job postings on the human resources website Kariyer.net. The job listings were carefully analyzed based
on factors like sector and position, and at the same time, employer expectations about foreign languages, computer programs,
personality qualities, and other skills were made clear. As a result of the examinations, it is concluded that the banking, energy,
and automotive sectors are the sectors that offer the most employment opportunities.

Martinez-Plumed and Hernandez-Orallo (2021) investigated project-based learning methods to support the skills of data
scientists. In the study, a series of operational tests and applications were conducted to evaluate the use of the project-based
learning method. The test results revealed that project-based learning is an effective method for data scientists to improve their
skills. The study showed that data scientists can increase their resources through project-based learning.

Halwani et al. (2022) aim to determine the necessary qualifications for data scientists and big data jobs. The researchers analyzed
job postings from leading organizations in the field of big data and data science in the United States. The study used a comparative
method to identify 16 required attributes in big data and data science fields such as Access Data Management, Technical Principles,
Data Science Applications, and Operating System Control. These qualifications include Statistics, Data Mining, Social Network
Analysis, Machine Learning, Data Security, Programming, and Data Modeling. The researchers revealed which skills, education,
experience, and characteristics are needed to improve these qualities. As a result, 16 necessary qualifications have been identified
that can be used to increase competition in the fields of big data and data science and to improve the qualifications of candidates
who aim to take positions in these fields.

As can be seen from the selected literature studies above, no study has been found in the literature to determine TR and USA
data scientist job demands using Pareto Analysis and Text Mining methods. In this respect, we believe that this study is original
and will contribute to the literature.

Data Scientist

Data scientists are important because they can help make sense of data and turn it into insights that can help improve decision-
making. Data scientists use statistics, programming, and machine learning skills to clean, analyze, and model data. This process
can also help uncover patterns and trends that can be used to make better decisions.

Data scientists are increasingly favored by organizations as they can better use their data and transform data into meaningful
information. Undoubtedly, while the amount and size of the data produced are increasing day by day, businesses also need qualified
people who can help make sense of their data and thus business results (Monnappa, 2022). Data scientists can provide value by
helping to improve decision-making, develop new products and services, increase efficiency, and reduce costs and variability.

As new technologies and methods are developed, the role of a data scientist is constantly evolving depending on these
developments. Therefore, data scientists need to be able to adapt to change and be willing to learn new skills (Priifer et al., 2020).
As data becomes more and more important, the demand for data scientists will continue to increase.

A data scientist works in all industries where data is available or can be collected, be it healthcare, finance, government, retail,
etc. Data scientists use their skills to collect, analyze and interpret data to help organizations make better decisions (Vicario &
Coleman, 2020).

Most data scientists have a background in computer science, mathematics, and statistics. They use their knowledge of these
disciplines to clean, manipulate, and model data. They also use their technical skills to build algorithms and predictive models
(Botelho et al., 2019).

Data scientists often work with data analysts and data engineers. Data analysts collect and analyze data to support decision-
making. Data engineers create the systems and platforms that data scientists use to collect, process, and model data.

There are many job opportunities for data scientists. Some companies may hire data scientists to help them make better business
decisions (Celik, 2019). Others may employ data scientists to help improve products or services and better understand their
customers.

Data scientists must have a strong foundation in mathematics and statistics and be able to understand and apply complex
algorithms. They also need to be proficient in programming languages like R and Python and have strong communication skills
so they can explain their findings to non-technical people (Celik, 2019).
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Some of the most important skills for data scientists include:

1) Data wrangling: Data scientists must do data editing to be able to clean and organize data before analysis (Muller et al., 2019).
This process includes removing invalid or irrelevant data and ensuring that the data is brought into a format that can be used by
algorithms.

ii) Data visualization: Data scientists use visualization methods to share their findings with others. This includes choosing the
right type of chart or graph appropriate for the type of data and using color and other visual cues to highlight important patterns
(Sakib, 2022).

iii) Machine learning: Data scientists need to be familiar with machine learning to develop and tune algorithms that can be
extracted from data (Amershi et al., 2019). This includes understanding how different algorithms work and choosing the most
appropriate ones for the data and task at hand.

iv) Statistics: Data scientists must be able to apply statistical methods to data to obtain insights. This includes understanding
how to measure uncertainty and using statistical significance tests to evaluate hypotheses.

v) Communication: Data scientists are required to articulate their findings descriptively to non-technical people. This includes
being able to communicate complex ideas clearly and concisely and using visualizations to illustrate key points.

Text Mining

Text mining, as a sub-branch of data mining, includes the processes of extracting meaning from data, obtaining information,
and discovering. These operations typically involve structuring, classifying, cleaning, and summarizing data to create a dataset. In
text mining new information obtained from data can be used for predefined purposes of applications (Alzate et al., 2022).

Text mining is the process of extracting valuable information from textual data to obtain more information (Tandel et al., 2019).
It has a wide variety of applications such as business intelligence, market research, and text analytics. It can be used to discover
patterns and trends in large data sets. For example, it can be used to analyze customer feedback or social media posts, such as,
identifying sensitivity or significant issues, detecting plagiarism, or finding similar documents. Text mining is a new field, and new
methods and applications continue to be explored. The potential of text mining is endless and only limited by our imagination.

In recent years, text mining has become increasingly important, with the amount of digital text data increasing exponentially.
When producing large volumes of text data, more and more organizations need automated methods to extract useful information
from that data. Text mining can help organizations achieve several goals such as:

i) Automating the analysis of text data: Text mining can automate the analysis process of text data, which is very time-consuming
and expensive to do manually.

ii) Improve the decision-making process: By extracting hidden patterns and relationships from text data, more informed decisions
can be made.

iii) Gain insight into customer behavior: Text mining can be used to analyze customer feedback to gain insight into customer
needs and preferences.

iv) Fraud and abuse detection: It can be used to automatically detect fraudulent or abusive behavior such as text mining, spam
comments, or fake reviews.

v) Social media monitoring: It can be used to monitor social media for text mining, brand mentions, or sentiment analysis.

Overall, text mining is a powerful tool that can be used to extract valuable information from text data. With the increasing
volume of digital text data, it can be said that text mining will become increasingly important in the coming years.

Text mining (analysis) can be broken down into a series of meaningful steps that require metrics to be defined for a consistent
and repeatable approach, given the unstructured nature of the data. This process usually consists of four stages: Data Selection,
Data Cleaning, Information Extraction, and Information Analysis (Benchimol et al., 2022).

Data Selection

The "data selection" phase in text mining is the process of choosing which text data to extract. This can be done in several ways,
but typically involves selecting a specific set of text data to work with or using some form of filtering to select only certain types
of text data (King et al., 2017). For example, when reviewing social media data, you may choose to collect only tweets containing
certain keywords. Also, when working with a larger collection of texts, topic modeling algorithms can be used to identify groups
of similar texts and then select only those texts for further analysis.
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The purpose of the data selection phase is to make the text mining project’s scope more manageable and focused (O’Mara-Eves
et al., 2015). By carefully choosing which text data to extract, we can ensure that the insights obtained will be more accurate and
relevant.

Data Cleaning

The data cleaning phase in text mining is the process of eliminating or correcting inaccuracies and inconsistencies in the data
(Singh, 2020). This stage is important as it can improve the accuracy of the results of the text mining process. There are several
different ways to clean data, and the methods used depend on the nature of the data and the purpose set for text mining. Some of
the data cleaning methods can be listed as follows:

i) Removal of duplicate records: Duplicate records may cause errors in the text mining process. Therefore, it is important to
remove duplicate records before continuing (Grimmer & Stewart, 2013). This can be done using a variety of methods, such as
identifying and removing exact or near-duplicates, or using clustering algorithms to identify and remove duplicate records.

ii) Handling missing values: Missing (missing) values can cause errors in the text mining process (Donders et al., 2006). There
are several ways to handle missing values. For example, assigning missing values using a statistical method or simply removing
records with missing values.

iii) Standardizing data: Data standardization is the process of making sure that all data conforms to a particular format. It
is important to standardize the data, as it can help ensure that the text mining process produces consistent results (Noh et al.,
2015). Data standardization can be done in three different ways, such as converting all data to a common format or using data
normalization methods to scale data.

iv) Cleaning up text data: Text data often contains a lot of noise such as typos and other errors (Agarwal et al., 2007). This noise
can cause errors in the text mining process. Therefore, it is important to clear the text data before continuing. There are several
ways of clearing text data in the form of spell checkers, grammar checkers, or manual review and correction.

Information Extraction

In text mining, the information extraction stage is the process of extracting relevant information from text documents (Krallinger
& Valencia, 2005). This can be done manually or automatically using software tools. Manual information extraction requires
identifying relevant pieces of data by reading the document. This can be time-consuming and may require reading the same
document multiple times.

Automatic information extraction uses software to identify and extract relevant information from a text document (Quirchmayr
et al., 2017). This can be done using a rule-based approach where predetermined rules are used to identify and extract relevant
information, or using a machine learning approach where algorithms are trained to identify relevant patterns in the data. Both manual
and automated methods have their advantages and disadvantages. Manual methods may be more accurate but time-consuming,
while automated methods may be faster but less accurate.

When extracting information from a text document, it is important to consider what kind of information is needed and how it
will be used. For example, if the goal is to produce a summary of the document, only relevant information should be extracted. On
the other hand, if the goal is to perform a keyword search in the document, unnecessary details should be omitted to ensure that
only relevant keywords are considered.

The amount of information that can be extracted from a text document depends on the length and complexity of the document.
Short documents may not contain enough information for effective extraction, while long and complex documents can be difficult
to read and understand, making it difficult to identify relevant pieces of information.

Analysis of information

The information analysis phase is important in text mining as the text data is converted into a format that can be used for further
analysis (de Miranda Santo et al., 2006). This includes tasks such as tokenization, lemmatization, and word removal (Al-Shammari
& Lin, 2008).

Tokenization can be defined as the separation of texts into individual words or phrases (T. Verma et al., 2014). This allows for a
more detailed examination of words or phrases.

Lemmatization is the process of grouping different twisted forms of a word so that they can be analyzed as a single unit (The
Kaleidoscope Garden, 2020). This is important as it provides greater accuracy when performing further analysis of text data.
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Stop word removal is the process of removing words that have little value in text analysis (Anandarajan et al., 2019; Rajkumar
et al., 2020). This is important because it allows focus on more important words.

Preprocessing of the text data can also help to better interpret the results (Usuga-Cadavid et al., 2021). For example, if the results
of text mining algorithms are presented in tabular or graphic form, the results may be difficult to interpret. However, it may be
easier to interpret the results if the results are presented as a list of the most important features in the data.

To summarize, the Information Analysis phase is important in text mining as it helps improve the accuracy of text mining
algorithms, reduces the amount of time and resources required to process text data, and improves the interpretability of results.

Document-Term Matrix

A document term matrix is a numerical matrix that defines the frequency of terms in a document. Terms are usually words
and documents are represented as sentences, paragraphs, or entire documents. The document term matrix provides a numerical
representation of text data that can be used for further mathematical operations.

The document term matrix is an essential tool for text mining. With one row for each document and one column for each term,
this matrix can be created using a variety of methods, including manual generation, software packages, and online tools. The value
of each cell in this matrix indicates the frequency of the term in the document. The Document Term Matrix provides input to text
mining algorithms to perform various tasks such as document classification, topic modeling, and text clustering.

The document term matrix has two dimensions: documents and terms. The document size represents the different documents
in a corpus, while the term size represents the different terms that occur in those documents. The document term matrix is the
representation of terms as a table of frequencies within the document. For example, consider a merged document consisting of
four documents (Aggarwal, 2018):

Document 1: "The cat sat on the mat"

Document 2: "The dog chased the cat"

Document 3: "The rat chased the cat"

Document 4: “The rat chased the cat across the mat”

The corresponding document-term matrix might look like this:

Table 1. A Document Term Matrix

Document; Term;

The | cat | sat | on | Mat | dog | chased | Rat | Across
Document 1 2 1 1 1 1 0 0 0 0
Document 2 2 1 0 0 0 1 1 0 0
Document 3 2 1 0 0 0 0 1 1 0
Document 4 3 1 0 0 1 0 1 1 1

The rows in the matrix show each document, while the columns show each term. The values in the matrix represent the
frequencies of the terms in these documents. In this example, we can say that the term “cat” appears once in each of the four
documents, while the term “mat” appears in the first and fourth documents. We can also say that the term "dog" only appears in
the second document, while the term rat appears in the third and fourth documents.

The #f-idf (term frequency-inverse document frequency) weight consists of two important parameters used to measure the
frequency of a term in a document - ¢#f and idf. While #f measures the repetition rate of a term in the document, idf measures the
frequency of occurrence of a term in the document (Aizawa, 2003; Christian et al., 2016).

It is calculated by dividing the term frequency of words in a document by the total number of words (Li et al., 2010). This is a
method for measuring how often a word in a document is used. The words that appear most frequently are the most important in
the document. The term frequency is calculated as in equation (1) (Benchimol et al., 2022).
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Number of times term t appears in document

1f(1) =

ey

Total number of terms in the document

To measure the importance of a word in a document, the #f is used. Taking into account how often the word in the document
occurs and the length of the document is an important way to determine the importance of the word. For example, a recurring
word in a short document is more important than a word that occurs twice in a long document.

Another reason #f is useful is that it can be used to compare the importance of a word in different documents (Benchimol et al.,
2022). For example, if we want to know whether the word "cat" is more important in region A or region B, we can compare the
term frequency of the word in each document.

idf is a numerical measure used to evaluate a word in a document. This measure is based on the frequency of words in the
document collection and is used to reflect the importance of a word in the document (Siva, 2015).

idf is measured as a logarithm, which is calculated by dividing the number of documents in which a given term occurs, by the
number of documents in the compilation (all documents) (Das, 2019). We can also calculate this as in equation (2) (Benchimol et
al., 2022).

Total number of documents

idf = In )

Number of documents with term t in it

In text mining, idf can be used as a weighting tool. For example, the idf value can be used to calculate the #f-idf value of a
term (Yordanov, 2018). Inverse document frequency can also be used as a weighting factor in other applications such as document
classification and subject modeling.

Inverse document frequency is a particularly useful metric when it comes to identifying the most important terms in a corpus.
It can also be used to describe overrepresented or underrepresented terms in a document.

The tf-idf weight is a statistical measure used to evaluate the importance of a word in a document. The way this works is of
increasing importance in proportion to the frequency of the word in the document. Thus, the fact that the word in a corpus occurs
more often, in general, is offset. This measure is used to help determine which words are most important for a document, thereby
providing a better understanding of a document as a whole (Chatterjee, 2020). #/-idf weighting is calculated as in equation (3)
(Benchimol et al., 2022).

1f —idf (1) = 1f(2) * idf (1) 3)

Pareto Analysis

According to the Pareto analysis developed by the Italian economist Vifredo Pareto, the richest 20% of the population has 80%
of the total income created in the country and the remaining 80% has only 20% of the total income (Is181cok, 2020:80). It has been
observed that the Pareto analysis, initially proposed for income distribution, can be applied to various situations characterized by
uneven distribution. The distribution of many events or phenomena in real life and business life is unbalanced or unequal. For
example, not all customers of a firm buy the same number of products or services. The distribution of country population by cities
is also unbalanced or unequal. Again, the distribution of defective products will not be the same. All these examples are examples
of how the Pareto analysis or curve can be used.

Pareto analysis enables the frequency, proportional frequency, and cumulative proportional frequency of each category to be
revealed as a result of ranking each category in order of importance from largest to smallest, or to have the same meaning in
the classification or evaluation of the attributes (categories) related to a subject. In many cases, 20% of the problems or causes
correspond to approximately 80% of the results. From this point of view, according to the Pareto analysis, which is also called the
80/20 rule, 80% of the problem can be solved when focusing on the most important 20% instead of dealing with all the problems.

In the text mining used in this study, the distribution of words is not balanced. In text mining, as explained above, the frequencies
of the terms in the study emphasize the importance of those terms. In this case, it will be possible to use Pareto analysis in text
mining and interpret the results according to Pareto analysis. However, in Pareto analysis, focusing on the issues or errors with the
highest frequency and improving the error type by 20%, an 80% improvement in total errors is considered.

The application of this study suggests that a significant pattern emerges in data scientist job postings. Specifically, approximately
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20% of the basic and technical skills identified in these postings constitute the desired features in about 80% of the advertisements.
For instance, if there are 30 skills listed as requirements for data scientist candidates, applying the Pareto Principle implies that
approximately 6 of these skills will be consistently sought after in around 80% of the job postings. From this perspective, consider
that if 75% of data scientist job postings explicitly ask for skills A, B, or C, one could interpret this as a 75% likelihood for a
candidate possessing these skills finding employment as a data scientist.

Data Set

The data used in this study was taken from the social networking site LinkedIn. For this purpose, a total of 400 job postings,
200 of which are data scientist job postings from Turkey and 200 are from the USA, were analyzed and interpreted by the text
mining method. Job postings were selected using the random sampling technique. In addition, at most, one job posting from each
company was included in the research.

Text-Mining Analysis Results

We used WordCloud, one of the most commonly used techniques in the existing literature, to analyze data collected from data
scientist job postings. “WordCloud” takes text data as input and produces a graphical representation of the most frequently used
words in the clouds are useful for discovering and understanding the main topics at the center of a text, and as the frequency of the
word increases, so does the size of that word in the output. In Figure-1, the word cloud obtained as a result of the joint analysis of
400 data scientist job postings selected from Turkey and the USA is given.

Figure 1. TR and USA Data Scientist Job Postings WordCloud

In Figure-2 and Figure-3, the word cloud obtained as a result of the analysis of 200 data scientist job postings selected from
Turkey and 200 from the USA is given. According to the result obtained, "Machine Learning", "Statistics", "data", and "Python"
etc. are important because of the high frequency of the words.

Figure 2. USA Data Scientist Job Result for TR with WordCloud
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Figure 3. USA Data Scientist Job Result for USA with WordCloud

When Figure-2 and Figure-3 are examined, it is seen that the words “data”, “Statistics” and “Python” are mostly used in data
scientist job postings in both TR and USA. From these findings, it can be concluded that data scientist job postings mostly demand
more people who can perform statistical data analysis with Python programming.

It will be useful to examine the frequency distributions, probability distributions, and cumulative probability distributions of
the above WordCloud outputs with Pareto analysis and to see the details by looking at the Pareto curves. For this purpose, i)
Experience, ii) Tools, iii) Graduation area (Graduate), iv) Graduation degree (Degree), v) Fields of study (Discipline), and vi)
Techniques were examined. The frequencies of 6 basic and technical skills or the meaning of the importance given to these skills
in job postings and the results of TR and USA job postings are presented by Pareto curves in Figure-4,5,6,7,8,9.

According to the findings in Figure-4, 3+ years of experience is deemed the most crucial requirement in 34.8% of data scientist
job postings in TR. Conversely, 2+ years of experience takes precedence in 32.2% of job postings in the USA. Additionally, in TR,
data scientist positions often seek individuals with a maximum of 3+ years (34.8%) and 2+ years (22.0%) of work experience. In
contrast, people with 2+ years (32.2%) and 3+ years (30.3%) of work experience in the USA are more in demand in data scientist
job postings. When the first two experience groups are evaluated cumulatively, 2+ years of experience is sought in 56.7% of data
scientist job postings in TR and 62.5% of those in the USA. Finally, 75.6% of data scientist job postings in TR and 80.8% of those
in the USA seek 5+ years of experience. These findings can also be interpreted as the proportions of years of experience desired
and the probability of finding a job as a data scientist. Those with more than 5 years of experience in data science can expect to
have the desired requirements for a job in 75.6% of job postings in TR and 80.8% in the USA.

The frequencies, rates, and cumulative rates of other years of experience can be seen in the chart.

Figure 4. Work Experience Desired in TR and USA for Data Scientist Jobs (years)

In Figure-5, the distribution and priorities of the tools (or programs) requested in job postings in TR and the USA are shown.
When the findings in Figure-5 are examined, the order of importance of the first three tools in TR and USA is the same, and
these tools are to know Python, SQL, and R programs, respectively. If the three requested programs are known, there is a 50%
probability of having the desired qualifications for a data scientist in both TR and the USA.
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Figure 5. Tools Desired in TR and USA Data Scientist Jobs

Figure-6 shows the distribution and priorities of the desired graduation fields (occupations) in job postings in TR and the USA.
When the aforementioned findings are examined, it can be seen that graduates of Statistics, Mathematics, Industrial Engineering,
and Computer Engineering departments are preferred as data scientists with a ratio of over 85% in both TR and the USA. It is also
noteworthy that the rate of graduates from the Statistics department is more than 50% in TR and the USA, and the rate of those
who graduated from the Statistics and Mathematics department is 80% or more.

Figure 6. Desired Graduations in TR and USA Data Scientist Jobs

In Figure-7, the distribution and priorities of the graduation degrees requested in job postings in TR and the USA are given.
When these findings are examined, in TR, BSc is in the first place with a rate of 42.9%, MSc is in second place with a rate of
38.2%, and the sum of these two degrees is 81.1%. By similar logic, in the USA, BSc ranks first with 40.7%, while PhD is second
with 29.7%, the sum of these two degrees is 70.3%. As can be seen, while the doctorate degree (PhD) is the second most important
for data scientist jobs in the USA, it is the third most important education level in TR. As a result, the most in-demand degrees for
data scientist jobs in TR and the USA are BSc degrees and MSc degrees, respectively.

Figure 7. Required Graduation Degrees for Data Scientists in TR and the USA
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In Figure-8, the distribution, and priorities of the work areas (discipline) requested in the job postings in TR and USA are
shown. When these findings are examined, two of the most important fields of study requested by data scientist candidates were
determined as Machine Learning and Data Science in both TR and USA. The rates for these two fields of study are over 70

Figure 8. Desired Work Areas in TR and USA Data Scientist Job Postings

Finally, when the distribution and priorities of the techniques requested in the job postings in TR and USA are examined in
Figure-9, the importance given to the most important techniques requested by data scientist candidates differs considerably in TR
and USA. The 7 most requested techniques in data scientist candidates in TR in order of importance are Optimization (15%),
Visualization (12%), Data Mining (11%), Forecasting (10%), Regression (8%), Natural Language Processing (NLP) (8%) and
Statistics Analysis (7%). In the USA, they are Regression (14%), Visualization (13%), NLP (11%), Forecasting (9%), Optimization
(7%), Clustering (7%) and Classification (7%).

Figure 9. Techniques Requested in TR and USA Data Scientist Jobs

Conclusion and Discussion

Examining the desired skills in Data Scientist job postings is important as it provides insight into the data science job market
and future trends. Employers and job searchers can use this information to better understand the kinds of roles that are in demand
as well as the skills and qualifications required for success in those areas.

Employers and job searchers can use this information to better understand the kinds of roles that are in demand as well as
the skills and qualifications required for success in those areas. Furthermore, reviewing the skills required in Data Scientist job
postings can assist employers in identifying potential candidates for open positions while also saving time by assisting job seekers
in understanding what employers are looking for in potential hires.

In this study, the desired data scientist profiles were determined by examining the job postings from TR and the USA using
data mining techniques. To that end, a total of 400 data scientist job posts on LinkedIn, 200 of which are for TR and 200 for the
USA, were analyzed with WordCloud. Words such as "Machine Learning", "Statistics", "data" and "Python" were determined as
the most important words in both Turkish and US job postings. This finding indicates that the top priority in data scientist job
postings is "Machine Learning", followed by the words "Statistics", "data" and "Python", respectively. As a result, it is concluded
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that people who can analyze statistical data using Python and use the machine learning method are requested in data scientist job
advertisements.

Frequency distributions, probability distributions, and cumulative probability distributions of WordCloud outputs regarding the
skills required or requested in 400 job postings considered in the study were also examined by Pareto analysis. The aforementioned
review was carried out under six basic and technical skill sub-titles: “Experience”, “Tools”, “Graduation Field”, “Graduation
Degree”, “Studies” and “Techniques”. Thus, sub-skills (qualities) in each main skill were determined according to their priorities.

According to the findings of the Pareto analysis, 3+ years of experience is sought in data scientist job postings with 34.8% in TR
and 2+ years with 32.2% in the USA. This finding means that at least 2 years of experience in data scientist positions is required.
This finding can also be interpreted as the probability of meeting the requirements for a job as a data scientist for a candidate with
at least 2 years of experience is 34.8% in TR and 32.2% in the USA. If the experience is 5+ years, the probability of meeting the
requirements for a job is 75.6% in TR and 80.8% in the USA.

When examining the tools or programs requested in job postings, it has been determined that the top three tools in data scientist
job postings in TR and the USA are Python, SQL, and R. If these three programs are known, it can be said that they can get a
job as a data scientist with a probability of approximately 50% in both TR and the USA. Furthermore, approximately 50% of job
seekers as data scientists are required to have Python, SQL, and R programming skills.

When analyzing the distribution and priorities of desired graduation fields (professions) in job postings in TR and the USA,
it becomes evident that "Statistics," "Mathematics," "Industrial Engineering," and "Computer Engineering" consistently hold the
top four rankings in both regions. It has been observed that graduates from these four fields are actively requested in job postings.
In addition, it was determined that the rate of graduates from the Statistics department was 61.7% in TR and 53.4% in the USA,
while the rate of those who graduated from the Statistics and Mathematics department was 83.0% in TR and 79.6% in the USA.
These findings point out how important statistics and mathematics are in being a data scientist.

According to the findings of the Pareto analysis of graduation degrees, which is another skill required in job postings in TR
and the USA, university graduates (BSc) in TR were in first place with 42.9%, while postgraduate graduates (MSc) were in
second place with 38.2%. The sum of these two degrees is 81.1%. This finding means that being a data scientist with a Doctor of
Philosophy (PhD) in TR is not a priority for being a data scientist. In the USA, however, while MSc is in first place with 40.7%,
PhD is in second place with 29.7%, and a BSc graduate is required with 27%. This finding means that MSc and then PhD have
priority in becoming a data scientist in the USA. As a result, data scientist job postings in TR mostly search for people with BSc
degrees, while data scientist job postings in the USA mostly search for people with MSc degrees.

The Pareto Analysis results reveal that the two most important fields requested in job postings in Turkey and the USA are Machine
Learning and Data Science. While Machine Learning was 52.2% and Data Science 21.0% in TR, these rates were determined as
48.8% and 28.7% in the USA, respectively. This finding can be interpreted as the two most sought-after fields of study for a data
scientist job are Machine Learning and Data Science, indicating that those with expertise in these two fields are preferred.

Within the scope of the study, it was determined that the results of Pareto analysis regarding techniques, which is another skill
required to be a data scientist, differ in TR and USA. In order of importance, the 7 techniques most commonly requested from
data scientist candidates in Turkey, which make up 71% of the total, are Optimization (15%), Visualization (12%), Data Mining
(11%), Forecasting (10%), Regression (8%), (NLP) (8%) and Statistical Analysis (7%). On the other hand, in the USA, the 7
techniques that are the most demanded among data scientist candidates and make up 68% of the total area are Regression (14%),
Visualization (13%), NLP (11%), Forecasting (9%), Optimization (7%), Clustering (7%) and Classification (7%).

As a result, the conclusion that can be drawn from data scientist job postings is that the skills and qualifications sought in data
scientist positions are Machine Learning, Data Science, Python, SQL, R, Statistics, and Mathematics, people with BSc, MSc, and
PhD education levels, and 3+ years of work experience. It is understood that people who know Optimization, Visualization, Data
Mining, forecasting, NLP, and Clustering statistical techniques are requested. Therefore, it will be beneficial for people who want
to be data scientists in TR or the USA to improve themselves in these skills to be accepted.
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ABSTRACT

The measurement of expected returns has a major impact on portfolio performance. While there are several methods used
for estimating expected returns in existing studies, the mean-variance model most commonly used in portfolio theory utilizes
the method of expected returns calculated from historical data. However, the problem with estimating expected returns is that
estimating parameters based on historical data, such as the arithmetic mean, may not reflect the distributional characteristics of the
return series and may not be an appropriate statistic for the population parameters. Therefore, using robust statistics or combined
portfolio models can lead to better portfolios that minimize estimation error while maximizing expected returns. In this paper, we
use game theory and Markov chain models to estimate expected asset returns and compare portfolios constructed based on these
methods. The analysis results show that the portfolio constructed based on game theory yielded higher returns than the target
index and mean-variance model, while the model based on Markov chains yielded portfolios with the lowest portfolio risk. In all
out-of-sample investment periods, the game theory based portfolio produced better returns than the portfolios estimated in the
study, except for the period from January 2022 to December 2022.

Keywords: Portfolio Theory, Game Theory, Markov Chains Model, BIST30

Introduction

Asset allocation poses one of the greatest problems for investors in the process of constructing a portfolio. The investor who
aims to reduce investment risk through diversification is interested in how many stocks should be included in a portfolio. Modern
portfolio theory answers this question and aims to maximize the investor’s expected return at a given level of risk. Markowitz’s
mean-variance model clearly articulates the relationship between risk and return. The model is built within a strong logical
framework, taking into account the variance-covariance matrix between assets. Despite its advantages, the assumptions about
return series have led to some criticisms of the model, the most important of which is the assumption of normality and the concern
that the estimation of asset returns should be free from bias. However, return series are generally not normally distributed and have
a fat-tailed distribution (Eugene Fama, 1965). Therefore, the use of the arithmetic mean in the case of non-normally distributed
returns may lead to biased and incorrect results (Ibragimov, 2005). Under the normality assumption, the classical mean estimator is
linear, unbiased, and the best (BLUE) estimator. If this assumption is not met, an estimator that better reflects the characteristics of
the distribution should be used to create an efficient portfolio. Therefore, researchers have used a number of estimation methods to
better predict the future. Using robust statistics for fat-tailed distributions can lead to the construction of more efficient portfolios.
To avoid the estimation biases, Welsch and Zhou (2007) estimated asset returns using a weighted average for "fat-tailed" returns,
giving more weight to observations around the mean and less weight to observations near the tail. DeMiguel and Nogales (2009)
used robust M and R estimators to remove bias in the estimators. In addition, Hubert, Debruyne and Rousseeuw (2018), Reyna et
al. (2005), Yang, Couillet, and McKay (2015) attempted to create portfolios that are superior to the mean-variance model using
robust statistics with different properties. In addition to the statistics mentioned above, there are two other downside risk measures
or robust risk measures widely used in financial studies: VaR (Value at Risk) and CVaR (Conditional Value at Risk). VaR and
CVaR have been used to create efficient portfolios and eliminate the undesirable effect of biased estimators.
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It is widely accepted that a portfolio contains two different risks: systematic and unsystematic. The unsystematic risk can be
eliminated by diversification. However, estimated returns have a major impact on portfolios and diversification. An incorrect
estimate of returns may lead to an undiversified asset allocation. In this study, we search for a combined portfolio construction
process to avoid or minimize estimation errors. We utilized the Markov chain model, which estimates stock returns based on
transition probabilities of the system, and game theory to obtain a more accurate estimate of the returns used as parameters for
portfolio construction while creating the portfolios. As with the Markov chain model, the game theory approach estimates returns
based on probabilities. In game theory, probabilities are assigned using linear programming. In estimating the expected returns of
the game theory and Markov chain models, the system was divided into three strategies according to the BIST30 returns: negative
returns, neutral or zero returns, and positive returns. It was hoped that computing the weighted average of asset returns as a
parameter estimator would yield more efficient portfolios than Markowitz’s mean-variance model. Since they use the probabilities
obtained for the three given states of the BIST 30 index, the parameters estimated by the combined method correspond to a robust
statistical estimate. Thus, it does not require the assumption of normality.

Literature Reviews

The calculation of return has a crucial impact on portfolio risk. Unsystematic risk in a portfolio can be eliminated through
diversification (Evans and Archer, 1968; Malkiel, 2002; Lhabitant, 2017; Koumou, 2020). However, return series are often not
normally distributed and some stocks have infinite variance (Fama, 1965). Thus, although it is possible to reduce portfolio risk
to some extent through diversification, it may be necessary to use other methods to eliminate such a risk. Diversification means
benefiting from the appreciation of other assets while some assets lose value. However, the direction and strength of relationships
among assets play an important role in gaining benefit from diversification (Campbell et al., 2001). In addition to the direction
of the relationship, the measurement of asset returns also has a significant impact on the diversification of the models. The fact
that returns are usually not normally distributed has led researchers to search for other solutions. Fabozzi et al. (2007) have shown
that returns with a fat-tailed distribution significantly affect portfolio performance. It was concluded that other moments besides
mean and variance are needed in portfolio optimization. Granito and Walsh (1978), Arditti and Levy (1977), Jobst and Zenios
(2001), Chen and Zhou (2018), Gong et al. (2021) have used high moments in portfolio theory in different ways to avoid bias in
the estimation of parameters included in the classical mean and variance model. These studies show that portfolios constructed
with high moments may produce superior results when compared with the mean-variance model.

In the classical mean-variance model, the expected returns and risks are calculated based on past returns. However, the
distributional properties of the return series have the effect of producing unbiased statistics of the parameters used in the model.
Although the mean-variance model does not clearly express this, the model assumes that asset return series are normally distributed
and will be normally distributed in the future. If the normality assumption is not satisfied, the calculated expected returns lose their
reliability (Mandelbrot 1997; Bhansali, 2008; Sheikh and Qiao, 2009; Esch, 2010; Stoyanov et al., 2011; Eom, 2020). At this point,
portfolio models that incorporate risk or uncertainty, as opposed to classical optimization, are necessary for asset allocation. Since
the Markov chain model uses transition probabilities, it is one of the most important models used in financial studies (McQueen
and Thorley, 1991; Ozdemir and Demireli, 2014; Yenisu, 2020; Cam, 2021).

Besides the Markov chain model, many methods such as game theory are used to obtain unbiased estimators. Game theory is
a method used in many fields from economics to international relations, from tourism to energy studies, and it provides superior
results (Song and Zhang, 2013; Zhu-Gang, Wen-Jia, and Can, 2014; Tran and Thompson, 2015; Ruan et al., 2018; Norouzi, Fani,
and Talebi, 2022). In the game theory, a well-defined payoff matrix can be used to determine which strategy should play with which
probability. Since the probabilities of a game reflect the state of the system and the distributional properties, it can be applied to
complex problems such as financial markets. To this end, many important studies have been conducted using game theory (Farias
et al., 2006; Ding, 2006; Ferreira et al., 2009; Carfi and Musolino, 2012; Carfi, and Musolino, 2013; Tiifek¢i and Avsarligil, 2016;
Yavuz and Eren, 2016; Essid et al., 2018; Ibrahim et al., 2020; Evangelista, Saporito and Thamsten, 2022).

Method

In this paper, we combined three approaches to create more efficient portfolios: Game theory, Markov chains, and Markowitz’s
mean-variance model. Game theory and Markov chains are widely used models for many optimization problems. Here we compared
the portfolios that combine game theory with the mean-variance model and the portfolio that combines the Markov chain model
with the mean-variance model.




EKOIST Journal of Econometrics and Statistics

Game Theory

Game theory is a simple tool for choosing the most efficient strategy against nature or other players, taking into account all their
strategies. It is based on a payoff matrix that represents the outcome (reward) of players’ choices in a game. A payoff matrix can
be organized with two players: A row player with m strategies and a column player with n strategies.

Table 1. The Payoftf Matrix of a Game Theory with Two Players

Column Player's Strategy
Row Player's Strategy
Column 1 Column 2 Column n
ROW 1 all a12 aln
Row 2 asq (25 a2n
Rowm A1 Az Amn

In the table, each row represents the strategy of the row player, while each column defines the strategy of the column player, and
a;j is the reward of the game if the row player chooses the i-th strategy and the column player chooses the j-th strategy. Linear
programming is used to determine the game value and probability of each player’s strategy. The expected return on assets can be
determined using the probabilities resulting from linear programming. The basic linear programming formulation of the game can

be stated as follows:
Zmax =V

<anxy+azxy+---+amx,; (Column 1 constraint)

< apxy+apxy+---+amx,; (Column 2 constraint)

ApX] + AopXy + -+ + AypX;,  (Column n constraint)

A

Xp+xo+-+x, =1

x>0 (i=12,...,m); vurs

The formulation shown above represents the maximum reward for a row player. But the mathematical formulation of a game
theory can be organized for a column player:

Zinin =W

(Row 1 constraint)

v

ajlyytapy2t---+amyn

(Row 2 constraint)

I\

az yy taxnyz+---+aya

W = amiy1+amy2+ -+ amnyn (Row m constraint)

yityz+-+yn=1

yi20(j=12,....,n);wurs

each player’s mathematical formulation is a dual formulation of the other and the game value (solution value) would be equal
for both. Once the probability of each strategy is calculated, the probabilities obtained from the linear programming solution can
be used to determine the assets’ expected returns based on game theory (Winston, 2004).
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Markov Chains Model

Markov chains express that a process observed for the current period depends on the state of one previous period (regime) and
is independent of past states. In mathematical terms, let a process with N states be observed at time points T=0,1,2,3,...,t, and let
X1, X1, ..., X; be the observed values for each time point. In this case:

P(Xt|Xt—laXt—29 .. -,XO) = P(Xt|Xt—1)

The above mathematical formulation defines Markovian processes. Let S; be a randomly distributed variable that takes integer
values and suppose the current value of S; depends only on period t-1. Now:

P{s;=j/sic1=i,812=k,....} =Ps; = j[s;_1 =i= Py

where s,=]j is the realization of the system in period t, P;; is the transition probability from state i to state j (Hamilton,1994).
Such a process is defined as an N-state Markov process with probability matrix {P;j}; j=1,2,3,... ,~ . The sum of the probabilities
for the transition from state i to all other states is 1 and is represented as follows:

pitt+piot+...... +I7iN=1

A Markov chain model is said to be stationary (ergodic) if we assume that one eigenvalue of the P matrix is equal to one (unity)
and the other eigenvalues lie within the unit circle. The ergodic probabilities for the Markov chain are represented as a  vector of
size (Nx1).

Pr=n

The solution of this equation will provide the ergodic probabilities of the system. Since the sum of the elements of the eigenvalue
vector 1 is equal to 1, the vector & is normalized. Consequently, the ergodic probabilities represent the probabilities that the
system would be in which regime in the long run, and the expected return of each asset from ergodic probabilities would yield the
Markovian returns of the assets.

Mean-Variance Model

The mean-variance model proposed by Markowitz (1952) is one of the most widely used models for determining efficient
portfolios. The model takes into account both the expected return and the risk of a portfolio and tries to minimize the risk when
maximizing the expected return. A model for portfolio optimization with general constraints is presented as follows:

Zmax = 'w—=Aw' Y w
Aw < b

[<w<u

where p is the coefficient vector of the objective function, w is the weight vector, A is the coefficients matrix of constraints, b
is the vector of right-hand side coefficients, }; is the variance-covariance matrix, is the risk aversion constant, and / and u are the
lower and upper bound of the weights, respectively.

Analysis and Results

We used the daily closing price of 29 stocks traded on BIST30 between January 02, 2015, and December 30, 2021. A stock was
excluded in the analysis due to the lack of data and the aim was to create optimal portfolios from the remaining stocks. We grouped
stock returns according to the three conditions of the BIST30 series: negative index returns, zero index returns, and positive index
returns. When grouping daily returns, the returns that were close to but not equal to zero were accepted as neither positive nor
negative. Since returns are rarely equal to zero, returns that were close to zero were treated as neutral returns or, in other words,
zero returns. In the next step, the expected returns were calculated based on game theory and the Markov chain model using the
following formula:
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E(ri) =P(Ry, <0).E(rilRn £0)+ (Ry, =0).E(ri|Rm =0) + (R, = 0).E(r;|R;, = 0)orE(r;)

=33 P(Rn|S:).E(ri|Rm = S;)

Here, E(r; ) is the expected return of the i-th stock. P(R,, |S; ) is the conditional probability of the market return based on three
scenarios: negative returns, neutral or zero returns, and positive returns. S; represents the scenarios of the system in and can take
three values: S;=1 in which R,, < 0, S,=2 in which R,,=0, and S;=3 in which R,;, > 0. The conditional probability of market
returns was obtained from the solution of game theory and the Markov chain model. The game theory model was solved for the
column player or, in other words, for the market. The solution of the game provides the conditional probability of market returns

in the case of negative, zero and positive returns.

Table 2. Descriptive Statistics'

The whole sample S;=1
Std. Jarque- Std.
Variable Obs Mean Dev. Min Max Bera' Obs Mean Deyv. Min Max
AKBNK 1985 0.077 2.351 -10.000 10.000 686.61%** 65 -0.124 1.189  -4.405 4.502
AKSA 1985 0.210 2.516 -19.802 9.979 1238.18***] 65 0.451 10911 -2.948 8.471
ARCLK 1985 0.122 2.086 -12.468 9.978 818.34%** 65 -0.067 1358  -3.150 4.581
BIM 1985 0.111 1.802 -10.000 9.915 954.2]%** 65 0.059 1474  -1.995 7.995
DOHOL 1985 0.161 2.759 -14.471 19.551 4265.37** ] 65 0.346 1.801 -2.473 5.736
EKGYO 1985 0.084 2.386 -12.615 12.037 999.46%** 65 -0.191 1492 -4.935 3.723
EREGL 1985 0.177 2274 -9.981 9978 363.57%** 65 0.338 1.845  -3.857 7.112
FROTO 1985 0.181 2.430 -10.929 10.005 733.74%** 65 0.244 1.823  -3.341 6.861
GARAN 1985 0.088 2.421 -11.558 10.000 773.93%** 65 -0.043 1.087 -2.795 3.033
GUBRF 1985 0.228 2.827 -10.326 18.195 1550.79***} 65 0.716 2.578 -2.923 10.703
ISCTR 1985 0.103 2.361 -13.225 9.991 891.99*** 65 -0.024 1.087 -2.273 3.207
KCHOL 1985 0.117 2.026 -9.968 9.436 680.32%** 65 -0.134 1.521 -6.805 3.083
KOZAA 1985 0.231 3.632 -20.000 20.000 2922.90***} 65 0.525 4.404 -10366 19.101
KOZAL 1985 0.205 3.155 -19.955 20.000 1863.08***] 65 0.335 3.662 -11.090 13.434
KRDMD 1985 0.146 2.744 -12.271 11.157 202.61%** 65 0.243 2.041 -3.551 7.258
PETKM 1985 0.159 2269 -10.410 17.993 1988.82***} 65 0.042 1976 -3.422 9.929
PGSUS 1985 0.165 2961 -11.294 14.837 458.94%** 65 -0.353 2577 -9.973 4.433
SAHOL 1985 0.100 2.031 -9.970 9.972 692.72%%** 65 -0.181 1.280 -5.290 2.665
SASA 1985 0.393 3.355 -16.886 20.000 1753.50***¢] 65 0.384 3.236  -9.958 15.220
SISE 1985 0.164 2.177 -10.011 12.095 570.30*** 65 0.231 1418 -3.394 4.190
TAHVL 1985 0.125 2.507 -17.387 10.000 714.97%** 65 -0.313 2.058 -6.405 4.090
TCELL 1985 0.087 2.014 -10.000 9.955 804.78%** 65 0.244 1.143  -3.147 3.306
THYAO 1985 0.156 2.526 -12.584 9.996 481.02%** 65 -0.092 1350 -3.611 2.619
TKFEN 1985 0.136 2.394 -10.000 16.396 454.28%** 65 0.193 2256 -6.808 6.229
TOASO 1985 0.161 2.312 -10.000 10.020 404.69%** 65 0.403 1.808 -2.892 7.581
TTKOM 1985 0.081 2.307 -17.269 9.980 1428.30***] 65 0.163 1.458 -3.178 4.883
TUPRS 1985 0.151 2.150 -9.990 10.105 778.65%** 65 -0.026 1.761 -2.981 7.039
VESTL 1985 0.161 3.022 -17.498 20.836 4188.05***§ 65 -0.084 2.382 -6.489 5.485
YKBNK 1985 0.098 2.399 -13.009 11.577 706.62%** 65 -0.152 1.599 -4.035 6.518

(***) significance at 1%.

Table 1 shows the descriptive statistics of the stock returns used in the analysis. The descriptive statistics of the whole sample
are presented on the left side of the table, while figures on the right side of the table were calculated for S;=1 where market returns
were negative. In a sense, these figures are the conditional expected values of the stocks and represent the rewards of the row player

in the game when the nature or column player plays his first strategy (negative return).

The rewards of the row player (investor) in the case of the second and third strategy of the column player are summarized in
table 2. The conditional expected returns shown on the left side of the table represent the rewards of the row player when S;=2.
The returns shown on the right side of the table are the rewards of the row player when S;=3. The conditional probability of the

game with respect to the column player’s strategies was obtained by solving the linear programming.

' The null hypothesis of Jarque-Bera test is that “the series is normally distributed.”
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Table 3. Descriptive Statistics (continued

S, =2 S, =3
Variable Obs Mean Std. Dev. Min Max Obs Mean Std. Dev. Min Max
AKBNK 888 -1.482 1.779 -10.000 4.690 1032 1.432 1.973 -9.962  10.000
AKSA 888 -0.655 2.605 -19.802 9.979 1032 0.939 2.223 -9.667 9.966
ARCLK 888 -0.847 1.928 -12.468 7.950 1032 0.968 1.880 -6.638 9.978
BIM 888 -0.564 1.743 -10.000 7.934 1032 0.695 1.663 -7.466 9915
DOHOL 888 -0.774 2.820 -11.750 19.551 1032 0.955 2.494 -14.471 19.213
EKGYO 888 -1.149 2.113 -12.615 7.761 1032 1.163 2.120 -8.299 12.037
EREGL 888 -0.974 1.997 -9.981 7.109 1032 1.158 2.050 -4.257 9.978
FROTO 888 -0.791 2.487 -10.929 10.005 1032 1.013 2.082 -5.174  9.994
GARAN 888 -1.428 1.892 -11.558 4.394 1032 1.400 2.102 -9.946 10.000
GUBRF 888 -0.892 2.666 -10.326 18.195 1032 1.160 2.625 -9.994  16.430
ISCTR 888 -1.361 1915 -13.225 4.308 1032 1.370 2.012 -10.000 9.991
KCHOL 888 -1.085 1.726 -9.968  4.163 1032 1.166 1.686 -4.532  9.436
KOZAA 888 -0.888 3.677 -20.000 19.774 1032 1.175 3.252 -10.390 20.000
KOZAL 888 -0.749 3.185 -19.955 20.000 1032 1.018 2.854 -12.099 15.470
KRDMD 888 -1.271 2.433 -12.271  9.735 1032 1.360 2.436 -6.574 11.157
PETKM 888 -0.877 2.231 -10.410 9.914 1032 1.059 1.911 -7.593 17.993
PGSUS 888 -1.160 2.720 -11.294  10.000 1032 1.338 2.681 -6.965 14.837
SAHOL 888 -1.139 1.684 -9.970  4.249 1032 1.184 1.702 -4.336 9.972
SASA 888 -0.605 3.321 -14.880 19.203 1032 1.251 3.150 -16.886 20.000
SISE 888 -0.920 2.073 -10.011  12.095 1032 1.092 1.850 -5.597  9.970
TAHVL 888 -0.844 2.444 -17.387  9.959 1032 0.986 2.264 -7.126  10.000
TCELL 888 -0.832 1.910 -10.000 9.320 1032 0.868 1.802 -6.677 9.955
THYAO 888 -1.229 2.246 -12.584 5.790 1032 1.364 2.169 -6.154  9.996
TKFEN 888 -0.826 2.402 -10.000 16.396 1032 0.960 2.067 -7.592  9.992
TOASO 888 -0.829 2.240 -10.000 9.347 1032 0.997 2.054 -6.662  10.020
TTKOM 888 -1.014 2.261 -17.269  9.980 1032 1.019 1.949 -5.583  9.447
TUPRS 888 -0.792 2.038 -9.990 10.105 1032 0.974 1.919 -5.971  9.979
VESTL 888 -0.949 2912 -17.498 16.804 1032 1.131 2.814 -13.889 20.836
YKBNK 888 -1.403 1.932 -13.009 7.528 1032 1.405 2.014 -9.966 11.577

The full sample consists of 1985 daily returns. Of these, 65 were neutral or zero, 888 were negative, and 1032 were positive.
For the full sample, the expected return on all stocks was positive, with SASA having the highest expected return at 0.393% and
AKBNK having the lowest expected return at 0.077%. The standard deviation and range of returns were high compared to the
subsample statistics. According to the Jarque-Bera normality test, the null hypothesis stating the normality of the series is rejected
at 1% for all stocks. It can be concluded that none of the return series was normally distributed. For S;=1, more than half of the
stocks had positive expected returns. This means that a stock has almost a 50% chance of having a positive expected return when
BIST30 has a neutral or zero return. When BIST30 had no positive or negative return, KOZAA had the highest positive return of
19.101% and KOZAL had the lowest negative return of -11.09% on a trading day. Conditional expected returns can be used to
calculate the payoff matrix of the game theory.

Table 4. Payoff Matrix

Stocks Se=1 S; =2 S =3 Stocks S;=1  S,=2 S;=3
AKBNK | -0.124 -1.482 1.432 PETKM  0.042 -0.877 1.059
AKSA 0.451 -0.655 0.939 PGSUS  -0.353 -1.160 1.338
ARCLK | -0.067 -0.847 0.968 SAHOL  -0.181 -1.139 1.184
BIM 0.059 -0.564 0.695 SASA 0.384 -0.605 1.251
DOHOL | 0.346 0.774 0.955 SISE 0.231 -0.920 1.092
EKGYO | -0.191 -1.149 1.163 TAHVL  -0.313 -0.844 0.986
EREGL 0.338 -0.974 1.158 TCELL  0.244 -0.832 0.868
FROTO 0.244 -0.791 1.013 THYAO  -0.092 -1.229 1.364
GARAN | -0.043 -1.428 1.400 TKFEN  0.193 -0.826 0.960
GUBRF 0.716 -0.892 1.160 TOASO  0.403 -0.829 0.997
ISCTR -0.024 -1.361 1.370 TTKOM  0.163 -1.014 1.019
KCHOL | -0.134 -1.085 1.166 TUPRS  -0.026 -0.792 0.974
KOZAA | 0.525 -0.888 1.175 VESTL  -0.084 -0.949 1.131
KOZAL 0.335 -0.749 1.018 YKBNK  -0.152 -1.403 1.405
KRDMD | 0.243 -1.271 1.360
P(Se=1) P =2) P =3) PSi=1) PGi=2) PG=3)




EKOIST Journal of Econometrics and Statistics

Table 3 represents the payoff matrix for the game with two players. The row player is an investor, and the column player is
BIST30. In this game, BIST30, or nature, has three strategies: negative, neutral, and positive return, while the investor has 29
different strategies. The goal of the game is to maximize the investor’s expected return. Fortunately, linear programming can be
used to calculate the probabilities for each strategy that maximizes the expected value of the game. There are two ways of solving
the problem: Solving the mathematical formulation for the row player or solving the mathematical formulation for the column
player. Each formulation is a dual of the other and both would yield an equal game value. We solved the game for the column
player, and the conditional probabilities are given below:

Table 5. The Probabilities of Column player’s strategies

P(S, = 1) P(S; = 2) P(S, = 3)
Probabilities from
Game Theory 0.33 0.29 0.38
Probabilities from
Markov Chains 0.46 0.05 0.49

According to the linear programming solution, the BIST30 or column player would earn negative, neutral, and positive returns
with probabilities of 33%), 29%, and 38%, respectively. Using the probabilities of the column players, we calculated the expected
returns of each stock. The stationary probabilities of the Markov chain model resulting from the transition matrix show that BIST30
had a 46% probability of being in the first strategy, a 5% probability of being in the second strategy, and a 49% probability of
being in the third strategy. The obtained returns can be used to construct efficient portfolios.

Table 6. The Expected Returns Obtained from Game Theory and Markov Chains Models

Expected Expected

Stock fE:rﬁe(c}t;::lg’i“tl?:::y Retm}"ns from Stock ff;‘,ﬁe(c;t:glgﬁl:;fy Retut["ns from
Markov Chains Markov Chains
AKBNK 0.010 0.019 PETKM 0.119 4.052
AKSA 0.267 4.171 PGSUS 0.016 3.862
ARCLK 0.063 2.661 SAHOL 0.015 4.837
BIM 0.091 1.623 SASA 0.382 3.680
DOHOL 0.203 1.478 SISE 0.173 3.242
EKGYO 0.000 2.998 TAHVL 0.000 3.002
EREGL 0.210 3.775 TCELL 0.121 2.552
FROTO 0.190 2.792 THYAO 0.078 3.687
GARAN 0.040 3.896 TKFEN 0.143 3.886
GUBRF 0.348 4.866 TOASO 0.217 2.636
ISCTR 0.056 4.458 TTKOM 0.094 2.985
KCHOL 0.039 4.940 TUPRS 0.096 2.905
KOZAA 0.300 3.878 VESTL 0.086 3.029
KOZAL 0.232 3.275 YKBNK 0.018 4.694
KRDMD 0.160 4.168

Table 6 shows the expected returns calculated on the basis of game theory and the Markov chains model. In other words, the
figures in Table 6 are the weighted average of the individual stocks. For example, the expected return of AKSA was calculated
as (0.451x0.33)-(0.655x0.29)+(1.432x0.38). In Markowitz’s mean-variance model, the returns were calculated as the equally
weighted mean of the negative, neutral, and positive returns. Of course, the expected returns resulting from the different methods
were not identical. Therefore, portfolios constructed based on a different measure of expected returns would yield different
portfolios with different returns and risks. The Markov chain model was another method used in the study to determine expected
returns. As in game theory, three different strategies were considered to estimate the expected returns. Here, we calculated the
stationary probabilities for each strategy. These probabilities were used to calculate the expected returns of the assets that can be
used to build efficient portfolios.

No matter how strong a model may be in theory, in practice it should produce a higher return than index returns and competing
model portfolios. The strength of a model can be measured by the return achieved over a given term. An investor who invests in
a proposed portfolio would want to beat the market at the end of the investment period. Otherwise, the proposed portfolio has
no value in practice. To compare the combined models presented in this paper with the index and the mean-variance model, we
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planned four investment periods. The first period covered the last two months from September 2022 to December 2022, the second
covered January 2022 to the end of the sample period, and the third began in April 2020, the start of the Covid 19 pandemic, and
extended to the end of the sample period. The last investment period extended from January 2015 to the end of the sample period
(December 2022). The rates of increase in the value of the portfolio over an actual investment period are shown in Table 7.

Table 7. Appreciation Rates of Proposed Models

Investment Period Markov Game Theory = Mean-Variance  BIST30

Chain model Model model (Index)

September 2022 to December 2022 42.169% 51.560% 42.730% 46.477%
January 2022 to December 2022 147.493% 134.869% 134.878% 154.814%
January 2020 to December 2022 446.120% 616.140% 406.399% 533.916%
January 2015 to December 2022 920.939% 1472.345% 1339.128% 408.314%

The figures in Table 7 show that an investment in the Markov chain model in January 2015 would have gained 920.94% in
value at the end of the investment period. During this period, BIST30 only gained 408.31% in value. The combined model based
on the Markov chain gained more than twice as much in value as the index. The increase in value of the portfolio proposed with
the mean-variance model during this period was 1339.13%, while the investment in a portfolio created with the combined model
based on the game theory achieved a return of almost 1500%. The Covid-19 pandemic had a negative impact on financial markets.
During the pandemic most markets, both emerging and developed, suffered large losses. So, investing a portfolio in the financial
market was riskier than ever.

An investment in a portfolio suggested by the mean variance model would yield a gain of 406.40% at the end of the investment
period. From January 2020 to December 2022, the BIST30 gained 533.92% in value. Thus, the figures show that the classic
mean-variance model did not work for exceptional periods such as the Covid-19 pandemic. The combined game theory-based
model delivered a portfolio value gain of 616.14% from January 2020 to December 2022, while the Markov chain model delivered
446.12% over the same period. Among others, the game theory based portfolio beat all proposed portfolios including the target
index. An investment in a portfolio combining mean-variance with the Markov chain model and game theory returned 147.49% and
134.87%, respectively, from the beginning of 2022 to December 2022. Over the same period, the mean-variance model returned
134.88%, while the index gained 154.91%. In all the investment periods, the portfolios based on game theory returned less than
the other portfolios only during this period. If invested as planned over the last two months, a portfolio based on the Markov chain
model and game theory would return 42.17% and 51.56%, respectively. BIST30 returned only 46.48% over the same period.

Figure 1. The Value of Created Portfolios and BIST30

Figure 1 shows the value of a portfolio based on the Markov chains model, game theory, the mean-variance model, and BIST30.
The numbers on the left side of Figure 1 refer to the portfolios created, while the numbers on the right side refer to BIST30.
According to the figure, at the beginning of the sample period, the constructed portfolios had a value of almost 10.00 Turkish liras.
At the end of the period, the game theory portfolio increased to 137.00 Turkish Lira, the Markov chain portfolio increased to 103.37
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Turkish Lira, and the mean-variance portfolio also increased to about 136.00 Turkish Lira. As is well known, the out-of-sample
performance of portfolios is much more important to investors and researchers than the performance of portfolios within a sample
period. Although the total sample period is an indicator of an efficient portfolio, the most important indicator is the out-of-sample
performance. To compare the out-of-sample performance of portfolios in this context, we plotted the short-term line of portfolio
values below.

Figure 2. The Short-run Values of Created Portfolios and BIST30

As in Figure 1, the scale on the left side refers to created portfolios, while the scale on the right side refers to BIST30 in Figure 2.
But here the increase in values in the invested portfolios is more evident. Parallel to the figures in Table 7, Figure 2 shows that the
largest increase is in portfolios created based on game theory. Returns are important, but not the only criterion. The main objective
is to minimize investment risk while maximizing the return on an investment. The portfolio risks of the mean-variance model, the
portfolio based on game theory, and the Markov chain model were 1.91, 1.90, and 1.80, respectively. Thus, we can conclude that
Markov chains construct portfolios with minimum risk but not maximum return.

Conclusion

Modern portfolio theory aims to minimize portfolio risk while maximizing returns, taking into account the relationship between
asset returns via the covariance matrix. However, the estimation of the parameters has a great impact on the created portfolios. In
the existing literature, the analyzes of many studies, including the present work, show that the return series are mostly not normally
distributed and that using the simple arithmetic mean of the assets would lead to biased parameter estimates and inefficient
portfolios. As Markowitz (1991) says, "If we knew which stock gave the highest return, we would maximize our return by investing
only in that stock, with no need for diversification. But none of us know the stock’s distribution function for the investment period.
So, we take some risk in investing and try to spread the risk through diversification." As Markowitz noted, we cannot know
the distribution function of a stock. Using robust statistics that combine estimation methods would provide a robust estimate of
the parameters used in the portfolio model. In this work, we used game theory and the Markov chain model to obtain unbiased
estimators of the parameters and create efficient portfolios that beat the target index.

The results of the analysis suggest that the portfolio constructed on the basis of game theory is superior to the mean variance
model and the model based on Markov chains. Over the long run, the portfolio combining game theory with the portfolio theory
generated a return of almost 1500% in about eight years. With compound interest, this rate corresponds to an average annual
growth of the portfolio of about 40%. Over the same period, the average annual growth of BIST30 was just over 19%, while it
was 38% for the mean-variance model and 31% for the Markov chain model. In the short run, the portfolio which combines game
theory with portfolio theory generated a return of almost 52% over a period of two months. This return represents an average
monthly growth of the portfolio of about 2%. The returns of the other portfolios, including the target index, failed to beat this
rate. BIST30, for example, had an average growth rate of only 1%. Overall, we conclude that the portfolio based on game theory
is superior to the others. The Markov chain-based model is an alternative to the game theory-based portfolio and had the lowest
portfolio risk among the others, including the game theory-based model. Since a combined model can reflect the distribution
characteristics of parameters, an investor or a researcher using a combined model can create more efficient portfolios than the
classical mean-variance model while avoiding investment risks.
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0z

Dogrusal olmayan ARDL (NARDL) yontemi ekonomik ve finansal degiskenlerin incelenmesinde kullanilan dogrusal olmayan
ekonometrik yontemlerden biridir. Kripto paralar ile ekonomik ve finansal degiskenler arasindaki asimetrik iligkileri inceleme
imkani sunan NARDL yontemi bu ¢aligmanin odak noktasini olusturmaktadir. NARDL metodunun ilk gelistirilme agamasinda,
tahmin edicilerin sonlu 6rnek 6zelliklerini arastirmak ic¢in basit veri liretme siireci kullanilarak ve normal dagilim varsayimi
altinda Monte Carlo deneyleri yapilmistir. Bu calismada ise NARDL yonteminin giivenilirligi normal olmayan dagilimlar altinda
incelenmektedir. Kripto para birimlerinin getiri dagilimlari normal dagilimindan farkli ve de agir kuyruklu oldugu icin bu
onemli bir aragtirma problemidir. Bu ¢aligmada, NARDL modeli normal dagilim ve farkli agir kuyruklu dagilimlar (Student
t-dagilimi1 ve Skew-t dagilimi) altinda simiile edilmistir. Literatiirde, bildigimiz kadariyla, normal olmayan zaman serileri i¢in
NARDL yonteminin sonlu 6rnek 6zellikleri iizerine bir caligma bulunmamaktadir. Bu agidan calismamizin sonuglari, kripto para
birimlerinin ekonomi ve finans iizerindeki etkileri hakkinda yapilan degerlendirmelerin dogrulugu iizerine ¢ikarimlar yapilmasinda
yol gosterici olacaktir.

ABSTRACT

One of the nonlinear techniques utilized in the analysis of economic and financial variables is the nonlinear autoregressive
distributed lag (NARDL) method. This study primarily focuses on the NARDL approach, which offers the chance to assess the
asymmetric relationships between cryptocurrencies and economic and financial variables. Monte Carlo experiments were carried
out while developing the NARDL method for the purpose of investigating the finite sample properties of estimators under the
premise of normal distribution for a simple data generation procedure. This study examines the NARDL method’s dependability
for non-normal distributions. The return distributions of cryptocurrencies are obviously non-normal and heavy-tailed, making this
a significant research challenge. This study simulates the NARDL model using both several heavy-tailed distributions as well as a
normal distribution. To the best of our knowledge, no research has yet occurred on the NARDL method’s finite sample qualities
for time series with non-normality. The findings from this study could have a significant impact on how accurately predictions are
made regarding the impact cryptocurrencies have on the economy and finance.

Anahtar Kelimeler: Monte Carlo simiilasyonu, dogrusal olmayan ARDL, kripto paralar

Keywords: Monte Carlo simulation, nonlinear ARDL, cryptocurrencies

EXTENDED SUMMARY
Investor interest in cryptocurrencies increased after Nakatomo’s (2008) suggestion of Bitcoin. The presence and usefulness of
cryptocurrencies in economic and financial systems are continually growing, and this has drawn attention from academicians.
Several studies on cryptocurrencies have been carried out in recent years. Between 2013 and 2019, Corbet et al. (2019) conducted
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a thorough assessment of quantitative and non-quantitative studies on cryptocurrencies. Quantitative studies have investigated the
relationships among numerous variables (e.g., Bitcoin returns, altcoin investments, gold prices, oil prices, etc.) using a variety of
approaches such as regression models, vector error correction models, generalized autoregressive conditional heteroskedasticity
(GARCH), autoregressive distributive lag (ARDL), and correlation analyses. The studies conducted prior to 2020 used linear
methods to explore the relationships among variables, while some studies since 2020 have also used nonlinear methods. This
study uses Student’s t-distribution and skewed t-distributions, as well as a normal distribution, to simulate the nonlinear ARDL
[NARDL] model. The return distributions of cryptocurrencies are obviously non-normal and heavy-tailed, making this a significant
research problem. Shanaev and Ghimire (2021) applied the Cramer-von Mises, Anderson-Darling, Kuiper, Kolmogorov-Smirnov,
and chi-squared goodness-of-fit tests for 22 different theoretical distributions to determine the distributions for 772 different
cryptocurrencies. In addition to a normal distribution, they found cryptocurrencies to have non-normal distributions such as
Student’s t-distribution, skewed-t distribution, Johnson SU distribution, and asymmetric power function distribution.

Developed by Shin et al. (2014), the NARDL model is an enhanced version of the ARDL model. Developed by Pesaran et al.
(2001), the ARDL model is a cointegration analysis that is used to detect long- and short-term causality relationships between
non-stationary series at different levels. One important feature of this cointegration analysis is that it does not require the series
to have the same order. The purpose of creating the NARDL model is to develop a simple flexible nonlinear dynamic framework
that can simultaneously and consistently model both long-term relationships among variables as well as the asymmetries in
dynamic fit models. The NARDL approach constitutes a nonlinear modeling technique that is employed to examine economic
and financial factors. The present study focuses on employing the ARDL technique, which offers a means of examining the
non-reciprocal associations cryptocurrencies have with economic and financial variables. In order to investigate the finite sample
properties of estimators for the simple data generation process, Shin et al. (2014) used Monte Carlo simulation experiments.
To the best of our knowledge, no scholarly publication has been encountered that has conducted an investigation into the finite
sample properties of the NARDL method when applied to time series data with non-normal distribution. During the Monte Carlo
simulation experiments, hypothesis tests were conducted for the finite sample properties of the estimators, as well as for long-term
asymmetric relationships, short-term asymmetric relationships, and non-asymmetric cointegration. The size and powers of the
hypothesis theses have been examined under normal and non-normal distributions.

The default parameter values for the Monte Carlo simulation experiments under normal distribution were taken as excerpts
from Shin et al. (2014), while we created the default values for the Student’s t-distribution and the skewed-t distribution. The
Monte Carlo simulation experiments were performed by utilizing Shin et al.’s error correction model. The Monte Carlo simulation
experiments were conducted using the software programs STATA and R.

The results from the Monte Carlo simulations show the size of the NARDL model for the normal distribution and for the
Student’s t-distribution to decrease and its power to increase as the number of samples increases. The study has also revealed
that a variable with a skewed-t distribution possessing a skewness value of -2, 2.1 degrees of freedom, and a correlation value of
-0.5 would not accurately show the short-term asymmetric relationship if its relationship with other variables is examined using
NARDL.When the degrees of freedom are increased to 3, or 10 for the mentioned skewed-t distribution, the Wald test has moderate
power over the short term.

In this respect, the results from our study shows the studies that have used the NARDL model for evaluating the effects of
cryptocurrencies on economics and finance to be predominantly reliable and accurate. Only one contrary finding was found where
the skewed-t distribution possessed a very high kurtosis value and a high positive skewness value. For this case, the Wald test was
observed to have very low power regarding the short-term asymmetric relationship.

Giris

Kripto paralar, blok zincir teknolojik altyapisim1 kullanan ve internet tabanli bir degisim araci olarak kullanilan parasal bir
sistemdir. Kripto paralarin kabul gérmesinin ve popiiler olmasinin temelinde sahip olduklar su ii¢ 6zellik yatmaktadir: Adem-i
merkeziyetcilik, seffaflik ve degismezlik (Lin ve An, 2021). En bilinen kripto para Nakatomo (2008) tarafindan tasarlanmig
olan Bitcoin’dir. Agustos 2022 itibari ile Bitcoin’in coinmarketcap’daki piyasa degeri yaklasik olarak $456 milyar degerindedir
(Coinmarketcap, 2022). Bu hacimdeki bir kripto para piyasasinin ekonomi, finans ve insanlarin giindelik hayatini etkilemesi kaginil-
mazdir. Bitcoin’in hacminin hizla artmasi ve blok zincir teknolojisinin diinya iizerinde yayginlagsmasiyla beraber akademisyenler
ve aragtirmacilar tarafindan kripto paralar ile ekonomik ve finansal degiskenler arasindaki iligkilerin incelenmesi hiz kazanmugtir.
Bu iligkiler incelenirken dogrusal regresyon modeli (Leirvik, 2022), korelasyon analizi (Baur ve digerleri, 2018) ve farkli eg biitiin-
lesme yontemleri olan VECM (Li ve Wang, 2017), GARCH (Dyhrberg, 2016), ARDL (Ciaian ve digerleri, 2018) gibi dogrusal
olan metotlar kullanilmigtir. Yapilan calismalarda dogrusal nedensellik veya eg biitiinlesme testleri yaygin olarak kullanilsa da
ozellikle ekonometrik yontemlerin gelismesiyle son donemlerde kripto paralar ile ekonomik ve finansal degiskenler arasindaki
iligkilerde asimetri veya dogrusal disilik olup olmadig1 konusu arastirilmaya baslanmigtir.

Dogrusal olmayan ARDL modeli, ARDL modelinin gelistirilmis bir halidir. Pesaran ve digerleri (2001) tarafindan gelistirilen
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ARDL modeli, seviyelerinde duragan olmayan seriler arasindaki uzun ve kisa donem nedensellik iliskilerini tespit etmeye yarayan
es biitiinlesme analizlerinden bir tanesidir. Bu es biitiinlesme analizinin 6nemli bir 6zelligi serilerin ayn1 dereceden olma sartini
aramamasidir. Shin ve digerleri (2014) tarafindan gelistirilen dogrusal olmayan ARDL (NARDL) modelinin olusturulmasindaki
ama¢ hem degigkenler arasindaki uzun vadeli iligkileri hem de dinamik uyum modellerindeki asimetrileri eszamanli ve tutarl bir
sekilde modelleyebilen basit ve esnek dogrusal olmayan dinamik bir gerceve gelistirmektir. Bu cerceve degiskenlere yonelik pozitif
ve negatif soklar1 takiben olugan asimetrik etkileri izlememize izin veren teorik bir zemin sunmaktadir ve olusturulmus bu teorik
cercevenin esnekligi sayesinde, uzun ve kisa vadeli asimetrinin farkli genel kombinasyonlari ele alinabilmektedir. Shin ve digerleri
(2014) NARDL modeli olusturulurken tahmincilerin sonlu 6rnek 6zelliklerini arastirmak icin basit veri iiretme siirecine dayali
bir dizi Monte Carlo deneyi yapmislardir. Veriler iiretilirken normal dagilim baz alinmis ve normal dagilim altinda tahmincilerin
sonlu 6rnek ozellikleri aragtirilmustir.

Shanaev ve Ghimire (2021) 772 farkli kripto paranin sahip olduklar1 dagilimlari tespit etmek amaciyla 22 farkli teorik dagilim
icin Cramer-von Mises, Anderson-Darling, Kuiper, Kolmogorov-Smirnov, ve Chi-squared uyum iyiligi testlerini uygulamiglardir.
Kripto paralarin normal dagilim diginda student-t, skew-t Johnson SU ya da asimetrik gii¢c fonksiyonu dagilim: gibi normal
olmayan dagilimlara sahip olduklarini tespit etmislerdir. Bu ¢aligmanin motivasyonunu olusturan arastirma problemi bu noktada
ortaya ¢ikmaktadir. Normal olmayan dagilimlara sahip degiskenlerin birbirleri ile olan iligkilerini incelerken NARDL metodu ile
yapilacak olan analizlerin giivenilir olup olmadiklar1 ele aldigimiz temel arastirma sorusudur. Bu ¢aligmada normal dagilima sahip
olmayan kripto paralar ile diger degiskenler arasindaki uzun ve kisa dénemli asimetrik iligkileri gosteren NARDL modelinin farkli
agir kuyruklu dagilimlar (Student t-dagilimi ve Skew-t dagilimi) altinda giivenilirliginin test edilmesi amaclanmaktadr.

Calismamizin ikinci boliimde kripto paralarin diger degiskenler (altin, benzin, dogal gaz fiyatlar1 vb.) ile iligkilerini NARDL
modeli kullanarak inceleyen ¢aligmalar hakkinda bir literatiir taramas: yapilmigtir. Boliim 3’de Monte Carlo simiilasyon deneyleri
icin basit veri iiretim siirecinin ve simiilasyonun nasil yapildig: a¢iklanmis ve dordiincii boliimde simiilasyon sonuclart deger-
lendirilmigtir. Boliim 5°de sonug¢ kism1 verilmistir.

Literatiir Taramasi

Literatiirde kripto paralar iizerine yapilan ¢ok sayida nicel ve nitel calismalar bulunmaktadir. Kripto para piyasalarinin hizla
gelismesi ve kripto paralarin toplum temelinde hizla popiilarite kazanmasinin akabinde akademik ¢evrelerde de onemli bir
aragtirma alant olugsmustur. Nakamoto (2008) tarafindan Bitcoin’nin Onerilmesinin sonrasinda yapilan akademik caligmalari
Corbet ve digerleri (2019) sistematik bir sekilde inceleyerek detayl1 bir literatiir calismasi hazirlamiglardir. Bu ¢aligmada kripto
paralar ile ilgili 2019 yilina kadar yapilan neredeyse biitiin caligmalar nicel ve nitel olarak iki simif altinda incelenmistir. Bu
caligma kapsaminda yapilmis olan literatiir caligmasi i¢cin 2019 yilina kadar olan kripto paralar ile ilgili nicel calismalarda Corbet
ve digerleri (2019)’nin literatiir caligmas: baz alinmstir. Corbet vd. (2019)’nin yapmis oldugu incelemede literatiirdeki nicel
caligmalarin bagimli ve kontrol degiskenleri, secilen metodolojileri, calismalarin yapilma nedenleri, kullanilan verilerin hangi
siklikta oldugu (giinliik, aylik vb.), hangi siteden alindig1 ve verinin biiyiikliigli hakkinda bilgiler verilmistir. Tarafimizca yapilan
literatiir taramasinda ise 2017’den baslayarak giiniimiize kadar yapilan ¢calismalarda kullanilan degiskenler ve se¢ilen metodolojiler
sunulmaktadir (6zellikle NARDL ve ARDL kullanilarak yapilanlar calismalar arastirtlmistir.) Tablo 1°de ¢alismalarda kullanilan
yazilim veya program tiirleri gosterilmigtir. Yapilan ¢alismalarin bircogunda analizler i¢in kullanilan programin ad1 veya versiyonu
hakkinda bir bilgiye ulagilamamaigtir.

Yapilan literatiir caligmasinda goriilmiigtiir ki literatiirdeki caligmalarin fiyat dinamikleri, piyasa hacmi, kripto paralar ve
diger degiskenler arasindaki iligkileri tespit etmeye yoneliktir. Literatiirde inceledigimiz calismalarda secilen metodolojiler ve
modellerin giivenilirligi konusunda herhangi bir arastirmaya rastlanilmamistir. Shanaev ve Ghimire (2021) 772 farkli kripto
paranin sahip olduklar1 dagilimlar tespit etmek i¢in 22 farkli teorik dagilim fonksiyonlarini Cramer-von Mises, Anderson-Darling,
Kuiper, Kolmogorov-Smirnov ve Chi-squared uyum iyiligi testleri kullanarak uyum analizlerini yapmiglardir. Shanaev ve Ghimire
(2021) kripto paralarin normal olmayan dagilimlara sahip oldugunu tespitinden sonra normal dagilim altinda gelistirilen NARDL
modelinin giivenilirligi varsayimini inceleyen bu calisma literatiire 6nemli bir katki sunmaktadir.
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Tablo 1. Literatiir Taramast

Yazarlar Calisma Ismi Degiskenler Metot/Model Kullanilan Yazilim
Ghorbel ve Kripto para birimleri ve borsalar 6 kripto para (Bitcoin, NARDL STATA
digerleri, arasindaki asimetrik dogrusal olmayan Litecoin, Bitcoin gold, Dash,

2022 kisa ve uzun vadeli iligkilerin test Maker, ve Ethereum) ve yedi
edilmesi borsa (S&P500, CAC40,
DAX30, NIKKEI, FTSE,
FTSEMIB, ve SPTSX)
Jarefio ve Kripto para ve emtia piyasalar1 Bitcoin, Ethereum, Cardano, NARDL Belirtilmemis
digerleri, 2022  arasindaki asimetrik kargilikli Tether ve emtia iadeleri
bagimliliklar: COVID-19 pandemisinin
etkisi
Sayed ve Ekonomik Politika Belirsizligi, Kripto Yesil tahviller, ABD NARDL Belirtilmemis
digerleri, 2022  Para Birimleri ve Kiiresel Yesil ekonomik politikast
Tahviller Arasinda Asimetrik Bir iliski belirsizligi (EPU) ve
Var m1? Amerika Birlesik bitcoinler
Devletleri'nden Kanitlar
Lin ve An, Bitcoin ve kaynak emtia vadeli Bitcoin fiyat:1 ve kaynak emtia NARDL Belirtilmemis
2021 islemleri arasindaki iliski: NARDL vadeli islemleri fiyati
yaklagimindan kanitlar
Moussa ve Bitcoin ve emtialar arasindaki dinamik Bitcoin, Petrol, Dogal Gaz, Smooth Transition Belirtilmemis
digerleri, 2021 iliskiyi kesfetmek: STECM modeli Altin ve Komiir Error Correction
araciliiyla yeni anlayiglar Model (STECM)
Jarefio ve Kripto para birimleri ve petrol fiyat: Petrol fiyatlar1 ve kripto para NARDL Belirtilmemis
digerleri, 2021  soklari: COVID-19 pandemisinde bir birimi
NARDL analizi
Gaies ve Bitcoin giivene dayantyor mu? — Bitcoin ARDL ve NARDL Belirtilmemis
digerleri, 2021  Kiiresellesen dijital para birimlerinin
belirleyicilerini ¢6zmek
Long ve Hem Bitcoin hem de altin giivenli liman  Bitcoin, altin ve kiiresel NARDL Belirtilmemis
digerleri, 2021  varliklar olarak hizmet edebilir mi? — ekonomik politika belirsizligi
NARDL modeline dayali karsilastirmali ~ (GEPU), ABD borsa oynaklik
bir analiz endeksi (VIX) ve CBOE ham
petrol ETF oynaklik endeksi
(OVX)
Cagkurlu ve Blockchain Teknolojisi, Kripto Parave  Finansal Derinlik, Kripto Para ~ ARDL ve NARDL Belirtilmemis
Arslan, 2021 Finansal Bagimhilik: Tiirkiye Uzerine Birimi Hacmi, Kiymetli
Bir Analiz Madenler Hesabi, Hisse
Senedi
Contuk, 2021 Covid -19 Siirecinde Altin ve Petrol Bitcoin, Altin, Brent NARDL Belirtilmemis
Fiyatlarinin Bitcoin Uzerindeki Asimetrik Petrol
Etkileri
Demir ve Bitcoin'in altcoinler tizerindeki Bitcoin ve altcoinler, yani NARDL Belirtilmemis
digerleri, 2020  asimetrik etkisi: dogrusal olmayan Ethereum (ETH), Ripple
otoregresif dagitilmis gecikme (XRP) ve Litecoin (LTC)
(NARDL) modelinden kanitlar
Jeribi ve Kripto para birimleri, covid-19 kaynakli ~ BRICS borsalar i¢in ilk bes NARDL Belirtilmemis
digerleri, 2021  bir finansal krizde borsa i¢in bir kripto para birimi (Bitcoin,
dayanak mi? Nardl yaklagimindan Ethereum, Dash, Monero ve
kanitlar Ripple) ve altin
Jarefio ve Bitcoin ve altin fiyat getirileri: Bitcoin ladeleri ve Altin NARDL ve Eview
digerleri, 2020  Niceliksel bir regresyon ve NARDL Fiyat: ladeleri Quantile
analizi Regression
Approach
Dela O Dogrusal Olmayan Otoregresif Bitcoin iadeleri ve on ek NARDL Belirtilmemis
Gonzilez ve Dagitilmis Gecikme Yaklasimi: Bitcoin  kripto para biriminin getirisi
digerleri, 2020  Iadeleri ile Diger On En Alakali Kripto
Para Birimi ladesi Arasindaki Baglant:
Uzerine Bir Uygulama
Bouri ve Bitcoin, toplam emtia ve altin fiyatlar Bitcoin fiyatindaki toplam NARDL ve Belirtilmemis
digerleri., arasindaki asimetrik dogrusal olmayan emtia endeksi ve altin fiyatlari Quantile ARDL
2018 kisa ve uzun vadeli iligkilerin test
edilmesi
Ciaian ve Sanal iliskiler: BitCoin ve altcoin Bitcoins ve alt1 altcoins ARDL Belirtilmemis
digerleri., piyasalarindan kisa ve uzun vadeli
2018 kanitlar
Canoz ve Bitcoin fiyatlar1 ve diinya hisse senedi Bitcoin, BIST100, FTSE100 ARDL Eview 9.0
Dirican, 2017 endeksleri arasindaki Esbiitiinlesme ve NIKKEI225

iliskisi: ARDL modeli yaklagimiyla bir
analiz

Yontem

Dogrusal olmayan ARDL modelinin normal olmayan dagilima sahip degiskenler i¢in kullanildiginda giivenilir olup olmadigini
incelemek i¢in, NARDL modeli ilk olusturulurken Shin ve digerleri (2014) tarafindan tasarlanmis olan NARDL hata dogrulama
modeli kullanilarak Monte Carlo simiilasyon deneyleri yapilmustir. Tablo 2°’de modeldeki parametrelerin agiklamalart verilmisgtir.
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Tablo 2. Parametre A¢iklamast

Parametreler Parametre Aciklamasi
Ve Bagimli degisken
Xt Bagimsiz degisken
a Sabit terim

Hata Diizeltme Parametresi

Bt Pozitif Asimetrik uzun dénem parametresi
B~ Negatif Asimetrik uzun dénem parametresi
ot Pozitif Asimetrik kisa donem parametresi
P~ Negatif Asimetrik kisa donem parametresi
xt x; Pozitif degisimler

X¢ x¢ Negatif degisimler

u; Hata terimi

w Korelasyon parametresi

Monte Carlo simiilasyon deneylerinde asagidaki NARDL hata diizeltme modeli kullanilarak bagimli ve bagimsiz degiskenler
icin veri iiretme siireci gergeklestirilmistir.

Ayr =a+p(yi1 = Bx]_ =B x_) + @ Ax] + o Ax; +uy

Buradaki Ax, = &, ve (u;, &) seri olarak iligkisizdir ve asagidaki iki degiskenli dagilima gore iiretilmistir.

U =wz) + V1 — w?z

Ax; =g, =21

Normal dagilimi esas alan standart modelde, z; ve z; standart normal dagilim altinda tiiretilmis sifir ortalamali ve birim standart
sapmali bagimsiz rastgele degerlerdir.

x} ve x;, x,’"de meydana gelen pozitif ve negatif degisikliklerin kismi toplam siirecini ifade etmektedir.

x/ = Zt: Axf = Ztlmax(Axi,O)
i=1 i=1

t

X, = Zt:Axl_ = Zmin(Ax,-,O)

i=1 i=1

w # 0 ise denklem (1) asagidaki sekilde tahmin edilmistir:

Ayr=a+pxy 1 +0°x_ | +07x_ +7"Ax] + 17 Ax; + e,
Denklem (6)’daki n* = ¢* + w ve 717 = ¢~ + w iken uzun donemli iligkileri gosteren parametreler f* = ’Tw ve f7 = =
seklindendir.
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Bagimli ve bagimsiz degiskenler icin basit veri iiretme siireci gerceklestirilirken Tablo 3’teki Shin, Yu ve Greenwood (2014)
tarafindan varsayilan parametre degerleri kullanilarak NARDL hata diizeltme modeli i¢in simiilasyon iglemleri yapilmisgtr.

Tablo 3. Varsayim Tablosu

Parametre Ac¢iklamasi Parametreler Deger
Sabit terim a 0
Hata Diizeltme Parametresi p -0.2
Pozitif Asimetrik uzun dénem parametresi p* 0.5
Negatif Asimetrik uzun donem parametresi B~ BT+ &g
Negatif Asimetrik uzun donem delta parametresi Op 0.5
Pozitif Asimetrik kisa donem parametresi ot 0.5
Negatif Asimetrik kisa donem parametresi . et +8,
Negatif Asimetrik kisa donem delta parametresi 8y 0.5
Orneklem Biiyiikliigii T 100,200,400
Tekrar sayist N 3000
Korelasyon parametresi 1) -0.5,0,0.5
Serbestlik Derecesi vyadadf 2.1,3,10

Calisma kapsaminda normal olmayan dagilimlardan Student-t daglimi ve Skew-t dagilimi kullanilmigtir. Student-t dagilimlar:
altinda yapilan Monte Carlo simiilasyon deneyinde u; ve Ax; = &, parametreleri agagidaki sekilde iiretilmistir.

u; = wz) + V1 —w?z

Ax; =&, =274

v—2

21,22 ~ rt

rt student-t dagilimi altinda tiiretilmis rastgele degerlerdir. Bu degerlerin ,/"7_2 ile ¢arpilmasinin sebebi z; ve z;’nin birim
varyansa sahip olmalarini saglamaktir. Tablo 4’te Student-t dagilimi i¢in varsayilan serbestlik dereceleri verilmigtir.

Tablo 4. Student-t Dagilimui igin Varsayim Tablosu

Parametre Aciklamasi Parametreler Deger

Serbestlik Derecesi v yadadf 2.1,3,10

Kullanilacak olan diger normal olmayan dagilim Skew-t dagilimidir. Bu dagilim altinda yapilan Monte Carlo simiilasyon
deneyinde u; ve Ax, = g, parametreleri asagidaki sekilde iiretilmistir.

Uy = wz1 +V1 — 0l
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rst —u

i1,22 ™~

rst skew-t dagilimi altinda tiiretilmig rastgele degerlerdir. z; ve z; nin sifir ortalama ve birim standart sapmaya sahip olmalarinin
saglanmast icin tiiretilen rastgele degerler standardize edilmistir. Skew-t dagiliminin ortalama p ve varyans o-> degerlerini hesapla-
mak i¢in Azzalini ve Capitanio’in (2014) 6nerdigi formiiller kullanilmigtir. Yazarlar Y rassal degiskeninin Skew-t dagilimina sahip
oldugu varsayildiginda su sekilde yazilacagini belirtmistir;

Y ~ ST(éja (1)2 Uskews V)

skew?

& konum parametresini, wskey Olcek parametresini, asiey ¢arpiklik parametresini ve v serbestlik derecesini ifade etmektedir.
Y degiskenin sahip oldugu ortalama ve degiskenlik formiilii asagidaki sekildedir.

1 =&+ Wskewby 6, eger v > 1 ise

o’ = w?kew [LZ - (bvé)], eger v > 2 ise
v —
AT -1)
Var(dv)

v , eger v>1 ise

Askew
2
V 1+ axkew

Tablo 5’de Skew-t dagilim icin basit veri iiretimi yapilirken kullanilan parametrelerin varsayilan degerleri gosterilmistir.

o=

Tablo 5. Skew-t Dagilimu i¢in Varsayim Tablosu

Parametre Aciklamasi Parametreler Deger
Serbestlik Derecesi v yadadf 2.1,3,10
Konum parametresi & 0

Olgek parametresi Wsew 1
Carpiklik parametresi Askew -2,-1,1,2

Monte Carlo simiilasyon deneyleri yapilirken yukarida bahsedilen her bir dagilim i¢in tahmin edicilerin sonlu 6rnek 6zellikleri
ile asagidaki hipotezler i¢in Wald Istatistik ve PSS Sinir testlerinin giicleri aragtirilmustir.

Hi g - B" =B~ (Uzun donem simetri icin bos hipotez)
Ayr = a+p(yi-1 = Bxi—1) + " Ax] + 97 Ax; +uy
H:gR 1 ¢ = ¢~ ,(Kisa donem simetri i¢in bos hipotez)
Ay, =a+p(y,—1 —ﬁ+x;’_l -B7x_)+ GAXT + T AX] +uy
Hpss : p = 8" = B~ =0 (Asimetrik olmayan esbiitiinlesme i¢in bos hipotez)

Ay = a+ ¢"Axf + o7 Ax; +u,
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Monte Carlo simiilasyon deneyleri siirecinde basit veri iiretim siireci R versiyon 4.1.3 (R Core Team, 2022) kullanilarak
gerceklestirilmigtir. Student-t dagilimi icin iiretilen rt rastgele degerleri (Becker ve digerleri, 1988) ve (Johnson ve digerleri, 1995)
kaynaklarini referans alan fonksiyon kullanilarak tiiretilmigtir. Skew-t dagilim ise (Azzalini ve Capitanio, 2014) kitab1 referans
aliarak olusturulan fonksiyon kullanilmigtir. Basit veri liretim siirecinin sonrasinda Marco Sunder (n.d.) tarafindan STATA i¢in
gelistirilen NARDL paketi kullanilmigtir. STATA’da elde edilen sonuclar R’da analiz edilmistir.

Tablo 6. Normal Dagilim i¢in Monte Carlo Simiilasyon Sonuglari: Wald ve PSS Testlerinin “Size” ve Giicii

Normal Distribution
T=100 T=200 T =400
Test Power  Size Test Power  Size Test Power  Size
Wi 0995  0.128 Wir 1.000  0.098 Wik 1.000  0.075
o=-0.5 Wsx 0.196 0.054 Wsr 0.363  0.050 Wsr 0.661 0.053
Frss  0.604  0.079 Fpss 0.995 0.075 Fpss 1.000 0.070
Wik 0989  0.132 Wir 1.000  0.098 Wik 1.000 0.072
o=0 Wsr  0.163  0.048 Wsr 0.299  0.054 Wsr 0.521  0.049
Fess 0430  0.075 Fpss 0.959  0.067 Fpss 1.000  0.066
Wk 0993  0.120 Wir 1.000  0.083 Wik 1.000  0.061
©=05 Ws 0196  0.050 Wsr 0.375  0.048 Wsr 0.655 0.042
Frss  0.585  0.076 Fpss 0.995 0.071 Fpss 1.000  0.075

Monte Carlo Simiilasyon Sonuclari

Bu boliimde Monte Carlo simiilasyonuyla elde etti§imiz sonuglar gosterilmigtir. Tablo 6-7-8’deki Wy g, Wsg ve Fpss sirasiyla
uzun dénemli Wald Istatistik Testi, kisa donemli Wald Istatistik Testi ve Asimetrik Es biitiinlesme i¢cin PSS Sinir Testini ifade
etmektedir. Normal, student-t ve skew-t dagilimlar1 i¢in sonlu 6rnek 6zellikleri ile denklem (18), (19) ve (20)’deki hipotezler i¢in
Wald Istatistik ve PSS Sinir testlerinin birinci tip hata olasilig1 (“size”) ve giiglerine iligkin sonuglar gosterilmistir. Tablo 3, 4
ve 5’te varsayilan degerler i¢in yapilan deneylerin normal, student-t ve skew-t dagilimlart aggey =2 Ve aggeyn =-2 i¢in) igin bir
kisim sonuglar verilmistir.! Tablo 6-7-8°deki degerler %5’lik anlamlilik degeri alinarak yapilan simiilasyon deneylerinin sonuglarini
ozetlemektedir. T = 100 i¢in, uzun siireli Wald testi ¢ok yiiksek giice sahip iken kisa siireli Wald testi orta-diisiik ve PSS testleri orta
giice sahiptir, ancak bu giiclerin, 6rneklem sayis1 (T) arttifinda hizla iyilestigi gortilmiistiir. T = 400 oldugunda, tiim testler %100’e
yakin giice ulagmaktadir. Skew-t dagiliminda agz.,, her degerinde serbestlik derecesinin 10’a yaklastig1 zamanlarda degerlerin
artmast beklenirken diisiik serbestlik dereceleri ile yiiksek serbestlik dereceleri arasinda ¢ok biiyiik farkliliklar goriilmemistir. Her
serbestlik derecesinde orneklem sayist arttiginda Wald ve PSS testlerinin gii¢lerinin arttig1 gézlemlenmistir. Normal dagilimda
oldugu gibi student-t ve skew-t dagiliminda da kisa siireli Wald testinin T degeri arttik¢a iyilestigi goriilmektedir. Son olarak
fark edilen en 6nemli ¢ikarim Tablo 8’de w=-0.5, agkey =2 ve T=400 oldugunda kisa siireli Wald Testinin diger durumlar ile
kiyaslandiginda oldukca diisiik bir giice sahip oldugudur. Bunun anlami1 NARDL modelinin yukarida belirtilen dagilima uyan bir
degisken i¢in kullanildiginda kisa donemli asimetrik iligskiyi dogru bir sekilde gostermeyebilecegidir.

! Simiilasyon sonuglarinin tamamu igin yazarlar ile iletisime geciniz.
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Tablo 7. Student-t Dagilim icin Monte Carlo Simiilasyon Sonuglari: Wald ve PSS Testlerinin “Size” ve Giicii

Student-t Distribution
T=100 T=200 T =400

Test Power  Size Test Power Size Test Power Size

df=2.1 0.950 0.127 0.997 0.095 1.000 0.084

df=3 W 0980 0.117 Wi 1.000 0.100  Wir 1.000 0.073

df=10 0.991 0.133 1.000 0.110 1.000 0.075

df=2.1 0.304 0.054 0.512  0.056 0.789  0.054

0o=-0.5 df=3  Wx 0.261 0.061 Wsr 0.496 0.043 W 0.794 0.052
df=10 0.198  0.049 0.410 0.060 0.695 0.060

df=2.1 0.604 0.088 0.993  0.079 1.000 0.073

df=3  Fpss 0.596 0.082  Fpss 0.989 0.065  Fpss 1.000 0.073

df=10 0.595 0.083 0.992 0.070 1.000 0.072

df=2.1 0.932 0.128 0.996 0.087 1.000 0.067

df=3 W 0976 0.132 W 0.999 0.096 Wiz 1.000 0.077

df=10 0.990 0.134 1.000 0.104 1.000 0.066

df=2.1 0.226  0.053 0.425  0.062 0.688 0.058

o=0 df=3  Ws 0.208 0.058  Wsr 0.389 0.047 W 0.682  0.049
df=10 0.171  0.053 0316 0.051 0.573  0.054

df=2.1 0.400 0.080 0.964 0.080 1.000 0.075

df=3  Fpss 0.414  0.081 Fpss 0.963 0.073  Fpss 1.000 0.069

df=10 0.421 0.071 0.958 0.074 1.000 0.078

df=2.1 0.945 0.104 0.999 0.079 1.000 0.062

df=3 W 0978 0.110 Wi 1.000 0.087 Wiz 1.000 0.073

df=10 0.990 0.121 1.000 0.086 1.000 0.061

df=2.1 0.298 0.055 0.525 0.052 0.796 0.055

o=0.5 df=3 Ws 0.259 0.056  Ws 0.485 0.051 Wg 0.790  0.053
df=10 0.209 0.052 0.403  0.050 0.689 0.051

df=2.1 0.628 0.085 0.993  0.077 1.000 0.075

df=3  Fpss 0.602 0.078  Fpss 0.992 0.073  Fpss 1.000 0.075

df=10 0.576  0.077 0.995 0.071 1.000 0.070




EKOIST Journal of Econometrics and Statistics

Tablo 8. Skew-t Dagilimu icin Monte Carlo Simiilasyon Sonuglari: Wald ve PSS Testlerinin “Size” ve Giicii (askew = 2)

Skew-t Distribution
T=100 T=200 T=400

Test Power Size Test Power Size Test Power Size

d=2.1 0931 0.123 0.996 0.084 0.997 0.072

df=3 Wi 0978 0111  Wie 0999 0098 Wi 1.000 0.062

dt=10 0.988 0.119 1.000 0.093 1.000 0.084

d=2.1 0.192 0.054 0338 0.045 0380 0.045

OO U3 We 0214 0056  Ws 0374 0060 We 0622 0.053
™2 dt=10 0202 0.054 0.367 0.048 0.669 0.051
d=2.1 0.610 0.082 0.989 0.071 0.993 0.075

df=3  Fmss 0602 0081  Fpss 0989 0073 Fpss 1.000 0.070

d=10 0.590 0.078 0.992 0.079 1.000 0.079

d=21 0.924 0.125 0.993 0.093 0.999 0.087

df=3 Wi 0954 0.128  Wie 1.000 0.094 Wi 1.000 0.075

dt=10 0.985 0.128 1.000 0.096 1.000 0.077

d=21 0.153  0.053 0272 0.052 0461 0.046

=0 df=3  Wse 0167 0063 Wse 0296 0056 Wse 0509 0.056
™2 d=10 0.160 0.049 0.295 0.042 0.546 0.054
d=2.1 0414 0.071 0.962 0.063 1.000 0.070

df=3  Fes 0420 0077  Fpss 0961 0079 Fpss 1.000 0.071

de=10 0423 0.083 0.953 0.082 1.000 0.067

d=21 0.940 0.110 0.994 0.083 0.999 0.067

df=3 Wi 0975 0013  Wie 1.000 0083 Wi 1.000 0.075

dt=10 0.976 0.126 1.000 0.087 1.000 0.064

d=2.1 0.182 0.059 0336 0.055 0.553 0.049

=0 df=3  Wse 0200 0051 Wsz 0372 0051 Wsx 0617 0.051
™2 dt=10 0201 0.054 0373 0.055 0.620 0.049
d=2.1 0.620 0.076 0.991 0.069 1.000 0.077

df=3  Fmss 0616 0082  Fps 0993 0073 Fpss 1.000 0.075

d=10 0.618 0.075 0.992 0.073 1.000 0.066
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Sonuc¢

Bu calismada normal olmayan dagilimlardan student-t ve skew-t dagilimlari altinda yapilan simiilasyonlar sonucu, Shin ve diger-
leri (2014) tarafindan gelistirilen NARDL modelinin kripto paralar gibi normal dagilima sahip olmayan dagilimlara sahip zaman
serileri i¢in kullanildiginda elde edilen istatistiksel ¢ikarimlarin cogunlukla giivenilir oldugu gosterilmistir. Dolayisiyla, NARDL
modeli kullanilarak kripto para birimlerinin ekonomi ve finans {izerindeki etkileri hakkinda yapilan ¢aligmalarin cogunlukla dogru
ve giivenilir oldugu sonucuna varilmastir. Tersi bir bulguya sadece skew-t dagilimi ¢ok yiiksek basiklik ve pozitif yiliksek carpikliga
sahip oldugunda ulagilmigtir. Bu durumlarda kisa dénemli asimetrik iligskiyi gosteren test oldukga diisiik giice sahip olmaktadir.
Shanaev ve Ghimire (2021)’de ifade edildigi iizere bir kisim kripto paralarin pozitif skew-t dagilima sahip oldugu bilinmekte olup
altin, giimiig, hisse fiyatlar1 ve diger degiskenler ile iligkileri incelenirken NARDL kullanilmasi durumunda kisa donemli asimetrik
iligkilerin dikkatle incelenmesi gerektigi ortaya ¢cikmisgtir.

Gelecek caligmalarda farkli normal olmayan dagilimlara (student-t ve skew-t haricindeki) sahip degiskenler icin NARDL
modelinin giivenilirligi incelenebilir. Ayrica NARDL modeli i¢in kullanilan acik kodlu yazilim ve programlarin giivenilirliklerinin
incelenmesi de gelecek caligmalar i¢in 6nemli bir aragtirma konusudur.

Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismast: Yazarlar ¢ikar ¢atigmasi beyan etmemiglerdir.
Finansal Destek: Yazarlar finansal destek beyan etmemislerdir.

Yazar Katkisi: : Calisma Konsepti/Tasarimi: A.A., K.D.D.; Veri Toplama: A.A.; Veri Analizi /Yorumlama: A.A., K.D.D.; Yazi
Taslagi: A.A., K.D.D.; icerigin Elestirel Incelemesi: A.A., K.D.D.; Son Onay ve Sorumluluk: A.A., K.D.D.

Peer Review: Externally peer-reviewed
Conflict of Interest: The authors have no conflict of interest to declare.
Grant Support: The authors declared that this study has received no financial support.

Author Contributions: Conception/Design of study: A.A., K.D.D.; Data Acquisition: A.A.; Data Analysis/Interpretation: A.A.,
K.D.D.; Drafting Manuscript: A.A., K.D.D.; Critical Revision of Manuscript: A.A., K.D.D.; Final Approval and Accountability:
A.A.,KD.D.

ORCID:

Abdiilsamet Aca 0000-0001-8956-5064
Kemal Dinger Dinge¢  0000-0002-5216-4651

KAYNAKLAR / REFERENCES
Azzalini, A., & Capitanio, A. (2014). The Skew-Normal and Related Families (First). Cambridge University Press.

Baur, D. G., Hong, K. H., & Lee, A. D. (2018). Bitcoin: Medium of exchange or speculative assets? Journal of International Financial Markets,
Institutions and Money, 54, 177-189. https://doi.org/10.1016/j.intfin.2017.12.004

Becker, R. A., Chambers, J. M., & Wilks, A. R. (1988). The New S Language. Wadsworth & Brooks/Cole.

Bouri, E., Gupta, R., Lahiani, A., & Shahbaz, M. (2018). Testing for asymmetric nonlinear short- and long-run relationships between bitcoin,
aggregate commodity and gold prices. Resources Policy, 57, 224-235. https://doi.org/10.1016/j.resourpol.2018.03.008

Canoz, 1., & Dirican, C. (2017). The Cointegration Relationship Between Bitcoin Prices and Major World Stock Indices: An Analysis with
ARDL Model Approach. Press academia, 4(4), 377-392. https://doi.org/10.17261/pressacademia.2017.748

Cagkurlu, E.,& Arslan, C. B. (2021). Blockchain Technology, Cryptocurrency and Financial Depensement: An Analysis on Turkey. 1gdir
Universitesi Sosyal Bilimler Dergisi, 28, 97-124.

Ciaian, P., Rajcaniova, M., & Kancs, d’Artis. (2018). Virtual relationships: Short- and long-run evidence from BitCoin and altcoin markets.
Journal of International Financial Markets, Institutions and Money, 52, 173-195. https://doi.org/10.1016/j.intfin.2017.11.001

Coinmarketcap. (2022, August 29). https://coinmarketcap.com/tr/currencies/bitcoin/

Contuk, F. Y. (2021). Covid-19 Siirecinde Altin ve Petrol Fiyatlarinin Bitcoin Uzerindeki Asimetrik Etkisi. Ankara Hac1 Bayram Veli Universitesi
Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 23(3), 911-926.

Corbet, S., Lucey, B., Urquhart, A., & Yarovaya, L. (2019). Cryptocurrencies as a financial asset: A systematic analysis. International Review of
Financial Analysis, 62, 182—-199.

De la O Gonzélez, M., Jarefio, F., & Skinner, F. S. (2020). Nonlinear autoregressive distributed lag approach: An application on the connectedness
between bitcoin returns and the other ten most relevant cryptocurrency returns. Mathematics, 8(5).

47



https://orcid.org/0000-0001-8956-5064
https://orcid.org/0000-0002-5216-4651

EKOIST Journal of Econometrics and Statistics

Demir, E., Simonyan, S., Garcia-Gémez, C. D., & Lau, C. K. M. (2020). The asymmetric effect of bitcoin on altcoins: evidence from the
nonlinear autoregressive distributed lag (NARDL) model. Finance Research Letters. https://doi.org/10.1016/j.f11.2020.101754

Dyhrberg, A. H. (2016). Bitcoin, gold and the dollar - A GARCH volatility analysis. Finance Research Letters, 16, 85-92.
https://doi.org/10.1016/j.fr.2015.10.008

Gaies, B., Nakhli, M. S., Sahut, J. M., & Guesmi, K. (2021). Is Bitcoin rooted in confidence? — Unraveling the determinants of globalized digital
currencies. Technological Forecasting and Social Change, 172. https://doi.org/10.1016/j.techfore.2021.121038

Ghorbel, A., Frikha, W., & Manzli, Y. S. (2022). Testing for asymmetric non-linear short- and long-run relationships between crypto-currencies
and stock markets. Eurasian Economic Review. https://doi.org/10.1007/s40822-022-00206-8

Jarefio, F., de La O Gonziélez, M., & Belmonte, P. (2022). Asymmetric interdependencies between cryptocurrency and commodity markets: the
COVID-19 pandemic impact. Quantitative Finance and Economics, 6(1), 83—112. https://doi.org/10.3934/qfe.2022004

Jarefio, F., Gonzdlez, M. de la O., Lépez, R., & Ramos, A. R. (2021). Cryptocurrencies and oil price shocks: A NARDL analysis in the COVID-19
pandemic. Resources Policy, 74. https://doi.org/10.1016/j.resourpol.2021.102281

Jareio, F., Gonzdlez, M. de la O., Tolentino, M., & Sierra, K. (2020). Bitcoin and gold price returns: A quantile regression and NARDL analysis.
Resources Policy, 67.

Jeribi, A., Jena, S. K., & Lahiani, A. (2021). Are cryptocurrencies a backstop for the stock market in a covid-19-led financial crisis? Evidence
from the nardl approach. International Journal of Financial Studies, 9(3). https://doi.org/10.3390/ijfs9030033

Johnson, N. L., Kotz, S., & Balakrishnan, N. (1995). Continuous Univariate Distributions. In Continuous Univariate Distributions (Vol. 2).
Wiley.

Leirvik, T. (2022). Cryptocurrency returns and the volatility of liquidity. Finance Research Letters, 44. https://doi.org/10.1016/j.fr1.2021.102031

Li, X.,& Wang, C. A. (2017). The technology and economic determinants of cryptocurrency exchange rates: The case of Bitcoin. Decision
Support Systems, 95, 49-60.

Lin, M. Y., & An, C. L. (2021). The relationship between Bitcoin and resource commodity futures: Evidence from NARDL approach. Resources
Policy, 74.

Lin, M. Y., & An, C. L. (2021). The relationship between Bitcoin and resource commodity futures: Evidence from NARDL approach. Resources
Policy, 74.

Moussa, W., Mgadmi, N., Béjaoui, A., & Regaieg, R. (2021). Exploring the dynamic relationship between Bitcoin and commodities: New
insights through STECM model. Resources Policy, 74. https://doi.org/10.1016/j.resourpol.2021.102416

Nakamoto, S. (2008). Bitcoin: A Peer-to-Peer Electronic Cash System. www.bitcoin.org

Pesaran, M. H., Shin, Y., & Smith, R. J. (2001). Bounds testing approaches to the analysis of level relationships. Journal of Applied Econometrics,
16(3), 289-326.

R Core Team (2022). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL
https://www.R-project.org/.

Shanaev, S., & Ghimire, B. (2021). A fitting return to fitting returns: Cryptocurrency distributions revisited. https://ssrn.com/abstract=3847351

Shin, Y., Yu, B., & Greenwood-Nimmo, Ma. (2014). Modelling Asymmetric Cointegration and Dynamic Multipliers in a Nonlinear ARDL
Framework. In R. C. Sickles & W. C. Horrace (Eds.), Festschrift in Honor of PEter Schmidt; Econometric Methods and Applications. (pp.
281-314). Spinger.

Sunder, M. (n.d.). STATA NARDL Package.

Sayed, A. A., Ahmed, F., Kamal, M. A., Ullah, A., & Ramos-Requena, J. P. (2022). Is There an Asymmetric Relationship between Eco-
nomic Policy Uncertainty, Cryptocurrencies, and Global Green Bonds? Evidence from the United States of America. Mathematics, 10(5).
https://doi.org/10.3390/math 10050720

Atif Bicimi / How cite this article

Aca, A. & Dingec, K. D. (2023). NARDL yonteminin kripto para birimlerine yonelik bir Monte Carlo simiilasyon analizi.
EKOIST Journal of Econometrics and Statistics, 39, 37-48.. https://doi.org/10.26650/ekoist.2023.39.1334288



https://doi.org/10.26650/ekoist.2023.39.1334288

EKOIST Journal of Econometrics and Statistics
EKOIST 2023, 39: 49-64
DOI: 10.26650/ekoist.2023.39.1309760

RESEARCH ARTICLE

Key Macroeconomic Variables under Exchange Rate Volatility:
Time-Varying Causality in the Presence of Structural Breaks and
Nonlinearity
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ABSTRACT

This paper explores the causal relationship running from exchange rate volatility to three macroeconomic variables in the case
of Turkey. To that end, we first apply the classical Granger causality test introduced by Toda and Yamamoto (1995). We also
use the time-varying Granger causality test developed by Shi, Hurn, and Phillips (2020) within the lag-augmented VAR model
in the presence of empirically documented structural breaks and nonlinearities. A clear pattern that can be drawn from the
causality results is that the causal channel from volatility to inflation is more sustained than causality from volatility to real GDP
irrespective of size of the windows and selected recursive estimation algorithms. Besides, the causal channel from volatility to
inflation coincides with time periods in which Turkey exhibits political and economic policy changes and suffers from increasing
economic uncertainties during financial crises. The CBRT must strictly adhere to the CBRT Law and maintain its independence in
order to ensure price stability as the unconventional monetary policy dictated to the bank by the government is itself the source of
inflation. Finally, exchange rate volatility does not have predictive power for interest rates over the entire sample since the CBRT
uses its foreign exchange reserves to offset the adverse effects of unexpected exchange rate shocks.

Keywords: Volatility, causality, structural break, nonlinearity

Introduction

Since the failure of Bretton Woods in 1973, IMF members are free to choose any form of exchange rate system. From this time,
a large group of countries adopted different forms of flexible exchange rate arrangements. However, the liberalization of capital
flows and excessively increased cross-border financial transactions have generated high degree of volatility and uncertainty on
exchange rate movements. As a result, the vast empirical exchange rate literature has been focused on exploring the relationships
between exchange rates volatility and various macroeconomic variables.

The empirical exchange rate literature present numereous macroeconomic variables to explain the determinants of the exchange
rate volatilities (e.g. terms of trade (Hausmann, Panizza and Rigobon, 2006; De Gregorio and Wolf, 1994), output changes (Ghosh
et al.,1997; Alexius, 2005), interest rates (Mueller et al. 2017), external debt ( Devereux and Lane; 2003), trade and financial
openness (Obstfeld and Rogoff, 1995; Hau, 2002; Sutherland, 1996; Calderon and Kubata, 2018) and foreign reserves (Hviding et
al., 2004), etc.) However, exchange rate volatility itself can be predictive of macroeconomic variables such as output and prices.
Many authors have found evidence that large swings in exchange rates produce negative impacts on international trade (Peree and
Steinherr, 1989; Arize et al., 2008; Lin et al., 2018; Baak et al., 2007), investments (Aghion et al., 2009; Furceri and Borelli,
2008), balance sheets of banks and enterprises (Eichengreen and Hausmann 1999), and economic growth (Aghion et al., 2009;
Schnabl, 2008; Demir, 2008; De Grauwe and Schnabl, 2005). Even though the empirical literature mostly reports that exchange
rate volatility can be counterproductive for output growth due to the increasing uncertainties, some authors have concluded that
exchange rates simply do not matter for growth (Baxter and Stockman, 1989; Levy-Yeyati and Sturzenegger, 2003; Gadanecz and
Mehrotra, 2013).

The impacts of exchange rate movements on domestic prices are measured by the pass-through effect. Empirical evidence
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shows that a depreciation of local currency passes through to consumer prices and raises inflation (Feenstra, 1989; Hahn, 2003;
McCarthy, 2007; Campa and Goldberg, 2005; Edwards, 2006). There is extensive literature on exchange rate pass-through;
however, the literature exploring the effects of volatility on domestic prices remains very limited (Osabuohien et al., 2018; Adeniji,
2018; Albuquerque and Portugal, 2005). The results largely suggested that exchange rate volatilities raise prices. When future
prices are hard to estimate because of the uncertainties generated by a high degree of exchange rate volatility, firms may change
their prices by precautionary motive.

In the context of time series econometrics, the relationship between exchange rates and different macroeconomic variables is
mostly identified by vector autoregressive (VAR) models (Kim and Roubini, 2000; Bjornland, 2009; Peersman and Smet, 2001;
Kim and Lim, 2018; Grilli and Roubini, 1996, Barnett et al., 2016). VAR models estimate the impulse responses of the relevant
macroeconomic variables to a one standard deviation shock in exchange rates. However, the impulse responses are generated based
on widely accepted and justified recursive or nonrecursive theoretical restrictions. If such restrictions do not exist, the concept of
causality developed by Granger (1969, 1988) emerges as an important statistical method in applied macroeconomics. Classical
Granger causality tests assume VAR coefficients are constant with respect to time whereas encountered structural breaks may
easily change the parameters and require time-varying causality analysis.

This paper investigates the causal relationship running from exchange rate volatility to three macroeconomic factors: real GDP,
inflation and interest rates in the case of a developing open market economy, Turkey. To that end, we first measure the volatility of
the exchange rate by the conditional variance obtained from Nelson’s (1991) exponential generalized autoregressive conditional
heteroscedasticity (EGARCH) model. Then, a constant parameter Granger causality test within the framework of a Lag-Augmented
VAR (LAVAR) model is conducted. Since the constant parameter LAVAR model exhibits structural breaks and nonlinearities,
we also follow Shi, Hurn, and Phillips (2020) and use the time-varying Granger causality analysis. To follow the time variation
of Granger causality, two different recursive estimation methods are employed: the forward expanding window and the rolling
window.

One major difficulty may arise when interpreting the results in time-varying causality analysis. If the statistically identified
causal periods appear and disappear again over short periods of time and do not pursue any clear pattern, then it is not an easy task
to assign theoretically justified causal channels to these causal periods. This paper detects several causal episodes in the Turkish
economy and explains in detail how the relevant causal channels emerged based on the theoretical and empirical explanations in
the exchange rate literature. To the best of our knowledge, this is the first study to analyze time-varying causality running from
exchange rate volatility to the three main macroeconomic variables. Our findings showed that the classical Granger causality
framework produces incorrect statistical and economic inferences due to the statistically documented nonlinearities and parameter
instabilities in Turkish data. Second, exchange rate volatility has more predictive power for inflation than real GDP whereas it has
never never preceded interest rates. When the minimum window size is shortened, our results provided relatively strong support
for the argument that exchange rate volatility is predictive of real GDP. Finally, detected causal episodes between volatility and
inflation coincide with time periods in which political and economic policy changes occur and economic uncertainty increases.

The rest of the paper is organized as follows. Section 2 gives details about the classical and time-varying Granger causal
framework with recursive estimation algorithms while Section 3 includes the data and introduces the EGARCH modelling of
exchange rate volatility. Structural break, nonlinearity tests and estimation results are presented in Section 4. Finally, conclusions
are drawn in Section 5.

Methodology

Classical (Constant Parameter) Granger Causality and Toda-Yamamoto Approach

Granger causality simply states that a variable Xt is Granger-cause a variable Yt if past values of Xt are useful for predicting
current value of Yt, conditional on past values of Yt. Consider the bivariate p-order linear vector autoregressive (VAR( p )) model
with stationary Xt and Yt variables given by

X; = by + 20 o0 Vi + 30 BriXo i+ iy, ()

Y = by + X7 00 Y+ 2 BoiXo i + ity 2

Where b and b, are constants. To put it simply, suppose we investigate whether X; is Granger-cause Y;. Null hypothesis Hy: P2,
=f2=...... = B2, = 0 in Granger causality test states that X; is not Granger- cause of Yt while alternative hypothesis H,: not
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H) refers at least one of the P ;s are not equal to zero. If any lagged coefficients on X, are statistically significant then Xt is said to
Granger-cause of Y;. The linear restrictions on the null hypothesis are tested by the usual Wald test. However, if some of the data in
the VAR model are non-stationary, then Wald test statistics depart from its usual asymptotic chi-square distribution under the null
hypothesis. To account for the possibility of integrated variables, Toda and Yamamoto (1995) and Dolado and Liitkepohl (1996)
suggest a Lag-Augmented VAR (LAVAR) model. The LAVAR approach in levels for any two variables X; and Y; are described as
follows:

— p p ptm ptm

Xt = b1 + 25=1°‘1,th-1' + Zi:l Bl,iXt_,- + 2j=p+lﬂl’jxt_j + Zj=p+101’th_j + Ux,t (3)
— p P p+m p+m

Y; =by+ Zi:1°‘2,th-i + Ei:l BriXe—i + Zj:pﬂ/lz,jxt_j + Zj:p+102»th_f +uy, 4)

where m is the maximum order of integration of the variables. Additional m lags of each variable are included in each equation
in the VAR(p) model and the resulting VAR (p+m) model is estimated in levels no matter what the integration level of the variables.
When the Wald test is performed, the linear restrictions are imposed on the coefficients of p lags and additional m lags are not
considered to be part of linear zero restrictions. With the small correction in the test statistics, the Wald test statistic again follows
an asymptotic chi-square distribution with p degrees of freedom under the null.

Time-Varying Granger Causality and Recursive Estimation Process

The classical Granger causality test follows the assumption that the VAR coeflicients remain constant with respect to time.
However, structural breaks due to economic and governmental policy changes or financial and political turmoils may easily change
the parameters and require time-varying coefficients. Besides, the relationships between the variables may be well characterized
by nonlinearities. For this purpose, we also follow time-varying Granger causality analysis and allow the VAR parameters to
change in time in the presence of structural breaks and nonlinearities. Fortunately, structural breaks and nonlinear dependencies
in relationships between variables can be detected based on statistical tests.

The time-varying Granger causality stands out for the cases where Granger causality between variables may be detected at one
period of time, but may be sensitive with respect to different selections of subperiods. Shi, Hurn, and Phillips (2020) extended to
the concept of Granger causality within the LAVAR framework and detected changes in causal relationships over time based on
recursive estimation methods. We also follow Shi, Hurn, and Phillips and identify the time variation of Granger causality with
following two recursive estimation methods:

i) The Forward Expanding Window (FEW):The first Wald test statistic is calculated based on the selected minimum window
size, w. Then, each window is expanded sequentially by one observation. That is, the second window contains m+1 observations
whereas the third one contains m+2 observations, and so on. The Wald test statistics are calculated from each expanding window
until the last sample point is included by the entire sample. In the FEW algorithm, the lower bound of each expanded window is
the first data point.

ii) The Rolling Window (ROW):The first Wald test statistic is again computed based on the selected minimum window size.
Then, the second rolling window contains observations for the first data point through m+1, the third rolling window contains
observations for the second data point through m + 2, and so on. The rolling process continues until the last data point is included
by the last rolling window. Note that the Wald test statistics are sequentially calculated from a sample of the same size. The ROW
algorithm refreshes the information in each window by adding the newest observation and removing the oldest one. With this
set-up, the ROW procedure gives more weight to current information than the FEW procedure.

Data

This paper investigates the causality relationship running from exchange rate volatility to the three macroeconomic variables,
real GDP, inflation and interest rates. For the purpose of our empirical analysis, a four-variable VAR specification is selected
for monthly Turkish data over the flexible exchange rate period of 2002:M1-2022:M2. Real GDP is proxied by the industrial
production index and expressed in logarithms (PROD). The inflation variable is obtained by the log-differenced consumer price
index and denoted by INF. The interest rate (IR) reflects the monetary policy stance of the Central Bank of the Republic of Turkey
(CBRT) and is expressed in percentage terms. The nominal effective exchange rate (NEER) is calculated as geometric weighted
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averages of bilateral exchange rates and expressed in logarithms. An increase in the exchange rate indicates an appreciation of the
Turkish Lira against a broad basket of currencies. Finally, exchange rate volatility is denoted by VOL.!

Measuring Exchange Rate Volatility

Table 1. Descriptive Summary Statistics on Exchange Rate Return Series

Skewness -1.792
Kurtosis 10.736
Shapiro-Wilk W Test Statistics® 0.000
(p-value >z)
ARCH-LM (K) Test Statistics® k=1 0.000
(p-value > chi-square) k=3 0.003
k=6 0.048

Notes: * The null of Shapiro-Wilk's (1965) W Test states that the return series is normally distributed.
® The null of Engle's (1982) ARCH-LM test states that the disturbances of return series do not have an ARCH
effect up to order k.

Descriptive summary statistics on the log-differenced exchange rate data are presented in Table 1. First, the return series
exhibits the usual features of GARCH-type models such as negative skewness and excess kurtosis. The negatively skewed returns
suggest that more probability mass is concentrated on the right tail of the distribution. Since the estimated kurtosis is greater
than three, the return series is said to be “leptokurtic. Leptokurtic distributions produce more outliers in their tails relative to a
Gaussian normal. As stated by Westerfield (1977) and Hsieh (1989), leptokurtic returns tend to have “volatility clustering”. More
importantly, volatility clustering property in financial time series mostly produces conditionally heteroscedastic disturbances.
In order to investigate whether the return series exhibits autoregressive conditional heteroskedasticity (ARCH effect) or not, a
constant-only model is fitted by OLS and an ARCH-LM test is performed. The test results statistically confirm the existence of the
ARCH(k) effect in the disturbances of return series at 5% significance level. Finally, volatility will be more accurately estimated
by a heavy tail distribution such as Student’s t, Generalized Error Distribution (GED), Laplace etc. because Shapiro-Wilk W test
(1965) reports departure from Gaussian normal. Consequently, all these preliminary findings strongly suggest that exchange rate
returns are well predictable by GARCH-type models with heavy tail distributions.

EGARCH Modelling of Exchange Rate Volatility

In the empirical literature, GARCH models proposed by Bollerslev (1986) are heavily used when measuring exchange rate
volatility. GARCH models estimate current volatility as a function of past volatility and more importantly propose “volatility
symmetry” assumption. This assumption simply states that positive and negative unanticipated shocks in foreign exchange markets
produce equal impacts on current volatility. However, as stated by Black (1976) and Nelson (1991), large unanticipated negative
shocks are more likely to generate higher volatility than large positive shocks of the same size (negative leverage). Hence, this paper
employs Nelson’s (1991) exponential GARCH model to capture the asymmetry feature of exchange rate volatility. EGARCH(1,1)
model with conditional mean (5) and variance equation (6) is shown below:2

ANEER; = o+ & 5)
2 2 2

log(o;) =80+ 012i-1 + 62In(5;_;) + 63(|Zz—1| - \/;) (6)

& = 2,01 ~ GED(0, 032, T)wherez; ~ iidN(0, 1) )

Where &; is the disturbance term or shocks and follows a GED distribution with a shape parameter 7. The disturbances are not

! For more detailed data definitions and data sources, see Appendix/Table Al.

2 There are mainly two reasons that this study employs the EGARCH(1,1) specification. First, Akaike and Schwarz information criteria both selected one lag. Second, GARCH models
with (1,1) specification is mostly used when measuring exchange rate volatility in related literature (see Bollerslev, 1986; Dominguez, 1998; Hsieh, 1989; Narayan, Narayan and Prasad,
2008; Wang and Barrett, 2007; Hall et al., 2010; Ghosh, 2011; Demir, 2013 etc.)
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assumed to follow the Gaussian normal since the returns are leptokurtic as shown in Table 1. If the estimated shape parameter
is less than two, then using the heavy tail GED distribution over a Gaussian normal is statistically validated. Sigma? is called
the time-dependent conditional variance of the disturbances and expresses the volatility of the monthly exchange rate data. zt is
standardized disturbances or shocks and follows the standard normal. Since standardized shocks are either positive or negative,
01 measures volatility asymmetry. If the asymmetry term is negative then negative unanticipated shocks in the foreign exchange
market generate higher volatility than positive shocks of the same size. 62 represents the “GARCH effect” and predicts the impact
of the conditional past volatility on current volatility. Finally, 63 denotes the size impact of a shock on the current volatility.

Table 2. Estimation Results of Exchange Rate Volatility

EGARCH (1,1)
Mean Equation
a | -.0028***
Variance Equation
[ -4.2240%*
51 -.3657*
P 3851
43 4960 **
Diagnostics
ARCH-LM (k)Test k=1 0.2291
(p-value > chi-square) k=3 0.6716
k=6 0.8994
Box Pierce Qz Test® 0.2210
(p-value > chi-square)
Box Pierce Q;2 Test” 0.9395
(p-value > chi-square)
Shapiro-Wilk W Test 0.1522
(p-value > z)
T 1.1249

Notes: ***, Significance at 10%; **, significance at 5%; *, significance at 1%.
(@ The null of Box-Pierce test states “no autocorrelation”.

Table 2 presents estimation results of the EGARCH model. Negative and highly significant 61 confirms the presence of negative
leverage effect and hence volatility asymmetry in the data. An estimated shape parameter of less than two statistically confirms
the use of heavy tail GED distribution. Positive and significant GARCH parameter 62 suggests the persistence of past conditional
volatility on current volatility. Finally, the size effect 63 is statistically significant.

The bottom of Table 2 also documents some post-estimation diagnostics. Since zt is independent and identically (iid) normally
distributed based on the distributional assumptions in the EGARCH model, the Shapiro-Wilk W test (1965) for normality is
performed for the standardized disturbances. The test results confirm that zt is normally distributed. Q, and Q% represent the
Box-Pierce Q-statistic to test white noise for standardized disturbances and the squared standardized disturbances, respectively. The
test results cannot reject the null of “no autocorrelation”. Additionally, the ARCH-LM test reports that standardized disturbances
are free from the ARCH(k) effect. Overall, the EGARCH (1.1) process provides a good fit for Turkish exchange rate data.

Unit Root Tests

Before implementing the classical Granger causality tests, the order of integration of the variables will be empirically determined.
For this purpose, two unit root tests are implemented: the Augmented Dickey-Fuller (ADF) (1979) unit root tests without structural
breaks as formal assessments of stationarity and Zivot-Andrews (1992) unit root tests based on the principle of endogenous
determination of a single structural break. Test results are presented at Tables 3 and 4.3 All test results reveal that the maximum
order of integration of the series is one (m=1). Since not all the series in the VAR model are stationary, the LAVAR model
framework will be conducted to account for the existence of integrated variables based on Toda and Yamamoto (1995) and Dolado
and Liitkepohl (1996).

3 Two additional unit root tests are also conducted: Phillips-Perron (PP) (1988) unit root tests and Clemente, Montanes, Reyes (1998) unit root tests with two endogenous breaks. Both
test results showed that the maximum order of integration level of the series remained same. The results are available upon request.
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Table 3. Augmented Dickey Fuller Unit Root Test Results

ADF TEST
(5% Critical Values) Test
Level A Result
Constant and Trend -2.900(-3.432) -8.821 (-3.432) I(1)
PROD Constant -0.774(-2.881) -8.838 (-2.881) (1)
none -3.135(-1.950) - 1(0)
Constant and Trend -3.115(-3.431) -12.131(-3.432) I(1)
INF Constant -2.765 (-2.881) -11.944(-2.881) I(1)
none -1.403(-1.950) -11.924(-1.950) I(1)
Constant and Trend -14.685(-3.431) -- 1(0)
VoL Constant -14.608(-2.880) - 1(0)
none -13.471(-1.950) - 1(0)
Constant and Trend -2.433(-3.431) -11.646 (-3.431) I(1)
IR Constant -3.919 (-2.881) -- 1(0)
none -4.110(-1.950) 1(0)

Notes: The null hypothesis of ADF test states the existence of unit root. The optimum lag level is selected based
on the following three criteria: Akaike information criterion (AIC), Schwarz information criterion (SIC), and
Hannan-Quinn information criterion (HQIC). The lags most often suggested by the above criteria were selected as

optimal lag levels. The optimum lag level is four for PROD, three for INF, zero for VOL and one for IR.

Table 4. Zivot-Andrews Unit Root Test Results

Level A
Minimum T- Statistic Minimum T- Statistic Test Result

Break (5% Ceritical Value) (5% Ceritical Value)
Trend -3.269(-4.42) -11.630(-4.42) I(1)
PROD Intercept -3.433(-4.80) -11.646(-4.80) I(1)
Intercept and Trend -3.847(-5.08) -11.826 (-5.08) 1(1)
Trend -5.809(-4.42) -- 1(0)
INF Intercept -4.252(-4.80) -12.318(-4.80) 1(1)
Intercept and Trend -6.211(-5.08) - 1(0)
Trend -14.776(-4.42) -- 1(0)
VOL Intercept -15.020(-4.80) - 1(0)
Intercept and Trend -15.564(-5.08) -- 1(0)
Trend -3.409(-4.42) -7.463(-4.42) I(1)
IR Intercept -2.906(-4.80) -7.786(-4.80) 1(1)
Intercept and Trend -2.944(-5.08) -7.909(-5.08) 1(1)

Notes: The null of the Zivot-Andrews test indicates the existence of a unit root. The test results are reported based
on three models: break in trend, break in intercept and break in both. The break date is selected where the t-statistic
from the ADF test of unit root is at minimum. The optimum number of lag is selected via t-test and is three for

PROD, two for INF and zero for both VOL and IR.

Estimation Results

Constant Parameter Granger Causality Test Results

To carry out the classical Granger causality test, the optimal VAR specification must be determined. The max lag length is set
to twelve and optimum lag length of p was chosen based on AIC, SIC and HQIC. The lag length p=1, most often selected by the
three criteria, was included in the VAR model. Exogenous deterministic components of the VAR(1) model - both a constant and
a time trend - are also determined by the above criteria. The Lagrange Multiplier (LM) test at the lag level p=1 revealed that the
disturbances of the VAR(1) model are free from autocorrelation. The selected VAR model satisfies the stability condition because
all the eigenvalues lie inside the unit circle.* As the maximum order of integration level of the series is one, the VAR(1) will be

augmented by extra one lag. As a result, the resulting model is denoted by VAR(1+1).

Table 5 summarizes the constant parameter Granger causality test results. The Granger causality Wald tests detect a causal
relationship from exchange rate volatility to inflation. However, the null of no causality from volatility to real GDP and interest
rates cannot be rejected. Now, we can ask the following question: Can the presence of structural breaks and nonlinearities in

4 The stability test results can be seen in Appendix/Table A2




Tumturk, O., Key Macroeconomic Variables under Exchange Rate Volatility: Time-Varying Causality in the Presence of Structural Breaks and Nonlinearity

Table 5. Constant Parameter Granger Causality Test Results

Degree of Chi-Square
Null Hypotheses Freedom, v | Test Statistics | P-Value > Chi-Square
VOL is not Granger-cause of PROD 1 7749 0.379
VOL is not Granger-cause of INF 1 7.5075 0.006
VOL is not Granger-cause of IR 1 .0087 0.925

Notes: Classical Granger causality test results based on the LAVAR model with p=1, m=1 and a trend. The degree
of freedom is one because the second lag enters the LAVAR system as an exogenous variable.

the relationship between the variables of interest invalidate the statistical and economic inferences obtained from the constant
parameter Granger causality tests? We will conduct the following structural break and nonlinearity tests to be able to answer this
question statistically.

Structural Break Tests

Considering the relatively long study period of the paper, the relationships between the variables are more likely to encounter
structural breaks. For this purpose, we first test structural breaks and examine the parameter stability of each one of the four
equations in the LAVAR model. Andrews (1993), and Andrews and Ploberger (1994) proposed a parameter stability test of
whether the coefficients in a time-series regression vary over the periods. The test can be either a Wald or a Likelihood Ratio (LR)
test. The supremum, an average, or the exponential of the average of the tests are calculated at each possible break date. However,
it is not possible to consider each sample point as a break date since the break dates too near the starting or the ending points of
the samples will have insufficient observations for estimation. To deal with the identification problem, we follow Andrews’ (1993)
advice and use symmetric trimming of 15%. Therefore, the parameter stability test covers [0.15 0.85] of the our entire sample.
The LR and Wald test results are reported in Tables 6 and 7, respectively. The Supremum, Average, and Exponential LR and Wald
test results almost always reject the null hypothesis of no structural break. This result provides strong statistical evidence that the
parameters estimated from the LAVAR model do not remain constant over time (parameter instability). It is important to note that
these results are obtained from the trimmed sample, and it is also very likely to encounter break dates in the first and last 15

Table 6. Structural Break Tests, LR Test Results

Dependent Supremum LR test Average LR test Prob. Exponential LR Test P-
Variable P-Value P-Value Value
PROD 0.000 0.004 0.000
INF 0.003 0.001 0.002
VOL 0.000 0.367 0.000
IR 0.000 0.001 0.000

Note: The null hypothesis states no structural break

Table 7. Structural Break Tests, Wald Test Results

Dependent Supremum Wald test Average Wald test Exponential Wald Test
Variable P-Value P-Value P-Value
PROD 0.000 0.006 0.000
INF 0.003 0.002 0.003
VOL 0.000 0.437 0.000
IR 0.000 0.002 0.000

Note: The null null hypothesis states no structural break

Nonlinearity Tests

In the preceding section, equations in the constant parameter LAVAR model are shown to be exposed to structural breaks.
Besides, the relationships between the variables of interest may be nonlinear, which invalidates the linear structure of the model.
To deal with the issue of nonlinearity, we conduct Brock, Dechert, and Scheinkman (BDS) test proposed by Brock et al. (1987)
and Brock et al. (1996). The null hypothesis of the test states that the disturbances are independent and identically distributed.
However, when implemented to the disturbances from a fitted linear time series model, the BDS test can be employed to reveal
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remaining dependence and the presence of omitted nonlinear structure (Zivot and Wang, 2006). If the null hypothesis is rejected,
then the fitted linear model is mis-specified and it can be concluded that a nonlinear relationship exists.

The BDS test is implemented on the disturbances of each equation in the LAVAR model to detect nonlinear dependence in
time-series data with different correlation dimensions (d) of the process. The test results are presented in Table 8. When the
dependent variables are INF, VOL and IR, the null hypotheses that residuals are independent and identically distributed are always
rejected irrespective of the correlation dimensions. These test results strongly confirm the nonlinearities in the relationship between
the variables.

Table 8. Structural Break Tests, Wald Test Results

Dependent Variable: PROD Dependent Variable: INF | Dependent Variable: VOL| Dependent Variable: IR
Correlation
Dimension | BDS Test BDS Test BDS Test P-Value BDS Test
(d) Statistics |P-Value| Statistics P-Value Statistics Statistics P-Value
2 0.000 0.936 0.020 0.004 0.026 0.000 0.053 0.000
3 0.000 0.936 0.034 0.004 0.040 0.000 0.085 0.000
4 0.000 0.924 0.039 0.004 0.042 0.000 0.095 0.000
5 0.000 0.928 0.048 0.000 0.044 0.000 0.093 0.000
6 0.000 0.896 0.049 0.000 0.047 0.000 0.081 0.000

Not: The p-values for the BDS test statistics are the bootstrapped p-values based on 500 repetitions.

Time-Varying Granger Causality Test

Whole Sample Analysis

Since the preceding section presented empirical evidence that the constant LAVAR model exhibits parameter instabilities and
nonlinearities, we also follow time-varying Granger causality analysis. The null hypothesis for the whole sample analysis is that
exchange rate volatility is not the Granger-cause of the relevant macroeconomic variable at any time during the entire sample.

The time-varying causality results with the minimum window size of 72 months are reported in Table 9. Both FEW and ROW
maximal Wald test statistics reject the null of no Granger causality from volatility to inflation at any time during the sample.
Similarly, the ROW algorithm finds evidence of Granger causality from volatility to GDP at some point in the sample. Finally,
the two recursive estimation algorithms confirmed that volatility of the exchange rate is not the Granger-cause of interest rate
over the entire sample. The last result is not unexpected as the CBRT does not use an interest rate policy to drive or protect the
value of the Turkish lira. Under the executed current monetary policy, the bank conducts foreign exchange transactions including
spot or forward purchases and sales and foreign exchange swaps to render the economy resilient against unexpected exchange rate
shocks. Consequently, the causal channel from volatility to interest rate has never appeared. Finally, recall that constant parameter
causality analysis does not suggest a causality from exchange rate volatility to real GDP. However, when considering the hidden
structure of structural breaks and nonlinearities, the causal relationship that could not be statistically detected earlier is apparent
now.

Table 9. Time-varying Granger Causality Test Results, Whole Sample

Minimum Maximal Wald | Maximal Wald
Null Hypotheses window size Test Stat. Test Stat.
(w) FEW ROW
VOL is not Granger-cause of PROD at any time 4.694 11.141
during the whole sample 72 (10.095) (10.880)
VOL is not the Granger-cause of INF at any time 18.969 36.170
during the whole sample 72 (14.365) (14.699)
VOL is not Granger-cause of IR at any time during 3.112 3.069
the whole sample 72 (11.666) (12.301)

Notes: Time-varying Granger causality analysis based on the LAVAR model with p=1, m=1 and a trend. The 5%
bootstrapped critical values based on 500 repetitions are shown in parentheses. Maximal Wald test statistics are
robust to heteroskedasticity.
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Graphical Examination

Now, the sequence of maximal Wald test statistics and critical values from the each recursive estimation algorithm can be
graphically analysed to examine how the causal relationships vary over time. Figure 1 plots the sequence of Wald test statistics and

associated 5% bootsrapped critical values based on the minimum window size set at 72 months. Additionally, Table 10 reports the
time intervals of causal periods identified in Figure 1.
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Figure 1. Time-varying Granger Causality Test Statistics and Critical Values Over Time, w=72

Note: Time-varying Granger causality tests from VOL to PROD, INF and IR, respectively with a minimum window size of 72
months The left column plots the Wald test statistics and 5% bootsrapped critical values obtained from the FEW algorithm,
whereas right column reports the Wald test statistics and 5% bootstrapped critical values obtained from the ROW algorithm

As shown in Figure 1 and Table 10, the maximal ROW test statistic detects causality from exchange rate volatility to real GDP
at only one sample point, 2014:M3. When this result is considered with the FEW result that reports no causality over time, we can
conclude that there is very little support for the argument that volatility precedes real GDP. A possible explanation relates to the
fact that real macroeconomic aggregates are determined by real variables in the longer run. This result is consistent with some of
the existing studies. Gadanecz and Mehrotra (2013) concluded that exchange rate volatility does not exert a statistically significant
impact on long-run growth. Additionally, Baxter and Stockman (1989) found no evidence that output depends on the exchange
rates and suggested the real models of determination of output. Similarly, Levy-Yeyati and Sturzenegger (2003) documented that
exchange rates do not appear to have any significant impact on growth.

In contrast to real GDP results, the FEW and ROW maximal Wald test statistics reveal a longer causal relationship from volatility
to inflation. As shown in Table 10, both test procedures identify a causal episode in 2008. Besides, the ROW test statistic extends

this casual relationship with two additional causal episodes: 2018:M10-2018:M12 and 2022:M1-2022:M2. Now, let us explore
them in more detail.
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The first causal episode is detected for most of 2008. What happened in the first causal episode was that the global financial
crisis after the bursting of the US housing bubble also hit Turkey.? The Turkish economy suffered significantly from the financial
crisis, as measured by a decline in the real GDP between the beginning of 2008 and mid—2009. Unfortunately, the initial impact
of the 2008-2009 crisis on Turkey was the biggest among the OECD countries (Rawdanowicz, 2010).

The second causal episode (2018:M10-2018:M12) coincides with three important incidents: one of the most important political
milestones in Turkey’s political history, the 2018 financial crisis and US economic sanctions on the Turkish economy. Turkish
President Recep Tayyip Erdogan transformed the country’s long-standing parliamentary system into a heavily centralized and
strengthened “Presidential System of Government” introduced in July 2018. Besides, the economic growth collapsed again in the
third and fourth quarter of 2018. The value of the Turkish lira significantly eroded as a result of an excessive amount of current
account deficits and private foreign-currency-denominated debts. Finally, following the detention of the US citizen pastor Andrew
Brunson in Turkey, the Trump administration imposed economic sanctions and doubled the tariffs on Turkish steel and aluminium
imports, which also accelerated the rapid fall in the Turkish lira.

Table 10. Time-varying Granger Causality Test and Identified Causal Episodes, w=72

FEW Algorithm ROW Algorithm
VOL >>> PROD --- 1) 2014:M3

1) 2008:M1-2008:M5 and 2008:M9-2008:M11
VOL >>> INF 1) 2008:M1-2008:M11 2) 2018:M10-2018:M12
3) 2022:M1-2022:M2

Note: The dates include the causal episodes that Wald test statistics that exceed 5% critical values.

The last causal episode (2022:M1-2022:M2) emerged after the conducted unconventional monetary policy performed by interest
rate cuts despite the increasing inflation rates. The CBRT Law introduced in April 2001 (Article 4) states that “The primary objective
of the CBRT is to achieve and maintain price stability. The Bank determine on its own discretion the monetary policy that it will
implement and the monetary policy instruments that it is going to use in order to maintain price stability.” President Erdogan,
however, has been a strong supporter of the unconventional hypothesis that reducing interest rates lowers the inflation rate. The
Erdogan administration has officially announced that Turkey adopted the ‘Chinese Growth Model’ as a new economic plan in
December 2021. The mainstay of the new plan was to reduce interest rates as quickly as possible since low interest rates were
considered to decrease the value of the Turkish lira and hence stimulate export, production and employment levels of the country.
Even though the primary objective of the CBRT is to ensure price stability, the bank which has been independent since 2001
eventually could not resist the political pressure to loosen the monetary policy. The policy rate, which was 19% in September,
2021 was reduced to 14% at the end of December 2021 despite the accelerating inflation rates. The CBRT’s policy rate became
much lower than the rapidly rising inflation rates and inflation expectations. The negative real interest rates triggered the pressure
on Turkish Lira due to the long-standing current deficits, tightening global monetary policies and high political tension in the
country. Rapidly rising inflation and negative interest rates also led Turkish citizens and companies to continue saving in US
dollars and other major currencies. Consequently, the Turkish Lira had precipitous falls against a very large group of currencies.
With the aim of supporting the value of the lira and reversing dollarization, the government announced a new financial investment
account in December, 2021 to encourage customers (citizens, corporations and non-resident Turkish nationals) to switch their
foreign-exchange deposits to exchange-rate-protected Turkish lira time deposits. If the depreciation rate of the exchange rate on
the customer’s new holdings exceeds the gains of the interest rate on the lira, the authorities will cover the cost. In the few hours
following the announcement, the Turkish lira appreciated by 30% against the US dollar and other major currencies.

Figure 2 plots the exchange rate volatility measured by the EGARCH process in Section 3.1. First, note that all three causal
episodes in Figure 1 perfectly match with the periods of excessive volatilities. This result empirically shows that the causal channels
running from volatility to inflation appear when the exchange rate is excessively volatile. One can conclude that there seems to be
a threshold point beyond which exchange rate volatility starts to hurt the price stability objective.

Now, a natural question then arises: Why are all three episodes associated with excessive exchange volatilities? This is important
since the answer may help us to find a clear pattern to explain under what conditions a causal link from volatility to inflation
appears. The first causal episode between volatility and inflation coincides with a period of increasing economic uncertainties
due to the 2008-2009 financial crisis. In exchange rate literature, there exists a large amount of studies to investigate the effects

5 According to the NBER business cycle dates, the financial crisis in the US lasted from December 2007 to June 2009.
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Figure 2. EGARCH (1,1) Modelling of Monthly Exchange rate Volatility

of uncertainty on exchange rate volatility. Balcilar et al. (2016), Krol (2014) Bartsch (2019), Li and Zhong (2020), Wang, Li and
Wu (2022), Zhou et al (2020), Liming, Ziqing and Zhihao (2020), Abit and Rault (2021), Bush and Noria (2021), Leduc and
Liu (2016) and many others documented a causal relationship from economic uncertainty to exchange rate volatilities. Besides,
the transmission mechanism behind the link between uncertainty and exchange rate volatility can be theoretically explained by
macroeconomic fundamentals. Exchange rates are determined by economic fundamentals such as prices, output, money supply,
interest rates etc. An increase in uncertainty will therefore change the expectations of economic agents on the fundamentals and
generate higher exchange rate volatilities.

The second causal episode contains the most exceptional political change in Turkey’s political history and another financial
crisis with increasing uncertainties. As stated by Leblang and Bernhard (2006), currency traders are uncertain about the future of
government policies during periods of political change, and hence these periods will exhibit higher volatilities. Finally, the last
causal episode generated an excessive amount of exchange rate volatilities due to the i) unconventional monetary policy dictated by
the Erdogan administration to the CBRT and ii) economic policy change which has targeted output and employment level instead
of price stability objective set in the CBRT Law.

A clear pattern that can be drawn from the results is that the causal channel from volatility to inflation opens up when Turkey
exhibits political and economic policy changes and suffers from increasing economic uncertainties during the financial crises.
Excessive exchange rate volatilities generate uncertainties on the exchange rate movements and hence the production cost of
domestic goods since the import content of domestic goods is very high in Turkey. Higher uncertainty in production costs makes
the future prices of firms difficult to predict. As an insurance, firms can change their prices by a precautionary motive (Redl, 2015).

Table 11. Time-varying Granger Causality Test Results, Whole Sample

Minimum Maximal Wald | Maximal Wald
Null Hypotheses window size, Test Stat. Test Stat.
(w) FEW ROW
VOL is not the Granger-cause of PROD at any 5.356 10.179
time during the whole sample w: 48 (8.077) (7.816)
VOL is not the Granger-cause of INF at any 33.404 53.970
time during the whole sample w: 48 (14.118) (15.546)
VOL is not the Granger-cause of IR at any time 3.112 4.109
during the whole sample w: 48 (11.524) (12.980)

Notes: Time-varying Granger causality analysis based on the LAVAR model with p=1, m=1 and a trend. The 5%
bootstrapped critical values based on 500 repetitions are shown in parentheses. Maximal Wald test statistics are
robust to heteroskedasticity.

Now, the maximal Wald test statistics were recomputed with a minimum window size of 48 months to control the validity of the
argument that volatility may have more predictive power for real GDP in the shorter run. The time-varying causality test results
are reported in Table 11. Figure 3 plots the sequence of maximal Wald test statistics and associated 5% critical values with respect
to time while Table 12 documents the time intervals of causal periods identified in Figure 3.

First, consider the causality test results running from volatility to real GDP. While there is very little support for the argument
that volatility is predictive of real GDP in Figure 1, the ROW test procedure in Figure 3 now identifies a relatively stronger causal
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Note: Time-varying Granger causality tests from VOL to PROD and INF, respectively with a minimum window
size of 48 months. Since no causality from VOL to IR were reported as shown in Table 11, the relevant causality
graphs over time were not presented. The left column plots the Wald test statistics and 5% bootstrapped critical
values obtained from the FEW recursive estimation algorithms while the right column reports the Wald test
statistics and 5% bootstrapped critical values obtained from the ROW recursive estimation algorithm.

Figure 3. Time-varying Granger Causality Test Statistics and Critical Values Over Time, w=48

channel toward the end of the 2008-2009 financial crisis. There are several interesting features in these results. First, when we
shorten the minimum window size, volatility gains more predictive power for real GDP. A possible explanation for this result is
that real macroeconomic variables can be driven by monetary variables in the shorter run. This result is consistent with the results
of Razin and Rubinstein (2006) who also concluded that exchange rate and capital-market liberalization regimes have both a direct
effect on short-term growth rates. However, our finding cannot be generalized beyond the 2008-2009 financial crisis as excessive
exchange rate volatilities observed in Figure 2 do not open another causal channel running from volatility to real GDP. Second, it
is theoretically reasonable that the causal channel emerges at the end of the financial crisis since industrial production is expected
to react with a delay to changes in the financial environment as a result of high adjustment costs to production (Bjornland, 2009;
Barnett et al., 2016; Kim and Lim, 2018; Peersman and Smets, 2001; Kim and Roubini, 2000).

Table 12. Time-varying Granger Causality Test and Reported Causal Episodes, w=48

[ FEW Algorithm | ROW Algorithm
VOL >>>PROD | | 1) 2009:M4-2009:M7 and 2010:M3-2010:M4
VOL >>> INF 1) 2006:M1-2008:M11 | 1) 2006:M1-2008:M11
2) 2018:M10-2019:M3
3) 2022:M1-2022:M2

Note: The dates include the causal episodes that Wald test statistics exceed 5% critical values.

The causal effects of volatility on inflation and interest rates are almost identical to those obtained in Figure 1. The causal channel
from volatility to inflation is again more sustained than causality from volatility to real GDP. Similarly, both test procedures still
identify a causality for most of 2008 while the ROW results detect additional two causal episodes: 2018:M10-2019:M3 and
2022:M1-2022:M2. This result is particularly of interest because it suggests that monetary factors have more predictive power on
nominal aggregates than real aggregates irrespective of the window sizes. Finally, there is still no support for the argument that
volatility is predictive of interest rates. Consequently, the causality results running from volatility to inflation and interest rates are
robust to the selection of different minimum window sizes.

Concluding Remarks

This paper investigates the causal relationship running from exchange rate volatility to the three macroeconomic variables: real
GDP, inflation and interest rate using monthly Turkish data. Exchange rate volatility is measured by Nelson’s (1991) exponential

6 The Wald test statistics and 5% critical values were also recomputed with even a shorter window size of 36 months as a robustness check. The conclusions drawn from the graphical
examination are identical to those obtained from a minimum window size of 48 months. More specifically, the ROW test again identifies a causality




Tumturk, O., Key Macroeconomic Variables under Exchange Rate Volatility: Time-Varying Causality in the Presence of Structural Breaks and Nonlinearity

GARCH model to capture the asymmetric characteristic of volatility. Significant and negative asymmetry parameter suggested that
the negative unexpected news in Turkish foreign exchange market generates more volatility than positive unexpected news. This
result is quite consistent with what has been observed in the Turkish foreign exchange market. We then conducted the classical
constant parameter Granger causality analysis. In the presence of empirically documented structural breaks and nonlinearities, the
time-varying Granger causality analysis with the recursive estimation methods is also employed. The results obtained from the
Granger causality framework can be summarized as follows:

i. Comparing the constant parameter and time-varying Granger causality test results showed that ignoring the presence of
parameter instability and nonlinearity leads to incorrect statistical and economic inferences.

ii. Exchange rate volatility is not the Granger-cause of interest rates. This result is robust to conducted classical or time-varying
causality tests and different selections of minimum window sizes. Our finding is completely reasonable since the CBRT uses its
foreign exchange reserves and foreign exchange swaps to offset the adverse effects of excessive exchange rate shocks. As a result,
we can expect volatility to be more likely to have predictive power for foreign reserves.

iii. We empirically showed that the causality periods running from volatility to inflation appear when the exchange rate is
excessively volatile. Hence, we can conclude excessively volatile exchange rate is predictive of inflation. The causal channel
opens when Turkey exhibits political and economic policy changes and suffers from increasing economic uncertainties during
the financial crises. The causality running from volatility to inflation is more sustained than causality from volatility to real GDP
irrespective of the size of the windows and selected recursive estimation algorithm. This result also implies that monetary factors
have more predictive power on nominal changes in the economy than real changes.

iv. The CBRT must decisively adhere to the CBRT Law and maintain its independence in order to ensure price stability because
the unconventional monetary policy dictated to the bank by the government is itself the source of inflation.

v. When we expand the minimum window size, the predictive power of exchange rate volatility for real GDP weakens and
volatility almost never precedes real GDP. However, this result is not robust to the selection of shorter minimum window sizes.
When the selected minimum window size is reduced, exchange rate volatility appears to have more predictive power for GDP. This
result can be explained by distinction between short-run and long-run determination of output. That is, determination of output
level can be well-explained by real variables over the longer run; however, monetary factors can produce shorter run real impacts.

vi. Volatility is predictive of real GDP at the end of the 2008-2009 financial crisis. The causality appears toward the end of
the crisis due to the high adjustment costs to production. This result cannot be generalized beyond the 2008-2009 financial crisis
because excessive exchange rate volatilities observed in the following periods do not open another causal channel running from
volatility to real GDP. Since the shorter minimum window size detects the causal episode around the 2008-2009 financial crisis,
we can suggest that the volatility of the exchange rate in Turkey has been preceded by 2008-2009 financial crisis.

Table 13. A1: Data Definitions and Sources

Variables Abbreviation Source

Nominal Effective Exchange Rate NEER Federal Reserve Bank St. Louis (FRED)

(2015:100)

Volatility of Exchange Rate VOL EGARCH(1,1)

Inflation INF The inflation variable is calculated as the
logged difference of CPI data (2015:100).
CPI data is obtained from the FRED
database.

Interest Rates IR It is the discount rate of the CBRT and
obtained from the bank’s electronic data
delivery system (EDDS)

Industrial Production Index, PROD FRED

(2015:100) (seasonally adjusted)

Note: All variables except the industrial production index are seasonally adjusted by the TRAMO-
SEATS seasonal adjustment method. The industrial production index is available in a seasonally
adjusted format in FRED database.

Table 14. A2:Eigenvalue Stability Condition

Eigenvalue Modulus
0.974 0.974
0.853 0.853
0.561 0.561
0.012 0.012

Note: VAR(1) satisfies the stability condition as all the eigenvalues lie inside the unit circle
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ABSTRACT

This research discusses the causal relationship among the exchange rates, 10-year bond yields, and Central Bank policy rates with
regard to the countries known as the Fragile Five (F5) by comparing them to global indicators such as gold, Bitcoin price, and
the Volatility Index (VIX). The study takes into consideration the bond yields, exchange rates, and interest rates of Tiirkiye, India,
Indonesia, South Africa and Brazil in terms of their causal relationship with one another. The study also identifies some causal
relationships among gold, bitcoin, and VIX with each other as global indicators by using the Toda Yamamoto approach to the
Granger causality test. This study has arrived at the conclusion that a causal relationship exists between exchange rates and interest
rates for Tiirkiye, Indonesia, and South Africa but not for Brazil or India. VIX is the most significant variable, as it is affected by
seven different variables, including policy rates and different exchange rates. In addition, none of the variables are seen to Granger
cause bitcoin’s price.

Keywords: Causality, Toda Yamamoto Analysis, Exchange Rate, Interest Rate, Bond Yield, VIX
JEL Kodu / JEL Code: F30, F62, J52

Introduction

Morgan Stanley published an economic report in 2013 that looked at countries’ current account deficits in relation to GDP
rates. The majority of the countries were rated according to their sentimentality to capital inflows. In this report, Tiirkiye, Brazil,
Indonesia, India and South Africa were mentioned as the Fragile Five (F5) because these countries are more dependent on foreign
financing and foreign resources. As aresult, their economies are greatly affected by global crises and global developments (Morgan
Stanley, 2013).

The primary reasons for concentrating on the F5 are as follows. First of all, these countries have encountered more massive asset
price drops than other emerging countries over the course of the recent strong rise in worldwide risk aversion. Secondly, these
countries encountered notable capital inflows after the global financial crisis of 2008. Furthermore, a correlation and relationship
are expected among these countries’ long-term bond yields, currency rates, and interest rates. While the international capital influx
is significant for emerging economies that rely heavily on foreign investment, investors’ mitigation of associated risk is essential
(Bayraktar et al., 2016), which is why this study has preferred to examine the countries of Brazil, Tiirkiye, Indonesia, South Africa,
and India.

While a change in global indicators may affect these countries’ economic indicators, so can a rise in fragility due to these
countries’ risk also affect their policy rates, exchange rates, and long-term interest rates. Many scholars have examined the
connection country risk has with exchange and interest rates, and the research outcomes show a broad spectrum of diversity on
account of the studied data frequencies, specific countries, different time periods, and utilized analysis method. Thus, interpreting
and assessing the results several researchers have reported would be reasonable in light of their exceptional research conditions
and aspects.

When considering this fact, few former studies are found to have tested the interrelationships among six different variables
combined over the example of the F5 economies. Moreover, the reaction of short-term and long-term interest rates and exchange
rates to internal as well as political and global economic advancements in the reporting countries seems to be more powerful in
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connection to other emerging countries. This case causes the F5 to be unprotected against rapid economic shocks. Exchange rate
volatility and interest rate instability also make the subject more notable for all the analyzed countries (Sen et al., 2020).

As one of the variables this article investigates, gold is frequently regarded as a safe haven asset and diversification hedge against
the supreme activity of stock indexes, especially in periods of political turmoil (Baur & Lucey, 2010). Akkoc and Civcir (2019)
highlighted the demand for gold to also be higher in Tiirkiye, India, and other emerging economies. In most countries, gold is
regarded as a safe haven asset in the face of that region’s economic and political turmoil. Also, a strong relationship exists between
exchange rates and gold prices, and any uncertainty regarding exchange rates could generate uncertainty around gold prices and
vice versa (Sari et al., 2010). Additionally, stock market crashes around the world increases the actual demand for gold in fragile
and emerging countries.

Another contribution of this article is the use of recent volatility indices presented by the Chicago Board Options Exchange
(CBOE). The CBOE Volatility Index (VIX) is regarded as an uncertainty index that intends to measure the economic prospect
of future volatility indicated by options pricing. VIX serves as a kind of key indicator for international investors, and VIX levels
influence investor decisions. The volatility in the stock and bond markets is indeed a result of stock market uncertainty according
to Chiang et al. (2015). Hence, gold, Bitcoin, VIX, and interest rates are linked to stock markets, particularly in countries that are
dependent on foreign financing such as the F5, whose stock markets and exchange rates have rather high uncertainty and volatility.

The outstanding and rapid rise in Bitcoin’s price has piqued the interest of many traders and investors, as well as researchers.
Whether this cryptocurrency market behaves as another primary factor that affects the commodity and stock markets is worth
investigating, especially in emerging economies. According to Bouri et al. (2017), Bitcoin is also a potential safe haven against
the steep plunges in Asian stock movements. Gulec et al. (2018) noted a causal link to be present between interest rates and the
price of Bitcoin alongside Bitcoin’s rising trend with market volatility. Several analyses in the literature have suggested the price
of Bitcoin to not only be affected by many variables such as VIX, interest rates, and exchange rates but to also be able to affect
these variables. Examining such effects in fragile economies has emerged as another significant contribution this paper makes to
the field.

The role of interest rates and exchange rates is another main concern that needs to be addressed when investigating any causal
relationship among the variables. The perception of financial risk toward these economies would also increase as interest rates
and currency rates start rising. In this manner, when interest rates and exchange rates change dramatically, the investors in these
countries start to find alternative investment opportunities such as gold and Bitcoin. Thus, revealing the relationships among these
countries’ main indicators is important.

This paper aims to investigate the effects of certain global indicators such as gold and Bitcoin prices and VIX on the F5’s
government bond yields, interest rates, and foreign exchange rates (FX with local currency converted to USD) using the correlation
matrix and the Toda-Yamamoto (1995) causality test over weekly data for the period of 1/1/2015-3/28/2021.

After the related research review discussed in Section 2, Section 3 will display the data construction and the methodology used
to figure out the relationship among the variables. Sections 4 and 5 will respectively involve the empirical findings and conclusion.

Most causality studies in the literature include countries’ relationships with stock exchanges, exchange rates, and global indicators.
Few researchers have included the central bank policy rate and bond yields of the F5 in their studies. The fragility risks these
countries have can be thought to be directly related to their policy rates and long-term interest rates (Sen et al., 2020). Additionally,
by integrating more significant variables and offering more thorough research, this study seeks to resolve this deficiency in the
literature. In this respect, the study aims to yield a current analytical view while contributing to the literature and drawing the
interest of decision makers.

Literature

Previous studies have employed various sampling and analytical procedures to explore the causal relationship among countries’
financial indicators. This section will first mention the empirical findings on bitcoin, gold, and global indicators, then discuss some
studies on the F5 that had used similar variables as those conducted in this research.

Mensi et al. (2019) investigated the relationships among Middle East and North Africa (MENA) stock markets, gold, oil, VIX,
and Bitcoin using a wavelet-based dependence-switching copula method, thus indicating a considerable tail dependence between
the basic parameters and the MENA stock markets. Their findings suggested Bitcoin, gold, and VIX to be able to function as hedge
assets long term. Korkmaz (2018) used the Toda-Yamamato causality test and the generalized supremum augmented Dickey-Fuller
(GSADF) test for Tiirkiye between 2011-2018 and concluded returns for the dollar, gold, and the euro to affect bitcoin’s returns.
Kocgoglu et al. (2016) conducted the Johansen cointegration analysis and Pearson correlation matrix and were unable to find any
significant relationship with Bitcoin or other currencies. Gulec et al. (2018) discovered a substantial correlation between interest
rates and Bitcoin price using the Johansen cointegration analysis for the period of 2012-2018.
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Korap (2008) investigated the exchange rate determinations between the Turkish Lira (TL) and USD using the cointegration
approach. Korap used the variables of short-term interest rates, TL and USD conversion rates, M2 money supply, GDP, and
one-year treasury rate for Tiirkiye and the USA between 1987-2006 and concluded the nominal exchange rate to be cointegrated
with the other variables. Bilgehan (2018) identified the causal relationships between the E7 countries’ stock markets using the
Toda-Yamamoto causality test and stated causal relations to weaken as the distance between geographical regions increases. Ucan et
al. (2014) explored the exchange rate determinations in F5 using the Johansen-Juselius cointegration analysis. Their results showed
cointegration to occur between the money supply and exchange rate and between GDP and the short-term interest rate. Sen et al.
(2020) applied the autoregressive distributed lag test for threshold cointegration method to explore the long-run interrelationships
among the variables of exchange rates, interest rates, and inflation in fragile EMEs. They supported the existence of a cointegrating
relationship between the exchange and interest rates for India, Tiirkiye, and Brazil but not for South Africa or Indonesia.

Using a structural vector autoregression model with daily data, Yildirim (2016) stated global economic risk shocks to have
significant effects on credit default swap (CDS) spreads, equity prices, government bond yields, and exchange rates in the F5.
Yildirim also reached the conclusion that global financial risks have a substantial impact on CDS markets and bonds issued in
national currency than on foreign exchange markets. Akin and Isikli (2020) examined the relationship among currency rates,
sovereign bonds, and sovereign credit risk premiums in the three F5 countries of South Africa, Tiirkiye and Brazil using the
Johansen cointegration test. The authors reached the conclusion that these factors greatly influence one another in these three F5
countries. On the long run, the CDS market, interest rates, and local currencies of these countries had comparable behaviors.

Method

The data generated for this research article were gathered from the investing.com and stooq.com website databases for the period
of 1/1/2015-3/28/2021. The weekly closing prices for each variable were converted to their natural logarithmic values for this study.
While not the preferred approach for interest rates, the use of logarithmic transformations for interest rates and other variables has
been studied in the literature. The method for using logarithmic transformations on interest rates is typically employed to achieve
linearity, enable analysis of relative changes, and address issues related to heteroscedasticity. This article also aims to remove the
scale effect between variables by taking the natural logarithm into account using the Toda-Yamamoto causality analysis method.
Table 1 provides an overview of the variables.

Table 1. Variable Overview

# Series Name Variable Description
1 | GOLDUSD Ingoldusd gold price (XAU/USD)
2 | VIX Invix CBOE Volatility Index
3 | BTCUSD Inbtcusd Bitcoin’s price (BTC/USD)
4 | CBPOLID InCBPOLID Central Bank Policy Rate (Indonesia)
5 | CBPOLIN InCBPOLIN Central Bank Policy Rate (India)
6 | CBPOLTR InCBPOLTR | Central Bank Policy Rate (Tiirkiye)
7 | CBPOLZA InCBPOLZA | Central Bank Policy Rate (S. Africa)
8 | CBPOLBR InCBPOLBR | Central Bank Policy Rate (Brazil)
9 |IDYBOND Inidybond 10-Year Indonesia Bond Yield (10INY.B)
10 | INDIABOND Inindiabond 10-Year India Bond Yield (10INY.B)
11 | TRYBOND Intrybond 10-Year Tiirkiye Bond Yield (10TRY.B)
12 | ZARBOND Inzarbond 10-Year S. Africa Bond Yield (10ZAR.B)
13 | BRAZILBOND Inbrazilbond 10-Year Brazil Bond Yield (10BRY.B)
14 | USDIDR Inusdidr Dollar / Indonesian Rupiah Exchange Rate
15 | USDINR Inusdinr Dollar / Indian Rupee Exchange Rate
16 | USDTRY Inusdtry Dollar / Turkish Lira Exchange Rate
17 | USDZAR Inusdzar Dollar/ South African Rand Exchange Rate
18 | USDBRL Inusdbrl Dollar / Brazilian Real Exchange Rate

The Toda-Yamamoto Approach to Granger Causality

Ordinary Granger causality tests for an unconstrained vector autoregression (VAR) relies on the presumption that principal
variables are steady, namely 1(0). The stability criterion of VAR is deemed to have been violated when the time series follow no
stationary pattern. Cointegration ought to be identified when dealing with non-stationary time series; if cointegration is observed,
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then the vector error correction model (VECM) should be performed in place of the basic unconstrained VAR. If the series are
found to not be integrated at the I(1) level or found to be integrated at different levels, a long-term interaction analysis can fail.
Cointegration tests and unit root tests can also result in a loss of power in the series (Ghosh & Kanjilal, 2009).

Furthermore, the employment of difference values can lead to information loss. Toda and Yamamoto (1995) developed a
procedure to remove the concerns monitored in the conventional Granger causality test. They employed the modified Wald
(MWald) test to restrict the variables of the VAR model’s lag length k variable to the components of the VAR (k) system. The
unit root test is used to evaluate the variables’ maximum integration level (d,,,) in the Toda-Yamamoto approach (TY), and the
optimal lag length for the VAR structure is then raised by d,,, . Eventually, Granger causality investigation takes place in the VAR
(k + d;uax) concept, which ensures the asymptotic distribution of the modified Wald statistic even in the presence of cointegration.
As Toda and Yamamoto stated, regardless of if a series is I(0), I(1), or I(2) or cointegrated at any order or not, the modified Wald
statistic will remain valid.

As the TY technique only requires the VAR to be at level values, it does produces no loss risk in the information that could be
experienced in the difference process. Hence, the TY procedure can be used as another long-term measurement. The TY approach
to the Granger causality test involves the prediction of the subsequent models.

k+dmax k+dmax
Xi = a0+ Z X1 + Z @3Y_i+ 11 (1)
i=1 i=1
k+dmax k+dmax
Y, =5+ Z BoYr1 + Z B3Xi—i+m2 )

i=1 i=1

In these equations, X; and Y; symbolize the investigated variables. This model requires each variable to be regressed over one
another using a set of lags ranging from 1 to k + d,;,4x, Where 77 and 1, state the error terms, k indicates the highest achievable
quantity of lags, and d represents the integration degree of the variables (Bilgehan, 2018).

Having determined the maximal order of integration and the optimal lag length, a VAR model should be constructed with total
of (k+dnqx) lags in their levels. For the first equation involving X, Y does not Granger cause X if the parameter @3 = 0 fori < k.
Similarly for the second equation involving Y, X does not Granger cause Y if the parameter 3 = 0 fori < k.

The significance of the modified Wald statistics in both the hypotheses specify the rejection of the null hypothesis of non-
Granger causality from Y to X or vice versa. This states the presence of Granger causality between the variables. Here, note
that the additional lags (d) are not restricted. When conducting causality tests between integrated variables, Toda and Yamamoto
(1995) asserted that their goal is to ensure that the asymptotical critical values can always be applied.

Unit Root Test

The degree of integration of the variables in the analysis is the initial issue that must be identified in a time series analysis.
The augmented Dickey-Fuller (ADF) test and Phillips-Perron (PP) unit root test are used mostly for this aim. As said above, the
TY causality test disregards whether the variables have a unit root. Indeed, the unit root test is utilized to identify the maximal
stationary degree (stated as d,;,4x). The ADF test statistic for a time series is represented by the following equation:

AY; =& +6Y, | + z;’zl (ajAY,_) + Bt +w, 3)

where ¢ is the equation’s drift term, t indicates the time trend, and d is the longest possible lag. The above equation is employed
to predict whether ¢ = 0 or not. Using ¢’s accurate estimation divided by the standard error, one can calculate the ADF test statistic.
If the Fuller table’s critical value is greater than the computed ADF statistic, then Y is considered to be integrated of order zero
(i.e., stationary; Bahmani-Oskooee, 1993).

The unit root’s null hypothesis can be expressed as Hy: ¢ =0 (the series features a unit root) while the alternative hypothesis is
represented as Hp: ¢ #0 (the series is stationary). The standard unit root tests conducted by Dickey and Fuller (1979, 1981) and
Phillips and Perron (1981) should not consider the influence of structural breaks in the time series. However, the majority of time
series exhibit structural breaks, which weakens the credibility of the study results.

Zivot and Andrews (1992) later developed a unit root test permitting a single structural break that is defined internally. The
Zivot-Andrews test can be used in order to consider the possible structural breaks in a selected series that may give biased results
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when traditional tests are applied. In the Zivot and Andrews test, structural breaks are properly considered with regard to intercept,
trend, or both. Allowing for one structural break while evaluating the unit root hypothesis may prevent results from being biased
in favor of a unit root, and this test may also specify the timing of the structural break.

Findings

This study, first found the correlation coefficients to measure the basic relationships among the variables. Table 2 shows the

Pearson correlation matrix.

Table 2. Pearson Correlation Matrix

Pearson Correlation Matrix
1] 2] 3] 4 s[ e[ 7] 8] o] mo] m] 12] 3] 14] 15] 16] 17] 18

1|GOLDUSD 1.00

2| VIX 0.52| 1.00

3[BTCUSD 0.71] 0.21{ 1.00

4|CBPOLID -0.66|-0.12(-0.80| 1.00

5|CBPOLIN -0.94|-0.49(-0.78| 0.77| 1.00

6|/CBPOLTR 0.20] 0.09( 0.55]-0.08[-0.20{ 1.00

7|CBPOLZA -0.78]-0.59|-0.41)| 0.41] 0.78)-0.02] 1.00
8|CBPOLBR -0.90|-0.51)-0.86| 0.70| 0.91)|-0.43| 0.78] 1.00
9|IDYBOND -0.55| 0.14)-0.56| 0.71] 0.50| 0.08| 0.26| 0.46[ 1.00

10|INDIABOND [-0.81]-0.32|-0.56[ 0.70| 0.85]|-0.02| 0.59| 0.66| 0.53| 1.00
11| TRYBOND 0.30] 0.17f 0.72]-0.38(-0.40( 0.82(-0.12{-0.57| 0.03[-0.13| 1.00

12|ZARBOND 0.29] 0.44( 0.25]-0.33[-0.42( 0.01{-0.22[-0.30| 0.11|-0.33[ 0.29[ 1.00

13|BRAZILBOND [-0.82|-0.28|-0.81| 0.64| 0.79(-0.46| 0.44| 0.82| 0.52| 0.73[-0.49|-0.12[ 1.00

14|USDIDR 0.46] 0.58[ 0.60|-0.33[-0.54| 0.55[-0.39[-0.66| 0.18]-0.26] 0.77[ 0.56|-0.48|1.00

15| USDINR 0.73] 0.61] 0.64|-0.44(-0.78] 0.52|-0.56(-0.78/-0.02]|-0.57| 0.64| 0.56|-0.68]0.79]|1.00

16| USDTRY 0.79] 0.44| 0.88|-0.64|-0.84| 0.64|-0.56({-0.92|-0.28]|-0.61| 0.78| 0.38]|-0.83]|0.79]0.88] 1.00
17|USDZAR 0.59] 0.60| 0.35]-0.25[-0.65]| 0.19]-0.47(-0.52| 0.10|-0.55[ 0.37] 0.74|-0.42|0.61]0.82]0.61{1.00

18| USDBRL 0.79] 0.68[ 0.62|-0.45[-0.86[ 0.34[-0.78[-0.84|-0.09]-0.61| 0.51| 0.54[-0.59[0.75]|0.89] 0.83 0.81| 1.00

The pairwise correlation for the GOLDUSD and BTCUSD indices is practically high and positive. Furthermore, GOLDUSD
and BTCUSD have a very high negative correlation with the Central Banks’ policy rates except in Tiirkiye (CBPOLR). BTCUSD
also has a strong positive correlation with the Turkish Lira (USDTR). GOLDUSD and BTCUSD can be said to have a positive
correlation with the F5’s exchange rates. These results suggest that Bitcoin and gold demand can be said to be higher in these
fragile five countries due to the higher fragility of these countries’ exchange rates.

The table also can show how Tiirkiye is negatively differentiated from the other F5 countries in terms of correlations regarding
interest rate policy. In 2017, while other countries had made changes to their interest rates, the Central Bank of Tiirkiye kept its
interest rate constant for a long time; later faced with the exchange rate crisis in 2018, Tiirkiye had to increase the interest rate
considerably more than other countries. Due to inflationary pressures, a higher interest rate policy was followed in 2019 and 2020
compared to the other F5 countries. Therefore, Tiirkiye can be said to differ from other countries with regard to interest rate policy.
However, these countries can be said to have a generally positive relationship with each other in terms of their currencies. For
example, the Indian Rupee (USDINR) exhibits a strong positive correlation with the Turkish Lira (USDTRY, 0.88), the South
African Rand (USDZAR, 0.82), the Brazilian Real (USDBRL, 0.89), and the Indonesian Rupiah (USDIDR, 0.79).

When considering the long-term bond yields, both gold and Bitcoin are seen to be negatively correlated with BRAZILBOND
and INDIABOND while positively correlated with TRYBOND and ZARBOND.

Table 3 shows the ADF and PP test results. The ADF test results in this table indicate the first differences to appear to have been
stationary and the majority of the series to include unit roots. While the Inzarbond, Inusdidr, and Inusdtry series are found to be
1(0), namely stationary at level, the unit root is present in each of the other variables and thus are I(1). The Zivot-Andrews unit
root test results are presented in Table 4.

According to the Zivot-Andrews test results for Model C (containing intercept and trend) at a significance level of p < .05, the
level value for the Invix, InCBPOLZA and Inusdidr series does not contain a unit root due to the absolute value of the test statistic
being greater than the critical value (5.08). These variables are said to be stationary at the level and thus are 1(0). While taking
the first differences of the other variables, they are seen to become stationary at both levels of significance. Therefore, these other
variables are said to be I(1).

The results of the ADF and PP unit root tests, as well as the Zivot-Andrews unit root test which take into account structural
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Table 3. ADF and Phillips-Perron Unit Root Test Results

ADF Unit Root Test Results Phillips-Perron Unit Root Test Results
Varile | Zrvstve | PG onder of | povalue ar| PUEEES | Order of
difference gration level difference integration
Ingoldusd 0.4357 0.01 I(1) 0.8384 0 I(1)
Invix 0.06871 |0.01 I(1) 0.0018 0 1(0)
Inbtcusd 0.6477 0.01 I(1) 0.9582 0 I(1)
InCBPOLID | 0.828 0.01 I(1) 0.8404 0 I(1)
InCBPOLIN | 0.9565 0.01 I(1) 0.9618 0 I(1)
InCBPOLTR |0.7222 0.01 I(1) 0.7472 0 I(1)
InCBPOLZA |0.9156 0.01 I(1) 0.9925 0 1(1)
InCBPOLBR |0.6188 0.04609 I(1) 0.9989 0 I(1)
Inidybond 0.2186 0.01 I(1) 0.1441 0 I(1)
Inindiabond | 0.7146 0.01 I(1) 0.7048 0 I(1)
Intrybond 0.3682 0.01 1(1) 0.527 0 I(1)
Inzarbond 0.01 0.01 1(0) 0.0035 0 1(0)
Inbrazilbond | 0.6233 0.01 I(1) 0.6408 0 I(1)
Inusdidr 0.02444 |0.01 1(0) 0.0529 0 I(1)
Inusdinr 0.3646 0.01 I(1) 0.5886 0 I(1)
Inusdtry 0.03135 |0.01 1(0) 0.88 0 I(1)
Inusdzar 0.3039 0.01 I(1) 0.1633 0 I(1)
Lnusdbrl 0.7098 0.01 I(1) 0.8275 0 I(1)
Ho: Unit root (individual unit root process) with 5% significance level.

breaks enables one to determine most of the variables to be stationary at the first difference and their highest level of integration
to be 1. Consequently, the VAR (k +d,,,x ) model can measure the maximal degree of integration as d,;4x = 1.

Table 4. Zivot-Andrews Unit Root Test Results

Variable t-Statistic at Break Point t-Sta.tistic at first Break Point | . Order f’f
level difference integration
Lngoldusd -3.62 22.04.2018 -18.64 29.03.2020 |[I(1)
Lnvix -6.25 23.02.2020 -15.44 5.04.2020 1(0)
Lnbtcusd -2.67 5.08.2018 -19.95 24.12.2017 |1(1)
InCBPOLID -4.53 10.06.2018 -5.38 10.06.2018 |1(1)
InCBPOLTR -4.98 17.06.2018 -17.77 11.08.2019 |[I(1)
InCBPOLZA -6.44 5.04.2020 -9.7 5.04.2020 1(0)
InCBPOLBR -2.91 2.12.2018 -20.15 5.04.2020 I(1)
Inidybond -4.05 22.04.2018 -17.99 12.04.2020 | I(1)
Inindiabond -3.87 10.09.2017 -17.2 12.04.2016 | I(1)
Lntrybond -3.66 6.05.2018 -11.2 19.05.2019 |I(1)
Inzarbond -4.87 19.01.2020 -20.66 12.04.2020 |[I(1)
Inbrazilbond -3.33 19.05.2019 -19.22 22.03.2020 |[I(1)
Lnusdidr -5.36 15.04.2018 -7.66 16.02.2020 | 1(0)
Lnusdinr -3.06 29.01.2017 -17.2 14.01.2018 |1(1)
Lnusdtry -4.72 6.05.2018 -6.72 30.09.2018 |I(1)
Lnusdzar -3.65 1.03.2020 -18.81 24.01.2016 |I(1)
Lnusdbrl -3.7 28.02.2016 -17.23 10.07.2016 | I(1)
Ho: Has a unit root with a structural break in both the intercept and trend
*5% Critical Value = -5.08

In order to apply the Toda-Yamamoto (T-Y) procedure, the maximal degree of integration was first determined as d,;,,x = 1 after
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applying the unit root tests. Secondly, the 2-equation VAR model was set up to contain an intercept in each equation in the levels of
the data. Next, the optimal lag length for the VAR (k + d,;;4) model can be evaluated in accordance with the different information
criteria as shown in Table 5. However, after investigating the residuals and applying the Lagrange multiplier (LM) test for serial
independence against the alternative of AR(k)/MA(k), for k = 1, ..., 12, a serial correlation problem appears.

Table 5. Lag Order Selection Criteria

Lag LogL LR AIC SC HQ
0 7,001.345 NA -44.4799 -44.26497 -44.39402
1 13,505.26 12,220.72 -83.84239 -79.75866* -82.21061*
2 13,867.38 638.9088 -84.08523 -76.13269 -80.90754
3 14,198.2 545.7471 -84.12866 -72.30733 -79.40508
4 14,477.05 428.0363 -83.84105 -68.15092 -77.57156
5 14,803.63 463.8742 -83.85751 -64.29858 -76.04212
6 15,110.01 400.0564 -83.74531 -60.31758 -74.38402
7 15,416.99 365.6388 -83.63691 -56.34037 -72.72971
8 15,767.17 376.942 -83.80364 -52.6383 -71.35054
9 16,218.49 434.0714 -84.61459 -49.58045 -70.61559
10 16,699.88 407.8015%* -85.61707 -46.71413 -70.07217
11 17,160.61 337.4796 -86.48798 -43.71624 -69.39718
12 17,750.08 364.1944 -88.17887* -41.53833 -69.54217
* indicates lag order selected by the criterion

Table 6 shows that this serial correlation could be abolished (at least at the 5% level of significance) by increasing the maximum
lag lengthto k= 11.

Table 6. VAR Residual Serial Correlation LM Tests

Lags LM-Stat Probability*
1 576.6641 0
2 463.4742 0
3 391.6024 0.0059
4 473.6594 0
5 404.0489 0.0016
6 453.1946 0
7 392.2522 0.0056
8 403.0982 0.0018
9 412.5801 0.0006
10 368.1532 0.0458
11 365.5343 0.0556 fimax =11
12 353.5896 0.1241
Ho: no serial correlation at lag order h. *Probabilities from chi-square with 324 degrees
of freedom.

Figure 1 indicates the estimated model to also be dynamically stable, as any inverse root of the characteristic polynomial linked
to the model is located exactly inside the unit circle. As a matter of fact, the VAR model is well specified.

Because d,;,ox = 1, the VAR levels can be re-estimated with an additional lag for each variable in each equation. Rather than
reporting the lag interval for all endogenous variables from 1-12 (d,,qx + k), the interval at 1-11 can be used, and the additional
(i.e., 12th) lag of each variable can be reported as an exogenous variable. In this case, the parameters of such additional lags won’t
be implicated while dealing with the Wald tests. If the lag interval could be specified as being from 1-12, the coefficients for these
twelve lags would later be implicated in the Wald tests, and that is incorrect. Due to the Wald test statistic appearing to lack its
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Figure 1. The inverse roots of the AR characteristic equation

ordinary asymptotic chi-square null distribution, all parts of the test have 11 degrees of freedom (i.e., k = 11). The additional 12th
lag has not been counted in the tests (Giles, 2011). Ultimately, the Granger non-causality test was undertaken. The findings from
the TY causality evaluation are presented in Table 7.

Table 7. Summary of the Causality Test Results

CBPOLID, CBPOLTR, CBPOLZA => | GOLDUSD
CBPOLID, CBPOLTR, CBPOLBR, BRAZILBOND, USDIDR, | = | VIX
USDTRY, USDBRL

VIX, CBPOLZA, TRYBOND, USDIDR, USDTRY => | CBPOLIN
CBPOLIN, INDIABOND, TRYBOND, BRAZILBOND, => | CBPOLTR
USDTRY

TRYBOND, ZARBOND, BRAZILBOND, USDTRY, USDZAR => | CBPOLZA
CBPOLZA => | CBPOLBR
VIX, BTCUSD, CBPOLZA, TRYBOND, BRAZILBOND, => | IDYBOND
USDIDR, USDINR, USDTRY, USDBRL

GOLDUSD, IDYBOND, INDIABOND, USDIDR => | TRYBOND
USDIDR => | ZARBOND
CBPOLID, CBPOLIN, CBPOLZA, CBPOLBR, => | BRAZILBOND
TRYBOND, USDINR

GOLDUSD, => | USDIDR
VIX, USDIDR, USDZAR => | USDINR
CBPOLTR => | USDTRY
ZARBOND, USDIDR => | USDZAR
Note: => shows causality relationship at the 5% significance level.

None of the variables were found to Granger cause BTCUSD at the 5% level. Only CBPOLTR was found to Granger cause
BTCUSD at the 10% level. This result confirms some previous similar studies about Bitcoin. Al-Khazali et al. (2018) discussed
Bitcoin as not being strongly interrelated to macro-developments due to Bitcoin returns’ low predictability and higher volatility
after macroeconomic shocks. According to their study, cryptocurrencies behave more like a risky asset than a safe haven investment
tool. For Tiirkiye, however, Bitcoin may act more as a safe haven asset against interest rates. According to Taskinsoy’s (2019)
study, cryptocurrencies are known for their highly volatile nature. However, the significant depreciation of the Turkish lira by 87%
against the dollar between January 1 and August 2018 surpassed even the most erratic volatilities observed in cryptocurrencies.
This situation led to the perception that Bitcoin could be considered a safe haven asset and an effective hedge against exchange
rate shocks.
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The authors of another research study (Stensds et al., 2019) indicated Bitcoin to act as a hedge for investors in the majority
of developing nations. In developed nations and for those investing in commodities, however, Bitcoin served primarily as a
diversification tool rather than a hedging instrument.

In addition, none of the variables Granger cause CBPOLID, INDIABOND, or USDBRL at the 5% level. According to Table
7, the central bank policy rates of Indonesia, Tiirkiye, and South Africa (CBPOLID, CBPOLTR, CBPOLZA) can be said to have
an effect on gold prices, although not as much as other global factors. This result parallels those from previous studies suggesting
that many financial indicators may exist that determine gold prices, such as interest rates, inflation rates, and the prices of other
securities (Ghosh et al., 2004). Investors usually believe that low interest rates cause higher gold prices, because treasury debt loses
its advantage over precious metals like gold as an investment when interest rates are quite low, and a higher interest in gold can be
seen, which drives prices higher. This article also shows that this condition is true for three countries. This negative relationship
is similar to the results found from the correlation matrix in Table 2 except for Tiirkiye.

A bilateral relationship was also statistically determined to exist between IDYBOND and TRYBOND. In addition, a bilateral
relationship was confirmed between the Turkish Lira (USDTRY) and interest rates in Tiirkiye (CBPOLTR). In the short run, the
volatility of USDTRY affects the short-term interest rate of three countries (CBPOLTR, CBPOLIN, CBPOLZA).

INDIABOND, TRYBOND, and BRAZILBOND affect CBPOLTR, while TRYBOND, ZARBOND, and BRAZILBOND affect
CBPOLZA. South Africa’s interest rate (CBPOLZA) affects the interest rate of India (CBPOLIN) and Brazil (CBPOLBR); it
also influences Indonesia’s 10-year bond yield as a long-term interest rate (IDYBOND), as well as Brazil’s long-term interest rate
(BRAZILBOND). Thus, a bilateral causal relationship exists between BRAZILBOND and CBPOLZA.

Conclusion

A major issue that one must address when investigating the causal relationships among variables is the role of interest and
exchange rates. As interest and exchange rates rise, so does the perception of financial risk in emerging markets. As a result,
when interest rates and exchange rates change significantly, investors in these countries initiate looking for alternative market
opportunities such as gold and Bitcoin. As an outcome, uncovering the relationships between such countries’ leading factors is
crucial.

As a consequence of this study, some applicable knowledge has been acquired for financiers who want to take advantage of
investment opportunities and apply arbitrage transactions between international exchanges. A bilateral relationship was statistically
determined to exist between IDYBOND and TRYBOND, between BRAZILBOND and CBPOLZA, and between the Turkish Lira
(USDTRY) and Tiirkiye’s interest rate (CBPOLTR). The change in price and volatility of the Turkish lira strongly depends on the
Central Bank of the Republic of Tiirkiye’s interest rate decisions. A positive relation was also found to exist between USDTRY
and CBPOLTR based on the correlation matrix, contrary to real expectations. However, this result is similar to those in previous
studies in the short-run. Namely, Durmus’ (2016) study carried out in Tiirkiye determined a unidirectional causality interrelation
between the foreign exchange rate and interest rates. Similarly, Ucan et al. (2014) demonstrated the presence in fragile emerging
economies of cointegration between the money supply and the exchange rate, as well as with the short-term interest rate.

VIX is the most significant variable to be affected by seven different variables such as policy rates and different exchange rates
while affecting CBPOLIN, IDYBOND, and USDINR. Given the period, USDIDR (Indonesian Rupiah) is the variable with the
most effect over the other seven variables while being influenced by only the gold price.

When comparing the exchange rates of the fragile five countries, USDZAR and USDIDR affect only USDINR, while USDIDR
affects USDZAR. What’s more, not much of a causal relationship was found between the different exchange rates, hence some
arbitrage conditions can be found among the five countries’ exchange rates. One significant implication of this finding is that
opportunities may exist for arbitrage regarding the Turkish Lira and certain currency pairs, indicating potential inefficiencies in
the foreign exchange market. This highlights the distinct characteristics and dynamics of Tiirkiye’s exchange rate compared with
other F5 countries. Further research and analysis will be needed to understand the specific factors contributing to this divergence
and its implications for fragile economies. When looking at the long-term bond yields, a bilateral relationship exists between
TRYBOND and IDYBOND, while only a one-way causal relationship could be seen between BRAZILBOND and IDYBOND.
In addition, TRYBOND is influenced by INDIABOND while also influencing BRAZILBOND. No causal relationship was found
between ZARBOND (S. Africa Bond Yield) and the other countries’ bond yields.

As a result of this study, these causal relationships appear to decline as the geographical distance between countries rises.
According to this viewpoint, the causality relationship between India and Tiirkiye is the strongest, whereas the causality relationship
between Brazil and Indonesia is the weakest.

Another concluding remark concerns the connection between currency exchange rates and interest rates. Because the F5 are
particularly import-dependent countries, their interest rates are influenced by exchange rates. The findings above support the
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existence of a causal relationship between interest rates and exchange rates for Tiirkiye, Indonesia, and South Africa but not for
Brazil and India. The findings here are fairly consistent with both conceptual beliefs and the relevant empirical literary works.

In line with Akin and Isikli (2020), this study’s findings also indicate the investigated variables of the F5 to be substantially
influenced by one another. Essential economic policies should be developed to ensure the permanent stability of exchange rates and
interest rate indicators in these countries. To attract foreign investments and lessen the perception of risky countries, F5 countries
should also reduce their long-term interest rates gradually while simultaneously ensuring stability with their currencies.

The results from this research have some similarities and differences with regard to the types of relationships in the prior studies
carried out by Bilgehan (2018) and Sen et al. (2020). Their findings supported the presence of a cointegrating relationship between
interest rates and exchange rates for the case of Brazil, India, and Tiirkiye but not for Indonesia and South Africa. The underlying
cause of the differences could be the influence of time series that involve different periods of time, as well as the various index
types that were used for the observations and the different methodologies that were applied. Forthcoming research articles may
provide more consistent conclusions for policy makers by testing the results of this research with distinct approaches and by also
extending the study with investigations into short- and long-term relations using distinct methods.
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0Z

Iklim degisikliginin, kiiresel 1stnmanin ve cevresel bozulmanin bir nedeni olarak karbondioksit (CO,) emisyonlarindan olugan
sera gazlar1 gosterilmektedir. CO, yeryiiziine insan faaliyetleri nedeniyle yayilarak genellikle ¢cevreye zarar verir ve iklim degisik-
ligine veya kiiresel 1sinmaya yol acar. Bu sebeple CO, emisyonlarini etkileyen ekonomik ve ekonomik olmayan bir¢ok sosyal
faktor arastirmalara konu olmustur. Ancak ¢ogu arastirmada CO, emisyonlart konusunda hem ekonomik biiyiime hem de en-
erji kullanimi gibi ana faktorleri de etkileyen ekonomik belirsizlik dikkate alinmamustir. Bu calismada kisi bagia diisen CO;
emisyonlar1 ve bagta ekonomik belirsizlik (diinya belirsizlik indeksi ile 6l¢iilen) olmak iizere diger degiskenler arasindaki iliski
ele alinmistir. 14 OECD iilkesinin 2000-2021 yillar1 arasindaki verileri zamanla degisen katsayili parametrik olmayan panel
veri modeliyle incelenmistir. Trend fonksiyonlar1 ve parametrik olmayan katsay1 fonksiyonlar: tahmin edilerek dogrusal olmayan
sonuglara ulagilmigtir. Parametrik olmayan katsay1 fonksiyonlarinin CO;, emisyonlar iizerinde etkisi zaman icerisinde degisiklik
gostermektedir. Sonuclarimiza gore ele alinan donem boyunca ekonomik belirsizlik ile CO, emisyonlar1 arasinda ters yonlii bir
iligki bulunmaktadir ve zaman igerisinde diisiis egiliminde devam etmektedir. Kisi basina diisen GSYH, niifus ve yenilenebilir
enerjinin parametrik olmayan katsayilar1 zaman igerisinde negatif ve pozitif olarak degismektedir. Ticaret 2000’li yillarinda
basinda anlamsiz bir degisken olmasina ragmen 2009-2013 yillar1 arasinda anlamli bir degiskendir, ancak 2021 yilinda etkisi
tekrar anlamsizlagmustir.

ABSTRACT

Carbon dioxide (CO,) emissions and other greenhouse gases are one of the reasons for climate change, global warming, and
environmental degradation. CO; is distributed throughout the Earth’s surface by human activity and is often harmful to the
environment by causing climate change (i.e., global warming). Therefore, the literature has examined many economic and non-
economic social factors that affect CO, emissions. However, most studies, have ignored the economic uncertainty regarding CO,
emissions effects on main factors such as economic growth and energy use. This study, discusses the relationships per capita CO,
emissions has with other variables, especially economic uncertainty as measured by the World Uncertainty Index. This article
examines the relationship by utilizing the data for 14 OECD countries between 2000-2021 using a non-parametric panel data model
with time-varying coefficients. By estimating trend functions and nonparametric coefficient functions, the study’s results show
nonparametric coefficient functions on CO, emissions to vary with time. In terms of signs and significance, the nonparametric
coeflicient function for economic uncertainty had a significant negative effect over the 2000-2021 period. In addition, economic
uncertainty sustained a negative impact over time. The signs for nonparametric coefficients regarding GDP per capita, population,
and renewable energy were seen to fluctuate, alternating between negative and positive values over time. Although trade was
insignificant during the early 2000s, it became a significant variable between 2009-2013, while having no significant sustained
effect in 2021.
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EXTENDED SUMMARY

Problems such as environmental pollution, climate change, and global warming are among the leading issues that harm the
sustainable economic performance of developed and developing countries. The increase in carbon dioxide emissions (CO,) and
other greenhouse gases is considered one of the reasons for these problems. Greenhouse gases contribute to global warming
and change the climate on a global scale. Therefore, factors affecting CO, emissions have been investigated, with some policies
having been suggested. The literature emphasizes main factors such as growth, population, and energy use for countries or country
groups. Income (GDP per capita and economic growth) in particular has significant effects on the environment. The reason for the
effects from higher economic growth (i.e., per capita income) is that it increases CO, emissions. The environmental Kuznets curve
(EKC) has been used to model this effect. Namely, the EKC model shows GDP per capita to have an inverted U-shaped effect
on CO; emissions. In addition, high population density and energy consumption positively affect emissions. However, economic
uncertainty, which affects main factors such as economic growth and energy use, has not been considered with regard to CO,
emissions. Economic policy uncertainty damages the decisions of countries, firms, and individuals pertaining to renewable energy
and energy efficiency, thus leading to a continued dependency on greenhouse gas emissions. Therefore, this study investigates the
relationship between the Economic Policy Uncertainty (EPU) and CO, emissions.

This study aims to examine the relationship per capita CO, emissions have with the as measured by the World Uncertainty
Index (WUI), GDP per capita, population, renewable energy consumption, and trade. Because the is only calculated for developed
countries, the WUTI is also used to measure the index. The annual data of 14 OECD countries between 2000-2021 have been analyzed
using a nonparametric panel data model with time-varying coefficients. The model includes trend and coefficient functions, and
the local linear dummy variable (LLDVE) method is used to estimate how the functions change over time. First, the time-varying
coefficient functions are estimated to explain the relationship between the independent variables and CO, emissions. Second,
the common trend function is estimated for the whole panel data. Third, the model is extended to include country-specific trend
functions. In addition, a cross-country comparison is made by estimating the common trend function and country-specific trend
functions for the entire panel data. The study’s results show the relationship CO, emissions have with other variables in the model
change over time.

According to the study’s results that were estimated using the LLDVE estimation method, WUI exhibited a significant negative
effect on CO, emissions from 2000-2021, with the negative impact being ongoing since 2010. Hence, higher WUI reduces CO,
emissions and vice versa. The effects from per capita GDP and population on CO, emissions was found to vary with time.
The results show per capita GDP to have significant signs that vary between positive and negative over time. Although per
capita GDP had a positive effect from 2000-2013, the impact between 2013-2018 was negative and return topositive after 2018.
Similarly, population affected CO2 emissions both positively and negatively over time and increased CO, emissions after 2015 in
particular. Renewable energy consumption has a significant negative effect, decreasing CO, emissions between 2000-2020. The
estimated results on renewable energy confirm the need to use renewable energy and to recommend policies. However, the negative
effect became positive in 2020, and whether this effect remains positive over time should be investigated. Finally, no significant
relationship was found between CO, emissions and trade. In addition to country-specific trend functions, the individual trends of
CO; emissions for the US, Germany, Canada, and Japan exceed the common trend. This result indicates that countries contribute
more to emissions.

Giris

Iklim degisikligi hem gelismis hem de gelismekte olan iilkelerin siirdiiriilebilir ekonomik biiyiimelerine dnemli dlciide zarar
vermektedir. Tklim degisikliginin bir nedeni olarak karbondioksit ve diger sera gazlar1 gosterilmektedir (Wang vd., 2020). Sera
gazlari; fosil yakitlarin yanmasi, ormansizlagma ve hava kirliligi gibi bircok cevre sorunuyla birlikte biiyiik bir problem haline
gelmistir. Antonakakis vd., (2017), bu konudaki endiselerini ekonomik biiyiimeye yonelik insan ve enerji faaliyetlerinin iligkili
olmasina baglamustir. Literatiirde Cevresel Kuznets Egrisi teorisi (EKC) bu baglantida yaygin olarak kullanilmaktadir. Grossman
ve Krueger (1991) tarafindan yorumlanan EKC teorisine gore bir tilkedeki gelir artig1 enerji tiikketiminde artisa neden olmaktadir.
Dolayisiyla bu da kirlilik diizeyinin ve ¢evresel bozulmanin artmasina sebep olmaktadir. Yapilan bazi arastirmalar bu sonucu
dogrularken, kimi arastirmalar gelirdeki artigin enerji tiiketiminde ve karbon emisyonlarinda azalmaya neden oldugu goriistindedir
(Zakarya vd., 2015; Antonakakis vd., 2017).

Cevre kalitesini arastirmak ve ¢evresel bozulmay1 engellemek icin CO, emisyonlarinin ekonomik ve ekonomik olmayan belir-
leyicileri iizerinde durulmugtur. Ancak ekonomik biiyiimeyi engellemede ve iklim degisikligini hizlandirmada ekonomik belirsizlik
etkili bir faktor olarak karsimiza ¢ikmaktadir. Clinkii ekonomik belirsizlik, yenilenebilir enerji ve enerji verimliligi konusunda
tilkelerin, firmalarin ve bireylerin kararlarinda caydirici bir etkiye sahiptir. Bu da fosil yakitlara ve sera gazi emisyonlarina baglhiligin
devam etmesine neden olabilmektedir (Huang vd., 2023). Baker, Bloom ve Davis (2016) tarafindan ekonomik belirsizligi 6l¢mek

icin ekonomik belirsizlik indeksi (EPU) hesaplanmustir. Bu indeks, “ekonomi”, “politika”, “belirsiz” ve “belirsizlik” gibi ilgili ter-
imleri iceren gazetelerin haber sikligina dayanmaktadir. EPU ekonomik varliklarin, politika kararlarinin zamanlamasini, igerigini
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ve ekonomik sonuglarint tahmin edememesini ifade eder ve hem ekonomik biiylimede hem de kurumsal yatirimlarda azaltici bir
etkiye sahiptir (Baker vd., 2020; Giilen ve Ion 2016). EPU, CO; emisyonlariyla baglantili ekonomik birimlerin kararlarin etkile-
mekle birlikte, iklim ile ilgili kararlarda 6nemli etkilere sahiptir. Wang vd., (2020), EPU’nun CO; emisyonlar1 iizerindeki etkisini
yatirim ve tiiketim acisindan one siirerken, Baker vd., (2016) EPU’nun bir yandan tiim ekonomiye zarar verdigini ve durgunluktan
kurtulmay engelledigini 6ne siirmektedir. Daha yiiksek diizeyde bir belirsizlik, enerjisi yogun iiriinlerin tiiketimini sinirlayabilir ve
bu da CO; emisyonlarinda azalmaya yol ac¢tig1 gibi daha ucuz ve kirli enerji kullanimi da , emisyonlariin artmasina neden olabilir
(Jian vd., 2019). Ekonomik ve ekonomik olmayan bir¢ok sosyal faktor incelenmesinden sonra EPU’nun dikkate alindig1 bazi
caligmalar yapilmistir. EPU’daki artigin politikacilarin dikkatini siirdiiriilebilirlik konusundan uzaklastirmasi, ekolojik sonuglar
ve politikalar1 olumsuz bir sekilde etkiledigi {izerinde durulmustur. Diger yandan EPU’nun kisa donemde CO, emisyonlarini
diisiirdiigiinii ve dolayisiyla ekonomik biiyiime ve enerji tiiketimini de diisiirdiigii savunulmaktadir (Adedoyin ve Zakari 2020).
Yapilan caligmalardaki farkli sonuglar EPU’daki dalgalanmalarin cevresel bozulmalari arttirip azaltabilecegini gostermektedir.
Ancak EPU ile ilgili literatiir cevresel siirdiiriilebilirlik agisindan sinirhidir. Sonuglar ARDL, nedensellik ve egbiitiinlesme gibi
parametrik yontemler kullanilarak ortaya konulmustur. Parametrik modellerde, fonksiyonel form hakkinda bir 6n bilgi olmadig1
zaman yanlig tanimlamadan dolay1 tahminler sapmali ve tutarsiz olabilmektedir. Aym1 zamanda CO, ile EPU ve diger bagim-
s1z degiskenler arasindaki iliski de zamanla degisebilmektedir. Cevre dostu teknolojik gelismeler, yapisal degisiklikler cevreyi
korumak i¢i hiikiimet politikalarindaki degisiklikler gibi bir¢cok sebep buna yol agmaktadr.

Calismamizda EPU (diinya belirsizlik indeksi ile dl¢iilen) ve CO, emisyonlar1 arasindaki zamanla degisken iligkinin parametrik
olmayan bir sekilde incelenmesi amag¢lanmaktadir. Bu konu ile ilgili literatiir ¢evresel siirdiiriilebilirlik acisindan sinirhidir ve
gelismekte olan iilkeleri kapsamaktadir. Fakat EPU’nun sadece gelisen iilkeler ile sinirli olmasindan dolay1 ekonomik belirsizlik
indeksinin dlciilmesi i¢in Ahir, Bloom ve Furceri (2022) tarafindan hesaplanan diinya belirsizlik indeksi (WUI) kullanilmistir. Veri
seti, gelismis ve gelismekte olan 14 OECD iilkesini ve bu tilkelerin 2000-2021 yillar1 arasindaki yillik verilerini kapsamaktadir.
Parametrik olmayan tahmin yapmadan verilerimizin parametrik olmayan bir egilimde olup olmadigini test etmek icin parametrik
olmayan trend testi uygulanmistir. Daha sonra trend ve katsay1 fonksiyonlarinin bulundugu parametrik olmayan zamanla degisen
katsay1ili modelimizi tahmin etmek i¢in yerel lineer kukla degisken tahmin yontemi (LLDVE) kullanilmistir. LLDVE yontemi ile
hem tiim panel veri i¢in ortak trend fonksiyonu hem de her iilkeye 6zgii trend fonksiyonlari tahmin edilmistir. Bu sayede iilkelerin
ortak trend ve bireysel trend fonksiyonlarindaki farkliliklar karsilagtirilmagtr.

Bu ¢aligsma beg boliimden olugsmaktadir. Girig boliimiinden sonra yer alan boliimlerde literatiir, parametrik yontemler, parametrik
olmayan zamanla degisen katsayili modeller ve LLDVE yontemine yer verilmistir. Uygulama boliimiinde hem parametrik hem de
parametrik olmayan analizlerin sonuglar1 yer almaktadir ve sonuglar son boliimde 6zetlenmistir.

Literatiir

Literatiirde, belirli iilkeler veya iilke gruplari icin CO, emisyonlarim etkileyen ekonomik ve ekonomik olmayan bir¢ok faktor
incelenmig ve daha ¢ok ekonomik biiyiime, niifus yogunlugu ve enerji degiskenleri modellerde yer almigstir. Bu ¢alismalardan, Dong
vd., (2018)’e gore niifus yogunlugu ve ekonomik biiylime CO, emisyonlarini pozitif yonde etkilemektedir. Buna karsin Wang vd.,
(2019) calismalarinda ekonomik biiylimenin CO, emisyonlarini negatif yonde etkiledigini ve ABD’nin CO; seviyesinin 2007 ile
2016 yillar1 arasinda %12 oraninda azaldig1 sonucunu bulmuslardir. Bunun nedeni enerji verimliligindeki iyilesmeler, cevre dostu
yatirimlarin artmasi ve ig giicii verimliliginin artmasi, ekonomik biiyiimenin CO, emisyonlar iizerindeki olumsuz etkisini arttiran
ana faktorler olarak diisiiniilmesidir. G7 iilkelerinin ele alindigr Uddin vd., (2020), gelir esitsizligi ile CO, arasindaki iligkiyi
parametrik olmayan olarak incelemistir ve aralarinda zamanla degisen hem anlamli hem de anlamsiz bir iligki bulmuslardar.
Ote yandan ekonomik biiyiimenin ve gelirin yani sira enerji kullanimi da CO, emisyonlarin olumlu ve olumsuz bir sekilde
etkileyebilmektedir. Cowan (2014) belirli bir zenginlik diizeyine ulasildiginda, daha temiz enerji kaynaklarinin kullanilmasryla
cevresel bozulmanin azaldigini ifade etmistir. Buna karsilik, Jebli ve Youssef (2017), bes Kuzey Afrika iilkesi icin yenilenebilir
enerjinin etkilerini Granger nedensellik ve panel esbiitiinlesme testleriyle incelemis ve yenilenemez enerjinin CO, emisyonlari
tizerinde pozitif etkisinin oldugu sonucuna ulagmiglardir.

Bircok caligmada ekonomik ve ekonomik olmayan faktorlerin incelenmesinden sonra EPU’nun dikkate alindig1 bazi ¢alig-
malar yapilmigtir ve farkli sonuglar elde edilmigtir. Bu caligmalardan Jiang vd., (2019), nedensellik analizi yaparak EPU’daki
artisin CO, emisyonlarini arttirdif1 sonucuna ulagsmiglardir. Ciinkii EPU’daki bir artis politikacilarin dikkatini siirdiirtilebilirlik
konusundan uzaklastirmakta ve bu da ekolojik sonuglari ve politikalari olumsuz bir sekilde etkilemeye neden olabilmektedir. Yang
(2019), EPU’nun petrol fiyat1 soklarin1 6nemli dl¢iide etkiledigini ve aralarindaki nedensellik iliskisinin oldugunu gostermistir.
Sonuglarina gore daha yiiksek EPU seviyesinin neden oldugu tiiketici iiretimi ve insan émriindeki azalma, CO2 emisyonlarini
kismen azaltmaktadir. Ancak daha ucuz ve temiz olmayan enerjinin kullanimi1 CO, emisyonlarint arttirmaktadir. Bu sebeple etki-
lerin belirsiz oldugu ifade edilmistir. Wang vd., (2020) ¢caligmalarinda ARDL yodntemini kullanarak EPU’daki (WUI ile 6lciilen)
artisin CO; emisyonlarinda artisa neden oldugunu bulmuslardir. Ulucak ve Khan (2020) dinamik ARDL yaklagimi ile EPU’daki
artiglarin ¢evre kalitesini olumsuz yonde etkiledigini tespit etmislerdir. Benzer sekilde Adams vd., (2020) ve Danish vd., (2020)
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EPU’nun CO, emisyonlarint arttirdigina dikkat ¢cekmiglerdir. Ancak Adedoyin ve Zakari (2020), Birlesik Krallik icin yaptig1
caligmada, EPU’nun kisa donemde CO, emisyonlarimi diisiirdiigiinii ve dolayisiyla ekonomik biiylime ve enerji tiiketimini de
diisiirdiigii sonucuna varmiglardir. Pirgaip ve Dincergok (2020), G7 iilkelerinde EPU ile enerji tiiketimi ve CO, emisyonlar1
arasindaki iligkiyi Granger nedensellik analizi ile incelemislerdir. Caligmalarinin sonucunda EPU’nun enerji tasarrufu ve emisyon
azaltimi lizerinde olumsuz etkileri oldugu sonucuna ulagmiglardir. Anser vd., (2021) tarafindan yapilan bir calismada da havu-
zlanmig grup ortalamali ARDL yaklagimi kullanilmistir ve EPU’nun CO; emisyonlarini arttirdi81 sonucuna ulagilmigtir. Cin’in
ele alindigi bir calismada Azka ve Eyiip (2021), EPU’nun CO; emisyonlart iizerinde olumlu bir ekonomik etkiye sahip oldugunu
ifade etmislerdir. Syed ve Bouri (2022)’de ARDL yontemini kullanilarak EPU’nun (WUTI ile 6l¢iilen), ABD’deki CO, emisyonlari
tizerindeki etkis incelenmistir. Sonuglarina gore, EPU’nun kisa vadede CO; emisyonlarini yogunlastirdigini gosterilmektedir, bu
da yiliksek EPU’nun kisa vadede cevresel bozulmay1 pozitif etkiledigi anlamina gelmektedir. Yapilan caligmalardaki farkli sonuglar
EPU’daki dalgalanmalarin ¢evresel bozulmalar arttirip azaltabilecegini gostermektedir.

Metodoloji
Caligmada parametrik ve parametrik olmayan yontemler kullanilmagtir.

Parametrik Yontem
Uygulamada parametrik yatay kesit bagimlilig1 ve duraganlik testi kullanilmustir.

Yatay Kesit Bagimlihigi ve Duraganhk Testi

Birimler arasinda yatay kesit bagimliliginin (CSD) olup olmadigini test etmek igin Pesaran (2004) CD testi kullanilmaktadir.
CD test istatistigi,

2T N-1yvN
CD = m(zm ijm,si,) (M
Zszlﬁitﬁjt

- T o 1/2 T o 1/2 @
(thluit> (zt=lujt)

olarak gosterilir. Burada p; ;, artiklarin korelasyonunun 6rnek tahminini gostermektedir. CD testinin sifir hipotezi altinda, hata
terimlerinin tesadiifi, bagimsiz ve benzer bir sekilde dagildigim (i.i.d.) dagildig1 varsayilir. Alternatif hipotez altinda ise hata
terimleri birimler arasinda iligkilendirilir ve bu yatay kesit bagimliligini ifade eder (De Hoyos ve Sarafidis 2006, s.485). CD
testinin sonucuna gore degiskenlerin duraganliklarinin incelenecegi panel birim kok testi uygulanmasina karar verilmektedir. Hy
hipotezi reddedilmezse birinci nesil birim kok testleri, Hy hipotezi reddedilirse ikinci nesil birim kok testleri kullanilmaktadir.

Ikinci nesil birim kok testleri, panel birimleri arasinda korelasyon olmasi durumunda ortaya ¢ikabilecek sapmay1 belirlemek igin
geligtirilen testlerdir. Bu testlerde yatay kesit bagimlili§1 gbz oniine alinarak duraganlik incelenir. Dolayisiyla dncelikle birimler
arasinda yatay kesit bagimlilifinin olup olmadig: test edilmelidir (Sak, 2015, s.221). Calismada Pesaran’in (2007) tarafindan
oOnerilen panel birim kok testi kullanilmigtir. Bu test, Pesaran (2003)’te 6nerilen IPS testinin yatay kesit bagimlilig1 durumunda
uygulanmasi igin giiclendirilmistir.!

Parametrik Olmayan Yontem

Uygulamada zamanla degisen katsayili parametrik olmayan panel veri modeli tahmin edilmistir.

Zamanla Degisen Katsayilh Parametrik Olmayan Panel Veri Modeli

Sabit etkili ve parametrik olmayan trende sahip zamanla degisen katsay1li panel veri modeli,

_ d
Yie = fo + 25 Br.jXie j + @i + e

=fi+B X +ai+ey,i=1,... ,Nit=1,....,T 3)

! Panel veri modellerinde birim kok testi yaparken yapisal kirilma dikkate alinmasi durumunda kirilmali panel birim kok testleri kullanilmaktadir ve Perron (1989) ile baglamaktadir
(Giiris, 2015, 5.281).




EKOIST Journal of Econometrics and Statistics

olarak ifade edilmigtir. Bu modelde Y;; bagimli degisken, Xi; = (Xir1,------ ,Xi,,d)T bagimsiz degiskenler vektorii, 5, =
B (%) = (Brareeee... , Br.a) bilinmeyen zamanla degisen katsayilar vektorii ve f; = f (%) her iilkeye 6zgii bilinmeyen trend
fonksiyonudur. @; bilinmeyen birim etkisini ve e;; her i icin duragan hata terimini gostermektedir. Modelde «; ve X, iligkilidir

ve bu nedenle model 3 sabit etkili model, ancak «; ve X;, iligkisiz ise rassal etkili model olarak adlandirilmaktadir. Bu nedenle
tanimlama amaciyla Zf\i (@i = 0 oldugu varsayilmaktadir (Li, Chen, ve Gao, 2011, s.388).

Parametrik olmayan, sabit etkili ve zamanla degisen katsayili bir panel veri modelini tahmin etmek icin ortalama yerel dogrusal
tahmin ve yerel dogrusal kukla degisken (LLDVE) tahmin yontemi 6nerilmistir. Bu yontemlerin asimtotik dagilimlarina gore
ortalamaya yakimsama oranlar1 farklilik gostermektedir. Ortalama yerel dogrusal tahmininde S(.), ortalama tahminine Th~!/2
oraninda yakinsarken, LLDVE tahmininde f(.) ve 3(.), ortalamaya NHt™'/? oraninda yakinsamaktadir. Dolayisiyla asimtotik
dagilimlar1 g6z oniine alindiginda LLDVE tahmini ortalamaya daha hizli yakinsamaktadir ve daha etkin 5(.) katsayilar1 i¢in tercih
edilmektedir.

Trend fonksiyonlarim1 ve zamanla degisen katsayilari tahmin etmek icin Li vd., (2011) tarafindan onerilen (LLDVE) tahmin
yontemi matris formatinda asagidaki gibi gosterilir:

Y=Ff+B8(X,B)+D,+e 4
Y=yl ... YT Y=Y, ... .. JYir)T
ez(elT,ezT,.....,eL)T ei=(ei1,€in, oo .. cer)T, i=1,2,...,N
f=InQUf1: frreenn. . o)t
BX.B)=(XIB1........ XL BT JXT B X BT
a=(aj,ay,....... ,an)T
D=IyQIr

Burada Ix, kx1 boyutlu vektordiir ve (X), Kronecker islevdir. Zf\:’ ai = 0 olarak varsayildii i¢in denklem 4 agagidaki gibi
degistirip yazilir.

Y=f+B(X,B8)+D*a=+e 5)
Burada a = (a%),....,an)TveDs = (=In_1,In-1)T () Ir seklinde ifade edilmektedir. Ayni zamanda ¢ = 1,2,....,T i¢in f;
ve (3, asagida gosterildigi gibidir:
fo= £ () vepo= (%) 8o () Ba(L) ©)
T T T T

7 ise T =t/Te(0,1] seklinde bilinmeyen diizgiin fonksiyonlar1 gostermektedir (Silvapulle vd. 2017, s. 258).

LLDVE tahmininde bant genisligi se¢imi i¢in Sun vd. (2009) ve Silvapulle vd. (2017) tarafindan leave one unit out capraz
dogrulama yontemi kullanilmaktadir. Bu yontemde, optimal bant genisligi agagida gosterildigi gibi otomatik olarak sec¢ilmektedir.

A : A A T A A
hopr = h‘"g””"{(Y = fioy = BOGE ) MEMp (0= iy - BIX.B() } )

Bant genisligi seciminden sonra zamanla degisen ortak trend fonksiyonun ve katsay1 fonksiyonlarinin tahmininde giiven aralik-
larini elde etmede Wu (1986), Mammen (1993) ve Silvapulle vd., (2017) tarafindan 6nerilen bootstrap yontemi kullanilmaktadir.
Bu yontem dort adimdan olugsmaktadir:

1. Ik adimda trendsiz artiklar &;; = é;; — in;(7; b) hesaplanr.
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Burada i=1.2,.....Nigin &' = (&1,,....... BNy Ve bir = Yi — f (%) — XT — 4; olarak gosterilmektedir.
2. Ikinci adimda k’nin 1,....,T arasindan rassal secildigi trendsiz artiklar &7 = £, yeniden &rneklendirilir ve Y7, ile ¥;;’in

bootstrap bir 6rnegi olusturulur.
Yi=f (%) + Xifﬂ, +d; +m;(T:b) + &

3. Ugiincii adimda Y ve X;; bootstrap 6rnegi kullanilarak zamanla degisen ortak trend fonksiyonu £*, katsayilar fonksiyonu
B; ve her iilkeye 6zgii trend fonksiyonlar1 my (%) LLDVE yontemi ile tahmin edilir.

4. Son adimda %90 giiven araliini, ortak trend ve katsay1 fonksiyonlarini tahmin etmek icin ikinci ve ii¢lincii adimlar 1000
kez tekrarlanir (Uddin vd. 2020, s.3-4),
(Hailemariam vd. 2019, s.41-42).

Parametrik Olmayan Trend Testi

LLDVE y6nteminin uygulanmasindan 6nce her degiskenimizde dogrusal olmayan egilimlerin olup olmadiginin tespit edilmesi
gerekmektedir. Bunun i¢cin Mann (1945) tarafindan 6nerilen ve daha sonra Kendall (1975) tarafindan ele alinan Maan Kendal (MK)
parametrik olmayan trend testi kullanilmaktadir. MK testinde normal dagilim gerekmemektedir ve testte veriler ani kirilmalara kars:
direncli durumdadir. Bu nedenle test, dogrusal veya dogrusal olmayan bir trendin tespit edilmesinde yaygin olarak kullanilmaktadir.

MK testinde sifir hipotezi verilerin tesadiifi, bagimsiz ve benzer bir sekilde dagildigini (i.i.d.) ve monotonik bir trendin ol-
madigini gosterirken, alternatif hipotez monoton bir egilim yani trendin varligin1 géstermektedir. Alternatif hipotezde monotonluk
parametrik olmayan bir egilimi gostermektedir ve sifir hipotezine kars1 ii¢ alternatif bulunmaktadir.

Hy : monotonik bir trend yoktur.

H,(i): yukart dogru monotonik bir trend

H, (ii): asag1 dogru monotonik bir trend

H, (iii): yukar1 dogru monotonik bir trend veya yukart dogru monotonik bir trend

Zaman serisi x icin MK test istatistigi S asagida verilmisgtir:

S = sign(x; — xi) (8)

Burada n serinin uzunlugunu gosterirken, x; ve x; siralt verilerin iki genel degerini gostermektedir. Test istatistiginde yer alan
sign (x; —xz) ,

X;—x >0 ise 1
X;—xx =0 ise O 9
X;—xx <0 ise -1

olarak tanimlanmigtir. S test istatistigi, analiz edilen zaman serilerinde bulunan pozitif farklarin sayis1 ile negatif farklarin
sayis1 arasindaki farki temsil eder. S i¢in biiylik pozitif bir deger artan trendi gosterirken, kiiciik negatif bir deger azalan trendi
gostermektedir. S’nin ortalamasi E[S] =0’dir ve Z doniislimii ile yaklagik bir normal dagilima sahip olur.

Veri Seti ve Tahmin Sonuclari
Uygulama ile ilgili aciklamalar bu boliimde yer almaktadir.

Veri Seti

Bu ¢alismada; Almanya, Amerika Birlesik Devletleri, Birlesik Krallik, Fransa, italya, Japonya, Kanada, Macaristan, Meksika,
Polonya, Portekiz, Slovakya, Tiirkiye ve Yunanistan’dan olusan 14 iilkenin 2000-2021 yillar1 arasindaki yillik verileri kullanilmugtir.
Bu iilkeler, OECD iilkeleri icerisindeki insani gelismislik indeksi en yiiksek ve en diisiik olan secilmis gelismis ve gelismekte olan
tilkelerdir. Eksik veriye sahip olan iilkeler analize dahil edilmemis ve ayn1 zamanda hem katsay1 hem de trend fonksiyonlarinin
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tahmin edilebilmesi iilkeler secilmistir. Analiz sonuglarinda gore gelismis ve gelismekte olan iilkeler karsilastirilacaktir. Modelde
bagimli degisken kisi bagina diisen CO, emisyonudur. Bagimsiz degiskenler; ekonomik politik belirsizlik indeksi (diinya belirsizlik
indeksi ile dlciilen), kisi basina diisen GSYH, niifus, yenilenebilir enerji tiiketimi ve ticarettir. Degigkenlere iligkin ayrintil1 bilgi
Tablo 1’de gosterilmektedir.

Tablo 1. Degiskenlerin Tanimlar:

Degisken Tanim Kaynak
Co, Kisi bagina karbondioksit (CO,) emisyonlar1 Diinya Bankas1
(kisi bagina metrik ton)

WUI Diinya Belirsizlik Indeksi worlduncertaintyindex.com
GSYH Kisi basina diisen GSYIH (ABD $) Diinya Bankasi

Niifus Toplam niifus Diinya Bankas1

Ticaret Ticaret (% GSYIH) Diinya Bankas1

Yenenerji Yenilenebilir enerji tiiketimi (toplam enerji Diinya Bankas1

tilketimi %)
Not: Diinya belirsizlik indeksi 143 iilke i¢in Economist Intelligence Unit (EIU) iilke raporlart kullanilarak, agirlikli hareketli ortalama seklinde
hesaplanmaktadir. indeksin bu versiyonu iilke diizeyindeki veriler igin tercih edilen 6lgiimdiir. Detayli bilgi i¢in bknz. (Ahir, H, N Bloom, and
D Furceri (2022), “World Uncertainty Index”, NBER Working Paper.)

WUTI i¢in yillik veriler i¢in dort ¢eyregin ortalamasi alinmugtir.

Analizde tiim degiskenlerin logaritmas1 almnustir.

Tiim degiskenlerde Diinya Bankas1 verileri kullanilirken, WUI icin Ahir, Bloom ve Furceri (2022) tarafindan hesaplanan
indeks kullanilmustir. indeks, gelismis ve gelismekte olan 143 iilkeyi kapsamaktadir. 3 ayda bir https://worlduncertaintyindex.com/
web sitesinde giincellenmektedir ve kisa ve uzun vadeli ekonomik ve politik gelismeler ile ilgili belirsizligi kapsamaktadir.
Indeksi olusturmada genel yaklasim, EIU iilke raporlarindaki belirsiz, belirsizlik ve belirsizlikler gibi tiirev kelimelerin kag kez
tekrarlandigini sayarak, 6zellikle gazete arsivlerini kullanarak metin arama yontemiyle bir 6l¢clim yapmaktir.

Yatay Kesit Bagimhihig1 ve Duraganlik Testi Sonuclari

Uygulamada yer alan iilkeler arasinda yatay kesit bagimliligini test etmek icin Pesaran (2004) tarafindan onerilen CD testi
kullanilmigtir. Testte sifir hipotezi iilkeler arasinda yatay kesit bagimliliginin olmadigini, alternatif hipotez iilkeler arasinda yatay
kesit bagimliligin1 gostermektedir. Pesaran (2004) testi sonuglart asagidadir.

Tablo 2. Pesaran (2004) Yatay Kesit Bagimlihig Testi

Degisken CD-test P-degeri Corr abs(corr)
LnCO, 22.50 0.00 0.50 0.69
LnWUI 10.42 0.00 0.23 0.31
LnGSYH 16.86 0.00 0.38 0.60
Lnnifus 1.96 0.04 0.04 0.69
Lnticaret 26.71 0.00 0.60 0.71
Lnyenenerji 21.18 0.00 0.47 0.76

Tablo 2°deki CD test sonuglarina gore %1 anlam diizeyinde (p olasilik degerleri 0.000 ile) sifir hipotezi reddedilmektedir.
Dolayisiyla iilkeler arasinda yatay kesit bagimlilig1 s6z konusudur ve ikinci nesil birim kok testleri kullanilmalidir.

Degiskenlerin duraganligini test etmek icin Pesaran (2007) tarafindan 6nerilen IPS testinin yatay kesit bagimliligi durumunda
diizeltilmis versiyonu CIPS kullanilmaktadir. Bu testte sifir hipotezi birim kokiin varli§ini, alternatif hipotez ise duraganlig: ifade
etmektedir. CIPS testi sonuclari tablo 3’te goriilmektedir.

Test istatistigi sonuglarina gére CO, emisyonlari, kigi bagina diisen GSYH, ticaret ve yenilenebilir enerji tiiketimi degiskenleri ilk
farki alindiktan sonra sifir hipotezi reddedilmektedir ve duraganlasmaktadir. WUI degiskeni diizeyde duraganken, ticaret degiskeni
ikinci fark ile duragan hale gelmistir.
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Tablo 3. Pesaran (2007) Panel Birim Kok Testi

Degiskenler CIPS test istatistigi Kritik Degerler

%10 %S5 %1
ALnCO, -4.64 2.14 225 245
LnWUI -3.46 -2.14 -2.25 -2.45
ALnGSYH -3.94 -2.14 -2.25 -2.45
A?Lnniifus -3.59 2.14 225 245
ALnticaret -3.63 2.14 -2.25 -2.45
ALnyenenerji -4.60 2.14 -2.25 -2.45

Parametrik Olmayan Trend Testi Sonuclar:

LLDVE yapilmadan 6nce degiskenlerin parametrik olmayan egilimlerini dogrulamak icin Mann Kendall (MK) testi yapilmak-
tadir. MK testinin sonuclar1 tablo 4’te goriilmektedir.

Tablo 4. Parametrik olmayan bireysel ve kiiresel trend testi

Ulkeler LnCO, LnWUI LnGSYH Lnniifus Lnticaret Lnyenenerji
ABD -5.86%* 1.18 6.31% 6.48* 1.24 6.03*
Almanya -5.35% 2.59% 4.73* 0.73 4.85% 6.20*
Fransa -5.63% 1.24 2.93% 6.48* 4.11%* 5.10%
italya -5.07* 2.03%* 1.57 4.51* 4.34% 5.80%
Birlesik Krallikk ~ -5.92* 4.79% 2.31%* 6.48* 3.72%* 6.14*
Japonya -2.08 -0.17 2.03%* -2.51%* 4.56* 6.09%*
Kanada -4.23% 1.01 3.33* 6.49% -3.33% 2.68*
Yunanistan -4.85% 2.01%* -0.34 -2.03** 4.45* 5.67*
Polonya -0.11 1.75%*%* 5.30% -6.03* 5.97* 5.68*
Portekiz -4.90%* 1.97%* 3.38% -1.63 4.62%* 4.09%*
Macaristan -3.44%* 0.73 4.73*% -6.48% 3.10% 3.41%
Tiirkiye -5.24%* 1.13 2.65% 6.48* 3.94% -3.04*
Meksika 1.75%** ] .8o*** 3.10%* 6.49* 5.75% -1.41
Slovenya -4.79% 0.01 4.96* 6.48* 5.01* 5.84*
Kiiresel -4.78* 3.50* 6.32% 6.37* 4.92% 5.76%*

Anlamlilik diizeyleri sirastyla *p<0.01, ** p<0.05 ve *** p<0.10 seklindedir.

Kisi basina diisen CO2 emisyon degiskeni %1 anlam diizeyinde negatif kiiresel trende sahiptir. Polonya diginda her bir iilkede
%1, %35 ve %10 anlam diizeylerinde trend negatiftir. Kisi bagina diisen GYSH tiim iilke grubu i¢in kiiresel bir trende sahipken,
Yunanistan ve Italya haric diger iilkelerde pozitif yonlii anlamli bir egilim sergilemektedir.

WUI kiiresel olarak %1 anlamlilik diizeyinde pozitif bir trende sahiptir. Bunun yam sira Almanya (%1 diizeyinde), italya
(%5 diizeyinde), Ingiltere (%1 diizeyinde), Yunanistan (%5 diizeyinde), Polonya (%10 diizeyinde), Portekiz (%5 diizeyinde),
Meksika (%10 diizeyinde) pozitif egilimler gostermektedir. Ancak Amerika Birlesik Devletleri, Fransa, Japonya, Kanada, Tiirkiye,
Macaristan, Slovenya i¢in trend anlamsizdir.

Ticaret degiskeni, Amerika Birlesik Devletleri hari¢ tiim iilkelerin genelinde %1 anlam diizeyinde pozitif bir trende sahiptir.
Buna kargin, sadece Kanada icin %1 anlam diizeyinde trend negatiftir. Benzer sekilde, niifusun, %1 anlam diizeyinde pozitif
kiiresel trendi vardir. Almanya ve Portekiz diginda diger iilkelerde ise %1 ve %35 anlam diizeyinde pozitif trend s6z konusudur.
Meksika diginda yenilenebilir enerji tiiketimi, anlamli negatif ve pozitif egilimdedir. MK test istatistigi sonuglarina gore tim
serilerimizin trend varlif1 dogrulanmaktadir. Buna gore ortak trend (f;), trend fonksiyonlar1 ve zamanla degisen katsayilar 5°y1
tahmin etmek icin yerel dogrusal kukla degisken tahmini (LLDVE) yapilabilmektedir.
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Yerel Dogrusal Kukla Degisken Tahmin (LLDVE) Sonuclar:

LLDVE yontemi kullanilarak elde edilen sonuglar, Sekil 1°de goriilmektedir. Elde edilen bu sonuglar 14 OECD iilkesinin zamanla
degisen katsay1 fonksiyonlarinin %90 giiven araliinda tahminini gostermektedir. Parametrik tahminlerin aksine, parametrik
olmayan panel veri tahmininde 2000-2021 yillar1 arasinda zamana gore degisen iligki yakalanmaktadir.

Sekil 1. Ortak trend ve zamanla degisen katsayilarin yerel dogrusal kukla degisken tahmini

Sekil 1’e gore kisi bagina diisen GSYH ile CO2 emisyonlar1 arasinda dogrusal olmayan bir iligki bulunmaktadir. Bu iligki
2000’den 2013 yilina kadar anlaml1 ve pozitifken, 2013 yilindan 2018’e kadar negatif ve 2021 yilina kadar pozitiftir. Dolayisiyla,
zamanla degisen parametrik olmayan kisi bagina diisen GSYH katsayisinin negatif ve pozitif olarak degismektedir.

WUI ve CO; emisyonlar1 arasinda, 2000-2021 yillar1 arasinda anlamli bir iligki bulunmaktadir ve katsayr negatif bir sekilde
artip azalmaktadir. Bu sebeple yillar icerisinde genel iligkinin ters yonlii oldugu sonucuna varilabilir. WUI katsayis1 2006 ve 2007
yillar1 disinda zaman icerisinde hep negatif olarak kalmustir.

Niifus ile CO;, emisyonlar1 arasinda dogrusal olmayan bir iligki bulunmaktadir. Niifusun CO2 emisyonlar: {izerindeki etkisi
ilk asamada pozititken, 2001 yili itibartyla 2012 yilina kadar negatif bir sekilde artarak ve azalarak devam etmis durumdadir.
Katsayinin 2012 yilindan bu yana CO2 emisyonlarini arttirarak dengeli bir sekilde devam ettigi goriilmektedir. Niifusa iligkin
negatif ve pozitif bu sonuglar, niifus biiyiikliigiiniin ve dagiliminin siirekli degismesinden kaynaklanmaktadir.
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Baslangicta ticaretin zamanla degisen katsayisi anlamli ve pozitif oldugu, 2001°den 2008’e kadar anlamsiz oldugu gosterilmek-
tedir. 2009-2021 aras1 donemde ise katsay1 negatif ve pozitif olarak degistigi goriilmekle birlikte, 2011-2021 aras1 donemde U ve
ters U sekline sahiptir. Bulgulara gore, CO, emisyonlart iizerindeki etki, 2011 yilinda pozitif noktada en iist seviyeye, 2015 yilinda

negatif noktada en iist seviyeye ulastig1 sdylenebilir.

Yenilenebilir enerji tiiketimi katsayisinin CO; iizerindeki etkisi, 2000’den 2017 yilina kadar anlamli ve negatitken, 2017 yilindan
sonra pozitif durumdadir. Ancak 2004-2011 aralig1 diger diger yillara gore daha genig giiven araligina sahiptir.

Ortak Trend ve Ulkelerin Trend Fonksiyonlari

Parametrik olmayan panel veri modellerinde, iilkeye ve zamana gore heterojenligi ve dogrusal olmamanin yakalamasina izin
verilmektedir. Ayn1 zamanda iilkelere 6zgii trend fonksiyonu, zamanla degisen katsay1 fonksiyonu ve ortak trend fonksiyonlari
tahmin edilmektedir.

Sekil 2’de %90 giiven araligina sahip ortak trend fonksiyonu ile her lilkeye 6zgii trend fonksiyonlar1 gosterilmektedir. Mavi renk
cizgi ortak trend, kesikli siyah c¢izgi her iilkeye 6zgii trend fonksiyonunu ve kirmiz1 kesikli ¢izgiler %90 giiven araliginda alt ve
tist limiti gostermektedir. Koyu kirmizi ¢izgiler ise her iilke igin gercek CO2 emisyonlarini gostermektedir.

Sekil 2. Ortak Trend ve Ulkelerin Bireysel Trend Fonksiyonlarinin Tahmini (%90 Giiven Araliginda)
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Sekilde goriildiigii gibi ortak trend yillar itibariyle azalma egiliminde olsa da dengeli bir sekilde devam etmis durumdadir. Ancak
iilkeler aras1 bir karsilastirma yapilirsa, CO2 emisyonlarinin trend fonksiyonlar1 farkl1 egilimde oldugu goriilmektedir. Ulkelere
0zgii trendler Almanya, Japonya, Kanada ve Amerika Birlesik Devletleri i¢in ortak trendin lizerindeyken Fransa, Portekiz,
Macaristan, Tiirkiye, Meksika ve Slovakya i¢in ortak trendin altinda seyretmektedir.

Italya ve Yunanistan’in trendleri baslarda ortak trendin iistiindedir. Ancak italya’nin 2000 yilindan sonra ve Yunanistan’in 2013
yilindan sonra trendleri ortak trendin altina diismiistiir. Polonya’da ise 2005 yilindan sonra bireysel trend ortak trendin iistiinde
goziikmektedir. Slovakya ve Tiirkiye son yillarda ortak trende yaklagma egiliminde olsa da ortak trendin altinda kalmaya devam
etmigtir.

Tiim iilkeler karsilastirildigi zaman Yunanistan, Meksika, Amerika Birlesik Devletleri, Almanya, italya ve Fransa’nin trendleri
ortak trend gibi azalma egilimindedir. Fakat yine de tiim iilkelerin trendleri ortak trendden oldukga farklidir.

Sonug

Bu calismada basta ekonomik belirsizlik (diinya belirsizlik indeksi ile dlciilen) olmak iizere kisi basina diisen GSYH, niifus,
yenilenebilir enerji tiiketimi ve ticaretin CO2 emisyonlar1 arasindaki iliski zamanla degisen parametrik olmayan panel veri
modeliyle tahmin edilmistir. Modelde trend fonksiyonlari, katsay1 fonksiyonlar1 ve bu fonksiyonlarin zamanla nasil degistigini
tahmin etmek icin yerel dogrusal kukla degisken (LLDVE) yontemi kullanilmistir. Parametrik olmayan LLDVE yonteminin
bir 6zelligi, bootstrap bir yontem kullanarak olusturulan giiven araliklar ile CO2 emisyonlarinin zaman igerisinde bilinmeyen
fonksiyonel bir form bi¢ciminde gelismesine izin vermesidir. Bdylece, ilk olarak bagimsiz degiskenler ve CO, emisyonlar arasindaki
iligkiyi aciklamak icin zamanla degisen katsay1 fonksiyonlar1 tahmin edilmistir. ikinci olarak, tiim veri icin ortak trend fonksiyonu
tahmin edilmis ve ligiincli asamada model, her iilkeye 6zgii trend fonksiyonlarini igerecek sekilde genigletilmistir.

2000-2021 yillart arasinda LLDVE tahminleri, CO2 emisyonlar1 ve modelde yer alan diger degiskenler arasindaki iliskinin
zamanla degistigini ortaya koymaktadir. LLDVE tahmin sonug¢larimiza gore, ortak trend de zaman icerisinde pozitif bir sekilde
diisiis egilimindedir. WUI katsayist, ele alinan tiim donem boyunca anlamli ve negatiftir. 2010 yilindan sonra ise negatif bir sekilde
diisiis egilimindedir. Bu durum WUTI'nin CO2 ile aralarinda ters yonlii bir iligki oldugunu gostermektedir. Kisi basina diisen
GSYH katsayis1 zaman icerisinde pozitif ve negatif olarak degisim gostermistir. Baglangicta pozitifken, negatif ve ardindan tekrar
pozitif bir sekilde CO2 emisyonlarini etkilemektedir. Benzer sekilde niifusun katsay1 fonksiyonu, yillar icerisinde pozitif ve negatif
olarak degismistir. Ozellikle 2015 yili sonrasinda kisi basina diisen GSYH ve niifusun CO2 emisyonlarini arttirdig: bulunmustur.
Ancak 2020 yilinda etkisi negatiften pozitife donmeye baglamigtir. Bu etkinin zaman igerisinde pozitif olarak kalip kalmayacag:
aragtirilmalidir. Ticaretin katsay1 fonksiyonu ise zaman igerisinde anlamli ve anlamsiz olarak degismistir. Ulkeye 6zgii sonuglara
gore; ABD, Almanya, Kanada ve Japonya’nin CO, emisyonlarinin ve bireysel trendlerinin ortak trendi astigi goriilmektedir. Bu
durum iilkelerin emisyonlarina daha fazla katki sagladigina isarettir.

Sonuglarimiza gore WUI, Co, emisyonlarini negatif bir sekilde etkilemektedir ve dolayisiyla daha yiiksek WUI, CO; emisy-
onlarini azaltir veya bunun tam tersi bir durum gegerlidir. Bu durum tiiketim etkisiyle agiklanabilir. Daha yiiksek bir belirsizlik
seviyesi yogun enerji gerektirecek iiriinlerin tiiketimini azaltabilir ve bu da Co, emisyonlarinda bir azalmaya neden olur. Ayn1
zamanda belirsizligi fazla olmas1 ekonomik durumu da etkileyecegi icin hane gelirlerinde azalmaya neden olabilecegi icin Cos
emisyonlarinda azalmaya yol agabilir. Yapilan bir¢cok ¢alismada niifus yogunlugunun ve ekonomik biiyiimedeki veya gelirdeki
artiglarin CO, emisyonlarini arttirdig1 bilinmektedir. Sonuglarimiz yapilan ¢aligsmalar ile tutarlidir ancak her donemde pozitif bir
etkiye sahip degillerdir.
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0z

Iklim degisikliginin azaltilmasindan tam olarak ne anlasildig1, belirlenen amag ve hedeflerin basarisini 6lgmek icin en uygun iklim
gostergesinin ne olmasi gerektigi, secilen iklim gostergesinin hangi seviyesinin iklim degisikligini kabul edilebilir sinirlar i¢inde
tutabilecegi, ne cesit iklim siirprizleriyle karsilasilabilecegi ve secilen iklim hedefinin ekonomik, sosyal ve politik faktorler ile nasil
uyumlu hale getirilebilecegi, miicadele politikasinin amag ve hedeflerinin belirlenmesi siirecinde cevaplanmasi gereken sorular
arasinda yer almaktadir. 1992 yilinda Birlesmis Milletler Iklim Degisikligi Cerceve Sozlesmesi ile baglayan ve 2015 yilinda Paris
Anlagmasi ile sonuclanan uluslararasi ¢abalar kiiresel ortalama sicakliklardaki artisin Sanayi Devrimi 6ncesi doneme kiyasla 1,5
°C ile sinirlandirilmasi hedefini iklim degisikligi politikasinin kiiresel standardi haline getirmistir. Bu hedefin gerceklestirilmesi
icin toplam sera gazi emisyonlarinin azaltilmas: gerekmektedir. Bu caligmada, farkli emisyon 6lg¢iitlerine dayali olarak iki farkli
kiimeleme analizi yontemiyle G20 iiyelerinin birbirleriyle karsilagtirilmas: ama¢lanmistir. Bu dogrultuda k-ortalama kiimeleme
analizi ve hiyerarsik kiimeleme analizi yontemleri kullanilarak kisi basina sera gazi emisyonu, kisi basina gelir, kisi basina
elektrik tliketimi, elektrik iiretiminin emisyon yogunlugu, birincil enerji arzinin emisyon yogunlugu ve ekonominin emisyon
yogunlugu olciitleri secilmistir. Analize yalnizca karbondioksit (CO;) emisyonlari degil, diger sera gazlart da dahil edilmisgtir.
Secilen degiskenlerden kisi basina diizeyde ifade edilen ilk iicii, toplam sera gazi emisyon miktarini belirleyen dlcek degiskenleri
iken birim aktivite diizeyinde ifade edilen yogunluk degiskenleri, teknolojik degiskenler olarak kabul edilmistir. Olcek degiskenleri
bakimindan gelismekte olan iilkelerin emisyonlar1 geligmis iilkelere yakin olsa da teknolojik degiskenler bakimindan gelismekte
ve geligsmis iiyeler arasinda farklarin oldugu ve farkl kiimelerde yer aldiklar1 goriilmektedir.

ABSTRACT

What exactly is understood from climate change mitigation? What should be the most appropriate climate indicator to measure
the success of the determined goals and targets? What level of the selected climate indicator can keep climate change within
acceptable limits? What kind of climate surprises may be encountered, and how can the economic, social and political implications
of the selected climate target be harmonized with these factors? These are some of the questions needing to be answered while
determining the political aims and objectives of combatting climate change. The international efforts that started with the United
Nations Framework Convention on Climate Change in 1992 and concluded with the Paris Agreement in 2015 have made the
goal of limiting the increase in global average temperatures to 1.5°C compared to the pre-Industrial level as the global standard
of climate change policy. To achieve this goal, total greenhouse gas emissions must be reduced. The purpose of this study is
to compare G20 members with each other using two different cluster analysis methods based on different emission criteria. For
this purpose, per capita greenhouse gas emissions, per capita income, per capita electricity consumption, emission intensity of
electricity production, emission intensity of primary energy supply, and emission intensity of the economy have been selected for
use in the k-means cluster and hierarchical cluster analysis methods. In addition to carbon dioxide emissions, other greenhouse
gases have also been included in the analysis. While the first three selected variables expressed at the per capita level are scale
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variables that determine the total amount of greenhouse gas emissions, the intensity variables expressed at the unit activity level
are considered technological variables. Although the emissions of developing countries are close to developed countries in terms
of the scale variables, differences are seen to occur between developing and developed members in terms of technological variables
and different clusters.

Anahtar Kelimeler: Kiiresel Issnma, iklim Degisikligi, Sera Gazi Emisyonlari, Kiimeleme Analizi, K-Ortalama Kiimeleme
Analizi, Hiyerarsik Kiimeleme Analizi

Keywords: Global warming, climate change, carbon dioxide emissions, cluster analysis, k-means cluster analysis, hierarchical
cluster analysiss

EXTENDED SUMMARY

According to the conventional economic approach, global warming and climate change are analyzed based on externality in light of
the benefit-cost principle. The problem is formulated as the relationship between marginal private benefit-cost and marginal social
benefit-cost. Despite this relatively straightforward and theoretically understandable conventional formulation, global warming
and climate change differ from other environmental problems previously encountered locally. For example, the distinction between
greenhouse gas emissions (a flow variable) and greenhouse gas concentrations (a stock variable) is neglected in this economic
analysis. Additionally, this fundamental economic analysis assumes that the damage caused by emissions is independent of time and
emission source and that emissions have no effects outside the analyzed economy. Such difficulties inherent in global warming and
climate change make determining the difference between private marginal benefit-cost and social marginal benefit-cost difficult,
as well as expressing it monetarily.

Unlike the difficulties of economic analysis, a physical and ecological approach to the problem provides a clearer picture of
what is happening to the target of mitigation. According to this approach, the social, economic, and ecological damage resulting
from climate change are a positive function of human-induced greenhouse gas emissions and of the vulnerabilities of social and
ecological systems toward climate change. If the aim is to solve the problem, either the thermal balance of the earth should be
ensured by reducing the greenhouse gas emissions to a level compatible with natural cycles, or the fragility of social and ecological
systems against climate change should be reduced. As a result of this formulation, the only rational solution to climate change
is to reduce anthropogenic greenhouse gas emissions. The Impact = Population x Affluence x Technology (IPAT) identity used
to express human activities’ effects on the environment shows population, economic activity, and energy consumption to be the
most critical variables determining human-induced greenhouse gas emissions. Accordingly, population growth, economic growth,
greenhouse gas intensity of the energy system, and the economy are the most essential variables to focus on to reduce and break
the link between human activities and greenhouse gas emissions.

Leaving the economic analysis difficulties aside and focusing on environmental impact variables, the picture regarding global
warming and climate change is quite clear. In order to reduce human-induced greenhouse gas emissions, the energy efficiency
of the economy must be increased, and a fundamental and rapid transformation must be carried out that results in a reduction of
carbon intensity within the energy system. The environmental impact analysis shows fossil fuel-based economic growth to be the
most critical problem to overcome in reducing greenhouse gas emissions. While significant gains have been made in reducing
energy system-related carbon emissions thanks to the decrease in the energy intensity of the economy, as long as the energy system
remains dependent on fossil fuels and continues to release carbon dioxide into the atmosphere, no net decrease will ever occur
in the amount of carbon dioxide emissions. In addition, although global warming and climate change were initially formulated
as a carbon problem caused by fossil fuels, the amount of energy use and emissions are not independent of per capita income,
consumption, and welfare level.

This study aims to analyze G20 members using two basic cluster analysis methods based on different emission criteria. For
this purpose, per capita greenhouse gas emissions, per capita income, per capita electricity consumption, emission intensity of
electricity production, emission intensity of primary energy supply, and emission intensity of the economy have been selected.
The study uses the k-means cluster and hierarchical cluster analysis methods within the program R. In R, the get_dist and fviz_dist
functions within the factoextra package are used to calculate and visualize the distance matrix from the R packages.

The presence of more than one greenhouse gas with different sources and sinks that play a role in global warming poses a
significant problem in density calculations based on greenhouse gases. Although global warming and climate change were initially
formulated as a carbon problem caused by fossil fuels, energy use and emissions are not independent of per capita income,
consumption, and welfare. To this end, the analysis has also included the other greenhouse gases. The first three variables are
expressed at the per capita level. These variables can be seen as scale variables that determine total greenhouse gas emissions.

Meanwhile, the last three variables, which should be considered technological variables, are intensity variables expressed at the
unit activity level. Although the emissions of developing countries are close to developed countries in terms of the scale variables,
differences occur between developing and developed member countries in terms of technological variables and different clusters.
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Giris

Ekonomik a¢idan kiiresel 1sinma ve iklim degisikligi, miilkiyet haklarinin belirlenip uygulanamadig1 ortak bir kaynagin digsal-
liklar nedeniyle optimum ve etkin olarak kullanilamamasi dolayisiyla ortaya ¢ikan bir ¢evre problemi olarak tanimlanmaktadir
(Stern, 2007: 27; Stern, 2015: 5; Nordhaus, 2013: 6; Tol, 2019: 50,51). Buna yaklasima gore, kiiresel 1sinma ve iklim degisikligi,
fayda-maliyet ilkesi 1s181nda digsallik kavrami temelinde ele alinmakta ve marjinal 6zel fayda-maliyet ile marjinal sosyal fayda-
maliyet arasindaki iligkiye indirgenerek formiile edilmektedir. Teorik acidan oldukg¢a acik olan bu klasik formiilasyona ragmen
kiiresel 1sinma ve iklim degisikligini daha 6nce yerel 6l¢ekte karsilagilan ¢cevre sorunlarindan ayiran ozellikleri bu ¢evre sorununu
sinirlar1 kolayca belirlenebilen, basit ve kiiclik olgekli teknik bir ¢evre problemi olmaktan ¢ikarmaktadir.

Sorunu, anlasilmasi ¢ok da gii¢ olmayan bir formiilasyona indirgeyen bu klasik ekonomik analizin 6nemli bir dizi varsayimlar
altinda yapildig1 gozden kagirilmalidir. Ornegin, sera gazi emisyonlari iizerine yapilan bu analizde, bir akim degisken olan sera gaz1
emisyonlari ile bir stok degiskeni olan sera gazi yogunluklar1 arasindaki ayrim ihmal edilmektedir. Ayrica emisyonlar sebebiyle
ortaya c¢ikan zararin, zaman ve emisyon kaynagindan bagimsiz oldugu ve emisyonlarin analiz edilen ekonomi disindaki etkileri
olmadi81 varsayilmaktadir. Ayrica iklim sistemini olusturan bilesenler arasindaki iligkiler dogrusal bir neden-sonu¢ zincirinden
cok karsilikli ve dongiisel bir nitelik arz etmektedir. Insan kaynakli sera gazlarmin atmosferde olusturdugu anlik 1sitma etkisi
(anlik 1s1mimsal zorlama) ile iklim sistemi bilegenlerinin 1511 dengeye gelmesi sonucunda olusan 1sitma etkisi (efektif 1s1nimsal
zorlama) arasinda bir fark bulunmaktadir (IPCC, 2013: 664). Tiim bu varsayimlar, 6zel marjinal fayda-maliyet ile sosyal marjinal
fayda-maliyet arasindaki farkin tespit edilerek parasal olarak ifade edilmesini zorlagtirmaktadir. Iklim zorlayicilarmin kolektif
ve kiimiilatif etkileri, fiziksel iklim sisteminin karmagiklig1 ve degisik zaman Slceklerine sahip geri bildirim dongiileri gibi
faktorler, miicadele hedefleri ve degerlendirme 6lg¢iileriyle ilgili pozitif ve normatif boyutlar1 bulunan ¢ok sayida sorunun 6n plana
cikmasina neden olmaktadir (USGCRP, 2017: 76). Kiiresel 1sinma ve iklim degisikliginin i¢erdigi analiz zorluklar1 6zel marjinal
fayda-maliyet ile sosyal marjinal fayda-maliyet arasindaki farkin tespit edilerek parasal olarak ifade edilmesini zorlagtirmaktadir.

Ekonomik analiz zorluklarindan farkli olarak soruna fiziksel ve ekolojik yonden yaklagildiginda miicadele hedefi konusunda
pratik acidan daha net bir tablo ortaya konuldugu iddia edilebilir. Bu formiilasyona gore, iklim degisikliginden kaynaklanan
sosyal, ekonomik ve ekolojik zararlar, insan kaynakli sera gazi emisyonlar1 sebebiyle olusan iklim degisikligi ile sosyal ve ekolojik
sistemlerin iklim degisikligi karsisindaki kirtlganliklarinin pozitif bir fonksiyonudur. Bu formiilasyonda, yeryiizii iklimindeki dogal
denge oncelikle yeryiiziiniin enerji biitcesi, sera gazi dongiileri gibi degiskenlere dayali olarak tanimlanmaktadir. Bu yaklagim
esas alindiginda, iklim degisikligi biliminden iklim degisikligi politikasina gecis oldukga kisa ve net olmalidir. Problemin ¢oziimii
hedefleniyorsa ya iklim degisikligine yol agan sera gazi emisyonlar1 dogal dongiilere uygun limitlere cekilerek yeryiiziiniin 1s1l
dengesi saglanmal1 ya da sosyal ve ekolojik sistemlerin iklim degisikligi karsisindaki kirilganliklar1 azaltilmalidir (Rahmstorf ve
Schellnhumber, 2020: 99,100).

Sekil 1. Cevresel Etki Denkligi Bilesenleri ve Yillik Degisim Oranlart (1971-2017)

Beseri faaliyetlerin tabiat iizerindeki etkilerini ifade edebilmek amaciyla kullanilan “cevresel etki denkligi”, niifus, ekonomik
faaliyet ve enerji tiiketiminin insan kaynakli sera gazi emisyonlarini belirleyen en 6nemli degiskenler oldugunu gostermektedir.
Buna gore, beseri faaliyetlerle sera gazi emisyonlart arasindaki baglantinin azaltilmasi ve koparilmasi konusunda odaklanilmasi
gereken en onemli degiskenler olarak niifus artisi, ekonomik biiyiime, enerji sisteminin ve ekonominin sera gazi yogunlugu 6n
plana ¢ikmaktadir (Erlich ve Holdren, 1971: 1213-1217; Stern, 2007: 203; Tol, 2019: 19). S6z konusu analiz zorluklar1 bir kenara
birakilarak gevresel etki degiskenlerine odaklanildiginda kiiresel 1sinma ve iklim degisikligi ile ilgili tablo oldukga nettir: Insan
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kaynakli sera gazi emisyonlarinin azaltilmasi yolunda ekonominin enerji verimliligi arttirilmali ve enerji sistemindeki karbon
yogunlugunun azaltilmasiyla sonuglanan temel ve hizli bir doniigiim gerceklestirilmelidir. Bu tip bir doniigiim, sosyo-ekonomik
sistemin ekolojik limitler icinde kalabilmesinin en 6nemli kogulu olarak ileri siiriilen ekoloji ve ¢evre ekonomisi literatiiriinde
basit¢e “ayrigma” ya da “kopma” kavramlariyla ifade edilmektedir. Ekonomik faaliyetlerin ekolojik etki yogunlugunun goreli ve
mutlak olarak diisiiriilmesinin, ayrisma ag¢isindan 6n plana ¢ikan en 6nemli tartisma konusu oldugunu sdylemek miimkiindiir.
Ayrigma kavrami insan kaynakli sera gazi emisyonlar1 agisindan tanimlanacak olursa, “goreli ayrigsma” basitge ekonomik ¢ikti
bagina atmosfere birakilan sera gazi miktarinin diigiiriilmesi, “mutlak ayrisma” ise ekonomik cikti artarken toplam sera gazi
emisyon miktarinin azaltilmasidir (Jackson, 2009: 68-71).

Sera gaz1 emisyonlarindaki artigin tersine ¢evrilmesi acisindan iki kritik agamay1 temsil eden goreli ve mutlak ayrismayi cevresel
etki denkligini olusturan bilesenlerdeki yillik biiylime oranlarindaki degisimlerin verildigi Grafik 1 iizerinden degerlendirmek
miimkiindiir. Grafikte niifus, kisi basina milli gelir, enerji sisteminin karbon yogunlugu ve ekonominin karbon yogunlugundaki
1927-2017 yilindaki y1llik degisim oranlar1 hesaplanmistir. Enerji sisteminde fosil yakit kaynakli karbondioksit emisyon verilerine
dayali olarak hazirlanan grafikte goriildiigii gibi toplam emisyonlardaki artigi tersine cevirebilmek i¢in ekonominin enerji ve
enerji sisteminin karbon yogunlugunun azaltilmas: gerekmektedir. Grafikte kiiresel niifus artisinda agag1 yonlii bir egilim dikkati
cekmektedir. Bu agagi yonlii egilim yaninda niifusun biiyiime oranindaki degisim goreli olarak daha az degiskenlik sergilemektedir.
Grafikte yer alan milli gelir kalemi satin alma giicii paritesine gore hesaplanan kisi bagina milli geliri, karbondioksit ise fosil yakit
kaynakl1 toplam karbondioksit emisyonlarini temsil etmektedir. Goriildiigii gibi, giderek azalan bir oranda da olsa niifus bileseninde
istikrarl1 bir artig egilimi bulunmaktadir. Enerji yogunlugunda ise niifustaki biiyilime oranina benzer bir negatif biiyiime yani azalma
oran1 goze carpmaktadir. Analiz edilen donem i¢inde niifustaki ortalama artis oran1 %1,5 iken, enerji yogunlugundaki diisiis orani
% 1,4 tiir.

Grafik 1°de kiiresel 1sinma ve iklim degisikligi acisindan en problemli bilesen olarak enerji sisteminin karbon yogunlugu, yani
birim enerji bagina ortaya ¢ikan karbondioksit miktarinin 6ne ¢iktig1 goriilmektedir. 1971-2017 yillar1 arasinda kullanilan fosil
yakit kaynakli enerjinin karbon yogunlugundaki azalma miktar1, ddnemin tamaminda ancak %7 diizeyinde kalmistir. Grafik 1’de
de goriildiigii gibi, 2000’11 y1llarin baginda enerji sisteminde karbon yogunlugundaki diisiig yerine, 2003 yilindan baglayarak 2008
yilinda yasanan finansal krize kadar (2003, 2004, 2005, 2006 ve 2007 yillar1) artis ortaya cikmustir. Grafik 1, sera gazi emisyon-
larindaki artigin Oniine gecilmesi ve sonrasinda emisyonlarin azaltilmasinin, ekonomik faaliyetlerin sera gazi yogunlugunun goreli
ve mutlak anlamda diisiiriilmesine bagli oldugunu gostermektedir. Bu noktada fosil yakitlara dayal1 bir enerji sisteminin, sera gazi
emisyonlarinin azaltilmasinin 6niindeki en onemli engellerden biri oldugu kabul edilmelidir. Ekonomik biiylime ve kisi bagina milli
gelir artig1 siirerken ekonominin enerji yogunlugundaki diisiis sayesinde, enerji sistemi kaynakli karbon emisyonlarinin azaltilmasi
yolunda 6nemli kazanimlar elde ediliyor olsa da enerji sistemi fosil yakitlara baglh kaldig1 ve atmosfere karbondioksit birakmaya
devam ettigi miiddetge, genel olarak toplam sera gazi 6zel olarak da enerji kaynakli karbondioksit emisyon miktarinda mutlak
anlamda bir azaligin ortaya ¢cikmayacagi aciktir. Bu noktada, fosil yakitlara dayali bir enerji sisteminden sera gazi ve karbon nétr bir
enerji sistemine geg¢isi miimkiin kilabilecek enerji teknolojiler 6n plana ¢ikmaktadir. Sera gazi emisyonlarinin azaltilmast agisin-
dan “fosilsizlesme” ile “karbonsuzlagma” siireclerinin birbirlerinden farkli oldugu gézden kagirilmamalidir. Fosilsizlesme, komiir,
dogal gaz ve petrol gibi fosil bazli yakitlarin enerji sistemi icindeki paylarinin azaltilmasi iken; karbonsuzlagma, enerji sistemi
icinde karbon notr enerji kaynaklarinin paylarinin arttirtlarak atmosfere birakilan karbondioksit emisyonlarinin azaltilmasidir.

Kiiresel 1stnma ve iklim degisikligi, ilk adimda fosil yakit kaynakli bir karbon problemi olarak formiile edilse de enerji kullanim1
ve emisyon miktari kisi bagina gelir, tiiketim ve refah diizeyinden bagimsiz degildir. Enerji talebini etkileyen, ekonomik faaliyetlerin
sektorel dagilimi ya da tiiketimin bilesimi de oldukca dnemlidir. Celik, kagit, cimento, cam gibi 6nemli girdilerin yogun oldugu
sektorlerin enerji ihtiyaglar1 ve karbon yogunluklari, hizmet sektorlerine gore daha yiiksektir. Dana eti ve pirincin agirlikli oldugu
bir diyet, koyun eti ve bugdaya gore daha fazla metan (CH4) salinimina yol agmaktadir. Birincil enerji arz miktar1 yaninda kaynak
dagilimi, nihai enerji kullanimi, elektrik ve hidrojen gibi enerji tastyicilarinin oynadiklari rol de énemlidir. Ornegin, dogal gaz,
komiir ve petrole gore daha az karbondioksit salinimina neden olan bir fosil yakittir. Ulagim sektoriindeki elektrifikasyon seviyesi
arttikca, s1v1 yakitlara dayali bir ulagim sistemine goére emisyon indirimleri daha kolay bagarilabilmektedir (Tol, 2014: 20,21).

Sera gazlari ile ilgili yapilan hesaplamalarda, kiiresel 1sinma siirecinde rol oynayan kaynak ve yutaklar farkli birden fazla sera
gazinin varligi, sera gazlarina dayali olarak yapilan yogunluk hesaplamalarinda 6nemli bir sorun teskil etmektedir. Sera etkisine
neden olan gazlarin atmosfere salinmasina neden olan ekonomik faaliyetler farkli oldugu gibi bu gazlarin atmosferde maruz
kaldiklar1 kimyasal, fiziksel ve biyolojik siirecler de farklidir. Ornegin kararli bir molekiil yapisina sahip karbondioksit, atmosferde
uzun siire kalirken, metan atmosfere girdikten sonra karbondioksit gibi bagka bilesenlere donlismektedir. Bu durum, sera gazi
emisyon ve atmosfer yogunluklariin &lgiilerek raporlanmast agisindan dnemli bir problem teskil etmektedir. Tklim degisikligi
biliminde, sera gazlarinin biitiin olarak diigiiniilmesi ve hepsinin tek bir standart birim ile ifade edilmesi yontemi kullanilmaktadir.
Farkli sera gazlarinin kiiresel 1sitmaya olan katkilarini da temsil eden kiiresel 1sitma potansiyeli, bu doniisiimiin gergeklestirilmesini
saglayan Olciitlerden biridir. Bu yontemin kullanilmasi ile alt1 6nemli sera gazinin [CO,, CHy, N>O, PFCS (perflorokarbonlar),
HFCS (hidroflorokarbonlar), SF2 (siilfiirhekzaflorid)] toplam emisyon miktari tek bir toplam olarak yani karbondioksit esdegeri
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Tablo 1. Sera Gazlarimin Atmosferik Omiirleri ve Kiiresel Isitma Potansiyelleri

Fiziksel Ozellikleri Toplam Emisyonlardaki Kiiresel Isitma Potansiyeli
Agirhikh Paylari
Kyoto . HIiDP Degerlendirme Raporlar
Gazlan Atmosferik Isimmsal Ikinci (20 ve 100 Y1l Besinci&500 Yil Dordiincii
Omiir Zorlama Degerlendirme Degerlendirme Raporuna Gore)
(W/m?/ppb) Raporu 20 Yl 100 Y1l 500 Yl
100 Y1l
CO, Degisken 1,37x10° %76 %52 %73 %388
CHy 12,4 3,63x10* %16 %42 %20 %7
N>O 121 3,00x10° %6,2 %3,6 %S5,0 %3,5
F-Gazlarn: %2,0 %2,3 %2,2 %1,2
HFC-134a 13,4 0,16 %0,5 %0,9 %0,4 %0,2
HFC-23 222 0,18 %0.,4 %0,3 %0,4 %0,5
CF, 50 000 0,09 %0,1 %0,1 %0,1 %0,2
SFs 3200 0,57 %0,3 %0,2 %0,3 %0,5
NF;3 500 0,20 - %0,0 %0,0 %0,0
Diger F- cesitli cesitli %0,7 %0,9 %0,9 %0,9
Gazlarn

Kaynak: (IPCC, 2014: 124’ten yararlanilarak hazirlanmustir.)

birimi ile ifade edilebilmektedir. Tiim sera gazlar1 dikkate alindiginda, birim karbondioksit esdegeri (CO_5.) birimi ile ifade
edilmektedir. Kigi bagina milli gelir ve ekonominin emisyon yogunlugu hesaplamalari i¢in satin alma giicii paritesi kullanilmugtr.
Teknik olarak kiiresel 1sitma potansiyeli, atmosfere salinan bir sera gazinin 1 kilogram (kg)’mun, 1 kg’lik karbondioksite oranla
zamana bagli olarak neden oldugu 1sitma etkisidir. Bagka bir ifadeyle kiiresel 1sitma potansiyeli, bir sera gazinin birim kiitle bagina
karbondioksite oranla kiiresel 1sinmaya ne kadar katki yaptigin gostermektedir (IPCC, 1990: 48).

Tablo 1’de temel sera gazlarinin kiiresel 1sitma potansiyelleri yer almaktadir. Uc temel sera gazimin yaninda hidro ve per-
florokarbon grubu olan ¢ok sayida endiistriyel bilesen F-Gazlar1 ana bagli§1 altinda yer almaktadir. Tablonun en altinda yer
alan Nitrojentriflorit baglangicta Kyoto Protokol’iine dahil olmayan, ancak daha sonra insan kaynakli sera gazlarinin i¢ine dahil
edilen bir sera gazidir. Tabloda da goriildiigii gibi, sera gazlarimin kiiresel 1sitma potansiyelleri karbondioksite ve zamana gore
degismektedir. Buna gore, 1 kg metanin kiiresel 1sitma potansiyeli 100 yillik zaman 6l¢eginde karbondioksitin 25, 500 yillik
zaman Ol¢eginde ise 7,6 katidir. Diazotoksit ise 100 yillik siire i¢inde karbondioksite gore kiitle bazinda 298 misli daha etkili
bir sera gazidir. Sera gazlarinin molekiil bazindaki etkileri ile atmosferdeki toplam miktarlarinin yol actig1 etki arasinda da bir
fark bulunmaktadir. Toplam 1sitma etkisi acisindan en onemli sera gazlari olan karbondioksit, metan ve azotdioksitin molekiil
bazindaki 1sitma etkileri aslinda oldukga kiigiiktiir. Buna kargin F-Gazlarinin molekiil bazinda anlik 1sitma etkileri, ortalamadan
cok daha fazladur. Bir karbondioksit molekiiliiniin 1s1tma etkisi metrekare basina yalmzca 1,37x107> W iken; HFC-134a gazinin
1sitma etkisi 0,16 W’lik degeri ile karbondioksitin yaklasik 11.679 katidir.

Kiiresel 1sinma ve iklim degisikligi ile miicadelede kullanilacak ekonomik yontem ve araglarin yukarida siralanan faktorlerden
etkilendigi ve miicadele politikalarinin bu faktorler dikkate alinarak olusturulmasi ve uygulanmasi gerektigi kabul edilmelidir.
Ornegin, ekonomik agidan kiiresel 1sinma ve iklim degisikligi, kiiresel diizeyde ortaya ¢ikan bir digsalliktir. Problemin kiiresel
Olcegi dikkate alindiginda, miicadele konusunda ihtiya¢ duyulan hukuki, ekonomik ve politik kurumlarin ya da baglantili karar
siireclerinin daha Once yerel, bolgesel ve ulusal diizeyde kargsilasilan ¢evre problemlerinden farkli olmasi gerektigi aciktir. Her
problemin Slcegine uygun seviyede ele alinmasi geregi kiiresel 1sinma ve iklim degisikligi konusunda uluslararas: diizeyde bir
igbirligini de zorunlu kilmaktadir. Bu nedenle iklim degisikligi ile miicadele politikalari, iilke icinden uluslararasi diizeye dogru
uzanan ve iki yonde igleyen bir hiyerarsi icinde sekillenmektedir (Nordhaus, 2021: 50,51).

Metodoloji ve Veri Seti

Temel bilesenler analizi, gereksiz degiskenleri bir arada gruplayarak bircok degisken iceren verilerdeki kaliplarin gorsellestir-
ilmesi ve tanimlanmasi icin kullanilmaktadir. Benzer sekilde kiimeleme, veri ve gozlemlerin birbirleri arasindaki benzerlige gore
gozetimsiz olarak gruplandirilmasini saglayan yontemler i¢in kullanilan genel bir terimdir. Yapilan analizde, bir veri seti icindeki
gozlem ya da degiskenlerin alt gruplar tespit edilmeye calisilmaktadir. Veri seti i¢indeki degiskenler kiimelendiginde, ayn kiime
icinde yer alan degigkenlerin birbirlerine benzer olmasi ve farkli kiimelerde yer alan degiskenlerinse farkli olmasi beklenmektedir.
Yapilan analizde, degigkenler arasindaki iligskiler bulunmaya ¢alisildig1 ve bir yanit degiskeni olmadig1 icin kiimeleme analizi
gozetimsiz ya da denetimsiz bir yontem olarak tanimlanmaktadir. Yapilan n sayidaki gdzlem arasindaki benzerliklerin bir yanit
degiskeni tarafindan egitilmeden bulunmasidir. Kiimeleme, hangi gozlemlerin benzer oldugunun belirlenmesine ve potansiyel
olarak bu gbzlemlerin kategorilere ayrilmasina yardimci olmaktadir. K-ortalama kiimeleme analizi ise bir veri setinin k sayidaki
grup ya da kiimeye bdliinmesi icin kullanilan en temel kiimeleme yontemidir.
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Gozlemlerin gruplar halinde siniflandirilmast icin her bir gozlem cifti arasindaki mesafenin veya benzemezligin (farkliligin)
hesaplanmas1 gerekmektedir. Bu hesaplamanin sonucu, farklilik veya mesafe matrisi olarak bilinir. Bu mesafe bilgisini hesapla-
manin bircok yontemi bulunmaktadir. Mesafe 6l¢iilerinin secimi, kiimelemede kritik bir adimdir. Mesafe 6l¢iileri iki 6genin (X,y)
arasindaki benzerligin nasil hesaplandigini tanimlamakta; dolayisiyla kiimelerin seklini etkilemektedir. ki 6genin (x,y) benzer-
liginin nasil hesaplandigin1 tanimlayan ve kiimelerin seklini etkileyen uzaklik 6l¢iilerinin se¢imi kiimelemede kritik bir adimdur.
Mesafe dl¢iimleri igin, (1) Oklid Mesafe ve (2) Manhattan Mesafe olmak iizere iki yontem bulunmaktadir.

Oklid Mesafe:
dewc (%, ¥) = | D (¥ = 3i)? (M
i=1

dman(%,¥) = Y 1(xi = ¥)] @
i=1

Manhattan Mesafe:

X,y , uzunluklart n olan iki vektorii temsil etmektedir.

Veri analizleri icin yaygin olarak kullanilan korelasyona dayali mesafeler gibi bagka farklilik 6l¢iimleri de bulunmaktadir.
Korelasyona dayali mesafe olciileri korelasyon katsayisinin 1°den ¢ikarilmasiyla hesaplanmaktadir. (1) Pearson Korelasyon Mesafe,
(2) Spearman Korelasyon Mesafe ve (3) Kendall Korelasyon Mesafe korelasyon mesafe 6lclim yontemleri arasinda yer almaktadir.
Kiimeleme analizi sonuglari {izerinde 6nemli bir etkiye sahip oldugu i¢in hangi mesafe 6l¢iim yontemine iligkin tercih 6nemlidir.
Kiimeleme yazilimlari icinde, genellikle varsayilan mesafe dlciisii olarak Oklid Mesafesi secilmektedir. Bununla birlikte, verilerin
tiiriine ve aragtirma sorularina bagh olarak, diger farklilik dlciitleri de tercih edilebilmektedir.

R programinda, R paketlerinden mesafe matrisinin hesaplanilmasi ve gorsellestirilmesi icin factoextra isimli paket icindeki
get_dist ve fviz_dist fonksiyonlar1 kullanilmaktadir. Bu fonksiyonlar, hangi gézlemlerin olduk¢a benzer goriinenlere kars: biiyiik
farkliliklara sahip oldugunu gostermektedir. R yazilim programi k-ortalama ve hiyerarsik kiimeleme analizlerinin beraber kul-
lanilma olanag1 saglamaktadir. R programi i¢inde buluna factoextra paketi i¢inde bulunan hkmeans() fonksiyonu hiyerarsik
kiimeleme ve k-ortalama yontemlerinin birlestirerek hibrit bir ¢6ziim sunmaktadir.

get_dist fonskiyonu bir veri matrisinin satirlar1 arasindaki mesafe matrisini Oklid Mesafe 6l¢iisiine gore hesaplamaktadir.
Jfviz_dist fonksiyonu ise hesaplanan mesafe matrisini gorsellestirmektedir.

K-ortalama Kiimeleme Analizi, belirli bir veri kiimesini k sayida kiimeye bolmek icin yaygin bicimde kullanilan denetimsiz
makine 6grenimi algoritmasidir. Kiime say1sini temsil eden k’nin analiz 6ncesinde belirlenmesi gerekmektedir. Veri setini olugturan
gozlemlerin, ayni kiime icindeki gozlemlerin olabildigince benzer (yani, yiiksek simif i¢i benzerlik), farkli kiimelerden gelen
gozlemlerin ise olabildigince farkli olacak sekilde (diisiik in siniflar arasi benzerlik) kiimelenmesi gerekmektedir. K-ortalamali
kiimeleme analizinde, her kiime, kiimeye atanan noktalarin ortalamasina karsilik gelen merkezi (yani merkez) tarafindan temsil
edilmektedir. K-ortalamali kiimelemenin arkasinda yatan temel diislince, kiimelerin tanimlanmasindan olugsmaktadir. Bu gekilde
toplam kiime ici varyasyon ya da degiskenli§inin en aza indirilmesi amaclanmaktadir. Birka¢ k-ortalama algoritmas: mevcuttur.
Hartigan-Wong (1979) algoritmasi en yaygin kiimeleme algoritmasidir. Bu algoritmada toplam kiime i¢i varyasyonu, o8eler ve
karsilik gelen agirlik merkezi arasindaki Oklid mesafelerinin karesi alinmis mesafelerin toplami olarak tanimlanmaktadir:

W(CH) = D (i = )’ 3)
xieCk
x; C kiimesi i¢indeki veri noktasini,
px ise Cy kiimesi i¢indeki ortalama degeri temsil etmektedir.

Her gozlem (x;) belitli bir kiimeye, gdzlemin atanmis kiime merkezlerine () olan kareler toplami (SS) uzakliklarin1 minimize
edilecek sekilde atanmaktadir. Toplam kiime i¢i varyasyonu asagidaki sekilde tanimlanmaktadir:

k 3
tot.withiness = Z W(Cy) = Z Z (x; = ,Uk)2 )
k=1

k=1 xiECk
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Kiimelemenin kompaktligini yani iyiligini 6l¢en kiime ici toplam kare toplaminin miimkiin oldugu kadar kiiciik olmas1 arzu
edilmektedir.

Tablo 2. Analizde Kullanilan Veriler

N Kisi Kisi Kisi Elektrik Birincil EKkonominin
Ulkeler Bas1 Bas1 Bas1 Uretim Enerji Emisyon
Emisyon Milli Elektrik Emisyon Emisyon Yogunlugu
(Ton COz-¢5) Gelir Tiiketimi Yogunlugu Yogunlugu
® (kWh) (grC0O2/kWh) (TJ/milyon $) (Ton/Bin $)
Arjantin (AR) 8,9 10076 3075 385 42 0,881
Avustralya (AU) 24 54875 10071 735 47 0437
Brezilya (BR) 6,9 8876 2611 160 4,0 0,775
Kanada (CA) 20,6 46329 15588 149 7,4 0,444
Cin (CH) 8,6 10144 3905 683 6,0 0,344
Almanya (DE) 8,7 46795 7035 474 34 0,185
Avrupa Birligi (EU) 7 35089 6022 315 3,6 0,201
Fransa (FR) 5,2 40579 6940 43 39 0,129
Hindistan (ID) 7,2 4135 808 741 34 1,751
Endonezya (IN) 2,5 2072 797 808 42 1,188
Italya (IT) 6,3 33673 5002 331 2,9 0,187
Japonya (JP) 9,0 40458 7820 554 3,6 0,221
Giiney Kore (KR) 12,6 31902 10497 517 6,3 0,395
Meksika (MEX) 53 9950 2186 464 33 0,528
Rusya (RU) 13,3 11725 6603 385 8,2 1137
Suudi Arabistan (SA) 21,1 23451 9048 711 5.4 0,900
Tiirkiye (TR) 5.5 9122 2815 498 3,0 0,604
Birlesik Krallik (UK) 6,4 43070 5130 414 2,7 0,149
ABD (US) 17,6 65095 12994 486 5,0 0,270
Giiney Afrika (ZA) 9,6 6625 4184 1002 7.8 1,449

Kaynak: (CAT, 2023; CW, 2023; WB, 2023’ten yararlanilarak hazirlanmistir.)

K-ortalama kiimeleme analizinde ilk adim, nihai ¢6ziimde iiretilecek kiime sayisinin (k) belirtilmesidir. Algoritma, hesaplamaya
kiimeler icin ilk merkezleri olusturacak veri kiimesinden rastgele k adet nesne segerek baglar. Segilen nesneler ayn1 zamanda
kiime araglar1 ya da “agirlik merkezleri” olarak adlandirilmaktadir. Daha sonra, kalan nesnelerin her biri, en yakin merkezine
atanmaktadir. Burada en yakin merkez, nesne ile kiime ortalamasi arasinda Denklem 1°de verilen Oklid mesafesi kullanilarak
tanimlanir. Bu adima “kiime atama adimi1” denir. Bu adimdan sonra, algoritma tarafindan her kiimenin yeni ortalama degeri
hesaplanmaktadir. Bu adim “kiime agirlik merkezi giincellemesi” olarak adlandirilmaktadir. Kiime merkezleri giincellenerek
yeniden hesaplandiginda, her gézlemin farkl: bir kiimeye daha yakin olup olmadiginin goriilmesi i¢in her gézlem yeniden kontrol
edilir. Sonrasinda tiim nesneler, giincellenmis kiime arag¢lar1 kullanilarak yeniden atanir. Kiime atamasi ve kiime agirlik merkezleri
icin giincelleme adimlari, kiime atamalarinda degisme durana kadar yinelemeli olarak tekrarlanmaktadir. Kiime atamalarinin
durmasi kiime i¢indeki nesnelerin birbirlerine yakinsadigi anlamina gelmektedir. Kiime i¢indeki nesnelerin birbirlerine miimkiin
oldugunca yakinsadigir noktada artik mevcut yinelemede olusturulan kiimeler dnceki yinelemede elde edilen kiimelerle ayni
olacaktir.

K-ortalama kiimeleme algoritmasini olugturan adimlar asagidaki sekilde 6zetlenebilir:

1. Olusturulacak kiime sayisinin (k) analist tarafindan belirlenmesi.

2. Ilk kiime merkezleri veya araclari olarak veri kiimesinden rastgele k nesne secilmesi.

3. Nesne ile agirlik merkezi arasindaki Oklid mesafesi dlgiim yontemine bagli olarak her gézlemin en yakin merkez noktasina
atanmasi.

4. k adet kiimenin her biri icin, kiimedeki tiim veri noktalarinin yeni ortalama degerlerinin hesaplanarak kiime agirlik merke-
zlerinin glincellenmesi. Bir kiimenin agirlik merkezi, o kiimedeki gbzlemler i¢in tiim degiskenlerin ortalamasin iceren p uzun-
lugunda bir vektordiir ve p degisken sayisidir.

5. Toplami kareler toplami iginde yinelemeli olarak Denklem 7°deki formiil kullanilarak en aza indirilmesi. Kiime atamalar1
degismeyi birakana veya maksimum yineleme sayisina ulasilana kadar 3. ve 4. adimlarin tekrarlanmasi. R yaziliminda maksimum
yineleme sayis1 olarak 10 kullanilmaktadir.

Kiimeleme analizlerinde k-ortalamali kiimeleme yaninda kullanilan diger bir yontem hiyerarsik kiimeleme analizidir. K-
ortalamal1 analizinde kiime sayisinin dnceden analizci tarafindan belirtilmesi gerekmektedir. Optimum kiime sayisinin bulunma ya
da saptanmasi gerekliligi k-ortalama kiimeleme analizlerinin bir dezavantaji olarak goriilebilir. Hiyerarsik kiimeleme analizlerinde
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kiimeler asagidan yukariya bir hiyerarsi icinde olusturulmaktadir. Bu yiizden hiyerarsik kiimeleme analizi 6nceden kiime sayisini
belirtilmesini gerektirmeyen alternatif bir yaklagimdir. 1ki yaklagimin da bazi dezavantajlar1 bulundugunu sdylemek miimkiindiir.
K-ortalama kiimeleme, kullanicinin 6nceden kiime sayisini belirlemesini ve baslangic merkez noktalarini rastgele se¢mesini
gerektirir. Buna karsin hiyerarsik kiimeleme, kiiciik kiimeleri belirlemede iyidir, ancak biiyiik kiimeleri tanimlamaz. Hiyerarsik
kiimeleme analizi algoritmasinin adimlar agagidaki sekildedir:

1. Her veri noktas: kendi kiimesine yerlestirilir.
2. En yakin iki kiime belirlenir ve bunlar bir kiimede birlestirilir.
3. Tiim veri noktalar1 tek bir kiimede olana kadar yukaridaki adimlar tekrarlanir.

Kiimeleme analizinde Tablo 1’de verilen ve G20 iiyelerinin verilerinin ¢evresel etki denkligini hesaplamalarinda kullanilan alt1
temel bilesen se¢ilmistir. Kisi bagina diizeyde ifade edilen ilk ii¢ degisken dlgek degiskenleri, birim faaliyet bagina ifade edilen
diger yogunluk degiskenleri ise teknolojik degiskenler olarak degerlendirilebilir. Analize dahil edilen ilk ii¢ degisken, iilkelerin
toplam sera gazi1 emisyonlari, toplam milli gelir ve toplam elektrik tiiketim miktarlarinin kisi bagina diizeyde ifade edilmesine
olanak saglamakta; dolayisiyla iilkeler arasinda var olan 6lcek farkliliklarinin elimine edilmesine yardimci olmaktadir. Elektrik
iretiminin emisyon yogunlugu, birincil enerji tiikketiminin emisyon yogunlugu ve ekonominin emisyon yogunlugu degiskenleri
ise birim faaliyet bagina ortaya ¢ikan emisyon miktarlarinin ifade edilmesine olanak saglamaktadir. Kigi bagina emisyon, birincil
enerji emisyon yogunlugu ve ekonomini emisyon yogunlugu degiskenlerinin hesaplanmasi i¢in tiim sera gazlari, elektrik iiretim
emisyon yogunlugu icin karbondioksit dikkate alinmustir.

Tablo 3. G20 Uyeleri Cevresel Etki Bilegeni Biiyiikliikleri

Ulkeler Niifus GSYH Sera Gazi Birincil Enerji
(Milyon) (Milyar §) (Milyar Ton) (EJ)
AR 45 453 399 3
AU 25 1392 608 6
BR 211 1873 1452 12
CA 38 1742 774 14
CN 1408 14280 12055 142
DE 83 3888 720 13
FR 67 2729 352 10
D 271 1119 1960 9
N 1366 2832 3364 34
1T 60 2011 376 6
JP 127 5123 1134 19
KR 52 1651 0 12
MEX 128 1269 671 8
RU 144 1693 1925 30
SA 34 804 723 11
TR 83 761 460 6
UK 67 2879 429 8
us 328 21373 5771 95
ZAF 59 388 562 5
Diinya 7684 87653 49758 584
G20 Pay1 %59,8 %77,9 %67,8 %76,1
Diger Ulkeler %40,2 %22,1 %32,2 %23,9

Not: AB bir biitiin olarak G20 pay1 hesaplamasina dahil edilmemistir.

Tablo 3’te G20 iiye iilkelerinin niifus, ekonomik, enerji ve sera gazi1 yillik sera gazi emisyonlar1 agisindan diinya toplami i¢cindeki
yeri verilmektedir. G20 iiyelerinin toplam niifusu, diinya niifusunun yaklasik %60’1na, milli hasilas1 diinya milli hasilasinin
%78 ine, yillik sera gazi emisyonlar: toplamu diinya toplaminin %68’ine ve birincil enerji tiiketimi diinya toplaminin %77’sine
ulagmaktadir. Diinya toplami agisindan G20 iilkelerinin iyi bir 6rnek tegkil etmektedir. G20 iiyeleri arasinda ABD, Kanada, Birlesik
Krallik, Fransa Almanya, talya, Japonya ayni1 zaman gelismis iilkeler grubu olarak tanimlanan G7 grubunu olusturmaktadir.
Brezilya, Giiney Afrika, Rusya ve Cin BRIC grubu i¢inde yer almaktadir.
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Sekil 6. Kiimeleme Analizi Sonuglarinin Gorsellestirilmesi

Sonuc¢

Bir ¢evre sorunu olarak ulusal ve uluslararasi giindemin {ist siralarina yiikselmeye basladig: ilk yillardan itibaren kiiresel
1sinma ve iklim degisikligi ile ilgili tartismalarin en 6nemli konusu, iklim azaltim hedefi olmustur. Ekonomik ve ekolojik agidan
etkin ve etkili azaltim hedefi konusunda farkli goriisler ileri siiriilmiis, ancak uluslararasi diizeyde yapilan anlagmalar sonucunda
azaltim hedefi konusu biiyiik 6l¢iide kapanmistir. 2015 yilinda imzalanan Paris Anlagmasi ile birlikte 1,5 oC ve 2 oC’lik sicaklik
hedefleri, biiyiik oranda kiiresel bir standart haline gelmistir. Buna kargin iilkeler arasinda bulunan ekonomik, sosyal ve teknolojik
farkliliklar bu kiiresel hedefin uygulanmasinda 6nemli bir engel teskil etmektedir. Niifus, ekonomi, enerji kullanimi ve sera
gazi emisyonlar: bakimindan diinya i¢indeki paylar1 dikkate alindiginda G20 iiyeleri lizerine yapilan bir analiz kiiresel tablonun
anlagilmasi acisindan kritik belirtiler sunmaktadir. Kiimeleme analizinin sonuglari; toplam sera gazi emisyonlari, milli gelir,
enerji ve elektrik tiiketimi gibi degiskenlere bagl olarak iilkeler arasindaki farkliliklara uygun bir tablo ortaya koymaktadir. G20
tiyeleri baz alindiginda niifus, ekonomik aktivite ve enerji kullanimi agisindan gelismekte ve gelismis iilkeler arasindaki agigin
kapandig1 goriilmektedir. Bununla birlikte yogunluk degiskenleri gelismekte ve gelismis iilkeler arasindaki ayrimin devam ettigini
gostermektedir. Aralarinda Tiirkiye’nin de bulundugu Arjantin, Brezilya, Meksika’nin ayni kiime i¢inde olmast siirpriz degildir.
AB iiyesi iilkelerle ABD, Kanada, Giiney Kore ve Avustralya’nin ayr1 kiimelerde yer almasi, uluslararas1 miizakerelerde iilkelerin
aldiklar1 pozisyonlarin siirpriz olmadigim1 gostermektedir. En 6nemli petrol ihracatgilart arasinda bulunan Suudi Arabistan’in
ABD ile birlikte 2. kiime icinde yer almas1 da dikkati cekmektedir. Cin, Rusya ve Giiney Afrika’nin enerji sistemleri i¢inde fosil
yakitlar onemli rol oynamaktadir. G20 iiyeleri arasindaki farklar Paris Anlagmasi’nda belirlenen sicaklik hedeflerine varilmasini
saglayabilecek emisyon indirimlerinin iilkeler arasindaki isbirligini zorunlu hale getirdigini gostermektedir. Bu nedenle Paris
Anlagmas1 hedefleriyle uyumlu emisyon azaltimlarinin yapilmasi, 6l¢iilmesi, raporlanmasi ve gelismis iilkelerden gelismekte ve
az gelismis iilkelere yapilacak yatirim, destek ve yardimlar, iklim politikasinin asil tartigma konular1 olacaktir.

Hakem Degerlendirmesi: Dis bagimsiz.
Cikar Catismasi: Yazarlar ¢ikar catismasi bildirmemistir.
Finansal Destek: Yazarlar bu ¢alisma i¢in finansal destek almadigini beyan etmigtir.

Yazar Katkisi: Calisma Konsepti/Tasarimi: M.T., S.D.; Veri Toplama: M.T., S.D.; Veri Analizi /Yorumlama: M.T., S.D.; Yazi
Taslagi: M.T., S.D.; R;erigin Elestirel Incelemesi: M.T,, S.D.; Son Onay ve Sorumluluk: M.T., S.D.

Peer Review: Externally peer-reviewed
Conflict of Interest: The authors have no conflict of interest to declare.
Grant Support: : The authors declared that this study has received no financial support.

Author Contributions: Conception/Design of study: M.T., S.D.; Data Acquisition: M.T., S.D.; Data Analysis/Interpretation:
M.T., S.D.; Drafting Manuscript: M.T., S.D.; Critical Revision of Manuscript: M.T., S.D.; Final Approval and Accountability:
M.T., S.D.




EKOIST Journal of Econometrics and Statistics

ORCID:

Mutlu Tiizer 0000-0001-9125-2542
Seyhun Dogan  0000-0003-3450-0612

KAYNAKLAR / REFERENCES
Climate Action Tracker (CAT) (2023). Data portal. https://climateactiontracker.org/data-portal/.

Climate Watch (CW) (2023). Climate watch: Data explorer. https://www.climatewatchdata.org/data-explorer/historical-emissions historical-
emissions-data-sources=climate-watch&historical-emissions-gases=all-ghg&historical-emissions-regions=All%20Selected &historical-
emissions-sectors=total-including-lucf%?2Ctotal-including-lucf&page=1.

Erlich, P. R., Holdren, J. P. (1971). Impact of population growth. Science 171(3977):1212-1217.
International Energy Agency (IEA) (2019). CO, emissions from fuel combustion: Highlights. IEA/OECD.

Intergovernmental Panel on Climate Change (IPCC) (1990). Climate change: The ipcc scientific  assessment.
https://www.ipcc.ch/site/assets/uploads/2018/03/ipcc_far_wg_1_full_report.pdf.

IPCC (2013). ARS Climate change 2013: The physical science basis. https://www.ipcc.ch/site/assets/uploads/2018/02/WG1ARS_all_final.pdf.
IPCC (2014). ARS Climate change 2014: Mitigation of climate change. Cambridge University Press.

Jackson, T. (2009). Prosperity without growth: Economics for a finite planet. EarthScan.

Nordhaus, W. D. (2013). Climate casino: Risk, uncertainty and economics for a warming world. Yale University Press.

Nordhaus, W. D. (2021). The spirit of green: The economics of collisions and contagions in a crowded world. Princeton University Press.
Rahmstorf, S., Schellnhumber, H. J. (2020). iklim Degisikligi teshisi tahmini ¢oziimii. cev. Hiilya Kaya. Runik Kitap.

Tol, R. S.J. (2014). Climate economics: Economic analysis of climate, climate change and climate policy. Edward Elgar Publishing.

Tol, R. S. J. (2019). Climate economics: Economic analysis of climate, climate change and climate policy. Edward Elgar Publishing.

Stern, N. (2007). The economics of climate Change: The stern Review. Cambridge University Press.

Stern, N. (2015). Why are waiting. The MIT Press.

U.S. Global Change Research Program (USGCRP) (2017). .Climate science special report: Fourth national climate assessment volume I.
https://science2017.globalchange.gov/downloads/CSSR2017_FullReport.pdf.

Worldbank (WB) (2023). Worldbank data: Electric power consumption. https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC, 23 Mayis
2023.

How cite this article / Atif Bicimi

Tuzer, M., & Dogan, S. (2023). Sera gazi emisyon 0l¢iitleri {izerine k-ortalama ve hiyerarsik kiimeleme analizi: G20 6rnegi.
EKOIST Journal of Econometrics and Statistics, 39, 89-100. https://doi.org/10.26650/ekoist.2023.39.1369769



https://orcid.org/0000-0001-9125-2542
https://orcid.org/0000-0003-3450-0612
https://doi.org/10.26650/ekoist.2023.39.1369769

EKOIST Journal of Econometrics and Statistics
EKOIST 2023, 39: 101-111
DOI: 10.26650/ekoist.2023.39.1334140

RESEARCH ARTICLE

Analysis of the Relationships between Compulsory Health Spending,
Doctors, Hospital Beds and Hospital Stays for Turkiye

Esra N. Kilci!

I(Assoc. Prof.), Istanbul University-Cerrahpasa, Department of Health Economics, Istanbul, Tiirkiye

ABSTRACT

A significant part of health expenditures is allocated to hospitals, but whether the funds invested in resources are used successfully
or not is determined by assessing factors such as the number of hospital beds and the number of doctors. Additionally, the length
of hospital stay is a critical performance indicator. The objective of this paper is to investigate the mutual relationships between
compulsory health spending, the number of doctors, the number of hospital beds, and hospital stays in the case of a developing
country. We focus on Turkiye using the annual data on compulsory health spending (U.S dollars/capita), the number of doctors
(per 1.000 inhabitants), the number of hospital beds (per 1.000 inhabitants), and the length of hospital stay (days) for the period
of 1994-2020. In our analysis, following testing the stationary properties of the variables, we employ the Fourier causality tests
proposed by Enders and Jones (2016) and Nazlioglu et al. (2016) to analyze the causality links between compulsory health
spending, the number of doctors, the number of hospital beds and the length of hospital stay. Our findings confirm the evidence
of causal runs from compulsory health spending to the number of hospital beds and from the number of doctors to compulsory
health spending in the relevant period.

Keywords: compulsory health spending, hospital beds, number of doctors, hospital stay
JEL Kodu / JEL Code: 120, H51, C10

Introduction

Health services around the world are facing the severest global pandemic crisis of a century not only in China, where the virus
spread from, but also in the United States, which has the highest coronavirus death toll in the world, and the United Kingdom,
which recorded the highest numbers in Europe. The onset of the coronavirus led to high mortality rates in developed countries in
Europe such as the United Kingdom, Italy, Spain, and France. North America was the worst affected, resulting in the mobilization
of extraordinary healthcare resources and measures. As of March 2021, the total number of worldwide cases reached 117 million,
with over 2.6 million deaths (Statista, 2020). During the pandemic, hospital treatment was used more widely, especially in the public
sector, and several governments launched large-scale funding packages. The COVID-19 pandemic in all countries stimulated the
utilization of physicians and health facilities as well as raised the number of hospital visits, creating a higher demand for medical
devices and items (Fitch Solutions, 2020).

According to the data acquired from the European Centre for Disease Prevention and Control (2020) Italy, the country that
suffered the most in the Euro-Area, reported nearly 29.350 deaths from March to May, while France and Spain, the other two worst
affected countries, reported 25.540, and 25.860 deaths, respectively. The United Kingdom, with the number of deaths at nearly
29.500, and the USA with the number of deaths at 72.100, were also heavily affected, while China, the origin of the virus outbreak,
recorded only 4.633 deaths overall. Given the low death rates when compared to advanced economies like the United States, the
United Kingdom, Italy, Spain, and France, the Ministry of Health of Turkiye indicates that Turkiye performed well in the fight
against the coronavirus pandemic. When confronted with the growing number of cases of COVID-19, Turkiye adopted a series of
measures much like other countries. Some of these measures involved confining people over 65 and under 20 years of age at home,
blocking road traffic in and out of certain provinces and major cities, suspending domestic and foreign flights, supplying free masks
to citizens, building two emergency hospitals in Istanbul and enforcing a curfew for approximately two months (Carnegie, 2020).
In addition to these measures, the Ministry of Health (MoH) outlines that Turkiye responded to the coronavirus outbreak with
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a comparatively strong public healthcare system. Accordingly, a strong infrastructure of public healthcare, advanced technology,
and swift proactive steps helped Turkiye prevent the scenarios from happening in other countries that had very high death rates
(TRT World, 2020).

Healthcare indicators in Turkiye showed that the Health Transformation Program, which began in 2003 to support the healthcare
system, provide equity amongst people, increase healthcare efficiency, and improve healthcare quality, has been effective. Parallel
to the HTP, health expenditures changed dramatically from 2003 to 2018. Access to healthcare services and social health status
indicators improved with an increasing level of patient satisfaction after the HTP initiative was implemented. Investments in the
health system led to an improvement in the healthcare indicators in Turkiye, so we aim to analyze the causality relationship between
compulsory health spending and selected health indicators in this study. Graph 1 shows the upward trend in compulsory health
spending (US dollars/ capita) from 1994 to 2020.

Figure 1. Compulsory Health Spending (US Dollars Capita): 1994-2020

Our study adds to academic literature in numerous ways. A large part of health expenditures is allocated to hospitals, but whether
the funds allocated to resources are used effectively or not is measured by examining variables such as the number of hospital beds
and the number of doctors. In addition, the length of a hospital stay is a key performance output. The resources used as inputs in
performance evaluation studies such as health personnel, number of beds, and number of medical devices are compared with the
outputs obtained including the number of examinations, number of inpatients, length of stay, number of surgeries, and number of
births. Accordingly, hospitals can be characterized as effective or ineffective as emphasized by Boz et al. (2018). To the best of
our knowledge, this study is one of very few in the academic literature that focuses on the mutual relationships between health
spending and health indicators such as hospital beds, the number of doctors, and the length of hospital stays. Our study extends
the literature by focusing on compulsory health spending and those health indicators of a developing country. Consistent increases
in healthcare costs are a major issue for policymakers in every country, including Turkiye. We focus on answering the question of
whether healthcare indicators improve when healthcare spending increases. This study critically assesses this idea by reviewing
relevant literature, with the goal of providing a deeper and more nuanced look at the connections in question. Furthermore, our
study contributes empirically. We use recently proposed causality tests which allow for structural breaks through the Fourier
functions. When Fourier terms are utilized to include structural breaks, causality results differ from previously reached results,
and stronger relationships are identified.

The remainder of the paper is organized as follows: the next section reviews the outlook of Turkiye’s healthcare system before
2000 and in the post-2003 period with the implementation of the Health Transformation Program. The third section briefly
discusses the relevant literature and the fourth section provides the methodology, presents the data, and reports empirical findings.
Finally, the last section concludes by addressing some policy implications.

A Brief Review of the Turkish Health System: pre-2000 and post-2000

Many countries developed national programs to make sure their health systems were prepared to manage an outbreak like the
COVID-19 pandemic. This policy change allowed public health authorities to respond effectively to reports of suspicious cases,
identify contacts that were at risk, and manage these types of cases; while hospitals had the requisite resources and guidelines
to maintain infection prevention protocols, secure healthcare workers, and mitigate risk to the general public (World Health
Organization, 2020). The stronger a country’s health system is, the greater its ability to fight and minimize the adverse effects
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of a pandemic. Today, Turkiye has a strong healthcare system when compared to twenty years ago, while struggling with the
coronavirus pandemic. Therefore, the system performed well during the pandemic as stated by the Ministry of Health of Turkiye.

Turkiye’s healthcare system underwent a major renovation with the Health Transformation Program in 2003. It was designed
to address the fundamental weaknesses in the system by improving accessibility to healthcare services and care delivery quality,
upgrading the old system, and strengthening the social security framework to cover the vast majority of the population (Kilci,
2021). Table 1 summarizes the major developments in the Turkish healthcare system in the period from 2003-2018.

Table 1. Major Developments in Turkish Healthcare System (2003-2018)

e Acheived universal health coverage.
2003

. The family medicine model pilot legislation was implemented and the practice of this family model improved
the access and equality of care.

. Implemented a performance-based supplementary payment framework that linked healthcare payments to
operational performance standards in MoH hospitals in order to provide greater independence for public
hospitals over revolving fund management.

e  Established an international reference pricing system for drugs to pharmaceuticals.

e Improved green card (GC) deployment coverage to ensure more effective implementation of this system.
Implemented the "Reimbursement Commission," which abolished various social security agencies that
operated separate reimbursement commissions, and the adoption of a joint model.

2004

e  Transferred the Social Insurance Organization’s healthcare facilities to the MoH, which reduced uncertainty
in the provision of the public sector and separated the role of purchasing health services from the task of
procurement.

. Established a single social security organization.

e Added a quality element to the performance-based supplementary payment system (PBSP) in MoH hospitals.

. Launched the practice of “Family Medicine” within the framework of the HTP.

e  Formed a positive list for drugs.

2005

e Established the pharmaceutical expenditure tracking system within SSI
Adopted the “Social Security and General Health Insurance Law”.

e United the public insurance schemes including “Government Employees Retirement Fund”, “Social Security
Institution” and “Bag-Kur” under the newly established Social Security Institution.

. Consolidated healthcare financing institutions through the Health Transformation and Social Security
Reform.

e Introduced global budgets (hospital-level budget ceilings) for MoH hospitals to control overall public
spending.

2006

. Presented proposed legislation on the pilot program of public hospital organizations.

e Added new elements to the HTP following the formation of the new government in 2007, which involved
health promotion for a safer future and healthier life schemes, that aimed at multi-dimensional health
accountability for mobilizing citizens, cross-sectoral cooperation, and cross-border health services to
improve the country's international strength.

e Developed an institutional performance evaluation framework.

2007

e Brought the “Social Security and General Health Insurance Law” into effect and introduced the "General
Health Insurance Program" to create a financially sustainable social security system covering the entire
population.

2008

e Utilized global budgets (budget ceilings) for drugs.

. Extended the family medicine model for all of Turkiye.
2010
e Reorganized MoH’s stewardship role.
. Formed public hospital unions to boost health service efficiency and quality.
e  Established the “Turkish Medicine and Medical Devices Agency”.
2011

. Achieved full integration of health insurance by moving the GC system for the poor to SSI.
2012

e Introduced “Complementary Health Insurance”.
2014

. Launched a Health System Strengthening and Support Program (USD 134.12 million) that was aimed at
improving the primary and secondary prevention of identified NCDs, increasing the efficiency of public
hospital management, and enhancing the ability of evidence-based policymaking at the MoH.

2015

e New drug investments implemented by the “Turkish Medicine and Medical Devices Agency”.

. Undertook investments for improving the “Health Tourism Department”.
2017

. Established the model of “City Hospital” to enhance the health system and healthcare standards.
2018

Source: OECD (2005), OECD (2014), OECD (2017), OECD (2019), Kilci (2021), Kilci (2022), Okem and Cakar (2015),
Yasar (2010), World Bank (2018), World Bank (2019).

Major health status indicators improved dramatically as a result of the Health Transformation Program. Patient satisfaction and
healthcare indices improved, leading to lower infant and maternal mortality and a longer life expectancy. The World Bank data
showed that once HTP was implemented, life expectancy rose to 75 in 2012 from 71 in 2001, only a few years before the program
began. There was a remarkable increase in the availability of hospital beds, medical professionals, and nursing staff. The program
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also contributed to quantifiable changes in healthcare, including an expansion in resources, personnel, and infrastructure, bringing
greater patient satisfaction (Oxford Business Group Report, 2015).

Literature Review

In the academic literature, the causality from life expectancy and healthcare-related developments to economic growth has been
widely studied since the 1950s. Accordingly, healthcare expenditures contributed to the productivity of human capital; as a result,
positive developments in the healthcare area have had economic significance. In the studies that focused on the hypothesis of
“health-oriented growth”, the growth impacts of rising life expectancy as a summary measure of health status and the possible
ways in which health might affect productivity were examined. Studies indicated that improved health status could potentially have
positive growth impacts via the following channels: increasing the current value of schooling and, thereby, motivating young people
to spend more in human capital, acquiring higher school and job participation rates thanks to fewer days of illness, enhancing the
alertness and functioning performance of students at school and staff in the workforce, decreasing fertility rates, growing returns
to investment in human capital and higher learning quality (Madsen, 2018).

The research in the literature supported stable trends for improving health conditions and rising health spending in developed
countries. For example, the average rate of infant mortality decreased from 3.3 to 0.6 per 1000 live births; the average life
expectancy at birth for females increased from 72.5 to 80 years; the average life expectancy at birth for males increased from 67.6
to 73.6 years while the total health expenditure to GDP ratio increased from 3.4 percent to 7.7 in countries across the European
Union from 1960 to 1995 (Nixon and Ulmann, 2006). Nonetheless, the findings on the connection between health expenditure and
health outcomes remained unclear because of the difficulties in separating the influence of the health service input as a determinant
of health conditions outputs which therefore caused measurements to be ineffective. Focusing on the contribution of healthcare
expenditure and health outcomes, Nixon and Ulmann (2006) carried out an analysis of the European Union during the period
1980-1995 by utilizing infant mortality and life expectancy as dependent variables and health expenditure as the independent
variable and found that health expenditure was one of the major factors contributing to health performance quantitatively and
qualitatively. Accordingly, they suggested that health expenditure was an important driver in reducing infant mortality, though it
only contributed slightly to improving life expectancy for both men and women.

Jaba et al. (2014) investigated the impact of health resources on health outcomes for a group of countries identified by the
level of income and geographical location. They sought to measure the influence of health expenditures per capita on life
expectancy at birth and to see if health expenditures per capita increased significantly along with a rise in longevity for developed
countries, particularly for European countries. Their findings indicated a strong correlation between healthcare expenditure and life
expectancy. Moreover, country impacts were noteworthy and demonstrated the existence of notable variations between countries.
While health expenditures are expected to impact health outcomes, it should be noted that the effectiveness of transmitting
expenditures into improved health outcomes could vary considerably. In this sense, some countries obtain better health outcomes
than others, even with lower health expenditures per capita. From this perspective, Ray and Liden (2020) attempted to address the
question of whether private and public health expenditures were correlated with healthcare indicators such as infant mortality and
life expectancy at birth for countries and whether higher private and public health expenditures in low-income countries would
boost health conditions in comparison with high-income countries. With this in mind, they analyzed the influence of private and
public health expenditures on infant mortality and life expectancy at birth for 195 countries throughout 1995-2014 by dividing the
data set into groups based on life expectancy growth, infant mortality rate decreases, and gross national income per capita level.
Their findings suggested that public health expenditures impacted healthcare indicators more than private health expenditures.
The second question could not be answered positively which meant that although favorable public expenditure impacts were
observed in poor countries, the effects of private health expenditures were either insignificant or equal to the impact of public
health expenditure, which means that this result was partially sensitive to the methodology employed. In a recent study that
focused on the South-East Asia Region, Behera and Dash (2020) analyzed the effectiveness of health expenditures on healthcare
outcomes for the period from 2000 through 2014 by dividing health expenditures into four groups; government health expenditures
from domestic sources, external assistance of health to the government, private out-of-pocket, and private not out-of-pocket
expenditure. By employing such indices of health conditions such as infant mortality, life expectancy, index of universal health
coverage, immunization coverage, and undernourishment prevalence, they found evidence of positive impacts from total health
expenditures, particularly the public health expenditures on improving life expectancy and reducing infant mortality. They also
noticed a strong positive relationship between health expenditures and the universal health coverage index. In another study,
Othman-Abdullah (2022) examined the links between government health expenditures and a variety of health-related variables
for Iraq between 2005 and 2020. They found that spending related to factors like the number of hospitals and beds as well as the
total number of healthcare facilities. These findings, however, revealed that government health expenditures did not significantly
relate to the number of doctors. Similarly, Tiehi and Coulibaly (2022) investigated the factors influencing government healthcare
spending in Africa and they revealed that population growth, hospital beds, nurses-midwives, number of doctors, corruption scores,
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evidence against the assumption that there is no unit root (i.e., p = 1). Once the form of a(t) is undefined, any test for p = 1 becomes
difficult if a(t) is not given correctly. They use the Fourier expansion as an estimate for the form of the functional variable a(t),
which remains unknown.

2kt kt
a(t) = ag + Z)_, | axsin d + Brcos dl ;n <T/2, )

where n is the total number of frequencies used in the estimation, k represents a specific frequency, and T is the total number of
observations.

Ifoy =P = =a, =P, =0, it is evident that the process is linear, and standard methods for checking for unit roots might be
used. A break or nonlinear trend, in contrast, requires the presence of in the data-generating process, at least one Fourier frequency.
One significant benefit of the Fourier approximation is that it is a global approximation rather of a local one. In a regression
analysis, it is not practical to utilize a very big value of n. Overfitting is a potential issue when many frequency components are
used. So instead of proposing the precise form of a(t), they attempt to choose appropriate frequencies to put in Equation (2). They
only employ one frequency, k, and focus on the testing regression in this respect.
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In Equation (3), Enders and Lee (2012) allow 7D F; represents the t-statistic for the null hypothesis p = 0. After determining that
the asymptotic properties of the DF version of the test are identical to those of the LM version of the test, they prefer not to provide
the asymptotic distribution. As with the other alternative tests, it is crucial to note that the critical values for the null hypothesis
of a unit root will depend entirely on the frequency k and the sample size T. However, they are independent of the coefficients of
the Fourier terms and other deterministic terms. Hence, simulations allow Enders and Lee (2012) to systematize critical values.
The study’s critical values for 7D F; are documented in Tables 1a and 1b. The following is a possible implementation of the break
test if the value of k is estimated. Initially, they make an approximation of Equation (3) for all integer values of k as 1 <k < 5.
Specifically, it is observed that is the result of the regression with the smallest sum of squared residuals (SSR). Assuming serial
correlation in the residuals, more lagged values of Ayt could be added to Equation (3). Second, they provide evidence supporting
the feasibility of conducting pretests for nonlinearities. In order to do so, they do the standard F-test for the null hypothesis implying
c3 =c4 =0. The F-statistic distribution becomes non-standard if the unit-root null is placed on the data-generating process (DGP).
In case the value of F in the sample is smaller than the critical value specified in the study, the null hypothesis of a linear trend
could not be rejected. They recommend using the standard linear Augmented Dickey-Fuller test instead.

Next, we analyze the causality links between the variables using the Fourier Granger causality test developed by Enders and Jones
(2016) and the Fourier Toda Yamamoto test proposed by Nazlioglu et al. (2016). Due to the gradual changes in the interconnections
between the variables and the inadequacy of linear specifications in capturing the connections, the econometric analyses are often
not clear and straightforward. Since several smooth mean shifts are prevalent in the VAR system, Enders and Jones (2016) allow
the adaptable Fourier form to detect them and to address the Granger-causality tests with short-term dynamics. Enders and Jones
(2016) verify the non-stationarity of the variables and then, after using the Flexible Fourier Form to account for breaks, they
examine the linear VAR as follows:

z=0+2 Azt e 4

where ¢ denotes a (4x1) vector of intercepts, A; represents (4x4) coefficient vector and e, shows the vector of innovations. Here,
there are two major issues. To begin with, there are unaccounted-for structural fractures in the system defined by Equation (4).
Further, since an unrestricted VAR is likely to be overparameterized, the confidence intervals shown in the depiction may be too
wide. To demonstrate how ignored breaks might confound Granger causality tests, they implement a common approach and place
constraints on the VAR that are suggested by the Granger causality tests. Their findings point to a lack of interaction between the
variables. Because of the strong reactions, the series tends to respond solely to its own shocks. Then, instead of the VAR provided
by Equation (5), Enders and Jones (2016) let the deterministic regressors be as follows:

zr =0(t) + ZgllAiZt—i +e; ©)
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5(1) = [61(1),62(1), 63(1), 84(1)]’ (6

and each intercept §;; is affected by n Fourier frequencies in such a way that:
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Finally, Enders and Jones (2016) acquire the equation below to employ the Fourier Granger causality test.
. [2nkt 2kt
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Results for the Granger causality vary significantly from those previously acquired when the Fourier terms are employed to
adjust for breaks. When Enders and Jones (2016) include trigonometric functions in the model, they find stronger linkages and
more complex interactions between the variables than the Granger-causality findings provided by the linear VAR. Furthermore,
since taking the difference of variables might lead to a loss of information, Nazlioglu et al. (2016) extend the Fourier causality
test proposed by Enders and Jones (2016). In the Fourier Toda Yamamoto causality test, Nazlioglu et al. (2016) use the following
equation.

. [ 2mkt 2rkt
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Here, the Granger causality is tested utilizing the terms of Wald statistics and the Fourier. In case the Fourier terms are utilized
to include structural breaks, the results of causality differ from previously reached results, similar to the test proposed by Enders
and Jones (2016), and stronger relationships can be identified.

Analysis Findings

To evaluate the stationary characteristics, we apply the Fourier ADF unit root test in the first part of our analysis. The results of
the unit root test are shown in Table 3.

Table 3. The findings of the Fourier ADF unit root test

Variables Frequency(k) MinSSR FADF Test-statistic F-Statistic
SPENDING 1 0.073118 -5.724808%** 14.05772%**
BED 1 0.004385 -2.484142 3.738887
DOCTOR 1 0.004779 -3.793270 8.037419*
STAY 1 0.040787 -5.883179*** 18.228570***

Note: Critical values for FADF t-statistic for k=1 and T=27 are -4.95, -4,35, and -4.05 at 1%, 5%, and 10%. In addition, critical
values for F-statistic are 12.21, 9.14 and 7.78 at 1%, 5%, 10%, respectively. A linear trend is employed in the model.

When we examine the Fourier ADF unit root test, we notice that the “SPENDING” and “STAY” variables are stationary since
both the FADF T-statistic and F-statistic are bigger than the critical values specified in the study of Enders and Lee (2012). The
“DOCTOR” variable has a unit root since the FADF T-statistic is less than the critical values stated despite the fact that the
F-statistic is greater than the critical values stated. On the other hand, for the “BED” variable since the F-statistic is less than the
critical values specified in the study of Enders and Lee (2012) we need to use the standard ADF unit root test. The ADF test also
confirms that the “BED” variable does have unit root since prob. value 0,2951 is greater than 0.05. In the following stage, we
examine the causal links between variables, and we employ the Fourier Granger causality test for the variables that were I(0) and
the Fourier Toda Yamamoto causality test for the variables that become stationary at different levels. Table 4 presents the findings.

According to Table 4, there are causality runs from the “SPENDING” variable to “BED” and from “DOCTOR” to “SPENDING”
since the bootstrap p-value is less than 0.01 while there are no causality runs from “BED” to “SPENDING”, from “SPENDING”
to “DOCTOR”, from “SPENDING” to “STAY”, and from “STAY” to “SPENDING”. These findings mean that compulsory health
spending does have an impact on hospital beds and the number of doctors does have an impact on compulsory health spending
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Table 4. The findings of the Fourier Granger and Fourier Toda-Yamamoto test

Relationship Wald-test asymptotic p-value bootstrap p-value Optimal p  Optimal k
SPENDING—

BED 16.046135 0.000327*** 0.000530%*** 2 1
BED —

SPENDING 0.219219 0.896183 0.892600 2 1
SPENDING—

DOCTOR 0.912966 0.633507 0.645500 2 1
DOCTOR—

SPENDING 14.92427 0.000574%** 0.005600%** 2 1
SPENDING—

STAY 2.741721 0.253888 0.280500 2 1
STAY—

SPENDING 3.132469 0.208830 0.232300 2 1
BED—

STAY 1.679782 0.431757 0.445500 2 1
STAY—

BED 6.512072 0.038540%* 0.071300* 2 1
DOCTOR—

STAY 1.289550 0.256130 0.270900 1 1
STAY—

DOCTOR 0.000232 0.98782722 0.985700 1 1

Note: *** ** and * show the statistical significance level at 1%, 5%, and 10%. The findings are acquired by using Akaike criteria
and 10.000 bootstrap value. Since n is less than 50, we use the bootstrap p-value.

Table 5. Caption

Variables  Frequency(k) MinSSR FADF Test-statistic F-Statistic

SPENDING 1 0.073118 -5.724808%*** 14.05772%*%*
BED 1 0.004385 -2.484142 3.738887
DOCTOR 1 0.004779 -3.793270 8.037419*
STAY 1 0.040787 -5.883179%*** 18.228570%**

Note: Critical values for FADF t-statistic for k=1 and T=27 are -4.95, -4,35, and -4.05 at 1%, 5%, and 10%. In addition, critical values for ]

in the analysis period. It is an expected result since investment in healthcare system can lead to improvement in the healthcare
equipment such as hospital beds. In addition, the increase in the number of doctors might lead to an increase in compulsory
spending.

Conclusion and Policy Implications

In this paper, we review the evolution of the health system in Turkiye in the post-crisis period in which the Health Transformation
Program has been implemented and analyze the mutual causality links between compulsory health spending and health indicators
including hospital beds, the number of doctors and hospital stay from 19994 through 2020. In our analysis, we utilize the Fourier
causality test proposed by Enders and Jones (2016) and the Fourier Toda Yamamoto causality test proposed by Nazlioglu et al.
(2016). The findings of the causality test show that there is a short-run relationship between compulsory health spending and
hospital beds and between the number of doctors and compulsory health spending. The evidence of a causality relationship between
compulsory healthcare spending and hospital beds is an expected result. Since 2003, public healthcare spending in Turkiye has
grown under the HTP framework, leading to a modest rise in the number of available hospital beds. Of course, it is not very easy
to say whether healthcare expenditures improve the healthcare system. It is crucial to quantify the worth of healthcare production
and to find out how well it is doing. Generally, an increase in health expenditures must result in an increase in the healthcare being
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provided if the health of a population improves in response to the rise in spending. In this sense, the capacity of hospital beds is an
important indicator of healthcare resources. Reduced availability of beds is likely to have a negative effect on treatment and add to
long queues. Higher spending on healthcare means more healthcare resources in general and more beds in supply in particular. Our
findings also support the evidence of a causality relationship between the number of doctors and compulsory healthcare spending.
Although we expect that compulsory healthcare spending will increase as the number of doctors rises, it seems unclear how the
medical staff affects the growth of healthcare spending. For instance, Chernew et al. (2009) studied the link between primary care
doctors and health spending growth in the period from 1995-2005 and argued that the share of primary care doctors is uncorrelated
with healthcare spending. In this context, they emphasized that more study was required before a primary care doctor’s possible
causative influence could be evaluated. In another study, Othman-Abdullah (2022) found that government health expenditures did
not correlate with the number of doctors while there was a causality link between government health spending and hospital beds.
Our findings are partly in line with Othman-Abdullah (2022) since our findings support the evidence of a causality relationship
between these two variables. This finding is also in line with Tiehi and Coulibaly (2012) in which a relationship was found between
the number of doctors and government health spending.

We could not find any causality link between compulsory health spending and the length of a hospital stay in our analysis.
Indeed, the length of time a patient is hospitalized is often used as a measurement of how well treatment is being delivered. The
fewer days a patient spends in the hospital the less money and time will be spent on their care. A shorter patient stay might be
a valuable efficiency indicator if it is assumed that care quality has not decreased. Walsh et al. (2022) indicated that healthcare
systems might react to resource shifts and one way to do this is to raise the occupancy rate, shorten the average duration of stay, and
cut down on the number of new patients admitted. Although the length of stay is a major indicator of efficiency in the healthcare
industry, changes in the length of stay without knowing the context might be unproductive. In addition, the results make one
wonder whether it’s fair to use length of stay as an efficiency measure, especially when the reasons for changes in length of stay
are analyzed in isolation from other indicators.

We also have some limitations in our study. For instance, we could not find data regarding the variables after 2020. In addition,
when we checked the subcategories under hospital bed, we could not reach sufficient data. In response to the COVID-19 pandemic,
Turkiye took measures to control the transmission of the epidemic, in addition to providing economic support to that impacted
several groups in the community. However, the effects of the COVID-19 pandemic are estimated to have a significant adverse impact
on Turkiye, further weakening macroeconomic fundamentals such as economic growth, industrial production, and unemployment
rate. Therefore, the macroeconomic variables should be included with a larger data set in an analysis in the future.
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ABSTRACT

Using international air cargo data from Turkey, this study compares the forecast performance of three different approaches in the
air transport literature for the basic gravity model parameter estimation. The first approach uses ordinary least squares to estimate
the gravity model, which is frequently utilized in air transport literature. The second approach, like the first, employs the log-linear
estimate technique, but unlike the first, it adds a small amount to the observations with a zero-valued dependent variable and
includes them in the analysis. The third method is to estimate the gravity model using the Poisson pseudo maximum-likelihood
estimator, which is an alternative to the ordinary least square estimator. The forecast performance of the models developed after
estimating the equation with three different approaches was compared with error metrics and the Diebold-Mariano test. As a result
of the study, the Poisson pseudo-maximum-likelihood estimator was observed to be the estimator with by far the best forecast
performance for the total amount of cargo carried. However, the forecast performance of models differs for some cities.

Keywords: The gravity model; Poisson pseudo-maximum-likelihood, Ordinary least squares, Air cargo, Forecast performance

Introduction

Airline demand forecasting can be described as forecasting the expected passenger and/or cargo traffic between two destinations
in a specific time period, and highly accurate forecasts are crucial to an airline’s overall success. When the annual growth rates
of the air cargo market are analyzed, one can say that the air cargo market has had a growth trend in the last 10 years, although
there have been interesting movements in the growth rates on an annual basis during the Covid-19 period. (Choi, 2023). A high
forecasting accuracy rate is a crucial component of an airline’s overall success, and cargo volume forecasting has become as vital
in forecasting as passenger volume forecasting. Based on these forecasts, airlines can determine whether to open new routes or
add flights to existing ones.

Air freight transport volumes have roughly doubled every ten years during the previous few decades, growing at a 50% faster
pace than passenger transport traffic during the same era (Feng et al., 2015). This year-on-year expansion rate has recently risen,
with a current 11.9% increase above pre-pandemic levels. Air transport is typically the preferred mode of delivery services for
time-sensitive and high-value products, and it is projected that goods worth more than US$6.8 trillion (more than 35% of global
trade by value) use air cargo companies as a mode of transport, which accounts for a significant portion of earnings for airlines
and air carriers. Air cargo contributes 9% of airline revenues on average, which is more than double the income generated by the
first-class segment (Desai et al., 2023).

In recent years, the government of Turkey and air cargo participants have increased their investments in the air cargo market in
order to grow their worldwide share of the air cargo sector. When all of the phases are finished, Istanbul Airport, which began
operations in 2018, will have an annual freight handling capacity of 5.5 million tons, and it is projected that this capacity will lead
the airport to become an important hub in global air cargo traffic IGA, 2021). The data for the country’s air freight operations
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also illustrate the return on these investments. In the previous ten years, the volume of cargo transported by Turkish airlines has
climbed by an annual average of 9.9%. (DHMI, 2021).

The literature review section will show that there are various factors affecting the amount of air cargo carried. The most
important of these factors are GDP and population, which indicate the economic size of countries. However, apart from these,
studies show that customs tariffs, whether countries are connected by road, the frequency of flights between countries, and many
other factors affect the amount of cargo transported. Moreover, it can also be said that the number of passengers carried between
airports indirectly affects the amount of cargo transported. This is because air cargo is transported not only by dedicated cargo
aircraft but also by passenger aircraft. Although this situation mentioned shows the interaction between air cargo and passenger
operations, there are certain differences between airline passenger and cargo transportation. Firstly, in passenger transportation,
the capacity is determined as one seat for each passenger carried, while in cargo transportation, such a standard is not possible
due to the volumetric and chemical properties of each cargo. While the aircraft used for passenger operations are generally, newly
produced aircraft, the aircraft used for cargo operations are usually passenger-to-freighter aircraft that were previously used for
passenger operations and then converted into freighters. Moreover, cargo operations are usually carried out during night hours
while passenger operations are predominantly carried out during daylight hours (Desai et al., 2023).

There are several approaches for estimating passenger volume. Because no single approach guarantees accuracy, airlines actually
compare forecasts from many models. The gravity model is one of the most extensively used forecasting models in this group. The
gravity model is an econometric technique that employs traffic between destination pairs as a dependent variable and destination
macroeconomic factors as an explanatory variable. Because of the aforementioned characteristics, the gravity model can make
traffic forecasts even for destinations that do not have historical traffic data, and this advantage leads to researchers frequently
benefiting from the gravity model approach.

As seen by studies that estimate traffic for air transportation, OLS (Matsumoto, 2004; 2007; Grosche et al., 2007; Hazledine,
2009; Zhang and Findlay, 2014; Gong et al., 2014; Gillen and Hazledine, 2015; Cristea et al., 2015; Matsumoto et al., 2016;
Hazledine, 2017; Alexander and Merkert, 2017; Matsumoto and Domae, 2018; 2019; Becker et al., 2018 and Alexander and
Merkert, 2021) and alternative estimators (Zhang and Zhang, 2016; Grosso and Shepherd, 2011) are frequently utilized in gravity
model parameter estimation. The main reason for this is that the log-linear OLS estimator cannot be include in the analysis
observations with zero-valued dependent variables. Because of this, some studies increase the amount of traffic in the dependent
variable to be sufficient for the analysis to add zero-valued observations. Even if there is no traffic, the potential of the destinations
can be included in the analysis.

In the field of air transportation, basic gravity model studies using data on the number of cargo and/or passengers carried between
pairs of destinations generally use OLS-based approaches for coefficient estimation. However, subsequent studies have shown that
the OLS approach causes problems in basic gravity model coefficient estimation both econometrically and in terms of practical
significance, so alternative approaches have been developed. The first alternative approach is to increase the observations with a
value of zero as the dependent variable until it reaches 1 in order to be included in the analysis. In this first alternative, the OLS
approach is used for the coefficient estimator after the transformation. The second alternative is to use the PPML approach for
coefficient estimations using the original dataset without applying any transformation to the dataset. Although the aforementioned
approaches are mostly used in the air transport literature for reliable coefficient estimations in basic gravity model estimation, no
study has been conducted to evaluate the in-sample and/or out-of-sample prediction/forecast performances of these approaches.
With these motivations, in this paper, the prediction and forecast performances of OLS and two alternative approaches to OLS
(Represented in this study by OLS* and PPML approaches) are compared. Moreover, it has been tried to determine which approach
gives more reliable coefficient estimations for basic gravity model coefficient estimation in the data set with which features. Thus,
the estimator with the best prediction/forecast performance in Turkey’s international air cargo data will be determined and provided
for airline businesses’ decision-making processes such as capacity and demand planning.

The remainder of this paper is organized as follows. The second section is a review of the literature on the prediction and forecast
of air transportation traffic volume publications, with a focus on research that employed gravity models. Section 3 includes a brief
introduction of the PPML and OLS estimators, as well as the basic gravity model, describes the data set and models, and provides
some preliminary information on error metrics and the Diebold-Mariano test. The parts that follow include empirical findings
about the comparisons of gravity model approaches in terms of forecast and prediction, and also conclusions and future research
opportunities respectively.

Literature review

Around the end of the 1950s, studies aimed at projecting demand for the air transport business started to emerge in the literature.
These studies were primarily concerned with evaluating the demand that may come from airline market tactics, as well as the
elements that drive that demand. The literature on the subject of air transportation has been one in which studies have differed in
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terms of methodology from the decade when it began to emerge, so much so that Lansing et al. (1961) used cross-sectional data
in their research, while Barlett (1965) and Long (1966) employed time series data. In addition to these investigations, Joun and
Mize approximated volume in 1966 and 1968 utilizing either cross-sectional or time series data. (Schultz, 1972).

In the decades that followed, researches such as Kanafani (1983) and Ben-Akiva and Lerman (1983) attempted to make inferences
about potential customers by evaluating passenger preferences using the multinomial logit approach. Moreover, the researches of
Maddala (1983) and Schneider (1986) assumed that the variables employed may have distributions that differed from the normal
distribution. These studies, as well as others, put forward a variety of research examining demand in the field of air transportation.

Researchers gained access to and can analyze more data as a consequence of technology advancements in the 1990s. Short-term
forecasting (Blume et al., 1995), long-term forecasting (Wickham, 1995), and hybrid approaches (Danilov, 1997) were all used
to categorize time series research. Around that time, academics began to combine econometric techniques with machine learning
technologies. Artificial neural networks (ANN) were used in Nam and Schaefer’s (1995) and Law and Au’s (1997) research to
estimate worldwide airline demand and Hong Kong airline passenger demand, respectively.

In the 2000s, studies employing econometric variables as predictors of airline passenger and/or cargo demand forecasts began to
emerge in the literature. Alekseev and Seixas (2009) employed GDP as a predictor and conducted airline passenger demand with
ANN, reporting that ANN outperformed standard econometric approaches in the results they received. Fernandes and Pacheco
(2010) employed a linear Granger causality test to analyze the relationship between GDP and domestic air passenger traffic in Brazil
and concluded that there is a one-way causal relationship between economic growth and domestic air transport demand. Using
a linear Granger causality analysis, Hakim and Merkert (2016) investigated the causal link between air transport and economic
growth in the southeast Asian area and concluded that there is a uni-directional causation running from GDP to air transport
demand. Baker et al. (2015) discovered a strong bidirectional interaction between economic growth and air transport demand in
regional, rural, and remote towns in Australia. According to the findings of Baker et al. (2015), maintaining airport facilities is
critical since it affects the regional economy. Suryani et al. (2010), on the other hand, discovered that airfare impact, level of
service impact, GDP, population, number of flights per day, and dwell time all had an influence on air passenger numbers.

Panel data estimators, on the other hand, have been used by scholars attempting to estimate both passenger and cargo demand
in aviation since the early 2000s. Panel data estimators have an advantage over other estimators in that they can obtain information
from the units in both the cross-sectional and time series dimensions (Tatoglu Yerdelen, 2018). Among these estimators, the
gravity model, a specialized panel data estimate approach, emerges as a method widely utilized by researchers attempting to
forecast air transportation demand. The gravity model has been used successfully to analyze bilateral flows in international trade,
transportation, marketing, migration, and a variety of other spatially connected fields (Bergeijk and Brakman, 2010). The model in
transportation research describes the mobility of goods and people between pairs of destinations in terms of income and distance,
as well as other variables that may support or impede the flow of goods and people. The gravity model has achieved popularity
among international trade economists and policymakers for three reasons, according to Baier and Bergstrand (2010): powerful
theoretical economic basis, sufficiently good explanatory power, and policy relevance for analyzing various free trade agreements.
Furthermore, using this method, researchers were capable of predicting demand in regions with no airports or with less traffic
during the existence of an airport.

Table 1 summarizes studies in the field of air transportation that attempt to model passenger and/or cargo flow using the gravity
model.

Matsumoto’s (2004) study is the first to employ the gravity model method to model cargo and passenger traffic in the field of air
transportation, as shown in Table 1. The basic gravity model variables, population, distance, and GDP, as well as dummy variables
created for cities, were employed in this study, and passenger and cargo traffic was attempted to be explained using these variables.
In this study, the OLS estimator was used to estimate the augmented gravity model coefficients, and as shown in Table 1, there
have been studies conducted using various gravity model approaches in the field of air transportation.

Although gravity model studies work with panel data, these studies (Matsumoto, 2004; 2007; Grosche et al., 2007; Hazledine,
2009; Grosso and Shepherd, 2011; Zhang and Findlay, 2014; Gong et al., 2014; Gillen and Hazledine, 2015; Cristea et al., 2015;
Matsumoto et al., 2016; Hazledine, 2017; Alexander and Merkert, 2017; Matsumoto and Domae, 2018; 2019; Becker et al., 2018
and Alexander and Merkert, 2021 ) made cross-sectional coefficient estimates and reported the changes of these coefficients over
the years. On the other hand, studies such as Yamaguchi (2008), Hwang and Shiao (2011), and Zhang and Zhang (2016) made
gravity model parameter estimations by using panel data models.

Table 1 also shows that the OLS estimator is predominantly used in gravity model studies for air transport, but Santos and
Tenreyro (2006) show that the error term of the log-linear OLS estimator is heteroscedastic. Moreover, Westerlund and Wilhelmson
(2011) state that the reason why the coefficients of the gravity model are estimated to be biased by OLS is due to the presence of
zero-valued observations in the data set. As a result of this situation, researchers tried to estimate the gravity model coefficients
with alternative estimators in forecasting airline passenger and cargo traffic.
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Table 1. The Gravity Method-Specific Air Transportation Studies

Author Traffic Estimator(s)

Aydin and Ulengin (2022) Cargo PPML, OLS

Alexander and Merkert (2021) | Cargo | oLs T

Matsumoto and Domae (2019)

[Becker et al. (2018)

[Matsumoto and Domae (2018)

Alexander and Merkert (2017) | Cargo OLS

Hazledine (2017) Passenger | OLS,Probit ]

Matsumoto et al. (2016) Passenger oLs

Zhang and Zhang (2016) Passenger Fixed Effect, Random Effect

Passenger | Poisson, OLS ]

Gillen and Hazledine (2015) | Seats, Flights, Airfares  OLS |

Gong et al. (2014) Cargo OLS

Zhang and Findlay (2014) Passenger oLs T

(Grosso and Shepherd (2011) | Cargo | PPML ]

[Hwang and Shiao (2011) Cargo Pooled OLS, Fixed Effect, Random Effect |

Hazledine (2009) Passenger | oLs T

Yamaguchi 2008) |« Cargo Random Effect, Maximum Likelihood, |
Two Step Least Squares, Pooled OLS, OLS

Grosche et al. (2007) Passenger OLS

Matsumoto (2007) rgo 2 oLs T

Matsumoto (2004) Cargo and Passenger oLs T

The first alternative is to determine a threshold value for the observations to be included in the data set and continue the analysis
with the observations whose dependent variable is above this threshold value. An example of this approach is Matsumoto, 2004;
2007; Grosche et al., 2007; Hazledine, 2009; Grosso and Shepherd, 2011; Zhang and Findlay, 2014; Gong et al., 2014; Gillen and
Hazledine, 2015; Cristea et al., 2015; Matsumoto et al., 2016; Hazledine, 2017; Alexander and Merkert, 2017; Matsumoto and
Domae, 2018; 2019; Becker et al., 2018 and Alexander and Merkert, 2021 studies can be given. Dropping zero-valued data in the
least squares technique, however, leads to considerable bias in sample selection, as reported by Giil and Tatolu (2018).

According to Zhang and Zhang (2016), a second alternative is to add a little value to the zero-valued observations in the data set
before the analysis to use these observations in the log-linear estimation. This strategy, however, can be employed if the zero-valued
observations are randomly distributed, according to Zhang and Zhang (2016), and even in such circumstances, Helpman et al.
(2008) should be used for sample selection. Thus, observations having a value of zero in the dependent variable can be included
in the analysis.

The PPML estimator, which was employed in the study by Westerlund and Wilhelmson (2011) as an alternative to OLS, is
another approach to deal with the problem of the zero-valued dependent variable. This estimator just logarithmically transforms
the explanatory variables employed, allowing data with a zero dependent variable to be included in the analysis. Furthermore,
because it is a non-linear estimator, it produces more reliable estimations than OLS. Further to that, Aydin and Ulengin (2022)
show in their study using Turkey’s domestic air cargo data for the period of 2012 and 2020 that the coefficient estimates obtained
with the PPML estimator of the gravity model are more consistent and reliable than the OLS parameter estimates.

Aside from the Grosso and Shepherd (2011) research, Table 1 reveals that gravity model studies in the field of air transportation
employ the OLS estimator. However, to the best of our knowledge, no study comparing the prediction/forecast capabilities of
the three approaches utilized in gravity model parameter estimates has been found in the literature. Choosing the best estimator
for prediction/forecast performance is crucial for airlines since forecasting future demand has an impact on all of the company’s
policies and strategies. Thus, this study compares the prediction and forecasting performance of three alternative methodologies
employed in gravity model estimation using Turkey’s international cargo data, with the goal of determining which one performs
the best. When comparing these three alternative approaches based on PPML and OLS estimators, error metrics will be used as
in the studies such as Robert et al. (2009), Tratar and Strm¢nik (2016), Su et al. (2019) and Zhang et al. (2019). At this stage, the
three approaches are compared using basic error metrics such as RMSE and MAE, which are commonly used in forecast studies;
the MAPE metric, which is unaffected by the unit of measurement of the data and produces more stable results than the basic
metrics; and Theil-U statistics, which compare the obtained models with the naive model. Since the prediction/forecast values and
actual values obtained with the Gravity model are aggregated and analyzed annually, it is not cumbersome to use these metrics
when comparing prediction/forecast performances. In other words, if there are zero-valued observations in the actual values of the
models whose prediction and forecast performance are compared, then appropriate error metrics should be used for intermittent
data. For this reason, although the actual values of the models whose prediction and forecast performance are compared in this
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study do not contain zero, the SMAPE metric is also calculated and reported. In addition, the Diebold-Mariano (DM) test, which
tests the statistically significant difference between the two prediction models, was also performed.

Methodology

Three different models were introduced in this section for the air cargo volume prediction issue. The first of these is to remove
the observations with zero dependent variables from the data set and to estimate the gravity model coefficient with the OLS
estimator. In the second approach, the OLS estimator is also used, but unlike the first approach, the zero-valued observations
are made suitable for the logarithmic transformation by adding 1 tonne to each observation’s cargo value. In the third approach,
parameter estimations were made with the PPML estimator, which is used as an alternative to OLS, and no changes were applied
to the data set in this last approach. In this section, a brief introduction is provided about the gravity model and the OLS and PPML
estimators used for gravity model coefficient estimations.

The Gravity Model

The gravity model is based on Isaac Newton’s gravitational law and is formulated as follows:

mim;

Fij=G—— (H
d?;

F refers to the gravity attraction power between items i and j in equation (1); m represents the masses of the i and j objects
in the equation; d;; refers to the distance among them; and G is the constant of gravitation. Isard and Peck (1954) adapted the
fundamental concept of gravity, which is called Newton’s law in physics, for commerce worldwide in the periods that followed.
Tinbergen, on the other hand, laid the mathematical groundwork for the approach in 1962, and the gravity model modified for
international commerce is as follows.:

(V)P (1)
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The suffixes i and j in equation (2) represent the countries that are sending and receiving the goods. X;; represents commerce

between economies i and j, whereas Y represents the economic magnitude of these nations. In the formula’s denominator, D;;

refers to the distance in kilometers between nations. Tinbergen (1962) used Isaac Newton’s law of gravity to economics for global

commerce, and this approach allows for prediction by describing the model in its entire logarithmic form. As a consequence,

logarithmic equation (3) is as follows:

InX;; = Bo + BilnY; + BalnY; + B3InD;; + u;; 3)

Here 8; and (3, should be positive while 83 should be negative according to the theory. If the data set covers all units in the
population, the fixed effects estimation technique should be used when working with panel data. Both the fixed effect estimates
with the dummy and the within transformation drop the time-invariant distance variable in this situation (Giil and Tatoglu,
2018). Furthermore, because the logarithm of zero is undefined, the dependent variable is omitted from the model. Dropping
zero-valued observations causes considerable bias in sample selection in the least squares approach (Giil and Tatoglu, 2018). In
heterogeneous datasets with zero-valued observations, Gomez-Herrera (2013) proved that utilizing different estimators resulted
in biased coeflicients. Using Monte Carlo Simulation, Santos and Tenreyro (2006) demonstrated that when the classical gravity
model is linearized, the assumption of a constant variance for the error is collapsed. According to Aksoz Ylmaz (2021), the
PPML estimation approach produced effective estimators in the presence of heteroskedasticity. Furthermore, Westerlund and
Wilhelmson (2011) demonstrate that having a value of zero in the dependent variable produces bias in the coefficient estimate of
the constructed linear logarithmic model. The PPML estimator doesn’t use the logarithm of the dependent variable in this situation,
and the equation is as follows:

Xij = exp(Bo+ B1InY; + BolnY; + B3lnD;;)u;; @

Westerlund and Wilhelmson (2011) found that the bias of the PPML is lower than that of the OLS-based techniques and that it
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performs better in their analysis. This finding inspires this study to compare these two techniques (three alternative ways) using
Turkey’s international air cargo data in the form of destination-paired flights.

In summary, the PPML estimator helps researchers to be in the safe zone in situations that may be encountered when using the
OLS estimator in coefficient estimation in terms of the following features:

1. The fact that all variables are log-linear in gravity model coefficient estimation with OLS causes the variance of error terms
to be heteroskedastic. The PPML estimator provides efficient coefficient estimates even in the presence of heteroskedasticity.

2. Since the In of the dependent variable is taken when estimating with OLS, which is a log-linear estimator, observations with
a value less than 1 cannot be included in the analysis and this causes sampling bias. In the PPML estimator, the dependent
variable is used without any transformation.

3. If there are zero-valued observations in the dependent variable in the data set used, these observations cannot be included
in the analysis with the least squares estimator, but these observations can also be used with the PPML estimator using
maximum likelihood. Thus, in the specific case of this study, estimates can be made about the potential traffic volumes for
cities without airports or airports with airports but without cargo and/or passenger traffic.

Data Set and Equations

In terms of regions, Asia-Pacific stands out with the highest passenger traffic worldwide. According to their population density,
Asia contains about 59.5% of the world’s population, and it accounts for about 34% of the global airline passenger traffic. However,
Europe includes only 9.6% of the world’s population, it comprises 23% of the global airline passenger traffic. On the other hand,
Turkey has great importance for the commercial air transportation sector due to its geographical location, both being located in
Europe and being a transfer center on global flight routes. The amount of cargo transported has increased by approximately 200%
despite the pandemic up to 5 years ago (World Bank, 2023).

The dataset for the study contains bilateral cargo movement between the 49 airports in various cities in Turkey and airports in
127 different countries as an independent variable. However, GDP and population statistics for cities with airports in all nations
were not available on a city-by-city basis. As a result, the data set uses bilateral cargo traffic between Turkish airports and airports
in 127 other countries. While creating the dependent variable, the airports in the destination pairs were aggregated according to
the countries they are located in. (e.g., when creating the Germany-Istanbul Airport observation, the total amount of transported
cargo sent from Istanbul Airport to all airports in Germany in 2019 was used, vice versa). During the creation of the dataset, the
airports in Turkey and international airports where cargo is transported between airports in Turkey are aggregated based on the
countries where they are placed, which are used as a destination pair. This is because, as mentioned before, GDP-per-capita and
population variables are available for the cities in Turkey, while these data are not available for all of the cities where the airports
abroad are located. For this reason, GDP-per-capita and population variables for airports in Turkey are the values of the cities
where they are located. The descriptive statistics of the variables can be seen in Table A1 (in the appendix).

To compare the prediction performances of three alternative approaches that employ OLS and PPML estimators for the basic
gravity model parameter estimation, this study provides three different model predictions, two models using the OLS estimator
and a model using the PPML estimator. The model estimations are based on pooled data, and the equations are mathematically
represented as follows:

InCargo;j; = Po + Bi1ln(Population;; * Populationj;) + f2ln(GDP;; * GDPj;) + B3lnDistance;j; + u;jq ®))

Cargoij, = exp(Bo + Biln(Population;; * Population ;) + B2In(GDPy, * GDP ;) + BslnDistance;j; )u; 6)

The total cargo moved between airport i and nation j is the dependent variable in the preceding equations. For airport i, the
population variable is the total population of the province where that airport exists, and for nation j, it is the entire population of the
country where the airports are situated. The GDP per capita variables follow the same logical thinking and illustrate the economic
progress of Turkey’s cities and countries. The distance variable is the distance traveled in kilometers between airport i and nation
j; nevertheless, these variables are considered as a mean of the distances between airports within nations and airports in Turkey.
For example, while computing the travel distance between Sabiha Gokcen Airport and Germany, the mean distance between all
airports in Germany is considered. Moreover, t subscribing also represents the time (year). If the year effect is significant in the
established models, dummy variables to represent the years can be also added to these equations (5) and (6).

As one can see, equation (5) employs the natural logarithm of the dependent variable, but equation (6) employs no transformation
of the dependent variable. This is the most significant distinction between OLS and PPML estimations. Despite the fact that the
dependent variables are used differently, both equations utilize the natural logarithm of the explanatory variables.
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The data set employed in the analysis ranges from 2012 to 2019. The data for 2020 is utilized as an out-of-sample to test the model’s
forecast performance. The cargo variable, which measures the yearly cargo moved between airports in Turkey and nations and is
the dependent variable in the equations, was gathered from the annual Statistical Yearbook publications of the General Directorate
of State Airports Authority (DHMI, 2020). Population and GDP statistics were gathered from the Turkish Statistical Institute
(TURKSTAT, 2021) database and the World Bank database (World Bank, 2021). The Airport Package in R programming language
was employed to generate the distance variable among airports (https://cran.r-project.org/web/packages/airportr/airportr.pdf), and
the cells that remain were then filled via the Air miles calculator (www.airmilescalculator.com) and the airport distance calculator
(www.airportdistancecalculator.com).

Metrics of Forecasting Performance

To evaluate the forecasting performance of each model, five statistical measures are used: root mean square error (RMSE), mean
absolute error (MAE), mean absolute percentage error (MAPE), symmetric mean absolute percentage error (SMAPE), and Theil
Ul (TU1). Each metric’s definition is provided below:
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All the metrics given above are used to reflect the five aspects of the prediction and forecast errors and they all work with the
same logic: the smaller it is, the better the prediction/forecast performance of the established model. In addition to the calculated
error metrics, the DM test statistic was also calculated in order to compare the prediction models obtained.

DM is used to determine whether two predictions are statistically different from each other (Diebold and Mariano, 1995). The
calculation of the DM statistic is as shown below:

DM = d (12)

\/ [Yo+ 251~ 1¥e] /n

Here d is the average of the difference of the error terms of the two predictions. Yx represents the autocovariance in the kth
lag. The null hypothesis of the DM test is E(d;) = 0 and DM follows a standard normal distribution. Thus, there is a significant
difference between the forecasts if [DM| > z.,;; where DM~ N(0,1).

Forecasting Performance of Estimators

According to Grosche et al. (2007), the most significant element in forecasting airline traffic is model estimation, and models with
good estimation performance would also have good forecasting performance. But this case is valid because there is no overfitting
in the prediction. However, equation estimations were conducted utilizing three different approaches in order to compare the
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estimation capabilities of the OLS and PPML estimators considering their Pseudo R-sq / R-sq to check overfitting. The in-sample
coefficient estimations are shown in Table 2:

Table 2. Pooled PPML, OLS, and OLS* results

PPML OLS OLS*
1.26%%* 1.03%%* 0.19%**
Population
(0.02) (0.04) (0.00)
1.02%%% 0.52%%#% 0.13%**
GDP
(0.04) (0.05) (0.00)
-1.42%%% -0.19* -0.17%**
Distance
(0.06) (0.10) (0.00)
0.00 0.24 0.00
2013
(0.20) (0.28) (0.02)
0.17 0.56%* 0.00
2014
(0.20) 0.31) (0.03)
0.39% 0.22 1.04*
2015
(0.20) 0.27) (0.02)
0.57%%* 0.44 0.03
2016
(0.20) (0.28) (0.02)
0.68%%* 0.26 0.04*
2017
(0.20) (0.28) (0.02)
0.77%%* 0.52% 0.04*
2018
(0.20) (0.28) (0.02)
0.95%** 0.64* 0.05**
2019
(0.20) (0.28) (0.02)
-44.01%** -36.79%** -6.79%**
Constant
(1.15) (1.81) (0.25)
N 35150 1512 35150
Pseudo R-sq/ R-sq 0.69 0.27 0.10
Standard errors in parentheses * p<0.10, ** p<0.05, *** p<0.01

Table 2 presents the estimations of the coefficients for the basic gravity model using three alternative techniques and two different
estimators. According to Hwang and Shiao (2011), while estimating the gravity model using panel data, population or distance
variables capture unit fixed effects; hence, dummy variables are included in the pooled PPML and OLS models to observe the time
effect. Dummy variables that are statistically significant indicate that the volume of cargo handled in the relevant year is higher
than in 2012. All of the basic gravity model variables are expected to be statistically significant, and all of the basic gravity model
variables are statistically significant at the 0.05 significance level, with the exception of the distance variable of the OLS model.
The coeflicients of GDP and population variables were found to be positive, providing support to the idea that massive things
attract each other. Because the distance variable is a proxy for cost, it is expected that the coefficient will be negative. The PPML
and OLS* approaches, which did not omit the observations with 1 tonne or less dependent variables from the data set, worked
with 35150 observations in the equation estimations, but the OLS approach only worked with 1512 observations because these
observations were dropped by the OLS approach.

As shown by Aydin and Ulengin (2022), the OLS estimator of gravity model coefficients underestimates the effects of explanatory
variables when compared to the PPML estimator. Table 2 demonstrates the coefficient estimates generated with the PPML estimator.
When comparing predicting and forecast performances, it will be observed in the next sections of the study that OLS-based
forecasting approaches had better forecast performance for airports with lesser traffic. This is due to the fact that OLS-based
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approaches underestimate the explanatory variable effects, such that while it has poor forecast performance for airports with higher
traffic, it underestimates the effect for airports with lower traffic, resulting in lower forecast values than the PPML estimator.
Figure 1 shows the total amount of international cargo carried annually in the squares in Turkey in 2012 and 2019, and the
predictions/forecasts for the same period made with three different approaches.

Figure 1. Total annual international air cargo handled in Turkey between 2012 and 2019, as well as predictions/forecasts for the same years

The blue in Figure 1 represents the total amount of international cargo carried in the aerodromes in Turkey in the period of 2012
and 2020, the orange one is the PPML predictions, the grey line is the OLS predictions and the yellow one is the second OLS
(OLS*) predictions between 2012 and 2019. For the year 2020 forecast performances are given. Figure 1 shows that the fitted
values and forecasted values obtained with the PPML estimator of the same variable as the blue line representing the annual amount
of international cargo carried in Turkey are very close over the years. In other words, the PPML estimator predicts the total amount
of international cargo carried by the airports in Turkey better than the other two approaches using the OLS estimator. Among the
three alternative approaches, the second OLS (OLS*) approach is the worst predictor of the annual amount of international cargo
handled at Turkey’s airports. The OLS* approach makes a gravity model parameter estimation with the OLS estimator, which is
a log-linear estimator, by increasing the dependent variable values of the observations with a value from O to 1 (adding 1 to each
observation and then taking the natural logarithm). The OLS* approach tries to pass the best line that aims to make predictions
among the data points in the data set after making the dependent variable values of the observations with a value of 0 as 1. Figure
1 shows that the OLS* approach systematically underestimates the total cargo traffic and the dependent variable transformation
performed in the dataset can be seen as the reason for this. Because the high amount of 1 value in the data set pulls down the best
line that is tried to be obtained for prediction.

In order to compare the prediction and forecast performances of the obtained equations, the prediction error benchmarking
metrics also are calculated and the Table is shown in Table 3:

Table 3. Prediction performance of the alternative gravity model approaches

Prediction RMSE MAE MAPE | SMAPE | Theil Ul
PPML 72355 59849 5 6 0.03
OLS 537850 476346 47 63 0.36
OLS* 991766 940828 99 196 0.98

Forecast RMSE MAE MAPE | SMAPE | Theil Ul
PPML 112761 33296 97 185 0.33
OLS 188363 41455 109 185 0.72
OLS* 221934 37982 13477 129 0.99

It is important to highlight that the PPML estimator provides the best estimate in all metrics among the three alternative
approaches that estimate the total volume of cargo handled annually in Turkey between 2012 and 2019. The squares of the
difference between fitted and actual values, or absolute values, are used to evaluate prediction and forecast performance using
RMSE and MAE as alternatives. SMAPE is a metric for intermittent data with zero actual value observations, whereas MAPE
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is a scale-free metric used as an alternative to basic metrics. Table 3 indicates that predictions and forecasts generated using the
PPML estimator had much superior performance than the other two OLS-based techniques in calculated measures. Furthermore,
the TU1 is a statistic that takes a value between 0-1 that represents prediction accuracy, and the closer this value is to 0, the more
accurate prediction it is. Table 3 shows that the PPML estimator outperforms the other two alternatives in predicting Turkey’s
annual international air cargo traffic, with a TU1 statistical value of 0.03. OLS approach, one of the log-linear estimators, has
above-average performance in the prediction of annual total international cargo traffic with 0.36 TU1 statistics, whereas OLS*
estimator with 0.98 TU1 statistical value has been observed as an approach with poor performance in the prediction of annual total
international air cargo traffic for 2012 and 2019.

From the equation estimates obtained by the three different approaches, Table 3 demonstrates that the PPML estimator has the
best predicting and forecasting ability. The PPML estimator is an estimator that can incorporate observations with zero-valued
dependent variables in the analysis; thus, it has the greatest performance in three of the five error metrics and the second-best
performance in two metrics. In four of the five measures, the OLS* procedure, which includes zero-valued observations in the
analysis by slightly increasing them, produced the worst-performing equation estimations.

In addition to the error metrics comparison, the DM test was performed, which evaluated the prediction performance of the
techniques over the error metrics, and the test statistics are provided in the table below.

Table 4. DM test statistics for three approaches

PPML vs. OLS PPML vs. OLS* OLS vs. OLS*

Istanbul -1.77* -2.34%%* -2.87H*®
Ankara 2.70%** 2.72%** 2.02%*
[zmir 2.69%** 3.03%** 1.97*
Antalya 1.69%* 2.56%* 1.94%*
Kayseri -0.36 2.57%* 2.04%*
Adana -0.35 2.62%%* 2.04%*
Total 1.69* 2.22% 2.69%**

* p<0.10, ** p<0.05, *** p<0.01

Table 4 shows the DM statistics which compares the prediction performances of the estimators and when one evaluates the
prediction performances of three different approaches for the international air cargo volume of Turkey, Table 4 shows that the
PPML estimator has the best prediction performance, as the absolute DM statistic is 1.69 when the PPML and OLS approaches are
compared, indicating that the PPML estimator has better prediction performance at the 0.10 significance level. When the PPML
and OLS* approaches are compared, the absolute DM statistic is 2.22, and the PPML estimator outperforms the OLS* estimator
at the 0.05 significance level. When the methodologies utilizing the OLS estimator are compared, the OLS approach outperforms
the OLS* approach (Absolute DM statistic = 2.69). When the situation in the Aerodrome breakdown is analyzed, the DM test
statistics show that the prediction performance of the PPML estimator is better than the OLS-based estimators in Turkish airports
with more international air cargo traffic than other airports. However, when cargo traffic at the airport is relatively lower, the OLS
approach, which determines the threshold value for the dependent variable, tends to outperform other approaches in terms of
prediction performance. For example, according to the DM statistics shown in Table 4, while there is no statistically significant
difference in prediction performance between the OLS estimator and the PPML estimator in the estimation of the cargo traffic
of Adana airport, it is seen that the OLS estimator has a statistically significantly better prediction performance than the OLS*
estimator.

The findings show that the PPML estimator, which is a non-linear estimator of the gravity model estimation of Turkey’s total
international amount of air cargo carried, has a far better performance than the log-linear estimator OLS approaches. In order
to examine the situation in the unit breakdown, in other words, in the airport breakdown, error performance metrics evaluations
were performed by making use of annual aggregated predictions for the airports with the highest international cargo traffic with
a dependent variable greater than zero. Figure 2 shows the actual values and fitted values of the 8 airports where the most
international cargo is transported. In addition, forecast performances for 2020 on a city basis are also included.
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Figure 2. Actual and fitted/forecasted values of airports with the most international cargo carried in 2012 and 2020

Three main airports in Istanbul handle about 90% of international air cargo carried in Turkey so, one can say that the airports in
Figure 2 represent almost all airports that operate in Turkey. When the total volume of international air cargo and its predictions
and forecasts for the province of Istanbul are analyzed in Figure 2, it is clear that the PPML estimator has the best performance
among the three estimation approaches. When the remaining 7 aerodromes are evaluated, it is apparent that the fitted values of
the OLS* estimator follow the almost same path as the real values. The fitted values of the OLS* approach get closer to the actual
values when the volume of cargo handled at airports is relatively lesser. In addition, a comparable figure for Istanbul was created
and added to the appendix. Figure A1 illustrates predictions and actual value comparisons for the six countries with the most
cargo transported with Istanbul in 2019. When the figure is examined, it is clear that the PPML estimator outperforms the other
estimators in terms of prediction performance.

Table 5 summarizes the error metrics that evaluate the prediction performance of three alternative approaches utilized in the
gravity model estimate in the airport breakdown in Figure 2.

Table 5 shows that the PPML estimator is the approach with the best prediction performance in all metrics in the annual cargo
traffic prediction of the airports located in Istanbul. However, as the international cargo traffic carried at the airport is less, it is seen
that OLS-based approaches have better prediction performance. In the RMSE, MAE, and MAPE metrics, the OLS* approach,
which is used by adding to make the dependent variable values greater than 1 during the gravity model estimation, is seen to have
better performance than the OLS approach, which determines the threshold value for the dependent variable and applies sample
selection. However, in the Theil-U statistics, which compares the prediction accuracy of the alternative approaches, the finding
that the OLS approach has better performance is highlighted in Table 5. Moreover, as the amount of cargo carried in the airports
is relatively small, it is seen that all three different approaches used in the estimation of the gravity model have almost the same
prediction performance as the naive model. In fact, while the ratio of observations with a value less than 1 to all observations in the
data set for Istanbul Airport is 16%, it is 79% for Ankara, 86% for Izmir, 81% for Antalya, 93% for Adana and 99% for Kayseri.
This shows that the OLS* estimator has better performance as the proportion of observations with a dependent variable value less
than 1 in the data set increases.

In summary, Table 5 shows that there are serious variations in the prediction performances of these three alternative approaches
used in the estimation of the gravity model in the airport breakdown. While the PPML estimator has an error margin of 48.66%
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Table 5. Prediction performances of alternative estimation approaches in airports breakdown

Airport(s) | Estimator RMSE MAE MAPE | SMAPE Theil Ul
PPML | 486168 | 458160 48 64 0.32
istanbul | OLS 833025 | 780931 82 140 0.72
OLS* | 987198 | 935750 99 199 0.99
PPML | 99377 | 94473 3755 186 0.94
Ankara OLS | 48155 | 46947 1811 176 0.87
OLS* 3249 2850 90 165 0.87
PPML | 66679 | 63815 1854 179 0.88
fzmir OLS 33164 | 32269 1024 162 0.80
OLS* 4121 3599 92 172 0.90
PPML | 25725 | 24053 1035 166 0.84
Antalya | OLS 17147 16584 733 155 0.78
OoLS* | 2114 2068 90 165 0.83
PPML 15600 14977 6612 188 0.93
Adana OLS 14114 13820 5696 187 0.93
OLS* 420 304 59 74 0.55
PPML 10508 10053 | 237568 199 0.99
Kayseri OLS 9744 9523 | 255149 199 0.99
OLS* 174 174 5375 185 0.91

on average in Istanbul, where the amount of cargo carried is relatively high, it makes an average of 200% error in estimation in
airports where the annual amount of cargo carried is limited, for example, Kayseri Airport. However, the OLS* approach shows
almost opposite performance to the PPML estimator. For example, while the OLS* approach has an average of 200% prediction
error in Istanbul, this error averages down to 75% in airports with relatively low cargo traffic. On the other hand, the difference
between fitted values and actual values obtained from the estimation of the OLS estimator of the gravity model is around 150%
for all aerodromes analyzed on average.

Conclusion and Further Research Opportunities

The studies in the literature broadly utilize three different approaches to estimate the gravity model parameters in the field of
air transportation. In the first approach, a threshold value is determined for the observations to be included in the data set and
the analysis continues with the observations whose dependent variable is above this threshold value. Literature review showed
that some studies estimated the airline passenger and/or cargo traffic using the gravity model, taking advantage of this approach.
However, due to the threshold used in these studies, observations with a zero dependent variable cannot be included in the analysis.
If the zero-valued observations are distributed randomly, sample selection for the units to be included in the analysis can be made,
and the dependent variable values of the observations can be included in the analysis by slightly increasing them (Zhang and
Zhang, 2016). However, in both of these approaches, the OLS estimator is utilized, and Santos and Tenreyro (2006) show that the
homoscedasticity assumption is violated in the estimate of the gravity model with OLS, and it has biased coefficient estimations.
In this situation, the PPML estimator is utilized as an alternative estimator for the gravity model parameter estimation.

All of these studies have one thing in common: they all propose models that attempt to predict possible demand for air
transportation. To the best of our knowledge, no study has been conducted that compares the performance of these approaches
utilizing air transport data. As a result, the purpose of this study is to assess the estimation performances of three different
approaches employing the PPML and OLS estimators. According to Grosche et al. (2007), a good estimation performance is
required for an equation to produce effective forecasts.

The primary goal of this study is to compare the prediction and forecasting performance of three different approaches using five
error metrics, considering the actual and fitted/forecasted values of the dependent variable. In terms of the total amount of cargo
carried, the PPML estimator was by far the best of the three different approaches, whereas the OLS* approach was observed to be
the worst-performing technique. Furthermore, the three approaches were compared in pairs using the Diebold-Mariano test, and
again, while the PPML approach performed best, the OLS* approach ranked worst.

As a result of this research, the PPML estimator outperforms the OLS estimator for organizations who seek to forecast air
transport traffic. However, there are certain research limitations that need to be handled. To begin, the data set utilized in this study
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is Turkey’s international air cargo data, and the dependent variable is the total traffic between two locations in the t period due to
data availability. Although the studies in the literature (Hwang and Shiao 201; Gon et al., 2014) employ the dependent variable in
this form, future research utilizing the origin-destination data set can make comparisons of the alternative estimation techniques
for the gravity model. Furthermore, studies that use the origin-destination data type can increase the model’s explanatory power
by determining if the coefficients of explanatory variables such as GDP and population differ for origin and destination.

This study indicates that the PPML estimator, one of the gravity model estimation approaches, outperforms the OLS-based
techniques in the literature in forecasting Turkey’s total annual international air cargo traffic in 2012 and 2020. As a result, the
MAPE value indicates that the model developed with the PPML estimator has an average error margin of 5.88 % in predicting
real cargo traffic. Furthermore, Theil Ul statistics demonstrate that the PPML estimator has nearly flawless prediction and forecast
performance among the three alternative approaches.

When it comes to the prediction of total international cargo traffic on a city basis, the PPML estimator has an error margin of
48.66% on average in Istanbul, where the amount of cargo carried is relatively high, it makes an average of 200% error estimation
in airports where the annual amount of cargo carried is limited, for example, Kayseri Airport. However, the OLS* approach
shows almost better performance than the PPML estimator for Kayseri Airport. For example, while the OLS* approach has an
average of 200% prediction error in Istanbul, this error averages down to 75% in airports with relatively low cargo traffic. On
the other hand, the difference between fitted values and actual values obta ined from the estimation of the OLS estimator of the
gravity model is around 150% for all aerodromes analyzed on average. This situation shows that the PPML model will give better
prediction/forecasting performance for airports or countries where the amount of cargo carried is relatively high. In other words,
as the amount of traffic in destination pairs increases relative to other destination pairs in the dataset, the PPML predictor shows
better prediction/forecasting performance; as the amount of traffic decreases relative to other destination pairs in the dataset, the
OLS-based approaches (even the approach represented by OLS*) have better performance. In this situation, it would be more
appropriate for policymakers to prefer the outperformed model when making decisions about demand and capacity planning
at these airports or countries. In future studies, the answer to the question of how much more the amount of cargo carried in
destinations compared to other destinations in the data set is suitable for the use of the PPML estimator can be examined by
researchers as a new research question.

Further study should be conducted to thoroughly examine the findings utilizing other sampling and data sets. The reasons why
the methodologies employed in gravity model estimates have various forecast performances in unit breakdown is an issue that
should be analyzed more in the future. Lastly, in this study, air cargo data was utilized as the dependent variable. In future studies,
estimators can be compared using airline passenger data, and it can be verified which approach performs best.

This study compares the prediction/forecast performances of the OLS approach, which is one of the most used approaches for
basic gravity model coefficient estimations in air transport, and the PPML and OLS* approaches, which are alternatives developed
due to the limitations of the OLS approach. The findings show that the coeflicients obtained with the PPML estimator in the
basic gravity model coefficient estimations for the destination pairs in the data set, for those who carry more cargo than the other
destination pairs, have better performance than the other alternatives in terms of prediction/forecast performance. In future studies,
in addition to the GDP, population, and distance variables in the basic gravity model, this study can be repeated for the augmented
gravity model, which is obtained with new variables added to the model, and the prediction/forecast performances of alternative
estimators can be compared.

Peer Review: Externally peer-reviewed.
Conflict of Interest: The authors have no conflict of interest to declare.
Grant Support: The authors declared that this study has received no financial support.

Author Contributions: Conception/Design of study: G.K., U.A., B.U.; Data Acquisition: U.A.; Data Analysis/Interpretation:
G.K., U.A.; Drafting Manuscript: U.A., G.K.; Critical Revision of Manuscript: B.U.; Final Approval and Accountability: G.K.,
UA., B.U.




Kaya, G., Aydin, U., & Ulengin, B., A Comparison of Forecasting Performance of PPML and OLS estimators: The Gravity Model in the Air Cargo Market

ORCID:

Gizem Kaya  0000-0002-6870-7219
Umut Aydin ~ 0000-0003-4802-8793
Burc¢ Ulengin  0000-0001-5276-8861

REFERENCES

[dataset] TURKSTAT, 2021. Turkish Statistical Institute. Retrieved from: https://biruni.tuik.gov.tr/bolgeselistatistik/sorguSayfa.do?target=degisken
(accessed 01 May 2021).

[dataset] World Bank, 2021. The World Bank. Retrieved from: https://data.worldbank.org/ (accessed 01 May 2021).

Alekseev, K. P. G., & Seixas, J. M. (2009). A multivariate neural forecasting modeling for air transport—preprocessed by decomposition: a
Brazilian application. Journal of Air Transport Management, 15(5), 212-216.

Alekseev, K. P. G., & Seixas, J. M. (2009). A multivariate neural forecasting modeling for air transport—preprocessed by decomposition: a
Brazilian application. Journal of Air Transport Management, 15(5), 212-216.

Alexander, D. W., & Merkert, R. (2017). Challenges to domestic air freight in Australia: Evaluating air traffic markets with gravity modelling.
Journal of Air Transport Management, 61, 41-52.

Alexander, D. W., & Merkert, R. (2021). Applications of gravity models to evaluate and forecast US international air freight markets post-GFC.
Transport Policy, 104, 52-62.

Aydin, U., & Ulengin, B. (2022). Analyzing air cargo flows of Turkish domestic routes: A comparative analysis of gravity models. Journal of
Air Transport Management, 102, 102217.

Baier, S., & Bergstrand, J. H. (2010). Approximating general equilibrium impacts of trade liberalizations using the gravity equation. The Gravity
Model in International Trade, 88-134.

Baker, D., Merkert, R., Kamruzzaman, M., 2015. Regional aviation and economic growth: cointegration and causality analysis in Australia. J.
Transport Geogr. 43, 140-150.

Becker, K., Terekhov, 1., & Gollnick, V. (2018). A global gravity model for air passenger demand between city pairs and future interurban air
mobility markets identification. In 2018 aviation technology, integration, and operations conference (p. 2885).

Becker, K., Terekhov, 1., Gollnick, V., 2018. A global gravity model for air passenger demand between city pairs and future interurban air
mobility markets identification. In 2018 aviation technology, integration, and operations conference pp-2885.

Ben-Akiva, M., Lerman, S. R., 1985. Discrete Choice Analysis: Theory and Application to travel demand VOL.9. MIT press.
Blume, H., Daimler-Benz Aerospace AG., 1995. World Market Forecast 1995-2014 for Civil Air Transport, Muenchen, Germany.

Choi, J. H. 2023. A Study on The Change in The Significance of GDP As a Determinant of Air Demand-Discussions on Brand-New Air Transport
Items. Transport Policy, 133, 186-197.

Cristea, A.D., Hillberry, R., Mattoo, A., 2015. Open skies over the Middle East. The World Economy, 38 (11), 1650-1681.
Danilov, D. L., 1997. Principal components in time series forecast. Journal of computational and graphical statistics, 6(1), pp. 112-121.

Desai, J., Srivathsan, S., Lai, W. Y., Li, L., Yu, C., 2023. An optimization-based decision support tool for air cargo loading. Computers &
Industrial Engineering, 175, 108816.

DHMI, 2020. Annual Statistical Yearbook publications of the General Directorate of State Airports Authority, Ankara.

DHMLI, 2021. Aircraft, passenger, freight series and forecast. Retrieved from: https://www.dhmi.gov.tr/Sayfalar/EN/Statistics.aspx. Access Date:
01.06.2021.

Diebold, F.X. and R.S. Mariano. (1995). Comparing predictive accuracy. Journal of Business and Economic Statistics, 13: 253-63.

Feng, B., Li, Y., & Shen, Z. J. M. (2015). Air cargo operations: Literature review and comparison with practices. Transportation Research Part
C: Emerging Technologies, 56, 263-280.

Fernandes, E., & Pacheco, R. R. (2010). The causal relationship between GDP and domestic air passenger traffic in Brazil. Transportation
Planning and Technology, 33(7), 569-581.

Fildes, R., Wei, Y., & Ismail, S. (2011). Evaluating the forecasting performance of econometric models of air passenger traffic flows using
multiple error measures. International Journal of Forecasting, 27(3), 902-922.

Gillen, D., Hazledine, T., 2015. The economics and geography of regional airline services in six countries. Journal of Transport Geography, 46,
129-136.

Gomez-Herrera, E., 2013. Comparing alternative methods to estimate gravity models of bilateral trade. Empirical economics, 44(3), pp.
1087-1111.

Gomez-Herrera, E., 2013. Comparing alternative methods to estimate gravity models of bilateral trade. Empirical economics, 44(3), pp.
1087-1111.

Grosche, T., Rothlauf, F., Heinzl, A., 2007. Gravity models for airline passenger volume estimation. Journal of Air Transport Management, 13
4), 175-183.

Grosso, M. G., & Shepherd, B. (2011). Air cargo transport in APEC: Regulation and effects on merchandise trade. Journal of Asian economics,
22(3), 203-212.

Giil, H., Tatoglu, F.Y., 2019. Turizm Talebinin Panel Cekim Modeli Cergevesinde Analizi. Turizm Akademik Dergisi, 6 (1), pp. 49-60.



https://orcid.org/0000-0002-6870-7219
https://orcid.org/0000-0003-4802-8793
https://orcid.org/0000-0001-5276-8861

EKOIST Journal of Econometrics and Statistics

Hakim, M. M., & Merkert, R. (2016). The causal relationship between air transport and economic growth: Empirical evidence from South Asia.
Journal of Transport geography, 56, 120-127.

Hazledine, T. (2017). An augmented gravity model for forecasting passenger air traffic on city-pair routes. Journal of Transport Economics and
Policy JTEP), 51(3), 208-224.7

Hazledine, T., 2009. Border effects for domestic and international Canadian passenger air travel. Journal of Air Transport Management, 15 (1),
7-13.

Helpman, E., Melitz, M., & Rubinstein, Y. (2008). Estimating trade flows: Trading partners and trading volumes. The quarterly journal of
economics, 123(2), 441-487.

Hwang, C. C., Shiao, G. C., 2011. Analyzing air cargo flows of international routes: an empirical study of Taiwan Taoyuan International Airport.
Journal of Transport Geography, 19(4), pp. 738-744.

IGA, 2021. Kargo ve Lojistik Merkezi. Retrieved from: https://www.igairport.com/tr/istanbul-havalimani/kargo-ve-lojistik-merkezi. Access Date:
21.06.2021.

Isard, W., Peck, M. J., 1954. Location theory and international and interregional trade theory. The Quarterly Journal of Economics, pp. 97-114.
Kanafani, A., 1983. Transportation demand analysis, New York.

Law, R., Au, N., 1999. A neural network model to forecast Japanese demand for travel to Hong Kong. Tourism Management, 20(1), pp. 89-97.
Maddala, G. S. (1983). Methods of estimation for models of markets with bounded price variation. International Economic Review, 361-378.

Matsumoto, H. (2004). International urban systems and air passenger and cargo flows: some calculations. Journal of Air Transport Management,
10(4), 239-247.

Matsumoto, H. (2007). International air network structures and air traffic density of world cities. Transportation Research Part E: Logistics and
Transportation Review, 43(3), 269-282.

Matsumoto, H., & Domae, K. (2018). The effects of new international airports and air-freight integrator’s hubs on the mobility of cities in urban
hierarchies: A case study in East and Southeast Asia. Journal of Air Transport Management, 71, 160-166.

Matsumoto, H., & Domae, K. (2019). Assessment of competitive hub status of cities in Europe and Asia from an international air traffic
perspective. Journal of Air Transport Management, 78, 88-

Matsumoto, H., Domae, K., & O’Connor, K. (2016). Business connectivity, air transport and the urban hierarchy: A case study in East Asia.
Journal of Transport Geography, 54, 132-139.

Nam, K., Schaefer, T., 1995. Forecasting international airline passenger traffic using neural networks. The Logistics and Transportation Review,
31(3), pp. 239-252.

Santos, S., Tenreyro, S., 2006. The log of gravity. Review of Economics and Statistics, 88, pp. 641-658.
Schneider, H. (1986). Truncated and censored samples from normal populations. Marcel Dekker, Inc..
Schultz, R. L. (1972). Studies of Airline Passenger Demand: A Review. Transportation Journal, 48-62.

Sun, S., Lu, H,, Tsui, K. L., & Wang, S. (2019). Nonlinear vector auto-regression neural network for forecasting air passenger flow. Journal of
Air Transport Management, 78, 54-62.

Suryani, E., Chou, S. Y., & Chen, C. H. (2010). Air passenger demand forecasting and passenger terminal capacity expansion: A system dynamics
framework. Expert Systems with Applications, 37(3), 2324-2339.

Tatoglu, F.Y., 2018. fleri panel veri analizi. Basim. Istanbul: Beta Yayincilik.

Tratar, L. F., & Strm¢nik, E. (2016). The comparison of Holt—Winters method and Multiple regression method: A case study. Energy, 109,
266-276.

Van Bergeijk, P. A., & Brakman, S. (Eds.). (2010). The gravity model in international trade: Advances and applications. Cambridge University
Press.

Westerlund, J., Wilhelmsson, F., 2011. Estima,ting the gravity model without gravity using panel data. Applied Economics, 43(6), pp. 641-649.

Wickham, R. R., 1995. Evaluation of forecasting techniques for short-term demand of air transportation. Cambridge, Mass.: Massachusetts
Institute of Technology, Dept. of Aeronautics & Astronautics. Flight Transportation Laboratory, Massachusetts Institute of Technology,
Massachusetts, USA.

World Bank, 2023. Air transport, freight. Retrieved from: https://data.worldbank.org/indicator/IS.AIR.GOOD.MT.K1?locations=TR (accessed
10 February 2023)

Yamaguchi, K., 2008. International trade and air cargo: Analysis of US export and air transport policy. Transportation Research Part E: Logistics
and Transportation Review, 44(4), pp. 653-663.

Zhang, X., Zheng, Y., & Wang, S. (2019). A demand forecasting method based on stochastic frontier analysis and model average: An application
in air travel demand forecasting. Journal of Systems Science and Complexity, 32(2), 615-633.

Zhang, Y., Findlay, C., 2014. Air transport policy and its impacts on passenger traffic and tourist flows. Journal of Air Transport Management,
34, 42-48.

Zhang, Y., Zhang, A., 2016. Determinants of air passenger flows in China and gravity model: Deregulation, LCC and high—speed rail. Jspeed
rail. Journal of Transport Economics and ournal of Transport Economics and Policy, 50 (3), 287(3), 287-303.303.




Kaya, G., Aydin, U., & Ulengin, B., A Comparison of Forecasting Performance of PPML and OLS estimators: The Gravity Model in the Air Cargo Market

How cite this article

Kaya, G., Aydin, U., & Ulengin, B. (2023). A comparison of forecasting performance of ppml and ols estimators: The gravity
model in the air cargo market. EKOIST Journal of Econometrics and Statistics, 39, 112-128.
https://doi.org/10.26650/ekoist.2023.39.1310639

Appendix

. Table A1: Descriptive Statistics

Variable Number of Observation Mean Standard Deviations
Total Cargo Carried (tonne) 47,771 56 1246
Distance (km) 35,827 4173 2939
Population_Arrival 49,735 | 1353233 2165373
Population Departure 48,951 | 54300000 173000000
GDP Per Capita Arrival 49,735 8216 3446
GDP Per Capita Departure 48,216 16528 21464

Airports which are included in the dataset: Adana, Adryaman, Agri Ahmed-i Hani, Amasya Merzifon, Ankara Esenboga,
Antalya, Aydin Cildir, Balikesir, Batman, Bingol, Bursa Yenisehir, Canakkale, Denizli Cardak, Diyarbakir, Elazig, Erzincan,
Erzurum, Eskisehir Hasan Polatkan, Gaziantep, Hakkari Yiiksekova Selahaddin Eyyubi, Hatay, 1gdir Sehit Biilent Aydin, Isparta
Siileyman Demirel, Istanbul, Izmir Adnan Menderes, Kahramanmarag, Kapadokya, Kars Harakani, Kastamonu, Kayseri, Kocaeli,
Cengiz Topel, Konya, Malatya, Mardin, Mugla, Mugs Sultan Alparslan, Ordu-Giresun, Samsun, Carsamba, Siirt, Sinop, Sivas Nuri
Demirag, Sanlwurfa GAP, Sirnak Serafettin Elci, Tekirdag, Corlu Atatiirk, Tokat, Trabzon, Usak, Van Ferit Melen, Zafer.

Countries that are included in the dataset: Afghanistan, Albania, Algeria, Armenia, Austria,, Azerbaijan, Bahrain, Bangladesh,
Barbados, Belarus, Belgium, Benin, Bosnia and Herzegovina, Brazil, Bulgaria, Burkina Faso, Cambodia, Cameroon, Canada,
Chad, China, Colombia, Congo, Dem. Rep, Congo, Rep., Cote d’Ivoire, Croatia, Cuba, Curacao, Cyprus (TRNC), Czech Republic,
Denmark, Djibouti, Egypt, Arab Rep., Equatorial Guinea, Eritrea, Estonia, Ethiopia, Finland, France, Gabon, Gambia, The
Georgia, Germany, Ghana, Greece, Guinea, Hong Kong SAR, China, Hungary, Iceland, India, Indonesia, Iran Islamic Rep., Iraq,
Ireland, Israel, Italy, Japan, Jordan, Kazakhstan, Kenya, Korea Rep., Kuwait, Kyrgyz Republic, Latvia, Lebanon, Liberia, Libya,
Lithuania, Luxembourg, Madagascar, Malaysia, Maldives, Mali, Malta, Mauritania, Mauritius, Mexico, Moldova, Montenegro,
Morocco, Nepal, Netherlands, Niger, Nigeria, North Macedonia, Norway, Oman, Pakistan, Panama, Philippines, Poland, Portugal,
Qatar, Romania, Russian Federation, Rwanda, Saudi Arabia, Senegal, Serbia, Seychelles, Sierra Leone, Singapore, Slovak
Republic, Slovenia, Somalia, South Africa, Spain, Sri Lanka, Sudan, Sweden, Switzerland, Tajikistan, Tanzania, Thailand, Tunisia,
Turkmenistan, Uganda, Ukraine, United Arab Emirates, United Kingdom, United Nations Interim Administration Mission In
Kosovo (UNMIK), United States, Uzbekistan, Venezuela RB, Vietnam, Yemen, Rep., Zambia.
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. Figure A1: Comparison of the Alternative Estimators in a Country Basis

The Y axis shows cargo carried between Istanbul and Country Z (Z represents a country which has the most air cargo traffic
with Istanbul in 2019 respectively);the X axis represents the year.
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ABSTRACT

Inflation is a continuous structural problem in the history of Tiirkiye’s economy. High increases in inflation cause unpredictability
and worries about the future. This situation negatively affects the pricing behavior of economic agents. The question that comes to
the fore at this point is to what extent this change in the formation of expectations is reflected in the pricing behavior and inflation
dynamics. In this paper, the effects of the output gap, import prices, and expectations on inflation between the 2013-2022 period
in Tiirkiye were examined. Vector Autoregressive Model / VAR was the preferred method for analysis. According to the variance
decomposition results of the study, inflation, changes in import prices, expected inflation, expected increases in USD/TL exchange
rates, interest rate expectations and the output gap help explain a significant part of the total change in inflation.

The results of the Impact-Response analysis and the effect of inflation on itself indicated inflation inertia. This showed that
despite the policies implemented by the decision makers, economic agents adjusted their pricing behavior according to past
inflation rather than future inflation expectations. For this reason, the measures taken by the decision-makers was not completely
successful. However, the analysis did not show that the inflation-targeting regime was successful in anchoring the expectations of
economic agents.

If the central bank or the economic authority reduces inflation uncertainty and develops policies based on expectations, it will
have a positive effect on inflation. This will bring remarkable results for policymakers, especially for price stability and inflation
targeting.

Keywords: Monetary Policy, New Keynesian Phillips Curve, Inflation, Expectations, Output GAP.
JEL Kodu / JEL Code: B22, B41, E31

Introduction

The most important task of central banks is to control inflation, which is the average rate at which prices for goods and services
rise. Keeping inflation at its target level is important because high, low, or unstable inflation imposes significant costs, particularly
for households and businesses. Unstable movements or inflationary shocks cause people to rethink their inflation expectations
for the future. These factors keep current and forecast inflation increasing over time. In this respect, a reliable and transparent
monetary policy is important to deliver on expectations (Yellen, 2015:3).

Inflation is a permanent structural problem in Tiirkiye’s economic history. In the early 2000s, single-digit inflation was achieved,
and that process continued until 2016. Inflationary pressure, which manifested itself worldwide with the the pandemic during the
last period, brought inflation in Tiirkiye to 60%. High inflationary rises are a source of unpredictability and concern for the future.
High inflation pushes up inflation costs by distorting price formation and resource allocation, making long-term contracts risky.
According to Milton Friedman (1977), this distorted macroeconomic performance measures such as investment, consumption,
jobs and economic growth. This distortion resulted in economic decisions that were uncertain.

The Central Bank of the Republic of Tiirkiye, whose primary goal of monetary policy is price stability, has grappled with
inflation for many years. In Tiirkiye, since 2001, the Central Bank’s main objective was amended to ensure price stability. This
change was an important step in securing the Bank’s independence. One of the biggest advantages of an inflation target is that it
helps to reduce uncertainty about future inflation (Hartmann, Herwartz & Ulm, 2020:1). A strategy for implicit inflation targeting
was implemented in Tiirkiye from 2002 to 2005. Explicitly targeting inflation was introduced in 2006. Since the beginning of
2000, inflation rates in Tiirkiye were close to 10%. While the targeted rates were not met with the explicit inflation targeting regime
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introduced in 2006, excessively volatile rates were not observed. The rise in the exchange rate after 2010 and the depreciation of
the Turkish lira again made inflation a major problem. Turkish currency, the lira, depreciated by 27 per cent between January 1,
2022, and October 31, 2022. The lira depreciation caused inflation expectations to rise due to the knock-on effect of the exchange
rate on prices (Kara and Orak, 2008:37-43; Binal-Y1lmaz, 2012:56).

As the price for imported goods increased as the lira depreciated, the cost of production increased. Consequently, rising costs
were reflected in the prices. At the same time, the relatively low price of exported goods offered a competitive advantage. It was
also a political decision. However, due to the competitive advantage in countries with high foreign dependency, the inflow of
foreign currency did not always meet the foreign exchange that came out due to the increased cost of imported goods. That was
because of the composition of imports in the Tiirkiye economy. The composition of imports, the weight of energy, raw materials
and intermediate products was more significant. These developments reflected excessive public spending and external shocks such
as the strong deterioration in trade (Agenor and Hoffmaister, 1997:4).

Motivation of the Study: Do import prices have a significant effect on inflation? Has the sensitivity of the output gap to inflation
decreased? Do expectations have an explanatory effect on the inflation rate? The Hybrid New Keynessian Phillips Curve (NKPC)
model was used for the research questions of this paper.

This paper investigated the effects of inflation expectations for 12 months, which were measured by CBRT’s expectations survey,
the expected policy interest rate, the expected depreciation in TL, the GAP: output gap and import prices on inflation. The fact that
the expected exchange rate rise was considered a variable rather than the exchange rate (Dollar/TL) in the study made it different
from other studies. The behavior of economic units that wanted to protect their capital because of the rise in exchange rate inflation
is important. This paper examined the period from 2013 to 2022.Although the analysis is recent, there was sufficient time and data
available. In inflation research, an interesting topic is to examine the effect of managing expectations on inflation. This research
offers important clues to understanding future-oriented rational behavior.

Theoretical Framework, and Literature

An article, published in 1958, aroused great interest and initiated discussions that continue to this day. William Phillips found
a negative and nonlinear relationship in his study of the rate of change of money wages and the unemployment rate in the United
Kingdom from 1861 to 1957 with long-term data. In the original Phillips curve, the rate of change of money wages is on the
Y-axis and the unemployment rate is on the X-axis. It is shown as a negative, concave curve. An increase in the rate of change of
money wages (inflation) reduces unemployment and vice versa (Phillips, 1958: 283-299). This study, which was a milestone in
the development of macroeconomics, is defined in the equation below.

nt=a+Put+¢,5<0. @))

In Equation (1), ¢; rate of change of money wages, u,; the current unemployment rate, epsilon;, is the error term. and S < 0.
Accordingly, a rise in the unemployment rate means an increase in the labor supply, which puts downward pressure on wages.

This model assumed that prices were determined by a constant increase in price above the unit labor cost and were therefore
adjusted in proportion to wages. This assumption, formulated by Solow and Samuelson (1960), transformed the PC (Phillips
Curve) from a wage exchange relation to a price exchange relation which was more beneficial for policymakers (Samuelson and
Solow, 1960: 177-194).

The PC was accepted as an integral part of the Keynesian economy in the sixties. The common Keynesian interpretation of the
Phillips curve was reversed by new ideas in the 1960s and by the events of the 1970s (Snowdon and Vane, 2005: 155). During the
1970s, unemployment and salary increases were very high. With the emergence of this condition known as stagflation, the validity
of the Phillips curve was questioned (Abel et al., 2017: 489).

Phelps (1967) and Friedman (1968) argued that there was no simple trade-off between inflation and unemployment. According
to Friedman (1968), based on the adaptive expectations hypothesis, PC depended on both expected inflation and deviation from
the natural rate of unemployment. We expressed PC generated by the adaptive expectations hypothesis as the following regression.

n,zﬂf+a(,u,—u;‘)+et 2)

In Equation 2; m;, inflation, 7rf, expected inflation, y,, unemployment, p;, NAIRU; It is the unemployment rate that does not
accelerate inflation. €, is the error term. In this context, employees form their inflation expectations based on past estimation
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Table 1. Literature Review

STUDY SAMPLE METHOD FINDINGS

Gali, Gertler & Lopez-Salido, The new Phillips Curve is valid.

o0 1970-1998 Baseline and Structural Model
The effect of the exchange rate on the prices lasted for one year and most of
Leigh & Rossi (2002) 1994-2002 VAR the effect occurred in the first four months and was reflected in the prices.
Rudd, & Whelan, (2007). 19602004 GMM There was insufficient evidence for the New Phillips Curve.
Peker & Gormiis (2008) 1987-2006 VAR The study determined that exchange rate fluctuations were the main
determinant of inflation.
Fanelli revealed that inflation expectations were not important in determining
Fanelli, (2008) 1971-1998 VAR the inflation rates of the European Region. The NKPC was invalid.

This study observed the sensitivity of the domestic inflation rate to the national
Eren & Cigek (2009) 1987-2007 TVPP — Kalman Filtresi output gap decreased over time. The effect of the national output gap on the
domestic inflation rate was that it decreased over time.

in Tarkiye is determined according to the expectations for the future period.

Korkmaz, (2010) 1997-2006 2AFKK Firms made their pricing behavior prospectively.
Kara & Ogiing (2011) 20022011 VAR Tmport prices were as important as the exchange rate on inflation.
Kara, Ogiing & Sanikaya, (2017) 2006-2016 Bascline Model The effect of import prices on inflation decreased, and the effect of the

exchange rate continued stably.

In the pre-2003 period, the effect of output uncertainty on inflation was
positive, while its effect on output and exchange rate change was negative. In
Terzioglu, (2017) 1987-2015 VAR-MVEGARCH the low inflation period after 2003, the increase in output uncertainty had an
increasing effect on growth and exchange rate and a decreasing effect on
interest rates.

Bozdaghoglu & Yilmaz (2017) 19942004 VAR Increases in the nominal exchange rate affected inflation.

The pass-through of exchange ratc and import price shocks (o inflation was

Ogunc, Ozmen, & Sarikaya (2018) 2005-2016 BVAR )
quite strong.

The effects of inflation uncertainty on real and nominal indicators differed in

Terzioglu, (201 1987-201 MGARCH
erzioglu, (2018) 987-2015 GARC periods of high and low inflation.
Kaygsiz, (2015) 20022016 VAR Twenty percent of the change in inflation was explained by the exchange rate.
Chin, (2019) 19602015 GMM There was insufficient cvidence for the NKPC prediction.
When a shock occurred to the actual (or expected) inflation, the cffect of this
Cigek & Alkan (2019) 2004-2019 BEKK-GARCH shock spreads to the expected (or actual) inflation and continued for some time.
B The negative relationship between unemployment and income per capita was
Dugru, (2020) 1981-2018 ARDL

valid both in the short and long run.

Wardhono, Nasir, Qori’ah & The NKPC was valid in the ASEAN region.

2005-2018 MM
Indrawati (2021) 00520 G
Zobl & Ertl (2021) 2003-2019 GMM In Central and Eastern Europe, the NKPC was valid under the assumption of
an open economy.
Kara & Sarikaya (2021) 2006-2021 VAR After 2017, inflation inertia and the exchange rate pass-through were quite

high.

A long-term cointegration relationship was found between inflation, output
Tombak, (2021) 2003-2019 NARDL gap, inflation expectation, real effective exchange rate, and the M2 money
supply in Tiirkiye. The findings concluded that positive increases in output
gap increased inflation in the short and long term.

FIVAR ~ When changes in the money supply affected investment through interest rates,

Yasar & Terzioglu (2020) 1987-2020 they also affected the size of output and the sustainability of stability (during
VARFI a crisis).

Aytekin, Bayrakdar & Aksoy, 2004-2021 ARDL-Toda Yamamoto A bidirectional causality relationship was found between inflation and the

(2023) exchange rate.

The results of the analysis and the literature will be evaluated in the conclusion.

errors. The expression e (u, — 1), represents the gap between real and nominal wages. Under the assumption that workers have
congruent expectations, expected inflation becomes a weighted average of past inflation rates.

Phelps (1969) and Friedman (1977) independently argued that the original Phillips curve contradicted the rational expectations
hypothesis and criticized the concept of a stable (long-run) Phillips curve.

According to rational expectations theory, people believe that they will not make mistakes because they form their expectations
based on available information along with past experiences (Muth, 1961: 321-327). According to Lucas, when economic agents act
only with backward expectation estimation, they make systematic errors because the available information is missing (Snowdon and
Vane, 2005: 200). Therefore, future inflation expectations are included in the equation to represent forward-looking information.
Lucas and Rapping suggested that the Phillips curve varied with time (Lucas and Rapping, 1969: 345-348).

Ty = yﬂ'te+1 +a(u — pp)e 3)
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In Equation 3; yrf, |, inflation expectations for the next period are included. According to the rational expectations hypothesis,
individuals who used the available information in the best way did not allow inflation-output trade-offs by accurately predicting
the results of systematic policies (Lucas, 1973:326-327). The random error term has a mean of zero and has no causal relationship
with the information set available when generating expectations. Accordingly, if there is no lack of information, the estimation
error of rationally formed expectations is random and will not contain systematic deviations (Snowdon, Vane and Wynarczyk,

1996: 191).

The NKPC (New Keynesian Phillips Curve) is an important tool for monetary policymakers. The NKPC depicts an output-
inflation trade-oft, much like the traditional PC does. But it is based on micro foundations. In this sense, NKPC differs from
Friedman’s theory of adaptive expectations. Instead of an unemployment gap, the output gap is included in the PC analysis as a
measure of the excess demand (Claus, 2000: 4).

The NKPC argues that current inflation is affected by expected future inflation and that these expectations are rational. In Gali
and Gertler’s (1999) improved NKPC equation, current inflation was determined by an expected future inflation and output gap or
marginal cost. While the output gap is useful in measuring the demand pressure in an economy, it is preferred to measure the cost
pressure with the marginal cost on the production side.

T =Y g + Ay “

The New Keynesian Phillips Curve is an equation where output is at potential when unemployment is at the natural rate; When
unemployment is above the natural rate, the output is below potential and vice versa. At equilibrium, inflation is as expected, and
output is at full employment (or potential) - the output gap is zero. In Equation 4, the inflation rate, r t, depends on the expected

inflation rate for the next period, 77 |, and an output gap measure denoted by y, (Nason and Smith, 2008: 363).

Gali and Gertler (1999) put forward the Hybrid New Keynesian Model, which combined expected and past inflation values
(Chowdhury and Sarkar, 2017: 428). Thus, past values of inflation are also included in the model.

m=yfrg, Ay + (1= y)mg 5)
For the hybrid New Keynesian Phillips curve, equation 4 was expanded as in equation 5 by adding the past inflation rate. In
Equation 5, the parameter y lies between 0 and 1 (Nason and Smith, 2008: 363).

Studies that examined the Phillips curve approach and inflation dynamics in national and international literature are listed in
Table 1 below.

Econometric Method, and Data Sets

It was important to test the stationarity among the variables to determine the appropriate econometric model. Augmented
Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests, which are the most widely used unit root tests, were preferred for
the econometric model (Makridakis et al., 1998:329).

ADF test equation form is shown in equation 6.

Ay = ag+ay + YY1 + Z5 Bidy_i +uy (©6)

ADF test hypotheses:
Hy: y=0 There is a unit root.
H;: y<0 No unit root.

When the alternative hypothesis is rejected, according to Dickey and Fuller (1981: 1057-1072), the difference is applied to make
the series stationary.
The PP test equation form is shown in equation 7.

8yr = ayr—1 +x,6 +u; @)
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PP test hypotheses:
Hy: a=0 There is a unit root.
H: a<0 No unit root.
The Phillips-Perron test statistic is similar to the ADF test statistic. Therefore, the test statistic is compared with the MacKinnon
critical values. (Phillips and Perron, 1981: 335-346).

The Vector Autoregressive Model (VAR) developed by Sims (1980) is a multivariate form of the univariate autoregressive (AR)
model. The model not only explains the dynamic behavior of the relationship between endogenous and exogenous variables or the
relationship between endogenous variables but also explains it with the impulse-response function of the variable or a series of
variables. According to Johansen (1995), the VAR model is represented in equation (8):

Ve =Aiy—1+ -+ Apyi—p + Bxy + & (®)

v¢; in Equation (8); While denoting the px1 variable vector, x,; Expresses dx1-dimensional deterministic variables.A;; pxp
dimensional matrices, and ¢;; is the vector of error terms.

In the VAR approach, the endogenous variables in the system are treated as a function of the lagged values of all the endogenous
variables in the system, unlike basic regression or time series analysis. The basic VAR model has the following form (Liitkepohl,
2005: 13).

Ye=Ar+yi1+ -+ Apyp +Cx, +uy )
In equation 9 above,y; = (y1s, - - - -Ykz)’, is the vector of observable endogenous variables (Kx1),
X = (x14,- -+ .xqr)’, (d X 1)dimensional vector of exogenous variables,
Ay, -+, Ap, (K x K) dimensional, coefficients matrices for lagged variables,

Coeflicients matrix of C,kxd dimensional exogenous variables,

ur = (uyg, - sugy) s E = () = 0, E(uepty) = Y, andE(,u,u;) = 0(t # s) is the error vector showing the (k x 1) dimensional
clean sequence feature.

If the bivariate VAR model is rewritten as k=2 and p=1 (Mert and Caglar 2019: 2016-228); yi; = aj1y11—1 + a12y2-1+C1 + Uy
It is expressed as yo; = d21y1r—1 + A22yY2:—1 + C2 + U

Impact Response analysis is an important step in econometric analysis using vector autoregressive models. It describes the
evolution of the variables of a model in response to a shock in one or more variables. Impact Response analysis measures the time
cross-section of the impact of shocks at a certain time point on the (expected) future values of the variables (Mert and Caglar
2019: 2016-229).

Variance decomposition is a useful method to evaluate the transmission of external shocks to each economic variable (Mert and
Caglar 2019: 2016-230). In Table 2, the variables to be used in the econometric analysis are introduced.

Motivation of the Study: Do import prices have a significant effect on inflation? Has the sensitivity of the output gap to inflation
decreased? Do expectations have an explanatory effect on the inflation rate? The Hybrid New Keynesian Phillips Curve model
was used for the research questions of this study.

The quarterly data of the economy of Tiirkiye for the period 2013:Q2-2022:Q2 are shown in Table 2 as explicit and implicit.

Table 2. Symbolic and Explicit Representation of Data for 2013:Q2-2022:Q2 Periods ! 2

Variable Definition Source
- Consumer Price Index' (TUFE-B) CBRT
E Expected Consumer Price Index (After 12 Months) (TUFE-B) CBRT
erate Expected Interest Rate (After 12 Months) CBRT
bdk Expected Increase in Dollar/T1 Exchange Rate CBRT
gap; Output Gap? CBRT
impg Import Unit Value Index CBRT

In this context, the seasonally adjusted, logarithmic difference (quarterly inflation rate) of the consumer prices excluding
unprocessed food and alcoholic beverages-tobacco (CPI-B) price index as of the end of the quarter was preferred to form the

' For consumer prices, the CPI indicator, excluding unprocessed food and alcoholic beverages-tobacco, was preferred.
2 It was obtained by decomposing the GDP Calculated with the Chained Volume Index into its components with the HP Filter (Hodrick and Prescott, 1997).
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inflation variable. Market participants’ survey results were used in the formation of the expected inflation variable (Probability
Distribution of Expectations for Annual Consumer Inflation After 12 Months). The expected increase in $/TL rate: Expectation
of exchange rate after 1 year and $/TL rate in the survey period were used. The logarithmic difference (quarterly import price
change rate) of the import unit value index as of the end of the quarter was preferred. The output gap variable was obtained by
decomposing the GDP Calculated with the Chained Volume Index into its components using the HP Filter (Hodrick and Prescott,
1997). Interest rate expectation (8C. (Arithmetic Average) CBRT Weighted Average Funding Cost Expectation After 12 Months)
was obtained from the market participants’ survey results. It is the logarithmic difference of all variables. In 2013, the year when
the Fed reduced its bond purchasing program, was decisive for the model. The model established for analysis is as follows.

The model created with the above data is as follows.
Model
2013:Q2-2022:Q2

7y = o + Porty + Prerate + Pabdk + B3gap, + Paimp + &

*a; 1s the constant parameter. 3; refers to the coefficient in front of the variables. ¢, is the error term. Figure 1 shows the
Expected Increase (%) in the $/TL Rate in the above model.
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Figure 1. Expected Increase in $/TL Rate (%)

Source: CBRT www.evds.com.tr

Output gap (GAP), defined as the logarithmic difference of GDP from its potential level, was obtained using the HP Filter with
the Eviews 10.0 package program as in Figure 2 below. Lambda=1600 was taken as quarterly series were used.

In Figure 2, the trend represents potential revenue. Final seasonally adjusted series represents the real production level. The
cycle, which shows the difference between the two, represents the output gap. It is shown as an output gap (GAP) in Figure 3.

According to Figure 3, the part above the zero line represents the positive output gap and the part below the negative output

gap. In Figure 3, there was a negative output gap in the economy of Tiirkiye during the global economic crisis and pandemic that
occurred in 2020.
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Hodrick-Prescott Filter (lambda=1600)
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Figure 2. Differentiation of GDP Series into Components with the Hodrick-Prescott Filter
GAP

.06

.04 4

.02 4

.00 4

-.02 4

-.04 4

-.06 4

-.08

_10 rTT T Trr1irrrrrrrrirr T I T T T T T T T T T T T T T T I T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTTTTTT

SEEERE LR IR RN RERALE

Figure 3. Graph of Output Gap

The literature states that the output gap is generally used as the explanatory variable in the Hybrid New Keynesian Phillips
Curve Model and that the output gap has a positive effect on inflation. After estimating the expected increase in the $/TL exchange
rate and the output gap, it was included in the model as an independent variable for econometric analysis. The results of the
econometric analysis are given under the heading of findings.

Empirical Results

The data regarding the variables were obtained from the EVDS of the Central Bank of the Republic of Tiirkiye on 15.11.2022.
The test results in which unit root analysis of the variables were made are shown in Table 3.

It was concluded that the test statistic calculated for the variables in the table is less than all critical values at the 10% significance
level, and since the null hypothesis was rejected, it does not contain a unit root, that is, the series is stationary. Since no cointegrated
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Table 3. Unit Root Test Results

UNIT ROOT TEST TABLE (PP)
At Level
EINF ERATE GAP IMP INF

'With Constant  t-Statistic -4.0985 -4.2088 -5.5732 -2.7292 -2.6778

Prob. skksk skksk skeksk k% ek
'With Constant
& Trend t-Statistic -4.3539 -4.2939 -5.4991 -2.5527 -3.2583

Prob. skksk skksk skksk k *
'Without
Constant &
Trend t-Statistic -3.6675 -4.1590 -5.4669 -2.4200 -1.6448

Prob- sksksk skskok skskok kK *

UNIT ROOT TEST TABLE (ADF)
At Level
EINF ERATE GAP IMP INF

'With Constant  t-Statistic -4.0985 -4.4537 -5.5715 -2.7474 -2.7081

Prob- sksksk sksksk sksksk kK sk
'With Constant
& Trend t-Statistic -4.2813 -4.3796 -5.4971 -2.5808 -3.4704

Prob_ skskok skskok skskosk k *
'Without
Constant &
Trend t-Statistic -3.7667 -4.0825 -5.4646 -2.4903 -1.7525

P}’Db. skskok skskok skskosk kK *

Notes: (*)Significant at the 10%, (**)Significant at the 5%, (***) Significant at the 1%. and (no) Not
Significant *MacKinnon (1996) one-sided p-values.

relationship was found, the study examined the relationship between inflation and GAP, import prices, and expectations between
2013:Q2-2022:Q2 using the VAR analysis method.

Table 4. VAR Lag Order Selection Criteria

[Endogenous variables: INF EINF ERATE BDK GAP IMP
[Exogenous variables: C

Sample: 1 37

Included observations: 35

Lag LogL LR FPE AIC e HQ
0 7.798688 NA 3.64¢-08 0102782  0.163849*  -0.010741*
1 50.03668  67.58079  2.63e-08  -0.459239 1407179  0.185048
2 92.50876  53.39347*  2.20e-08*  -0.829072%  2.637132  0.367461

* Indicates lag order selected by the criterion

LR: sequential modified LR test statistic (each test at 5% level)

FPE: Final prediction error

AIC: Akaike information criterion

SC: Schwarz information criterion

HQ: Hannan-Quinn information criterion

*A4s can be seen from the table, lag length 2 was preferred according to LR, FPE, and AIC criteria.

The roots of the characteristic polynomial are given in the table below.

The VAR (2) model, which was created as a result of the diagnostic tests; the stability condition, absence of serial correlation,
constant variance, and normality conditions are at 0.01 error level. All diagnostic tests for the VAR model provide evidence that
the model is meaningful.

In Figure 4, there are thirty-six impulse-response graphs related to the VAR (2) model. The graph in the upper left corner shows
the response of inflation to itself. According to the graph, a shock to inflation affects itself positively for nine quarters. In addition,
the response of inflation to the shock is significant because the zero line is not within the first-period confidence interval. The
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Table 5. Roots of Characteristic Polynomial

1.5

Inverse Roots of AR Characteristic Polynomial

1.0

0.5 |

0.0

-0.5

-1.0

-1.5

1.0 1.5

Roots of Characteristic Polynomial
Endogenous variables: INF EINF ERATE

BDK GAP IMP
Exogenous variables: C
Lag specification: 1 2

Root

Modulus

0.910374 - 0.185428i
0.910374 + 0.185428i
-0.677724 - 0.355331i
-0.677724 + 0.355331i
0.206980 - 0.676052i
0.206980 + 0.676052i
0.587874 - 0.284217i
0.587874 + 0.2842171
-0.487969 - 0.2066961
-0.487969 + 0.206696i
0.138681 - 0.384590i
0.138681 + 0.3845901

0.929067
0.929067
0.765226
0.765226
0.707027
0.707027
0.652974
0.652974
0.529941
0.529941
0.408830
0.408830

No root lies outside the unit circle.
VAR satisfies the stability condition.
It is understood from the graph and the table that all characteristic roots are in the unit circle and the
VAR model satisfies the stability condition.

Table 6. Diagnostic Tests

LM Test
Lag LRE* stat df Prob. Rao F-stat df Prob.
4 38.95014 36 0.3384 1.095413 (36, 51.1) 0.3772
White Test
Chi-sq df Prob.
507.2118 504 0.4515
Normality
Test
Component Chi-sq df Prob.
Joint 11.96966 6 0.0626

*Original tables of the LM Test, White Test, and Normality Test are in the appendices.

response of the expected inflation to the inflation shock was positive for four quarters. The response of the expected interest rate to
a shock to inflation was negative throughout all periods. The response of the expected increase in the exchange rate to a shock to
inflation was positive throughout all periods. Given a shock to inflation, the response of the output gap was positive but downward
for five periods. The response of inflation to a shock to import prices was positive throughout all periods. The response of import
prices to a shock to inflation was positive for four quarters and then negative until the twelfth quarter.

Table 7 below shows how much the independent variables affected the dependent variable in the face of the shock given to the
variables.

Twelve periods for each series were followed in the variance decomposition results in Table 7. When the variance decomposition
results for the inflation variable are examined, the total change in the first-period inflation (100.00) is explained by itself. In the
second quarter, 55% of the change in inflation is its own shocks. Thirty-eight percent of inflation in the second quarter is explained
by expected inflation. About 3% of inflation in the second quarter is explained by the expected increase in the exchange rate. About
2% of inflation in the second quarter is explained by the expected interest rate. About 0.5% of inflation in the second quarter is
explained by the import unit value index. About 0.5% of inflation in the second quarter is explained by the output gap.
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Response to Cholesky One S.D. (d.f. adjusted) Innovations + 2 S.E.
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Figure 4. Impulse Response

Table 7. Variance Decomposition of Inflation

Variance Decomposition of INF: 2013Q2-2022Q2

Period S.E.
1 0.021034
2 0.036063
3 0.040647
4 0.050000
5 0.054471
6 0.058844
7 0.061989
8 0.064131
9 0.065860
10 0.066864
11 0.067539
12 0.067908

INF

100.0000
55.30864
49.69539
37.70001
32.97117
30.55336
28.20964
26.60054
25.28077
24.52920
24.04394
23.87197

BDK

0.000000
2951177
3.956031
4.678908
6.733048
7.141533
7.892366
8.025601
8.294001
8.433916
8.494797
8.522707

ERATE

0.000000
1.700607
2.943017
5.765232
4.998133
5.116512
5.403641
5.522377
5.425834
5.805621
6.121918
6.458547

GAP

0.000000
0.529786
0.543090
0.448241
1.704562
1.782459
1.943466
1.887739
1.899158
2.010715
2.035574
2.063413

EINF

0.000000
38.93471
30.82766
27.41806
23.12745
20.85196
19.86932
18.98956
18.70149
18.16544
17.95215
17.76330

IMP

0.000000
0.575080
12.03481
23.98955
30.46564
34.55418
36.68157
38.97418
40.39874
41.05511
41.35162
41.32006

In the third quarter, the self-explanatory rate of inflation decreased to approximately 50%. In the third quarter, the inflation
explanation rate of expected inflation decreased to approximately 30%. Approximately 12% of the change in inflation in the third
quarter is explained by the import unit value index. About 4% of inflation in the third quarter is explained by the expected increase

in the exchange rate. About 3% of inflation in the third quarter is explained by the expected interest rate.

At the end of the first year, the inflation rate self-explanation dropped to about 37%. The inflation disclosure rate of the import
unit value index rose to 23%. The inflation disclosure rate of the expected interest rate was approximately 5.7%. The expected
increase in the exchange rate was approximately 4.6%. At the end of the second year, approximately 38% of the change in inflation
is explained by the import unit value index. Eight percent of inflation is explained by the expected increase in the exchange rate.

At the end of the third year, approximately 41% of the total change in inflation is explained by the import unit value index. Eight

and a half percent (8.5%) is explained by the expected increase in the exchange rate.

The variance decomposition results are given graphically below.
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Variance Decomposition using Cholesky (d.f. adjusted) Factors
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Figure 5. Variance Decomposition

In the first chart from the left, a significant part of inflation is explained by the import unit value index and expected inflation.
Inflation is then explained by the expected increase in the exchange rate and the expected interest rate. In the first chart, it is
understood that a significant part of inflation is explained by expectations. In the second chart, a significant part of the expected
inflation is explained by the current inflation and the import unit value index. According to the variance decomposition results of
the expected interest rate, a significant part of it is explained by current inflation, expected inflation, and the import unit value
index. A significant part of the expected interest rate is explained by the expected inflation, current inflation, and the import unit
value index. According to the variance decomposition of the output avalanche, the most explanatory variable is the expected
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increase in the Dollar/TL exchange rate. According to the variance decomposition graph of the import unit value index, current
inflation, expected inflation, expected interest rate and expected increase in USD/TL exchange rate explain IMP.

According to these results, the main causes of inflation in Tiirkiye are, respectively, inflation itself, changes in import prices,
inflation expectation, expected increases in Dollar/TL exchange rate, interest rate expectation, and the output gap. Therefore, the
pass-through effect of exchange rate variability on prices was realized at a very high rate with its effect on import prices. Therefore,
the exchange rate should be considered a very important policy variable in explaining the causes of inflation in Tiirkiye and the
fight against inflation.

CONCLUSION

The fact that inflation stays above the targets for many years causes the targets to weaken as anchors. The rise in inflation
rates brought with it the increasing importance attributed to past inflation and exchange rate developments in the formation of
expectations. The question that comes to the fore at this point is to what extent this change in the formation of expectations
is reflected in the pricing behavior and thus in the inflation dynamics. This research paper tested the hybrid model in price
determination to understand the behavior of inflation and macroeconomics. The Motivation of the Study: Do import prices have
a significant effect on inflation? Has the sensitivity of the output gap to inflation decreased? Do expectations have an explanatory
effect on the inflation rate? The Hybrid NKPC model was used for the research questions of this study.

Do import prices have a significant effect on inflation? In the literature, Kara & Ogiing (2011), Analyzed the years between
2002 and 2011, and emphasized that import prices are as important as the exchange rate on inflation. In the sample taken, both
Tiirkiye’s 2001-2002 banking crisis and the 2008 global financial crisis effected import prices. In the study conducted by Kara,
Ogiing & Sarikaya (2017) between 2006 and 2016 in Tiirkiye, the effect of import prices on inflation decreased, and the exchange
rate effect continued in a stable manner. In the history of Tiirkiye’s economy, inflation reached single-digit figures in 2000 and this
continued until 2016.

According to the results of the impulse-response analysis graphs of this study, the response of inflation to a shock to import
prices is positive throughout all periods. The response of import prices to a shock to inflation is positive for four quarters and
then negative until the twelfth quarter. According to the variance decomposition results of the study, the effect of import prices
on inflation increased for 12 quarters for the period between 2013-2022. The impact of import prices was not diminished. After
2016, the crisis in the exchange rate caused import prices to increase. Between January 2, 2006, and December 30, 2016, the
depreciation’ of the lira was approximately (minus) 61%. Between January 2, 2017, and October 31, 2022, the depreciation* of
the lira was approximately (minus) 80%. This explains the result. Therefore, do import prices have a significant effect on inflation?
The answer to that question is Yes.

Has the sensitivity of the output gap to inflation decreased? Eren and Cicek (2009) between 1987 and 2007, analyzed the effect of
the national output gap on the domestic inflation rate by the Kalman Filter Method, and the change in the coefficients estimated in
the model over time was monitored. It was determined that the coefficient decreased over time. This proved that the Phillips curve
flattened in Tiirkiye. Eren and Cicek (2009) stated that the inflation process in Tiirkiye changed and the use of national resources,
which the CBRT tries to determine with short-term interest rates, may be insufficient in the fight against inflation. For this reason,
they argued that global demand conditions should also be included in inflation models. Tombak, (2021), in the analysis made
between 2003 and 2019, found a long-term relationship between inflation, output gap, inflation expectation, real effective exchange
rate, and the M2 money supply in Tiirkiye. The findings concluded that positive increases in output gap increased inflation in the
short and long term.

When we looked at the literature, the output gap was generally used as the explanatory variable in the Hybrid New Keynesian
Phillips Curve Model and this gap has a positive effect on inflation. In the results of the impulse-response analysis graphs of this
study, when a shock is given to the inflation variable, the response of the output gap was positive but decreased for five periods.
According to the variance decomposition results, the output gap explained the change in inflation by 0.05% in the second quarter
and 0.4% in the fourth quarter for the period 2013-2022. At the end of the second year, the output gap explained 1.8% of the total
change in inflation, and at the end of the third year, 2.06% of the total change in inflation. It found that the coefficient decreased
over time. This result indicated that the Phillips curve flattened in Tiirkiye. Therefore, the findings showed that the sensitivity of
the output gap to inflation decreased.

The issue of which factors affect economic units while determining prices has always been among the topics worth researching

3 On January 2, 2006, it was $/TL= 1.3506 (1/1.3506 =0.74041166888) and on December 30, 2016, it was $/TL=3.5255 (1/3.5255= 0.28364770954). Depreciation of the lira=
((0.28364770954-0.74041166888)/ 0.74041166888)*100= - % 61.6906232949
4 On January 2, 2017, it was $TL= 3.5402 (1/3.5402 =0.28246991695) and on October 31, 2022, it was $/TL= 18.6250 (1/18.6250= 0.05369127516). Depreciation of the lira=
((0.05369127516-0.28246991695)/ 0.28246991695)*100= - % 80.9922147676
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for economists. Macro analyses based on micro-fundaments revealed that inflation expectations have an extremely important role
in price determination decisions. From the studies on Tiirkiye, Cicek and Alkan (2019) conducted between 2004-2019, it was
discovered that when a shock occurs to the realized (or expected) inflation, the effect of this shock spreads to the expected (or
actual) inflation and this effect continues for a while.

In the results of the impulse-response analysis graphs of this study, the response of inflation to a shock to expected inflation was
positive for eleven periods. Then, the response of inflation disappeared in the twelfth period. The response of expected inflation
to a shock to inflation was positive for one year and negative for the following periods. In the variance decomposition results,
expected inflation explained about 39% of inflation in the second quarter. Even though this effect decreased towards the end of the
year, it explains approximately 17.7% of the total change in inflation at the end of the third year. This finding supported that the
CBRT could not be fully successful in shaping inflation expectations during the periods when inflation started to rise in Tiirkiye.

In results of the impulse-response analysis graphs of this study, the response of inflation to a shock to the expected interest
rate (ERATE) was negative for five periods and then the effect was positive until the ninth period. After the ninth period, the
effect disappeared. The expected interest rate (ERATE) response to a shock to inflation was meaningless because the zero line
and response curve was inside the confidence interval. In the variance decomposition results, the expected interest rate (ERATE)
explained approximately 6.45% of the total change in inflation. This effect increased throughout all periods.

According to the results of the impulse-response analysis graphics of this study, the response of inflation to a shock to the
expected increase in the Dollar/TL exchange rate (BDK) has been negative for ten periods. Then the effect disappears after the
tenth period. The response of the expected increase in the Dollar/TL exchange rate (BDK) to a shock to inflation is positive
throughout all periods. In the variance decomposition results, the expected increase in the USD/TL exchange rate (BDK) explains
approximately 8.52% of the total change in inflation. This effect tends to increase throughout all periods.

Therefore, do the expectations have an explanatory effect on the inflation rate? The answer to that question is Yes.

In their analysis between 2006-2021, Kara and Sarikaya (2021) stated that inflation inertia and exchange rate pass-through were
quite high after 2017. According to the results of the impulse-response analysis graphics of this study, the response of inflation to
a shock to inflation was positive for nine periods, and then the effect disappeared. In the variance decomposition results, inflation
explained 100% of the change in the first quarter. the inflation self-explanation rate was 55% in the second quarter and 49% in the
third quarter. Although the rate of explaining the change in inflation itself decreased, it explained approximately 24% of the total
change at the end of the third year.

This shows that despite the policies implemented by decision makers, economic agents adjusted their pricing behavior according
to past inflation more than inflation expectations. For this reason, the measures taken by decision-makers could not be fully
successful. For the steps to be effective, behavioral transformation throughout society is also important, while strengthening
communication channels plays a critical role in addition to structural policies.

As stated by Kara and Sarikaya (2021) in their study, it was important for the central bank to re-establish the trust factor to break
the inflation inertia. In addition, as stated in the central bank law, the primary objective of monetary policy is to protect the value
of the lira.

According to the results of the analysis, the inflation-targeting regime was not successful in anchoring the expectations of
economic agents. Developing policies based on expectations by reducing inflation uncertainty by the central bank or economic
authority could have a positive effect on inflation. These are remarkable results for policymakers, especially for price stability and
inflation targeting.
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https://www.imf.org/ external/pubs/ft/wp/2002/wp02204.pdf. (Erişim Tarihi: 10.08.2018).
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ATTACHMENTS

Table 8. Vector Autoregression Estimates

Vector Autoregression Estimates

Date: 11/28/22 Time: 16:11
Sample (adjusted): 3 37

Included observations: 35 after adjustments

Standard errors in () & t-statistics in [ ]

INF EINF ERATE BDK GAP IMP

INF(-1) 0.346384 0.404812 -0.182941 0.093346 -2.655078 6.034022

(0.21525) (1.48375) (2.21366) (0.18219) (17.8184) (41.5020)

[ 1.60920] [ 0.27283] [-0.08264] [0.51236] [-0.14901] [0.14539]

INF(-2) -0.056654 -0.967926 -2.907827 0.552921 20.00228 -17.29203

(0.31427) (2.16626) (3.23192) (0.26599) (26.0146) (60.5924)

[-0.18027] [-0.44682] [-0.89972] [2.07869] [ 0.76889] [-0.28538]

EINF(-1) 0.172713 0.169297 0.078152 0.256323 -0.714713 8.968886

(0.03293) (0.22699) (0.33866) (0.02787) (2.72594) (6.34918)

[ 5.24478] [ 0.74583] [0.23077] [9.19633] [-0.26219] [ 1.41260]

EINF(-2) 0.005084 0.566131 0.698465 -0.051096 -2.086037 1.354594

(0.05683) (0.39176) (0.58449) (0.04810) (4.70470) (10.9580)

[ 0.08945] [ 1.44508] [ 1.19501] [-1.06218] [-0.44339] [0.12362]

ERATE(-1) -0.030298 -0.027590 0.354352 -0.077036 -0.994940 0.002688

(0.02091) (0.14417) (0.21509) (0.01770) (1.73129) (4.03246)

[-1.44866] [-0.19137] [ 1.64749] [-4.35182] [-0.57468] [ 0.00067]

ERATE(-2) -0.043179 -0.258196 -0.264581 0.041464 0.670414 -0.542115

(0.02285) (0.15750) (0.23498) (0.01934) (1.89144) (4.40549)

[-1.88971] [-1.63932] [-1.12596] [ 2.14400] [ 0.35445] [-0.12305]

BDK(-1) -0.269043 -1.562479 -1.369957 0.081993 1.276644 -29.90310

(0.14507) (0.99997) (1.49190) (0.12279) (12.0087) (27.9703)

[-1.85458] [-1.56252] [-0.91827] [0.66777] [0.10631] [-1.06910]

BDK(-2) 0.274124 0.414612 0.067552 0.613631 -8.582993 27.85196

(0.12917) (0.89036) (1.32835) (0.10933) (10.6923) (24.9041)

[2.12225] [ 0.46567] [ 0.05085] [5.61282] [-0.80273] [1.11837]

GAP(-1) -0.001503 -0.008800 0.023803 -0.001551 0.039777 -0.087249

(0.00258) (0.01778) (0.02652) (0.00218) (0.21349) (0.49726)

[-0.58266] [-0.49501] [0.89743] [-0.71042] [0.18632] [-0.17546]

GAP(-2) 0.003911 0.015008 0.001959 0.001979 -0.138063 -0.162166

(0.00253) (0.01745) (0.02603) (0.00214) (0.20951) (0.48797)

[1.54511] [ 0.86024] [0.07528] [0.92367] [-0.65899] [-0.33233]

IMP(-1) 0.000790 0.007406 0.004825 0.000960 0.084234 0.364631

(0.00119) (0.00817) (0.01219) (0.00100) (0.09812) (0.22855)

[ 0.66687] [ 0.90645] [0.39583] [ 0.95682] [ 0.85845] [ 1.59543]

IMP(-2) 0.002688 0.012710 -0.005934 -0.002001 -0.055850 0.343577

(0.00125) (0.00861) (0.01284) (0.00106) (0.10338) (0.24080)

[2.15248] [ 1.47638] [-0.46201] [-1.89311] [-0.54022] [ 1.42683]

C 0.024885 0.152896 0.215218 0.005574 -0.131438 0.611047

(0.01348) (0.09292) (0.13863) (0.01141) (1.11586) (2.59903)

[ 1.84610] [ 1.64548] [ 1.55247] [ 0.48858] [-0.11779] [0.23511]

R-squared 0.844239 0.482766 0.284406 0.922223 0.111060 0.516945

Adj. R-squared 0.759278 0.200638 -0.105918 0.879799 -0.373817 0.253460

Sum sq. resids 0.009734 0.462489 1.029438 0.006973 66.69812 361.8401

S.E. equation 0.021034 0.144990 0.216316 0.017803 1.741187 4.055525

F-statistic 9.936805 1.711160 0.728641 21.73829 0.229047 1.961954

Log likelihood 93.61869 26.05057 12.04801 99.45542 -60.94735 -90.54030

Akaike AIC -4.606782 -0.745747 0.054399 -4.940310 4.225563 5.916589

Schwarz SC -4.029081 -0.168046 0.632100 -4.362609 4.803264 6.494289

Mean dependent 0.040416 0.061334 0.041139 0.091313 -0.265432 0.754142

S.D. dependent 0.042871 0.162169 0.205697 0.051351 1.485529 4.693756
Determinant resid covariance (dof adj.) 3.31E-09
Determinant resid covariance 2.04E-10
Log likelihood 92.50876
Akaike information criterion -0.829072
Schwarz criterion 2.637132

Number of coefficients 78
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Table 9. Variance Decomposition

Variance Decomposition

of INF:

Period S.E. INF EINF ERATE BDK GAP IMP
1 0.021034  100.0000  0.000000  0.000000  0.000000  0.000000  0.000000
2 0.036063  55.30864  38.93471 1.700607 2951177  0.529786  0.575080
3 0.040647  49.69539  30.82766  2.943017  3.956031  0.543090  12.03481
4 0.050000  37.70001  27.41806  5.765232  4.678908  0.448241  23.98955
5 0.054471 3297117  23.12745 4998133  6.733048  1.704562  30.46564
6 0.058844  30.55336  20.85196  5.116512  7.141533  1.782459  34.55418
7 0.061989  28.20964  19.86932  5.403641  7.892366  1.943466  36.68157
8 0.064131  26.60054 1898956  5.522377  8.025601 1.887739  38.97418
9 0.065860 2528077  18.70149  5.425834  8.294001 1.899158  40.39874
10 0.066864  24.52920  18.16544  5.805621  8.433916  2.010715  41.05511
11 0.067539  24.04394  17.95215  6.121918  8.494797  2.035574  41.35162
12 0.067908  23.87197  17.76330  6.458547  8.522707  2.063413  41.32006

Variance Decomposition

of EINF:

Period S.E. INF EINF ERATE BDK GAP IMP
1 0.144990  13.57276  86.42724  0.000000  0.000000  0.000000  0.000000
2 0.156976  13.24108  76.68105  0.204200  6.170916  1.038286  2.664472
3 0.172784 1278739  67.42540  1.227566  5.736702  2.065960  10.75699
4 0.187381 10.88267  57.87387  1.349708  8.944070  2.129705  18.81998
5 0.197016  9.988547  54.49364 2918103  9.008474  2.360160  21.23108
6 0.202330  9.562483  51.78759  4.445979 9376603  2.478975  22.34837
7 0.207296  10.23393  50.23148  6.516839  9.054650  2.487510  21.47559
8 0.208908  11.03202  49.46775  6.953168 8916325  2.460601  21.17013
9 0212228  12.52230  48.46054  7.104768  8.655608  2.394732  20.86205
10 0.215917  13.45716  47.43425  7.137143  8.571617  2.320175  21.07966
11 0.219920  14.17285  46.07832  6.960138  8.490260  2.249749  22.04869
12 0.225042  14.59203  44.70568  6.674769  8.523914  2.194199  23.30940

Variance Decomposition

of ERATE:

Period S.E. INF EINF ERATE BDK GAP IMP
1 0.216316  0.317646  6.874162  92.80819  0.000000  0.000000  0.000000
2 0235012  0.278497  7.327024  88.76485  0.554129  2.570919  0.504581
3 0.245822  3.962979  10.39456  81.52741  0.547519  3.070752  0.496775
4 0.261891 11.27311 12.87721  71.86845  0.741027  2.766879  0.473332
5 0277225 1534584  15.17860  64.77818  0.708370  2.480839  1.508167
6 0.300954  18.13285  16.99679  57.10131  0.802293  2.148782  4.817979
7 0.324722  19.63525  17.14250  49.82985  1.631265  1.991264  9.769866
8 0.348566  20.82218  16.51406  43.27118  2.533827  1.943785  14.91497
9 0374321  20.96011 16.39770  37.53326  3.489175  1.872192  19.74758
10 0.397041  20.36200  15.92491  33.42558 4311093  1.828649  24.14777
11 0.417617  19.45537 1555114  30.30875  4.985144  1.804414  27.89519
12 0.434036  18.53116  15.06708  28.28317  5.564617  1.861316  30.69266

Variance Decomposition
of BDK:
Period S.E. INF EINF ERATE BDK GAP IMP
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Table 10. VAR Residual Serial Correlation LM Tests

VAR Residual Serial Correlation LM Tests
Date: 11/28/22 Time: 16:13

Sample: 1 37

Included observations: 35

Null hypothesis: No serial
correlation at lag h

Lag LRE* stat df Prob. Rao F-stat df Prob.
1 31.15890 36 0.6980 0.823514 (36,51.1) 0.7276
2 34.36270 36 0.5466 0.931566 (36, 51.1) 0.5834
3 32.86612 36 0.6184 0.880459 (36,51.1) 0.6524
4 38.95014 36 0.3384 1.095413 (36,51.1) 0.3772
Table 11. VAR Residual Heteroskedasticity Tests (Levels and Squares)
VAR Residual Heteroskedasticity Tests (Levels and Squares)
Date: 11/28/22 Time: 16:13
Sample: 1 37
Included observations: 35
Joint test:
Chi-sq df Prob.
507.2118 504 0.4515
Table 12. Normality Test
Component Kurtosis Chi-sq df Prob.
1 3.703394 0.721529 1 0.3956
2 5.285862 7.620031 1 0.0058
3 3.960506 1.345418 1 0.2461
4 2.738945 0.099385 1 0.7526
5 4.204667 2.116365 1 0.1457
6 2.785764 0.066933 1 0.7959
Joint 11.96966 6 0.0626
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0z

Bu calismanin amaci Brezilya, Giiney Afrika ve Yeni Zelanda i¢in ayr1 ayr1 hesaplanan kisi basi ekolojik dengenin soklardan kalici
olarak etkilenip etkilenmedigini ortaya koymaktir. Analiz donemi incelenen tiim iilkeler i¢in (veri mevcudiyetine bagl olarak)
1961-2022 donemini kapsamaktadir. Calismada kullanilan veriler yillik bazdadir. Kisi bagst ekolojik denge, kisi bast biyolojik
kapasiteden kisi basi ekolojik ayak izinin ¢ikartilmasiyla elde edilmistir. Dogrusal disilig1 dikkate almayan ve dogrusal digilig1
dikkate alan birim kok testleri arasinda bir secim yapabilmek amaciyla 6nce Harvey vd. (2008) tarafindan onerilen dogrusallik
testi uygulanmigtir. Dogrusallik analizinin sonuglar1 dikkate alinarak calismada Brezilya verilerine ve Yeni Zelanda verilerine
ADF birim kok testi, Elliott vd. (1996) tarafindan 6nerilen birim kok testi ve Narayan ve Popp (2010) tarafindan 6nerilen birim
kok testi uygulanmigtir. Giiney Afrika’ya ait kisi bag1 ekolojik denge serisi i¢in ise Kapetanios vd. (2003) tarafindan 6nerilen birim
kok testi, Kruse (2011) tarafindan 6nerilen birim kok testi ve Giiris (2019) tarafindan 6nerilen birim kok testi uygulanmigtir. Elde
edilen bulgulara gore Brezilya, Giiney Afrika ve Yeni Zelanda icin ayr1 ayr1 hesaplanan kisi basi ekolojik dengeye yonelik soklarin
kalic1 etkiye sahip oldugu sdylenebilir. Calismada ayrica elde edilen bulgulardan yola ¢ikarak 6nemli 6nerilerde de bulunulmustur.

ABSTRACT

The aim of this study is to reveal whether the ecological balance per capita calculated separately for Brazil, South Africa, and
New Zealand is permanently affected by shocks or not. The analysis period (depending on data availability) covers the period
1961-2022 for all countries examined. The data used in the study are on an annual basis. The ecological balance per capita has
been obtained by subtracting the per capita ecological footprint from the per capita biocapacity. In order to make a choice between
unit root tests that do not take into account nonlinearity and those that do, the linearity test suggested by Harvey et al. (2008) was
first applied. Considering the results of the linearity analysis, the ADF unit root test, the unit root test recommended by Elliott et
al. (1996), and the unit root test proposed by Narayan and Popp (2010) were applied to the data of Brazil and the data of New
Zealand. For the ecological balance per capita series of South Africa, the unit root test recommended by Kapetanios et al. (2003),
the unit root test proposed by Kruse (2011), and the unit root test suggested by Giirig (2019) were applied. According to the
findings obtained, it can be said that the shocks to the ecological balance per capita (calculated separately for Brazil, South Africa,
and New Zealand) have a permanent effect. The study also made important suggestions based on the findings.

Anahtar Kelimeler: Birim Kok Testi, Biyolojik Kapasite, Ekolojik Ayak izi, Ekolojik Denge

Keywords: Unit Root Test, Biocapacity, Ecological Footprint, Ecological Balance

EXTENDED SUMMARY
Knowing how environmental variables respond to public interventions is very important for effective environmental policymaking.
This study aimed to ascertain whether shocks permanently influenced the ecological balance per capita calculated separately for
Brazil, South Africa, and New Zealand. The study also intended to discover whether public interventions designed to change the
ecological balance per capita of any of the three analysed countries (Brazil, South Africa, and New Zealand) could be efficacious.
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In this study, countries with a low environmental policy stringency index were selected because it was aimed at revealing the
effect of shocks on per capita ecological balance in countries with low environmental policy stringency. As a result of the 2020
values of the environmental policy stringency index, it has been accepted that there is low environmental policy stringency in
Brazil, South Africa, Iceland, and New Zealand (since the environmental policy stringency index data announced by the OECD
are not available after 2020, the 2020 environmental policy stringency index data were taken into account). However, due to the
unavailability of data, the ecological balance per capita for Iceland could not be calculated. Therefore, only Brazil, South Africa,
and New Zealand are among the countries analysed.

As a result of the literature review, a limited number of studies have been found that reveal whether ecological balance is
permanently or temporarily affected by shocks. These studies are as follows: Ulucak and Lin (2017), Yilanci and Pata (2020),
Ozcan et al. (2021), and Pata and Yilanci (2021). Ulucak and Lin (2017), in their empirical study on the US, found that the
ecological deficit (balance) follows a unit root process. In their empirical study of the G7 and E7 nations, Yilanci and Pata (2020)
came to the conclusion that shocks do not permanently affect the ecological balance per capita (calculated separately for nine
nations). In their empirical analysis of 27 OECD nations, Ozcan et al. (2021) came to the conclusion that the ecological balance
per capita (which is calculated separately for Germany, Israel, and Mexico) does not follow a unit root process. The empirical
study of Pata and Yilanci (2021) for the G10 and N11 countries reported that the ecological balance per capita (which is calculated
separately for Nigeria, the Philippines, Italy, Japan, the United Kingdom, and the US) follows a unit root process. The literature
review of the current study also includes studies investigating whether ecological variables other than ecological balance are
permanently affected by shocks. These studies are as follows: Chen et al. (2016), Tiwari et al. (2016), Solarin and Bello (2018),
Ozcan et al. (2019), Solarin et al. (2019), Yilanci et al. (2019), Alper and Alper (2021), Bermejo et al. (2021), Caglar et al. (2021),
Solarin et al. (2021), Solarin and Gil-Alana (2021), Caglar and Mert (2022), Erdogan et al. (2022), Esenyel icen et al. (2022),
Bello et al. (2023), Haciimamoglu (2023), Pata and Aydin (2023), and Solarin et al. (2023).

The present study used ecological balance per capita data. The ecological balance per capita data were computed for each stated
country by subtracting its per capita ecological footprint from its per capita biocapacity. The analysis period (depending on data
availability) begins in 1961 and ends in 2022. Initially, the study utilised the linearity test suggested by Harvey et al. (2008). This
test was labelled HLX for this study, and its results enabled the assertion that the series computed for Brazil and New Zealand
were linear, whereas the series for South Africa was nonlinear. The ADF unit root test, the unit root test suggested by Elliott et
al. (1996) [this test is called DF-GLS in this paper], and the unit root test recommended by Narayan and Popp (2010) [this test is
called NP in this paper] were applied for the data of Brazil and the data of New Zealand. For the data of South Africa, the unit root
test recommended by Kapetanios et al. (2003) [this test is called KSS in this paper], the unit root test proposed by Kruse (2011)
[this test is called KS in this paper], and the unit root test suggested by Giiris (2019) [this test is called FKS in this paper] were
applied.

The study results suggest that shocks to the ecological balance per capita (calculated separately for Brazil, South Africa, and
New Zealand) have permanent effects. In this respect, it can be stated that the intervention to change the ecological balance per
capita in Brazil, South Africa, and New Zealand will have a permanent effect. Hence, it is critical for policymakers in the three
stated nations to implement strategies designed to change the ecological balance per capita.

Giris

Sanayi Devrimi’nin ardindan insan faaliyetlerindeki artig neticesinde oldukga kisa siire icerisinde ¢ok fazla kaynak ve enerji
tilketiminin gerceklestirildigi goriilmiistiir. Enerji, kaynak tiiketimi ve endiistriyel iiretim, kiiresel ekoloji {izerinde genis bir etkiye
sahiptir. Hem enerji ve kaynak tiiketimi hem de endiistriyel iiretim havanin, topragin ve suyun kirlenmesine yol agarak ciddi
cevresel sorunlara neden olur (Moors vd., 2005, s. 657). Kiiresel 1sinma, iklim degisikligi, ormanlarin yok olmasi, atiklarin artig
gostermesi, havanin kirlenmesi, su kirliligi, asit yagmurlarinin goriilmesi, ozon tabakasinin incelmesi ve biyolojik cesitliligin
azalmasi insan faaliyetlerinde goriilen hizli artigin beraberinde getirdigi ¢evresel sorunlara 6rnek olarak gosterilebilir (Pata ve
Yilanci, 2021, s. 624).

Insan faaliyetlerinin cevre kirliligi iizerindeki etkisini ortaya koymaya calisan ampirik calismalara [6rnegin Acaroglu vd. (2023),
Bektas ve Ursavag (2023), Cil (2023), Wang vd. (2023) gibi ¢alismalar] ilaveten ¢evreye iligkin birtakim degiskenlerin soklardan
gecici mi yoksa kalict mi etkilendigini ortaya koymaya ¢alisan ampirik ¢alismalar da mevcuttur. Bu caligmalara 6rnek olarak
sunlar gosterilebilir: Chen vd. (2016), Tiwari vd. (2016), Ulucak ve Lin (2017), Solarin ve Bello (2018), Ozcan vd. (2019), Solarin
vd. (2019), Yilanci vd. (2019), Yilanci ve Pata (2020), Alper ve Alper (2021), Bermejo vd. (2021), Caglar vd. (2021), Ozcan
vd. (2021), Pata ve Yilanci (2021), Solarin vd. (2021), Solarin ve Gil-Alana (2021), Caglar ve Mert (2022), Erdogan vd. (2022),
Esenyel Icen vd. (2022), Bello vd. (2023), Haciimamoglu (2023), Pata ve Aydin (2023), Solarin vd. (2023). Bu ¢alismalara iliskin
detayl bilgiler caligmanin literatiir incelemesi kisminda yer almaktadir.

Ekolojiye iligskin degiskenlerin birim kok icerip icermedigini ortaya koymak uygulanacak ¢evre politikasinin etkin olup olmaya-
cagina iliskin bilgi verecektir. Bu agidan ekolojiye iliskin degiskenlerin birim kok igerip igermedigini ortaya koymak biiyiik 6neme
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sahiptir. Ekolojiye iliskin bir degisken birim kok igeriyorsa digsal soklarin degisken iizerindeki etkisi gecici degildir. Bu durumda
ekolojiye iligskin bir degisken birim kok iceriyorsa uygulanan politikalarin ¢evre kalitesi {izerindeki etkisi kalic1 olacaktir. Eger
ekolojiye iligkin bir degisken birim kok icermiyorsa digsal soklar degisken iizerinde sadece gegici bir etkiye sahip olacaktir. Bu
durumda uygulanan politikalarin ¢evre kalitesi lizerinde kalic1 bir etkisi olmayacaktir (Pata ve Yilanci, 2021, s. 624). Bu caligmada
literatiirde yaygin olarak kullanilan karbondioksit emisyonu ve ekolojik ayak izi degigkenlerinin aksine kisi bas1 ekolojik denge
degiskeni kullanilmistir. Bu ¢aligmanin amaci siki cevre politikalarina sahip olmayan iilkelerde kisi bas1 ekolojik dengeyi etkile-
meye doniik ¢evre politikalarinin kalict bir etkiye mi yoksa gecici bir etkiye mi sahip olacagini ortaya koymaktir. Kirlilik cenneti
hipotezine gore cevreyi yogun bir sekilde kirleten endiistriler genellikle ¢evreye iligkin diizenlemelerin daha az olmasindan &tiirii
gelismislik diizeyi daha diisiik iilkeleri tercih etmektedir (Al-mulali ve Tang, 2013, ss. §13-814). Bu durumda eger kirlilik cenneti
hipotezi gecerliyse siki cevre politikalarina sahip olmayan iilkelerde ekolojik dengeye iliskin dogru politikalarin olusturulmasinin
miihim oldugu anlagilmaktadir. Ekolojik dengeye iligkin politikalarin etkinligi hakkinda bir karara varilabilmesi icin ise Pata ve
Yilanci (2021, s. 624) tarafindan yapilan agiklamalardan anlagilacag: iizere ekolojik dengenin soklara verdigi tepkinin bilinmesi
oldukg¢a 6nemlidir.

Siki ¢evre politikalarina sahip olmayan {ilkeleri belirleyebilmek adina cevresel politika sikilig1 endeksi [environmental policy
stringency index (calismada bu endeks EPS olarak adlandirilmigtir)] verilerinden yararlanilmistir. OECD tarafindan agiklanan
2020 y1l1 EPS verileri incelendiginde' higbir iilke icin endeks degerinin sifir degerini almadigini ve tiim endeks degerlerinin besin
altinda oldugunu gérmek miimkiindiir. Bu durum dikkate alinarak calismada yiiksek EPS endeksi grubu icin 4 < EPS < 5 aralig
ve diisiik EPS endeksi grubu i¢in 0 < EPS < 1 aralif1 uygun goriilmiistiir. Bu kapsamda 2020 y1l1 EPS verileri dikkate alindiginda
Brezilya, Giiney Afrika, Izlanda ve Yeni Zelanda diisiik EPS endeksine sahip iilkeler olarak degerlendirilmistir. Izlanda diigiik
EPS endeksine sahip iilkeler arasinda oldugu kabul edilmesine kargin izlanda’ya ait ekolojik ayak izi ve biyolojik kapasite verileri
mevcut olmadigindan calismada analiz edilen iilkeler arasinda Izlanda bulunmamaktadir.

Literatiir taramas1 sonucunda Brezilya’ya ait kisi basi ekolojik denge serisinin soklardan kalici etkilenip etkilenmedigini arastiran
sadece bir calismaya” rastlanmistir. Benzer sekilde Yeni Zelanda’ya ait kisi bast ekolojik denge serisinin soklardan kalic1 etkilenip
etkilenmedigini arastiran sadece bir caligmaya® rastlanmistir. Ancak bu caligmanin analiz donemi her iki ¢alismanin analiz
doneminden (gerek Yilanci ve Pata (2020)’nin analiz doneminden gerekse Ozcan vd. (2021)’nin analiz doneminden) daha genistir.
Bununla birlikte Yilanci ve Pata (2020)’nin ¢aligmasinda uygulanan testlerin tamami bu ¢alismada uygulanan testlerden farklidur.
Ozcan vd. (2021)’nin ¢caligmasinda ise (bu ¢alismadan farkli olarak) Narayan ve Popp (2010) tarafindan onerilen birim kok testi
ile Elliott vd. (1996) tarafindan 6nerilen birim kok testi uygulanmamstir. Giiney Afrika’ya ait kisi basi ekolojik denge serisinin
soklardan kalic1 etkilenip etkilenmedigini arastiran herhangi bir ¢alismaya rastlanmamigstir. Bu agidan bu calismanin literatiire
katki saglamasi beklenmektedir.

Girig boliimiiniin ardindan gelen ikinci boliimde calisma i¢in 6nemli olan bazi kavramlara yer verilmistir. Calismanin ii¢ilincii
boliimi literatiir incelemesine ayrilmistir. Bu béliimde ¢evreye iliskin kimi degigkenlerin soklardan kalic1 etkilenip etkilenmedigini
arastiran bazi ampirik caligmalara yer verilmistir. Calismada kullanilan verilere ve yontemlere dair bilgiler calismanin dordiincii
boliimiinde yer almaktadir. Ampirik analiz sonucunda elde edilen bulgulara ¢aligmanin besinci boliimiinde yer verilmistir. Calis-
manin tartisma boliimii calismanin altinci boliimiinde yer almaktadir. Tartigma boliimiinde elde edilen bulgular yorumlanmus, elde
edilen bulgular baz1 ampirik calismalarda elde edilen bulgularla karsilastirilmig ve ¢alismanin sinirliliklarindan s6z edilmistir.
Calismanin son boliimii olan yedinci bdliim ¢aligmanin sonug¢ bdliimiidiir.

Kavramsal Cerceve

Bircok ampirik calismada ¢evresel bozulmayi temsilen karbondioksit emisyonu degiskeninin kullanildig1 goriilmektedir. Ornegin
Chang (2015), Ahmad vd. (2019) ve Wen vd. (2021) calismalarinda ¢evresel bozulmay1 temsilen kisi bast karbondioksit emisyonu
degiskenini tercih etmislerdir. Cok sayida ampirik calismada cevresel bozulmay1 temsilen karbondioksit emisyonu tercih edilmesine
karsin cevresel bozulmay1 temsilen ekolojik ayak izi (ecological footprint) de kullanilabilir. Karbondioksit emisyonunun aksine
ekolojik ayak izi ¢evresel bozulmay1 bir¢ok agidan yansitan daha kapsaml bir gostergedir (Ajmi ve Inglesi-Lotz, 2021, s. 408).
Cevresel bozulmay1 temsilen ekolojik ayak izi degiskenini tercih eden yakin tarihli ampirik ¢aligmalara 6rnek olarak Zambrano-
Monserrate vd. (2020)’nin ¢aligmasi ile Kostakis ve Arauzo-Carod (2023) tarafindan yapilan ¢aligma gosterilebilir. Ekolojik
ayak izi Kanadali bilim insam1 Rees (1992), tarafindan tanitilan bir kavramdir. Sonraki tarihlerde ekolojik ayak izi kavram
farkli caligmalarda detaylandirilmistir. Bu calismalara Wackernagel ve Rees (1996) tarafindan yapilan ¢alisma 6rnek gosterilebilir
(Siche vd., 2008, s. 629). Ekolojik ayak izi bir toplumun doga iizerindeki yiikiinii gosterir (Wackernagel ve Rees, 1996, s. 5). Farkli

1 2020 yilindan sonraki yillara iligkin EPS verileri mevcut olmadigindan 2020 yilt EPS verileri dikkate alinmistir. EPS endeksi, sifir ile alti arasinda degerler alabilmektedir. Sifir en
diisiik sikilik diizeyini, alt1 ise en yiiksek sikilik diizeyini gostermektedir (Kruse vd., 2022). EPS verilerine iligkin erisim adresi: https:/stats.oecd.org/Index.aspx?DataSetCode=EPS#
(Erigim Tarihi: 05.04.2023).

2 Bu caligma Yilanci ve Pata (2020)’nin ¢aligmasidir.

3 Bu caligma Ozcan vd. (2021)’nin ¢aligmasidir.
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bir ifadeyle ekolojik ayak izi biyolojik kapasiteye (biocapacity) yonelik talebi gostermektedir (Wackernagel vd., 2021, s. 734).
Biyolojik kapasite ise biyosferin iiretken kapasitesi ile biyosferin insanlar icin faydali biyolojik kaynak ve hizmet akigini saglama
yetenegini belirtmektedir (Moran vd., 2008, s. 472). Bir bolgenin (6rnegin bir iilkenin) biyolojik kapasitesinin artig gosterebilmesi
i¢in ya birim alan bagina verimliligin artig gostermesi ya da verimli alanlarin niceliginde bir artigin olmasi gerekir (Von Stokar vd.,
2006, s. 13). Ulkeler arasinda karsilastirma yapabilmek icin ekolojik ayak izi ve biyolojik kapasite genellikle kiiresel hektar (kha)
olarak adlandirilan 6l¢ii birimiyle ifade edilir (Borucke vd., 2013, s. 521). Bir kiiresel hektar, verimliligi kiiresel verimlilige esit
olan bir hektarlik alanmi ifade etmektedir (Von Stokar vd., 2006, s. 13; Wackernagel ve Beyers, 2016, s. 56). Bir iilkenin ekolojik
ayak izini iiretim acisindan ele almak miimkiindiir. Uretimin ekolojik ayak izi bir iilkedeki iiretim siirecinden kaynakli biyolojik
kapasite kullanimini ifade etmektedir (Galli ve Halle, 2014, s. 385). Farkli bir tanima gdére iiretim acisindan ekolojik ayak izi
biyolojik kapasiteye yonelik birincil talebi gostermektedir (Borucke vd., 2013, s. 521). Bir iilkenin ekolojik ayak izini tiiketim
acisindan da incelemek miimkiindiir. Tiiketimin ekolojik ayak izi bir iilkenin sakinleri tarafindan tiiketilen biyolojik kapasiteyi
belirtmektedir (Galli ve Halle, 2014, s. 385). Ekolojik ayak izi, alt1 ayak izinden meydana gelmektedir. Bu alt1 ayak izi sunlardir:
tarim arazisi ayak izi, otlak ayak izi, orman ayak izi, balik¢ilik sahasi ayak izi, yapilasmis alan ayak izi, karbon tutma ayak izi
(York vd., 2003, s. 282).

Biyolojik kapasiteden ekolojik ayak izinin ¢ikartilmasi yoluyla ekolojik denge hesaplanmaktadir (Geng vd., 2014, s. 134).
Wackernagel vd. (2021, s. 733) tarafindan yapilan calismada bir iilkenin biyolojik kapasitesi ile ekolojik ayak izi arasindaki
fark net yurt ici biyolojik kapasite kullanilabilirligi olarak isimlendirilmistir. Bir iilkenin (veya bir kisinin, bir toplumun, bir
ekonominin) ekolojik ayak izi biyolojik kapasitesini asmasi durumunda ekolojik aciktan s6z edilir (Aydin vd., 2022, s. 151809).
Ekolojik a¢i1gin bulunmasi talep diizeyinin mevcut dogal sermayenin yenileme kapasitesinin iizerinde oldugunu gostermektedir
(Monfreda vd., 2004, s. 234). Ekolojik a¢iklar biyolojik kapasitenin ithal edilmesi yoluyla karsilanabilecegi gibi yurt i¢i kaynaklarin
asir1 kullanilmasi yoluyla da karsilanabilir. Yurt i¢i kaynaklarin agir1 kullanimi yurt i¢i dogal sermayenin azalmasina yol acacaktir
(Monfreda vd., 2004, s. 234). Bir bolgenin biyolojik kapasitesinin ekolojik ayak izini agmas: durumunda ekolojik rezervden sz
edilir (Aydin vd., 2022, s. 15189).

Calisma i¢in 6nem arz eden belli bagh kavramlarin aciklandig1 bu béliimden sonra literatiir incelemesi boliimii yer almaktadir.

Literatiir Incelemesi

Ekolojik dengenin birim kok icerip icermedigini aragtiran ¢alismalar sinirhidir: Ulucak ve Lin (2017), Yilanci ve Pata (2020),
Ozcan vd. (2021), Pata ve Yilanci (2021). Ulucak ve Lin (2017), ABD icin yaptiklari ampirik caligmalarinda ekolojik dengenin
(a¢1g1n) birim kok icerdigine dair bulgulara ulagmiglardir. Yilanci ve Pata (2020), G7 ve E7 iilkeleri i¢in yapmis olduklari ampirik
caligmalarinda dokuz iilke i¢in ayr1 ayri hesaplanan kigi bag1 ekolojik dengenin soklardan kalic1 olarak etkilenmedi§i sonucuna
varmuglardir. Ozcan vd. (2021), 27 OECD iilkesi icin yaptiklart ampirik calismalarinda Almanya, Israil ve Meksika igin ayr1 ayr1
hesaplanan kigi basi ekolojik dengenin global acidan birim kok igcermedigi sonucuna ulagsmiglardir. Pata ve Yilanci (2021), G10
ve N11 iilkeleri icin yaptiklar1 ampirik ¢alismalarinda (Fourier kantil birim kok testi sonuclarina gore) Nijerya, Filipinler, Italya,
Japonya, Birlesik Krallik ve ABD icin ayr1 ayr1 hesaplanan kisi bagi ekolojik dengenin global a¢idan birim kok igcerdigi sonucuna
ulagmuslardir. Ekolojik denge ve diger cevresel gostergeler ile yapilan ampirik ¢aligmalar Tablo 1°de 6zetlenmektedir.

Veri Seti ve Metodoloji

Calismada kisi bas1 ekolojik denge verileri dikkate alinmstir. Kisi basi biyolojik kapasite verilerinden kisi bas1 ekolojik ayak izi
verilerinin ¢ikarilmasiyla kisi bas1 ekolojik denge verileri hesaplanmustir. Gerek kisi basi ekolojik ayak izi verileri gerekse kisi bast
biyolojik kapasite verileri Global Footprint Networkiin internet sayfasindan* elde edilmistir. Calismada Brezilya icin hesaplanan
kisi bas1 ekolojik denge degiskeni EB(B), Giiney Afrika i¢in hesaplanan kisi bagi ekolojik denge degiskeni EB(G) ve Yeni Zelanda
icin hesaplanan kisi bag: ekolojik denge degiskeni EB(Y) ile gosterilmistir. Brezilya, Giiney Afrika ve Yeni Zelanda i¢in mevcut
olan kisi bag1 biyolojik kapasite ve ekolojik ayak izi verileri sadece 1961-2022 donemi i¢in mevcut oldugundan dolay: Brezilya,
Giiney Afrika ve Yeni Zelanda i¢in analiz donemi 1961-2022 donemidir. Kisi bas1 biyolojik kapasite ve kisi basi ekolojik ayak izi
verileri yillik zaman periyoduna sahip oldugundan kisi basi ekolojik denge serileri de yillik zaman periyoduna sahiptir. Tablo 2’de
EB(B), EB(G) ve EB(Y) degiskenlerine iligkin baz1 tanimlayici istatistikler yer almaktadir. Sekil 1°de ise EB(B), EB(G) ve EB(Y)
degiskenlerinin grafiksel gosterimi yer almaktadir. EB(G) degerleri i¢in Sekil 1’in sag dikey kismi, EB(B) ve EB(Y) degerleri i¢cin
ise Sekil 1’in sol dikey kismi1 dikkate alinmalidur.

4 Erisim adresi sudur: https://data.footprintnetwork.org/#/country Trends?type=BCpc,EFCpc&cn=223 (Erisim Tarihi: 28.06.2023).
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Tablo 1. Ampirik Calisma Ornekleri
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Calisma

Dénem / incelenen Birim

Yontem

Bulgu

Chen vd. (2016)

28 Eyliil 2013-12 Aralik 2015/
Pekin, Sangay, Guangzhou,

Kesirli Biitiinlesme

Dikkate alinan degiskenlere
(kiikiirtdioksit, azotdioksit,

karbonmonoksit, partikiiler madde 2,5

Shenzhen Yoéntemi ve partikiiler madde 10) yonelik soklarin
kalict etkiye sahip olmadigina dair
bulgular elde edilmistir.

Duraganlik testine gore yirmi yedi iilke
Birim Kok Testi i¢in, dogrusal plmayan bir.irp kok testipe
Duraganlik Testi’ gore on bir ilke igin, Fourier
Tiwari vd. (2016) 1960-2009 / 35 Sahra Alt1 SPSM ’ yaklasimina dayali dogrusal olmayan
’ Afrika Ulkesi (Sequential Panel birim kok testine gore de on iilke igin
Selection Method) ayr ayr1 var olan kisi bas1 karbondioksit
emisyonu serisinin birim kok igermedigi
sonucuna ulagilmistir.
Kisi bast ekolojik ayak izinin, ekolojik
.. . . ayak izi bilesenlerinin (tarim arazisi
Ulucak ve Lin (2017) 19612013 / ABD gﬁ;:{;?ﬁ(?e::;’ ayak izi hari¢) ve ekolojik agigin birim
s kok igerdigini destekleyen bulgulara
ulagilmistir.
Doksan alt1 iilke i¢in ayr1 ayrt mevcut
Solarin ve Bello (2018) 1961-2013 / 128 Ulke Birim Kok Testi olan kisi bas1 ekolojik ayak izinin birim
kok icerdigi sonucuna vartlmustir.
Otuz yiiksek gelirli iilkeden sadece besi
Birim Kok Testi i¢in, yi'm'li.s?kiz ﬁst lorta gelirli tilkeden
Duraganlik Testi’, on .ye.dl..s 1 1gin, yurmi .d(.)kuz dii_siik. orta
Ozcan vd. (2019) 19612013 / 113 Ulke SPSM gelirli alkenin timil i¢in ve yirmi alt
(Sequential Panel disiik gelirli ulk_epln on ikisi igin ayn
Selection Method) ayrt var olan kisi basi ekolojik ayak

izinin birim kokli olduguna iliskin
sonuca varilmugtir.

Solarin vd. (2019)

1961-2014 /92 Ulke

Kesirli Biitiinlesme
Y ontemi

Yirmi bes iilke i¢in ayr1 ayri mevcut olan
kisi bagt karbon tutma ayak izinin
soklardan kalic1 etkilenmedigine iligkin
bulgulara ulagilmigtir.

Yilanci vd. (2019)

1961-2013 / 25 OECD Ulkesi

Duraganlik Testi

Panel agisindan balik¢ilik sahasi ayak
izinin birim kok icerdigini destekleyen
bulgulara ulagilmistir.  Ekolojik ayak
izinin ve balik¢ilik sahasi ayak izi
disindaki ekolojik ayak izi bilesenlerinin
ise panel acisindan birim  kok
icermedigini destekleyen bulgular elde
edilmistir.

Yilanci ve Pata (2020)

1961-2016 / G7 Ulkeleri, Cin,
Hindistan, Brezilya, Meksika,
Endonezya, Tiirkiye. 1992—
2016 / Rusya

Birim K6k Testi

Dokuz tilke igin ayr1 ayr1 hesaplanan kisi
bast ekolojik dengenin soklardan kalict
olarak etkilenmedigi sonucuna
ulagilmustir.

Alper ve Alper (2021)

1961-2016 / Meksika,
Endonezya, Nijerya, Tiirkiye

Duraganlik Testi

Meksika’ya ait kisi basi tarim arazisi
ayak izinin, Nijerya’ya ait kisi bas1 tarim
arazisi ayak izinin ve kisi basi otlak ayak
izinin, Tiirkiye’ye ait kisi bast balik¢ilik
sahasi ayak izinin ve kisi bagi orman
ayak izinin birim koék igermedigi
sonucuna ulagilmigtir.

Bermejo vd. (2021)

1 Ocak 2019-31 Aralik 2020 /
New York, Los Angeles,
Sikago, Houston, Phoenix,
Philadelphia, San Antonio, San
Diego, Dallas, San Jose

Kesirli Biitiinlesme
Yontemi

Ozon emisyonuna ve partikiiler madde
2,5 emisyonuna yonelik soklarin kalict
etkiye sahip olmadigina dair bulgular
elde edilmistir.

Caglar vd. (2021)

1961-2016 / Fransa, Almanya,
italya, ispanya, Birlesik Krallik

Birim Kok Testi

Kisi basi ekolojik ayak izinin (tim
iilkeler agisindan) birim koke sahip
olduguna iliskin bulgular elde edilmistir.
Ispanya’ya ait kisi bas1 yapilasmis alan
ayak izi, Birlesik Krallik’a ait kisi bast
otlak ayak izi ile kisi bast orman ayak
izinin birim kok igermedigine iliskin
sonuca ulagilmstir.

Ozcan vd. (2021)

1961-2016 / 27 OECD Ulkesi

Birim K6k Testi

Almanya, Israil ve Meksika icin ayr1 ayr1
hesaplanan kisi bast ekolojik denge
serisinin  global ac¢idan birim kok
icermedigi sonucuna varilmstir.
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Pata ve Yilanci (2021)

19612016/ G10 ve N11
Ulkeleri. Sadece Banglades i¢in
basglangi¢ yil1 1971 yilidir.

Birim K6k Testi

Fourier kantil birim kok testi sonuglarina
gore Nijerya, Filipinler, Italya, Japonya,
Birlesik Krallik ve ABD i¢in ayr1 ayr1
hesaplanan kisi basi ekolojik dengenin
global acidan birim kok igerdigi
saptanmugtir.

Solarin vd. (2021)

Kesirli Biitiinlesme

19612016 / 89 Ulke, Diinya Vontemi

Elli dort iilke ve diinya i¢in ayr1 ayri
mevcut olan kisi bast balik¢ilik sahasi
ayak izinin birim koéke sahip oldugu
sonucuna vartlmstir. Bes tilke i¢in ayr1
ayr1 var olan kisi bas1 balik¢ilik sahasi

ayak izinin ise patlayict siire¢ ile
tanimlanabilecegine iliskin  sonuca
ulagilmustir.

Solarin ve Gil-Alana

17502014 / 36 OECD Ulkesi

(Avustralya i¢in donem 1781— Kesirli Biitiinlesme

Metan emisyonuna yonelik soklarin
gegici etkiye sahip olmadigina iliskin

Tayland

(2021) 2014) Yontemi bulgular elde edilmistir.
. - Kisi bast karbondioksit emisyonunun
Caglar ve Mert (2022) 1965-2020 / Cin, Hindistan, Duraganlik Testi birim koke sahip oldugu sonucuna
Japonya, Rusya, ABD
varilmistir.
Birim Kok Testi Karbondioksit emisyonunun birim kok
Erdogan vd. (2022) 0-2014 / Diinya Durag ? icerdigini destekleyen bulgular elde
uraganlik Testi LT
edilmistir.
1961-2017 / Endonezya, .. .. P
Esenyel icen vd. (2022) | Malezya, Filipinler, Singapur, Birim Kok Testi Ekolojik ayak izi baski endeksinin birim

kok icermedigi sonucuna varilmastir.

Bello vd. (2023)

1961-2018 / Cezayir, Cibuti,
Mistr, Iran, Israil, Urdiin,
Liibnan, Suriye, Tunus, Yemen

Kesirli Biitiinlesme
Yontemi

Genel olarak Tunus, Israil, Suriye,
Yemen ve fran igin ayr1 ayri var olan kisi
bas1 ekolojik ayak izinin soklardan kalict
etkilenmedigi  sonucuna varilmustir.
Cezayir, Cibuti, Misir, Urdiin ve Liibnan
icin ayr1 ayrt mevcut olan kisi basi
ekolojik ayak izinin ise soklardan kalic1
olarak etkilendigi sonucuna ulasilmistir.

Haciimamoglu (2023)

1980-2017 / Katar Birim Kok Testi

Kisi bagsi ekolojik ayak izinin, kisi basi
yapilagsmis alan ayak izinin, kisi basi
karbon tutma ayak izinin, kisi bagi tarim
arazisi ayak izinin ve kisi basi otlak ayak
izinin birim kok icermedigi sonucuna
ulagilmigtir.

Pata ve Aydin (2023)

1868-2014 / G7 Ulkeleri Birim K6k Testi

Kisi bag1 karbondioksit emisyonuna
yonelik politikalarin kalic1 etkilere sahip
oldugu sonucuna varilmgtir.

Solarin vd. (2023)

1820-2019 /20 Ulke Birim Kok Testi

Fourier kantil birim kok testinin
sonuglart dikkate alindiginda tarim
sektoriinde ¢ ilke igin, sanayi
sektoriinde yedi ilke i¢in, konut

sektoriinde U¢ tlke igin ve atik
sektoriinde dokuz iilke igin ayri ayri
mevcut olan metan igermeyen ugucu
organik bilesiklere iliskin degiskenin

global agidan birim kok icerdigi
saptanmugtir.
Tablo 2. Tamumlayict Istatistikler
T Degiskenler
Istatistikler EB(B) EB(G) EB(Y)
Gozlem Sayis1 62 62 62
Aritmetik Ortalama 10,590 —1,638 7,210
Medyan 9,503 -1,741 7,695
Standart Sapma 4,596 0,668 2,940
Minimum Deger 5,617 -2.,577 2911
Maksimum Deger 21,622 0,244 13,016
Carpikhik 0,802 1,348 0,156
Basikhk 2,572 4,501 1,860
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Duraganlik analizinde dogrusal ve dogrusal olmayan testler arasinda bir secim yapabilmek amaciyla kisi bagi ekolojik denge ser-
ilerine 6nce Harvey vd. (2008) tarafindan 6nerilen dogrusallik testi uygulanmistir (bu test calismada HLX olarak adlandirilmastir).
HLX dogrusallik testinin temel hipotezi incelenen serinin dogrusal oldugunu belirtirken testin alternatif hipotezi incelenen serinin
dogrusal olmadigini belirtmektedir. HLX dogrusallik testinin test istatistigine (W) iligskin formiil Denklem (1)’de yer almaktadir.
Denklem (1)’deki Wy serilerin diizeyde duragan olmas: halinde dikkate alinan istatistigi, W, ise serilerin diizeyde duragan olma-
mast halinde dikkate alinan istatistigi belirtmektedir. Denklem (1)’de yer alan A ifadesi HLX dogrusallik testinin test istatistigini
hesaplarken dikkate alinan agirhig1 gostermektedir. HLX dogrusallik testinin test istatistigi iki serbestlik dereceli ki-kare dagilimina
uyum saglamaktadir.

Wa=(1-)W+ ()W, (D

Duraganlik analizinde Brezilya verileri ve Yeni Zelanda verileri icin 6nce geleneksel testlerden ADF (Augmented Dickey-Fuller)
birim kok testi ve Elliott vd. (1996) tarafindan tavsiye edilen birim kok testi (bu test calismada DF-GLS olarak adlandirilmigtir)
uygulanmigtir. Bu geleneksel testler disinda Brezilya ve Yeni Zelanda verileri icin Narayan ve Popp (2010) tarafindan 6nerilen ve iki
adet yapisal kirilmay: dikkate alan birim kok testi (calismada NP olarak isimlendirilmistir) de uygulanmustir. NP birim kok testinde
yapisal kirilma zamanlar i¢sel olarak belirlenmektedir. Narayan ve Popp (2013), gii¢ ve boyut acisindan NP birim kok testinin hem
Lumsdaine ve Papell (1997) tarafindan Onerilen birim kok testinden hem de Lee ve Strazicich (2003) tarafindan onerilen birim kok
testinden daha {istiin oldugunu ortaya koymuslardir. Bu ¢aligmada Narayan ve Popp (2010) tarafindan yapilan ¢alismada Model 2
olarak adlandirilan model uygulanmistir. Model 2, trendi mevcut olan seride hem diizeyde hem de egimde iki adet yapisal kirilmay1
dikkate almaktadir. NP testinde bir zaman serisine (y;) ait veri liretme siirecinin hem deterministik bilesenden hem de stokastik
bilesenden olustugu kabul edilmektedir. Bu kapsamda incelenen zaman serisine iliskin denklemi Denklem (2)’deki gibi gostermek
miimkiindiir. Denklem (2)’de yer alan d; deterministik bileseni belirtirken u, stokastik bileseni belirtmektedir. Stokastik bilesen (u;)
Denklem (3)’teki gibi tanimlanmigtir. Denklem (3)’te yer alan &; ise Denklem (4)’teki gibi tanimlanmustir. Burada e, ~ iid(O0, 0'62)
oldugu kabul edilmektedir. Bunun disinda A* (L) gecikme polinomuna ait p mertebesindeki ve B(L) gecikme polinomuna ait g
mertebesindeki koklerin birim ¢emberin disinda bulundugu kabul edilmektedir. Denklem (2)’de gosterilen deterministik bilesen
(d;) Model 2 igin Denklem (5)teki gibi tammlanmistir [DU;, = 1(r > Ty ,) ve DT;, = 1(t > Ty )(t = Tg )i = 1,2].

Kirilma zamani Tz,a, ; ile belirtilmistir. Denklem (5)’teki 6; ve y; katsayilari sirasiyla diizeyde ve egimde ortaya ¢ikan kirilmalarin
biiyiikliigiinii belirtmektedir. NP birim kok testinde kirilmalarin kademeli bir bi¢imde oldugu kabul edilmektedir. Denklem (5)’teki
Y* (L) araciligiyla kirilmalarin zaman icerisinde yavas bir bigimde gergeklesmesi saglanmaktadir. Model 2 i¢in innovational outlier
tipi test regresyonu Denklem (6)’daki gibidir [«; = (6; +7;), 67 = (v; — ¢6;) ve y; = —¢y;,i = 1,2]. NP birim kok testinin temel
hipotezi incelenen serinin birim koke sahip oldugunu belirtmektedir. Temel hipotezin reddedilmesi incelenen serinin birim kok
icermedig8i anlamina gelecektir (Narayan ve Popp, 2010).

ye =dy +u; 2)

U; = puts_1 + & 3)

& =Y (L)e, = A*(L)"'B(L)e, “)

d)? = a+pt+ ¥ (L)(0:DU, , +0:DU, , + 1 DT, , +¥,DT, ) ®)

Y2 =py,_1+a* + Bt + KyD (T, + K2D(Tp)a, + 6} DU, ,_, +65DU, ,_ +¥{DT, ,_ +¥3DT, ,_, ©

+25_ BiAyj + e

Calismada Giiney Afrika verileri i¢in uygulanan testlerden birisi Kapetanios vd. (2003) tarafindan onerilen birim kok testidir
(calismada KSS olarak isimlendirilmistir). KSS birim kok testinde ESTAR (Exponential Smooth Transition Autoregressiv)
fonksiyonu gecis fonksiyonu olarak kabul edilmektedir. Bununla birlikte KSS birim kok testinde lokasyon parametresinin sifira
esit oldugu varsayilmaktadir. Ele alinan zaman serisi y, ile ifade edilmigtir. KSS testinde basta Denklem (7)’de yer alan denklem
olusturulmaktadir. Sonraki agamada Denklem (7)’de yer alan ¢ katsayisina sifir ve d’ye 1 degeri verilerek Denklem (8) elde
edilmektedir. Denklem (8) goz Oniine alindiginda birim kokiin varligini belirten temel hipotez 6 = 0 seklinde, alternatif hipotez
ise 6 > 0 seklinde kurulmaktadir. Bununla birlikte Kapetanios vd. (2003), 8 = 0 temel hipotezi altinda Denklem (8)’de yer
alan y parametresinin tanimsiz olmasi sebebiyle Denklem (8)’i kullanarak 6 = O seklindeki temel hipotezin sinanamayacagini
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aciklamiglardir. Kapetanios vd. (2003), bu sorunu agabilmek icin temel hipotez altinda ESTAR modeline birinci mertebeden
Taylor acilimini uygulamiglardir. Béylece Kapetanios vd. (2003), Taylor agilimi sonucunda Denklem (9)’da yer alan ve KSS
birim kok testinde birim kok sinamasinda dikkate alinan test regresyonunu elde etmislerdir. KSS testinin temel hipotezi incelenen
serinin birim koke sahip oldugunu belirtmektedir. Temel hipotezin reddedilmesi incelenen serinin birim kok icermedigi anlamina
gelecektir. Gerekli goriildiigiinde Denklem (9)’daki bagiml degiskenin gecikmeli degeri (veya degerleri) denklemin sag tarafina
ilave edilebilir.

Ay = ¢yi—1 +yy—1[1 - exp(—@y?_d)] + & @)
Ayr =yyi-1[1 — exp(=0y;_)] +e; (8)
Ay, = 5)’?_1 +U; 9)

KSS disinda Giiney Afrika verileri i¢in uygulanan diger bir test Kruse (2011) tarafindan Snerilen birim kok testidir (¢caligmada
KS olarak isimlendirilmigtir). KSS birim kok testinden farkli olarak KS birim kok testinde lokasyon parametresinin (c) sifirdan
farkli olmasina izin verilmektedir. Kruse (2011), yapti81 gii¢ karsilagtirmasi sonucunda kendi 6nerdigi testin KSS testinden genel
olarak daha giiclii oldugu sonucuna varmistir. Incelenen zaman serisi y; ile gosterilsin. KS testinde dikkate alinan model denklem
(10)’da yer almaktadir. Sonraki asamada Kruse (2011), Kapetanios vd. (2003)’ni takip ederek birinci mertebeden Taylor ac¢ilimini
uygulamigtir. Kruse (2011), birinci mertebeden Taylor acilimi sonrasinda Denklem (11)’de yer alan denkleme ulagmistir. Sonra
testin giiciinii yiikseltmek icin Kruse (2011) Denklem (11)’de yer alan 83 parametresini sifira esitlemis ve Denklem (12)’de yer
alan ve birim kok simnamasinda dikkate alinan test regresyonunu elde etmistir. KS testinin temel hipotezi incelenen serinin birim
koke sahip oldugunu belirtmektedir. Temel hipotezin reddedilmesi incelenen serinin birim kok icermedigi anlamini tagimaktadir.
Ihtiyac halinde Denklem (12)’deki bagimh degiskenin gecikmeli degeri (veya degerleri) denklemin sag tarafina eklenebilir.

Ay = ¢y—1(1 = exp{=y(yi—1 = 0)*}) + & (10)
Ay, = iy +Boy? |+ Bavict +uy (11)
Ay, = Bry;_ +Bayi_, +uy (12)

KSS ve KS testleri disinda Giiney Afrika verileri i¢in Giirig (2019) tarafindan onerilen birim kok testi (calismada FKS olarak
isimlendirilmistir) de uygulanmustir. Giiris (2019), yaptig1 simiilasyonlar sonucunda FKS testinin KSS ve KS testlerinden daha
giiclii oldugunu belirlemistir. FKS testinin ilk asamasinda uygun model (trigonometrik terimlerin yaninda ya sadece sabit terimin
bulundugu model ya da hem sabit terimin hem de trendin bulundugu model) tahmin edilir. Calismada FKS testinin ilk asamas1
icin dikkate alinan model Denklem (13)’te yer almaktadir. Denklem (13)’te yer alan aq sabit terimi, ¢ trendi, 7 gdzlem sayisini,
k* uygun frekans degerini [frekans degeri igin 1, 2, 3, 4 ve 5 rakamlarindan uygun olani segilir], 7 pi sayisini (¢calismada pi
say1st yerine 3,14159 sayis1 kullanilmigtir) ve v, hata terimini belirtmektedir. FKS testinin ikinci agamasinda tahmin edilen uygun
modelin kalintilari (9,) elde edilir. Hem sabit terimin hem de trendin mevcut oldugu model i¢in kalintilar Denklem (14)’teki gibi
elde edilir. Sonra birim kok sinamasinda dikkate alinan Denklem (15) tahmin edilmektedir. Gerekli oldugunda Denklem (15)’teki
bagiml degiskenin gecikmeli degeri (veya degerleri) denklemin sag tarafina eklenebilir. FKS testinin temel hipotezi serinin
birim kok icerdigini belirtmektedir. Eger birim kok siirecinin gegerli oldugunu belirten temel hipotez reddedilirse trigonometrik
terimlerin anlamliliginin F istatistigi ile stnanmasi gerekir. Sinama sonucunda sayet trigonometrik terimler anlamli ¢ikarsa FKS
testi sonucunda incelenen serinin birim kok i¢germedigi yorumu yapilabilir.

(2nk*t 2kt
Y = @g + a1t + arsin + azcos + Vv, (13)
T T
2rk*t 2rnk*t
9r = ys — o — 1t — gsin| Tl — gacos[ 22 (14)
T T
Abp = 6107 [ +607 | +e (15)
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Sekil 1. Kisi Basi Ekolojik Denge Grafikleri

Ampirik Bulgular

Ekonometrik ¢aligmalarda uygulanan testler icin genellikle %1, %35 ve %10 gibi anlamlilik diizeyleri dikkate alinabilmektedir
(Erdogmus, 2023, s. 132). Bununla birlikte %35 anlamlilik diizeyinin sosyal bilimlerde sik¢a kullaniliyor olmas: (Poddig vd., 2008,
s. 342) ve ¢aligmada biitiinliik olusturmasi agisindan uygulanan testler i¢in %35 anlamlilik diizeyi dikkate alinmistir. Duraganlik
analizinde kullanilabilecek dogrusal ve dogrusal olmayan testler arasinda tercihte bulunabilmek icin dncelikle HLX dogrusallik
testi uygulanmistir. HLX dogrusallik testinin sonuclar1 Tablo 3’te verilmistir. HLX dogrusallik testinin test istatistiklerine iligkin
kritik deger ki-kare tablosundan saglanmustir. Tablo 3 incelendiginde HLX testinde belirtilen dogrusallik temel hipotezinin (%5
anlamlilik diizeyi dikkate alindiginda) Brezilya ve Yeni Zelanda verileri i¢in reddedilemedigini, Giiney Afrika verileri i¢in ise
reddedildigini anlamak miimkiindiir. HLX testinin sonuclarina dayanarak gerek Brezilya’ya ait kisi bas1 ekolojik denge serisinin
gerekse Yeni Zelanda’ya ait kisi bag1 ekolojik denge serisinin birim kok igerip icermedigini belirlemek i¢in oncelikle ADF ve
DF-GLS birim kok testleri uygulanmistir. ADF ve DF-GLS testlerine ait sonuglar Tablo 4’te yer almaktadir.

Tablo 3. Dogrusallik Analizi Sonuglart

Degisken Wi Sonug¢
EB(B) 0,210 Dogrusal
EB(G) 6,248** Dogrusal Dist
EB(Y) 0,814 Dogrusal

Notlar: ** %5 anlamlilik diizeyinde anlamlilig1 gostermektedir. HLX test istatistigi i¢in kritik deger 5,991 dir.
Kritik deger %5 anlamlilik seviyesine goredir.

Tablo 4’te yer alan L gecikme uzunlugunu belirtmektedir. ADF test istatistigine iligskin kritik degeri elde etmek icin 10000
tekrarlamal1 simiilasyon uygulanmigtir. DF-GLS test istatistigine iligkin kritik deger ise Elliott vd. (1996) nin ¢calismasindan elde
edilmigtir. ADF ve DF-GLS testleri i¢cin hem sabit terim hem de trend dikkate alinmistir. Tablo 4 incelendiginde gerek ADF birim
kok testinin sonucuna gerekse DF-GLS birim kok testinin sonucuna gore Brezilya'ya ait kisi bast ekolojik denge serisinin birim
koke sahip oldugunu ifade eden temel hipotezin (%5 anlamlilik diizeyi dikkate alindiginda) reddedilemedigi anlagilmaktadir.
Benzer sekilde gerek ADF birim kok testinin sonucuna gerekse DF-GLS birim kok testinin sonucuna gore Yeni Zelanda’ya ait kisi
bas1 ekolojik denge serisinin birim koke sahip oldugunu ifade eden temel hipotezin (%5 anlamlilik diizeyi dikkate alindiginda)
reddedilemedigi goriilmektedir. Goriildiigii iizere ADF ve DF-GLS testlerine iligkin sonuglara gore gerek Brezilya’ya ait kisi bag1
ekolojik denge serisi gerekse Yeni Zelanda’ya ait kisi basi ekolojik denge serisi birim kok igermektedir.

Tablo 4. Geleneksel Testlerin Sonuglar

EB(B) EB(Y) EB(B) EB(Y)
Test Adu Test Istatistigi Test istatistigi L L
ADF —2,222 —2,632 3 1
DF-GLS —0,758 —2,251 3 1

Notlar: ADF test istatistigi i¢in kritik deger —3,477 dir. DF-GLS test istatistigi i¢in kritik deger —3,190’dir. Kritik
degerler %5 anlamlilik seviyesine goredir.

ADF birim kok testi ve DF-GLS birim kok testi sonuglarina gore hem Brezilya’ya ait kisi bagi1 ekolojik denge serisi hem de Yeni
Zelanda’ya ait kisi bag1 ekolojik denge serisi birim koklii bulunmasina karsin ADF ve DF-GLS testleri yapisal kirilmay1 dikkate
almamaktadir. Bu nedenle ADF ve DF-GLS birim kok testlerinin hatali sonuglar verebilecegi diisiincesiyle gerek Brezilya verileri
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gerekse Yeni Zelanda verileri icin NP birim kok testi de uygulanmigtir. NP birim kok testinin sonuclart Tablo 5°te yer almaktadir.
Tablo 5°te yer alan L gecikme uzunlugunu belirtirken 7B kirilma yili anlamina gelmektedir. NP test istatistigine iligkin kritik
deger Narayan ve Popp (2010) tarafindan yapilan calismadan elde edilmistir. NP testi icin Model 2 dikkate alinmistir. Tablo 5
incelendiginde Brezilya’ya ait kisi bas1 ekolojik denge serisinin birim koke sahip oldugunu belirten temel hipotezin (%35 anlamlilik
diizeyi dikkate alindiginda) reddedilemedigi goriilmektedir. Yine Tablo 5 incelendiginde benzer sekilde Yeni Zelanda’ya ait kisi
bag1 ekolojik denge serisinin birim koke sahip oldugunu belirten temel hipotezin (%5 anlamlilik diizeyi dikkate alindiginda) de
reddedilemedigi anlasilmaktadir. Goriildiigii iizere NP birim kok testinin sonuglart uygulanan geleneksel birim kok testlerinin
(ADF ve DF-GLS) sonuglarini desteklemektedir.

Tablo 5. NP Birim Kok Testinin Sonuglar

EB(B) EB(Y) EB(B) EB(Y) EB(B) EB(Y)
Test Adn Test Test
istatistigi | istatistigi L L B T8
NP -1,037 —4,983 0 4 1979,2000 | 1989, 2008

Notlar: NP test istatistigi i¢in kritik deger —5,181°dir. Kritik deger %5 anlamlilik seviyesine goredir.

Giiney Afrika verileri i¢in uygulanan dogrusal olmayan ii¢ testin (KSS, KS, FKS) sonucu Tablo 6’da yer almaktadir. Tablo 6’da
yer alan L gecikme uzunlugunu ve k optimal frekans degerini belirtmektedir. KSS test istatistigine iligkin kritik deger Kapetanios
vd. (2003)’nin ¢aligmasindan, KS test istatistigine iligkin kritik deger Kruse (2011) tarafindan yapilan calismadan ve FKS test
istatistigine iligkin kritik deger Giirig (2019)’in ¢alismasindan elde edilmistir. KSS ve KS testleri trendden arindirilmig (detrended)
veriler icin uygulanmigtir. FKS testinin ilk agamasinda ise hem sabit terimin hem de trendin bulundugu model dikkate alinmusgtir.
Tablo 6’da yer alan KSS testinin sonucu dikkate alindiginda Giiney Afrika’ya ait kisi bagst ekolojik denge serisinin birim kdke
sahip oldugunu ifade eden temel hipotezin (%5 anlamlilik diizeyi dikkate alindiginda) reddedilemedigi goriilmektedir. Tablo 6’da
yer alan KS testinin sonucu incelendiginde benzer sekilde Giiney Afrika’ya ait kisi bag1 ekolojik denge serisinin birim koke sahip
oldugunu ifade eden temel hipotezin (%35 anlamlilik diizeyi dikkate alindiginda) reddedilemedigi anlagilmaktadir. Tablo 6’da yer
alan FKS testinin sonucu dikkate alindiginda Giiney Afrika’ya ait kisi basi ekolojik denge serisinin birim koke sahip oldugunu
ifade eden temel hipotezin (%5 anlamlilik diizeyi dikkate alindiginda) reddedilemedigini gormek miimkiindiir. Anlasilacagi iizere
KSS testinin sonucu, KS testinin sonucu ve FKS testinin sonucu birbiriyle ortiismektedir. Bu nedenle Giiney Afrika serisinin birim
koke sahip oldugunu sdylemek miimkiindiir.

Tablo 6. Dogrusal Disilig1 Dikkate Alan Ug Testin Sonucu

EB(G) EB(G) EB(G)

Test Ads Test Istatistigi L k
KSS 1,520 0 N/A
KS 2,440 0 N/A
FKS 8,145 4 2

Notlar: KSS test istatistigi i¢in kritik deger —3,400°diir. KS test istatistigi i¢in kritik deger 12,820°dir. FKS test
istatistigi i¢in kritik deger 15,620°dir. Kritik degerler %5 anlamlilik seviyesine goredir.

Tartisma

Yapilan ampirik analiz neticesinde Brezilya, Yeni Zelanda ve Giiney Afrika icin ayr ayri hesaplanan kisi basi ekolojik denge
serisinin birim kok igerdigi sdylenebilir. Buna gore analiz edilen li¢ lilkeden herhangi birinin kisi bag1 ekolojik dengesine gelen
sokun gecici bir etkiye sahip olmayacag belirtilebilir. Brezilya’da, Yeni Zelanda’da ve Giliney Afrika’da politika yapicilarin kisi
bas1 ekolojik denge serisini belirli bir diizeye getirmek icin miidahalede bulunmasi uygun olacaktir. Ciinkii kisi bag1 ekolojik
dengeyi etkilemeye doniik girisimlerin etkisi gegici olmayacaktir. Ekolojik dengenin birim kok igerip igermedigini (soklardan
gecici etkilenip etkilenmedigini) arastiran sinirlt sayida ¢aligmaya rastlanmigtir. Bununla birlikte bu siurli sayidaki ¢aligmalar
icerisinde Brezilya’ya yer veren tek calisma Yilanci ve Pata (2020)’nin ¢aligmasidir (ilgili ¢aligmada analiz edilen iilkeler arasinda
Giiney Afrika ve Yeni Zelanda bulunmamaktadir). Yilanci ve Pata (2020), Brezilya'ya ait kisi bas1 ekolojik denge serisinin
soklardan kalic1 olarak etkilendigi sonucuna ulagmiglardir. Bu nedenle bu caligmanin sonucu ile Yilanci ve Pata (2020) tarafindan
yapilan ¢alismanin sonucu (Brezilya agisindan) birbirini destekler niteliktedir. Ekolojik dengenin birim kok icerip icermedigini
arastiran sinirlt sayidaki caligmalardan sadece Ozcan vd. (2021) tarafindan yapilan caligmada Yeni Zelanda’ya yer verilmistir
(ilgili calismada incelenen tilkeler arasinda bu ¢aligmadan farkli olarak Brezilya ve Giiney Afrika yer almamaktadir). Ozcan vd.
(2021)’nin ¢alismasinda uygulanan dogrusal olmayan kantil birim kok testine gore Yeni Zelanda’ya ait kisi bagi ekolojik denge
serisinin (global anlamda) birim koke sahip oldugu sonucuna ulagilmistir. Bu nedenle Ozcan vd. (2021)’nin elde ettikleri sonug
bu calismanin sonucuyla ortiismektedir (Yeni Zelanda acisindan).
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Bircok ampirik ¢aligmanin siirliliklart oldugu gibi (Acheampong vd., 2022, s. 24) bu calismanin da sinirliliklart mevcuttur.
Calismanin sinirliliklart olarak kisi basi ekolojik dengenin hesaplanmasinda kullanilan kisi bas1 ekolojik ayak izi ve kisi basi
biyolojik kapasite verilerinde goriilebilen kimi sorunlar belirtilebilir. Biyolojik kapasiteyi hesaplamada kullanilan degiskenler
sinirl1 sayida bulunabilir, hi¢ bulunmayabilir veya veriler hatali olabilir. Benzer sekilde ekolojik ayak izi hesaplamasinda kullanilan
degiskenler de sinirli sayida bulunabilir, hi¢ bulunmayabilir veya veriler hatali olabilir (Ulucak ve Lin, 2017, s. 342). Bunlarin
disinda ekolojik ayak izi igerisinde c¢evreyi etkileyebilen tiim faktorlerin yer almamasi ¢alismanin simirliliklar arasinda belir-
tilebilecek bir diger durumdur. Sadece ekolojik ayak izi dikkate alindiginda 6rnegin azotdioksit, metan, ¢esitli partikiiller dikkate
alinmamaktadir. Bu da sadece ekolojik ayak izini dikkate alan ¢aligmalar i¢in bir sinirlilik tegkil etmektedir (Yilanci vd., 2022).

Sonuc¢

Bu calismanin amaci Brezilya, Giiney Afrika ve Yeni Zelanda i¢in ayri ayri hesaplanan kisi bagi ekolojik denge degiskeninin
soklardan kalic1 etkilenip etkilenmedigini ortaya koymaktir. Boylece kisi basi ekolojik dengeyi degistirmeye doniik politik mii-
dahalelerin anlaml1 olup olmayacag1 hakkinda fikir edinilebilecektir. Brezilya verileri ile Yeni Zelanda verileri i¢in 6nce ADF ve
DF-GLS birim kok testleri uygulanmistir. Bunun nedeni HLX dogrusallik testi neticesinde gerek Brezilya’ya ait kisi bast ekolojik
denge serisinin gerekse Yeni Zelanda’ya ait kisi bag1 ekolojik denge serisinin dogrusal olarak bulunmasidir. Gerek ADF birim
kok testi neticesinde gerekse DF-GLS birim kok testi neticesinde her iki seri birim koklii olarak bulunmugtur. Ancak bu iki
birim kok testi (ADF ve DF-GLS) yapisal kirilmalar1 dikkate almamaktadir. Bu nedenle elde edilen sonuglarin hatali olabilecegi
diisiincesiyle gerek Brezilya'ya ait seriye gerekse Yeni Zelanda’ya ait seriye yapisal kirilmalart dikkate alan NP birim kok testi
de uygulanmistir. Ancak NP birim kok testi neticesinde de her iki seri birim koklii olarak bulunmustur. Brezilya icin elde edilen
sonug Yilanci ve Pata (2020)’nin Brezilya i¢in elde ettikleri sonucla uyumludur. Benzer sekilde Yeni Zelanda i¢in elde edilen
sonug¢ Ozcan vd. (2021)’nin ¢aligmasinda Yeni Zelanda i¢in elde edilen sonugla drtiismektedir. HLX testine gore Giiney Afrika’ya
ait kisi bag1 ekolojik denge serisi dogrusal dist olarak bulundugu i¢in Giiney Afrika’ya ait seriye ilk énce KSS birim kok testi
uygulanmigtir. Bu teste gore Giiney Afrika’ya ait seri birim koklii olarak bulunmustur. Elde edilen bu sonucu desteklemek igin
KSS testinden daha giiclii bir test olan KS birim kok testi de uygulanmistir. Ancak KS testine gore de sonu¢ degismemistir. Bu iki
test disinda elde edilen sonuglari1 daha da giiclendirmek maksadiyla gerek KSS birim kok testinden gerekse KS birim kok testinden
daha giiclii bir birim kok testi olan FKS birim kok testi de uygulanmustir. FKS testi neticesinde de Giiney Afrika’ya ait seri birim
koklii olarak bulunmugtur. Elde edilen bulgulara gore li¢ iilkeden herhangi birinin kisi bas1 ekolojik dengesine gelen sokun gegici
bir etkiye sahip olmayacagi sdylenebilir. Bu agidan ilgili ii¢ iilkede kisi basi ekolojik dengeyi degistirmeye doniik yapilan kamusal
miidahalenin kalic1 bir etkiye sahip olacagi belirtilebilir. Bu kapsamda Brezilya’daki, Giiney Afrika’daki ve Yeni Zelanda’daki
politika yapicilar tarafindan kigi basi ekolojik dengeyi degistirmeye doniik politikalarin tasarlanmasinin ve gerekli goriildiigii
takdirde kisi bag1 ekolojik dengeyi degistirmeye doniik politik miidahalelerde bulunulmasinin faydali olacagi s6ylenebilir.
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ABSTRACT

In this study, compensation payments for Turkish motor vehicles’ compulsory third-party liability insurance between 2018 and
2022 are modeled from a comparative perspective using regression-based and copula-based multivariate statistical methods. The
assumption of gamma distribution for logarithmic compensation payment variables is carried out in both approaches. Bivariate
gamma regression is established using the bivariate gamma distribution, and the mixture of experts, one of the machine learning
techniques, is employed to form the mixture of bivariate gamma regressions. The bivariate copula regression and finite mixture of
copula regression models are designed using the Gumbel and Frank copula functions. The computational analyses were conducted
using the mvClaim package in R. Based on the comparison of model results, a mixture of copula-based models is found to be
more suitable for the multivariate modeling of insurance compensation payments.

Keywords: Bivariate Gamma Distribution, Copula, Generalized Linear Model, Copula Regression, Insurance Compensation
Payments, Machine Learning Techniques, Mixture of Experts Model

1. Introduction

In actuarial science, statistics, econometrics, and financial studies, a multivariate structure is quite common. There may
be correlations or dependencies among variables due to multivariability, making identifying, modeling, and incorporating the
dependency structure into calculations important to obtain more accurate estimates. The dependence between variables can be
determined simply through covariance and correlation analysis. Standard regression models are commonly used to depict the
relationship between the response variable and explanatory variables. As the marginal generalized linear model (GLM) represents
a generalized form of a linear model, it can be employed with a more diverse range of data as an alternative to linear models.
However, apart from the linear regression model and GLM, for modeling correlated multivariate data, multivariate distributions
or copulas, which are mathematically based functions, are required.

Random vector variables are utilized in place of a random variable in multivariate distributions. Essential descriptive statistics
are summarized using joint probability density and joint cumulative distribution functions. In many multivariate statistical
analysis techniques, such as canonical correlation, discriminant analysis, and multivariate analysis of variance, the assumption of a
multivariate Gaussian distribution is used (Tatlidil, 1996). Besides the Gaussian distribution, various other continuous distributions
can be used for multivariate modeling. For instance, the bivariate gamma distribution is applied in actuarial science to model joint
claim severities (Hu et al., 2019; Hu et al., 2021). A multivariate Pareto distribution is proposed for financial risk measurement (Su
and Furman, 2017). Additionally, aside from continuous distributions, discrete distributions can also be adapted into a multivariate
form. Vernic (2000) introduced a generalization of the multivariate generalized Poisson distribution. Moreover, in recent times,
the phase-type distribution (Zadeh and Bilodeau, 2013; Eryilmaz, 2017) and Sarmanov distribution (Vernic et al., 2022) have
frequently appeared in multivariate analysis.

Multivariate modeling has found widespread use in statistics, econometrics, and finance. In actuarial science, there also exist
correlated or dependent random variables that necessitate multivariate modeling. In non-life actuarial calculations, model-based
approaches are frequently employed. Models are constructed using claim, loss, or risk variables such as claim severity, claim
frequency, probability of claim, individual or aggregate losses, deductibles, limits, loss elimination or inflation ratios, value at risk,
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and risk exposure, (Klugman et al., 2012). In studies involving claim variables, the assumption of independence among claims
has been commonly utilized until recently. However, nowadays, studies that embrace the notion of dependency between claim
variables have superseded those relying on the assumption of independence.

Dependency modeling studies in non-life insurance mathematics vary based on the types of claim variables and the structure of
the dependency. Generally, the emphasis has been on modeling the dependency between claim severity and frequency; however,
different dependency structures have also been under consideration. To model the dependency between claim severity and
frequency, various techniques can be employed, such as copulas (Boateng et al., 2017), GLMs (Garrido et al., 2016), GLMMs
(Jeong et al., 2017), and copula regression models (Song et al., 2009; Parsa and Klugman, 2011; Czado et al., 2012; Krdmer et al.,
2013; Maarotto and Varin, 2017; Erdemir and Sucu, 2022). Furthermore, the dependency among claim occurrences (Arvidsson
and Francke, 2007), the dependence between types of risks or types of claims (Frees et al., 2010; Ren, 2012), and the dependence
between claim severities (Hu et al., 2019; Hu and O’Hagan, 2021) are modeled using various methods.

Machine learning constitutes a subset of artificial intelligence that empowers computer systems to learn, particularly from
extensive datasets (Hastie et al., 2009; Alpaydin, 2010; Murphy, 2012). This field finds diverse applications within statistical
and financial domains. In statistical studies, machine learning serves such purposes as estimation, regression, classification,
and clustering. In financial studies, it proves instrumental for tasks such as risk assessment, portfolio management, stock price
estimation, option pricing, and credit evaluation. In actuarial sciences, machine learning techniques are used for a wide range of
applications, such as premium estimation, loss estimation, risk management, and reinsurance optimization. In recent years, machine
learning techniques have been frequently utilized in actuarial studies that involve claim data (Weerasinghe and Wijegunasekara,
2016; Dewi et al., 2019; Singh et al., 2019; Abdelhadi et al., 2020; Hanafy and Ming, 2021). Moreover, machine learning techniques
have been integrated into copula and GLM methods to enhance predictions. For the dependency modeling of multivariate claim
severities, a novel approach incorporating a bivariate gamma distribution and a mixture of experts (MoE) has been introduced
by Hu et al. (2019). The bivariate gamma MoE model family for joint claim severity is comprised of stages, such as bivariate
gamma distribution estimation, mixture of bivariate gamma clustering, bivariate gamma regression, and mixture of bivariate
gamma regressions (Hu et al., 2021). MoE is a machine learning technique designed to improve predictive performance through
ensemble techniques. The MoE family employs a clustering framework by dividing the problem space into homogeneous regions.
While ensemble techniques use results from all models, the MoE family employs results from a few, or only one, expert network(s)
(Baldacchino et al., 2016).

Hu and O’Hagan (2021) proposed a new approach named finite mixture of copula regression by integrating copula functions.
The copula regression model can be constructed using Gaussian copula function for gamma and Poisson margins under the
mixed copula approach (Song, 2007; Czado et al., 2012). Additionally, Archimedean copula functions, such as Gumbel and Frank
copulas, can be utilized for copula regression with gamma and zero-truncated Poisson margins (Krdmer et al., 2013), and also
for the mixture of copula regressions with gamma margins (Hu et al., 2021). Hu et al. (2021) have also introduced a new R
package named mvClaim for the multivariate modeling of general insurance claim severities. The mvClaim R package is a recent
and valuable resource that offers flexible multivariate modeling of dependency for joint claim severity. Moreover, since it can be
adapted to any continuous insurance data, in this study, it is employed in the multivariate modeling of insurance compensation
payments.

Compensation payments represent a significant expense for insurance companies. Their accurate modeling and forecasting are
vital for determining reserve calculations, estimating future expenses, and establishing budgets for companies. Surprisingly, there
is a dearth of work on statistical modeling of compensation payments. When reviewing the literature, it becomes evident that
computational calculations are primarily based on fundamental mathematical calculations and legal adjustments, which fall short
of true statistical modeling. Notably, the calculations for traffic insurance compensation payments tend to be primarily focused on
legal adjustments from the perspective of the insured (Emekliler, 2017; Yolal, 2019).

In this study, compensation payments are regarded as a pivotal expense for insurance companies, with the emphasis placed on
modeling using multivariate statistical methods. The proposed multivariate methods and the R package introduced by Hu et al.
(2021) for actuarial claim severities have been applied to continuous multivariate traffic insurance compensation payments. Traffic
insurance stands as one of the most fundamental legal obligations for all vehicle owners. Insurance companies are obligated to
provide compensation payments, such as material, death, invalidity, and medical reimbursements under the umbrella of traffic
insurance following the occurrence of a claim.

Compensation payments for motor vehicles’ compulsory third-party liability insurance in Turkey are determined according to
the General Conditions of Highways Motor Vehicles Compulsory Financial Liability Insurance (https://www.tsb.org.txr/).
Material compensation has been computed based on such factors as type of vehicle, market value of the vehicle, and the usage status
of the vehicle. This calculation has been facilitated by specific coefficients and a formula outlined in these conditions. Regarding
invalidity compensation, both temporary incapacity and permanent disability compensations were calculated in accordance with



https://www.tsb.org.tr/

Karadag Erdemir, O., A Comparative Perspective on Multivariate Modeling of Insurance Compensation Payments with Regression-Based and Copula-Based Models

the conditions specified in these regulations. These calculations consider the active and passive periods of the individual using life
annuities under some actuarial assumptions (Sahin et al., 2021). The death benefit, also recognized as compensation for loss of
support, was determined utilizing life tables, actuarial assumptions, and life annuities (Sahin et al., 2020).

In this study, a comparative analysis is conducted regarding the multivariate modeling of the dependency among claim compen-
sation payments between 2018 and 2022. This is achieved through the application of the mixture of bivariate gamma regression
using the MoE approach and the finite mixture of copula regression model.

The remainder of the article is organized as follows. Section 2 provides a brief description of the methods employed. This section
covers regression-based multivariate models, such as bivariate gamma regression and the mixture bivariate gamma regression
models, as well as copula-based multivariate models, like copula regression and the finite mixture of copula regression. In Section
3, an application is performed for the multivariate modeling of Turkish compulsory traffic insurance compensation payments using
real data which was obtained from reports about motor vehicle insurance statistics published by the Insurance Association of
Turkey, and the results are given. A comparative perspective is presented and concluding remarks are given in Section 4.

2. Methodology

2.1. Regression-Based Multivariate Models
2.1.1. Bivariate Gamma Regression

Consider Y; and Y, as mixtures of independent gamma-distributed random variables, namely X, XoandXs, where X; ~
Gamma(oy, p) for i=1,2,3; o; > 0 and B > 0. The shape parameters vary for each variable, while the rate parameter remains

Y,
and Y» = X» + X3. The probability desnsity function of ¥; and ¥> is provided in Eq. 1 (Hu et al., 2021).

Y, . e .
constant. Let the vector Y= [ ! ] have a bivariate gamma distribution with the parameters o, o, a3 and  where Y1 = X1 + X

Bai+ar+as; Byi+y2) [ min(y1,y2)
(a1 (a2)(a3) x3=0

My (v y2) = POx T (yy = x3) 7 (2 - x3) 2l 1)

A bivariate gamma regression model which models the relationship between gamma-distributed response variables X; and X,
with a covariate vector zl.T, can be expressed using logarithmic link function, as shown in Eq. 2. Here, y; and y, represent the
coeflicients of regression model, and i=1, 2, ..., n (Purhadi et al., 2018). T represents the transpose of the matrix.

pin = E(X1) = exp(y12} ) i = E(X2) = exp(y22]) 2)

2.1.2. Mixture of Bivariate Gamma Regression

The MoE model is a machine learning method that encompasses model-based clustering with concomitant covariates w; and
provides a more convenient approach for regression modeling. The covariates w;’s are used in the estimation of future outcome
variables. Consider a population comprising G components, each characterized by a bivariate gamma distribution with component-
specific parameters 6, = (01,4, Aog, 03¢, Bg), Where g=1, 2, ..., G. The conditional density function based on covariates, using
the mixing proportion 7, where Zgz | Tg¢ = 1 is presented in Eq. 3.

p(yilwi) = Ele‘l'g (woi)p (yli, ailatig(Wii), @2ig(Wai), @3ig (W3;) 3)

exp (Yo Woi)

InEq. 3, 74 (wo;) represents the gating network and is modeled by multinomial logistic regression as 7g (woi) = .
The expert network is denoted by p(y1;, y2ilot1ig (W1i), toig (W2i), M3ig (W3i)) and it is modelled using GLM with a logarithmic link

function. Specifically, log (o) = 71Tgw1,-, log(anig) = yZTgWZi, log(aig) = y3Tgw],~ andlog(Big) = gammazgwéu. Here, Yo, Y1g-
Y2g>V3g» and 4, are the coeflicients of regression models for each component.

Bivariate gamma regression models without mixtures are designed as model types EI and IE, where EI and IE correspond to the
bivariate gamma regression over o; and bivariate gamma regression over Pg;, respectively. “E” signifies equal (with a predefined
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mixing proportion of 1/G, where G is a parameter associated with gating), while “I” signifies identical density parameters without
covariates. In the bivariate gamma regression model (EI), the parameters are og; and f§, while in the bivariate gamma regression
model (IE), the parameters are o and ;. Bivariate gamma regression models have no gating network, with G=1 for both models.
However, both models include covariates in the expert networks.

A mixture of bivariate gamma regression models has been established based on model types VC, VI, VV, VE, CV, 1V, EV, EC,
and CE, where “E,” “C,” and “V” signify equal, constant, and variable, respectively. The bivariate gamma MoE model family
employs various parameterizations using “C,” “V,” and “E.” C, V, E, and I are notations established for modeling gating 7 tau,
expert o, k=1,2,3 and expert f parameters with different choices under the MoE approach and are used to facilitate parame-
terization. C(7g; Fyog), V(Tig; Iyog) and E(1,=1/G) are representations of gating 7. C(axg; Aykg), V(0kig: Ivkg), B(oki; Iyk)
and I(o; Ayx) are for expert ok, while C(Bg; Ayag), V(Big: yag), E(; 3ys) and I(P; Ays) are for expert f. All mixture bivariate
gamma regression models have gating networks and include covariates in the expert networks. In mixture models, data is segmented
into specific clusters using machine learning techniques, such as MoE. For more comprehensive information, refer to Hu et al.
(2019) and Hu et al. (2021).

2.2. Copula-Based Multivariate Models
2.2.1. Copula Regression

A parametric copula function is a useful multivariate distribution function, as represented by Eq. 4. The marginal distribution
functions Fx, (x1), Fx,(x2),. ..., Fx, (x,), are uniformly distributed within the interval [0,1], with 6 representing the copula
parameter, as per Sklar’s Theorem (Sklar, 1959; Nelsen, 2007).

FX(]. .. Xn) (X1, ... x0) = C(Fx, (x1), . . ., Fx, (xn)]6) “4)

Copulas, which are frequently preferred in multivariate and dependency modeling, can either be used independently or be
incorporated into copula regression models through the inclusion of GLM techniques (Czado et al., 2012; Kramer et al., 2013;
Masarotto and Varin, 2017; Erdemir and Sucu, 2022). In addition to understanding the distribution that variables conform to, the
utilization of copulas in copula regression models requires the incorporation of certain covariates. Copula regression models can
be defined using the Gaussian copula function within the mixed copula approach (Song, 2007; Song et al., 2009; Czado et al.,
2012). Kramer et al. (2013) also employed Archimedean copulas in their copula regression models. A bivariate copula regression
model can be constructed as C(Gamma GLM,Gamma GLM]|6), combining marginal Gamma GLMs through a C(.,.|0) Archimedan
copula function with 0 as the copula parameter.

2.2.2. Finite Mixture of Copula Regressions

Hu and O’Hagan (2021) defined a finite mixture of copula regression models that encompass Joe, Gumbel, Clayton, Frank, and
survival Clayton copulas, in addition to the Gaussian copula. Similar to the mixture of bivariate gamma regression, the MoE-based
modeling includes a combination of two copula regression models. A GLM is expressed using ¢ as the link function and f;, as
the regression coefficient for the j# margin and g’ component, as shown in Eq. 5. Additionally, xl.Tj o Tepresents the covariate of

jth margin and g‘h component, where j=1,2; g=1,2, ..., G.

pji=6" (xiTjgﬁfg) (5)

The likelihood function L(8) = [],—;)" S:l Tohg(yi;6g) for the finite mixture copula regression model is provided in
Eq. 6, where ¢, is the density of copula function. The term A4 (y;; 6,) represents the component-specific copula regression for
Og = {(xg, Big:v Jé} with o, as the copula parameter. An expectation-maximization (EM) algorithm is employed for the parameter
estimation (Dempster et al., 1977; Hu et al., 2021). The parameter 7, signifies the mixing proportion, and it holds that Zgzl Tg =1

under the MoE clustering approach.

N

L(8) = 1_[ Z’g:]Tgcg(Fl (V163 B1g> V1g), F2(¥2i5 Prg> ¥22)s @g) f1 (V105 Bigs Yig)s f2(¥2is Bags V2g) 6)
i=1
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3. Application

An application of these models have been conducted for the multivariate modeling of Turkish compulsory traffic insurance
compensation payments using data extracted from reports that include motor vehicle insurance statistics published on the website
of the Insurance Association of Turkey (https://www.tsb.org.tr/tr/istatistikler). The study discusses material, death,
and invalidity compensation amounts paid within the scope of compulsory traffic insurance for different vehicle types on a quarterly
basis from 2018 to 2022. Medical, outstanding, and transferring outstanding compensation payments have not been included in
the study. The data in the reports is not used directly. For all three types of compensation, the final compensation amounts are
calculated based on the reports as (Compensation Payments to the Insured) + (Expert Payments) + (Other Cost Payments) = Total
Compensation. Material, death, and invalidity compensation payments are determined as response variables, while the premium,
number of benefits, term, and type of vehicle are considered covariates. To prepare the data for modeling, it was categorized
according to the type of vehicle and the term. The term was categorized into four quarters (1st, 2nd, 3rd, and 4th), and the type
of vehicle was categorized into two groups: automobiles and non-automobiles. The type of vehicle variable is represented as a
dummy variable (1, 0). The other covariates are treated as continuous variables. Ultimately, a dataset with 300 observations, four
covariates, and three response variables has been compiled. One of the reasons for transforming the data into categorical values is
the utilization of GLM in multivariate models. Furthermore, due to the nature of the insurance system, it employs more categorical
data based on the characteristics of the policyholder or the vehicle, rather than individual data. The categorical structure facilitates
interpretation and estimation.

The aim of this study is to achieve the multivariate modeling of compensation payments based on vehicle type, premium, number
of benefits, and term variables using both regression-based and copula-based models. The regression-based models encompass
bivariate gamma regression models, as well as mixtures of these regression models created through machine learning techniques.
The copula-based models include copula regression models and mixtures of copula regression models utilizing Gumbel and Frank
copula functions. Statistical analyses and actuarial calculations were primarily conducted using the mvClaim R package (Hu et al.,
2021). The methods were applied using BGR (), MBGR (), MCGR (), and copreg.gamma () functions in the mvClaim package.
The processing steps in functions are given in detail in the research of Hu et al. (2021). Additionally, auxiliary packages including
copula, stats, Ime4, ggplot2, PerformanceAnalytics, and fitdistrplus have also been utilized.

Before conducting multivariate modeling, the correlation between Turkish compulsory traffic insurance compensation payments
was assessed through the correlation matrix. The correlations between material-death, material-invalidity, and death-invalidity
was found to be 0.940109, 0.957997, and 0.962905, respectively. These correlation coefficients are visualized in Figure 1. The
study demonstrates a significant and high dependency between the selected compensation payments, indicating the potential for
multivariate modeling. The compulsory traffic insurance covers the compensations to be paid for the reparation of the damage
that arises as a result of an event such as a traffic accident. The compensations may depend on certain factors related to the
general structure of traffic accidents and the functioning of the insurance system. In traffic accidents that result in death or injury,
the occurrence of material damage is inevitable. Therefore, a high correlation between these compensation payments is expected
among these payment types.
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Figure 1. Correlation between death, material and invalidity compensation payments

In this study, Turkish compulsory traffic insurance compensations have been modeled using regression-based and copula-based
multivariate methods, with the assumption that compensation variables follow a Gamma distribution. The conditions for the
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application of the functions require the data to follow a gamma distribution and possess a structure suitable for multivariate
modeling. Thus, the suitability of compensation payment variables to the Gamma distribution has been tested. To fulfill the
assumption of a Gamma distribution, a logarithmic transformation was applied to all compensation variables. The shape and rate
parameters were determined using the fitdistrplus R package for the logarithmic compensations. According to the Kolmogorov-
Smirnov test, the logarithmic death, logarithmic material, and logarithmic invalidity compensations exhibit a good fit to the Gamma
distribution (p>0.05). Descriptive statistics of logarithmic material, death, and invalidity compensation payments are provided in
Table 1 below.

Table 1. The descriptive statistics of log- material, death and invalidity compensation payments

Material Death Invalidity

Minimum 6.7690 5.4640 4.1730

Ist Quartile 15.992 14.640 15.096
Median 17.650 16.291 17.029
Mean 17.114 15.589 16.240

3rd Quartile 18.920 17.354 18.123
Maximum 22913 20.381 21.892
Standard Deviation 2.9924 2.9195 3.1863
Variance 8.9543 8.5233 10.152

Parametric bootstrap-based goodness-of-fit tests were conducted for the elliptical copulas (Gaussian and t) and several
Archimedean copulas (Gumbel, Frank, Clayton, and Joe) to model the dependence between material and death compensa-
tions, the dependence between material and invalidity compensations, as well as the dependence between death and invalidity
compensations separately. The results of these tests are presented in Table 2.

Table 2. The results of goodness-of-fit test of parametric copulas

Copula for the Dependence Between Material-Death Compensations

Parametric copulas Parameter estimation Statistic p-value
Gaussian 0.94631 0.04557 0.009804*
t 0.94753, 6.07160 * 0.08757 0.049020*
Gumbel 5.0114 0.03677 0.009804*
Frank 16.857 0.10058 0.009804*
Clayton 3.8013 0.39174 0.009804*
Joe 7.0723 0.20793 0.009804*
Copula for the Dependence Between Material-Invalidity Compensations
Parametric copulas Parameter estimation Statistic p-value
Gaussian 0.96002 0.02583 0.009804*
t 0.96079, 4.75585 * 0.07648 0.068630*
Gumbel 5.6155 0.03309 0.009804*
Frank 19.981 0.10368 0.009804*
Clayton 5.0228 0.21816 0.009804*
Joe 7.5368 0.41273 0.009804*
Copula for the Dependence Between Death-Invalidity Compensations
Parametric copulas Parameter estimation Statistic p-value
Gaussian 0.95946 0.023055 0.009804*
t 0.96077, 14.72332 * 0.098977 0.009804*
Gumbel 5.2451 0.040724 0.009804*
Frank 20.889 0.145360 0.009804*
Clayton 4.9203 0.214590 0.009804*
Joe 6.6707 0.390200 0.009804*
*P value significant at the 0.05 level, *t copula has two parameters, while the other copulas have only one
parameter

According to Table 1, all chosen parametric copulas are suitable for jointly modeling material, death, and invalidity compensa-
tions, considering the dependence between compensations (p<0.05). Given the strong correlation between the compensations, it
is an anticipated outcome that all copulas are well-suited. The suitability of both elliptical and Archimedean copulas for the data
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could stem from the presence of multiple dependencies in the data or indicate that the dataset simultaneously represents specific
dependency structures from different perspectives. Considering that the analyses are conducted using the mvClaim R package,
which is specifically designed for Gumbel and Frank copulas, this study focuses on these two copulas for the multivariate modeling
of compensation payments.

Regression-based and copula-based multivariate models were explored for modeling Turkish compulsory traffic insurance
compensation payments. Initially, comparisons were conducted within the regression-based models and separately within the
copula-based models. Subsequently, the chosen regression-based and copula-based models were compared with each other.
Notably, while the mvClaim R package has been primarily designed for insurance claim severities modeling, it can be adapted for
positively continuous data, as emphasized by Hu et al. (2021). This study employs a multivariate approach to model continuous
compensation payments using a combination of regression models, machine learning techniques, and copula functions.

The bivariate gamma regression and mixture of bivariate gamma regression models are fitted using the EM algorithm through
the BGR () and MBGR () functions within the package, respectively. The outcomes of the regression models are consolidated in
Table 3 below.

Table 3. Comparison of Bivariate Gamma Regression and Mixture of Bivariate Gamma Regression Models

‘ Bivariate Gamma Regression Models for Material-Death Compensations

Models log-likelihood AIC BIC
BGR' (EI) -928.6031 1879.206 1919.948
BGR (IE) -1032.769 2079.537 2105.464
MBGR? (VC) -752.3417 1556.683 1652.982
MBGR (VI) -757.0442 1564.088 1656.683
MBGR (VV) -758.8661 1581.732 1700.253
MBGR (VE) -727.5208 1511.042 1614.747
MBGR (CV) -800.6102 1637.220 1703.889
MBGR (IV) -1010.359 2050.718 2106.275
MBGR (EV) -808.2121 1660.424 1741.907
MBGR (EC) -922.3294 1876.659 1935.919
MBGR (CE) -841.3727 1710.745 1762.598
Bivariate Gamma Regression Models for Material-Invalidity Compensations

Models log-likelihood AIC BIC
BGR (EI) -933.2306 1888.461 1929.203
BGR (IE) -1071.726 2157.452 2183.379
MBGR (VC) -727.1016 1506.203 1602.502
MBGR (VI) -766.8502 1583.700 1676.295
MBGR (VV) -739.5443 1543.089 1661.610
MBGR (VE) -735.2582 1526.516 1630.222
MBGR (CV) -772.0130 1580.026 1646.694
MBGR (IV) -1049.915 2129.831 2185.388
MBGR (EV) -801.7514 1647.503 1728.986
MBGR (EC) -921.4530 1874.906 1934.167
MBGR (CE) -834.7204 1697.441 1749.294

Bivariate Gamma Regression Models for Death-Invalidity Compensations

Models log-likelihood AIC BIC
BGR (EI) -955.6750 1933.35 1974.092
BGR (IE) -1097.225 2208.45 2234.377
MBGR (VC) -729.8655 1511.731 1608.029
MBGR (VI) -772.4224 1594.845 1687.439
MBGR (VV) -727.0960 1518.192 1636.713
MBGR (VE) -735.8603 1527.721 1631.427
MBGR (CV) -745.2686 1526.537 1593.205
MBGR (IV) -1087.455 2204.910 2260.467
MBGR (EV) -801.0448 1646.090 1727.573
MBGR (EC) -944.0732 1920.146 1979.407
MBGR (CE) -828.6652 1685.330 1737.183

'BGR: Bivariate Gamma Regression, 2’MBGR: Mixture Bivariate Gamma Regression
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According to Table 3, among the bivariate regression models, the bivariate gamma regression model (EI) exhibits the lowest
values of information criteria (AIC, BIC) for all three pairs of compensation payments. Among the mixture regression models, those
with the lowest AIC and BIC values are the mixture of bivariate gamma regression models (VE) (AIC=1511.042, BIC=1614.747),
(VO) (AIC=1506.203, BIC=1602.502), and (VC) (AIC=1511.731, BIC=1608.029) for the pairs of material-death compensations,
material-invalidity compensations, and death-invalidity compensations, respectively. It is noteworthy that the mixture regression
models display lower values of information criteria compared to the bivariate gamma regression models for all three pairs of

compensations.

Based on the chosen models using information criteria, Figures 2, 3, and 4 depict the graphs illustrating the estimated logarithmic
and actual logarithmic compensation payments for all three pairs. In these figures, “BGR” denotes the bivariate gamma regression

model, while “MBGR” represents the mixture of bivariate gamma regression model.
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It has been observed that the predicted values in the mixed bivariate gamma regression models are closer to the actual values
when compared to the bivariate gamma regression models for all three pairs of compensations.

The outcomes of bivariate copula regressions with gamma margins, including a single copula (Gumbel or Frank), and the
mixture of copula regressions with gamma margins, involving both copulas (Gumbel and Frank), fitted using the EM algorithm,
are presented in Table 4. According to Table 4, the mixture of bivariate copula regression models with Gumbel and Frank copulas
exhibit lower information criteria in comparison to the copula regression models for all pairs of compensations.

Table 4. Comparison of Copula Regression and Mixture of Copula Regression Models

Copula-Based Models for Material-Death Compensations

Models log-likelihood AIC BIC
Bivariate Copula Regression with Gumbel Copula -956.6117 1931.223 | 1964.557
Bivariate Copula Regression with Frank Copula -924.8574 1867.715 | 1901.049
Mix. of Copula Regression with Gumbel and Frank Copulas -569.9331 1169.866 | 1225.423

Copula-Based Models for Material-Invalidity Compensations

Models log-likelihood AIC BIC
Bivariate Copula Regression with Gumbel Copula -965.4639 1948.928 | 1982.262
Bivariate Copula Regression with Frank Copula -1075.104 2168.208 | 2201.542
Mix. of Copula Regression with Gumbel and Frank Copulas -578.0628 1186.126 | 1241.682

Copula-Based Models for Death-Invalidity Compensations

Models log-likelihood AIC BIC
Bivariate Copula Regression with Gumbel Copula -1020.234 2058.468 | 2091.802
Bivariate Copula Regression with Frank Copula -1005.715 2029.429 | 2062.763
Mix. of Copula Regression with Gumbel and Frank Copulas -602.2227 1234.445 | 1290.002

Finally, upon comparing the selected mixture multivariate models, it becomes evident that the models with copulas are more
suitable for the multivariate modeling of this data. As can be seen in Table 5 below, the AIC and BIC values for material-death
compensations are calculated as 1169.866 and 1225.423, respectively. The information criteria (AIC, BIC) values for material-
invalidity compensations are (AIC=1186.126, BIC=1241.682), and for death-invalidity compensations, they are (AIC=1234.445,
BIC=1290.002). The mixture of copula regression models proves to be more suitable, with the criteria for these models being
indicated in bold.

Table 5. Comparison of Mixture Multivariate Models

Multivariate Models for Material-Death Compensations

Mixture of Bivariate =~ Mixture of Copula

Gamma Regression Regression
AIC 1511.042 1169.866
BIC 1614.747 1225.423

Multivariate Models for Material-Invalidity Compensations

Mixture of Bivariate =~ Mixture of Copula

Gamma Regression Regression
AIC 1506.203 1186.126
BIC 1602.502 1241.682

Multivariate Models for Death-Invalidity Compensations

Mixture of Bivariate =~ Mixture of Copula

Gamma Regression Regression
AIC 1511.731 1234.445
BIC 1608.029 1290.002

4. Conclusion

Motor vehicles’ compulsory third-party liability insurance compensation payments are essential expense items for insurance
companies, as traffic insurance is a mandatory liability insurance frequently chosen by policyholders. Calculations of compensation
payments primarily rely on fundamental mathematical methods and legal regulations. Predicting compensation amounts is crucial
for determining reserve calculations, estimating future expenses, and establishing company budgets. Additionally, there might
exist correlations or dependencies among traffic insurance compensation payment variables, given that insurance companies are
obligated to provide compensation for material, death, invalidity, and medical claims. Identifying and modeling these dependencies
is essential, making multivariate statistical methods the foundation for such calculations.
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In non-life insurance mathematics, various approaches, including copula, GLM, GLMM, copula regression models, and mul-
tivariate distributions, are employed for dependency modeling studies. Notably, in recent years, machine learning techniques
integrated with copula and GLM have gained traction in actuarial studies, significantly enhancing prediction accuracy. In this
study, Turkish motor vehicles’ compulsory third-party liability insurance compensation payments spanning the years 2018 and
2022 were modeled using regression-based and copula-based multivariate statistical methods. Both models assume the gamma
distribution for logarithmic compensation payment variables. Bivariate gamma regression leverages the bivariate gamma distri-
bution, while the mixture of bivariate gamma regressions was realized through the MoE approach, one of the machine learning
techniques. The bivariate copula regression and finite mixture of copula regression models were formulated using Gumbel and
Frank copula functions. The computational analysis was facilitated using the R package "mvClaim."

MoE was applied with the help of the MBGR (') and MCGR functions in the mvClaim package. The primary purpose of MoE
is to provide an approach where different experts solve various sub-problems, with a better outcome being achieved by combining
the results of these experts. The advantage of MoE is evident in this study, as it leads to more accurate predictions with the mixture
models employing the MoE approach.

A comparative approach is presented through information criteria. The model results indicate that the mixture of models, both in
regression-based and copula-based scenarios, yields superior outcomes for the multivariate modeling of insurance compensation
payments. The observed high correlation between insurance compensation pairs validates the suitability of copula-based models
over regression models. The incorporation of machine learning techniques, like MoE, enhances predictions and results in lower
information criteria via mixture copula regression models. The primary focus of this study is estimating compensation payments
using multivariate statistical methods. For a more comprehensive study, the results obtained from classical compensation calculation
methods can be contrasted with the findings of regression-based and copula-based mixture models proposed in this study.
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0Z

Bankacilik, fon arz ve talep eden birimlerin finansal ihtiyaclarimi karsilamak amaciyla aracilik yapan ve kanunca belirlenmis
faaliyetleri gerceklestiren kurumlardir. Mevduat kabulii ve kredi verme faaliyetleri yaninda faktoring, leasing gibi islemler ile
sermaye piyasasinda aracilik faaliyeti de bankalar tarafindan gerceklestirilmektedir. Bankalar, finansal sistemde aktif biiyiikliigii
ve hacim olarak 6nemli bir yere sahiptir. Bankalarin finansal olarak giiclii olabilmesi, siirdiiriilebilir ekonomik yap1 icin nem arz
etmektedir. Siirdiiriilebilir yap1 icin 1974 petrol krizi ardindan gerceklesen Basel siireci ile olusturulan sermaye yeterlilik orani,
bankalar i¢in 6nemli bir gosterge olarak kabul edilmekte ve en az %8 olmasinin da 6nem arz ettigi belirtilmektedir. Karsilagilacak
risklerin 6nlenebilmesi amaciyla da kullanilan sermaye yeterlilik orani, bankalarin temel gostergelerinden kabul edilmektedir. Bu
caligma, bankalarin sermaye yeterlilik oranlart ile finansal oranlari arasindaki iligkinin tespit edilmesi amactyla gerceklestirilmisgtir.
Calisma kapsaminda 2021 yilinda aktif biiyiikliigii en fazla olan 10 banka 6rneklem olarak kabul edilmistir. Bankalarin sermaye
yeterlilik oranlar1 bagimli degisken, 7 finansal rasyosu ise bagimsiz degisken olarak alinmistir. Elde edilen veriler 2011-2021
yillarin1 kapsamaktadir. Sermaye yeterlilik oran1 ve finansal rasyolarin iligkisinin tespiti amaciyla panel veri analizi yontem olarak
kullanilmistir. Calisma sonucunda, sermaye yeterlilik orani ile biitiin finansal rasyolar arasinda istatistiksel olarak anlaml iligki
oldugu sonucuna ulagilmigtir. Sermaye yeterlilik orani ile istatistiksel olarak anlamli iligkiye sahip finansal rasyolarin yon ve
katsayilar1 yorumlanarak degerlendirmelerde bulunulmustur. Caligmada, sermaye yeterlilik oraninin etkileyen finansal rasyolarin
tespitinin 6nem tagidig1 diisiiniilmekte ve farkli donemlerde finansal rasyolar ile sermaye yeterlilik oraninin kullanilarak analizler
gerceklestirilmesi degerli aragtirmacilara, kurumlara ve sektor ilgililerine 6neri olarak sunulmaktadir.

ABSTRACT

Banking is institutions that act as intermediaries and perform activities determined by law in order to meet the financial needs
of units that supply and demand funds. In addition to accepting deposits and lending, transactions such as factoring, leasing, and
intermediation in the capital market are also carried out by banks. Banks have an important place in the financial system in terms
of asset size and volume. It is important for banks to be financially strong for a sustainable economic structure. For a sustainable
structure, the capital adequacy ratio created by the Basel process, which took place after the 1974 oil crisis, is considered an
important indicator for banks and it is stated that it is important that it is at least 8%. The capital adequacy ratio, which is also
used to prevent risks from being encountered, is accepted as one of the basic indicators of the banks. This study was carried out to
determine the relationship between the capital adequacy ratios of banks and their financial ratios. Within the scope of the study,
the 10 banks with the highest asset size in 2021 were accepted as the sample. Capital adequacy ratios of banks are taken as a
dependent variable, and a financial ratio of 7 is taken as an independent variable. The data obtained covers the years 2011-2021.
Panel data analysis was used as a method to determine the relationship between capital adequacy ratio and financial ratios. As a
result of the study, it was concluded that there is a statistically significant relationship between the capital adequacy ratio and all
financial ratios. The direction and coefficients of the financial ratios that have a statistically significant relationship with the capital
adequacy ratio were interpreted and evaluations were made. In the study, it is thought that the determination of the financial ratios
that affect the capital adequacy ratio is important, and performing analyses using financial ratios and capital adequacy ratios in
different periods is offered as a suggestion to valuable researchers, institutions, and industry stakeholders.
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EXTENDED SUMMARY

Banks accept deposits and participation funds, give loans, provide the issuance of bills of exchange such as checks, undertake
obligations such as collateral and guarantees, provide custody services, use payment instruments such as credit cards and debit
cards, provide intermediation in the capital markets including futures contracts, and perform factoring. They are institutions that
perform forfeiting and leasing transactions, mediate insurance transactions, and perform the activities stipulated in the law. Since
the banking sector has an important place in the financial system, it is faced with some risks due to its structure. Risk is the set
of situations that are likely to occur and that, when they occur, cause possible negative consequences. The banking sector is also
faced with two types of risks: systematic and unsystematic risk.

Developments such as the end of the Bretton Woods system in the 1970s and the oil crisis in 1974 revealed the importance
of risk factors and the necessity of managing them. Negative developments in the international banking system have made it
necessary to take precautions against risks and establish standards. In 1974, under the leadership of the Bank for International
Settlements (BIS), the Banking Regulation and Supervision Practice Committee, known as the Basel Committee, was established
with financial authorities. The Basel Committee was established with the aim of effectively managing existing risks and taking
standardized decisions. Basel Accords consist of processes that enable international decisions to be taken regarding the banking
sector and the formation of standards. To establish standards in the sector, effective risk management and create a sustainable
structure, Basel I, which was realized in 1988, focused on credit risk and it was decided that the capital adequacy ratio, calculated
as the ratio of equity to credit risk, should be at least 8%. With a new regulation in 1996, market risk was added to the capital
adequacy ratio, and it was decided that this ratio should be at least 8%. A new regulation was prepared starting in 1999 and with
Basel II, which took its final form in 2004, capital regulations were introduced, and operational risks were also included in the
capital adequacy ratio. Within the scope of Basel II, the decision to have a capital adequacy ratio of at least 8% was maintained.
Although it is stated that the capital adequacy ratio created by the Basel process is at least 8%, this target is 12% by the Banking
Regulation and Supervision Agency. With the mortgage crisis that took place in the USA in 2008, the regulations continued, and
in 2010 the Basel III agreements were presented to the public. With Basel III, decisions were taken in terms of risk management,
transparency, and shock resistance, and arrangements were made for the efficiency of the system. The basis of Basel IV is the
Basel III revisions published by BIS in 2017 and revised in March 2020, and its aim is to regain credibility and eliminate capital
risks.

The aim of this study is to determine the relationship between the capital adequacy ratio and the financial ratios of the banks
operating in the sector. For this purpose, 10 banks with the highest asset size in 2021 were taken as a sample from the Banks
Association of Turkey. By obtaining the banks’ data between the years 2011-2021, panel data analysis was used, and various
statistical tests were carried out using the capital adequacy ratio and financial ratios. Panel data analysis was applied to the capital
adequacy ratio and financial ratios of the banks taken as the sample. According to the findings obtained after applying the panel
data analysis, it is seen that all ratios have a statistically significant relationship.

The explanatory power of the model is 63%, and it has been found that the capital adequacy ratio and the equity/total assets,
non-performing loans/total loans, and an average return on equity ratios have a significant and positive relationship. It is concluded
that a 1% increase in rates increases the capital adequacy ratio by 0.42%, 0.35%, and 0.09%, respectively. A negative and significant
relationship was found between the capital adequacy ratio and the ratios of total deposits/total assets, loans received/total assets,
total loans/total deposits, and liquid assets/total assets. It has also been determined that the 1% increase in the ratios with a negative
relationship decreases the capital adequacy ratio by 0.27%, 0.25%, 0.11%, and 0.10%, respectively. The data obtained is important
in terms of determining the relationship between the capital adequacy ratio and financial ratios and the formation of the ratio. The
findings reached in the study will contribute to researchers, sector stakeholders, and future studies.

Giris

Bankalar, mevduat ve katilim fonu kabul eden, kredi veren, ¢ek gibi kambiyo senetlerinin istirasini saglayan, teminat, garanti
gibi yiikiimliiliikleri iistlenen, saklama hizmetleri sunan, kredi karti, banka kart1 gibi 6deme araglarin1 kullandiran, vadeli islem
sozlesmeleri dahil sermaye piyasalarinda aracilik saglayan, faktoring, forfaiting, leasing islemlerini gerceklestiren, sigorta iglem-
lerine aracilik eden ve kanunda 6ngoriilen faaliyetleri ger¢eklestiren kurumlardir (Bankacilik Kanunu, 2005). Bankalar, bireysel,
kurumsal ve global bankacilik kapsaminda hizmetler sunmaktadir. Bu kapsamda farkli hizmetleri bir araya getiren bankalar, bireyler
yaninda kurumlar i¢in de 6nem arz eden finansal kuruluslardandir (Korkmaz ve Ceylan, 2017, s.47-48). Bankacilik sektdrii, fon
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arz ve talep eden bireylerin finansal ihtiyaglarini kargilamasi ve bu ihtiyaglara aracilik etmesi yoniiyle onem arz etmektedir. Fon ile
finansal varlik degisimlerine aracilik gorevini iistlenen bankalar hem ulusal hem de uluslararasi alanda 6nemli rol iistlenmektedir.
Tiirkiye Bankalar Birligi (TBB) 2021-2022 Faaliyet Raporu’nda yer alan bilgilere gére 2021 yil1 Eyliil ayinda Tiirkiye’de Finansal
Kuruluglarin Aktif Biiyiikliikleri arasinda bankalarin payinin %82 oldugu ifade edilmektedir. Bu oran yorumlandiginda, finansal
kuruluglar arasinda bankalarin olduk¢a 6nemli bir yere sahip oldugu gozlemlenmektedir. Bankacilik Diizenleme ve Denetleme
Kurulu (BDDK) tarafindan yayimlanan temel bankacilik verileri incelendiginde ise 2022 y1l1 Aralik ayinda bankalarin Milyon TL
cinsinden toplam aktiflerinin 14.344.402, 6zkaynaklarinin 1.407.074, mevduatlarinin 8.861.858, kredilerinin 7.580.668 ve menkul
degerlerinin 2.370.022 oldugu gozlemlenmektedir.

Bankacilik sektortii, finansal sistemde onemli bir yere sahip oldugundan, yap1 geregi birtakim risklerle kars1 karsiya kalmaktadir.
Risk, ger¢eklesmesi muhtemel ve meydana geldiginde olas1 olumsuz sonug¢lara neden olan durumlar biitiiniidiir. Bankacilik sektorii
de iki tiir risk tiirii ile kars1 karsiya kalmaktadir. Bu riskler sistematik ve sistematik olmayan risktir. Sistematik riskler; déviz kuru,
piyasa, kredi, likidite gibi tiirlere sahip olan ve ¢esitlendirilemeyen ya da dnlenemeyen risklerdir. Sistematik olmayan riskler ise
finansal, i, yonetim gibi tiirleri olan ve cesitlendirilebilir ya da 6nlenebilir riskler olarak adlandirilmaktadir. (Altay, 2015, s.1-8).
Mevcut riskleri dnlemek ya da riskin olasi olumsuz etkilerinden korunmak i¢in de stratejiler gelistirmek miimkiindiir. 1970’1li
yillarda Bretton Woods sisteminin sona ermesi ve 1974 yilinda yaganan petrol krizi gibi gelismeler, risk faktorlerinin 6nemini
ve yonetilmesi gerekliligini ortaya ¢ikarmigtir. Uluslararast bankacilik sisteminde meydana gelen olumsuz gelismeler de risklere
karg1 onlem alinmasini ve standartlarin olusturulmasini zorunlu hale getirmistir. 1974 yilinda Uluslararast Takas Bankas1 (Bank
for International Settlements-BIS) onciiliigiinde ve finansal otoriteriler ile Basel Komitesi olarak bilinen Bankacilik Diizenleme ve
Denetim Uygulamasi Komitesi olusturulmustur. Basel Komitesi, mevcut risklerin etkin sekilde yonetilmesi ve standart kararlarin
alinmasi amaclar ile kurulmustur. Basel uzlasilari, uluslararas1 anlamda bankacilik sektoriine dair kararlarin alinmasini ve
standartlarin olusumunu saglayan siire¢lerden olugsmaktadir (Teker vd., 2005, s. 42-44). Sektorde standartlarin olugmasi, etkin risk
yOnetimi, siirdiiriilebilir yap1 olusturma amaclartyla 1988 yilinda gerceklesen Basel I ile kredi riskine odaklanilmig ve 6zkaynaklarin
kredi riskine oranlamasi seklinde hesaplanan sermaye yeterlilik oraninin en az %8 olmasi yoniinde karar alinmistir. 1996 yilinda
yeni bir diizenleme ile sermaye yeterlilik oranina piyasa riski de eklenmis ve bu oranin yine en az %8 olmasi kararlagtirilmigtir.
1999 yilindan itibaren yeni bir diizenleme hazirlig1 gerceklestirilmis ve 2004 yilinda son halini alan Basel Il ile sermayeye yonelik
diizenlemeler getirilmis ve sermaye yeterlilik oranina operasyonel riskler de dahil edilmistir. Basel II kapsaminda sermaye yeterlilik
oraninin en az %8 olmasi karan siirdiiriilmiistiir. Basel siireci ile olusturulan sermaye yeterlilik oraninin en az %8 olmasi ifade
edilmekle birlikte Bankacilik Diizenleme ve Denetleme Kurumu tarafindan bu hedef %12’°dir. 2008 yilinda Amerika’da meydana
gelen Mortgage krizi ile diizenlemeler devam etmis ve 2010 yilinda Basel III uzlagilar1 kamuoyuna sunulmustur. Basel III ile risk
yonetimi, seffaflik, soklara dayaniklilik yoniinde kararlar alinmig ve sistemin etkinligi i¢in diizenlemeler gerceklestirilmistir (Altay,
2015, s.132-146). Basel IV’iin temelini olusturdugu ifade edilen; BIS tarafindan 2017 yilinda yayimlanan ve 2020 yil1 Mart ayinda
revize edilen Basel III revizyonlar ile kredibiliteyi yeniden kazanmak ve sermaye risklerini ortadan kaldirmak amaglanmaktadir
(Koksal vd., 2020, s. 14-15). Uzlagilarin devam etmesi ve kararlarin alinmasinin bankacilik sektoriinde standartlar olusturmasi
acisindan 6nem arz ettigi belirtilmektedir.

Bu caligmanin amaci, sermaye yeterlilik orani ile finansal oranlar arasindaki iligkilerin tespit edilmesidir. Bankacilik sisteminde
ozellikle risklerin etkin yonetimini saglamak amaciyla 6nem arz eden sermaye yeterlilik oraninin finansal rasyolarla iligkisinin
tespitinin, etkin risk yonetim anlayig1 saglamaktadir. Caligma, bu boliimii takiben literatiir taramasi, metodoloji, analiz ve bulgular
ile sonuc¢ boliimlerinden olugsmaktadir. Literatiir taramas1 boliimii, daha once Tiirk bankacilik sektoriinde sermaye yeterlilik
oranina yonelik gerceklestirilen calismalar ile ¢alismalardan elde edilen bulgular1 barindirmaktadir. Metodoloji kisminda, sermaye
yeterlilik orani ile finansal oranlarin iligkisinin tespit edilmesinde kullanilan yontem ile denklemler yer almaktadir. Analiz ve
bulgular kisminda ise yontemin uygulama sonuclart yer almaktadir. Elde edilen bulgular sonu¢ ve degerlendirme kisminda
yorumlanmugtir.

Literatiir Taramasi

Sermaye Yeterlilik Orani, bankalarin risk gostergesi olarak kabul edilen en giiclii finansal gostergelerden biridir. Literatiirde
gerceklestirilen ¢aligsmalarda, farkli yillar ve finansal oranlar ile cesitli yontemler kullanilarak analizler gerceklestirildigi gozlem-
lenmektedir. Gerceklestirilen akademik ¢aligsmalar, asagida siralanmustir.

Okuyan (2013), Tiirk bankalarinin sermaye yeterlilik oranlarini etkileyen faktorlerin tespitini saglamak amacryla calisma gercek-
lestirmistir. Calismada 23 bankanin 2002-2012 yillar1 arasi finansal oranlari panel veri yontemiyle analize tabi tutulmustur. Caligma
sonucunda, risk, biiyiikliikk, mevduat orant ve kredi orani ile sermaye yeterlilik oran1 arasinda negatif iligki; ekonomik biiyiime
ve aktif getirisi ile sermaye yeterlilik oran1 arasinda pozitif iliski oldugu bulgular1 elde edilmistir. Ayrica 6zkaynak karliliginin
anlamsiz oldugu ifade edilmistir.

Bostanci ve Korkmaz (2014), riskleri daha iyi 6lgebildigi ifade edilen gelismis RMD modellerinin, daha diisiik piyasa riskine
esas tutar1 saglayacagi hipotezini test edebilmek amaciyla ¢alisma gergeklestirmigtir. Calisma kapsaminda, tarihi volatilite, tarihi
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simulasyon, EWMA, GARCH (1,1), GARCH (1,1)-Bootstrap ve GARCH (1,1)-GED modelleri ile analizler gerceklestirilmisgtir.
Caligma sonucunda GARCH (1,1)-Bootstrap ve GARCH (1,1)-GED modelleri gibi gelismis RMD modellerinin, daha diisiik piyasa
riskine esas tutar1 saglayacagi hipotezi dogrulanmamagtir.

Reis ve Kotiioglu (2016), sermaye yeterlilik oranimin degiskenligi ile orana etki eden faktorlerin tespiti amaciyla caligma
gerceklestirmistir. Calismada yontem olarak regresyon analizi kullanilmigtir. Calisma sonucunda, karlilik, likidite ve takibe
doniisiim oraninin sermaye yeterlilik orani iizerinde pozitif etkisi oldugu ve aktif biiyilikliigiiniin etkisi olmadig1 bulgular1 elde
edilmigtir.

Karahanoglu (2017), kalkinma ve yatirim bankalarinin aktif karliligini test etmek amaciyla caligsma gergeklestirmistir. Calismada,
2005-2016 yillar1 arast veriler kullanilarak panel veri yontemi ile analiz gerceklestirilmistir. Calisma sonucunda aktif karlhilig: ile
degiskenler arasindaki iligkiler degerlendirilmistir.

Rengber ve Aver (2018), BIST de faaliyet gosteren bankalarin sermaye yeterliliklerine gore karsilagtirilmasi amaciyla caligma
gerceklestirmistir. Calismada, 13 bankanin 2012-2017 yillari arasi verileri ile WASPAS yontemi uygulanmustir. Caligma sonucunda
bankalar, sermaye yeterliliklerine gore siralanmig ve degerlendirmelerde bulunulmustur.

Afsar ve Karacayir (2018), sermaye yeterlilik oraninin belirleyicilerinin tespiti amaciyla ¢alisma gerceklestirmistir. Caligmada
2002-2017 y1h1 verileri ile panel veri analizi kullanilarak cesitli istatistiksel testler gerceklestirilmistir. Caligma sonucunda, kredi
orani, mevduat ve aktif biiyiikliigiiniin sermaye yeterlilik oranini negatif yonde; aktif getirinin ise sermaye yeterlilik oranini pozitif
yonde etkiledigi bulgusuna ulagilmigtir.

Catikkas vd. (2018), sermaye yeterlilik oraninin, finansal kalemler arasindaki iizerindeki etkisini tespit etmek amaciyla caligma
gerceklestirmistir. Calismada yontem olarak oran analizi kullanilmigtir. Caligma sonucunda, sermaye yeterlilik oran1 ile finansal
oranlar arasindaki ilgkiler tespit edilmis ve degerlendirmelerde bulunulmustur.

Balaylar ve Ozdemir (2018), bankalarn karliligin1 etkileyen faktorlerin tespiti amaciyla calisma gerceklestirmistir. Calisma
kapsaminda 2004-2016 yillar1 arasi veriler ile ARDL Sinir Testi yontemi ile analiz gerceklestirilmistir. Calisma sonucunda
karlilig1 etkileyen degiskenler tespit edilmis ve yorumlanmugtir.

Akgiil vd. (2019), sermaye yeterlilik oraninin kredi arzi iizerindeki etkisini incelemek amaciyla ¢alisma gerceklestirmisgtir.
Calismada, 2002-2017 yillar1 arast veriler kullanilarak ¢aligsma gerceklestirilmistir. Caligma sonucunda, bulanik regresyon yontemi
ile modeller elde edilmis ve degerlendirmelerde bulunulmustur.

Aydin (2019), Tiirk bankacilik sektoriinde faaliyet gosteren 22 mevduat bankasinin sermaye yapisini etkileyen faktorlerin
tespiti amaciyla calisma gerceklestirmistir. Calismada 2006-2016 yillar1 arasi verilerle sabit etkili panel veri kullanilarak analiz
gerceklestirilmigtir. Calisma sonucunda, aktif karlilig1 ve takipteki kredilerin sermaye yeterlilik orani ile pozitif yonde; banka
biiyiikliigii, likidite riski ve mevduat diizeyinin negatif yonde iligkili oldugu ifade edilmistir.

Ozdemir (2019), bankacilik sektoriindeki sermaye yapisinin banka performansi iizerine etkisini analiz etmistir. Calismada 2005-
2017 yillan arasi veriler kullanilarak analiz gerceklestirilmistir. Calisma sonucunda, sermaye yapisi ile aktif karlilig1 arasinda
negatif iligki oldugu bulgusuna ulasilmis ve banka tiirlerine yonelik sermaye yapisi ile performans degerlendirmesi gerceklestir-
ilmigtir.

Sit ve Hacievliyagil (2019), sermaye yeterlilik oraninin bankalarin karlilig: iizerindeki etkisinin tespiti amaciyla calisma gercek-
lestirmistir. Calismada, aktif biiyiikliigli en fazla olan 10 banka Orneklem olarak alinmig ve 2011-2016 ceyrek donem verileri
ile panel veri analizi gerceklestirilmistir. Caligma sonucunda bankalarin sermaye yeterliliklerinin karlilik iizerinde etkisi oldugu
bulgusuna ulasilmig ve degerlendirmelerde bulunulmusgtur.

Albayrak ve Eren (2020), Tiirkiye katilim bankacilarinin sermaye yeterliligine etki eden faktorleri tespit etmek icin caligma
gerceklestirmistir. Calismada, 2010-2017 verileri ile coklu regresyon modeli kurularak analiz gerceklestirilmigtir. Sonug olarak,
sermaye yeterliligi ile finansal performans ve likidite arasindaki iligkinin tespit edildigi bulgusu ifade edilmistir.

Kaplan (2020), sermaye yeterlilik rasyosu iizerinde, doviz kuru, altin fiyat1 ve risk istah1 dalgalanmalarinin etkisinin tespiti
amaciyla calisma gerceklestirmistir. Caligsmada, 2010-2019 donemleri aras: veriler kullanilarak regresyon analizi ile cesitli is-
tatistiksel testler gerceklestirilmistir. Caligma sonucunda sermaye yeterlilik oranini; dolar kurunun pozitif, risk istahinin negatif
etkiledigi ve altin fiyatlarinin etkilemedigi tespitlerine ulagilmusgtir.

Citak ve Kandil Goker (2020), sermaye yeterlilik rasyosunun belirlenmesinde etkili olan faktorlerin tespiti amaciyla caligma
gerceklestirmistir. Calismada, 2002-2017 yillar1 arast veriler kullanilarak panel veri analizi ile istatistiksel testler gerceklestir-
ilmistir. Calisma sonucunda, sermaye yeterlilik rasyosu ile toplam aktif biiyiikliigii, mevduat/toplam aktif orani, kredi/toplam aktif
orani, faiz marj1 ve takipteki kredi/toplam kredi oranlar1 arasinda anlaml iligkilerin oldugu ifade edilmigtir.

Temelli vd. (2022), Tiirkiye’de faaliyet gosteren katilim bankalarimin sermaye yeterlilik oranlarinin belirleyicilerinin tespiti
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amaciyla calisma gerceklestirmistir. Calismada, 2010-2018 yillar1 verileri ile panel veri analizi gerceklestirilmistir. Calismadan
elde edilen bulgular, 6zkaynak getiri orani ile kredi oraninin sermaye yeterlilik oranini negatif yonde etkiledigi, aktif getiri oran1 ve
toplam aktiflerin sermaye yeterlilik oranini pozitif yonde etkiledigi ve takipteki kredi/toplam kredi oraninin da istatistiksel olarak
anlamsiz oldugu seklindedir.

Sermaye Yeterlilik Orani kullanilarak gerceklestirilen akademik ¢aligmalar incelendiginde, farkli degiskenler ile analizler
yapildig1 goriilmektedir. Finansal performans, volatilite, egbiitiinlesme, finansal bagar1 gibi konularin yer aldig1 calismalarda;
panel veri analizi, GARCH, regresyon, Cok Kriterli Karar Verme Teknikleri, oran analizi, ARDL gibi yontemlerin kullanildig1 go-
zlemlenmektedir. Elde edilen ¢iktilar degerlendirildiginde ise finansal oranin olusumu, diger finansal oranlarla iliskisi, siralanmasi
gibi konularda ¢aligsmalarin; aciklayici ve yol gosterici nitelik tagidigi goriilmektedir.

Cahsmanin Metodolojisi

Ekonometride zaman serisi, yatay kesit verileri ve panel veri olmak {izere ii¢ tiir veri bulunmaktadir. Panel veriler, zaman serisi
ve yatay kesit verilerinin bir araya getirilmesi ile olusturulmakta ve ¢ok yonlii analiz yapilmasina olanak saglamaktadir.

Calismada kullanilan model, Denklem 1’de gosterilmistir.

SYOi; = Bo+ P1FR1;; + BoFR2;t + B3FR3i; + BaF R4;; + BsFRS;: + BeF RO + B7FRT;; + P3FR8;; + &4 (D

Calismada 110 (TXN= 110) boyutlu panel veri kullanilmigtir. Verilerin analizi Stata 15 ve Eviews 12 paket programlari
ile gerceklestirilmigtir. Analizin gerceklestirilmesi noktasinda tutarli tahmincilerin secilebilmesi igin ¢esitli 6n testlere ihtiyac
duyulmaktadir. Bu 6n testlerden Hausman testi, analizde kullanilan modelin sabit ya da tesadiifi etkili oldugu hakkinda bilgi
vermektedir. F testi, birim ve zaman etkisini dlcebilmek amaciyla gerceklestirilmektedir. Otokorelasyon, degisen varyans ve yatay
kesit bagimlili8: testleri gibi veri yapilar1 hakkinda onsel bilgi elde edilmesini saglayan testlerin yapilmasi, analiz sonunda tutarli
tahmincilerin se¢ilmesi noktasinda onem arz etmektedir.

Ekonometrik analizlerde, temel varsayimlar hata terimi etrafinda sekillendirilmektedir. Bu baglamda kullanilan temel varsayim-
lardan biri, hata terimleri varyanslarinin sabit oldugu yoniindedir. Ancak bazi durumlarda hata terimlerinin varyanslart birimlere
gore degisebilmekte ve ortaya degigen varyans (heteroskedasite) sorunu c¢ikabilmektedir. Sabit etkili modellerde degisen varyans
sorunu olup olmadig1 degistirilmis Wald testi ile sinanabilmektedir (Greene, 2000). Degistirilmis Wald test istatistigi Denklem
2’de yer almaktadir.

(07 - 0?)
szil\:lllT
13

@

Burada a'l.z, i. dereceden yatay kesit biriminin kalint1 varyanslarinin tahmincisi olmaktadir. Degisen varyans sorununun yant sira
modelde otokorelasyon olmasi da temel varsayimlardan sapmalara neden olmaktadir. Otokorelasyon, hata terimlerinin birbirleri
ile iligkili olmas1 anlamina gelmektedir. Sabit etkili modellerde otokorelasyonun sinanmasi Baltagi-Wu’ nun (1999) yerel en iyi
degismez testi (LBI) ve Bhargava, Franzini ve Narendranathan’in (1982) Durbin-Watson testi ile gerceklestirilebilmektedir. Her
iki testte de d istatistigi hesaplanmaktadir. LBI test istatistigi Denklem 3’te gosterilmistir.

J= Z'zi\oZ 3)
7’z
Q-1

Ag = {"—(m} @
ap

Bhargava, Franzini ve Narendranathan’in Durbin-Watson test istatistigi ise Denklem 5’te ifade edilmektedir.

N ni o1z .
imt 2y By = Zigy (i = tij1 = 1]?
d= A x (5)
! Z"t 22 .
i=1 &j=1 ~i,tt.J

Ekonometrik analizlerde kullanilan temel varsayimlardan bir digeri ise hata terimlerinin birimlere gore bagimsiz olmasidir.
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Ancak baz1 durumlarda yatay kesit birimleri arasinda hata terimleri korelasyonlu olabilmektedir (Yerdelen Tatoglu, 2020). Sabit
etkili modellerde birimler arasi korelasyonun varlig1 Breusch-Pagan Lagrange Carpani (LM) testi ile sinanabilmektedir. (Baltagi
vd., 2012). LM testinin test istatistikleri Denklem 6’da yer almaktadir.

LM =Tz 'sN | P (6)

j=i+l

Analiz ve Bulgular

Calismanin amaci, sermaye yeterlilik orani ile sektorde faaliyet gosteren bankalarin finansal rasyolari arasindaki iligkileri
tespit edebilmektir. Bu amagla Tiirkiye Bankalar Birligi’nden, 2021 yilinda aktif biiyiikliigii en fazla olan 10 banka drneklem
olarak alinmistir. Bankalarm, 2011-2021 yillar1 arasindaki verileri elde edilmis ve sermaye yeterlilik orani ile finansal rasyolar
kullanilarak cesitli istatistiksel testler gerceklestirilmistir. Basel uzlagilar1 cergevesinde olusturulan ve en az %8 olarak belirlenen
sermaye yeterlilik orani, Denklem 7°de gosterilmisgtir.

Ozkaynaklar S
KrediRiski + PiyasaRiski+ OperasyonelRisk ~

SermayeYeterlilikRasyosu = %8 @)

Calismada 6rneklem olarak secilen 10 bankanin 2011-2021 yili sermaye yeterlilik oranlar1 Grafik 1°de mevcuttur.
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W Turkiye Cumhuriyeti Ziraat Bankasi A.S. B Turkiye Halk Bankasi A.S.

B Turkiye Vakiflar Bankasi T.A.O. Akbank T.A.S.

B Turk Ekonomi Bankasi A.S. W Tirkiye is Bankasi A.S.

M Yapi ve Kredi Bankasi A.S. H Denizbank A.S.

B QNB Finansbank A.S. B Turkiye Garanti Bankasi A.S.

Kaynak: (Turkiye Bankalar Birligi, 2023)

Sekil 1. Bankalarin Sermaye Yeterlilik Rasyolar

Calismada 6rneklem olarak kabul edilen 10 bankanin 2011-2021 yillar1 aras1 sermaye yeterlilik oranlari incelendiginde, %12,8
ile %?22,2 arasinda degisiklik oldugu gézlemlenmektedir. Standart olarak belirlenen ve kurumlar tarafindan hedeflenen orana, ilgili
yillar arasinda ulasildig1 goriilmektedir. Calismada yer alan bankalar ve kriter olarak kabul edilen 2021 y1l1 toplam aktif paylari
Tablo 1°de mevcuttur.

Sermaye yeterlilik orani ile finansal oranlarin arasindaki iligkinin tespiti amaciyla gerceklestirilen calismada, bankalara ait
rasyolar elde edilmistir. Elde edilen rasyolar, literatiirde siklikla kullanilmakta ve bankalar acisindan 6nem arz etmektedir. Bu
kapsamda ¢alismada analizi gerceklestirilen finansal oranlar, kodlari, de8isken tiirleri ve kaynaklar1 Tablo 2’de mevcuttur.

Calismada yer alan degiskenlere ait 6zet istatistikler Tablo 3’te sunulmugtur. Sermaye yeterlilik oran1 ve Tablo 2°de yer alan
bagimsiz degigkenlere ait gdzlem sayisi, ortalama, standart sapma, minimum ve maksimum degerleri tabloda yer almaktadir.
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Tablo 1. Calismada Yer Bankalar

2021 Y1ih Toplam Aktif

Bankalar (Sektor Payr) (%)
Tiirkiye Cumhuriyeti Ziraat Bankast A.S. 16,1
Tiirkiye Vakiflar Bankasi1 T.A.O. 11,9
Tiirkiye Is Bankas1 A.S. 10,9
Tiirkiye Halk Bankas1 A.S. 10,6
Tirkiye Garanti Bankas1 A.S. 8,9
Yapi1 ve Kredi Bankas1 A.S. 8,7
Akbank T.A.S. 8,4
QNB Finansbank A.S. 4,4
Denizbank A.S. 3,6
Tiirk Ekonomi Bankas1 A.S. 2,3
Kaynak: (Tiirkiye Bankalar Birligi, 2023)
Tablo 2. Calismada Yer Alan Finansal Oranlar
Finansal Oran Kod Degisken Tiirii Kaynak
Sermaye Yeterlilik Oranm SYO Bagimli Degisken
Ozkaynaklar / Toplam Aktifler FR1
Toplam Mevduat / Toplam Varliklar FR2
. Tiirkiye
Alman Krediler / Toplam Varliklar FR3
Bankalar

Toplam Krediler / Toplam Mevduat FR4 Bagimsiz Degiskenler

Birligi
Donuk Alacaklar / Toplam Krediler FRS5
Likit Aktifler / Toplam Aktifler FR6
Ortalama Ozkaynak Karliligi FR7
Tablo 3. Ozet Istatistikler
Degiskenler Gozlem Sayisi Ortalama Standart Sapma Minimum Maksimum
SYO 110 16.15148 1.980154 12.8336 22.16617
FR1 110 10.4784 1.926652 4.826848 15.08523
FR2 110 60.97855 4.758415 53.13998 73.85731
FR3 110 9.329238 3.54694 0.3444598  18.12007
FR4 110 103.8705 11.66392 60.03925 123.4876
FR5 110 3.941342 1.843957 1.208234 10.44859
FR6 110 22.67584 7.374612 8.366575 41.57742
FR7 110 13.63655 3.82966 3.488867 25.4296

Verilerin birim ve zaman etkilerini sinamak amaciyla F testi uygulanmistir. Bu test, klasik model kargisinda sabit etkiler
modelinin tutarli olup olmadigin test etmek amaciyla kullanilmaktadir. F testinin hipotezi, “Hp: birim ve zaman etki yoktur”
seklinde kurulmaktadir. F testi sonuglar1 Tablo 4’te yer almaktadur.

Tablo 4’ten elde edilen sonuglara gore, Hy hipotezi reddedilmektedir. Bu nedenle klasik modelin uygun olmadigi, sabit etkilerin
tutarli oldugu anlasilmaktadir. Analizin devaminda, sermaye yeterlilik orani ile finansal oranlar arasindaki iligkinin tespit edilmesine
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Tablo 4. F Testi Sonuglart

Istatistik Olasihk
Model 5.00 0.0000

yonelik model tahmini yapilmadan 6nce olusturulan ekonometrik modelin sabit etkili ya da tesadiifi etkili olduguna karar verilmesi
gerektiginden, Hausman testi gerceklestirilmigtir. Hausman testi sonuglari Tablo 5’te raporlanmigtir.

Tablo 5. Hausman Testi Sonuglart

Ki-kare istatistigi Serbestlik derecesi Olasilik
36.05 7 0.0000

Hausman testi

Hausman testi sonuglarinin yer aldig1 Tablo 5’e gore tesadiifi etkiler tahmincisinin tutarsiz, sabit etkiler tahmincisinin tutarli
oldugu anlagilmaktadir. Calismada kullanilan modelin sabit etkili olmasi temel varsayimlardan sapmalarin stnanmasi icin secilen
testleri etkilemektedir. Bu baglamda temel varsayimlardan sapmalar degistirilmis Wald, LBI ve Bhargava, Franzini ve Naren-
dranathan’in Durbin-Watson istatistigi ile stnanmigtir. Otokorelasyon ve degisen varyans testi sonuglari Tablo 6’da yer almaktadir.

Tablo 6. Degisen Varyans ve Otokorelasyon Testi Sonuglart

Ki-kare (10) Olasilik
Degisen varyans testi sonuclari
60.74 0.0000
Durbin-Watson LBI
Otokorelasyon testi sonuglar:
1.6610 1.9200

Tablo 6’da ifade edilen degisen varyans testi sonuglarina gore sabit etkiler modelinde birimlere gére degisen varyans; Durbin-
Watson ve LBI istatistiklerinin (1.66 ve 1.92) 2’den kiigiik olmasi ise sabit etkiler modelinde otokorelasyon oldugunu gostermek-
tedir. Model tahmini yapilmadan once izlenmesi gereken prosediirlerden bir digeri ise yatay kesit bagimliliginin (birimler arasi
korelasyon) test edilmesidir. Yatay kesit bagimlilig1, analizin bir sonraki agamasinda kullanilacak olan model tahmincisinin se¢imini
etkilemektedir. Bu nedenle yatay kesit bagimlilig1 model bazinda test edilmistir. Uygulama sonuglar1 Tablo 7°de raporlanmaigtir.

Tablo 7. Yatay Kesit Bagimlilig Testi Sonuglart

Breusch_Pagan Istatistik Olasihik
LM Model

69.267 0.0116

Model bazinda yatay kesit bagimlilig1 testi sonuglarinin yer aldigi Tablo 7’ye gore yatay kesit bagimliliginin yoklugunu ifade
eden HO hipotezi reddedilmekte, model ve degiskenler bazinda yatay kesit bagimlilig1 oldugu bulgusu elde edilmektedir.

Modelde degisen varyans ve otokorelasyon varliginin bulunmasi ile modelin sabit etkili olmasi, model tahmincisinin se¢iminde
onemli rol oynamaktadir. Bu baglamda Driscoll-Kraay tahmincisi hem sabit hem de tesadiifi etkiler modelleri i¢in kullanilabilen,
biiyiik zaman ve birim boyutlarinda dahi tutarli, uzamsal ve donemsel korelasyon formlarinda direncli hatalar {ireten bir tahminci
olarak karsimiza ¢ikmaktadir (Yerdelen Tatoglu, 2020, s. 335). Calismada kullanilan modele ait tahminci sonuglart Tablo 8’de yer
almaktadir.

Driscoll-Kraay tahmincisi sonug¢larmin yer aldig1 Tablo 8’e gore, olusturulan modelin anlamli ve bagimsiz degiskenlerin bagiml
degiskeni %63 oraninda aciklama giiciine sahip oldugu sonucuna ulagilmaktadir. Modelde, tiim degiskenlerin istatistiksel olarak
anlamli oldugu goriilmektedir. Analiz sonucunda, FR2, FR3, FR4 ve FR7 degiskenlerinin %1, FR1, FRS, FR6 degiskenlerinin de
%S5 diizeyinde anlamli oldugu bulgusu elde edilmektedir. Bu baglamda FR1 degiskeninde meydana gelen %1 oranindaki bir artis
kapsaminda SYO degiskeni %0.42 oraninda artmaktadir. Benzer sekilde FRS ve FR7 degiskenlerinde meydana gelen %1 oraninda
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Tablo 8. Model Tahmin Sonuglar

SYO Katsayilar Standart Hata t Olasihk
FR1 4257361 1478006 2.88 0.016
FR2 -.2788068 .0544663 -5.12 0.000
FR3 -.2598195 .0342866 -7.58 0.000
FR4 -.111446 0274024 -4.07 0.002
FRS5 3511303 1414986 2.48 0.032
FR6 -.1013906 .0322326 -3.15 0.010
FR7 .0908254 0177831 5.11 0.000
Sabit 42.3682 6.008807 7.05 0.000

R2: 0. 6348
F (7,10): 30,39
Olasihk>Ki-Kare: 0.0000

bir artis karsisinda SYO degiskeni sirasiyla %0.35 ve %0.09 oraninda artmaktadir. Bagimsiz degiskenlerden olan FR2, FR3, FR4
ve FR6 degiskenlerinde meydana gelen %1 oranindaki artig karsisinda SYO degiskenini sirasiyla %0.27, %0.25, %0.11 ve %0.10
oraninda azalmaktadir.

Sonug ve Degerlendirme

Finansal sistem, varlik ve fon degisiminin gerceklestigi; fon arz eden birimler, fon talep eden birimler, dayanak varliklar, yasal
diizenlemeler ile piyasalar1 icerisinde barindiran yapiya verilen isimdir. Varlik ve fon degisimleri piyasalarda gerceklesmektedir.
Piyasalar, cesitli tiirleri biinyesinde barindirmakta ve bireyler, kurumlar, devletlerin ihtiya¢larini karsilamaktadir. Finansal sistemin
aktorlerinden olan bankalar, para ile ifade edilen islemlere aracilik saglayan kurumlardir. Aktif biiyiikliigii olarak 6nemli yer tutan
bankalar hem sektor hem de ekonomiden kaynakli birtakim riskler ile karg1 karsiya kalmaktadir. Bankalarin kars1 karsiya kaldig:
riskler, sistematik ve sistematik olmayan risk seklinde siniflandirilmaktadir. Sistematik riskler, faiz orani, kur, piyasa, kredi gibi
risklerden olusurken; sistematik olmayan riskler is, finansal, yonetim gibi riskleri kapsamaktadir. Bankalarin sistematik olmayan
riskleri gesitlendirme gibi yontemlerle bertaraf etmesi miimkiinken, sistematik riskleri bertaraf etmesi miimkiin olmamakta fakat
cesitli stratejiler gergeklestirilerek bu risklere karsi 6nlem alinabilmektedir. Finansal ve ekonomik krizlerin etkisiyle sektdrde
meydana gelen olumsuzluklar sonucunda gerceklestirilen Basel siireci ile risklerin etkin yonetimi ve standart yap1 kurulabilmesi
amaclanmustir. Basel siirecinin 6nemli bir ¢iktis1 olan sermaye yeterlilik orani, 6zkaynaklarin, kredi riski, piyasa riski ve operasyonel
riske oranlanmasi ile elde edilmekte ve en az %8 olmasi gerektigi belirtilmektedir. Sermaye yeterlilik orani, risklerin etkin olarak
yonetilmesi amaciyla kullanilan nicel gosterge olarak kabul edilmektedir. Bankacilik Diizenleme ve Denetleme Kurumu (BDDK)
sermaye yeterlilik oran1 hedefi %12 olarak belirlenmis ve Tiirkiye’de faaliyet gosteren bankalar da bu hedef dogrultusunda ilgili
oranin oldukga iistiinde performans gostermektedir.

Calisma, sermaye yeterlilik oranin, finansal rasyolarla iligkisinin tespiti amaciyla gergeklestirilmistir. Sermaye yeterlilik oranina
etki eden degiskenlerin tespitinin yapilmasinin, sermaye yeterlilik oranini istenilen seviyeye ¢cikarmada 6nemli oldugu diisiiniilmek-
tedir. Orneklem olusturulurken, 2021 yilinda aktif biiyiikliigii en yiiksek 10 banka secilmistir. Bu bankalar, Tiirkiye Cumhuriyeti
Ziraat Bankas1 A.S., Tiirkiye Vakiflar Bankasi T.A.O., Tiirkiye Is Bankas1 A.S., Tiirkiye Halk Bankasi A.S., Tiirkiye Garanti
Bankast A.S., Yap1 ve Kredi Bankas1 A.S., Akbank T.A.S., QNB Finansbank A.S., Denizbank A.S., Tiirk Ekonomi Bankas1 A.S.
seklindedir. Veri seti olusturulurken, genis bir ¢ercevede degerlendirme yapabilmek amaciyla 2011-2021 yillar1 arasi veriler elde
edilerek cesitli istatistiksel testler gerceklestirilmistir.

Calismada bagimli degisken sermaye yeterlilik orani, bagimsiz degiskenler ise 6zkaynaklar / toplam aktifler, toplam mevduat
/ toplam varliklar, alinan krediler / toplam varliklar, toplam krediler / toplam mevduat, donuk alacaklar / toplam krediler, likit
aktifler / toplam aktifler ve ortalama 6zkaynak karliligidur.

Calismadan elde edilen bulgulara gore, sermaye yeterlilik orani ile tiim degiskenlerin istatistiksel olarak anlaml iligkiye sahip
oldugu goriilmektedir. Modelin agiklama giicii %63 olup sermaye yeterlilik orani ile 6zkaynaklar / toplam aktifler, donuk alacaklar
/ toplam krediler, ortalama 6zkaynak karlilig1 oranlarinin anlamli ve pozitif iligkiye sahip oldugu bulgusu elde edilmistir. Mevcut
oranlarda meydana gelen %1 oranindaki artisin sermaye yeterlilik oranini sirasiyla %0.42, %0.35 ve %0.09 oraninda arttirdig1
sonucu elde edilmigtir. Sermaye yeterlilik orani ile toplam mevduat / toplam varliklar, alinan krediler / toplam varliklar, toplam
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krediler / toplam mevduat, likit aktifler / toplam aktifler oranlar1 arasinda negatif ve anlamli iligki varlig1 tespit edilmistir. Negatif
iligkiye sahip olan oranlarda meydana gelen %1 oranin artigin, sermaye yeterlilik oranini sirastyla %0.27, %0.25, %0.11 ve %0.10
oraninda azalttig1 tespit edilmistir.

Genel bir degerlendirme gergeklestirildiginde, calismanin 6rneklem olarak kabul edilen bankalar ve sektor i¢in 6onem arz
edecegi diisliniilmektedir. Bankalar i¢in 6nemli bir risk gostergesi olan Sermaye Yeterlilik Orani, farkli finansal oranlardan
etkilenmekte ve bu etkilenilen rasyolarin tespiti kurumlar igin yol gosterici nitelik tasimaktadir. Sermaye Yeterlilik Oranini
negatif ve pozitif yonde etkileyen, istatistiksel olarak anlamli 7 farkli degiskenin tespitinin, ¢alismanin 6zgiinliigiinii olusturdugu
diisiiniilmektedir. Literatiirde yer alan ve ele alinan 6rneklem, donem, bagimli degisken ve bagimsiz degiskenler ile sermaye
yeterlilik oraninin belirleyicilerinin tespit edilmeye c¢alisildig1 goriilmektedir. Kurumlarin, akademik ¢alismalardan elde edilen
ciktilart kullanmasi ve farkli uygulama ile sistemlerle degerlendirme yapmasi da finansal basar agisindan 6nem tagimaktadar. Tlgili
oran hem iilkemiz hem de diinyada faaliyet gosteren bankalar i¢in gecerli bir gdsterge niteli§i tasidigindan, rasyonun finansal
kalemlerden etkilenme giiciiniin tespiti de ¢alismanin 6nemli bir noktast olarak gosterilmektedir. Daha sonra gergeklestirilecek
caligmalarda farkli yillar, yontemler, bankalar 6rneklem olarak alinarak analizler gergeklestirilmesi ve karsilagtirmalar yapilarak
degerlendirmelerde bulunulmasi dnerilmektedir. Caligmada ulasilan bulgularin; arastirmacilara, sektor ilgililerine ve daha sonra
gerceklesecek akademik caligmalara katki saglamasi amaglanmaktadir.
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0z

Bolgesel catigsmalarin bile kiiresel 6lgekte siyasi ve askeri krizlere yol agtig1 giiniimiizde, {ilkelerin savunma harcamalar: biitge
icindeki 6nemini giderek arttirmaktadir. Dahil olduklari politik, askeri orgiitlere veya komsularina gére savunma harcamalarini
sekillendiren iilkelerin bu noktada yakinsama davranmisi gostermesi beklenmektedir. Bu c¢alisma 1977-2021 yillart arasinda 12
ODKA iilkesinin (Cezayir, Bahreyn, Misir, Iran, Israil, Urdiin, Kuveyt, Fas, Umman, Suudi Arabistan, Tunus, Tiirkiye) savunma
harcama yiiklerini ele almaktadir. Breusch-Pagan (1980), Pesaran (2004) Scaled LM, Pesaran CD (2004), Baltagi, Feng ve Kao
(2012) testlerinin tamamu yatay kesit bagimliligin olmadigini ifade eden temel hipotezi reddetmistir. Yatay kesit bagimliligim
dikkate alan birim kok testlerinin kullanilmasi bu baglamda daha dogru olacaktir. Savunma harcama yiiklerinin yakinsama anal-
izinin gerceklestirilebilmesi i¢in Yatay Kesit Bagimlilig1 ve birimler aras1 heterojenligi dikkate alan Bahmani-Oskooee(2014) nin
Cok Kirilmali Fourier Panel Birim kok testi kullanilmigtir. Arastirma bulgularina gore bazit ODKA iilkelerin yakinsama davranisi
gostermedigi alternatif hipotez reddedilememistir. Bahreyn, Urdiin, Kuveyt, Suudi Arabistan ve Tiirkiye ODKA ortalamasina
yakinsama davranigi gostermistir. Amerika ve Israil’in savunma harcama ortalamasina yakinsama gosteren iilkeler ise Bahreyn,
Urdiin, Kuveyt, Suudi Arabistan ve Tiirkiye olarak bulunmustur. Tiirkiye’nin NATO iiyesi olmas1 sebebiyle ABD’ye yakinsama
davranis1 gostermesi beklentilere uygunluk gostermektedir. Tiirkiye ve Suudi Arabistan’in bolge icindeki agirligimi arttirmak
istemesi de ABD ve Israil’e yakinsamasini agiklamaktadir. Bolgede gerceklesen Korfez savasi ve Arap Bahari gibi olaylar ani
kirilma tarihlerinde tespit edilmistir. Herbir {ilke i¢cin eklenen fourier terimlerine uygulanan F testine gore sonuclar istatistiksel
olarak anlamli bulunmustur. Sonug olarak elde edilen bulgularin bolge icinde bulunan iilkelerin savunma harcama yiiklerinin nasil
sekillendirdiklerinin agiklanabilmesi agisindan 6nem arz etmektedir.

ABSTRACT

Nowadays, even regional conflicts can lead to political and military crises on a global scale, and military expenditures have
become more important in countries’ budgets. Countries that shape their military spending according to the political and military
organizations of which they are a part are expected along with their neighbors to exhibit convergent behavior in this regard. This
study examines the military expenditures of 12 Middle East and North Africa (MENA) countries (i.e., Algeria, Bahrain, Egypt,
Iran, Israel, Jordan, Kuwait, Morocco, Oman, Saudi Arabia, Tunisia, and Turkey) from 1977-2021. The null hypothesis stating no
cross-sectional dependence to exist has been rejected by all of the Breusch-Pagan (1980), the scaled Lagrange multiplier (LM)
Pesaran and Pesaran’s cross-sectional dependency (CD; 2004), and also LM (2012) tests. In this context, using unit root tests
that take into account cross-sectional dependence would be more accurate. Bahmani-Oskooee et al.’s (2014) Fourier panel unit
root test with multiple breaks, which takes into account cross-sectional dependency and heterogeneity between units, was used
to perform the convergence analysis of military burdens. According to the research findings, the alternative hypothesis that some
MENA countries did not imply convergent behavior could not be rejected. The military expenditures of Bahrain, Jordan, Kuwait,
Saudi Arabia, and Turkey were found to converge with the MENA mean and the military expendituresof the United States and
Israel. Due to being a NATO member, Turkey’s behavior is expected to converge with the United States. Turkey and Saudi Arabia’s
motivation for enhancing their weight in the region also explains their convergence with the US and Israel. Events such as the Gulf
War and the Arab Spring that took place in the region stand out with regard to sudden break dates. The findings were determined
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to be statistically significant in accordance with the F test performed on the Fourier terms added for each country. In conclusion,
the findings are significant for understanding how the military expenditures of MENA countries are formed.

Anahtar Kelimeler: Askeri Harcamalar, Yakinsama Hipotezi, Fourier Panel Birim Kok Testi

Keywords: Military expenditures, convergence hypothesis, Fourier panel unit root
JEL Kodu / JEL Code: C23, H56, N40

EXTENDED SUMMARY

This study examines 12 countries as Middle East and North African (MENA) countries. These countries Algeria, Bahrain, Egypt,
Iran, Israel, Jordan, Kuwait, Morocco, Oman, Saudi Arabia, Tunisia, and Turkey. The security web theorem proposes comparing
the military expenditures of these countries being studied with each other. The study assumes that comparing the military burden
patterns of the nations in terms of proximity to other countries in the network in the security web would be of interest. Convergence
analysis will be applied to the military expenditures of the MENA countries in this study. Although imbalances are expected to
maybe occur with regard to the military burdens of the nations involved in the security net, the study considers that convergent
drops, increases, or parallelisms are likely to occur in the military burdens of the countries within the network. The study
additionally focuses on whether or not a convergence of the individual defense expenditures of each country occurs in terms of
MENA countries’ average overall defense expenditures. In other words, the study examines if each country’s military burden is
able to catch up with MENA countries’ average. The study will then examine as a second step the convergence of the military
burdens of 11 countries with Israel’s average military burden. The study has chosen to examine Israel here both because it is an
essential partner of the USA and because it is perceived as a threat in the views of other governments in the region. For the third
stage, the study will examine the convergence of the military burdens of the 12 countries with US defense spending. The rationale
for including the USA here is due to the fact that it carries out various military actions in the region as a global superpower and
is also viewed as an ally of several MENA countries. In addition, dealing with the structural changes that occur is valuable for the
research. The study will take under consideration the internal turmoil and conflicts that closely impact the countries in the region,
as well as any significant events in the international environment as structural changes and include them in the analysis.

The convergence hypothesis involves the variable yi, which is expressed with the time series:

yi =1Tog(Y}/Y,)

where y! represents the ratio of each country’s defense expenditure to its gross domestic product (GDP), with Y, showing the
group mean. The notion of convergence this research will employ is defined as beta convergence and will be studied using the
stationarity of the y! variable. If y! is found to be stationary, the presence of convergence will be implied. This study uses Bahmani-
Oskooee et al.’s (2014) Fourier panel unit root test, which is based on the Carrion-i-Silvestre et al. (CBL; 2005) stationarity test.
The CBL was introduced as panel unit root test with multiple structural breaks. The CBL test only takes into account structural
breaks, which allows for sudden changes. Unlike the CBL panel unit root test, Bahmani-Oskooee developed a new test that can
also include smooth shifts. Smooth shifts are included in the equation using Fourier terms and is represented as follows.

mi
i :a~+29~ DU; 1+ + sin 2mki + cos 2mki +u;
Yit i £ i1 i,1,t T Y1,k T Y2,k T i,t
where m; indicates the number of sharp breaks in the equation and DU denotes the dummy variable.

The dummy variable can be expressed as follows:

U =l ft>TB:
LT Oother

where TB}', shows the break dates. Each country is expressed with the index i.

While the dummy variables in the equation indicate sharp changes, trigonometric terms describe soft shifts. The k, t and T
expressions in Eq. 2 indicate frequency, time trend, and number of observations, respectively. According to the Pesaran (2004)
scaled Lagrange multiplier test and Pesaran (2004) cross-sectional dependency (CD) test, both of which function under the
assumption of homogeneity and heterogeneity, the null hypothesis, which expresses no cross-sectional dependence to exist, is
rejected at the 1%-, 5%-, and 10%-levels of significance. When considering the heterogeneous panel test results, the null hypothesis
is understood to be able to be rejected because the test statistic of 3.053 is greater than the 5% significance level of 1.053. As
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a result, some of the countries that make up the panel have been found to not converge with MENA countries’ average military
expenditures; in other words, the countries have unit roots. The reason why sharp break dates are commonly recorded between
1989-1992 relates to the Iraq War which took place between 1990-1991. The military expenditure graphs of the countries have
also revealed a big and rapid shift to have also occurred in the countries’ defense expenditures around the time of the Gulf War.
In conclusion, the sharp break dates that emerged during the Gulf War support this case. In the Bahmani-Oskooee et al. test,
the null hypothesis implies that the relevant unit is stationary. The alternative hypothesis implies that the relevant unit has a unit
root. The military expenditures of Bahrain, Jordan, Kuwait, Turkey, and Saudi Arabia were observed to converge with MENA
countries’ mean military expenditures at the 5% significance level. When examining MENA countries’ individual average military
expenditures, the military spending ratios of Bahrain, Jordan, Kuwait, Saudi Arabia, and Turkey were found to converge with the
panel average, which is in line with the security web theory. Furthermore, the observation of political and military events such as
the Gulf War and the Arab Spring at the sharp break dates demonstrates the advantages of the performed test.

As a result of investigating the convergence between the individual military expenditure averages for Israel and the USA,
Bahrain, Jordan, Kuwait, Saudi Arabia, and Turkey are seen to exhibit convergent behavior. The convergent behaviors of the Arab
countries, which behave in line with the Middle East policies of the USA, have been realized to occur in accordance with the
theoretical expectations. In addition, the convergence of Israel’s military spending in line with the objectives of Saudi Arabia and
Turkey to become regional superpowers is also viewed as a significant finding. Being a NATO country, Turkey has also been found
to converge with the military expenditure average of the USA, which is also in parallel with theoretical expectations.

Giris

Iktisadi ve jeopolitik diizlemde iilkelerin savunma harcamalari 6nemli bir yere sahip olmaktadir. Savunma harcamalarin etk-
ileyen faktorlerden bazilari; biitce kisitlar, iilkelerin stratejik pozisyonlari, siyasi ve ideolojik yapi, jeopolitik nedenler olarak
tanimlanabilir. Ulkeler savunma harcamalarina agirlik verdiginde bu durum kuskusuz olarak firsat maliyeti doguracaktir. De-
vletler kalkinma, biiylime gibi hedeflerine ulasabilmesi i¢in harcama yapacagi bir ¢cok alana yatirim yapmak yerine savunma
harcamalarina yatirrm yapmasi firsat maliyetinin boyutunu belirleyecektir. Savunma harcamalarina ayrilacak biit¢enin, iiretim
alanina kaydirilmasiyla iilkelerin biiylime ve kalkinmalarinin pozitif yonde etkilenebilecegi beklenebilir(Dune ve Tian, 2013;
Athanassiou vd, 2002). Bagka bir ifade ile askeri harcamalarin arttirilmasi neticesinde olusabilecek kaynak tahsisindeki bozuk-
luklar ekonomik biiyiimeyi negatif yonde etkileyebilir (Lim 1983; Faini 1984; Chan 1985 ve 1986;Maizaels ve Nissanke 1986;
Grobar ve Gnanaselvam 1993; Roux 1996; Pradhan 2001; Arunatilake vd, 2001; Ra ve Singh 2005; Ali 2011). iktisat literatiiriinde
tilkelerin savunma harcamalar1 ve diger harcamalar1 arasindaki iligkiyi basitlestirmek amaciyla silah ve tereyagi modeli gelistir-
ilmistir. Kamu biitgesi olusturulurken dikkate alinan savunma harcalamalar1 ve s6z gelimi tereyag iiretimi ele alinabilir. Bu iki
malin iiretimi i¢in olusturulacak kaynak tahsisi 6nem arz etmektedir. Kiiresel veya bolgesel dlgekte olusabilecek catisma donem-
lerinde devletlerin savunma harcamalarina daha fazla agirlik vermesi beklenebilir(Giirig vd. 2017; Yazgan vd. 2018; Yilanci vd.
2021; Karabiyik 2021). Bu cergevede, catigmali ve ulusal giivenligin yiiksek derecede 6nem arz ettigi bolgelerde iilkeler savunma
harcamalarim arttirma egiliminde olacaktir. Aralarinda Tiirkiye, Israil, Suudi Arabistan, ran gibi kiiresel capta en yiiksek askeri
harcamaya sahip 20 iilkeden 4’{iniin bulundugu Orta Dogu ve Kuzey Afrika bolgesinde savunma harcamalarinin Gayrisafi Yurtici
Hasilaya oranla ortalama %S5 seviyelerinde oldugu gozlemlenmektedir (“SIPRI Military Expenditure Database”, 2022). Orta Dogu
ve Kuzey Afrika iilkelerinde gozlemlenen yiiksek diizeydeki savunma harcamalari, iilke ekonomilerinin iizerindeki yiikii gozler
Oniine sermektedir.

Temel anlamda savunma harcamalarindaki talep, etki-tepki mekanizmasi ile agiklanabilmektedir(Dune ve Perlo-Freeman,
2003). Ornek olarak aralarinda sik sik askeri veya siyasi catisma yasayan iki iilke ele alinabilir. Catismali olan bu iki iilke,
askeri harcamalarini birbirine esitleme egiliminde olacag1 beklenebilir. Bu baglamda ¢ikabilecek olasi bir ¢atigsmaya karsi, tilkeler
savunma harcamalarini ve askeri gii¢lerini rakibinin gerisinde kalmayacak gsekilde konumlandirmaya calisacaktirlar. Richardson’in
silahlanma yaris1 olarak literatiire kazandirdigi bu teorem ii¢ olasi sonucu icermektedir; iki rakip iilkenin yogun bir sekilde
silahlanmaya devam etmesi, iki lilkenin de birlikte silahsizlanmasi veya iki iilkenin de denge noktasina gelesiye kadar silahlanmaya
devam etmesi olarak agiklanmaktadir(David Bigelow, “An Analysis of the Richarson Arms Race Model”, 2003). Fakat catigmali
tilkelerin giristigi silahlanma yaris1 aralarindaki tansiyonu yiikseltme ihtimali bulunmaktadir. Silahlanma yariginin denge noktasina
ulagamadan iilkeler arasinda savas ¢ikma olasig1 da bulunmaktadir(Gibler vd., 2005).

Smith, iilkelerin askeri harcamalarini etkileyen faktorleri belirlemeye calismistir (Smith, 1980). Temel olarak iilkelerin cari refah
seviyelerini siirdiirebilmeleri i¢in gelirlerinin belirli bir kismin1 askeri harcamalara ayirmalar gerekmektedir. Fakat buradaki temel
soru iilkelerin gelirlerinin ne diizeyde savunma harcamalarina ayirmasi gerektigidir. Bu da bolgesel veya kiiresel gii¢ aktorlerinin
savunma politikalarina bagli olmaktadir.

Orta Dogu ve Kuzey Afrika iilkelerinin yiiksek askeri harcama yapmalarinin ¢esitli nedenleri bulunmaktadir. Mezhepsel, siyasi
farkliliklar ve politik rekabetler nedeniyle olusan silahli catismalara ek olarak ter6rizm ve i¢ giivenlik sorunlari, bélgede bulunan
tilkelerin giivenlik endiselerini arttirmaktadir. (Salamey, 2015)
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Bu nedenle bolgedeki iilkelerin gelirlerinin 6nemli bir kismini askeri harcamalara tahsis etmesi dolayisiyla ODKA iilkelerinin
biitcelerinde onemli bir yiik olusturdugu gozlemlenmektedir. Ayrica, zengin dogal kaynaklara sahip olan ODKA iilkeleri i¢in
dogal kaynaklarini korumak dnemli bir unsurdur. Bu nedenle ilgili lilkeler savunma harcamalarini sahip olduklar1 dogal kaynaklar1
koruma giidiisiiyle gerceklestirmektedir (Ali ve Abdellatif, 2015). Ozellikle petrol ihracatcist olan iilkelerin rejimlerini devam
ettirebilmesi icin yiiksek askeri harcamalarda bulundugu gozlemlenmektedir. Gayrisafi Milli Hasilasinin biiyiik bir kismi dogal
kaynak gelirlerinden olugan iilkeler, gelirlerini korumak ve rejimlerinin devamini saglayabilmek i¢in askeri harcamalarin1 miimkiin
olan en yiiksek diizeyde tutmaktadirlar. ODKA iilkelerinin askeri harcama ortalamasina yakinsamasi ¢aligmanin birinci aragtirma
konusunu olusturmaktadir. Bolgesel veya kiiresel askeri ortakliklar iilkelerin siyasi ve ekonomik c¢ikarlarini koruyabilmesi icin
onemli unsurlardir. Askeri ortakliklar kuruldugu zaman iilkeler, bu ortaklik cercevesinde kendisine diisen gorev ve sorumluluklari
yerine getirmek ile birlikte askeri harcamalarini diizenlemektedir. Orta Dogu ve Kuzey Afrika iilkeleri i¢in bilinen en 6nemli siyasi
ve askeri aktdr Amerika Birlesik Devletleridir. Amerika Birlesik Devletlerinin Irak ve Suriye’deki askeri ¢atismalarin dogrudan
bir tarafi oldugu icin ilgili iilkenin askeri harcamalarinin ODKA iilkelerinin askeri harcamalari ile kiyaslanmasi gerekmektedir.
Ayrica Israil’in, Amerika’ nin 6nemli bir askeri ortagi ve ODKA bolgesinde bulunmasi nedeniyle kiyaslamaya Israil’in de katilmasi
gerektigi diisiiniilmiistiir. Bu nedenle ikinci arastirma sorusu, ODKA iilkelerinin savunma harcamalarinin Amerika ve Israil’in
savunma harcamalarina yakinsamasinin incelenmesi olarak belirlenmistir.

Silahlanma yarigina alternatif olabilecek bir diger model ise Rosh (1988) tarafindan literatiire kazandirilan giivenlik ag1 teo-
remidir. Bu teoreme gore birbiri ile komsu olan iilkelerin ve birbirlerine uzak veya yakin diger biitiin iilkelerin belirli bir giivenlik
gerekcesi ile olusturdugu bir yapi olarak tanimlanmaktadir. Giivenlik agini olusturan iilkelerin yeteri kadar gelismis askeri,
ekonomik, teknolojik altyapisinin bulunmamasi durumunda ilgili iilkelerin uzak yerlere askeri operasyon gerceklestirebilme
kapasitesi olmayacagi i¢in yakin komgular ile olan iligkileri daha fazla 6nem arz etmektedir (Rosh, 1988).

Bu calismada Orta Dogu ve Kuzey Afrika iilkeleri olarak 12 tane iilke incelemeye alinmistir. incelemeye alinan iilkeler ise;
Cezayir, Bahreyn, Mistr, fran, Tsrail, Urdiin, Kuveyt, Fas, Unman, Suudi Arabistan, Tunus ve Tiirkiye’dir. Giivenlik ag1 yaklagimi
ile incelemeye alinan iilkelerin askeri harcamalarinin yakinsama davraniglarinin incelenmesi planlanmaktadir. Giivenlik agina
dahil olan iilkelerin askeri harcama egilimlerinin agin icindeki diger iilkeler ile karsilagtirilmasinin yapilmasinin faydali olacagi
diisiiniilmektedir (Dune ve Perlo-Freeman, 2003). Bu calismada incelenen ODKA iilkelerinin savunma harcamalar1 icin yakin-
sama analizi kullanilacaktir. Giivenlik agina dahil olan iilkelerin savunma harcamalarinda dengesizliklerin meydana gelebilecegi
varsayilmakla birlikte aga dahil olan iilkelerin harcamalarinda diisiis, yiikselis veya paralellik olabilecegi ongoriilebilmektedir.
Ayrica ODKA iilkelerinin genel savunma harcamalariin ortalamasina her bir lilkenin bireysel savunma harcamasinin yakin-
samasi da aragtirma konusu olmaktadir. Bir diger ifade ile her bir iilkenin savunma harcamasinin ODKA ortalamasini yakalayip
yakalayamadi§1 arastirilacaktir. Ikinci bir adim olarak ilgili 11 iilkenin savunma harcamalarinin Israil devletinin savunma harcama
ortalamasina yakinsamasi incelenecektir. Israil ile yakinsamanin incelenme nedeni ise; Israil’in Amerika’nin 6nemli bir miittefiki
ve bolgede onemli bir aktér olmasindan kaynaklanmaktadir. Uciincii adim olarak 12 iilkenin savunma harcamasmin Amerika
Birlesik Devletlerinin savunma harcamasina yakinsamasi arastirilacaktir. Amerika Birlesik Devletleri kiiresel siiper gii¢ olarak
bolgedeki birgok askeri faaliyeti yiiriitmesi ve birgok ODKA iilkesinin miittefiki olarak goriilmesi sebebiyle karsilastirmaya dahil
edilmistir. Ayrica meydana gelen yapisal degisimlerin de ele alinmasi calisma icin 6nem arz etmektedir. Ulkelerde yasanan ic
karigikliklar, bolgedeki iilkeleri yakindan ilgilendirecek savaglar, uluslararas: ortamda meydana gelen stratejik olaylar yapisal
degisme olarak ele alinacak olup yapilan analize dahil edilecektir.

Bu caligmadaki ekonometrik analizlerin gerceklestirilebilmesi i¢in yakinsama analizi kullanilacaktir. Yakinsama hipotezine
gore gelismekte olan veya az gelismis iilkelerin marjinal verimliligi gelismis lilkelere gore daha yiiksek olmaktadir. Bu nedenle
az gelismis veya gelismekte olan iilkeler, yiiksek marjinal verimlilik oraniyla gelismis iilkeleri yakalayabilme potansiyeline
sahiptir(Cohen, 1996). Beta yakinsamas1 diisiik gelirli iilkelerin yiiksek gelirli iilkelerin biiyiime hizina kiyasla daha iyi performans
gostermesi sonucunda diiglik gelirli iilkelerin yliksek gelirli iilkelerin gelir seviyelerini yakalamasi olarak tanimlanabilmektedir.
Beta yakinsamasi temel olarak X’in logaritmasinin herhangi bir baslangi¢ kosulundan duragan duruma yakinsama hizi olarak
diisiiniilebilir ( Lee vd. 1996).

Yakinsama hipotezi zaman serisi yontemi ile kurgulandig1 zaman y! = log (Y} /Y,) olarak alman esitlikte Y! olarak ifade edilen
degisken, her bir iilkenin savunma harcamalarimin Gayrisafi Yurti¢i Hasilasi’na oranimi gostermekte iken Y, ise panele dahil
olan biitiin iilkelerin savunma harcamalarint GSMH’ya oraninin ortalamasini ifade etmektedir. Bu ¢aligmada kullanilacak olan
yakinsama kavrami beta yakinsamast olarak tanimlanmakta olup y! degiskeninin durafanligi ile arastirilacaktr. Eger y! degiskeni
duragan olarak bulunursa yakinsamanin varlig1 kabul edilecektir (Yilanci vd., 2020).

Literatiir

Askeri harcamalar temel olarak, devletlerin biit¢elerinden belirli bir pay ayirarak gerceklestirdikleri harcamalar olarak nite-
lendirilebilir. Dolayisiyla askeri harcamalarin iilke ekonomilerine etkileri ilk aragtirma sorusu olarak literatiirde ortaya ¢cikmustir.
Bu baglamda askeri harcamalarin ekonomik biiylime arasindaki iligskinin incelenmesi ile birlikte baglayan literatiir, kiireselles-
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menin hiz kazanmasiyla iilkelerin askeri harcamalarinin yakinsama davraniglarinin incelenmesi yoniine dogru evrilmesiyle yeni
bir alan kazanmistir. Arvantidis vd. (2014) ilk olarak iilkelerin askeri harcamalarinin yakinsama hipotezi ile incelemistir. Daha
sonra askeri harcama yakinsamasiyla ilgili yeni bir literatiir gelismistir. Bu cercevede iilkelerin gerceklestirdigi askeri harcamalarin
yakinsama davraniglar1 incelenmeye baglanmistir. Ulkelerin askeri harcama yakinsamalari; iilkelerin icinde bulundugu cografyaya,
komsularina, kiiresel veya bolgesel siiper giic konumunda olan iilkelere gore karsilagtirilmaktadir. Ayrica literatiirde son yillarda,
tilkelerin tiyesi oldugu askeri, ekonomik veya siyasi isbirligi orgiitleri gibi kuruluslarin ortalamasi baz alinarak yapilan calis-
malarla siklikla karsilagilmaktadir (Giirig vd. 2017; Yazgan vd. 2018; Yilanci vd. 2021; Karabiyik 2021). Bu cergevede literatiir
taramasinda, yakinsama analizlerinin yapildig1 ¢calismalar agirlikli olarak ele alinmustir.

Lau vd. (2015) calismalarinda dogrusal olmayan yatay kesit bagimli genisletilmig Dickey-Fuller (NCADF) testini kullanmiglardir.
37 iilke ve 1988-2012 zaman aralig1 icin gergeklestirilen test sonucuna gore ele alinan iilkelerin %353’ {iniin diinya askeri harcama
ortalamasina, %39’unun Almanya’ya, %33’iiniin Cin’e, %22’sinin Amerika Birlesik Devletlerine, %11’inin Rusya’ya yakinsadig1
tespit edilmistir. Bu ¢caligsmada ilgi ¢ekici bir tespit olarak Amerika’nin savunma harcamalarinin Diinya ortalamasina yakinsamamasi
olarak bulunmustur.

Ugler ve Bulut (2021) 27 Nato iilkesini 1993-2018 yillar1 arasimi ele alacak sekilde stokastik yakinsama analizi ile incelemislerdir.
Yapisal kirilmalarin dikkate alinmadigi ADF birim kok testi ile tek bir yapisal kirilmay1 dikkate alan Zivot Andrews kok testi, iki
kirilmali Narayan Pop birim kok testi ve fourier fonksiyonlarini ele alan Enders Lee birim kok testi kullanilarak gerceklestirilen
birim kok testleri sonucunda yakinsamanin varli§ina dair zayif kanitlara ulagilmigtir.

Solarin (2018) caligmasinda 82 iilkenin 1989-2012 yillar1 arasinda kiiresellesmenin askeri harcamalar {izerindeki etkisini
dinamik panel veri analiziyle incelemistir. Analiz sonuglarina gore kiiresellesmenin hem reel olarak hem de biitce iizerindeki pay
olarak askeri harcamalari diisiirdiigiinii tespit etmistir.

Arvantidis vd. (2014) calismalarinda toplam 128 iilkenin savunma harcamalarini 1988-2008 yillar1 arasinda sigma ve beta
yakinsamasi yontemleriyle incelemislerdir. Aragtirma bulgularina gore yakinsamanin diinya capinda gecerli olduguna, ayrica
gelismekte olan iilkelerin diger iilkelere gore daha hizli yakinsadig1 sonucuna ulagilmustir.

Ashrafi vd. (2019) ¢alismalarinda toplam 13 Ortadogu ve Kuzey Afrika (ODKA) iilkesini ele alarak 1988-2017 yillar1 arasinda
Dogrusal Olmayan Yatay Kesit Bagimli Arttirilmig Dickey Fuller (NCADF) Birim Kok testi uygulamiglardir. Arastirma bulgu-
lar1; bes iilkenin bolge ortalamasina yakisadigi, dort iilkenin Israil’e yakinsadig, iki iilkenin iran’a, iki iilkenin de Tiirkiye’ye
yakinsadigi tespit edilmistir.

Saba (2020) caligmasinda toplam 34 Afrika tilkesini 1995-2015 yillar1 arasinda Phillips ve Sul yontemini kullanarak incelemigtir.
Aragtirma sonucunda Afrika iilkeleri arasinda herhangi bir yakinsama iligkisi bulunamamaigtir.

Shahbaz vd. (2018) ¢alismalarinda 104 iilkeyi 1988-2012 yillar1 arasinda incelemislerdir. Yatay kesit bagimliligina ve birimler
aras1 korelasyona izin veren panel birim kok testlerinin kullanildig1 bu calismada kalic1 veya gegici soklarin askeri harcamalar
lizerindeki etkisi aragtirilmigtir. Calisma sonuglarina gore i¢ ve dis soklar paneli olusturan iilkelerin askeri harcamalari iizerinde
gecici bir etkiye sahip oldugu bir diger deyisle kullanilan panel birim kok testleri sonucunda panelin duragan oldugu sonucuna
ulagilmustir.

Giliris vd. (2017) 1953-2014 yillar1 arasinda NATO iilkelerinin askeri harcamalarinin yakinsamasini dogrusal ve dogrusal
olmayan birim kok testleri ile incelemislerdir. Arastirma sonucuna gére Almanya, Yunanistan, Portekiz, Ingiltere ve Liiksemburg’un
NATO ortalamasina yakinsadig1 fakat diger iilkelerin yakinsama davranisi gostermedigi tespit edilmistir.

Konat (2021) calismasinda 1960-2019 yillar arasinda Tiirkiye’nin askeri harcamalarinin ABD’nin askeri harcamalarina yakin-
say1p yakinsamadigini incelemistir. Fourier birim kok testi kullanilarak analizi gerceklestirilen calismanin sonucuna goére yakin-
sama tespit edilememistir.

Demircioglu Karabiyik (2021) caligmasinda 1993-2019 yillari arasinda Ortadogu ve Kuzey Afrika (ODKA) iilkelerinin savunma
harcamalarinin yakinsamasini incelemistir. Panel birim kok testleri kullanilarak yapilan analizin sonucunda beta tipi yakinsama
tespit edilmistir. Fas, Tunus, Urdiin, Tiirkiye % 10 anlam diizeyinde, Bahreyn, Kuveyt ve Liibnan %35 anlam diizeyinde, Suudi
Arabistan ise %1 anlam diizeyinde grup ortalamasina yakinsadigi tespit edilmistir.

Demircioglu Karabiyik (2021) caligmasinda 1993-2019 yillari arasinda Ortadogu ve Kuzey Afrika (ODKA) iilkelerinin savunma
harcamalarinin yakinsamasini incelemistir. Panel birim kok testleri kullanilarak yapilan analizin sonucunda beta tipi yakinsama
tespit edilmistir. Fas, Tunus, Urdiin, Tiirkiye % 10 anlam diizeyinde, Bahreyn, Kuveyt ve Liibnan %5 anlam diizeyinde, Suudi
Arabistan ise %1 anlam diizeyinde grup ortalamasina yakinsadigi tespit edilmistir.

Yazgan vd. (2018) caligsmalarinda se¢ilmis 14 NATO iilkesi i¢in 1960-2014 yillar1 arasinda yakinsama analizi gerceklestir-
miglerdir. Dogrusal olmayan birim kok analizlerinin kullanildig1 ¢caligma sonuglarina gore incelenen iilkelerin ABD’nin savunma
harcamalarina yakinsama davranigi gosterdigi tespit edilmistir.
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Yilanci vd. (2020) ¢alismalarinda 1977-2017 yillari arasinda 12 ODKA iilkesini ele alarak gerceklestirdikleri calismada Cezayir,
Mistr, Israil, Urdiin, Fas ve Suudi Arabistan’in grup ortalamasina yakinsadigi, Kuveyt, Fas, Umman, Suudi Arabistan, Tunus
ve Tiirkiye'nin Israil’e yakinsadigi, Urdiin, Kuveyt, Fas, Umman ve Tunus’un ABD savunma harcamalarina yakinsadig1 tespit
edilmigtir.

Yontem

Bu calismada Bahmani-Oskooee vd. (2014) tarafindan literatiire kazandirilan panel birim kok testi kullanilacaktir. Bahmani-
Oskooee testi temel olarak Carrion-i-Silvestre vd. (2005) testinin genisletilmig versiyonu olarak diigiiniilebilir. Carrion-i-Silvestre
testi (kisaltma olarak CBL) yapisal kirilmali panel birim kok testi olarak gelistirilmistir. CBL testi sadece ani degisimlere izin
verecek sekilde yapisal kirilmalart dikkate almaktadir. Ayrica CBL panel birim kok testi dnceden bilinmeyen coklu yapisal
kirilmalara izin vermektedir. Bahmani-Oskooee, CBL panel birim kok testinden farkli olarak yumusak kirtlmalar1 da igerebilen
yeni bir test gelistirmiglerdir. Yumusak kirilmalar Fourier terimleri ile denkleme dahil edilerek asagidaki gibi ifade edilmistir.

- 2rkt
Yie = @i+ Z 0i1DUi 1 + 71,ksin(
=1

2rkt
)+yz,kcos( il )+ui,t (1)

1 numarali denklemde ifade edilen m; ; denklemde meydana gelen ani kirilmalarin sayisin1 gostermekte iken DU ise kukla
degiskeni tantmlamaktadir. Kukla degisken tanimlamasi asagidaki gibi ifade edilebilir.

1egert>TB:
DU, = )
0 diger durumlarda

[13£2]
1

Burada TB;'; kirilma tarih(ler)’ini gostermektedir. Her bir iilke indisi ile ifade edilmistir.

Denklemdeki kukla degiskenler ani, bir diger ifade ile keskin degisimleri gosterirken trigonometrik terimler ise yumusak
degisimleri tanimlamaktadir. k, t ve T ifadeleri sirastyla frekans, zaman trendi ve gozlem sayisini belirtmektedir. Serinin duragan
oldugunu gosteren temel hipotez ile serinin birim koklii oldugunu ifade eden alternatif hipotezin test istatistigi asagidaki gibi

gosterilmektedir.

0.5
S0 LM; = Niip @

OLM

2 numarali denklemde ifade edilen f; 5, ve o sirasiyla LM nin ortalama ve standart sapmasini ifade etmektedir. LM bir test
istatistigini ifade ettigi gibi panelde ele alinan her bir birim (i) i¢in asagidaki gibi hesaplanabilir:

T
LM =&Y 8

t=1

Burada & ve $;; hata terimlerinin kismi toplamini ifade etmektedir. Ayrica uzun dénem varyansin HAC tahmincisi de yukaridaki
denklemde ifade edilmistir.

Bahmani-Oskooee testinde iki numarali denklemde ifade edilen panel test istatistigi iki adimda hesaplanmaktadir. Ik adimda
ani kirilma (m) ve frekans (k) degerleri Bai ve Perron (1998) yontemine gore hesaplanmaktadir. Oncelikle frekans degerinin
bulunabilmesi i¢in k yerine olasi frekans degerleri yazilarak 1 numarali denklem tahmin edilir. Burada en uygun frekans degeri, en
kiiciik Kalint1 Kareler Toplam1 (KKT) veren deger secilmektedir. Segilen uygun frekans degeri “k*” olarak denklem 1’de yerine
koyulup ilgili denklem tekrar tahmin edilmeye baglanir. En uygun frekans degerinin yerine koyulmasiyla birlikte yapisal kirilma
tarihleri ve say1s1 KKT minimum yapan m degeri belirlenmektedir. Uygun k ve m degerleri belirlendikten sonra ikinci adim olarak
fourier terimlerinin anlamliligini sinayan F istatistigi asagidaki gibi hesaplanmaktadir:

(KKTklsllll - KKTlelt]l(k*)) /2)

F(k*) = KKTklsltll(k*)/(T N q)

3
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3 numarali esitlikte K K T,gs17; fourier terimlerinin dahil oldugu denklemin Kalint1 Kareler Toplamini ifade etmektedir. K K Tigyni;
fourier terimlerinin dahil edilmedigi denklemin Kalint1 Kareler Toplamini gostermektedir.

Veri ve Ampirik Bulgular

Veri seti Stokholm Uluslararasi Barig Arastirma Enstitiisii (Stockholm International Peace Research Institute) tarafindan yayin-
lanan verilerden elde edilmigtir. Ulkelerin savunma harcamalarinin kendi gelirlerine oranla normalize edilmesi gerektigi igin
tilkelerin savunma harcamalar1 Gayrisafi Milli Hasila’larina oranlanmustir. Veri seti icin kullanilacak olan degisken Savu%mma%n
olarak elde edilmistir. ODKA iilkeleri olarak 12 adet iilke ( Cezayir, Bahreyn, Misir, Iran, Israil, Kuveyt, Fas, Umman, Suudi
Arabistan, Tunus ve Tiirkiye) ele alinmugtir. Ulkelerin savunma harcama verileri s6z konusu oldugunda veriye ulasmada yasanilan
zorluklar sebebi nedeniyle veri seti 1977 yilina kadar geri ¢ekilebilmistir. Ayrica veri seti i¢indeki bazi iilkelerin verileri SIPRI
tahmini olmakla birlikte bazi iilkelerin verileri de yliksek oranda belirsiz oldugu belirtilmistir. Ayrica 1986 yilinda eksik olan
Suudi Arabistan’in verisi i¢in Catmul-Rom Spline interpolasyon yontemi ile tahmin edilerek ilgili yildaki eksiklik giderilmistir.

Tablo 1. Tamimlayici Istatistikler

ULKELER ABD BAHREYN  CEZAYIR FAS IRAN ISRAIL KUVEYT
Ortalama 0.045 0.0465 0.0334 0.041 0.0380 0.1017 0.1021
Medyan 0.042 0.0463 0.0309 0.039 0.0275 0.0659 0.0597
Maksimum 0.068 0.0853 0.0666 0.066 0.1111 0.2308 1.1734
Minimum 0.031 0.0207 0.0121 0.024 0.0170 0.0511 0.03
Standart 0.011 0.0115 0.0151 0.010 0.0232 0.0555 0.1806
Sapma
Carpiklik 0.541 0.5729 0.6795 0.971 1.5351 0.9011 5.0324
Basiklik 2.12 4.5848 2.4076 3291 45123 2.4058 29.279
Jarque-Bera | 3.644 7.1712%% 4121023 7.234%%  21.9628%*%* 67519 ** 1484.799 *+*
ULKELER KUVEYT  MISIR SUUDI TUNUS TURKIYE UMMAN URDUN
ARABISTAN
Ortalama 0.1021 0.0385 0.1160 0.0199 0.0314 0.1137 0.0701
Medyan 0.0597 0.0297 0.1068 0.0183 0.0333 0.1093 0.0618
Maksimum 1.1734 0.1311 0.1900 0.0417 0.0471 0.2095 0.1253
Minimum 0.03 0.0118 0.0659 0.0126 0.0181 0.0569 0.0424
Standart 0.1806 0.0269 0.0340 0.0061 0.0083 0.0352 0.0243
Sapma
Carpiklik 5.0324 1.4493 0.5175 1.5347 -0.1403 0.7442 0.7236
Basiklik 29.279 4.6658 2.0790 5.8574 1.6468 2.8995 22578
Jarque-Bera | 1484.79%%%  2(.95%* 3.59 32.97%** 3,58 4.17 4.95%

Not: *** *** girastyla %10, %5 ve %1 seviyelerinde test istatistiginin istatistiksel olarak anlamli oldugunu ifade etmektedir.

Tablo 1 ile tammlayici istatistikler ifade edilmistir. ABD ile Israil’in ortalamasi sirasiyla yaklasik %3 ve %10 olarak goriilmek-
tedir. Bahreyn yaklasik %4,7 ile ABD ortalamasina en yakin ortalamaya sahip iilke olarak gézlemlenmektedir. Fas, Misr, Iran,
Cezayir, Tiirkiye yaklasik 9%3.5 ortalama ile Bahreyn’i takip etmektedir. Asir1 degerler gézlemlenen veri setlerinde medyan deger-
leri daha dogru bilgi vermektedir. Fakat veri setlerinde asir1 degerler bulunmadigi i¢in ortalama ve medyan degerlerinin birbirine
yakin oldugu gozlemlenmektedir. Veri setlerinde maksimum gozlem degerine sahip olan iilke Kuveyt olmakla birlikte minimum
gozlem degerine sahip iilke ise Misir’dir. Standart sapmanin en fazla ve en diisiik olan iilkeler sirastyla Kuveyt ve Tunus olarak
gozlemlenmistir. Ulke veri setlerinin normalligi incelendiginde ise; Amerika Birlesik Devletleri, Cezayir, Suudi Arabistan, Tiirkiye
ve Umman’im verilerinin normal dagildig1 tespit edilebilmektedir. Buna karsilik Bahreyn, Fas, Israil, %5 anlamlilik diizeyinde
normal dagilmadig1 gézlemlenmistir. iran, Kuveyt, Misir, Tunus da %1 anlamhlik diizeyinde normal dagilmadig: bulunmustur.
Urdiin ise %10 anlamlilik diizeyinde normal dagilmamaktadur.

Sekil 1 incelendiginde asir1 degerle goze carpan Kuveyt’in 1991 yilindaki savunma harcamasi olmustur. Korfez savaginin
yasandig1 yillarda Kuveyt’in milli gelirinin neredeyse tamamindan fazlasini savunma harcamalarina ayirdigi gézlemlenmektedir.
Israil’in de korfez savasi patlak verdigi zaman savunma harcamalar yiikiiniin artt1g1 ilk géze ¢arpanlar arasina girmektedir. Kardak
krizinin yasandig1 1995-1996 yillarinda Tiirkiye’nin askeri harcama yiikiiniin %4 gibi bir oranla nispeten yiiksek diizeyde oldugu,
1998’den sonra giiniimiize kadar %3 ve %2 dolaylarinda seyrettigi gozlemlenmistir.
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Sekil 1. Ulkelerin Savunma Harcama/GSMH Grafikleri

Yakinsama hipotezinin test edilmesi i¢in Lau vd. (2016) Onerisi izlenerek y;; = In(x;,/X;) esitlifinin duraganlig1 arastirila-
caktir. Burada x; ; olarak ifade edilen degisken; i’inci iilkenin savunma harcamalarinin kendi Gayrisafi Milli Hasilasi’na oranini
gostermektedir. X; olarak ifade edilen degisken ise ele alinan 12 Orta Dogu ve Kuzey Afrika iilkesinin savunma harcama ortala-
masint gostermektedir. Burada savunma harcamalariin ve milli gelire orani kullanilarak yukarida ifade edilen esitligin duraganligi
aragtirilacaktir. Boylece iilkelerde veya bolgede meydana gelen catisma donemlerinde olusan yapisal kirilmalarin veya degisimlerin
yakalanmasi hedeflenmektedir. Bu calismada ilk olarak bolge i¢inde ele alinan iilkelerin savunma harcama oranlarinin ortalamasina
gore yakinsama analizi gerceklestirilecektir. Daha sonra Israil’in savunma harcama oraninin ortalamasi baz alinarak yakinsama
analizi uygulanacaktir. Amerika Birlesik Devletleri’nin savunma harcama oraninin ortalamasi baz alinarak yakinsama analizi
yapildiktan sonra uygulama tamamlanacaktir.

Yatay kesit bagimlili8in test sonuglariin gosterildigi tablo 2’ye bakildiginda homojenlik varsayimu ile ¢alisan Baltagi, Feng ve
Kao(2012) testine gore yatay kesit bagimliliginin bulunmadigini ifade eden temel hipotez %1, %35 ve %10 anlamlilik diizeylerinde
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Tablo 2. Yatay Kesit Bagimlilik Testleri Sonuglart

Test ismi Test Istatistigi Olasilik Degeri
Breusch-Pagan (1980) LM 1070.111%** 0.0000

Testi

Pesaran(2004) Scaled LM 87.39665%** 0.0000

Baltagi, Feng ve Kao(2012) 87.26029%** 0.0000
Bias-Corrected Scaled Lm

Pesaran 2004 CD Testi 19.20114*** 0.0000

Not: *** %] anlamlilik seviyesinde test istatistiginin istatistiksel olarak anlamli oldugunu ifade etmektedir.

reddedilmektedir. Hem homojenlik hem de heterojenlik varsayimi altinda calisan Pesaran(2004) Scaled LM, Pesaran 2004 CD
Testlerine gore yatay kesit bagimliliginin bulunmadigini ifade eden temel hipotez %1, %5 ve %10 anlamlilik diizeylerinde
reddedilmektedir.

Uygulanacak olan Bahmani-Oskooee testi hem yatay kesit bagimliligin1 hem de heterojenligi dikkate almaktadir. Bu dogrultuda
heterojenligi dikkate alan ve yatay kesit bagimliligini arastiran testlerin sonucuna gore hareket edilebilir. Tablo 2’de de ifade edildigi
gibi heterojenlik varsayimi altinda ¢alisan testler, yatay kesit bagimliligini ifade eden alternatif hipotezlerini reddedememistir. Tablo
3°de Orta Dogu ve Kuzey Afrika Ulkeleri’nin ortalamasina kosullu yakinsamast igin uygulanan Bahmani-Oskooee testi sonuglari
verilmektedir. Carrion-i-Silvestre ve Fourier F istatistikleri bootstrap yontemi ile 10.000 tekrar sonucunda elde edilmistir. Ho-
mojen panel test sonucuna gore temel hipotez; paneli olusturan iilkelerin tamaminin ODKA ortalamasina yakinsadigini (duragan
oldugunu) ifade etmektedir. Alternatif hipotez ise paneli olusturan iilkelerin tamamimin ODKA ortalamasina yakinsamadigini
(birim koklii oldugunu) gostermektedir. Heterojen test sonucuna gore ise temel hipotez; paneli olusturan iilkelerin tamaminin
ODKA ortalamasina yakinsadigini (duragan oldugunu) gosterirken. Alternatif hipotez ise paneli olusturan bazi iilkelerin ODKA
ortalamasina yakinsamadigini (birim koklii oldugunu) ifade etmektedir. Heterojen panel test sonucuna bakildiginda 3.053 olan
test istatistiginin 1.053 olan %35 anlamlilik diizeyinden biiyiik olmasi nedeni ile temel hipotezin reddedilebilecegi anlagilmaktadir.
Sonug olarak paneli olugturan iilkelerin bazilarinin ODKA ortalamasina yakinsamadig1 bir diger ifade ile birim koklii oldugu tespit
edilmigtir. Ani kirilma tarihlerinin 1989-1992 yillar arasinda siklikla goriilmesinin nedeni ise 1990-1991 yillar1 arasinda gercek-
lesen 1. Korfez savasini isaret etmektedir. Korfez savasinin yagandigi yillara yakin tarihlerde iilkelerin savunma harcamalarinda
biiyiik ve ani bir degisimin oldugu iilkelerin savunma harcama grafiklerinden de tespit edilmistir. Uygulanan test sonucunda
da Korfez savagi yillari arasinda ortaya c¢ikan ani kirilma tarihleri bu durumu destekler niteliktedir. Bahmani-Oskooee testinde
temel hipotez ilgili birimin duragan oldugunu ifade etmektedir. Alternatif hipotez ise ilgili birimin birim koklii oldugunu ifade
etmektedir. Bahreyn, Urdiin, Kuveyt, Tiirkiye ve Suudi Arabistan’in %35 anlamlilik seviyesinde ODKA ortalamasina yakinsadigi
goriilmektedir. Yumusak gecislerin anlamliligini sinayan F istatistiklerine bakildiginda ise fourier fonksiyonlar1 neredeyse biitiin
tilkelerde %S5 diizeyinde istatistiksel olarak anlamli bulunmusgtur.

Tablo 3°’de ODKA ortalamasina gore gerceklestirilen analiz tablo 4°de Israil ortalamasina gore uygulanmistir. Bélgede ABD’nin
en 6nemli askeri ve siyasi ortag1 olmasi sebebiyle Israil’in savunma harcamalarinin analizinin yapilmasi bolge dinamiklerinin
anlagilmasi agisindan 6nem arz etmektedir.
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Tablo 3. ODKA Ortalamasina gore Kosullu 8 Yakinsama Sonuglart

Kritik  Degerler Kritik  Degerler

Ulkeler

Cezayir | 0.1539  0.0587  0.0728 0.1048 1980 3 24.66 2.59 3.44 5.49
1991
2008
2014

Bahreyn
Misir | 0.1899  0.0484  0.0579 0.0769 1983 3 18.97 2.48 3.27 5.46
1987
1997
2011
2016

Iran
Israil

Urdiin

Kuveyt 29.678 2344 3.053 5.055

Fas

Umman

Suudi
Arabistan
Tunus | 0.1005  0.0353  0.0411 0.0532 1980 5 6.76 2.44 3.24 5.19
1984
1991
2000
2013
Tiirkiye
Homojen | 0.2934  -0.621  -0.199 0.831
Panel
Test
Sonucu

Heterojen
Panel Test

Sonucu




Belliler, S., ODKA Ulkelerinin Savunma Harcama Yakinsamast: Cok Kirilmali Fourier Panel Birim Kok Testinden Kanitlar

Tablo 4. israil Savunma Harcama Ortalamasina gore Kosullu 8 Yakinsama Sonuglari

Kritik  Degerler Kritik Degerler
Ulkeler | Test 90% 95% 99% Ani Uygun Fist. 90% 95% 99%
Ist. Kirilma  Frekans
Tarihleri Uzunlugu
Cezayir | 0.1539 0.0589 0.0726 0.1090 1980 3 24.66 2.62  3.50 5.76
2008
2014
Bahreyn | 0.1640 0.1721 0.2246  0.3446 1999 4 474 247 320 5.12
Misir | 0.1899 0.0488 0.0586 0.0795 1983 3 18.97 2.56  3.40 5.28
1987
1997
2011
2016
fran | 0.3153 0.1387 0.1816  0.2650 1989 1 7.71 238  3.18 5.12
Urdiin | 0.0421 0.0523 0.0618 0.0823 1985 4 2631 246 321 5.36
1994
2010
Kuveyt | 0.0593 0.1169 0.1478 0.2193 1989 1 29.67 236 3.12 4.83
1993
Fas | 0.3331 0.0805 0.1015 0.1493 1982 5 885 244 324 5.23
1997
Umman | 0.6537 0.0487 0.0570  0.0752 1988 2 277 256  3.39 5.50
1995
2007
2011
2016
Suudi | 0.1300 0.1092 0.1402 0.2115 1994 3 1891 242 322 5.20
Arabistan
Tunus | 0.1005 0.0359 0.0417  0.0545 1980 5 6.76 242 328 5.47
1984
1991
2000
2013
Tiirkiye | 0.0822 0.1742 0.2318 0.3718 2003 2 512 246 324 5.14
Homojenlik | 0.5977 -0.272 0.156 1.104
Test Sonucu
" Heterojenlik | 345  0.859  1.409  2.551
Test Sonucu

Israil savunma harcama ortalamasina gore kosullu beta yakinsama sonuglari tablo 4°de verilmistir. Homojenlik test sonucunda
3.45 olarak bulunan deger %5 anlam diizeyindeki 1.409 kritik degerinden biiyiik oldugu gézlemlenmistir. Bu nedenle ODKA
ortalamasina benzer olarak bazi iilkelerin Israil ortalamasina yakinsamadigim ifade eden alternatif hipotez reddedilememistir.
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Bahreyn, Urdiin, Kuveyt, Suudi Arabistan, Tiirkiye’nin %5 onem diizeyinde duragan oldugu, bir bagka ifade ile Israil’in savunma
harcama oranlarina yakinsadigi tespit edilmistir. Uygulanan test genel olarak degerlendirildiginde ani kirilma tarihlerinin 1. Korfez
savagini igaret ettigi tespit edilmistir. Ayrica 2010 yilinda baslayan Arap Bahari’nin iilkelerin savunma harcamalarina etkisi ani
kirilma tarihlerinin 2010 y1l1 ve etrafinda ortaya ¢ikmasiyla gdzlemlenmistir.

Tablo 5. ABD Savunma Harcama Ortalamasina gore Kosullu 8 Yakinsama Sonuglari

Kritik  Degerler Kritik Degerler
Ulkeler | Test 90% 95% 99% Ani Uygun Fist. 90% 95% 99%
Ist. Kirilma  Frekans
Tarihleri Uzunlugu
Cezayir | 0.1539 0.0589 0.0726 0.1090 1980 3 24.66 262  3.50 5.76
2008
2014
Bahreyn | 0.1640 0.1721 0.2246  0.3446 1999 4 474 247 320 5.12
Misir | 0.1899 0.0488 0.0586 0.0795 1983 3 18.97 256  3.40 5.28
1987
1997
2011
2016
Iran | 0.3153 0.1387 0.1816  0.2650 1989 1 771 238 3.8 5.12
Urdiin | 0.0421 0.0523 0.0618 0.0823 1985 4 2631 246 321 5.36
1994
2010
Kuveyt | 0.0593 0.1169 0.1478  0.2193 1989 1 29.67 236  3.12 4.83
1993
Fas | 0.3331 0.0805 0.1015 0.1493 1982 5 885 244 324 5.23
1997
Umman | 0.6537 0.0487 0.0570  0.0752 1988 2 2.77 256  3.39 5.50
1995
2007
2011
2016
Suudi | 0.1300 0.1092 0.1402 0.2115 1994 3 1891 242 322 5.20
Arabistan
Tunus | 0.1005 0.0359 0.0417  0.0545 1980 5 6.76 242 328 5.47
1984
1991
2000
2013
Tiirkiye | 0.0822 0.1742 0.2318 0.3718 2003 2 512 246 324 5.14
Homojenlik | 0.5977 -0.272 0.156 1.104
Test Sonucu
" Heterojenlik | 345  0.859  1.409 2.551
Test Sonucu
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ABD savunma harcamalarina gore yakinsama sonuglaria bakildigi zaman ise sonucun Israil ile benzer oldugu tespit edilmistir.
Homojenlik test sonucuna gore bazi iilkelerin savunma harcama oranlarinin ABD savunma harcama ortalamasina yakinsamadigi
bulunmugtur. Bir diger ifade ile bazi iilkelerin savunma harcama oranlarinin birim koklii oldugunu ifade eden alternatif hipotez
reddedilememektedir. Ulke bazinda birim kok testi sonuglari incelendigi zaman ise Amerika’ya miittefik konumda olan Bahreyn,
Urdiin, Kuveyt, Suudi Arabistan, Tiirkiye’nin savunma harcama oranlariin ABD savunma harcamalarina yakinsadig1 bir bagka
ifade ile ilgili iilkelerin savunma harcama oranlarinin duragan oldugu tespit edilmistir. Ayrica fourier terimlerinin anlamhiligini
smayan F istatistiklerinin ise Umman %10 6nem seviyesinde olmak {izere diger biitiin {ilkelerin %5 6nem seviyesinde istatistiksel
olarak anlamli oldugu tespit edilmistir. Amerika ile miittefiklik iligkisi icerisinde olan Arap iilkelerinin savunma harcamalarinin
Amerika’ya yakinsamasi beklenen bir durumdur. Ozellikle Amerika'nin Orta Dogu politikasina pararel cizgi icinde olan ve
Amerika’dan yogun bir sekilde silah ve askeri techizat satin alimi yapan Suudi Arabistan’in savunma harcama oranlariin
Amerika’ya yakinsamasi iktisadi beklentilere uyumlu ¢cikmugtir.

Sonu¢

Bu calismada dogrusal olmayan bir yaklasim takip edilerek Orta Dogu ve Kuzey Afrika iilkelerinin savunma harcamalarinin
Gayrisafi Milli Hasilalarina orani alinarak kendi ortalamalarina, israil’e, ABD savunma harcama oranlarina gére yakinsama
davraniglar1 birim kok analiziyle incelenmistir. Ani kirilmalarin ve yumusak gegislerin birlikte dikkate alan, yatay kesik bagim-
liligina ve birimler arasi heterojenligi dikkate almasiyla diger birim kok testlerine kiyasla 6nemli avantajlara sahip olan Bahmani-
Oskooee birim kok testi kullanilmustir.

Stockholm Uluslararasi Barig Arastirmalari Enstitiisii’niin (SIPRI) yayinladig1 veriler kullanilarak 1977-2021 yillar1 arasindaki
12 ODKA iilkesinin savunma harcama oranlarinin analiz edildigi bu calisma yeni veri setinin kullanilmas1 nedeniyle 6zgiin deger
tagimaktadir.

F testi sonuglarinin incelenmesiyle biitiin iilkelerin fourier terimlerinin istatistiki olarak anlamli oldugu tespit edilmigtir. Bu
netice ile fourier terimlerini modele dahil eden bir panel birim kok testinin uygulanma gerekliligi yerine getirilmistir.

ODKA iilkelerinin ortalamalari ele alindiginda giivenlik ag1 teoremine uygun olarak Bahreyn, Urdiin, Kuveyt ve Suudi Arabistan
ve Tiirkiye’nin savunma harcama oranlarinin panel ortalamasina yakinsadig: tespit edilmigtir. Ayrica Korfez savasi, Arap Bahari
gibi siyasi ve askeri olaylarin ani kirilma tarihlerinde gézlemlenmesi uygulanan testin giiclii yanlarini ortaya ¢ikarmaktadir.

Israil ile ABD ortalamasina gore yakinsamanin arastirilmast neticesinde Bahreyn, Urdiin, Kuveyt, Suudi Arabistan ve Tiirkiye
yakinsama davranigi gostermektedir. Amerika’nin Orta Dogu politikalarina uygun olarak hareket eden Arap iilkelerinin yakinsama
davranisi gostermesi teorik beklentilere uygun oldugu anlagilmistir. Ayrica Suudi Arabistan ve Tiirkiye’nin bolgesel siiper gii¢ olma
hedefleri dogrultusunda Israil’in savunma harcamalarina yakinsama gostermeleri onemli bir bulgu olarak degerlendirilmektedir.
Nato iilkesi olarak Tiirkiye’nin, ABD’nin savunma harcama ortalamasina yakinsama gostermesinin de teorik beklentiler ile uyumlu
oldugu tespit edilmisgtir.

Iran’m uzun siiredir batih devletler ve ABD’nin cesitli yaptirimlarina maruz kalmasi, Amerika ve Israil ile siyasi, askeri,
ekonomi gibi bircok konuda siddetli anlasmazlik yasamasi nedeniyle ilgili lilkelere yakinsama gostermemesi beklenen bir durum
olmaktadir.

Sonug olarak ABD ve Israil’in savunma harcamalarinin ayrica dikkate alinmasi, bulunan sonuglarin da gosterdigi gibi analiz igin
yararl: tespitlere ulagilmasina neden olmustur. Lau vd. (2019), Ali (2012), Yazgan vd. (2018) ¢aligsmalarinin sonuglarina benzer
olarak Amerika Birlesik Devletlerine yakinsama gosteren iilkeler bulunmustur. Panel ortalamasina yakinsama gosteren iilkelerin
bulunmas: ile de Demircioglu Karabiyik (2021) calismasini destekleyen sonuclar elde edilmistir. Israil’e yakinsama gosteren
tilkelerin bulunmast ile de Yilanci vd. (2020) calismasinda bulunan sonuclar desteklenmisgtir.
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Tablo 6. ODKA Ortalamasina Gore Yapilan Fourier Birim Kok Test Sonuglarinin Gergeklesen Ve Tahmin Edilen Degerin Karsilastirma Grafikleri
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EKOIST Ekonometri ve Istatistik Dergisi y1lda iki kez olmak iizere, her 6 ayda bir yayinlanmaktadir.

Dergimiz 6l¢gme, tahmin, test, tahmin ve politika analizi konularin1 kapsayan, ekonomi ve ilgili konularda olmak iizere
yeni ekonometrik tekniklerin uygulanmast ile ilgili yiiksek kaliteli makaleler yayinlamay1 amag¢lamaktadir.

Ekonometrik tekniklerin dikkatli ve titiz bir sekilde uygulanmas: ile elde edilen sonuglarin uygun yorumlanmasi
tizerinde durulmaktadir.

Makalelerde ekonomik igerik iizerinde vurgu yapilmalidir.

EKOIST Ekonometri ve Istatistik Dergisi basta Ekonometri, istatistik ve Yoneylem Arastirmasi olmak iizere yiiksek
kaliteli aragtirmalar yayinlamaktadir.

Uzmanlik alanlarina deginen, ulagilabilir teknikleri iceren ve diger arastirmacilar tarafindan kolayca tekrarlanabilen,
ekonomide yenilik¢i, niceliksel aragtirmalar i¢in bir ¢ikig saglamaktir.

Tiim gonderimler farkli hakemler tarafindan inceleme siirecine tabidir.
EKOIST Ekonometri ve Istatistik Dergisi 2005°ten bu yana alt1 ayda bir “hakemli dergi” olarak yayinlanmaktadhr.
Derginin dili Ingilizce ve Tiirkgedir.

Cesitli ekonomik sorunlara uygulanabilir istatistiksel yontemleri tanitan katkilar amaclanir.

Yayin Politikas1

Dergi yayn etiginde en yiiksek standartlara baglidir ve Committee on Publication Ethics (COPE), Directory of Open
Access Journals (DOAJ), Open Access Scholarly Publishers Association (OASPA) ve World Association of Medical
Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser; Principles of Transparency and Best Prac-
tice in Scholarly Publishing baglig1 altinda ifade edilen ilkeler icin: https://publicationethics.org/resources/guidelines-
new/principles-transparency-and-best-practice-scholarly-publishing

Gonderilen makaleler derginin amag¢ ve kapsamina uygun olmalidir. Orijinal, yayinlanmamis ve bagka bir dergide
degerlendirme siirecinde olmayan, her bir yazar tarafindan icerigi ve gonderimi onaylanmig yazilar degerlendirmeye
kabul edilir.

Makale yaymlanmak iizere Dergiye gonderildikten sonra yazarlardan hi¢birinin ismi, tiim yazarlarin yazili izni olmadan
yazar listesinden silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirast degistirilemez.

Intihal, duplikasyon, sahte yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek
yayin, telif haklar1 ihlali ve ¢ikar catismasinin gizlenmesi, etik dig1 davranislar olarak kabul edilir. Kabul edilen
etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen olas1 kuraldisi,
uygunsuzluklar iceren makaleler de dahildir.

Intihal

On kontrolden gegirilen makaleler, iThenticate yazilimi kullamlarak intihal igin taramr. Intihal/kendi kendine intihal
tespit edilirse yazarlar bilgilendirilir. Editorler, gerekli olmasi halinde makaleyi degerlendirme ya da iiretim siirecinin
cesitli asamalarinda intihal kontroliine tabi tutabilirler. Yiiksek benzerlik oranlari, bir makalenin kabul edilmeden dnce
ve hatta kabul edildikten sonra reddedilmesine neden olabilir. Makalenin tiiriine bagli olarak, bunun oranin %15 veya
%20’den az olmas1 beklenir.

Cift Kor Hakemlik

Intihal kontroliinden sonra, uygun olan makaleler bas editor tarafindan orijinallik, metodoloji, islenen konunun 6nemi ve
dergi kapsami ile uyumlulugu acisindan degerlendirilir. Editor, makalelerin adil bir sekilde ¢ift tarafl1 kor hakemlikten
gecmesini saglar ve makale bicimsel esaslara uygun ise, gelen yaziy1 yurti¢inden ve /veya yurtdisindan en az iki hakemin
degerlendirmesine sunar, hakemler gerek gordiigii takdirde yazida istenen degisiklikler yazarlar tarafindan yapildiktan

sonra yayinlanmasina onay Vverir.
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Acik Erisim Tlkesi

Dergi acik erisimlidir ve derginin tiim igcerigi okura ya da okurun dahil oldugu kuruma ticretsiz olarak sunulur. Okurlar,
ticari amac haricinde, yayinci ya da yazardan izin almadan dergi makalelerinin tam metnini okuyabilir, indirebilir,
kopyalayabilir, arayabilir ve link saglayabilir. Bu BOAI acik erisim tanimiyla uyumludur.

Derginin acik erisimli makaleleri Creative Commons Atif-GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0) olarak
lisanshdir.

islemleme Ucreti

Derginin tiim giderleri istanbul Universitesi tarafindan karsilanmaktadir. Dergide makale yayimn ve makale siireglerinin
yiiriitiilmesi ticrete tabi degildir. Dergiye gonderilen ya da yayin icin kabul edilen makaleler i¢in islemleme {icreti ya
da gonderim iicreti alinmaz.

Telif Hakkinda

Yazarlar dergide yayinlanan caligmalarinin telif hakkina sahiptirler ve caligmalar1 Creative Commons Atif-GayriTicari
4.0 Uluslararas1 (CC BY-NC 4.0) olarak lisanslidir. CC BY-NC 4.0 lisansi, eserin ticari kullanim diginda her boyut
ve formatta paylasilmasina, kopyalanmasina, ¢ogaltilmasina ve orijinal esere uygun sekilde atifta bulunmak kaydiyla
yeniden diizenleme, doniistiirme ve eserin iizerine inga etme dahil adapte edilmesine izin verir.

Diizeltme, Geri Cekme, Endise ifadesi

Editorler, yayinlanan makalede, bulgulari, yorumlar1 ve sonuglari etkilemeyen kiiciik hatalar tespit edilirse diizeltme
yayinlamay1 diistinebilirler. Editorler, bulgular: ve sonuglari gegersiz kilan biiyiik hatalar / ihlaller s6z konusu oldugunda,
makaleyi geri cekmeyi diistinmelidir.

Yazarlar tarafindan aragtirma veya yaymi kotiiye kullanmaya yonelik olasilik s6z konusu ise; bulgularin giivenilir
olmadigina ve yazarlarin kurumlarinin olayr sorusturmadigina dair kanitlar var veya olast sorusturma haksiz veya
sonugsuz goriiniiyor ise, editorler endise ifadesi yayinlamay1 diisiinmelidir. Diizeltme, geri cekme veya endise ifadesi
ile ilgili olarak COPE ve ICJME yonergeleri dikkate alinir.

Arsiv Politikasi

Dergide yayinlanan tiim yazilarin korunmasini ve kalici olarak erisilebilir olmasini saglamak icin makaleler, ulusal bir
arsiv sitesi olarak hizmet veren ve ayn1 zamanda LOCKSS’in icerigi toplamasina, korumasina ve sunmasina izin veren
Dergipark’ta saklanmaktadir.

Ek olarak, yazarlarin kendilerinin makalelerinin son PDF siiriimiinii Open Archives Initiative (https://www.openarchives.org/)
standartlarina uygun agik elektronik arsivlerde arsivlemeleri onerilir. Yazarlar, yayinladiklar arsiv versiyonundan, I.U.
Yayinevinin dergi web sitesinin URL’sine baglanti saglamalidir.

Hakem Siireci
Hakem Degerlendirme Politikalar:

Daha o6nce yaymlanmamis ya da yaymlanmak {izere bagka bir dergide halen degerlendirmede olmayan ve her bir
yazar tarafindan onaylanan makaleler degerlendirilmek {izere kabul edilir. Gonderilen ve 6n kontrolii gecen makaleler
iThenticate yazilimi kullamilarak intihal icin taramr. Intihal kontroliinden sonra, uygun olan makaleler bas editor
tarafindan orijinallik, metodoloji, islenen konunun 6nemi ve dergi kapsami ile uyumlulugu ag¢isindan degerlendirilir.

Secilen makaleler en az iki ulusal/uluslararas: hakeme c¢ift tarafli kor hakemlik ile degerlendirmeye gonderilir; yayin
karari, hakemlerin talepleri dogrultusunda yazarlarin gerceklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda
bag editor tarafindan verilir.

Editor ve Hakem Sorumluluklar:

Bas editor, makaleleri, yazarlarin etnik kkeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirirler. Yayina gonderilen makalelerin adil bir sekilde cift tarafl1 kor hakem degerlendirmesin-
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den gecmelerini saglar. Gonderilen makalelere iliskin tiim bilginin, makale yayinlanana kadar gizli kalacagini garanti
eder.

Bas editor icerik ve yaymnin toplam kalitesinden sorumludur. Gereginde hata sayfasi yayinlamali ya da diizeltme
yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigsmasina izin vermez. Hakem atama konusunda tam yetkiye
sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yiikiimliidiir.

Hakemler, arastirma, yazarlar ve/veya arastirmaya fon saglayanlarla ¢ikar catigmasi icinde olmamalidir. Hakemler
degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Gonderilmig yazilara iligkin tiim bilginin gizli
tutulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasiflt hissetmiyor ya da zamaninda geri doniis saglamas1 miimkiin goriin-
miiyorsa, editdre bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gézden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu
ve bunun imtiyazl bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisilerle makaleleri
tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir. Bazi durumlarda editoriin kararyla, ilgili
hakemlerin makaleye ait yorumlari ayn1 makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin bu siirecte
aydinlatilmasi saglanabilir.

Hakem Siireci

Bag Editor, makaleleri, yazarlarin etnik kdkeninden, cinsiyetinden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde cift tarafli kor hakem degerlendirmesinden
gecmelerini saglar.

Secilen makaleler en az iki ulusal/uluslararasi hakeme degerlendirmeye gonderilir; yayin karari, hakemlerin talepleri
dogrultusunda yazarlarin gerceklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda bas editor tarafindan verilir.
Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atismasina izin vermez. Hakem atama konusunda tam yetkiye
sahiptir ve dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yiikiimliidiir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem siireci sirasinda hakemlerin asagidaki hususlar1 dikkate alarak
degerlendirmelerini yapmalar1 beklenir.

e Makale yeni ve dnemli bir bilgi iceriyor mu?

Oz, makalenin igerigini net ve diizgiin bir sekilde tanimliyor mu?

Yontem biitiinliiklii ve anlagilir sekilde tanimlanmig mi1?

Yapilan yorum ve varilan sonuglar bulgularla kanitlantyor mu?

Alandaki diger caligmalara yeterli referans verilmig mi?

o Dil kalitesi yeterli mi?

Hakemler, génderilen makalelere iliskin tiim bilginin, makale yayinlanana kadar gizli kalmasin1 saglamali ve yazar
tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar.

Hakem, makale konusu hakkinda kendini vasiflt hissetmiyor ya da zamaninda geri doniis saglamas1 miimkiin goriin-
miiyorsa, editdre bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gézden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu
ve bunun imtiyazl bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisilerle makaleleri
tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir.
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YAYIN ETIiGi VE iLKELER

EKOIST Ekonometri ve Istatistik Dergisi, yayin etiginde en yiiksek standartlara baglidir ve Committee on Publi-
cation Ethics (COPE), Directory of Open Access Journals (DOAJ), Open Access Scholarly Publishers Association
(OASPA) ve World Association of Medical Editors (WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser;
Principles of Transparency and Best Practice in Scholarly Publishing baslig1 altinda ifade edilen ilkeler icin adres:
https://publicationethics.org/resources/ guidelines-new/principles-transparency-and-best-practice-scholarly-publishing

Gonderilen tiim makaleler orijinal, yayimnlanmamis ve basgka bir dergide degerlendirme siirecinde olmamalidir. Her bir
makale editorlerden biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden gegirilir. Intihal, duplikasyon, sahte
yazarlik/inkar edilen yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek yayin, telif haklar ihlali ve
cikar catigmasinin gizlenmesi, etik dis1 davraniglar olarak kabul edilir.

Kabul edilen etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen olasi
kuraldisi, uygunsuzluklar iceren makaleler de dahildir.

Arastirma Etigi

Dergi arastirma etiginde en yiiksek standartlar1 gozetir ve asagida tanimlanan uluslararasi arastirma etigi ilkelerini
benimser. Makalelerin etik kurallara uygunlugu yazarlarin sorumlulugundadir.

e Aragtirmanin tasarlanmasi, tasarimin gozden gecirilmesi ve arastirmanin yiiriitiilmesinde, biitiinliik, kalite ve
seffaflik ilkeleri saglanmalidir.

e Aragtirma ekibi ve katilimcilar, arastirmanin amaci, yontemleri ve ongoriilen olasi kullanimlari; arastirmaya
katilimin gerektirdikleri ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

o Arastirma katilimcilarinin sagladigi bilgilerin gizliligi ve yanit verenlerin gizliligi saglanmalidir. Arastirma katilim-
cilarin 6zerkligini ve sayginligini koruyacak sekilde tasarlanmalidir.

e Arastirma katilimcilar1 goniillii olarak arastirmada yer almali, herhangi bir zorlama altinda olmamalidirlar.
e Katilimcilarin zarar gormesinden kaginilmalidir. Arastirma, katilimcilari riske sokmayacak sekilde planlanmalidir.
e Aragtirma bagimsizligiyla ilgili agik ve net olunmali; ¢ikar ¢atismasi varsa belirtilmelidir.

e Deneysel caligmalarda, arastirmaya katilmaya karar veren katilimcilarin yazili bilgilendirilmis onay1 alinmalidir.
Cocuklarin ve vesayet altindakilerin veya tasdiklenmig akil hastalig1 bulunanlarin yasal vasisinin onay1 alinmalidir.

e (Calisma herhangi bir kurum ya da kurulusta gerceklestirilecekse bu kurum ya da kurulustan ¢alisma yapilacagina
dair onay alinmalidir.

e insan 6gesi bulunan c¢alismalarda, “yontem” boliimiinde katilimcilardan “bilgilendirilmis onam” alindiginin ve
caligmanin yapildigi kurumdan etik kurul onay1 alindig1 belirtilmesi gerekir.

Yazarlarm Sorumlulugu

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin orijinal oldugu, daha
once bagka bir yerde yayinlanmadi81 ve bagka bir yerde, baska bir dilde yayinlanmak iizere degerlendirmede olmadigi
konusunda teminat saglamalidir. Uygulamadaki telif kanunlar ve anlagmalar1 gozetilmelidir. Telife bagli materyaller
(6rnegin tablolar, sekiller veya biiyiik alintilar) gerekli izin ve tesekkiirle kullanilmalidir. Bagka yazarlarin, katkida
bulunanlarin ¢aligmalar1 ya da yararlanilan kaynaklar uygun bicimde kullanilmali ve referanslarda belirtilmelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan katkisi olmalidir, bu baglamda “yazar”
yayinlanan bir arastirmanin kavramsallagtirilmasina ve dizaynina, verilerin elde edilmesine, analizine ya da yorumlan-
masina belirgin katki yapan, yazinin yazilmasi ya da bunun icerik acisindan elestirel bicimde gozden gegirilmesinde
gorev yapan birisi olarak goriiliir. Yazar olabilmenin diger kosullar1 ise, makaledeki calismay1 planlamak veya icra et-
mek ve / veya revize etmektir. Fon saglanmasi, veri toplanmasi ya da arastirma grubunun genel siipervizyonu tek bagina
yazarlik hakki kazandirmaz. Yazar olarak gosterilen tiim bireyler sayilan tiim olgiitleri karsilamalidir ve yukaridaki
oOlciitleri karsilayan her birey yazar olarak gosterilebilir. Yazarlarin isim siralamasi ortak verilen bir karar olmaldir.
Tiim yazarlar yazar siralamasini Telif Hakki Anlagsmasi Formu’nda imzali olarak belirtmek zorundadirlar.
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Yazarlik icin yeterli ol¢iitleri karsilamayan ancak galigmaya katkist olan tiim bireyler “tesekkiir / bilgiler” kisminda
siralanmalidir. Bunlara 6rnek olarak ise sadece teknik destek saglayan, yazima yardimci olan ya da sadece genel bir
destek saglayan, finansal ve materyal destegi sunan kisiler verilebilir.

Biitiin yazarlar, aragtirmanin sonuglarini ya da bilimsel degerlendirmeyi etkileyebilme potansiyeli olan finansal iligkiler,
cikar catismasi ve ¢ikar rekabetini beyan etmelidirler. Bir yazar kendi yayinlanmig yazisinda belirgin bir hata ya da
yanliglik tespit ederse, bu yanligliklara iliskin diizeltme ya da geri cekme icin editor ile hemen temasa gecme ve igbirligi
yapma sorumlulugunu tagir.

Editor ve Hakem Sorumluluklar:

Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, cinsel yoneliminden, uyrugundan, dini inancindan
ve siyasi felsefesinden bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde cift tarafli kor
hakem degerlendirmesinden ge¢melerini saglar. Gonderilen makalelere iligkin tiim bilginin, makale yayinlanana kadar
gizli kalacagini garanti eder. Bag editor icerik ve yayinin toplam kalitesinden sorumludur. Gereginde hata sayfasi
yayinlamali ya da diizeltme yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda c¢ikar ¢atigmasina izin vermez. Hakem atama konusunda tam yetkiye
sahiptir ve Dergide yayinlanacak makalelerle ilgili nihai karar1 vermekle yilikiimliidiir.

Hakemlerin arastirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destek¢ileriyle ¢ikar catigmalari olmamalidir.
Degerlendirmelerinin sonucunda tarafsiz bir yargiya varmalidirlar. Gonderilmis yazilara iligkin tiim bilginin gizli tu-
tulmasini saglamali ve yazar tarafinda herhangi bir telif hakki ihlali ve intihal fark ederlerse editdre raporlamalidirlar.
Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda geri doniis saglamas1 miimkiin goriin-
miiyorsa, editore bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gdzden gecirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu
ve bunun imtiyazl bir iletisim oldugunu agikca belirtir. Hakemler ve yayin kurulu iiyeleri bagka kisilerle makaleleri
tartisamazlar. Hakemlerin kimliginin gizli kalmasina 6zen gosterilmelidir. Bazi durumlarda editoriin karariyla, ilgili
hakemlerin makaleye ait yorumlar1 ayn1 makaleyi yorumlayan diger hakemlere gonderilerek hakemlerin bu siirecte
aydinlatilmasi saglanabilir.

YAZILARIN HAZIRLANMASI
Dil

Derginin yayin dili Tiirkce ve Ingilizce’dir.

Yazilarin Hazirlanmasi ve Gonderimi

Aksi belirtilmedikge gonderilen yazilarla ilgili tiim yazigmalar ilk yazarla yapilacaktir. Makale gonderimi online olarak
ve http://ekoist.istanbul.edu.tr iizerinden yapilmalidir. Gonderilen yazilar, yazinin yayinlanmak {izere gonderildigini
ifade eden, makale tiiriinii belirten ve makaleyle ilgili bilgileri iceren (bkz: Son Kontrol Listesi) bir mektup; yazinin
elektronik formunu iceren Microsoft Word 2003 ve iizerindeki versiyonlari ile yazilmis elektronik dosya ve tiim
yazarlarin imzaladig1 Telif Hakki Anlagmast Formu eklenerek gonderilmelidir.

1. Calismalar, A4 boyutundaki kagidin bir yiiziine, {iist, alt, sag ve sol taraftan 2,5 cm. bogluk birakilarak, 12 punto
Times New Roman harf karakterleriyle ve 1,5 satir aralik ol¢iisii ile hazilarlanmalidir.
2. Caligmalar 4500 - 8500 sozciik arasinda olmalr ve sayfa numaralar1 sayfanin altinda ve ortada yer almalidur.

3. Yazar/yazarlarin adlar1 ¢alisgmanin bagliginin hemen altinda saga bitisik sekilde verilmelidir. Ayrica yildiz dipnot
seklinde (*) yazarin unvani, kurumu ve e-posta adresi ve telefonu sayfanin en altinda dipnotta belirtilmelidir.

4. Dergimize gonderilen Tiirkce makalelerde Girig boliimiinden once 200-250 sozciik arasinda ¢aligmanin kapsamint,
amacini, ulasilan sonuglar1 ve kullanilan yontemi kaydeden Tiirkce ve Ingilizce 6z (abstract) ile Tiirkce makalelerde
600-800 kelime iceren Ingilizce genisletilmis 6zet yer almalidir. Ingilizce makalelerde ise, yalnizca Ingilizce 6z
(abstract) yer almahdir. Ingilizce ve Tiirkge 6zlerin altinda calismanin icerigini temsil eden 3-5 Ingilizce, 3-5 Tiirkge

anahtar kelime yer almalidur.
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5. Calismalarin baslica su unsurlar1 icermesi gerekmektedir: Baslik, Tiirkce 6z ve anahtar kelimeler; Ingilizce baslk,
Ingilizce 6z ve anahtar kelimeler; Ingilizce genisletilmis 6zet, ana metin béliimleri, son notlar ve kaynaklar.

6. Metin i¢i alintilama ve kaynak gosterme i¢in APA (American Psychological Association) kaynak sitilinin 6. versiy-
onu kullanilmalidir. APA 6 stili hakkinda bilgi i¢in; http://ekoist.istanbul.edu.tr/ tr/content/yazarlara-bilgi/kaynaklar
sayfasini ziyaret edebilir veya Yazarlara Bilgi’nin Kaynaklar baglig1 altinda ilgili agiklama ve ornekleri inceleye-
bilirsiniz.

7. Calismalarda tablo, grafik ve sekil gibi gostergeler ancak ¢alismanin takip edilebilmesi agisindan gereklilik arz ettigi
durumlarda, numaralandirilarak, tanimlayici bir baglik ile birlikte verilmelidir. Tablolara ait baglik {istte, Sekiller’e
ait baglik altta yer almalidir. Demografik 6zellikler gibi metin ig¢inde verilebilecek veriler, ayrica tablolar ile ifade
edilmemelidir.

8. Yaymlanmak iizere gonderilen makale ile birlikte yazar bilgilerini iceren kapak sayfast gonderilmelidir. Kapak say-
fasinda, makalenin basligi, yazar veya yazarlarin bagh bulunduklar1 kurum ve unvanlari, kendilerine ulagilabilecek
adresler, cep, is ve faks numaralari ve e-posta adresleri yer almalidir (bkz. Son Kontrol Listesi).

9. Kurallar dahilinde dergimize yayinlanmak iizere gonderilen caligmalarm her tiirlii sorumlulugu yazar/yazarlarina
aittir.

10. Dergi Yazi Kurulu ve hakem raporlar1 dogrultusunda yazarlardan, metin iizerinde bazi diizeltmeler yapmalari
istenebilir.

11. Yaymlanmasina karar verilen ¢alismalarin, yazar/yazarlarinin her birine dergi gonderilir.

12. Dergiye gonderilen ¢alismalar yayinlansin veya yayinlanmasin geri gonderilmez.

KAYNAKLAR

Derleme yazilar1 okuyucular icin bir konudaki kaynaklara ulagsmay1 kolaylastiran bir ara¢ olsa da, her zaman orijinal
calismay1 dogru olarak yansitmaz. Bu yiizden miimkiin oldugunca yazarlar orijinal calismalar1 kaynak gostermelidir. Ote
yandan, bir konuda ¢ok fazla sayida orijinal ¢calismanin kaynak gosterilmesi yer israfina neden olabilir. Birka¢ anahtar
orijinal ¢caligmanin kaynak gosterilmesi genelde uzun listelerle ayni isi goriir. Ayrica giiniimiizde kaynaklar elektronik
versiyonlara eklenebilmekte ve okuyucular elektronik literatiir taramalariyla yayinlara kolaylikla ulasabilmektedir.

Kabul edilmis ancak heniiz sayiya dahil edilmemis makaleler Early View olarak yayimlanir ve bu makalelere atiflar
“advance online publication” seklinde verilmelidir. Genel bir kaynaktan elde edilemeyecek temel bir konu olmadikg¢a
“kisisel iletisimlere” atifta bulunulmamalidir. Eger atifta bulunulursa parantez iginde iletisim kurulan kisinin adi ve
iletigimin tarihi belirtilmelidir. Bilimsel makaleler i¢cin yazarlar bu kaynaktan yazili izin ve iletisimin dogrulugunu
gosterir belge almalidir. Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tiim kaynaklar metinde belirtilmelidir.
Kaynaklar alfabetik olarak siralanmalidir.

Referans Stili ve Formati

EKOIST Ekonometri ve Istatistik Dergisi, metin i¢i alintilama ve kaynak gosterme icin APA (American Psychological
Association) kaynak sitilinin 6. edisyonunu benimser. APA 6. Edisyonu hakkinda bilgi icin:

e American Psychological Association. (2010). Publication manual of the American Psychological Association (6"
ed.). Washington, DC: APA.

e http://www.apastyle.org/

Metin icinde Kaynak Gosterme

Kaynaklar metinde parantez icinde yazarlarin soyadi ve yayin tarihi yazilarak belirtilmelidir. Birden fazla kaynak gos-
terilecekse kaynaklar arasinda (;) isareti kullanilmalidir. Kaynaklar alfabetik olarak siralanmalidir.
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Ornekler:

Birden fazla kaynak;

(Esin ve ark., 2002; Karasar 1995)
Tek yazarli kaynak;

(Akyolcu, 2007)

Iki yazarl kaynak;

(Saymer ve Demirci, 2007, s. 72)
Ug, dort ve bes yazarh kaynak;
Metin icinde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12-13) Metin i¢inde tekrarlayan kullanimlarda:
(Ailen ve ark., 2000)

Alti ve daha ¢ok yazarl kaynak;
(Cavdar ve ark., 2003)

Kaynaklar Boliimiinde Kaynak Gosterme

Kullanilan tiim kaynaklar metnin sonunda ayr1 bir boliim halinde yazar soyadlarina gore alfabetik olarak numara-
landirilmadan verilmelidir.

Kaynak yazimu ile ilgili 6rnekler asagida verilmistir.
Kitap

a) Tiirkce Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danigmanlik Ltd.

b) Tiirkceye Cevrilmis Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: Iletisim Yaynlar1.

¢) Editorlii Kitap

Oren, T., Uney, T. ve Colkesen, R. (Ed.). (2006). Tiirkiye bilisim ansiklopedisi. Istanbul: Papatya Yayincilik.

d) Cok Yazarh Tiirkge Kitap

Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme. Ankara: Total Biligim.
e) Ingilizce Kitap

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) Ingilizce Kitap Icerisinde Boliim

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures
in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press.

g) Tiirkce Kitap Icerisinde Boliim

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme yonetimi ve liderlikteki onemi. M. Zencirkiran (Ed.),
Orgiit sosyolojisi kitabt i¢inde (s. 233-263). Bursa: Dora Basim Yayin.

h) Yayimcinin ve Yazarin Kurum Oldugu Yayin

Tiirk Standartlar1 Enstitiisi. (1974). Adlandirma ilkeleri. Ankara: Yazar.

Makale

a) Tiirkce Makale

Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonrast yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma
girisimleri. Istanbul Universitesi Florence Nightingale Hemsgirelik Dergisi, 15(60), 179-182.

b) Ingilizce Makale

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society,
10(2), 149-173. http://dx.doi.org/10.1177/0957926599010002002
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¢) Yediden Fazla Yazarli Makale

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. Heineman, T. C. (2015). Effi-
cacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372,2087-2096.
http://dx.doi.org/10.1056/NEJMoal1501184

d) DOI’si Olmayan Online Edinilmig Makale

Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge Yonetimi Boliimii tezlerinin atif analizi. Tiirk
Kiitiiphaneciligi, 26, 349-369. Erisim adresi: http://www.tk.org.tr/

e) DOI’si Olan Makale

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical
Services Quarterly, 27,261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Olarak Yayunlannmis Makale

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advanceonline publication.
http://dx.doi.org/10.1037/a45d7867

g) Popiiler Dergi Makalesi

Semercioglu, C. (2015, Haziran). Siradanligin rayihasi. Sabit Fikir, 52, 38-39.

Tez, Sunum, Bildiri

a) Tiirkce Tezler

Sari, E. (2008). Kiiltiir kimlik ve politika: Mardin’de kiiltiirlerarasilik. (Doktora Tezi). Ankara Universitesi Sosyal
Bilimler Enstitiisii, Ankara.

b) Ticari Veritabaninda Yer Alan Yiiksek Lisans Ya da Doktora Tezi

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available from Pro-
Quest Dissertations and Theses. (UMI No. 9943436)

¢) Kurumsal Veritabaminda Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cul-
tural practices in Ege University (Doctoral dissertation). Retrieved from: Retrieved from http://library.iyte.edu.tr/tr/hizli-
erisim/iyte-tez-portali

d) Web’de Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of
California, Berkeley). Retrieved from http://yunus.hacettepe.edu.tr/ tonta/yayinlar/phd/ickapak.html

e) Dissertations Abstracts International’da Yer Alan Yiiksek Lisans/Doktora Tezi

Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion representa-
tion, and figure-ground segregation. Dissertation Abstracts International: Section B. Sciences and Engineering, 65(10),
5428.

f) Sempozyum Katkist

Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms markers of
prodromal Alzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair), Predictors of mild cognitive
impairment, dementia, and mortality in adults with Down syndrome. Symposium conducted at American Psychological
Association meeting, Orlando, FL.

g) Online Olarak Erisilen Konferans Bildiri Ozeti

Cinar, M., Dogan, D. ve Seferoglu, S. S. (2015, Subat). Egitimde dijital araclar: Google sinif uygulamasi tizerine bir
degerlendirme [Oz]. Akademik Bilisim Konferansinda sunulan bildiri, Anadolu Universitesi, Eskisehir. Erisim adresi:
http://ab2015.anadolu.edu.tr /index.php?menu=5&submenu=27

h) Diizenli Olarak Online Yayumlanan Bildiriler

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of the cerebral
cortex. Proceedings of the National Academy of Sciences, 105,12593-12598. http:// dx.doi.org/10.1073/pnas.0805417105
i) Kitap Seklinde Yayimlanan Bildiriler

Schneider, R. (2013). Research data literacy. S. Kurbanoglu ve ark. (Ed.), Communications in Computer and Infor-
mation Science: Vol. 397. Worldwide Communalities and Challenges in Information Literacy Research and Practice
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icinde (s. 134—140). Cham, Isvicre: Springer. http://dx.doi.org/10.1007/978-3- 319-03919-0

Jj) Kongre Bildirisi

Cepni, S., Bacanak A. ve Ozsevgec T. (2001, Haziran). Fen bilgisi ogretmen adaylarinn fen branglarina karst tutumlar
ile fen branglarindaki bagarilarinn iliskisi. X. Ulusal Egitim Bilimleri Kongresi’nde sunulan bildiri, Abant izzet Baysal
Universitesi, Bolu

Diger Kaynaklar

a) Gazete Yazist

Toker, C. (2015, 26 Haziran). ‘Unutma’ notlari. Cumhuriyet, s. 13.

b) Online Gazete Yazist

Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak icin tiiketiciyi bekliyor. Milliyet. Erigsim adresi: http://www.milliyet
c) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from http://www.david
bordwell.net/blog/page/27/

d) Online Ansiklopedi/Sozliik

Bilgi mimarisi. (2014, 20 Aralik). Vikipedi i¢inde. Erigim adresi: http://tr.wikipedia.org/wiki/Bilgi_mimarisi

Marcoux, A. (2008). Business ethics. In E. N. Zalta (Ed.), The Stanford encyclopedia of philosophy.Retrieved from
http://plato.stanford.edu/entries/ethics-business/

e) Podcast

Radyo ODTU (Yapimci). (2015, 13 Nisan). Modern sabahlar [Podcast]. Erisim adresi: http://www. radyoodtu.com.tr/
J) Bir Televizyon Dizisinden Tek Bir Boliim

Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S. (Yonetmen). (2012). Runaways [Televizyon dizisi
boliimii]. D. Shore (Bas yapimci), House M.D. icinde. New York, NY: Fox Broadcasting.

g) Miizik Kaydi

Say, F. (2009). Galata Kulesi. Istanbul senfonisi [CD] icinde. Istanbul: Ak Miizik.
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SON KONTROL LiSTESI

Asagidaki listede eksik olmadigindan emin olun:

e Editore mektup

Makalenin tiirii

Bagka bir dergiye gonderilmemis oldugu bilgisi

Sponsor veya ticari bir firma ile iligkisi (varsa belirtiniz)

Istatistik kontroliiniin yapildig1 (arastirma makaleleri icin)

Ingilizce yoniinden kontroliiniin yapildig1

Yazarlara Bilgide detayli olarak anlatilan dergi politikalarinin gozden gecirildigi

Kaynaklarin APA6’ya gore belirtildigi

o Telif Hakki Anlagmasi Formu

e Daha dnce basilmig ve telife bagli materyal (yazi-resim-tablo) kullanilmisg ise izin belgesi

o Kapak sayfasi

Makalenin tiirii
Makalenin Tiirkce ve Ingilizce bashg:

Yazarlarin ismi soyadi, unvanlart ve bagh olduklari kurumlar (iiniversite ve fakiilte bilgisinden sonra sehir ve
iilke bilgisi de yer almalidir), e-posta adresleri

Sorumlu yazarin e-posta adresi, agik yazigsma adresi, is telefonu, GSM, faks nosu

Tiim yazarlarin ORCID’leri

e Makale ana metni

Makalenin Tiirkge ve Ingilizce bashg1

Ozetler: 200-250 kelime Tiirkge ve 200-250 kelime Ingilizce

Anahtar Kelimeler: 3-5 adet Tiirkce ve 3-5 adet Ingilizce

Makale Tiirkce ise, 600-800 kelime Ingilizce genisletilmis dzet (Extended Summary)
Makale ana metin boliimleri

Finansal destek (varsa belirtiniz)

Cikar catigmasi (varsa belirtiniz)

Tesekkiir (varsa belirtiniz)

Kaynaklar

Tablolar-Resimler, Sekiller (baslik, tanim ve alt yazilariyla)
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INFORMATION FOR AUTHORS

Aim and Scope
EKOIST Journal of Econometrics and Statistics is published twice a year, every 6 months.

Our journal aims to publish high quality articles on the application of new econometric techniques, including economics
and related topics, covering measurement, forecasting, testing, forecasting and policy analysis.

Appropriate interpretation of the results obtained by careful and rigorous application of econometric techniques is
emphasized.

Emphasis should be stressed on economic content in articles.

EKOIST Journal of Econometrics and Statistics publishes high quality research, mainly in the fields of Econometrics,
Statistics and operations research.

To provide an outlet for innovative, quantitative research in economics, which includes achievable techniques and can
be easily repeated by other researchers.

All submissions are subject to a double blind review process.

EKOIST Journal of Econometrics and Statistics has been published as a “peer-reviewed journal” every six months
since 2005.

The language of the journal is English and Turkish.

Contributions that introduce statistical methods that are applicable to a variety of economic problems are actively
encouraged.

Publication Policy

The journal is committed to upholding the highest standards of publication ethics and pays regard to Principles of
Transparency and Best Practice in Scholarly Publishing published by the Committee on Publication Ethics (COPE),
the Directory of Open Access Journals (DOAJ), the Open Access Scholarly Publishers Association (OASPA), and the
World Association of Medical Editors (WAME) on https://publicationethics.org/resources/guidelines-new/principles-
transparency-and-best-practice-scholarly-publishing

The subjects covered in the manuscripts submitted to the Journal for publication must be in accordance with the aim
and scope of the Journal. Only those manuscripts approved by every individual author and that were not published
before in or sent to another journal, are accepted for evaluation.

Changing the name of an author (omission, addition or order) in papers submitted to the Journal requires written
permission of all declared authors.

Plagiarism, duplication, fraud authorship/denied authorship, research/data fabrication, salami slicing/salami publica-
tion, breaching of copyrights, prevailing conflict of interest are unethical behaviors. All manuscripts not in accordance
with the accepted ethical standards will be removed from the publication. This also contains any possible malpractice
discovered after the publication.

Plagiarism

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. If plagiarism/self-
plagiarism will be found authors will be informed. Editors may resubmit manuscript for similarity check at any peer-
review or production stage if required. High similarity scores may lead to rejection of a manuscript before and even
after acceptance. Depending on the type of article and the percentage of similarity score taken from each article, the
overall similarity score is generally expected to be less than 15 or 20%.

All
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Double Blind Peer-Review

After plagiarism check, the eligible ones are evaluated by the editors-in-chief for their originality, methodology, the
importance of the subject covered and compliance with the journal scope. The editor provides a fair double-blind peer
review of the submitted articles and hands over the papers matching the formal rules to at least two national/international
referees for evaluation and gives green light for publication upon modification by the authors in accordance with the
referees’ claims.

Open Access Statement

The journal is an open access journal and all content is freely available without charge to the user or his/her institution.
Except for commercial purposes, users are allowed to read, download, copy, print, search, or link to the full texts of the
articles in this journal without asking prior permission from the publisher or the author. This is in accordance with the
BOALI definition of open access.

The open access articles in the journal are licensed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International (CC BY-NC 4.0) license.

Article Processing Charge

All expenses of the journal are covered by the Istanbul University. Processing and publication are free of charge with
the journal. There is no article processing charges or submission fees for any submitted or accepted articles.

Copyright Notice

Authors publishing with the journal retain the copyright to their work licensed under the Creative Commons Attribution-
NonCommercial 4.0 International license (CC BY-NC 4.0) (https:// creativecommons.org/licenses/by-nc/4.0/) and grant
the Publisher non-exclusive commercial right to publish the work. CC BY-NC 4.0 license permits unrestricted, non-
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Correction, Retraction, Expression of Concern

Editor should consider publishing correction if minor errors that do not effect the results, interpretations and conclusions
of the published paper are detected. Editor should consider retraction if major errors and/or misconduction that invalidate
results and conclusions are detected.

Editor should consider issuing an expression of concern if there is evidence of research or publication misconduct by
the authors; there is evidence that the findings are not reliable and institutions of the authors do not investigate the case
or the possible investigation seems to be unfair or nonconclusive.

The guidelines of COPE and ICJME are taken into consideration regarding correction, retractions or expression of
concern.

Archiving Policy

To guarantee that all papers published in the journal are maintained and permanently accessible, articles are stored in
Dergipark which serves as a national archival web site and at the same time permits LOCKSS to collect, preserve, and
serve the content.

Additionally, authors are encouraged to self-archive the final PDF version of their articles in open electronic archives
with that conform to standards of Open Archives Initiative (https://www.openarchives.org/). Authors should provide a
link from the deposited version to the URL of IUPress journal website.

Peer Review Policies

Only those manuscripts approved by its every individual author and that were not published before in or sent to another
journal, are accepted for evaluation.
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Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After
plagiarism check, the eligible ones are evaluated by editor-in-chief for their originality, methodology, the importance
of the subject covered and compliance with the journal scope.

The editor hands over the papers matching the formal rules to at least two national/international referees for double-blind
peer review evaluation and gives green light for publication upon modification by the authors in accordance with the
referees’ claims.

Responsibility for the Editor and Reviewers

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual ori-
entation, citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted manuscripts is
kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages
or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the full
authority to assign a reviewer and is responsible for final decision for publication of the manuscripts in the Journal.

Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their
judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction.
The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees
must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers to clarify
a particular point.

Peer Review Process

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After
plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality, methodology, the importance
of the subject covered and compliance with the journal scope. Editor-in-Chief evaluates manuscripts for their scientific
content without regard to ethnic origin, gender, sexual orientation, citizenship, religious belief or political philosophy
of the authors and ensures a fair double-blind peer review of the selected manuscripts.

The selected manuscripts are sent to at least two national/international external referees for evaluation and publication
decision is given by Editor-in-Chief upon modification by the authors in accordance with the referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and is responsible
for final decision for publication of the manuscripts in the Journal.

Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected while conducting
the review.

e Does the manuscript contain new and significant information?

e Does the abstract clearly and accurately describe the content of the manuscript?

e [s the problem significant and concisely stated?

o Are the methods described comprehensively?

o Are the interpretations and consclusions justified by the results?

o [s adequate references made to other Works in the field?

o [s the language acceptable?
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Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction.
The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees is
important.

Publication Ethics and Malpractice Statement

EKOIST Journal of Econometrics and Statistics is committed to upholding the highest standards of publication ethics and
pays regard to Principles of Transparency and Best Practice in Scholarly Publishing published by the Committee on Pub-
lication Ethics (COPE), the Directory of Open Access Journals (DOAJ), the Open Access Scholarly Publishers Associa-
tion (OASPA), and the World Association of Medical Editors (WAME) on https://publicationethics.org/resources/guidelines-
new/ principles-transparency-and-best-practice-scholarly-publishing

All parties involved in the publishing process (Editors, Reviewers, Authors and Publishers) are expected to agree on
the following ethical principles.

All submissions must be original, unpublished (including as full text in conference proceedings), and not under
the review of any other publication synchronously. Each manuscript is reviewed by one of the editors and at least
two referees under double-blind peer review process. Plagiarism, duplication, fraud authorship/denied authorship,
research/data fabrication, salami slicing/salami publication, breaching of copyrights, prevailing conflict of interest are
unnethical behaviors.

All manuscripts not in accordance with the accepted ethical standards will be removed from the publication. This also
contains any possible malpractice discovered after the publication. In accordance with the code of conduct we will
report any cases of suspected plagiarism or duplicate publishing.

Research Ethics
The journal adheres to the highest standards in research ethics and follows the principles of international research ethics

as defined below. The authors are responsible for the compliance of the manuscripts with the ethical rules.

e Principles of integrity, quality and transparency should be sustained in designing the research, reviewing the design
and conducting the research.

o The research team and participants should be fully informed about the aim, methods, possible uses and requirements
of the research and risks of participation in research.

o The confidentiality of the information provided by the research participants and the confidentiality of the respondents
should be ensured. The research should be designed to protect the autonomy and dignity of the participants.

e Research participants should participate in the research voluntarily, not under any coercion.

e Any possible harm to participants must be avoided. The research should be planned in such a way that the
participants are not at risk.

o The independence of research must be clear; and any conflict of interest or must be disclosed.

o In experimental studies with human subjects, written informed consent of the participants who decide to participate
in the research must be obtained. In the case of children and those under wardship or with confirmed insanity, legal
custodian’s assent must be obtained.

o If the study is to be carried out in any institution or organization, approval must be obtained from this institution
or organization.

o In studies with human subject, it must be noted in the method’s section of the manuscript that the informed consent
of the participants and ethics committee approval from the institution where the study has been conducted have
been obtained.
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Author Responsibilities

It is authors’ responsibility to ensure that the article is in accordance with scientific and ethical standards and rules.
And authors must ensure that submitted work is original. They must certify that the manuscript has not previously
been published elsewhere or is not currently being considered for publication elsewhere, in any language. Applicable
copyright laws and conventions must be followed. Copyright material (e.g. tables, figures or extensive quotations)
must be reproduced only with appropriate permission and acknowledgement. Any work or words of other authors,
contributors, or sources must be appropriately credited and referenced.

All the authors of a submitted manuscript must have direct scientific and academic contribution to the manuscript. The
author(s) of the original research articles is defined as a person who is significantly involved in “conceptualization and
design of the study”, “collecting the data”, “analyzing the data”, “writing the manuscript”, “reviewing the manuscript
with a critical perspective” and “planning/conducting the study of the manuscript and/or revising it”. Fund raising,
data collection or supervision of the research group are not sufficient roles to be accepted as an author. The author(s)
must meet all these criteria described above. The order of names in the author list of an article must be a co-decision
and it must be indicated in the Copyright Agreement Form. The individuals who do not meet the authorship criteria
but contributed to the study must take place in the acknowledgement section. Individuals providing technical support,
assisting writing, providing a general support, providing material or financial support are examples to be indicated in

acknowledgement section.

All authors must disclose all issues concerning financial relationship, conflict of interest, and competing interest that
may potentially influence the results of the research or scientific judgment.

When an author discovers a significant error or inaccuracy in his/her own published paper, it is the author’s obligation
to promptly cooperate with the Editor to provide retractions or corrections of mistakes.

Responsibility for the Editor and Reviewers

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual ori-
entation, citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted manuscripts is
kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages
or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the full
authority to assign a reviewer and is responsible for final decision for publication of the manuscripts in the Journal.

Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their
judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction.
The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees
must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers to clarify
a particular point.
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MANUSCRIPT SUBMISSION GUIDE
Language

The language of the journal is both Turkish and English.

Manuscript Organization and Submission

All correspondence will be sent to the first-named author unless otherwise specified. Manuscpript is to be submitted
online via http://ekoist.istanbul.edu.tr and it must be accompanied by a cover letter indicating that the manuscript is
intended for publication, specifying the article category (i.e. research article, review etc.) and including information
about the manuscript (see the Submission Checklist). Manuscripts should be prepared in Microsoft Word 2003 and
upper versions. In addition, Copyright Agreement Form that has to be signed by all authors must be submitted.

1. The manuscripts should be in A4 paper standards: having 2.5 cm margins from right, left, bottom and top, Times
New Roman font style in 12 font size and line spacing of 1.5.

2. The manuscripts should contain between 4500 and 8500 words and the page numbers must be at the bottom and in
the middle.

3. The name(s) of author(s) should be given just beneath the title of the study aligned to the right. Also the affiliation,
title, e-mail and phone of the author(s) must be indicated on the bottom of the page as a footnote marked with an
asterisk ().

4. Submitted manuscripts in Turkish must have before the introduction section, the abstract both in Turkish and English,
between 200 and 250 words and an extended abstract in English between 600-800 words, summarizing the scope,
the purpose, the results of the study and the methodology used. Underneath the abstracts, 3 to 5 keywords that
inform the reader about the content of the study should be specified in Turkish and in English. If the manuscript is
written in English, it must include an abstract only in English.

5. The manuscripts should contain mainly these components: title, abstract and keywords; extended abstract, body text
with sections, footnotes and references.

6. The 6" version of the APA (American Psychological Association) reference style should be used for in-text citation
and references list. For information and samples on the APA 6 style please refer to http://ekoist.istanbul.edu.tr/en/content
/information-for-authors/references and/or REFERENCES section in the Information for Authors.

7. Tables, graphs and figures can be given with a number and a defining title if and only if it is necessary to follow
the idea of the article. the article. The title of table should be placed above the table; caption of figure should be
placed beneath the figure. Features like demographic characteristics that can be given within the text should not be
indicated as tables separately.

8. Atitle page including author information must be submitted together with the manuscript. The title page is to include
fully descriptive title of the manuscript and, affiliation, title, e-mail address, postal address, phone and fax number
of the author(s) (see The Submission Checklist).

9. Authors are responsible for all statements made in their work submitted to the Journal for publication.
10. The author(s) can be asked to make some changes in their articles due to peer reviews.
11. A copy of the journal will be sent to each author of the accepted articles upon their request.

12. The manuscripts that were submitted to the journal will not be returned whether they are published or not.

REFERENCES

Although references to review articles can be an efficient way to guide readers to a body of literature, review articles
do not always reflect original work accurately. Readers should therefore be provided with direct references to original
research sources whenever possible. On the other hand, extensive lists of references to original work on a topic can
use excessive space on the printed page. Small numbers of references to key original papers often serve as well as
more exhaustive lists, particularly since references can now be added to the electronic version of published papers,
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and since electronic literature searching allows readers to retrieve published literature efficiently. Papers accepted but
not yet included in the issue are published online in the Early View section and they should be cited as “advance
online publication”. Citing a “personal communication” should be avoided unless it provides essential information not
available from a public source, in which case the name of the person and date of communication should be cited in
parentheses in the text. For scientific articles, written permission and confirmation of accuracy from the source of a
personal communication must be obtained.

Reference Style and Format

EKOIST: Journal of Econometrics and Statistics complies with APA (American Psychological Association) style 6"
Edition for referencing and quoting. For more information:

e - American Psychological Association. (2010). Publication manual of the American Psychological Association
(6" ed.). Washington, DC: APA.

e http://www.apastyle.org

Citations in the Text
Citations must be indicated with the author surname and publication year within the parenthesis.

If more than one citation is made within the same paranthesis, separate them with (;).
Samples:

More than one citation;

(Esin, et al., 2002; Karasar, 1995)

Citation with one author;

(Akyolcu, 2007)

Citation with two authors;

(Saymer & Demirci, 2007)

Citation with three, four, five authors;

First citation in the text: (Ailen, Ciambrune, & Welch, 2000) Subsequent citations in the text: (Ailen, et al., 2000)
Citations with more than six authors;

(Cavdar, et al., 2003)

Citations in the Reference

All the citations done in the text should be listed in the References section in alphabetical order of author surname
without numbering. Below given examples should be considered in citing the references.

Basic Reference Types
Book

a) Turkish Book

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8'" ed.) [Preparing research reports]. Ankara, Turkey: 3A Egitim
Danigmanlik Ltd.

b) Book Translated into Turkish

Mucchielli, A. (1991). Zihniyetler [Mindsets] (A. Kotil, Trans.). Istanbul, Turkey: iletisim Yayinlar1.

¢) Edited Book

Oren, T., Uney, T., & Colkesen, R. (Eds.). (2006). Tiirkiye biligim ansiklopedisi [ Turkish Encyclopedia of Informatics].
Istanbul, Turkey: Papatya Yayincilik.
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d) Turkish Book with Multiple Authors

Tonta, Y., Bitirim, Y., & Sever, H. (2002). Tiirkce arama motorlarinda performans degerlendirme [Performance eval-
uation in Turkish search engines]. Ankara, Turkey: Total Bilisim.

e) Book in English

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

f) Chapter in an Edited Book

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures
in theory (pp. 220-237). Edinburgh, UK: Edinburgh University Press.

g) Chapter in an Edited Book in Turkish

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme yonetimi ve liderlikteki 6nemi [Organization culture:
Its functions, elements and importance in leadership and business management]. In M. Zencirkiran (Ed.), Orgiit sosy-
olojisi [Organization sociology] (pp. 233-263). Bursa, Turkey: Dora Basim Yayin.

h) Book with the same organization as author and publisher

American Psychological Association. (2009). Publication manual of the American psychological association (6" ed.).
Washington, DC: Author.

Article

a) Turkish Article

Mutlu, B., & Savaser, S. (2007). Cocugu ameliyat sonras1 yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma
girigsimleri [Source and intervention reduction of stress for parents whose children are in intensive care unit after
surgery]. Istanbul University Florence Nightingale Journal of Nursing, 15(60), 179-182.

b) English Article

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society,
10(2), 149-173. http://dx.doi.org/10.1177/0957926599010002002

¢) Journal Article with DOI and More Than Seven Authors

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. Heineman, T. C. (2015). Effi-
cacy of an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372,2087-2096.
http://dx.doi.org/10.1056/NEJMoal1501184

d) Journal Article from Web, without DOI

Sidani, S. (2003). Enhancing the evaluation of nursing care effectiveness. Canadian Journal of Nursing Research,
35(3), 26-38. Retrieved from http://cjnr.mcgill.ca

e) Journal Article wih DOI

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical
Services Quarterly, 27,261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Publication

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online publication.
http://dx.doi.org/10.1037/a45d7867

g) Article in a Magazine

Henry, W. A., IIL. (1990, April 9). Making the grade in today’s schools. Time, 135, 28-31.

Doctoral Dissertation, Master’s Thesis, Presentation, Proceeding

a) Dissertation/Thesis from a Commercial Database

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation).Available from ProQuest
Dissertations and Theses database. (UMI No. 9943436)

b) Dissertation/Thesis from an Institutional Database

Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cul-
tural practices in Ege University (Doctoral dissertation). Retrieved from Retrieved from: http://library.iyte.edu.tr/tr/hizli-
erisim/iyte-tez-portali
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¢) Dissertation/Thesis from Web

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of
California, Berkeley). Retrieved from http://yunus.hacettepe.edu.tr/ tonta/yayinlar /phd/ ickapak.html

d) Dissertation/Thesis abstracted in Dissertations Abstracts International

Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion representa-
tion, and figure-ground segregation. Dissertation Abstracts International: Section B. Sciences and Engineering, 65(10),
5428.

e) Symposium Contribution

Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms markers of
prodromalAlzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair), Predictors of mild cognitive
impairment, dementia, and mortality in adults with Down syndrome. Symposium conducted at the meeting of the
American Psychological Association, Orlando, FL.

f) Conference Paper Abstract Retrieved Online

Liu, S. (2005, May). Defending against business crises with the help of intelligent agent based early warning solutions.
Paper presented at the Seventh International Conference on Enterprise Information Systems, Miami, FL. Abstract
retrieved from http://www.iceis.org/iceis2005/abstracts_2005.htm

g) Conference Paper - In Regularly Published Proceedings and Retrieved Online

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of the cerebral
cortex. Proceedings of the National Academy of Sciences, 105,12593-12598. http:// dx.doi.org/10.1073/pnas.0805417105
h) Proceeding in Book Form

Parsons, O. A., Pryzwansky, W. B., Weinstein, D. J., & Wiens, A. N. (1995). Taxonomy for psychology. In J. N. Reich,
H. Sands, & A. N. Wiens (Eds.), Education and training beyond the doctoral degree: Proceedings of the American
Psychological Association National Conference on Postdoctoral Education and Training in Psychology (pp. 45-50).
Washington, DC: American Psychological Association.

i) Paper Presentation

Nguyen, C. A. (2012, August). Humor and deception in advertising: When laughter may not be the best medicine.
Paper presented at the meeting of the American Psychological Association, Orlando, FL.

Other Sources

a) Newspaper Article

Browne, R. (2010, March 21). This brainless patient is no dummy. Sydney Morning Herald, 45.

b) Newspaper Article with no Author

New drug appears to sharply cut risk of death from heart failure. (1993, July 15). The Washington Post, p. A12.

c) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from http://www.david
bordwell.net/blog/page/27/

d) Online Encyclopedia/Dictionary

Ignition. (1989). In Oxford English online dictionary (24 ed.). Retrieved from http://dictionary.oed.com

Marcoux, A. (2008). Business ethics. In E. N. Zalta (Ed.). The Stanford encyclopedia of philosophy. Retrieved from
http://plato.stanford.edu/entries/ethics-business/

e) Podcast

Dunning, B. (Producer). (2011, January 12). in Fact: Conspiracy theories [Video podcast]. Retrieved from http://itunes.apple.
com/

f) Single Episode in a Television Series

Egan, D. (Writer), & Alexander, J. (Director). (2005). Failure to communicate. [Television series episode]. In D. Shore
(Executive producer), House; New York, NY: Fox Broadcasting.

g) Music

Fuchs, G. (2004). Light the menorah. On Eight nights of Hanukkah [CD]. Brick, NJ: Kid Kosher.
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SUBMISSION CHECKLIST

Ensure that the following items are present:

e Cover letter to the editor

The category of the manuscript

Confirming that “the paper is not under consideration for publication in another journal”.
Including disclosure of any commercial or financial involvement.

Confirming that the statistical design of the research article is reviewed.

Confirming that last control for fluent English was done.

Confirming that journal policies detailed in Information for Authors have been reviewed.

Confirming that the references cited in the text and listed in the references section are in line with APA 6.

e Copyright Agreement Form

e Permission of previously published copyrighted material if used in the present manuscript

o Title page

The category of the manuscript

The title of the manuscript

All authors’ names and affiliations (institution, faculty/department, city, country), e-mail addresses
Corresponding author’s email address, full postal address, telephone and fax number

ORCIDs of all authors.

e Main Manuscript Document

The title of the manuscript
Abstract (200-250 words)
Key words: 3 to 5 words
Main article sections

Grant support (if exists)
Conflict of interest (if exists)
Acknowledgement (if exists)
References

All tables, illustrations (figures) (including title, description, footnotes)
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