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ARASTIRMA MAKALESI / RESEARCH ARTICLE

BRICS ve G7 Ulkelerinde Doviz Kuru Oynakhgimin Thracat Hacmi
Uzerindeki Etkisi: Panel Veri Analizi

Effect of Exchange Rate Volatility on Export Volume in BRICS and G7 Countries:
Panel Data Analysis

Zeynep Morgicek!

IDr. Ogr. Uyesi, istanbul Nigantag1 Universitesi, Meslek Yiiksekokulu, Lojistik Programu, istanbul, Tiirkiye

0Z

1870’11 yillardan giiniimiize kadar uluslararasi para sisteminde yaganan gelismeler dogrultusunda iilkeler hem sabit hem de
esnek doviz kuru rejimlerini benimsemigtir. Sabit doviz kuru rejimi altinda, 6zellikle 1930’1u yillarda iilkeler rekabet iistiinliigii
yakalamak ve ticari anlamda arzu edilen konuma ulagmak adina para birimlerinin degerini diisiirerek devaliiasyon yapmay: tercih
etmislerdir. Ancak, bu durum ticari partner iilkelerinin de ardindan misillemeci para ve ticaret politikalarina bagvurmalarina yol
acmustir. Boylece, iilkeler birbiri ardina rekabetg¢i devaliiasyon dongiisiine girmiglerdir. Bunun yani sira, giiniimiiz kosullarinda
uygulanan esnek doviz kuru rejimi altinda iilkelerin rekabet avantaji elde etmek ugruna doviz piyasasina cesitli miidahalelerde
bulundugu bilinmektedir. Ozellikle, kiiresel finans krizinden sonra iilkelerin birbirlerini kur manipiilasyonuyla suglamasi giiniimiiz
sahnesine bu tartismalar1 tekrardan ¢ikarmigstir. Bu calismada, hem gelismis (G7) hem de gelismekte olan (BRICS) iilkelerin doviz
kuru oynakli§1 ve bunun ihracat hacmi iizerindeki etkisi panel veri analizi ile incelenmektedir. Analizde iilkelerin doviz kuru
oynakliklar1, ihracat hacmi {izerinde esas belirleyici degisken olarak ele alinmistir. Ampirik bulgular, BRICS iilkelerinde doviz
kuru oynakliginin ihracat hacmi iizerindeki etkisini dogrularken, G7 iilkelerinde doviz kuru oynakliginin ihracat hacmi tizerinde
etkisi bulunmamustir. Ayrica, BRICS iilkelerinde doviz kuru oynakliginin ihracat hacmi iizerindeki etkisi negatif oldugundan doéviz
kuru oynakliginin ticaret daraltici bir etkiye yol actig1 anlasilmistir. Ancak G7 i¢in benzer bir sonuca varilamamustir. Bu kapsamda,
calismamiz doviz kuru oynakliginin gelismis ve gelismekte olan iilkeleri farkli yonlerde etkilemesi ve bu ayrimin ortaya konmasi
adina 6nem tagimaktadir.

ABSTRACT

In line with the advancements in the international monetary system from the 1870s to the present day, countries have adopted
both fixed and flexible exchange rate regimes. Under the fixed exchange rate regime, countries preferred to realize devaluation
by devaluing their currencies to gain a competitive advantage and reach the desired commercial position, especially in the
1930s. However, this situation caused the trading partner countries to resort to retaliatory monetary and trade policies afterward.
Thus, countries entered a competitive devaluation cycle one after another. Furthermore, it is known that countries make various
interventions in the foreign exchange market to gain a competitive advantage under the flexible exchange rate regime applied
under today’s conditions. Especially after the global financial crisis, countries accusing each other of exchange rate manipulation
brought these debates back to today’s agenda. The present study examined the exchange rate volatility of both developed (G7) and
developing (BRICS) countries and its effect on export volume by panel data analysis. In the analysis, the exchange rate volatility
of countries was accepted as the main determining variable on export volume. Whereas empirical findings confirmed the effect of
exchange rate volatility on export volume in BRICS countries, it was found that exchange rate volatility has no effect on export
volume in G7 countries. Moreover, since the effect of exchange rate volatility on export volume in BRICS countries is negative, it
was understood that exchange rate volatility causes a trade contraction effect. However, a similar conclusion could not be reached
for G7 countries. In this regard, our study is important in that exchange rate volatility affects developed and developing countries
in different ways and this difference needs to be revealed.
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EXTENDED SUMMARY

In line with the economic conditions that countries are subject to, they use foreign trade and monetary policy tools to increase
production within the country, encourage domestic production and producers, and ensure growth by accelerating exports and gain
a competitive advantage in foreign trade. From a historical perspective, devaluation has been the most widely used monetary policy
tool among countries. Resorting to devaluation under the fixed exchange rate regime, countries make various interventions in
exchange rates by devaluing their currencies. In today’s conditions, it would be more appropriate to state that countries cause this
situation mutually under the flexible exchange rate regime, especially through exchange rate changes or exchange rate volatility.
Particularly after the global financial crisis, countries accusing each other of exchange rate manipulation brought these debates
back to today’s agenda.

Considering the empirical literature in general, there are studies suggesting that the effects of exchange rate volatility on the
trade balance are positive, as well as studies stating that it has a negative effect and even stating that the relationship between them
is meaningless and insignificant. In the present study, the period that has not been addressed in the literature will be discussed in a
way that can compare both developed and developing country groups, namely G7 and BRICS countries, and the effect of exchange
rate volatility on export volume will be examined by panel data analysis. Furthermore, to determine real exchange rate volatility,
the Generalised Autoregressive Conditional Heteroscedasticity (GARCH) model was employed in the study, and then panel data
analysis was performed.

In the analysis, the effect of real exchange rate volatility, one of the macroeconomic variables affecting the export volume, in
other words, the relationship between export and volatility constitutes the limit of our study. Therefore, the real exchange rate
volatility is the explanatory independent variable on export volume in the established model. The other independent variables
include the real exchange rate index of the countries, the annual growth rate of GDP, foreign direct investment inflows, and
weighted average tariff rates applied to the basic product import shares of the trading partner countries. In this study, panel data
analysis was performed by establishing two models consisting of the same variables between the years 1990 and 2020 to make
a comparative evaluation between G7 countries (Germany, the United States, the United Kingdom, Italy, France, Japan, Canada)
and BRICS countries (Brazil, Russia, China, South Africa).

Empirical findings indicate that the real exchange rate and its volatility in BRICS countries are statistically significant and their
effect on export volume is negative. In other words, the increase in the real exchange rate and exchange rate volatility leads to a
reducing effect on the export volume. Thus, developing countries are adversely affected by exchange rate volatility and exchange
rate fluctuations, and their export volumes decrease. When evaluated in terms of the G7, it is observed that the real exchange rate
volatility is insignificant, while the real exchange rate is statistically significant. The increase in the real exchange rate decreases
the export volume, and this result is the same as that for BRICS. However, it was found that exchange rate volatility did not have a
significant effect on export volume in the G7 countries. Furthermore, considering that the percentage increase in the real exchange
rate decreases the export volume for both BRICS and G7 countries, it is understood that the export volume decreases in return for
the appreciation of the domestic currency, in line with the trade theory in general.

In accordance with the analysis results, while the effect of real exchange rate volatility on export volume in BRICS countries
was confirmed, it was understood that real exchange rate volatility did not affect export volume in G7 countries. In other words,
developed countries are not as affected by exchange rate volatility as developing countries. In this respect, we can say that while
the changes in the exchange rate created by developed countries using monetary policy tools are ineffective on their own export
volumes, developing countries are more affected by these changes. Namely, it is obvious that it is appropriate for developing
countries, such as Brazil, to react to the monetary policy implemented by developed countries, especially after the global financial
crisis.

In developing countries, exchange rate volatility has a negative effect on export volume, reducing the trade volume of these
countries, let alone acquiring a competitive advantage. Hence, developing countries are more affected by the volatility in exchange
rates and cannot acquire a competitive advantage in commercial terms. Ultimately, it is seen that exchange rate volatility has a trade
contraction effect in developing countries. Therefore, to increase international trade, it is recommended that developed countries
cooperate with developing countries, particularly when implementing monetary policy decisions.
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Giris

Ulkeler icinde bulunduklar1 ekonomik kosullardan dolay1 hem yurt iginde iiretimi arttirmak, yerli iiretimi ve iireticileri tegvik
etmek hem de ihracata ivme kazandirarak biiylimeyi saglamak ve dis ticarette rekabet iistiinliigii elde etmek icin dig ticaret ve para
politikas1 aracglarini kullanmaktadirlar. Tarihsel acidan baktigimizda devaliiasyon iilkeler arasinda en yaygin olarak kullanilan para
politikas1 arac1 olmustur. Sabit doviz kuru rejimi altinda devaliiasyona bagvuran iilkeler kendi para birimlerinin degerini diisiirerek
doviz kurlarina gesitli miidahalelerde bulunmaktadirlar. Giinlimiiz kosullarinda ise esnek doviz kuru rejimi altinda 6zellikle kur
degisimleri veya kur oynaklig: iizerinden iilkelerin karsilikli bir sekilde bu duruma sebebiyet verdigini sdylemek daha yerinde
olacaktir.

Esnek doviz kuru rejimi yapist itibariyle dalgalanmalara oldukga acik bir sistemdir. D&viz kurlarinda yagsanan bu dalgalanmalarin
kontrol altinda tutulmasi iilkelerin makroekonomik performansinin korunmas: ve rekabet giiciiniin siirdiiriilebilirligi acisindan
onem arz etmektedir. Acikcasi esnek doviz kuru rejiminin, iilkelerin maruz kalabilecekleri ekonomik soklar karsisinda déviz kuru
ayarlamalarina ve para politikasinda egemenliklerini siirdiirmelerine olanak saglamasi en 6nemli avantaji olarak goriilmektedir.
Ancak, esnek kur rejiminin beraberinde getirdigi belirsizlik ve risklere karsi doviz kurunda oynakligi arttirdig1 da agikardir. Ayrica
esnek doviz kuru rejimi, fiyat mekanizmasinin igleyisini bozmaktadir. Bu goriis Eichengreen (1987) tarafindan desteklenmig
ve doviz kurlarinda degiskenlik artti$1 zaman nispi fiyatlardaki degiskenligin de artacagini ileri siirmiistiir. Boylece ulusal para
biriminin dalgalanmasi ile fiyatlarda olusan farklilik iilkeleri uluslararasi ticaretten vazgegirebilecektir. Bu durumda, esnek doviz
kuru rejiminin uluslararasi ticareti baltaladig1 ve déviz kurundaki yikici dalgalanmalart arttirdig1 anlagilmaktadir.

Déviz kuru oynakliklarindan gelismekte olan iilkeler gelismis iilkelere gore daha cabuk etkilenmektedir. Ozellikle kiiresel
finans krizinin ardindan, gelismekte olan iilkelerin gelismis iilkelerin uyguladiklar1 para politikasi sonucu ortaya ¢ikan doviz
kuru oynakliklarina yonelik elestirileri konunun irdelenmesini gerektirmistir. Bergsten (2013), uluslararast para sisteminin bu
kriz sonrasinda agik bir sekilde tehdit altinda oldugunu belirtmistir. Hemen hemen her biiyiik iilke kriz sonrasinda, ekonomisini
giiclendirmek ve istihdam yaratmak icin para biriminin deger kaybetmesini veya en azindan deger kazanmayacak sekilde tutmaya
caba gosterdigini vurgulamustir. Bu sebeple, bazi iilkelerin doviz piyasasina bu amagla dogrudan miidahale ettigi anlagilmusgtir.
Bunu esas olarak uluslararasi rekabet giiclerini ve ticaret fazlalarini artirmak i¢in kendi para birimlerini degersizlestirerek yap-
muglardir. Hem gelismis hem de gelismekte olan bu iilkeler arasinda diinyanin biiyiik ekonomileri yer almaktadir. Cin’in yani sira
baz1 Asya iilkeleri, petrol ihracatgisi iilkeler ile birka¢ Avrupa iilkesi de bulunmaktadir. Nihayetinde bu iilkeler kiiresel finans
krizinin sonrasinda, ekonomilerini canlandirmak amaciyla para birimlerinin deger kaybetmesi icin kasitli olarak déviz piyasasi
miidahalelerine-politikalarina bagvurmustur.

Reel doviz kuru, iilkelerin uluslararasi ticaretteki rekabet giiclerinin ve iistiinliigiiniin bir gostergesi oldugundan 6nemli bir
politika aract olarak kullanilmaktadir. Bu bakimdan, reel doviz kuru, reel déviz kurunun oynakligi ve ihracat hacmi arasindaki
iligkinin belirlenmesi oldukca 6nem arz etmektedir. Bu yiizden bu caligmada, gelismis ve gelismekte olan iilke gruplarinin
yani G7 ve BRICS’in doviz kuru degisimlerinin veya doviz kuru oynakliklarinin ihracat hacmi iizerindeki etkilerine yonelik
degerlendirmelerde bulunulacaktir. Bu dogrultuda, daha ¢ok yapilan diger ¢alismalar da g6z oniinde bulunduruldugunda déviz
kuru, doviz kuru oynakligi, ekonomik biiyiime, dogrudan yabanci sermaye yatirimlar1 ve ihracat hacmi arasindaki iligkilerin
ne yonde degistigi ve birbirlerini nasil etkiledigine yonelik tahminler yapilacaktir. Bunun yani sira, giiniimiizde daha yaygin
olarak kullanilan dig ticaret politikas1 araclarindan biri olan glimriik tarifelerinin de analize dahil edilmesiyle ele alinan iilkelerin
benimsedikleri bu gibi politikalar sonucunda dig ticarette gercekten onemli bir rekabet iistiinliigii elde edip etmedikleri analiz

edilip yorumlanacaktir.

Literatiir Taramasi

Geleneksel ticaret teorisi, doviz kuru oynakliginin ticareti baskilayacagim ¢iinkii ihracat¢ilarin bunu riskten kaginma varsayimi
altinda, uluslararasi iglemlerdeki karlarin belirsizliginde bir artig olarak goreceklerini 6ne siirmektedir. Bu dogrultuda, doviz
kuru oynakliginin ticaret hacmini azalttigina yonelik yapilan bir¢ok ¢alisma bulunmaktadir. Buna karsilik, aksini iddia eden bazi
aragtirmalarin yani sira dnemsiz veya belirsiz bir etkisinin var olduguna yonelik iddialar da bulunmaktadir. Bu kapsamda, dncelikli
olarak literatiirde var olan ¢aligmalarin karsilastirmali bir sekilde ifade edilmesi analizimize 1s1k tutacaktir.

Do6viz kuru oynaklig1 ve uluslararasi ticaret arasindaki iligkiyi inceleyen 6nemli ¢aligmalardan biri Rose (2000) tarafindan
yapilmistir. Bu makalede, doviz kuru oynaklig1 ve ayrica parasal birligin uluslararasi ticaret iizerindeki etkisini ayr1 ayr1 deger-
lendirebilmek i¢in panel veri analizi ile ¢ekim modeli yapilmigtir. Panel veri seti, 186 iilke i¢cin 1970’ten 1990’a uzanan bes
yillik ikili gozlemleri kapsamaktadir. Analiz sonucunda, doviz kuru oynakliginin anlamli ve negatif etkisi oldugu aciga ¢ikmugtir.
Acikcasi, doviz kuru oynakliginin azaltilmast ile ticaret hacminin artacagi one siiriilmiistiir. Ayrica, ayni para birimini kullanarak
ticaret yapan iki iilkenin farkli para birimleri kullananlara gére ii¢ kat daha fazla ticaret yaptig1 bulunmustur.

Bu alanda dikkate deger bir bagka calisma De Grauwe ve Skudelny (2000) tarafindan yiiriitiilmiistiir. Bu yazarlar, doviz
kuru oynakliginin Avrupa Birligi i¢indeki ticaret akimlari lizerindeki etkisini ¢cekim modelini kullanarak dl¢meye calismigtir. Bu
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analizdeki panel veri seti 1962-1995 dénemi boyunca Avrupa Birligi ici ticaret akimlarini kapsamaktadir. Bu analiz sonucunda
yapilan tahminler dogrultusunda, doviz kuru degigkenligi icin 6onemli negatif katsayilarin ortaya ¢iktig1 gézlemlenmistir. Benzer
bir calisma Baak (2004) tarafindan yapilarak Asya Pasifik bolgesindeki 14 iilkede doviz kuru oynakliginin ihracat hacmi iizerindeki
etkisi 1980-2002 yillarina ait veriler ile ¢ekim modeli ve OLS tahmini kullanarak incelemigtir. Analiz sonucunda, déviz kurunda
yasanan oynakliklarin ihracat haddi iizerinde 6nemli dlciide negatif etkiye yol agtigina varmigtir.

Thorbecke ve Kato (2012), Almanya’nin ihracati lizerinde déviz kuru degisikliklerinin etkisini inceleyerek aralarinda Tiirkiye nin
de oldugu Almanya’nin en ¢ok ihracat yaptig1 15 iilkeye ait 1980-2010 yillarin1 kapsayan ¢eyreklik verileri kullanarak panel veri
analizi gerceklestirmistir. Sonugta, Almanya’da toplam ihracat hacmi ve reel déviz kuru arasinda uzun dénemli bir iligkinin varlig
tespit edilerek reel doviz kurundaki %10’1luk bir artisin ihracati %6 oraninda diisiirecegi bulunmus. Ayni zamanda bu sonuglar,
Almanya’nin 2000 yilindan sonraki i¢ devaliiasyonun Avrupa’ya yapilan ihracatindaki artiga katkida bulundugunu da gostermistir.
Héricourt ve Poncet (2015), makalelerinde reel doviz kuru oynakliginin firma diizeyindeki ihracat performansin nasil etkiledigi
ve bu etkinin var olan finansal kisitlamalar yiiziinden olup olmadigini arastirmiglardir. Ampirik analizleri yiiz binden fazla Cinli
ihracat¢inin 2000-2006 yillarini kapsayan ihracat verilerine dayanmaktadir. Baglica sonuclar, reel doviz kuru oynakliginin ticareti
caydirici etkisini teyit etmistir. Ayrica, firmalarin ihracata baglama kararinin ve ihracat degerinin doviz kuru oynakliginin yiiksek
oldugu destinasyonlarda azaldigini ve bu etkinin finansal agidan kirilgan firmalar icin artt131 tespit edilmistir.

Bir diger onemli caligma Berthou (2008) tarafindan yapilarak, OECD’de yer alan 20 ihracatci iilke ile 52 gelismis ve gelismekte
olan ithalat¢1 iilkenin 1989-2004 yillar arasi reel doviz kuru hareketlerinin iki yanl ticaret akimlari lizerindeki etkisini panel veri
analizi ¢cekim modeli ile incelemigtir. Analiz sonucunda, reel doviz kurunun ele alinan iilkelerin ihracat: lizerinde negatif etkisi
oldugu tespit edilmistir. Ayrica, reel doviz kurunda meydana gelecek artisin kargilikl ihracat1 diiglirdiigii ve ulusal para biriminin
%10 deger kazanmasi halinde ihracat1 ortalama %6,8 diisiirecegi sonucuna ulagilmasgtir.

Bir bagka caligsma, Hondroyiannis ve digerleri (2008) tarafindan yapilarak 12 sanayilegmis iilkenin doviz kuru oynaklig1 ve toplam
ihracat hacimleri arasindaki iligkiyi incelemislerdir. Caligsmalarinda, 1977:1-2003:4 donemlerini kapsayan ceyreklik veriler ele
alinmig ve panel veri tahmin metotlar1 arasinda yer alan genellestirilmis momentler yontemi kullanilarak analiz yapilmistir. Bu
tahmin sonuglarina gore, doviz kuru oynakliginin toplam ihracat hacmi iizerinde anlamli ve negatif etkiye sahip olduguna dair bir
kanit bulmuglardir. Polodoo ve digerleri (2016) ise, arastirmalarinda 18 Afrika iilkesine ait 1995-2012 donemlerini kapsayan bir
orneklemde doviz kuru oynakliginin imalat ticareti iizerindeki etkisini ithalat-ihracat modeli ve dinamik panel veri ekonometrisi
kullanarak analiz etmisglerdir. Dinamik panel veri analizinin sonuglari, tesadiifi katsay1 tahminleri dogrultusunda hem reel efektif
doviz kurunun hem de déviz kuru oynakliginin reel imalat ithalat ve ihracatin1 agiklamada istatistiksel olarak anlamli ve negatif
oldugunu ortaya koymustur.

Ejaz ve Zafar (2016), doviz kuru oynakliginin Pakistan’in Cin’e yapti81 deri esya ihracati iizerindeki etkisini, 1982-2014 yillarina
ait veriler ile degiskenler arasindaki uzun donem ve kisa donem iligkilerinin analizi i¢in gecikmesi dagitilmig otoregresif sinir testi
(ARDL) modelini kullanarak incelemiglerdir. Uzun donem sonuglarina gore doviz kuru oynakliginin Pakistan’in Cin’e yaptig1 deri
esya ihracatina yonelik talep iizerindeki etkisi negatif ve istatistiksel olarak anlamli bulunmustur. Kisa donem dinamikleri ile ilgili
olarak, uzun dénem dengesine yakinsamay1 gosteren negatif isaret ile hata diizeltme terimi katsayisi istatistiksel olarak anlaml
bulunmustur. Déviz kuru oynakliginin firmalarin ihracat performanslari {izerindeki etkisini inceleyen Rashid ve Waqar (2017) ise,
caligmalarinda panel veri analizini kullanmistir. Bu ¢alismada, doviz kurundaki degisikliklerin ve oynakligin imalat sektorlerindeki
ihracat davraniglarini nasil etkiledigi ve hem doéviz kurundaki degisiklikler hem de doviz kuru oynakligiin farkli biiyiikliikteki
firmalar1 ne yonde etkiledigi arastirilmistir. Bu dogrultuda, iki yiiz yirmi bir tane Pakistanli imalat firmasi 6rneklemi iizerinden
hareketle 2002-2012 donemlerini kapsayan veriler ile iki asamal1 genellestirilmis moment yontemi tahmincisi uygulanarak analiz
edilmigtir. Bu analizde, dinamik panel verileri (sistem GMM) tahmincisi, i¢selligi azaltmaya yardimci oldugu i¢in uygulanmagtir.
Analiz sonucunda, firmalarin ihracati iizerinde reel doviz kurundaki deger kaybinin pozitif etkisi olmasina karsilik doviz kuru
oynakliginin negatif etkisi oldugunu bulmuglardir.

Panel veri analizini uygulayan bagka bir calisma Xie ve Baek (2020) tarafindan yapilarak, para birimindeki deger artiginin ve
firma heterojenliginin 4 Asya iilkesinden yapilan ihracat izerindeki etkisi incelenmistir. Bu analiz 2009-2016 yillar1 arasinda secili
4 Asyadiilkesi icin firma diizeyinde veriler kullanilarak yapilmigtir. Bu ¢caligmada, panel veri analiz yontemlerinden biri olan Poisson
pseudo en ¢ok olabilirlik (PPML) tahmincisi 6ncelikle bu problemin iistesinden gelmek i¢in en popiiler ara¢ olarak kullanildig:
icin ana tahmin yontemi olarak tercih edilmistir. Ayrica siradan en kiiciik kareler (OLS) ve Tobit regresyon da kullanilmugtir.
Panel veri analizi sonuglarina gore doviz kurunun degerlenmesi aslinda Asya merkezli sirketlerin ihracatin1 caydirmaktadir. Ayrica
literatiirle uyumlu olarak, diger tiim agiklayici degigkenler istatistiksel olarak anlamli sonuglar bildirmektedir. Bu kapsamda
doviz kuru oynaklig1 firma ihracatini caydirirken, firma biiyiikliigii ve emek verimliligi ise daha yiiksek ihracat hacimleri ile
iligkilendirilmektedir.

Bu calismalarin aksine Jiang (2014) ise, nominal RMB do6viz kurundaki oynakligin Cin’in ekonomik biiyiimesi ve 6zellikle
ithalat ve ihracat yani ticaret iizerindeki etkisini 1981-2012 doénemine ait verileri kullanilarak birim kok ve eg biitiinlesme testleri
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ile analiz etmistir. Sonucta uzun dénemde, RMB’nin nominal déviz kurundaki dalgalanmalar ile ithalat ve ihracat arasindaki
iligkinin eg biitlinlesik oldugu ve bu oynakli§in ticaret hadleri {izerinde pozitif bir etkisinin oldugu bulunmustur. Déviz kuru
degisimlerinin ticaret dengesi iizerinde olumlu bir etkisi oldugunu 6ne siiren ¢aligmalardan bir digerini Yi (2010) yapmustir.
Caligmasinda, 1994-2004 donemleri arasinda Cin RMB’sinin ABD dolar karsisindaki reel efektif doviz kurlar1 ve nominal ikili
doviz kurlarinin hem ihracat hem de ithalat ile olan iligkisini 6l¢meyi amag¢lamigtir. Analiz sonucunda reel doviz kurunun orta
vadede ihracat hacmi ile pozitif yonde, ithalat hacmi ile negatif yonde iligkili oldugu ve bu kurda reel bir degerlenmenin ihracati
tesvik ederken ithalati caydiracagi ileri siiriilmiistiir. Nihayetinde, Cin’in ticaret akimlar1 {izerinde reel doviz kurunun 6nemli bir
etkiye sahip oldugu ve RMB déviz kurundaki degerlenmenin ihracati artiracagi tespit edilmistir.

Dé6viz kuru oynakligr ile ihracat arasindaki iligkiyi inceleyen bagka bir calisma Alobwede ve Toh (2017) tarafindan yapilmustir.
Bu calisgmada, Kamerun ekonomisi i¢in doviz kuru oynakligi ile finansal sistem arasindaki iligkiyi 1975-2015 yillarin1 kapsayan
bir zaman serisi ile incelemistir. Analiz sonucunda doviz kuru, doviz kuru oynakligi, diinya biiyiime orani ile ihracat arasinda
istatiksel olarak anlaml ve pozitif bir iligki bulunmustur.

Bu goriislerin yani sira, doviz kuru oynakliklarinin ticaret hacmi iizerinde anlamsiz ve dnemsiz bir etkisinin bulundugunu 6ne
siiren caligmalar da bulunmaktadir. Bu ¢aligsmalar arasinda yer alan Tenreyro (2007), 1970-1997 yillarina ait 87 iilkenin verilerini
OLS ve PML yontemlerini kullanarak panel veri analizi yapmugtir. Temel bulgular dogrultusunda, déviz kuru oynakliklarinin
toplam ihracat akimlar1 arasinda istatistiksel olarak anlamsiz ve kiiciik bir etki oldugu aci8a ¢ikmistir. Ahmed ve digerleri (2015)
ise, 46 lilke ve sektorler arasinda doviz kuru degiskenliginin ihracat esnekligini nasil etkiledigini 1996-2012 yillar1 arasinda panel
veri analizi ile incelemislerdir. Sonug olarak, reel doviz kurundaki deger kaybinin ihracat hacmi iizerinde ¢ok kiiciik bir etkisi
oldugunu bulmuslardir.

Bir diger ¢alisma Aristotelous ve Fountas (2000) tarafindan yapilarak, Avrupa Parasal Birligi’nin (EMS) olusturulmasinin dort
biiyiik AB iilkesinin (Almanya, Fransa, italya ve Birlesik Krallik) birbirlerine olan ihracati iizerindeki etkisi incelenmistir. Bu
caligmada, ¢ok degiskenli es biitiinlesme testi ve hata diizeltme modeli teknikleri kullanilarak 1973:1-1998:3 ceyreklik verilerin
analizi yapilmistir. Analiz sonucunda, doviz kuru oynakliginin ihracat hacmi iizerindeki etkisi dnemsiz veya anlamsiz oldugu
tespit edilmigtir. Nihayetinde, doviz kuru oynakliginin ihracat hacimleri iizerindeki etkisinin belirsiz oldugu ve iilkeler arasinda
degisebilecegi ima edilmistir. Herwartz (2003) ise calismasinda, déviz kuru belirsizligi ile ticaret biiyiimesini birbirine baglayan
dogrusal olmayan iligkilerin potansiyelini arastirmak icin 6 iilkenin ABD ile yaptig1 ithalat ve ihracatin aylik biiylimesini formiile
eden ikili modelleri kullanmistir. Temel bulgular, déviz kuru degisimlerinin ticaret biiyiimesi iizerindeki genel etkisinin zayif
oldugu ve ABD’nin ticaret hacminin doviz kuru oynakligi ile bagimliliginin dogrusal olmadig: yoniindedir. Ampirik sonuclar, bu
iligkinin dogrusal olmayabilecegi ve ayrica iilkelerin ithalat ve ihracatlar1 arasinda homojenlikten yoksun bir yap1 oldugu goriisiinii
desteklemektedir.

Doviz kuru oynakliginin ihracat hacmi lizerinde belirsiz etkileri oldugunu 6ne siiren yazarlar arasinda Wang ve Barrett (2007)
yer almaktadir. Bu yazarlar, Tayvan’in ABD’ye yaptig1 ihracat iizerinden doviz kuru oynakliginin uluslararas: ticaret akimlari
tizerindeki etkisini incelemistir. Calismalarinda, 1989-1998 yillar1 arasi aylik verileri sektorel diizeyde ele alarak 8 farkl: sektoriin
Tayvan’in en biiyiik ticari partneri olan ABD’ye yaptig1 aylik ihracati zaman serileri ile analiz etmislerdir. En carpici sonug, aylik
doviz kuru oynakliginin tarimsal ticaret akimlarini 6nemli 6l¢iide negatif etkiledigi ancak diger sektorlerdeki ticareti etkilememesi
yoniinde olmustur. Aslinda, beklenen déviz kuru degisimlerinin ihracat hacimleri iizerindeki etkisinin aylar i¢inde olumlu ve
olumsuz etkilerin bir karisimi oldugu sonucuna varilmustir.

Capuano ve Stepanok (2016), 1999-2014 verilerini kullanarak, 1ngiltere’nin AB’den c¢ikmasi (Brexit) durumunda olast ticaret
degisimlerini incelemek icin, Ingiltere ve Almanya’min 35 iilkeyle olan ihracati ve doviz kuru arasindaki iliskiyi regresyon
yontemiyle analiz etmistir. Temel bulgulari, kisa vadede Alman ihracatinin doviz kuru hareketlerinden ¢ok az etkilenebilecegi ve
Euro/Sterlin doviz kurunda biiyiik dalgalanmalar olsa bile Almanya’nin toplam ticaretinde biiyiik degisikliklere yol agmayacagi
yoniindedir. Bu kapsamda ¢alismanin sonucunda, bu iilkelerin ihracatlarin1 pek ¢ok farkli degiskenlerin etkileyebilecegi ve bu
degiskenlerin i¢cinde doviz kurunun kiicilik ve kayda deger olmayan bir etkisinin oldugu tespit edilmistir.

Ampirik literatiir genel olarak degerlendirildiginde, doviz kuru oynakliginin ticaret dengesi lizerindeki etkilerinin olumlu
oldugunu ileri siiren ¢caligmalarin yani sira olumsuz etkiledigine yonelik ve hatta aradaki iligkinin anlamsiz ve 6nemsiz oldugunu
belirten ¢aligmalar da bulunmaktadir. Bu yiizden, doviz kuru oynaklig1 ve dig ticaret dengesi arasindaki iligkinin pozitif ya da
negatif yonlii olmas1 gerektigi konusunda genel bir fikir birligine ulagilamamistir. Analizlerde incelenen iilkeler ve ayrica iilkelerin
icinde bulunduklar1 ekonomik kosullar zamanla degistigi icin kesin bir yargiya varmak kolay olmayacaktir. Bu ¢aligmada literatiirde
ele alinmamig donem hem gelismis hem de gelismekte olan iilke gruplarini, G7 ve BRICS iilkelerini, karsilastirabilecek sekilde
ele alinarak doviz kuru oynakliginin ihracat hacmi iizerindeki etkisi panel veri analizi ile incelenecektir.
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Veri ve Metodoloji

Ampirik literatiir dogrultusunda, bu arastirmada yontem olarak panel veri analizinin kullanilmasi daha uygun bulunmustur.
Ciinkii panel veri analizinde ¢ok sayida degisken ayni anda hem mekan hem de zaman yoniinden birlikte analiz edilebilmektedir.
Boylece kiiresel ekonomide yer alan ¢ogu iilke ve bu iilkelere ait makro boyuttaki degiskenler analize eklenerek kiyaslanabilmekte-
dir. Ayrica, calismada Genellestirilmig Otogregresif Degigsen Varyans (GARCH) modeli reel doviz kuru oynakliginin belirlenmesi
adma kullanilmig ve sonrasinda panel veri analizi yapilmistir. Bu sebeple oncelikle GARCH modeline kisaca deginilecek, de-
vaminda ise panel veri ve panel veri analizi agiklanacaktir.

GARCH Modeli

Kiiresel ekonomi ve finansal piyasalarda ortaya ¢ikan gelismelerin hem finansal varliklarin hem de doviz kurlarinin oynaklik
davranislar iizerinde hangi yonde etkiye sahip oldugu otoregresif kosullu degisen varyans modellerinin gelistirilmesindeki ana
etkendir. Genellestirilmig Otoregresif Kosullu Degisen Varyans (GARCH) ile Otoregresif Kosullu Degisen Varyans (ARCH)
modelleri bu modeller arasinda yer almaktadir (Hepsag, 2013: 7).

Engle (1982) tarafindan ortaya konulan ARCH modeli, zaman serilerinde kosullu varyansin zaman igerisinde degistigi fikrinden
hareketle oynakligin modellenmesinde ve gelecekte gerceklesecegi degerlerin tahmininde kullanilan baglica modeldir. ARCH
modeli ile ilgili belirli varsayimlarin yerine gelmemesi lizerine Bollerslev (1986) tarafindan bu sorunlarin varlig: tespit edilerek
Genellestirilmis Otoregresif Kogul Degisen Varyans (GARCH) modeli gelistirilmistir. Bollerslev tarafindan gelistirilen GARCH
modelinde kosullu varyans sadece ge¢mis donem hata terimlerinin yaninda gecmis donem kosullu varyans degerleri de yer
almaktadir. Boylece, GARCH modelinin ARCH modeline gére modelin mertebesinin belirlenmesinde daha esnek bir yapiya sahip
oldugu anlasilmaktadir. Ayrica daha basarili olan bu model ile ARCH genellestirilerek, gecikme sayist fazla olan bir ARCH
modelini temsil etmek olasidir. Bu yiizden, doviz kuru oynaklig1 degiskenini olusturmak adina GARCH modelinin kullanilmasi
daha uygun bulunmustur.

Ampirik literatiir baglangicinda, doviz kuru oynakliginin ticaret hacmi iizerinde nasil bir etkiye sahip olduguna dair cesitli
caligmalar ortaya konmugtur. Bu ¢alismalar dogrultusunda, kur oynakliginin belirlenmesinde genellikle GARCH modelinin ter-
cih edildigi anlasilmis ve mevcut literatiirle uyumlu bir gekilde hareket edilmigtir. Herwartz (2003), Wang ve Barrett (2007),
Hondroyiannis vd. (2008), May (2010), Hooy ve Choong (2010) ile Polodoo vd. (2016) calismalarinda GARCH modellerini
kullanmugtir.

Analizin 6ziinde, ihracat hacimleri lizerinde doviz kuru oynakliginin etkisini inceleyecegimiz icin oncelikle ele alacagimiz temel
degisken doviz kuru oynakligidir. Doviz kuru oynakligy, ticaret {izerinde hem pozitif hem de negatif yonlii etki edebilmektedir. Bu
ise, iilkelerin kur hareketlerine baglh olarak ticaret iizerindeki rekabet giiclerinin artmasina veya azalmasina yol agmaktadir. Bu
sebeple, ele alinan iilkelerdeki kur oynaklig1 ampirik analizde incelenecek ana degiskendir. Doviz kuru oynaklik degiskeni, doviz
kuru verisi lizerinden olusturulmaktadir. Bu dogrultuda, reel doviz kuru veri seti kullanilarak yukarida bahsettigimiz GARCH
modeli araciligiyla her bir iilke i¢in doviz kuru oynaklik serisi tiiretilmis ve ardindan panel veri analizine gegilmistir.

Panel Veri Analizi ve Modeli

Bireyler, hane halklari, firmalar ve iilkeler gibi birimlere ait yatay kesit gozlemlerin, belirli bir donemde bir araya getirilmesi panel
veri olarak tanimlanmaktadir (Baltagi, 2008). Panel veri, N sayida birimler ve bu birimlere karsilik gelen T sayida gézlemlerden
olugmaktadir. Panel veri analizi ise, zaman boyutuna sahip yatay kesit veriler yani panel veriler ile kurulan ve bu panel veri modelleri
araciligiyla ekonomik iligkileri tahmin eden yontem olarak adlandirilmaktadir (Yerdelen Tatoglu, 2020: 4). Bu ¢alismada, ihracat
hacmi ile doviz kuru oynaklig1 arasindaki iligkiyi bulabilmek i¢in elde edilen veriler, yatay kesit ve zaman serisi boyutundan
tiiretilen panel veriler oldugundan “Panel Veri Analizi” tercih edilmistir.

Analizde, ihracat hacmini etkileyen makro iktisadi degiskenlerden reel doviz kuru oynakliginin etkisi yani ihracat ve oynaklik
arasindaki iligki, bu caligmanin sinir1 olarak kabul edilmistir. Bu yiizden, kurulan modelde ihracat hacmi iizerindeki agiklayici
bagimsiz degisken, reel déviz kuru oynakligidir. Diger bagimsiz degiskenler ise literatiirde en fazla kabul gorenlerdir. Thracat hacmi
tizerinde doviz kuru oynakliginin etkisine yonelik olarak daha 6nce yapilan analizler kapsaminda, ihracatin degerlendirilmesi i¢in
kullanilan dogrusal panel veri modeli asagida belirtildigi gibidir.

EXi; = Boir + BIVOL;; + B2REDK;; + B3GDPG; + B4aFDI;; + BsTARIF Fy; + 4, (D

Basit bir gekilde ifade edecek olursak, bu denklemde i iilkesinde t zamanda yapilan toplam ihracat hacmini EX;; ile, VOL;;
ile tilkelerin reel doviz kuru oynakligini, REDK ile iilkelerin reel doviz kuru endeksini, GDPG;; ile iilkelerin GSYH yillik artig
oranini, FDI iilkelerin dogrudan yabanci sermaye yatirim girislerini, TARIFF ticari partner iilkelerin temel iiriin ithalat paylarina
uygulanan agirlikli ortalama tarife oranlarimi géstermektedir. Denklemde G7 iilkelerinde birim boyutunu ifade eden ’i” 7 iilkeden
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ve BRICS iilkelerinde ise 4 iilkeden (Hindistan hari¢), zaman boyutunu ifade eden “’t” ise 1990- 2020 donemini kapsayan 31
yildan olugsmaktadr.

Bu denklemin standart uygulamasinda bagimli degiskenin logaritmasinin alinarak ve ilgili parametrelerin 6zellikle 54 ve S5
gibi, kullanilarak siradan en kiiciik kareler (OLS) ile tahmin edilmesinden olusur. Makro iktisadi degiskenlerden ihracat hacmi
EX (InEX), bagimli degiskenin logaritmas1 alinarak modele dahil edilmigtir. Bu kapsamda denklemimiz;

In(EX)i; = Boir + BIVOL;; + B2REDK;; + B3GDPG; + B4F DIy + BsTARIFFy + pis, )
halini alacaktir.

Calismamizda ihracat hacmi iizerinde doviz kuru oynakliginin etkisini analiz etmek i¢in bu denklem dogrultusunda, 1990-2020
yillart arasinda G7 ve BRICS (Hindistan haric) olmak iizere 11 iilkeye ait Diinya Bankas: veri setinden alan yillik veriler
kullanilmis ve kullanilan degiskenler Tablo 1’de gosterilmistir. BRICS iilke grubundan Hindistan’in ¢ikarilmasi ise, bu iilkeye
ait doviz kuru veri setinin Diinya Bankasi iizerinden ulasilamamasindan kaynaklanmaktadir. Yani, ¢alismada yapilan analizin
daha tutarli olmasi adina ayn1 veri kaynagindan ilerlenmesi daha dogru bulunmustur. Ozellikle, analizde hem gelismis hem de
gelismekte olan iilke gruplarinin ele alinmasinin sebebi ise calismamizin agiklama giiciinii daha da artirmaktir.

Tablo 1. Calismada Kullanilan Degiskenler

Degisken Kisaltma
Ihracat Hacmi (logaritmik) In(ex)
Reel Doviz Kuru Endeksi redk
Reel Doviz Kuru Oynaklig: vol
Dogrudan Yabanci Sermaye Yatirimlar: fdi
Tarife Oranlar tariff
GSYH Biiyiime Oran gdpg
Ampirik Bulgular

Panel veri modelini uygulamadan once veride birim ve zaman etkisinin varliginin sinanmasi gerekmektedir. Ciinkii zaman ve
birim etkilerinin var olmasi yapilacak ongoriileri zorlagtirmaktadir. Zaman ve birim etkilerinin varligini sinamak i¢in Breusch-
Pagan Lagrange Carpani (LM) ile Diizeltilmis Lagrange Carpani Testleri (ALM) yapilmistir. Birim etkisi testlerinde temel hipotez,
“birim etkinin varyansinin sifira esit oldugu” seklindedir.

Tablo 2. BRICS Birim Etkisi Test Sonuglari

istatistik Olasihk Degeri Sonug
ALM Testi (iki tarafli) 186.37 0.000 Birim etki var
ALM Testi (tek tarafl) 13.65 0.000 Birim etki var

Tablo 3. G7 Birim Etkisi Test Sonuglar1

istatistik Olasihk Degeri Sonug
ALM Testi (iki tarafli) 402.65 0.000 Birim etki var
ALM Testi (tek tarafh) 20.07 0.000 Birim etki var

Tablo 4. BRICS Zaman Etkisi Test Sonuglart

istatistik Olasiik Degeri Sonug
LM Testi (iki tarafl) 0.16 0.686 Zaman etkisi yok
LM Testi (tek tarafl) 0.4 0.343 Zaman etkisi yok
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Tablo 5. G7 Zaman Etkisi Test Sonuglar1

istatistik Olasihk Degeri Sonug
ALM Testi (iki tarafl) 2.43 0.119 Zaman etkisi yok
ALM Testi (tek tarafh) 1.56 0.059 Zaman etkisi yok

Tablo 2 ve 3’te gosterilen birim etkisi test sonuclarina gore, HO hipotezi reddedilememektedir. Boylece hem BRICS hem de G7
tilkelerinde birim etkilerin varlig1 kabul edilmektedir. Bunun yani sira, Tablo 4 ve 5’te yer alan zaman etkisi testlerinde, “zaman
etkisinin varyansinin sifira esit oldugu” temel hipotezi reddedilememektedir. Yani, BRICS ve G7 iilkelerinde zaman etkisinin var
olmadig1 anlagilmaktadir. Dolayisiyla, yalnizca birim etkilerinin oldugu tek yonlii model gegerlidir.

Tablo 6. BRICS Hausman Test Sonuclari

Bagimsiz Katsayilar Katsayilar

Degiskenler (Sabit etkiler) (Tesadufi etkiler) Olasilik Degeri
redk -0.00834 0.00183

vol -0.00069 0.00036

fdi 0.01274 0.00082 0.5727

tariff -0.00026 0.01148

gdpg -0.02198 0.012

Tablo 7. G7 Hausman Test Sonuglari

Bagimsiz Katsayilar Katsayilar

Degiskenler (Sabit etkiler) (Tesadifi etkiler) Olasilik Degeri
redk -0.01726 0.00174

vol 0.24915 0.25237

fdi 0.00251 0.00028 1.0000

tariff 0.00108 0.00317

gdpg -0.02198 0.00805

Birim etkinin varli§1 kabul edildikten sonra, bu birim etkilerin tesadiifi etkiler mi yoksa sabit etkiler mi oldugunu bulabilmek
adia direngli Hausman testleri yapilmistir. Bu testler sonucunda her iki modelde de tesadiifi etkiler varsayiminin etkin ve dolayisiyla
kullanilmasinin uygun olduguna karar verilmistir. Bu kapsamda elde edilen tahmin sonuglar1 da Tablo 6 ve 7°de sunulmustur.
Sonug itibariyle hem BRICS hem G7 iilke modellerinde tek yonlii birim etkilerin oldugu ve tesadiifi etkiler tahmincisinin etkin
oldugu bir model oldugu anlagilmustr.

Tablo 8. BRICS Varsayimdan Sapmalarin Sinanmast

Olasilik Degeri Sonug
Wald Testi 0.000 < 0.05 Heteroskedasite var
Durbin Watson 0.552<2 Otokorelasyon var
Baltagi- Wu LBI 0.707<2 Otokorelasyon var
Pesaran 0.010 <0.05 Birimler aras: korelasyon vardir
Friedman 0.000 < 0.05 Birimler aras1 korelasyon vardir

Frees 0.074 <0.124 Birimler arasi1 korelasyon yoktur
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Tablo 9. G7 Varsayimdan Sapmalarin Sinanmasi

Olasilik Degeri Sonug
Wald Testi 0.000 < 0.05 Heteroskedasite var
Durbin Watson 0.525<2 Otokorelasyon var
Baltagi- Wu LBI 0.652<2 Otokorelasyon var
Pesaran 0.000 <0.05 Birimler aras1 korelasyon vardir
Friedman 0.000 < 0.05 Birimler arasi korelasyon vardir
Frees 0.803 > 0.161 Birimler arasi korelasyon vardir

Buna ek olarak, her iki panel veri modelinde de otokorelasyon, heteroskedasite ile birimler arasi korelasyonun varlig1 gibi
varsayimindan sapmalar sinanmustir. Tablo 8 ve 9°da gosterildigi gibi, hem BRICS hem de G7 modellerinde varsayimdan sapmalarin
var oldugu anlagilmaktadir.

Soyle ki, her iki modelde de heteroskedasite icin Wald test istatistigi olasilik degeri 0.05’ten kii¢iik oldugundan %35 anlam
diizeyinde HO hipotezi reddedilmekte ve heteroskedasite oldugu kabul edilmektedir. Ayrica, Durbin Watson testi ve Baltagi-Wu
tarafindan Onerilen LBI test istatikleri otokorelasyonu 6l¢gmek adina kullanilmigtir. Goriildiigii gibi tesadiifi etkiler modellerinde
her iki test i¢in de degerler kritik deger olarak kabul edilen 2’den kiiciiktiir. Bu durumda, tesadiifi etkiler modellerinde birinci
mertebeden otokorelasyonun var oldugu tespit edilmistir. Son olarak, her iki modelde de birimler arasi korelasyon Pesaran,
Friedman ve Frees’in testleri ile stnanmustir. Bu test sonuglarina gore, HO hipotezi reddedilmis ve birimler arasi korelasyon oldugu
dogrulanmistir. Bu durumda, hem BRICS hem G7 modelinde otokorelasyon, heteroskedasite ile birimler arasi korelasyonun
varlig1 anlagildigindan direngli tahminciler arasinda yer alan Driscoll-Kraay tahmincisi ile tahminler yapilarak nihai sonuglar elde
edilmigtir ve bu sonuglar Tablo 10 ile 11°de gosterilmistir.

Tablo 10. BRICS Driscoll-Kraay Standart Hatas1 Sonuglar1

Bagimsiz

Degiskenler Katsayilar Standart Hata Olasilik Degeri
redk -0.00834 0.00117 0.000

vol -0.00069 0.0003 0.027

fdi 0.01274 0.00088 0.000

tariff -0.00026 0.01402 0.985

gdpg -0.02198 0.01227 0.083

Tablo 11. G7 Driscoll-Kraay Standart Hatas1 Sonuglari

Bagimsiz

Degiskenler Katsayilar Standart Hata Olasiik Degeri
redk -0.01726 0.00318 0.000

vol 0.24915 0.20944 0.244

fdi 0.00251 0.0006 0.000

tariff 0.00108 0.0046 0.816

gdpg -0.02198 0.00936 0.026

Ampirik bulgular, BRICS iilkelerinde reel doviz kuru oynakliklarmin ihracat hacmi iizerindeki etkisini dogrularken, G7
iilkelerinde reel doviz kuru oynakliginin ihracat hacmi iizerinde etkisi bulunmamistir. BRICS d{ilkelerinde reel doviz kuru ve
bu kurun oynaklig1 istatiksel olarak anlamli ve ihracat hacmi iizerindeki etkisi negatiftir. Yani reel doviz kuru ve doviz kuru
oynakligindaki artig ihracat hacmini azaltic1 bir etkiye yol agmaktadir. Boylece gelismekte olan iilkeler, doviz kuru oynakliklar
ve doviz kuru hareketlerinden olumsuz anlamda etkilenmekte ve ihracat hacimleri azalmaktadir. Ayrica déviz kurunda yasanan
oynakliklarin ihracat hacmi iizerinde negatif etkiye yol agtig1 Rose (2000), De Grauwe ve Skudelny (2000) ve Baak (2004) gibi
yazarlarin ¢alismalartyla da desteklenmektedir.
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G7 acisindan degerlendirirsek, reel doviz kuru istatiksel olarak anlamli olmasina karsin reel déviz kuru oynakli§inin anlamsiz
oldugu goriilmektedir. Reel déviz kurundaki artig ihracat hacmini azaltmaktadir ve bu sonu¢ BRICS ile aynidir. Ancak, G7
tilkelerinde doviz kuru oynakliginin ihracat hacmi iizerinde onemli bir etkisi bulunmamistir. Yani bu iilkelerde doviz kuru
oynakliklarinin ticaret hacmi iizerinde anlamsiz ve 6nemsiz bir etkisinin bulundugu sonucuna varilmigtir. Bu sonug Aristotelous
ve Fountas (2000), Herwartz (2003) ve Tenreyro (2007) gibi cesitli yazarlar tarafindan da ileri siiriilmiigtiir. Ayricahem BRICS hem
de G7i¢in, reel doviz kurunda meydana gelen yiizdelik artigin ihracat hacmini azalttigim1 goz 6niinde bulundurursak genel anlamda
ticaret teorisiyle uyumlu bir sekilde, yerli para biriminin deger kazanmasi karsiliginda ihracat hacminin azaldig1 anlagilmaktadir.

Bunun yani sira, hem BRICS hem de G7°de dogrudan yabanci sermaye yatirimlarinin ihracat hacmi iizerinde pozitif ve
istatiksel olarak anlamli etkileri bulunmaktadir. Béylece, dogrudan yabanci sermaye yatirimlarinda yasanan yiizdelik artiglarin
ihracat hacmini de arttirdig1 ve iktisat teorisiyle uyumlu sonuclar verdigi goriilmektedir. Ayrica, her iki modelde de ihracat hacmi
izerinde gayrisafi yurtici hasila biiylime oranlarinin (%10 i¢in) negatif ve anlamli etkisi bulunmaktadir. Buna karsilik, hem BRICS
hem de G7 iilkelerinde tarife oranlarinin ihracat hacmini agiklamada istatiksel olarak anlamsiz oldugu goriilmektedir. Yani tarife
oranlarinin ihracat hacmini a¢iklamada yetersiz oldugu belirtilmektedir.

Sonuc

Bu caligmada, gelismekte olan ve gelismis iilkelerin doviz kuru oynakliklarinin ihracat hacmi iizerindeki etkisi incelenmistir. Bu
kapsamda, BRICS (Hindistan hari¢ Brezilya, Rusya, Cin ve Giiney Afrika) ve G7 (Almanya, Amerika Birlesik Devletleri, Birlesik
Krallik, Italya, Fransa, Japonya, Kanada) iilkeleri arasinda kargilagtirmali bir degerlendirme yapmak adma 1990 ve 2020 yillart
arasinda ayn1 degiskenlerden olusan iki model kurularak panel veri analizi yapilmustir.

Analiz sonuclarina gore, BRICS iilkelerinde reel doviz kuru oynakliginin ihracat hacmi iizerindeki etkisi dogrulanirken, G7
tilkelerinde reel doviz kuru oynakli§inin ihracat hacmini etkilemedigi anlagilmigtir. Yani geligmis iilkeler, gelismekte olan iilkel-
erde oldugu gibi doviz kuru oynakligindan etkilenmemektedir. Boylece, gelismis iilkelerin para politikas1 araglarini kullanarak
doviz kurunda yarattig1 degisiklikler kendi ihracat hacimleri iizerinde etkisiz kalirken gelismekte olan iilkelerin bu degisiklikler
karsisinda daha cok etkilendigini sdyleyebiliriz. Soyle ki, gelismis iilkelerin dzellikle kiiresel finans krizinden sonra uyguladiklari
para politikasina gelismekte olan iilkelerin, Brezilya gibi, tepki gostermesinin yerinde oldugu asikardir. Sonug olarak, 2008 krizinin
ardindan ABD’nin uyguladig1 para politikast déviz kuru ve doviz kuru oynakligina iligkin tartismalart yeniden alevlendirmigtir.
Gunumuz kosullarinda, bu ¢aligma hem icinde bulundugumuz ulke grubu olan gelismekte olan ulkeler hem de gelismis ulkeler
anlaminda ve dahasi kuresel boyutta doviz kuru oynakligina dikkat ¢ekmeyi ve gelecek aragtirmalar i¢in faydali olmay1 amagla-
maktadir.

Gelismekte olan iilkelerde, doviz kuru oynaklig1 ihracat hacmi iizerinde olumsuz bir etki yaratarak bu iilkelerin rekabet iistlinliigii
elde etmeleri bir yana bu iilkelerin ticaret hacmini daraltmaktadir. Bu ylizden, gelismekte olan iilkelerin déviz kurunda meydana
gelen oynakliklardan daha fazla etkilendigi ve ticari anlamda rekabet avantaji yakalayamadiklari anlagilmaktadir. Nihayetinde,
doviz kuru oynakliginin gelismekte olan iilkelerde ticaret daraltici bir etkiye sahip oldugu goriilmektedir. Bu yiizden, uluslararasi
ticareti arttirmak adina gelismis iilkelerin 6zellikle para politikasi kararlarini uygularken gelismekte olan iilkelerle ig birligi i¢inde
hareket etmeleri 6nerilmektedir. Uluslararasi ig birligi olmadan ve 6zellikle ABD tarafindan da makro ekonomik politika 6nlemleri
uygulanmadan kuresel ticaret anlaminda arzu edilen duzeye ulasilamayacagi asikardir. Bunun yani sira, doviz kurlarinin tek bagina
ulkelerin cari hesap dengesizliklerini duzeltmede yetersiz kaldig1 ve doviz kuru ayarlamalarina temel makro ekonomik politikalar
eslik etmedikce istenilen rekabet gucune ulagilamayacagi gorulmektedir.
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A Monte Carlo Study of the Residuals of System Estimators in the Presence
of Multicollinearity
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ABSTRACT

Residual analysis is often used to evaluate the precision of the parameter estimates of econometric models. Analysis of residuals
from regression is an important way of assessing the performance of a regression model in achieving the goal of accounting for
the independent variable under the underlying assumption. With the Monte Carlo Simulation (MCS) of a data set of sample size
40 over varied replications R = 20, 50, 100 and 150, we used residual analysis to study the relative performance of six estimators
of a simultaneous equation model under varied multicollinearity conditions. We found that the two-stage least squares (2SLS),
Limited Information Maximum Likelihood (LIML), and Three-Stage Least Squares (3SLS) estimators generated virtually similar
estimates. This is in agreement with the theory. In addition, the results revealed that notwithstanding the level of multicollinearity,
Ordinary Least Squares (OLS), followed by Indirect Least Squares (ILS), produced the lowest Sum of Squared Residuals (SSR)
of parameter estimates, an indication of the robustness of OLS in the presence of multicollinearity. This result also showed that
the single equation estimators (OLS and ILS) performed better than the system estimators under the condition of multicollinearity
to which we subjected our model. Furthermore, the Sum of Squared Residuals (SSR) generated for cases of low multicollinearity
are lower than those generated for cases of high multicollinearity.

Keywords: Residual Analysis, Simultaneous Equation Model, Monte Carlo Simulation, Estimators, Multicollinearity, Replica-
tions.

Introduction

Using the Monte Carlo Simulation framework proposed by Oduntan and Iyaniwura (2021), this paper applied a residual analysis
based on the Sum of Squared Residuals (SSR) criteria to examine the performance of 6 estimators vis-a-vis, Full Information
Maximum Likelihood [FIMF], Limited Information Maximum Likelihood [LIMF], Two-Stage Least Squares [2SLS], Three-Stage
Least Squares [3SLS], Indirect Least Squares [ILS], and Ordinary Least Squares [OLS], in the presence of multicollinearity. The
results show that OLS produced the lowest Sum of Squared Residuals (SSR), which is an indication of the robustness of OLS in
the presence of multicollinearity.

Analysis of residuals from regression is an important way of assessing the performance of a regression model in achieving
the goal of accounting for the independent variable under the underlying assumption. All residuals are expected to be small and
unstructured. Structured residual or those that are non-random sheds a "bad light" on the regression. Most problems that are
associated with the appointment of variables into the model as well as a choice of model estimator will turn up in the residuals.
Model diagnostics is an integral part of model determination, and an important part of the model diagnostics is residual analysis
(Farias and Branco, 2012). Analysis of the residuals plays an important role in validating the regression model. It is a powerful
diagnostic tool, as it helps in assessing whether or not some underlying assumptions of regression have been violated. These
violations may take a toll on the appropriateness of the model estimators. Residual analysis can be used as a powerful tool in
model improvement (Zhuang, 2006)

Graphical and numerical analysis of residuals can be informative about model misspecification even when data are censored or
grouped.(Chesher and Irish, 1987). In addition, many applied workers are strongly oriented to residual analysis for assessing model
adequacy (Pagan and Hall, 1983). Using a normal linear model, Chesher and Irish (1987) developed procedures for calculating
diagnostic statistics to detect model misspecification when grouped or censored data are analysed. Jalilian and Vahidi-Asl (2011),
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in their study on the use of residual analysis for inhomogeneous Neyman-Scott models, stated that ‘residual analysis method has
a good performance in assessing goodness-of-fit and revealing inadequacy of the fitted model’. Baddeley et al. (2005) defined
residuals for point process models fitted to spatial point pattern data and proposed diagnostic plots based on them. They observed
that ‘a plot of smoothed residuals against spatial location, or against a spatial covariate, is effective in diagnosing spatial trend or
covariate effects’.

In the literature, many studies used residuals of parameter estimates from regression to assess the performance of the regression
model in achieving the goal of accounting for the independent variable under the underlying assumption. Some of these studies
are as follows: Albert and Chib (1995), Farias and Branco (2012), Ogata (1988), Pagan and Hall (1983), Schoenberg (2003),
Clements, et al. (2011), Ardalani-Farsa, et al. (2010), Chaloner and Brant (1988) and Chaloner (1991).

Based on the expectation that the residuals should be small, in this paper, we conducted a numerical analysis of the residuals of
our parameter estimates to examine the performance of our estimators in the presence of multicollinearity using the Monte Carlo
Simulation (MCS). In section 2, we present the theoretical framework and empirical strategy of the study. Section 3 presents our
results and discussions, while section 4 provides the conclusion of the study.

Materials and Methods

Theoretical Framework

Let

Y=F(X,¢)+mu @)

where p ~ N(0, 02) satisfies the classical least squares assumptions.

Assign numerical values to ¢,and 0. On the basis o2, select normal deviates to be used in generating p. Select a random
sample of size T for X and compute the numerical values of F(X,¢). Obtain vector Y by computing F(X,¢) + p. Lastly, regress Y
on X to generate ¢

With the same sample size, repeat this process to facilitate the construction of the sampling distribution of ($) and to investigate
the stability of the results. We then evaluate the precision of ¢ and make further evaluation of the efficiency of different estimators
of ¢, using the empirical distribution obtained.

Furthermore, as is well known, the OLS estimator ¢3 of ¢ is the minimizer of

0= Z(yl- - X¢)?

Hence, the residual from the model can be expressed as;
& =(y-X¢)

Using the Sum of Squared Residuals (SSR) criteria for the comparative analysis of the performance of different estimators on
the basis of the residuals generated by each estimator, the estimator with the least SSR is ranked best among the others.

The Empirical Strategy

Adopting the Monte Carlo simulation strategy of Oduntan and Iyaniwura (2021), we assumed the model

Yir = Przya + v Xie + y12Xor + uy;
Y2r = B2iyir +v22Xor + y23 X34 + u2;

©))

where

y’s are endogenous variables
x’s are exogenous variables
u’s are disturbance terms
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In the matrix form, equation 2 becomes

Y=X¢p+u

where

Y=[yiy2l, X=[111X1X2X3111] ¢ =[BiB2yiy2ys3]
u = [ujus]

where u ~ N(0,02 ) satisfies the classical least squares assumptions.

We generated our data series as follows:

1.

2.

Set sample size = 40, for the purpose of this study. Arbitrarily assigned the following numerical values to the model’s
structural parameters.
Arbitrarily assigned the following numerical values to the model’s structural parameters.

Pr2=18,y11=12,v12=0.6

3
P21 =04, v22=05,y3=14 ®

. Assign arbitrary values to the elements of the variance-covariance matrix of the disturbance terms at any given sample point.

Q=1[4.53.03.03.5] (4)

. Select the values of the predetermined variables Xi;, Xo, and X3, from a pool of uniformly distributed random numbers with

the correlation coeflicients 7 (x, x,), (x,x;) and 7(x, x;) defined as; (a) Low multicollinearity - insignificant at the 5(b) High
multicollinearity - significant at the 1 This results in six sets of X "sdefined as T(x1x2),T (x2x3) A0A 7 (x, x;): Low Multicollinearity
T(x132),7 (x2x3) A0d 7' (, x3): High Multicollinearity

. From a Normal (0,1) distribution, generate the values of Uj; and U,; for each sample point using the following two-step

procedure:

(a) Draw independent series €; of random normal deviates ~ N(0,1) from a pool of random normal deviates.

(b) Transform the generated series into a series of random disturbances to guarantee conformity with the variance-covariance
matrix  using the method presented by Nagar (1969) as described below:

Oduntan and Iyaniwura (2021), further define a positive definite matrix X such that

> =prpP/ 5)
where P is an upper triangular matrix
Let
P = (85115210522) (6)
Then
S =+Vo
o2
Sa1=—— (N
=g

Si1 =+ (on = 83,

We generated the random disturbance series using

Ul
u=Peg = (—)
Ur2

- #[21] ®)

€12
= (811 521 0522) (&1 &12)
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Hence,
U1 = S11€01 + 821812

©))

U = S»&p

(vi) By reduced form, generate the endogenous variables from the values obtained for the X’s and U’s and the values assigned
to the structural parameters.
Consider the model,

Yir = Brayar + Y1 X + Y1 Xor + U1y = Bolye + y21 X2 + v21 X3, +un,

Rearranging, we have,

Yir = B2y — y1uXie — v Xor — 0X3: = u1; — o1y + y2r — 0X1y — y21Xor — y23 X3 = uos
or

BY, +TX, = u (10)
Where, B=[1-p12~-pl], I'=[-y11 = ¥1200 = y21 — 23],
Yi = [yuyal, Xi = [X1: X0, X531, u = [w1,u2]

Rewriting Equation (10), we have

Y, =-B7'I'X, + B 'u

1
= —————[1821B121]1[=¥y11 — Y1200 = y21 — 23] [ X1, X2/ X3:]
1 - B12B21
T (o
s —— Uit
T Brapr L PPl e
1
whereB'= —— |1 1
a —ﬁ12,321[ B218121]
Furthermore,
Yir = [ Y11 ]Xlt L [yt P X + B12S23 1%, + | 21 +,321uz;]
1 - BB 1 - B12821 1 - B12B21 1 - B12B21
Vor = [ Y1821 Xy, + Y11 + B21721 Xy + Y23 X3t] (12)
1 - B12821 1 - B12B21 1 - B12pa1
+ [ﬁlzult + er)]
1 - BBt

We used equation 12 to produce the values of the dependent variables at each sample point.

6. The procedure described above is repeated over replications R = 20, 50, 100, 150, and

7. (viii) With the generated data sets for yi;, yor, ¥3¢, X1, X2s,and X3, structural parameters were generated using FIML, 3SLS,
LIMEF, 2SLS, , ILS, and OLS estimators. (ix) Finally, we obtained the residuals of the estimates for further review and
analysis.

The Estimators

If OLS is applied to an equation in a simultaneous model, there will usually be more than one current endogenous variable in the
relation, and whichever variable is selected as the dependent variable, the remaining endogenous variables that are correlated with
the disturbance term will appear in the equation as explanatory variables. Hence, the OLS will be biased and inconsistent. In the
simultaneous equation models where the special assumptions of a recursive system are not valid, the valid estimating techniques
are ILS, 2SLS, LIML, 3SLS and FIML.

Indirect Least Squares or Reduced-form Methods (ILS): This method of estimation involves the application of the ordinary
least squares to each reduced-form equation of a model. Having obtained the reduced-form estimates in this way, the structural
coefficients were obtained using the algebraic transformation of the relationships between the reduced-form and the structural
coefficients of the model. ILS is a feasible estimation technique for an equation that is just identified.
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Two-Stage Least Squares (2SLS): This is a single-equation method and is probably the most popular for estimating over-
identified models. It is directly applied to the structural models. The objective of the two-stage least squares method is to reduce
the correlation of the explanatory endogenous variables with error terms as much as possible so that the ordinary least squares
method can be appropriately applied to each equation of the structural model. Where there exists exact identifiability, the 2SLS
estimates are identical to the ILS estimates

Limited Information Maximum Likelihood (LIMF): This is a single-equation method that uses the principle of maximum
likelihood. It is a “limited-information” method because it does not make full use of the information provided by the equations of
the model other than those of the particular equation under consideration. The limited information it requires on the other equation
of the model is the specification of the truly exogenous variables that are contained in those other equations. It is an appropriate
method for estimating over-identified models. The LIML estimator has the same asymptotic variance-covariance matrix as 2SLS.
However, the estimates of the asymptotic variances will differ.

Three-Stage Least Squares (3SLS): This method involves the application of the least squares method in three stages. The method
is related to the two-stage least squares method in that the first two stages are similar to those of the two-stage method, while in
the two-stage method, the two stages involve the structural-form equations of the model, and the first two stages of the three-stage
least squares method involve the reduced-form equations of the model. In the third stage of the three-stage least squares method,
the generalised least squares technique is applied to correct for any problem of heteroscedasticity that may arise in the model

Full Information Maximum Likelihood (FIMF): This is a system method based on the principle of maximum likelihood. It
requires a full knowledge of the structure of the equations in the model. It is computationally more expensive than 3SLS as it
involves the solution of non-linear equations. The most practical application of 3SLS and FIML occurs with fairly small models.

Results and Discussion

Our model is exactly identified (by Order and Rank conditions of identification). Hence, the unique estimates of the model are
realisable. Two scenarios of the presence of multicollinearity were considered. Scenario 1 relates to cases where the correlation
among the exogenous variables is significant at the 1% level designated as High Multicollinearity, while Scenario 2 relates to cases
where the correlation among the exogenous variables is insignificant at the 5% level designated as Low Multicollinearity. We
simulated a finite data set of sample size = 40 over replications R =20, 50, 100 and 150 to evaluate the two cases of multicollinearity

under consideration. The parameter estimates generated from our estimation are highlighted in tables 1 to 4.
Table 1. Average of Parameter Estimates for Sample Size=40 over Replications R=20

Parameter Estimates Equation 1 Parameter Estimates Equation 2
Estimator Level of Bz Y11 Y12 Br1 Va2 Y23
Multicollinearity (1.8) (1.2) ©0.6) 04) 0.5) (1.4)
Low 0.4880 2.0917 3.7904 1.9980 -2.0296 -12.0598
OLS High 0.5207 3.3235 1.6274 1.9616 0.1875 -13.4809
Low 8.3308 -39.5354 -99.5501 2.01144 -2.1363 -12.1603
LIML High 1.0153 -1.8051 -4.4980 22571 -3.0877 -15.6055
Low 8.3308 -39.5354 -99.5501 2.01144 -2.1363 -12.1603
2SLS High 1.0153 -1.8051 -4.4980 2.2571 -3.0877 -15.6053
Low 8.3308 -39.5354 -99.5501 2.01144 -2.1363 -12.1603
ILS High 1.0153 -1.8051 -4.4980 2.2571 -3.0877 -15.6055
Low 8.3308 -141.9700  -101.3660 2.0114 -2.1363 -12.16603
3SLS High 1.0153 -4.4980 -1.7601 1.8784 0.3502 -12.3540
Low -0.5334 4.8014 23.9146 1.33489 2.2288 -2.6684
FIML High 0.8351 1.2333 -1.7886 2.0405 0.0048 -14.6314

Table 1 presents the average of the parameter estimates when the sample size is 40 over 20 replications. A review of the estimates
revealed that of the six estimators considered, LIML, 2SLS and ILS produced identical parameter estimates.

Table 2 presents the average of parameter estimates when the sample size is 40 over 50 replications. A review of the estimates
revealed that of the six estimators considered, LIML and 2SLS produced identical parameter estimates.

Table 3 presents the average of parameter estimates when the sample size is 40 over 100 replications. Here, similar to the case
of 50 replications, LIML and 2SLS produced identical parameter estimates.

Table 4 presents the average of the parameter estimates when the sample size is 40 over 150 replications. Under this scenario, of
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Table 2. Average of Parameter Estimates for Sample Size=40 over Replications R=50

Parameter- Estimates Equation 1 Parameter Estimates Equation 2
Estimator Level of P12 Y11 V12 Bz V22 Y23
Multicollinearity (1.8) (1.2) (0.6) 0.4) (0.5) 1.4
Low 0.5045 2.2038 3.3187 1.9785 -1.2544 -12.0612
OLS High 0.5032 4.0824 1.3123 1.9463 0.2618 -13.2990
Low 3.2581 -19.6020 -25.4824 1.8961 -0.9107 -11.5692
LIML High 1.4652 10.9583 -24.8366 3.9684 -38.1473 -18.3811
Low 3.2581 -19.6020 -25.4824 1.8961 -0.9107 -11.5692
2SLS High 1.4652 10.9583 -24.8366 3.9684 -38.1473 -18.3811
Low 2.0035 -0.1073 -2.6265 0.6312 -1.415 2.1547
ILS High 4.0433 23715 -2.2671 0.6342 -39.129 7.3114
Low 3.2582 -60.6614 -26.2084 2.0034 -1.4163 -12.801
3SLS High 1.4652 -24.8340 11.0163 1.9563 0.1316 -13.289
Low -19.6766 -194.468 568.2325 45.6193 -195.3530  -748.395
FIML High 0.5733 8.7574 -3.2427 1.9434 0.3035 -13.4245

Table 3. Average of Parameter Estimates for Sample Size=40 over Replications R=100

Parameter Estimates Equation 1 Parameter Estimates Equation 2
Estimator Level of Bz Y11 Y12 B Va2 Y23
Multicollinearity (1.8) (1.2) (0.6) 0.4) 0.5) (1.4)
Low 0.5121 2.3426 2.9612 1.9638 -0.7421 -12.4434
OLS High 0.5073 3.9340 1.3713 1.9448 0.1395 -13.1436
Low 1.6505 -3.4215 -11.9137 2.0076 -0.8488 -13.5513
LIML High 1.0365 -0.6845 48.8241 3.7157 -23.8199 -24.1025
Low 1.6505 -3.4215 -11.9137 2.0076 -0.8488 -13.5513
2SLS High 1.0365 -0.6845 48.8241 3.7157 -23.8199 -24.1025
Low 2.0178 0.2571 -0.7066 0.5208 -0.9126 1.4084
ILS High 3.6042 0.1563 0.7701 0.6334 -22.1673 5.2065
Low 1.6427 -23.9515 -12.2718 2.0593 -1.0705 -14.1672
3SLS High 1.0366 -4.5398 0.6456 1.9414 0.0316 -12.9156
Low -9.4703 -95.3091 298.4402 23.8973 -97.9823 -382.582
FIML High 0.6691 7.5479 -5.4429 1.9452 0.1703 -13.2548

the six estimators considered, only LIML and 2SLS generated identical parameter estimates. In summary, in tables 1 to 4, while
LIML, 2SLS and ILS produced identical estimates over 20 replications, 50 replication appears to be the turning point for ILS as
it dropped off in the production of similar estimates with LIML and 2SLS from 50 replications and above.

Furthermore, in tables 1 to 4, the values in parentheses are the suggested true values of the parameters. We designated the best
estimators as those whose average estimates are closest to the true parameter value. For parameter 81, whose true value is 1.8, the
best estimates are obtained from OLS for both low and high multicollinearity. Similarly, for parameter 8>, whose true value is 0.4,
the best estimates are obtained from OLS for both low and high multicollinearity. By theory, for an equation that is just identified,
estimates of parameters obtained by 2SLS, LIML, ILS and 3SLS should be identical (Johnston 1991). From our results, 3SLS,
2SLS and LIML produced virtually similar estimates. For our residual analysis, the six estimators we considered were reclassified
into 4 groups vis-a-vis: OLS, ILS, FIML and L23 (for LIML,2SLS and 3SLS).
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Table 4. Average of Parameter Estimates for Sample Size =40 over Replications R=150

Parameter Estimates Equation 1

Parameter Estimates Equation 2

Estimator Level of Bz Y11 Y12 Ba1 V22 V23
Multicollinearity (1.8) (1.2) (0.6) 0.4) 0.5) (1.4
Low 0.5155 2.3845 2.8425 2.0237 -0.5955 -12.5358
OLS High 0.5111 3.7765 1.4361 1.9514 0.1124 -13.2334
Low 1.6329 -1.3810 -8.9139 1.9109 -0.3902 -12.6113
LIML High 4.0277 -51.3888  9.3297 3.1286 -15.9798 -20.4538
Low 1.6329 -1.3810 -8.9139 1.9109 -0.3902 -12.6113
2SLS High 4.0277 -51.3888  9.3297 3.1286 -15.9798 -20.4538
Low 1.9186 0.5685 0.6988 0.5188 -0.6004 1.5265
ILS High 2.8916 -0.6146 -0.0614 0.5298 -14.0596  4.0739
Low 1.4335 -15.0677  -9.1526 1.9654 -0.4785 -13.8968
3SLS High 4.0278 -53.9570  -23.6568 1.9056 0.0891 -12.4936
Low -6.0768 -62.1419 198.4648 16.5661 -65.2997 -259.0820
FIML High 0.6543 7.7370 -4.6519 -0.9192 11.2880 28.1733

Table 5 highlights the further evaluation of results in tables 1 to 4 using the Sum of Squared Residuals (SSR) of the parameter
estimates. Hence, the performance of the estimators in the presence of multicollinearity was assessed on the basis of the analysis

conducted on the SSR.

Table 5. Sum of Squared Residuals of Parameter Estimates (SSR)

Parameter Estimates Equation 1

Parameter Estimates Equation 2

Estimator Level of B2 Y11 Y12 Bt Va2 Va3
Multicollincarity (1.8) (1.2) 0.6) 0.4) 0.5) (1.4)
Low 0.5155 2.3845 2.8425 2.0237 -0.5955 -12.5358
OLS High 0.5111 3.7765 1.4361 1.9514 0.1124 -13.2334
Low 1.6329 -1.3810 -8.9139 1.9109 -0.3902 -12.6113
LIML High 4.0277 -51.3888 9.3297 3.1286 -15.9798 -20.4538
Low 1.6329 -1.3810 -8.9139 1.9109 -0.3902 -12.6113
2SLS High 4.0277 -51.3888 9.3297 3.1286 -15.9798 -20.4538
Low 1.9186 0.5685 0.6988 0.5188 -0.6004 1.5265
ILS High 2.8916 -0.6146 -0.0614 0.5298 -14.0596 4.0739
Low 1.4335 -15.0677 -9.1526 1.9654 -0.4785 -13.8968
3SLS High 4.0278 -53.9570 -23.6568 1.9056 0.0891 -12.4936
Low -6.0768 -62.1419 198.4648 16.5661 -65.2997 -259.0820
FIML High 0.6543 7.7370 -4.6519 -0.9192 11.2880 28.1733

From the SSRs in table 5, at both levels of multicollinearity, for the two equations and over all replications, OLS generally
rendered the lowest SSR followed by ILS compared to other estimators. Thus, on the basis of our analysis of the residual, OLS
performed best in all cases compared with other estimators in both equations. However, the SSRs generated for cases of low
multicollinearity are lower than those generated for high multicollinearity. Furthermore, for equation 1, at low multicollinearity,
OLS generated SSR values of 151.55, 170.10, 176.10 and 175.90 for replications R = 20, 50, 100 and 150,, respectively. Hence,
100 replications appear to be the turning point in the performance of OLS at this instance. A similar turning point could not be
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established for OLS in the case of high multicollinearity in equation 1. For equation 2, at low multicollinearity, OLS generated
SSR values of 9.95, 20.51, 30.08 and 30.20 for replications R = 20, 50, 100 and 150, respectively. Hence, for this case, the SSR
progressively increased as the replications increased. Also for equation 2, at high multicollinearity, OLS generated SSR values of
27.64, 37.47, 39.90 and 37.32 for replications R = 20, 50, 100 and 150, respectively, with a turning point at replication R = 100.
Table 6 further highlights the performance of the six estimators on the basis of the SSR of the parameter estimates and also in
terms of the reclassification adopted above (OLS, ILS, FIML and L23 (for LIML,2SLS and 3SLS).

Table 6. Performance of Estimators using the Sum of Squared Residuals (SSR)

Parameter Estimates Equation 1 Parameter Estimates Equation 2
Estimator Level of Bi2 Y11 Y12 B21 V22 Y23
Multicollinearity (1.8) (1.2) (0.6) (0.4) (0.5) (1.4)
Low 0.5155 2.3845 2.8425 2.0237 -0.5955 -12.5358
OLS High 0.5111 3.7765 1.4361 1.9514 0.1124 -13.2334
Low 1.6329 -1.3810 -8.9139 1.9109 -0.3902 -12.6113
LIML High 4.0277 -51.3888 9.3297 3.1286 -15.9798 -20.4538
Low 1.6329 -1.3810 -8.9139 1.9109 -0.3902 -12.6113
2SLS High 4.0277 -51.3888 9.3297 3.1286 -15.9798 -20.4538
Low 1.9186 0.5685 0.6988 0.5188 -0.6004 1.5265
ILS High 2.8916 -0.6146 -0.0614 0.5298 -14.0596 4.0739
Low 1.4335 -15.0677 -9.1526 1.9654 -0.4785 -13.8968
3SLS High 4.0278 -53.9570 -23.6568 1.9056 0.0891 -12.4936
Low -6.0768 -62.1419 198.4648 16.5661 -65.2997 -259.0820
FIML High 0.6543 7.7370 -4.6519 -0.9192 11.2880 28.1733

The estimator that generated the lowest SSR is classified as a Good Performer, while the estimator with the next lowest SSR
is displayed in brackets. Estimators that generated large numerical SSRs are classified as Large SSRs. These results confirm the
superiority of OLS at both levels of multicollinearity for both equations in the model and over the different replications considered.
From table 6 it can be deduced that generally, OLS yielded the lowest SSR followed by ILS, while the system estimators generally
produced a large SSR.

Conclusions

In a Monte Carlo Simulation (MCS) study, we analysed the residuals of our parameter estimates with a view to evaluating the
relative performance of six system estimators (OLS, ILS, 2SLS, 3SLS, LIML and FIML) under varied levels of multicollinearity.
Our simultaneous equation model was estimated with a Monte Carlo simulated data set of sample size 40 over different replications
R = 20, 50, 100 and 150. We found that, in line with theory and as also confirmed by Johnston (1991) for the just identified
equation, the 3SLS, LIML and 2SLS estimators produced virtually identical estimates. For the OLS in equation 1, replication R =
100 appears to be the turning point in the progressive rise of the SSR. The results revealed that irrespective of the magnitude of
multicollinearity, OLS yielded the lowest SSR followed by ILS, while all the system estimators generated large SSRs. This result
indicates the robustness of the OLS in the presence of multicollinearity. Also, the SSRs generated for cases of low multicollinearity
are lower than those generated for cases of high multicollinearity. This is in agreement with the theory on the need to maintain
low multicollinearity in econometric models for the optimal performance of the estimators.
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ABSTRACT

This study investigates the bubble assets of exchange rates in some newly industrialized countries, including Brazil, Indonesia,
Mexico, South Africa, and Thailand. This study aims to determine the bubble assets in the exchange rates of the relevant countries
according to the critical values obtained from the GSADF unit root test and Monte Carlo simulation, using weekly data for
01/06/2019-04/03/2023. Then, the presence of some of the information in the GSADF variable of the other country in the current
values of the GSADF variable obtained for each country’s exchange rate is examined. The study’s findings show that there is
bidirectional causality between the Mexican Peso and the currencies of other countries in the bubble series for each of the five
countries. Similar results were found for bidirectional causality between all countries except the South African Rand and the Thai
Baht. These findings show that the Mexican Peso and the South African Rand are the currency parity of the countries that both
emit and receive the bubbles that occur in the countries in the study.

Keywords: NIC Countries, Exchange Rate, Bubble Presence, Bubble Spillover
Jel Classification: C22, GO1, F31

Introduction

Financial asset bubbles have the potential to severely impact both investor wealth and societal welfare, as observed in major
crises such as the Dot-Com bubble in the late 1990s (DeLong & Magin, 2006) and the U.S. real estate bubble in 2008. These
episodes and historical bubbles like the Tulip Frenzy (Brunnermeier, 2016; Jones, 2016) and the South Sea Bubble (Temin &
Voth, 2004) demonstrate that bubbles can transcend national borders and disrupt global markets.

In financial markets, a bubble generally occurs when an asset’s price significantly deviates from its fundamental value, often
due to speculative trading. This study aims to detect bubbles and their spillover effects in the exchange rates of selected newly
industrialized countries—Brazil, Indonesia, Mexico, South Africa, and Thailand—using the GSADF test. By examining the causal
relationships and interconnected patterns of bubbles among these countries, this research offers new insights into how speculative
bubbles propagate across exchange rates.

The primary research questions guiding this study are as follows:

Do bubbles in the exchange rates of these countries display interconnected or spillover patterns?
Can past bubble formations in one country’s exchange rate help explain those in another?
Which exchange rates act as the primary transmitters and receivers of the bubbles?

This study contributes to the literature by providing empirical evidence on bubble transmission between the exchange rates of
emerging economies. Findings from this research could inform policymakers about the risks associated with cross-border financial
instabilities, helping them describe strategies to mitigate potential economic disruptions.
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Literature Review

It has been observed that the examination of bubble assets with the GSADF test has been researched in the literature with a
heavy emphasis on financial instruments. For example, it has been the subject of research into variables such as housing prices and
investment tools such as stock markets, crypto assets, and exchange rates. The primary motivation of this study is to investigate
whether the bubble assets that occur in the exchange rates of some newly industrialized countries in the explanation of their values
in the current period and whether the lagged values of the bubbles in the exchange rates of other countries contribute to the
explanation of the bubbles in the current period. Therefore, in this study, the fact that no study has been conducted in the literature
on the propagation of bubble assets reveals the study’s originality.

Mandaci and Cagli (2018) examined the bubble assets with the housing prices in Turkey. On the other hand, Gok¢e and Giiler
(2020) discussed the bubble assets in the province of Ankara in their studies on the housing bubble. In another study on the housing
market, bubble assets were found at various times when examining the essential cities of Turkey (Abioglu, 2020). Another study
investigated the presence of bubbles in housing prices across Turkey and in the TR71 region (Kartal, 2022). Asal (2019) examined
the bubble assets in-house prices in Sweden. Another study provides evidence from Japan’s asset price bubble in the 1980s and
1990s (Hu & Oxley, 2018a). Another study proposes how bubble assets can be obtained in the real estate market ( Lai et al., 2009;
Escobari & Jafarinejad, 2016). Liu et al. (2016) considered the bubbles in housing prices in China. One study provided evidence
for speculative bubble assets in the US real estate market (Naoui & Bassem, 2015). It examines the presence of bubbles in regional
housing prices in the US (Hu & Oxley, 2018b). Joyeux and Milunovich (2015) investigated speculative bubbles in global real
estate investment trusts. Chen and Funke (2013) investigated bubble assets in the housing market in Germany. A similar study was
conducted for the housing market in Australia (Shi et al., 2016; Supervised et al., 2018).

They consider rational bubble assets separately for indices within BIST (Caghi & Mandaci, 2017; Citak, 2019). Kili¢ (2020), on
the other hand, examines the bubble assets in the stock markets of BRICS-T countries. In another study, the bubble assets of MIST
countries in the stock markets are discussed (Yurtoglu, 2022). One study provided evidence of bubble holdings in the emerging
stock market (Liaqat et al., 2019). Almudhaf (2017) discussed bubble assets in the African stock market. Another study provides
evidence from the Dow Jones market bubble assets during the COVID-19 era (Chang et al., 2021). Balcilar et al. (2016) examined
the collapsing bubbles in the South African stock market. Another study provides examples of bubble holdings in cross-listed
equities traded on the Chinese stock market (Pavlidis & Vasilopoulos, 2020). Pavlidis et al. (2017) examined the bubble assets
in the forward and spot markets in their study. Another study revealed the bubble assets during the hyperinflation period that
Germany experienced during the war periods (Pavlidis et al., 2012). Addresses bubble assets in alternative energy stocks in global
indices in mid-2000 (Bohl et al., 2015). In one study, bubble assets in the Indonesian stock market were examined (Almudhaf,
2018). Explores bubble assets on the Nasdaq and S&P500 exchanges (Mulla et al., 2018).

On the other hand, Bettendorf and Chen (2013) investigated the bubble assets in the GBP/USD exchange rate. In another study,
the BRICS and Turkey provided evidence of exchange rate bubbles (Yildirim et al., 2022). Jiang et al. (2015) examined bubble
assets in the RMB-dollar exchange rate. Assaf (2018) explores the presence of bubbles in the prices of the art market. During
the COVID-19 era, food price bubbles in countries known as the Fragile Eight have been addressed (Varlik, 2021). Another
study provides evidence from bubble assets in the European Union Emissions Trading Program (Creti & Joéts, 2017). Another
study examined the bubble assets in China’s Pu’er tea price (Dou et al., 2021). One study revealed the presence of bubbles in the
commodity prices of various agricultural products (Areal et al., 2016).

Bubble assets have been investigated in the crypto money market, one of today’s remarkable investment tools. Giile¢c and Aktag
(2019) detected speculative bubble assets in various cryptocurrencies in the crypto money market. Songur (2019), on the other
hand, has concluded that there are many bubbles in the Bitcoin market based on the data from the 2015-2018 period. In another
study, they examined the bubble assets in Bitcoin, Ethereum, and Ripple altcoins, which are the locomotives of the crypto money
market (Mete et al., 2019). Some crypto assets in the crypto money market are being examined with Bitcoin, Iota, and Ripple
altcoins (Sahin, 2020). Yilmaz (2022) investigated the bubble assets in the crypto money market during the COVID-19 period. In
his study, Isildak (2022) examined the bubble assets in Bitcoin, the most critical cryptocurrency in the crypto market. Similarly,
Liv et al. (2021) attempted to identify the bubble periods in Bitcoin. One study explored speculative bubble assets in Bitcoin
aragtirmaktadir ( Malhotra & Maloo, 2014; Da Costa De Souza et al., 2017; Demmler & Fernidndez Dominguez, 2022). The
existence of bubbles in Bitcoin, the locomotive of the crypto money market, and Ethereum, the locomotive of altcoins, has been
investigated (Corbet et al., 2018). Another study examined the existence and deflating of bubbles in Bitcoin (Kyriazis et al., 2020;
Z.7Z.Lietal., 2019).

Another application area was realized with precious metals. A study examines bubble asset prices in silver (Oncii, 2021).
Another study provided evidence of bubbles in crude oil prices (Pavlidis et al., 2018; Khan et al., 2021). Another study addresses
bubbles in commodity prices (Sanders & Irwin, 2010). On the other hand, Ozgur et al. (2021) examined the bubble assets in metal
prices using GSADF and machine learning methods. In another study, he tried to determine the bubble periods in WTI prices
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(Perifanis, 2019). Zhao et al. (2021) investigated the contagion of bubbles between the stock market and oil prices. On the other
hand, Su et al. (2020) provided evidence from bubble assets in copper prices. Another study investigated the bubbles in fuel prices
in developing economies (Ahmed et al., 2022). On the other hand, Tsvetanov et al. (2016) examined bubble assets for their future
prices.

The existing literature predominantly focuses on identifying and analyzing asset bubbles across various financial instruments.
However, there are a limited number of studies examining bubble spillovers between the exchange rates of newly industrialized
countries and the potential impact of these bubbles on each other. Specifically, a comprehensive analysis of asset bubbles’
international transmission tendencies and their effects on financial markets remains underexplored.

This study aims to fill this gap by investigating how bubbles in the exchange rates of newly industrialized countries influence each
other. By providing new empirical insights into the process of bubble spillovers among exchange rates, this research contributes
valuable knowledge for risk management strategies in international financial markets. The findings may offer policymakers essential
information for fostering financial stability across countries.

Theoretical Framework

This study is grounded in the theory of speculative bubbles, which suggests that speculative bubbles can cause asset prices to
deviate significantly from their intrinsic values due to investor behavior and market dynamics. According to this theory, bubbles
form when investors drive asset prices upward based on expectations of future profits rather than current fundamentals, often
leading to an unsustainable price level. Key concepts within this framework include market exuberance, herd behavior, and
irrational expectations, which collectively contribute to price distortions in financial assets.

Additionally, this study draws on international finance theories that address the interconnectedness of global markets. Exchange
rates, especially in emerging and newly industrialized economies, are susceptible to cross-border shocks due to trade relations,
investor sentiment, and macroeconomic interdependencies. Theoretical models such as the Efficient Market Hypothesis (EMH)
(Fama, 1970) and the contagion theory provide a foundation for analyzing how information or price changes in one country’s
currency can influence others, particularly through bubble spillovers.

Application Method: Right Tail Generalized Augmented Dickey-Fuller (GSADF) Test

Referring to the inadequacy of the SADF method proposed by Phillips, Wu, and Yu (2011) and performed for finding bubbles in
detecting multiple bubbles, Phillips, Shi, and Yu (2015) developed the SUP ADF (GSADF) method to eliminate this deficiency.
This method proposes an iterative backward regression technique for timestamp bubble formation (Phillips et al., 2015, p. 1045).
Another difference from the SADF method is that instead of keeping the starting point of the iteration fixed, the GSADF method
expands the sample scope by changing both the starting point and the ending point of the iteration in the flexible window (floating
window) range. Therefore, the GSADF test is a right-tailed double iterative test for the ADF unit root test. The specification of the
GSADF test proposed by PSY (2015) is obtained as in Equation 1 (Phillips et al., 2015, p. 1047):

Ayt =y, + Op iy Yi-1 + Ztk:llpil,rszt_i +& @

Repeated ADF test regressions on sub-samples given recursively follow Equation 1 in the proposed test. In this test, besides
changing the endpoint of the r, regression from ry (smallest window width) to 1, it also allows the starting point of to r; change
within a suitable range from 0 to r,-ro. Thus, the GSADF statistics are defined as the most significant ADF statistic in this double
recursion over all applicable ranges of r; and r,. The GSADF statistics are shown with r( as in Equation 2 (Phillips et al., 2015,
p- 1049):

GSADF(ro) = sup S W(r)2 = W(r)? = rwl = [ W(r)dr[W(r2) = W(r)]
ra € [ro, 1] { ' 7 } b)
r1 € [0, — 1] r&f{rw /rlrz W(r)zdr—[/rlr2 W(r)dr]2}

While the related hypotheses are formed as Hy: 6=1 and H;: <1 in the left-tail ADF test, the hypotheses are expressed as
follows in the right-tail ADF test:

Hy: 6=1 (has a unit root)

Hj: 6>1 (contains an explosive unit root)
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On the other hand, the GSADF in Equation 2 is briefly defined as (Phillips et al., 2015, p. 1049):

GSADF(ry) = sup
r2 € [ro, 1] {ADF:IZ} 3)
r1 € [0,r2 —r1]

This test identifies multiple bubbles, allowing the different window sizes to change from O to r;-ro, which they highlighted in
the SADF statistics proposed by Phillips et al. (2011) (Phillips et al., 2015).

Granger Causality Test

The basic idea behind Granger’s (1969) causality analysis is to show the existence of a causal relationship between variables if
the lagged values of another variable contribute to the explanation of this variable while explaining the value of a variable in the
current period. In other words, if some amount of information carried by a time series is affected by the past values of another
time series or can be explained by its historical values, there is a causal relationship between these two series. Suppose the two
variables are X; and Y;. The equations proposed by Granger (1969) are given below:

Y +coX, =20 e X+ 2L dY j+ 5, ©)

The simple causality model will be valid if bo=co=0 given in Equations 4 and 5. Otherwise, according to the definition by
Granger (1969), instant causality will be in question (Is1g1cok, 1994).

Unit Root Test

The Dickey-Fuller (DF) unit root test, which was introduced to the literature as the parametric unit root test of Dickey and Fuller
(1979, 81), has been generalized and named the ADF unit root test. The unit root test proposed by Phillips and Perron (1988)
is frequently used to determine stationarity. Accordingly, the intercept, trend, and intercept models of the ADF unit root test are
shown in Equations 6 and 7:

Intercept ADF equation,
Ayr = o+ ¢yt + B Aymi + us (6)

The Trend and Intercept ADF equation,
Ay = ag+ait + ¢y, 1+ X Ay + uy @)
Since the PP test equations are similar to the ADF process, their equations are not specified to avoid repetition. The hypotheses
for the relevant tests are the left-tail test and are as follows:
Hy: 6=1 (Series contains unit root / Series is non-stationary)

H,: 6<1 (There is no unit root in the series/The series is stationary)

Application

In this section, the application proceeds in two different ways. First, the USD/BRL (Brazil), USD/IDR (Indonesia), USD/MNX
(Mexico), USD/ZAR (South Africa), and USD/THB (Thailand) pairs, 06/01/2019-23/04/2023 The weekly data of the period and
the Generalized Supremum Augmented Dickey-Fuller Test (GSADF test), which is frequently used in the research of multiple
bubbles brought to the literature by Phillips, Shi, and Yu (2015), are determined by the related parties. First, the window size is:

(ro = 0.01 + 1.8VT)
Eq. obtains it. In this equation, T is the number of observations. Therefore, the window size (r¢) was approximately 29. In the

application made in Eviews 12, critical values were obtained by making 1000 replications with Monte Carlo simulation in the
MATLAB program.
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Table 1. GSADF Test Statistics and Critical Values
USD/BRL USD/IDR USD/MNX USD/ZAR USD/THB

GSADF (test stat) 3.704935 2.310816  5.144073 3.109544 2.06401
(prob) (0.0000) (0.0310) (0.0000) (0.0010) (0.0570)
Critical values: 99% level 2.643951

95% level 2.138363

90% level 1.858774

Note: Critical values are based on a Monte Carlo simulation (run with MATLAB)

The results presented in Table 1 show the GSADEF test statistics and critical values for the exchange rates of Brazil (USD/BRL),
Indonesia (USD/IDR), Mexico (USD/MNX), South Africa (USD/ZAR), and Thailand (USD/THB). According to the findings, the
GSADF test statistics for USD/BRL, USD/IDR, USD/MNX, and USD/ZAR exceeded the critical values obtained from the Monte
Carlo simulation at the 5% significance level, indicating the presence of bubbles. For USD/THB, a statistically significant result
was observed at the 10% significance level.

These results suggest a strong bubble presence in the USD/BRL, USD/MNX, and USD/ZAR exchange rates at the 0.90, 0.95,
and 0.99 confidence intervals, while bubble indications are found at slightly lower confidence levels for the USD/IDR (0.90 and
0.95) and USD/THB (only 0.90). This indicates that speculative bubbles have formed in these currencies, with potential spillover
effects across different time periods. The similar pricing patterns observed during specific periods across these exchange rates
imply the likelihood of bubbles spreading internationally, driven by interactions between these exchange rates.

Figure 1. Bubble Formations Regarding the Exchange Rate

Figure 1 illustrates the bubble formations detected in the exchange rates of newly industrialized countries—USD/BRL (Brazil),
USD/IDR (Indonesia), USD/MNX (Mexico), USD/ZAR (South Africa), and USD/THB (Thailand)—during the study period.
Each bubble formation reflects periods in which exchange rates significantly deviated from their fundamental values, indicating
speculative trading and potential instability.

The figure reveals that bubbles in the USD/IDR, USD/MNX, and USD/THB exchange rates occurred more frequently and for
extended periods than those in the USD/BRL and USD/ZAR. Specifically, the most prolonged bubble periods are evident in the
USD/THB exchange rate, with formations lasting up to seven weeks, while the USD/BRL and USD/ZAR exchange rates exhibit
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shorter bubble durations. This variation indicates that certain currencies, like the Thai Baht, may be more prone to sustained
speculative activity, potentially due to regional or macroeconomic factors unique to Thailand.

Additionally, the timing of these bubbles across currency coincides at certain intervals, implying a level of interconnectedness or
contagion between these markets. For instance, simultaneous bubble occurrences in multiple currencies around the early months
of 2020 may reflect broader economic uncertainties, possibly tied to the onset of the COVID-19 pandemic, which heightened
volatility across global financial markets.

In summary, Figure 1 indicates that bubble dynamics differ across these exchange rates in duration and frequency, with notable
synchronizations pointing to potential spillovers. This pattern emphasizes understanding cross-country speculative behavior and
its implications for managing exchange rate risks in newly industrialized economies.

Table 2. Bubble Periods and Durations in the Exchange Rate

USD/BRL USD/IDR USD/MNX USD/ZAR USD/THB
03.01.2020- 01.19.2020 03.08.2020- 03.15.2020- 03.08.2020-
05.17.2020 03.15.2020 03.29.2020 04.05.2020
(12 Weeks) (1 Week) (2 Weeks) (3 Weeks) (5 Weeks)
03.20.2022- 03.15.2020- 04.12.2020- 07.04.2021-
04.10.2022 03.29.2020 03.29.2020 04.26.2020 08.15.2021
(4 Weeks) (3 Weeks) (1 Week) (3 Weeks) (7 Weeks)
10.16.2022- 07.10.2022-
10.23.2022 04.19.2020 07.17.2022
(2 Weeks) (1 Week) (2 Weeks)
11.13.2022- 09.18.2022-
11.20.2022 02.26.2023 10.23.2022
(2 Weeks) (1 Week) (6 Weeks)

Table 2 presents the bubble periods and durations identified for each currency and the economic conditions influencing
these exchange rate bubbles. The emergence of the COVID-19 pandemic led to substantial global economic disruptions, which
contributed to bubbles in exchange rates across various countries.

Two bubble periods were observed for the USD/BRL (Brazilian Real). The first occurred before the pandemic was officially
declared from 03.01.2020 to 05.17.2020 (lasting 12 weeks). Political uncertainties, financial volatility, and weakened trade
relationships increased the demand for the dollar, fostering bubble conditions. Between 03.20.2022 and 04.10.2022 (4 weeks), the
second bubble appeared in the middle of global inflationary pressures and rising commodity prices, particularly affecting Brazil’s
agricultural exports.

The USD/IDR the (Indonesian Rupiah) experienced four distinct bubble periods. On 01.19.2020 (lasting 1 week), early pandemic
concerns prompted investors to shift away from riskier assets, creating a speculative spike in the exchange rate. From 03.15.2020 to
03.29.2020 (3 weeks), the declaration of the pandemic and a global shift towards safer assets added pressure on the rupiah. Later,
between 10.16.2022 and 10.23.2022 (2 weeks), ongoing recovery challenges and Indonesia’s external debt position contributed to
speculative conditions. Finally, 11.13.2022 to 11.20.2022 (2 weeks) saw bubbles influenced by fluctuations in energy prices and
Indonesia’s import dependency, leading to the overvaluation of the rupiah.

For the USD/MXN (Mexican Peso) exchange rate, four bubble periods were identified. From 03.08.2020 to 03.15.2020 (2
weeks), the drop in oil prices—given Mexico’s reliance on oil exports—put the peso under pressure. Brief bubbles also occurred
on 03.29.2020 and 04.19.2020 (each lasting 1 week) due to ongoing economic uncertainty and trade tensions with the U.S. Another
bubble, on 02.26.2023 (1 week), reflected inflationary concerns and pressures from Mexico’s trade relations with the U.S.

Two bubbles emerged during the pandemic for USD/ZAR (South African Rand). The first, between 03.15.2020 and 03.29.2020
(3 weeks), aligned with the initial pandemic impacts on South Africa’s resource-based economy, affecting export demand. Another
bubble from 04.12.2020 to 04.26.2020 (3 weeks) resulted from extended COVID-19 uncertainties and a downturn in tourism
revenues.

The USD/THB the (Thai Baht) experienced four bubbles, partly due to Thailand’s dependence on tourism. A prolonged bubble
from 03.08.2020 to 04.05.2020 (5 weeks) coincided with losses in tourism revenue. Between 07.04.2021 and 08.15.2021 (7
weeks), optimism around economic recovery supported the baht. Shorter bubbles, from 07.10.2022 to 07.17.2022 (2 weeks) and
09.18.2022 to 10.23.2022 (6 weeks), were driven by inflationary pressures and rising import costs from fluctuating commodity
prices.

These findings illustrate how global and domestic economic dynamics shaped each country’s exchange rate bubbles, with
COVID-19 and subsequent global economic shifts playing major roles.
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The second application part of the study examines the causal relationship between the GSADF series obtained for each country’s
exchange rate and the GSADF test. The importance of this application is to determine whether the GSADF variable of any exchange
rate can be explained by the lagged values of the GSADF variables of other exchange rates in explaining the current period value.
The reason for using the GSADF series as a time series is that:

The foundation of using the blue line from Figure 1 as a time series lies in the theoretical basis of the GSADF test developed
by Phillips, Shi, and Yu (2015). The GSADF test, grounded in Equation 1, builds upon a differenced form of the variable y;,
which captures explosive episodes in the data. This differencing process inherently creates a series that reflects deviations from
the baseline, highlighting periods of potential bubbles as distinct intervals of explosive behavior.

In Equation 1, y; is transformed into a form that isolates deviations and captures changes relative to previous values, which are
tested recursively across flexible sample windows. This recursive testing yields a continuous measure of deviations, or explosive
points, represented as a separate time series in the blue line in Figure 1. Theoretically, this differenced y, series has all the
characteristics of a time series, including temporal dependencies, which makes it analytically valid as an independent sequence.

Thus, by constructing the GSADF test on this differenced y;, we obtain a series that can stand alone, representing fluctuations
and periods of intense deviation as a continuous measure of speculative activity. This approach provides a robust basis for using the
blue line as a time series, allowing us to explore further patterns and causative relationships within the data. Before performing the
causality test, the stagnation levels of the variables were examined. In addition, the most appropriate lag lengths for the variables
were determined. Accordingly, the ADF and PP unit root test results for the relevant exchange rate are shown in Table 3.

Table 3. Unit Root Test Results

PP ADF
At Level With Constant ng: _Clr‘l?enns;ant With Constant ng: _clffen:éant
t-Statistic

GSADFysn/BRL -2.8530 -3.4355 -2.5903 -3.3333
(prob.) (0.0529) (0.0497) (0.0967) (0.0640)
GSADFysp/ipr -3.3792 -3.4871 -3.4591 -3.5302
(0.0129) (0.0435) (0.0101) (0.0389)
GSADFysp/mnx -4.5374 -4.5862 -3.7238 -3.7907
(0.0002) (0.0014) (0.0044) (0.0190)
GSADFysp/THB -3.5761 -3.5744 -3.3005 -3.2717
(0.0071) (0.0346) (0.0162) (0.0741)
GSADFsp/zar -4.2428 -4.2317 -3.9422 -3.9593
(0.0007) (0.0049) (0.0021) (0.0115)

Table 3 presents the unit root test results for the exchange rate series, assessing the stationarity of each GSADF series for the
currencies under study. To ensure robustness, the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests were conducted
with constant and trend components.

The findings show that, at the 0.10 significance level, all GSADF series exhibit stationarity. For each currency, the calculated
test statistics are below the critical values, leading us to reject the null hypothesis of a unit root. This result implies that the
GSADF series for each currency is stationary, meaning that the series tends to revert to its mean over time and lacks a unit root.
Consequently, the explosive behavior captured by the GSADF test is episodic rather than persistent, reinforcing the interpretation
of bubbles as temporary phenomena that dissipate after certain periods.

These stationarity results validate the use of the GSADF series in further analysis, such as causality tests, by confirming the
absence of long-term trends that could otherwise distort the detection of short-term bubble dynamics and spillover effects across
the currencies.
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Table 4. VAR Lag Order Selection

Lag LR FPE AIC SC HQ
0 NA 0.023548 10.44069 10.52645 10.47543
1 1409.139 1.39E-05 3.005025 3.519588* 3.213487
2 87.03109 1.11E-05 2.780637 3.724002 3.162817
3 94.93717 8.37E-06 2.496417 3.868585 3.052315*
4 58.73971 7.71E-06 2.411326 4.212297 3.140943
5 57.56451 7.08e-06* 2.322720%* 4.552493 3.226055
6 30.82930 7.64E-06 2.392148 5.050724 3.469201
7 41.73836* 7.64E-06 2.383899 5.471277 3.634670
8 35.18477 7.94E-06 2410714 5.926895 3.835203

Note: * indicates the lag order selected by the criterion

Considering the information in Table 4, LR reaches the smallest value at seven delays, FPE and AIC at five delays, SC at one
delay, and HQ at three delays. Therefore, the five lags determined by the FPE and AIC criteria were considered in this study. After
determining the integration levels of the variables and the optimum lag lengths, the causality relationship between the GSADF
variables obtained for each country is examined in Table 5.

Table 5. VAR Granger Causality

Xdf:s GSADFysp/pri.  GSADFysp/ipr ~ GSADFysp/mnx ~ GSADFysp/rup ~ GSADFysp/zar
GSADFygp/pre - 1522495 20.58007 3.572804 10.70866
(prob) - (0.9105) (0.0010) (0.6124) (0.0575) *
GSADFysp/1pr 16.50864 - 11.72206 6.555814 25.46431
(0.0055) - (0.0388) (0.2558) (0.0001)
GSADFyp/mnx 37.2624 19.2943 - 12.25517 65.80208
(0.0000) (0.0017) - (0.0315) (0.0000)
GSADFyp/ s 3.405942 6.005125 18.38865 - 7.208941
(0.6377) (0.3057) (0.0025) - (0.2056)
GSADFygp/zar 21.4455 8.232068 12.42038 3.42867 -
(0.0007) (0.1439) (0.0295) (0.6342) -

Not: * 0.10 indicates the level of significance.

Table 5 presents the Granger causality test results, examining whether past values of the GSADF series from one currency can
predict or explain the current values of the GSADF series in another. The results offer insights into the interconnectedness and
spillover effects among the currencies of the newly industrialized countries under study. The key findings from Table 5 indicate
several significant causal relationships:

1. Bidirectional Causality: Bidirectional causality at the 0.05 significance level exists between

e USD/MXN (the Mexican Peso) and USD/ZAR (South African Rand)
e USD/BRL (Brazilian Real) and USD/MXN
e USD/MXN and USD/THB (the Thai Baht)

These bidirectional links indicate a strong feedback mechanism, where speculative bubbles in one currency can influence
and be influenced by bubbles in another. Such relationships highlight the interconnected nature of these exchange rates,
indicating that bubbles may propagate through these markets in both directions.

2. Unidirectional Causality: Unidirectional causality is observed from

e USD/MXN to USD/IDR the (Indonesian Rupiah) at the 0.05 level
e USD/ZAR to USD/THB at the 0.10 level

These unidirectional relationships imply that the Mexican Peso and South African Rand exert a one-way influence on the
Indonesian Rupiah and Thai Baht, respectively. This unidirectional spillover effect indicates that bubbles in USD/MXN and
USD/ZAR may trigger or amplify speculative behavior in USD/IDR and USD/THB without receiving reciprocal influence.

The dominant role of the Mexican Peso (USD/MXN) in multiple causal relationships reflects its position as a central currency
in transmitting bubble effects to other markets in the study. Overall, these causality results reveal complex linkages among the
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currencies, with both bidirectional and unidirectional influences suggesting that bubble dynamics in one market can significantly
impact others, underlining the potential for cross-market contagion in speculative episodes.

Implications and Recommendations

Theoretical Implications

Enhanced Bubble Detection and Analysis: Applying the GSADF test and using the blue line as a new time series highlight
an advanced methodology for identifying and analyzing bubbles. This approach provides a dynamic view of bubble periods
across time, enabling researchers to track the temporal evolution of bubbles more effectively than traditional methods. The use
of differenced y, values from the GSADF outputs as a standalone time series presents a novel analytical avenue, as it captures
explosive episodes while maintaining the statistical properties necessary for further causality and spillover analyses.

The interconnectedness of Bubble Dynamics: The Granger causality findings indicate that bubbles are not isolated phenomena
but are likely to spill over across currencies, demonstrating complex bidirectional and unidirectional causal relationships. The
Mexican Peso, for instance, acts as a significant transmitter of bubbles, influencing other currencies. This interconnectedness
indicates that bubbles should be analyzed within individual markets and in the context of their influence on other financial
systems. Theoretically, this supports the concept of bubble contagion, where speculative pressures in one market can propagate
and destabilize others.

Stationarity as a Stabilizing Force: The stationarity of the GSADF series implies that bubbles are inherently mean-reverting,
supporting the idea that speculative episodes are temporary and do not persist indefinitely. This characteristic aligns with the
theoretical understanding of bubbles as episodic deviations from fundamental values, reinforcing models that incorporate bubbles
as cyclical rather than permanently destabilizing forces.

Policy Recommendations

Monitoring Cross-Market Bubble Contagion: Given the bidirectional causality between certain exchange rates, policymakers
should consider cross-market monitoring systems that detect early signs of bubble spillovers between related currencies. For
example, any speculative activity in the Mexican Peso should be closely monitored for potential spillovers into the South African
Rand, Thai Baht, and other linked currencies. Such monitoring could help policymakers preemptively address risks and implement
interventions before bubbles spread across markets.

Implementing Macroprudential Controls: The presence of bubbles and their contagious effects call for stronger macroprudential
policies that stabilize currency markets. Regulators in countries like Mexico, Brazil, and South Africa should explore targeted
controls during speculative episodes, such as adjusting interest rates, reserve requirements, or temporary capital controls, to
mitigate the impact of bubbles and prevent widespread financial disruptions.

International Policy Coordination: As bubble spillovers indicate a high degree of interdependence among emerging markets,
particularly in the exchange rates of newly industrialized countries, international policy coordination becomes essential. Institutions
such as the International Monetary Fund (IMF) could facilitate cooperative frameworks where countries exchange real-time data
on speculative activity and synchronize intervention policies. Such coordination would enhance the effectiveness of domestic
measures by preventing the unintended consequences of isolated policy actions.

Strengthening Economic Fundamentals: To reduce vulnerability to bubbles, policymakers should focus on bolstering economic
fundamentals, such as improving trade balances, reducing external debt, and enhancing foreign exchange reserves. Strong economic
fundamentals can create a buffer against speculative pressures, making it more difficult for bubbles to form or escalate.

By addressing the theoretical and policy implications of the findings, this study supports a comprehensive approach to un-
derstanding and managing exchange rate bubbles, emphasizing the need for proactive monitoring, regulatory measures, and
international collaboration.

Conclusion

This study investigates the presence and dynamics of exchange rate bubbles among several newly industrialized countries,
specifically Brazil, Indonesia, Mexico, South Africa, and Thailand, using the GSADF test. The findings confirm the occurrence
of multiple bubble episodes across these currencies, particularly during significant global disruptions, such as the COVID-19
pandemic. The study identifies key bidirectional and unidirectional causality relationships among the currencies, highlighting the
potential for bubble spillovers and interconnectedness in emerging markets.
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The application of the GSADF test and the subsequent transformation of its output into a continuous time series provides a
valuable methodological advancement. This approach allows for a more nuanced view of bubble formations, where bubbles are
identified and tracked as evolving phenomena. The Mexican Peso, in particular, emerged as a central transmitter of bubble effects,
influencing other countries’ exchange rates within the sample. Furthermore, the stationarity of the GSADF series indicates that
these bubbles are mean-reverting, supporting the notion of bubbles as cyclical deviations rather than long-term market distortions.

Recommendations for Future Research

1. Cross-Country Analysis with More Variables: Future studies could expand the analysis by incorporating more countries and
variables, such as interest rates, stock indices, or commodity prices. This would provide a broader understanding of how
exchange rate bubbles interact with other economic variables and could help uncover additional contagion pathways.

2. Macroprudential Policy Impact on Bubbles: Examining the role of macroprudential policies in moderating bubble effects
would be valuable. Future research could analyze how different policy measures impact the formation, duration, and intensity
of the exchange rate bubble, especially in emerging markets with volatile financial systems.

3. Network Analysis for Bubble Spillovers: Building on the causality findings, future research could implement network
analysis to map the spillover effects among multiple currencies. This approach would provide a more detailed visualization
of bubble contagion across markets, highlighting the currencies that act as central nodes in the bubble transmission.

4. Alternative Bubble Detection Methods: While the GSADF test effectively detects bubbles, comparing its results with
alternative bubble detection methods, such as machine learning-based approaches or other recursive tests, could enhance its
robustness and offer new perspectives on bubble identification.

In summary, this study contributes to the theoretical and empirical understanding of exchange rate bubbles in newly industrialized
countries, emphasizing their interconnectedness and the transient nature of speculative episodes. By advancing bubble detection
and exploring causality among currencies, this study provides a foundation for developing theoretical insights and practical policy
measures to manage financial stability in emerging markets.
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0Z

Bu calismada BIST 100 endeks i¢inde yer alan girketlere ait hisse senetlerinin birlikte hareketleri Kiimeleme Analizi ve Birliktelik
Kurallart Analizi ile incelenmistir. Kiimeleme Analizi i¢in getiri, islem hacmi (volume), fiyat oynakligi, piyasa degeri, beta, piyasa
degeri/defter degeri, 6zkaynaklar/6denmis sermaye, piyasa degeri/net satiglar (hasilat); birliktelik kurallar1 analizinde kapanig
fiyat1 degisken olarak kullanmilmistir. Calismada 06.12.2012-30.12.2022 dénemi incelemeye alinmigstir. Bu donem i¢in Kiimeleme
Analizi yapilmig daha sonra tiim hisse senetlerinin ve Kiimeleme Analizi ile olusan gruplarin kendi icerisinde birlikteliklerine
bakilmigtir. Kiimeleme Analizi icin CLARA Algoritmast kullanilmig, Birliktelik Kurallar1 Analizi i¢in de FP-Growth Algorit-
masindan yararlanilmistir. Kiimeleme Analizi i¢in R programlama dili, Birliktelik Kurallar1 Analizi iginde WEKA programi tercih
edilmigtir. Caligmanin sonucunda, Kiimeleme Analizi ile hisse senetlerinin birbirleriyle olan baglantilari, ardindan Birliktelik
Kurallart Analizi ile hisse senetlerinin hangilerinin birlikte hareket ettigi goriilmiistiir. Bu durum hem bireysel hem de kurumsal
portfdy yoneticilerine, portfdy ¢esitlendirme siirecinde hangi hisse senetlerine yonelebilecekleri konusunda yardimer olacaktir.
Ayrica ¢cok dinamik bir yapiya sahip olan hisse senedi piyasalarinda yukar1 veya asag: yonlii fiyat degisimlerinde birbirine eslik
eden hisse senetlerinin belirlenmesi, yatirimcilara potansiyel karlardan pay alma imkani saglayacaktir. Birlikte hareketi tespit
edilen hisse senetlerinden bir tanesinin fiyatinda goriilen yukar1 veya asagi yonlii harekete diger hisselerin de eslik edebilecegi
olasilig1 potansiyel kar1 olusturmaktadir. Aragtirmadan elde edilen temel bulgulara gore bankacilik alaninda faaliyet gosteren
sirketler arasinda ¢ok yogun bir birliktelik tespit edilmigtir. Ayrica sektorel anlamda ayni sektor igerisinde faaliyet gosteren ilac,
beyaz esya, demir ¢elik, perakende, enerji, petrokimya ve iiretim sirketleri arasinda birliktelik goriilmektedir. Aile grup sirketleri
ve gayrimenkul yatirim ortaklig1 igerisinde yer alan sirketler arasinda da birliktelik oldugu belirlenmistir.

ABSTRACT

In this study, the co-movements of the stocks of the companies in the BIST 100 index are analysed by Cluster Analysis and
Association Rules Analysis. For the clustering analysis, yield, trading volume, price volatility, market value, beta, market value/book
value, equity/paid capital, and market value/net sales (revenue) variables are used; for the association rules analysis, the closing
price is taken as a variable. The period 06.12.2012 to - 30.12.2022 was analysed in the study. Cluster Analysis was conducted for
this period, and the associations of all stocks and stocks for each cluster were also analysed. The CLARA algorithm was used for
the cluster analysis, and the FP-Growth Algorithm was used for the association rules analysis. The R programming language was
preferred for the cluster analysis, and the WEKA programme was preferred for the association rules analysis. Because of the study,
Cluster Analysis was used to determine the interconnectedness of stocks and Association Rules Analysis was used to determine
which stocks move together. This will help both individual and institutional portfolio managers in determining which stocks to
focus on in the portfolio diversification process. In addition, identifying stocks that move in tandem with each other during upward
or downward price changes in stock markets, which have a very dynamic structure, will provide investors with the opportunity to
share in potential profits. The possibility that the upward or downward movement in the price of a stock whose co-movement is
detected may be accompanied by other stocks constitutes potential profits. According to the main findings of the research, there
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is a very intense co-movement among the companies operating in the banking sector. In addition, there is a commonality among
pharmaceutical, white goods, iron and steel, retail, energy, petrochemical and manufacturing companies operating in the same
sector. There is also an association between family group companies and companies operating in real estate investment trusts.

Anahtar Kelimeler: Veri Madenciligi, CLARA Kiimeleme Algoritmasi, FP-Growth Birliktelik Kurallar1 Analizi, Portfoy Yone-
timi, Hisse Se¢imi

Keywords: Data Mining, CLARA Clustering Analysis, FP-Growth Association Rules Analysis, Portfolio Management, Stock
Selection

EXTENDED SUMMARY

In this study, the joint movements of the stocks of the companies included in the BIST 100 index were examined. Clustering Analysis
and Association Rules Analysis were chosen as the method in the study. For the cluster analysis, return, volume, price volatility,
market value, beta, market value/book value, equity/paid capital, market value/net sales (revenue) variables; In the association
rules analysis, the closing price is taken as a variable and covers the period 06.12.2012 to -30.12.2022. The co-movements of
stocks in the specified period were examined. In addition, a cluster analysis was conducted for this period and the associations of
stocks for each cluster were examined. Here, information is shared about investors making profits by investing in stocks that have
been identified to move together. The CLARA Algorithm was applied for the Clustering Analysis and the FP-Growth Algorithm
was applied for the Association Rules Analysis.

First, the clusterability of the dataset was tested by using Hopkins Statistics in the R Programme. After determining that the
dataset was musterable, the number of clusters was determined using the Gap Statistics. The number of clusters was determined
as 9, and the CLARA Clustering Algorithm was applied. As a result of the CLARA Clustering Algorithm: In the 1st Cluster,
AEFES, AKSEN, ALBRK, BAGFS, CCOLA, DOHOL, GLYHO, GSDHO, IPEKE, ISGYO, KOZAA,NTHOL, SKBNK, SNGYO,
TAVHL, TKFEN, TRGYO, TSKB, TTRAK, TURSG, and ULKER stocks are listed together. In this cluster, there are stocks of
companies of different sizes and from different sectors... In Cluster 2, AGHOL, ALGYO, BRYAT, EGEEN, and KARTN stocks
are listed together. Stocks like BRYAT, EGEEN, KARTN and AGHOL that in general have a high potential for free capital increase
are in this group. In Cluster 3, AKBNK, GARAN, HALKB, ISCTR, VAKBN, and YKBNK stocks are listed together. It can be
said that this cluster differs from other clusters because there are only banks in it. In Cluster 4, AKFGY, AKSA, ALARK, ALKIM,
BUCIM, CEMTS, CIMSA, DEVA, DOAS, ECILC, ERBOS, GUBREF, ISFIN, KARSN, KORDS, OTKAR, SELEC, TMSN, and
YATAS stocks are listed together. It has been determined that this cluster includes organisations related to the pharmaceutical
(DEVA, ECILC, SELEC), cement (BUCIM, CIMSA) and automotive (DOAS, KARSN, OTKAR, TMSN) sectors. In Cluster 5,
stocks of ARCLK, BIMAS, ENKAI, FROTO, KCHOL, SAHOL, TCELL, TOASO, and TTKOM are listed together. The BIST
30 index includes important and large companies. There are also large holdings (KCHOL, SAHOL) in this cluster. In Cluster
6, ASELS, EKGYO, EREGL, KOZAL, KRDMD, PETKM, SISE, THYAO, and TUPRS stocks are listed together. Generally,
the largest production enterprises of the BIST 30 index (except THYAO) are seen in this cluster. In Cluster 7, BERA, HEKTS,
ISMEN, JANTS, LOGO, PRKAB, SASA, TUKAS, VESBE, and VESTL stocks are listed together. The SASA, HEKTS, and
VESTL groups lead in this cluster. In Cluster 8, the GOZDE stock stands out alone. In Cluster 9, the MGROS, NUGYO, and
OYAKOC stocks are listed together. Here, three dissimilar companies have come together: a retail company, an investment trust and
a cement company. However, the stocks of these companies are in similar clusters according to the determined variables.

Then, by the WEKA programme, the joint movement of all stocks was first determined by FP-Growth Association Rules
Analysis. A confidence level of 0.90 was considered for all stocks, and as a result of the analysis, no association rule other than of
the bank was found in the first 54 of 74 rules.

The associations within each cluster identified by CLARA Clustering Analysis were further determined using FP-Growth
Association Rules Analysis. According to this;

In Cluster 1, 1270 rules were found at the 0.90 confidence level.

In Cluster 2, 5 rules were found at the 0.80 confidence level.

In Cluster 3, 68 rules were found at the 0.90 confidence level.

In Cluster 4, 126 association rules were found at a confidence level of 0.90.
In Cluster 5, 14 rules were found at the 0.90 confidence level.

In cluster 6, 20 association rules were found at a confidence level of 0.90.
In Cluster 7, 24 association rules were found at a confidence level of 0.90.
In Cluster 8, no rule has been formed.

In cluster 9, 2 association rules were found at a confidence level of 70.

Because of the study; With Cluster Analysis, the connections between stocks were seen, and then with Association Rules
Analysis, it was seen which stocks moved together. This will help both individual and corporate portfolio managers in determining
which stocks they can focus on in the portfolio diversification process. According to the basic findings of the research, a very
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intense unity was detected among the companies operating in the banking field. In addition, sectoral unity wasis observed between
pharmaceutical, household appliances, iron and steel, retail, energy, petrochemical and production companies operating in the
same sector. It has also been determined that there is unity between family group companies and companies within the real estate
investment trust.

Giris

Veri, belirli bir amag i¢in secilen ve oOlgiilebilen bilgilere denir. Aragtirmacilar/Uzmanlar herhangi bir anlam ifade etmeyen
veri yiginlar lizerinde, calisilip islenecek olan kayitl verileri belirleyerek anlaml bir bilgi elde etmektedirler (Oguzlar, 2004:
4). Giinlimiizde ise gelisen dijital ¢ag ile birlikte ortaya ¢ikan biiyiik boyutlu verilere erisim ve depolama ¢ok daha ulagilabilir
hale gelmistir. Sektor i¢inde veya disinda yer alan sahis ve kurumlar i¢in biiyiilk 6nem arz eden bu y1gin verilerden faydali veriyi
alarak analizini gerceklestirmek oldukca zor olmaktadir. Veri madenciliginde sayesinde yi18in halinde depolanan veriler {izerinde
gizlenen degerli bilgiler a¢iga ¢ikarilir, ihtiya¢ duyulan analiz yapilarak elde edilen sonuglar yorumlanir (Kantardzic, 2003: 1).

Veri madenciligi tahminleyici ve tanimlayici modeller olmak iizere iki farkli sekilde incelenmektedir. Tahminleyici modeller
arasinda siniflandirma ve regresyon modeli yer alirken, tanimlayici modeller arasinda kiimeleme ve birliktelik kural1 analizi yer
almaktadir (Galimberti ve Soffritti, 2007: 521-522; Pefa-Ayala, 2014: 1435).

Calismada uygulama alani olarak secilen Borsa Istanbul (BIST) Tiirkiye icin finans sektoriiniin 6nemli bir gostergesidir. Bu
aragtirmanin BIST’te islem goren sirketlere ait hisselerin birbirleriyle olan baglantilar1 tespit edilerek; arastirmacilar, portfoy
yoneticileri ve yatirimcilar agisindan yol gosterici olabilecegi diisiiniilmektedir. Hisse senedi hareketlerinin birbirleri ile olan
iligkilerinin nasil yorumlanabilecegi, portfdy olustururken nelere dikkat edilmesi gerektigi bu caligsmada irdelenmistir. Literatiirde
Kiimeleme Analizi ve Birliktelik Kural1 Analizinin hibrit bir sekilde kullanildig1 pek fazla ¢aligmaya rastlanilmamistir. Bu anlamda
caligmanin literatiire katki saglayabilecegi diisiiniilmektedir.

Literatiir incelemesi

Literatiirde yer alan hisse senedi se¢ciminde kullanilan ve aragtirma kapsaminda yer alan degiskenler, kiimeleme, birliktelik
kurallar1 ve her iki yonteminde bir arada yer aldig1 calismalarin bazilar1 Tablo 1°de sunulmustur.

Tablo 1. Literatiir Incelemesi

Hisse Senedi Seciminde Kullanilan ve Arastirma Kapsaminda Yer Alan Degiskenler ile ilgili Yapilan Cahsmalar
Yazar Yontem Uygulama Alant
Ozgumiis vd. (2013) Regresyon Analizi, GARCH- Vadeli islem sézlesmelerinde tahminleme yapilmas:
EGARCH Modeli ve ARMA Modeli
VAR Modeli ve Granger Nedensellik
Testi

Celik (2016) BIST'te islem géren ve iflas etmis olan firmalarin fiyat hacim iliskisinin

incelenmesi

Zor vd. (2016)

VAR Modeli

BIST 100 endeks incelemesi

Desfiandi vd. (2017)

Regresyon Analizi

Hisse senedi performans faktoriini belirlemesi

Girtay (2017)

Coklu Yapisal Kirilmal Es
Biitiinlesme Testi ve Granger
Nedensellik Testi

BIST 100 endeksi igerisinde islem goren hisse senedi fiyatlar: ve islem
hacmi arasindaki iligkinin incelenmesi

Senol vd. (2018)

Dinamik Panel Veri Analizi

Hisse senedi fiyatlarin etkileyen faktérlerin incelenmesi

Celik (2020)

Panel Veri Analizi

BIST de yer alan 33 gayrimenkul yatirim ortak firmalarinin finansal
oranlarmin tahmini

Karatas Elcigek (2020)

Adimsal Regresyon Analizi, Granger
Nedensellik Testi ve ARDL Analiz
Yontemi

Vadeli islem ve opsiyon piyasasinin incelenmesi

Isildak (2020)

Panel Veri Analizi

BIST e kayitl: dokuma, giyim ve deri sektdriinde finansal oranlarin etkisi

Bahar (2022) Birim Kok Testi ve Regresyon BIST 100 endeksi igerisinde finans sektdri disinda faaliyet gésteren hisse
Analizi senetlerinin tahmini
Kiimeleme Yéntemi ile flgili Yapilan Calismalar
Yazar Program Algoritma Uygulama Alani
Koldere Akin (2008) S-Plus 2000 ve WEKA CLARA ve Yogunluk Tabanl: TUIK 2004 yili Hane Halki Biitge
Kimeleme Yontemleri calismasi
Verma ve Baliyan (2017) Rstudio PAM, K-Means, K-Median, CLARA  Konum tabanh ve zaman tabanh
hizmet
Khalfallah ve Slama (2018) WEKA Canopy, Cobweb, Beklenti E-Ogrenmede zamansal hiz
Maksimizasyonu, FarthestFirst,
Filtered Clusterer, DBSCAN
Sayilan (2019) R Kimeleme algoritmalarinin
AGNES, DIANA, K-Means, K- karsilastiriimast
Medoids, Bulanik C-Ortalama,
CLARA, DBSCAN, CURE, PAM,
DENCLUE, STING, CLIQUE
Changalasetty vd. (2021) WEKA Beklenti Maksimizasyonu Egitim seviyeleri ve su¢ sayist ile
cocuk sugu
Kocabiyik vd. (2021) WEKA Canopy BIST30'un COVID-19 6ncesi ve

sonrasi hareketleri
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Tablo 1. Devami

Birliktelik Kurallan Analizi ile lgili Yapilan Cahsmalar

Yazar Program Algoritma Uygulama Alam

Xu ve Zhang (2009) WEKA Apriori Finansal Gelir

Liao vd. (2011) SPSS Clementine Apriori Déviz Kuru, Kategori Hisse Hareket
Senedi,

Na ve Sohn (2011) SAS Enterprise Miner Apriori Borsa Endeksi, Kiiresel Pazar
Erpolat (2012) WEKA ve Excel Apriori ve FP-Growth Otomobil yetkili servis
Gemici (2012) SPSS Apriori Istanbul Menkul Kiymetler Borsast

Karpio vd. (2013) Link Analysis Apriori Varsova Menkul Kiymetler Borsas:
Karaath vd. (2021) WEKA FP-Growth BIST30 ve makroekonomik
degiskenlerle yatinm tercihi
Bayram (2022) SPSS Apriori Bankacilik sektdriinde subelerin
konumlandiriimasi
Teker ve Konuskan (2022) WEKA FP-Growth Fan token fiyat hareketleri
Kimeleme ve Birliktelik Kurallari Analizinin Birlikte Yapildigi Cahsmalar
Yazar Program Algoritma Uygulama Alanm
Liao vd. (2008) SPSS K-Means ve Apriori
Borsa Analizi, Hisse Senedi Portfoyi
Liao ve Chou (2013) SPSS Clementine K-Means ve Apriori Tayvan ve Hong Kong Borsast
Uzerine Borsa Yatirim Portfoyii
Unsal (2020) C# K-Means ve Apriori Hisse senetleri arasindaki fiyat
etkilesimi

Veri Seti ve Metodoloji

Calismada; BIST 100 endeksinde yer alan hisse senetleri dikkate alinmistir. Veriler Matriks Data Matriks Bilgi Dagitim
Hizmetleri (www.matriksdata.com) ve Kamuyu Aydinlatma Platformu’ndan (www.kap.org.tr) elde edilmistir. Calisma 06.12.2012-
30.12.2022 on yillik bir donemi kapsamaktadir. Calismada belirtilen donemde BIST 100 igerisinde yer alan ilk 83 hisse senedinden
olugmaktadir. Analizde tarih acisindan 10 yillik doneme uymadig: icin AYDEM, BASGZ, ENJSA, GENIL, GESAN, GWIND,
ISDMR, KONTR, MAVI, ODAS, PGSUS, PSGYO, QUAGR, SMRTG, SOKM, YYLGD ve bilanco yapist bakimindan ve donem
acisindan TSPOR uygun olmadigi i¢in analize dahil edilmemistir.

Yatirimcilarin portfylerinde yer alan yatirim araglarindan biri de hisse senetleridir. Hisse senedi secimini etkileyen ¢ok sayida
faktor vardir. Bu arastirmada kullanilan degiskenler girket bazli, verilerine ulagilabilen ve olciilebilen degiskenlerden secilmisgtir.
Bu degiskenlerin ayrica literatiirde (Kaderli, 2001; Gazel, 2017; Sahin ve Karacan, 2019; Erdem vd., 2020; Baydas ve Eren, 2021;
Isik, 2021; Polat ve Kilig, 2022; Bulduk ve Ecer, 2023) yapilan caligmalarda ve aract kurumlarin yatirimcilar bilgilendirdikleri
dokiimanlarda (Ata Yatirnm, Gedik Yatirnm, Halk Yatirim, Info Yatirim, Investing.com, Seker Yatirim, Tera Yatirim) siklikla
paylasilan degiskenler oldugu gozlemlenmistir. Veri setinde yer alan degiskenler; getiri, islem hacmi (volume), fiyat oynaklig1
(volatilite), piyasa degeri, beta, piyasa degeri/defter degeri, 6zkaynaklar/6denmis sermaye, piyasa degeri/net satiglar (hasilat) olarak
belirlenmistir. Birliktelik Kurallar1 Analizinde ise kapanis fiyat1 degisken olarak kullanilmigtir.

Kiimeleme analizi icin, R Programu tercih edilmistir. Analizde kiime sayisinin belirlenmesinde Gap Istatistigi uygulannustir.
Uygun kiimeleme algoritmasinin belirlenmesi icin farkli kiimeleme algoritmalari lizerinde arastirma yapilmis ve uzman goriisii
destegi de alinarak en uygun kiimeleme sonucunu CLARA Kiimeleme Algoritmasinin verdigi goriilmiistiir. Birliktelik kurallar
analizi icin WEKA programi tercih edilmistir. Analiz i¢in programda bulunan tiim algoritmalar uygulanmis ve en iyi kural say1sin1
gostermesi acisindan FP-Growth Algoritmast tercih edilmistir. Kiimeleme analizinde ve birliktelik kurallar analizinde kullanilan
BIST 100 endeksinde yer alan 83 sirkete ait hisse senetlerinin borsa kodlar1 ve tam isimleri Tablo 2’de gosterilmektedir.

Kiimeleme Analizi

Kiimeleme analizi, pek ¢ok veriyi (gozlemler, nesneler) kiime adi verilen gruplar halinde diizenlemek icin kullanilan ¢ok
degiskenli bir analiz teknigidir (Alkarkhi ve Alqaraghuli, 2019: 177). Kiimeleme analizi, gozlem seti i¢erisinde bulunan farkli
tiirden degiskenler icin istatistiksel uzakliklarina (benzerliklerine) gore gruplandirmada kullanilir (Ingram ve Margetis, 2010:163).

Kiimeleme analizi, verilerin benzerliklerine veya farkliliklarina gore kategoriler halinde gruplanip gruplanamayacagini soran
bir dizi yontemdir (McIntosh vd., 2010: 157). Amacz; bir nesne kiimesi i¢in ayn1 kiimede yer alan nesnelerin, tiirleri birbirine ¢ok
benzerken (homojen), farkli kiimelerdeki nesnelerin tiirleri oldukca degisken (heterojen) olacagindan dolay1 gruplara veya kiimelere
ayirmaktir (Jobson, 1994: 518). Veri madenciliginde kiimeleme algoritmalar1 temel olarak; hiyerarsik kiimeleme algoritmalari,
yogunluga dayali kiimeleme algoritmalari, boliimleyici kiimeleme algoritmalari, 1zgara tabanli kiimeleme algoritmalari ve olasilik
modellerine dayali kiimeleme algoritmalar1 olmak iizere bes kategoriye ayrilmaktadir (Jobson, 1994: 518).
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Tablo 2. Kiimeleme Analizi ve Birliktelik Kurallar1 Analizinde Kullanilan Hisse Senetleri

No Kisaltma  Alternatifler No Kisaltma  Alternatifler
1 AEFES ANADOLU EFES BiRACILIK VE MALT 43 JANTS JANTSA JANT SANAYI VE TICARET AS
SANAYIi AS
2 AGHOL  AG ANADOLU GRUBU HOLDING AS 44 KARSN  KARSAN OTOMOTIV SANAYII VE
TICARET AS
3 AKBNK  AKBANK TAS 45 KARTN  KARTONSAN KARTON SANAYI VE
TICARET AS
4 AKFGY  AKFEN GAYRIMENKUL YATIRIM 46 KCHOL  KOC HOLDING AS
ORTAKLIGI AS
5 AKSA AKSA AKRILIK KIMYA SANAYIii AS 47 KORDS  KORDSA TEKNIK TEKSTIL AS
6 AKSEN AKSA ENERJI URETIM AS 48 KOZAA  KOZA ANADOLU METAL MADENCILIK
ISLETMELERI AS
7 ALARK ALARKO HOLDING AS 49 KOZAL  KOZA ALTIN iSLETMELERI AS
8 ALBRK ALBARAKA TURK KATILIM BANKASI 50 KRDMD KARDEMIR KARABUK DEMIR CELIK
AS SANAYI VE TICARET AS
9 ALGYO ALARKO GAYRIMENKUL YATIRIM 51 LOGO LOGO YAZILIM SANAYI VE TICARET AS
ORTAKLIGI AS
10 ALKIM ALKIM ALKALI KIMYA AS 52 MGROS  MIGROS TICARET AS
11 ARCLK ARCELIK AS 53 NTHOL  NET HOLDING AS
12 ASELS ASELSAN ELEKTRONIK SANAYI VE 54 NUGYO NUROL GAYRIMENKUL YATIRIM
TICARET AS ORTAKLIGI AS
13 BAGFS BAGFAS BANDIRMA GUBRE 55 OTKAR  OTOKAR OTOMOTIV VE SAVUNMA
FABRIKALARI AS SANAYI AS
14 BERA BERA HOLDING AS 56 OYAKC OYAK CIMENTO FABRIKALARI AS
15 BIMAS BiM BIRLESIK MAGAZALAR AS 57 PETKM  PETKIM PETROKIMYA HOLDING AS
16 BRYAT BORUSAN YATIRIM VE PAZARLAMA 58 PRKAB TURK PRYSMIAN KABLO VE SISTEMLERI
AS AS
17 BUCIM BURSA CIMENTO FABRIKASI AS 59 SAHOL  HACI OMER SABANCI HOLDING AS
18 CCOLA COCA-COLA ICECEK AS 60 SASA SASA POLYESTER SANAYi AS
19 CEMTS CEMTAS CELIK MAKINA SANAYI VE 61  SELEC SELCUK ECZA DEPOSU TICARET VE
TICARET AS SANAYI AS
20 CIMSA CIMSA CIMENTO SANAYI VE TICARET 62  SISE TURKIYE SISE VE CAM FABRIKALARI AS
AS
21 DEVA DEVA HOLDING AS 63 SKBNK  SEKERBANK TAS
22 DOAS DOGUS OTOMOTIV SERVIS VE 64 SNGYO  SINPAS GAYRIMENKUL YATIRIM
TICARET AS ORTAKLIGI AS
23 DOHOL DOGAN SIRKETLER GRUBU HOLDING 65 TAVHL  TAV HAVALIMANLARI HOLDING AS
AS
24 ECILC EIS ECZACIBASI ILAC SINAI VE 66 TCELL TURKCELL ILETISIM HIZMETLERI AS
FINANSAL YATIRIMLAR SANAYI VE
TICARET AS
25 EGEEN EGE ENDUSTRI VE TICARET AS 67 THYAO TURK HAVA YOLLARIAO
26 EKGYO  EMLAK KONUT GAYRIMENKUL 68 TKFEN TEKFEN HOLDING AS
YATIRIM ORTAKLIGI AS
27 ENKAI ENKA INSAAT VE SANAYI AS 69 TMSN TUMOSAN MOTOR VE TRAKTOR SANAYI
AS
28 ERBOS ERBOSAN ERCIYAS BORU SANAYiIi VE 70 TOASO  TOFAS TURK OTOMOBIL FABRIKASI AS
TICARET AS
29 EREGL EREGLI DEMIR VE CELIK 71 TRGYO  TORUNLAR GAYRIMENKUL YATIRIM
FABRIKALARI TAS ORTAKLIGI AS
30 FROTO FORD OTOMOTIV SANAYI AS 72 TSKB TURKIYE SINAI KALKINMA BANKASI AS
31 GARAN  TURKIYE GARANTI BANKASI AS 73  TTKOM  TURK TELEKOMUNIKASYON AS
32 GLYHO GLOBAL YATIRIM HOLDING AS 74 TTRAK  TURK TRAKTOR VE ZIRAAT MAKINELERI
AS
33 GOZDE GOZDE GIRiSIM SERMAYESI YATIRIM 75 TUKAS  TUKAS GIDA SANAYI VE TICARET AS
ORTAKLIGI AS
34 GSDHO GSD HOLDING AS 76  TUPRS TUPRAS-TURKIYE PETROL RAFINERILERI
AS
35 GUBRF GUBRE FABRIKALARI TAS 77  TURSG TURKIYE SIGORTA AS
36 HALKB TURKIYE HALK BANKASI AS 78 ULKER  ULKER BISKUVI SANAYI AS
37 HEKTS HEKTAS TICARET TAS 79 VAKBN  TURKIYE VAKIFLAR BANKASI TAO
38 IPEKE IPEK DOGAL ENERJi KAYNAKLARI 80 VESBE VESTEL BEYAZ ESYA SANAYi VE
ARASTIRMA VE URETIM AS TiICARET AS
39 ISCTR TURKIYE IS BANKASI AS 81 VESTL VESTEL ELEKTRONIK SANAYI VE
TICARET AS
40 ISFIN IS FINANSAL KIRALAMA AS 82 YATAS  YATAS YATAK VE YORGAN SANAYI
TICARET AS
41 ISGYO IS GAYRIMENKUL YATIRIM 83 YKBNK  YAPI VE KREDi BANKASI AS
ORTAKLIGI AS
42 ISMEN IS YATIRIM MENKUL DEGERLER AS
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Hopkins Istatistigi

Hopkins istatistigi, bir degiskenin uzayda dagilan mekansal rastgeleligini test eden istatistiki bir yontemdir. Bu yontemde, belirli
bir veri setinin tek diize bir veri dagilimi tarafindan iiretilme olasiligim 6lgerek, veri kiimesi igerisinde orantili olup-olmamasi
iizerine gerceklestirilmektedir. Hopkins istatistigi ile veri setinin kiimelenme egilimi 6l¢iilmektedir. Ornek olarak bir veri kiimesinin
veri alaninda esit olarak dagitilmis hali Sekil 1’de gosterilmektedir (Han vd., 2011: 484-485).

Sekil 1. Esit Olarak Dagitilan Veri Kiimesi Ornegi
Kaynak: (Han vd., 2011: 485).

Rastgele olan bir degigskenin (o) ornegi olarak kabul edilen bir veri setinde (D); rastgele olan degiskenin, veri uzayinda
ve tek diizende dagitilmasinin ne kadar mesafe sagladiginin belirlenmesi icin Hopkins istatistigi hesaplanmaktadir. Hopkins
istatistiginde; veri kiimesinin, veri uzayinda tek bigimli ve diizgiin bir dagilim saglamasi durumunda Hopkins istatistigi (H), 0’a
yakin olmamaktadir (Han vd., 2011: 485).

Hopkins istatistiginde, sifir hipotez homojen hipotezdir. Veri setinin diizgiin oldugunu ve bu nedenle anlamli kiimeler icer-
medigini sdylemektedir. Alternatif hipotez yani homojen olmayan hipotez ise veri setinin diizgiin olmadig1 ve bu nedenle anlaml
kiimeler icerdigini ifade etmektedir. Burada alternatif hipotezi kabul i¢in 0.5 degeri, esik deger olarak kullanilmaktadir. Eger
H<0.5 ise istatistiksel olarak anlamli kiimelerin olustugunu. H>0.5 ise istatistiksel olarak anlamli kiimelerin olusmasinin miimkiin
olmadig1 gostermektedir (Han vd., 2011: 486).

Veri gorsellestirme olarak, kiime egiliminin gorsel degerlendirme algoritmast VAT yaklasimu ile gosterilmektedir. Bu yaklagimda
nesne kiimesinin, nesne vektorleri veya farkli sayisal degerler ile temsil edildiklerinde kiimeleme egilimlerinin goriilebilecegi ileri
stiriilmiigtiir. Nesneler yeniden siralanarak, farklilik matrisi bir yogunluk goriintiisii meydana getirir. Farklilik matrisi goriintiisii
ile veri setinde bir kiime yapisinin oldugu goriintiilenmektedir. Kiimeler, diagonal (kdsegen) boyunca koyu renge sahip renk
bloklartyla gosterilmektedir (Bezdek ve Hathaway, 2002: 2225).

Gap Istatistigi

Gap Istatistigi, veri kiimesi igerisinde ideal kiime say1sinin belirlenmesinde kullanilan bir yontemdir. Bu istatistiki yontemde ana
mantik, kiime i¢i gbzlem degerlerinin veri yapisina uygun olacak bir sekilde merkez noktalar arasindaki mesafenin Olciilmesi ile
hesaplanmaktadir. Bu duruma gore, kiime sayisinda artig gerceklestikce bu degerin diistiigli noktada ideal kiime sayis1 belirlenir
(Tibshirani vd., 2001: 415-415).

Gap istatistiginin genel formiilii Esitlik (1), Esitlik (2), Esitlik (3), Esitlik (4) ve Esitlik (5)’te gosterilmektedir (Tibshirani vd.,
2001: 415; Patil ve Baidari, 2019:134):

1
Gap(q) = EZlelaqub —logW, 1)
Gap(q) 2 Gap(g+1) —sg1.(g=1.....n=2) 2)

SdZqu\/1+1/B (3)

1 -
Sdg = \/Ezg_l(logwqb - ])2) “4)
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B : Tek tip dagilim kullanilarak olusturulan referans veri setlerinin sayist
W, : Agirlik degeri
W, : Dagilim igi matris

CLARA Kiimeleme Algoritmasi

Kiimeleme Analizinde kullanilan CLARA (Clustering Large Objects) Kiimeleme Algoritmasi, K-Medoids dikkate alinarak
gelistirilen algoritmalar arasinda yer almaktadir (Berkhin, 2002: 15). CLARA 6rneklemeye dayali bir kiimeleme algoritmasidir.
CLARA Kiimeleme Algoritmasinin etkililigi, veri kiimesinde bulunan biiyiik verilerin iistesinden gelebilmektedir (Nagpal vd.,
2013: 299).

CLARA Kiimeleme Algoritmasinda, tiim veriler lizerinde veri setinin rastgele bir 6rneklemi belirlenir ve bu 6érneklem iizerinden
medoidler secilir. Medoidlerin secimi i¢in PAM kullanilir. Burada siire¢ su sekilde islemektedir: ornek rastgele bir gekilde
secildiginde, medoid tiim veri setini dogru olarak gostermektedir. Kiimelemenin kalitesi secilen 6rnegin kalitesiyle baglantilidur.
Bu durumdan dolay1, 6rnek; en ideal kiimeleme gerceklestirilinceye kadar tekrar edilmeli olarak se¢ilmektedir (Verma ve Baliyan,
2017:5).

CLARA Kiimeleme Algoritmasinda her bir iterasyonun karmasiklig1 Esitlik (6)’da gosterilmektedir (Han vd., 2011: 4 56):

O[ks2+ k(n—k)]; (6)

s: Orneklem biiyiikligii
k: kiime say1s1
n: toplam nesne sayisi

CLARA Kiimeleme Algoritmasinin adimlar1 su sekildedir (Ng ve Han, 1994: 146-147):

Adim 1: Asagidaki adimlar 5’er kez tekrarlanmalidir.

Adim 2: Elde yer alan veri seti icin rastgele olacak sekilde 40+2k 6rnek secilmektedir. Segilen 6rnek i¢in k temsilcisinin
belirlenmesi i¢in PAM algoritmasi uygulanmaktadir.

Adim 3: Veri setinde yer alan tiim elemanlar icin, o elemanlara en ¢cok benzeyen temsilciler belirlenmektedir.

Adim 4: Adim 3’te tespit edilen kiimelerin ortalamast alinmalidir.

Adim 5: Bu siirecten sonra istenilen sonuca ulasilmamasi durumunda Adim 1’e tekrar doniilerek iglem tekrarlanmaktadir.

Birliktelik Kurallar1 Analizi

Birliktelik Kurallar1 Analizi en iyi bilinen veri madenciligi tekniklerinden biri olarak ifade edilir. Birliktelikte, belirli bir nesnenin
ayni islemde yer alan diger nesneler lizerindeki baglantilarina bagli olarak bir model olusturulmaktadir. Cogunlukla birliktelik
kurallar1 analizinde ise biiyiik miktarda veri lizerinde uygulama gerceklestirilmektedir (Diwate ve Sahu, 2014: 228). Birliktelik
kurallar1, biiyiik veri kiimelerinde farkl: iligkilerin ortaya ¢ikarilmasinda tercih edilmektedir. Ortaya konan bu iligkiler birliktelik
kurallar1 analizi olarak tanimlanmaktadir (Tan vd., 2005: 2).

Birliktelik kurallar1 analizi, veri tabaninda yer alan nesneler arasinda en diisiik destek diizeyinin iizerinde olan verilerin bulunup
secilmesidir. Bu asamada genis veri kiimesi iizerinde uygulama yapilarak, kurallarin elde edilme siireci olarak tanimlanir (Agrawal
ve Srikant, 1994: 488).

Birliktelik kurallar1 analizi siirecinde kargilagilan istatistiksel deger kavramlar1 destek (support), giiven (confidence), ilgi
(lift/interest), kanaat (conviction) ve kaldira¢ (leverage) olarak su sekilde ifade edilmektedir (Kose, 2018: 187-189; Yiiksel
ve Zontul, 2019: 69):

Destek (Support) Degeri: Destek degeri, bir nesnenin tiim islem adimlar: siirecinde goriilme tekrar1 (frekans) olarak ifade
edilmektedir. Esitlik (7)’de gosterilmektedir.

Des(X) = |iel; X C i|/|I] @)
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Giiven (Confidence) Degeri: X ve Y arasinda belirlenen kuralin ne kadar dogru/gegerli oldugunu gosteren sonuctur. Esitlik
(8)’de gosterilmektedir.

Giiven(X —» Y) = (Des(X UY))/(Des(X)) )
flgi (Lift/Interest) Degeri: X ve Y arasindaki ilgi, X ve Y alt kiimelerinin istatistiki agidan bagimsiz oldugu durumda, X ve
Y’nin destek degeri olarak ifade edilir. Esitlik (9)’da gosterilmektedir.

igi(X = Y) = (Des(X UY))/(Des(X)xDes(Y)) 9)

Kanaat (Conviction) Degeri: X ve Y arasinda gerceklesecek kural i¢in uygulanan ve giiven diizeyine alternatif bir yontem olarak
ifade edilmektedir. Esitlik (10)’da gosterilmektedir.

Kanaat(X - Y) = (1 —Des(Y))/(1 = Gven(X —Y)) (10)

Kaldirag (Leverage) Degeri: X ve Y iriinlerinin birlikte yer almasinin, X ve Y Uriinlerinin ayr1 ayr1 yer almasindan ne kadar
fazla oldugunu belirlemektedir (Yiiksel ve Zontul, 2019: 69). Esitlik (11)’de gosterilmektedir.

Kaldirag(X — Y) = P(XveY) — (P(X)P(Y)) an

Birliktelik kurallarinin gergeklestirilebilmesi igin en kii¢iik destek degerinin daha 6nceden belirlenmis olmasi gerekir. 0< D<1

diizeninde destek degeri 0’a yaklastikca birlikteliklerinin sayis1 artarken kurallarin 6nemi azalmakta; 1’e yaklastikca da birlikte-

liklerinin sayis1 azalirken, kurallarin 6nemi artmaktadir (Ates ve Karabatak, 2017: 61). Birliktelik kurallarinin olusturulmasinda

bir bagka ol¢iit ise giiven degeridir. Giiven degerinin 0<G<1 araliginda olmas1 gerekir. Uygulamalarda giiven degerinin 0.5 ve

0.5’ten biiyiik olmasi tercih edilmektedir (Liao vd., 2008: 21; Xu ve Zhang, 2009: 222; Argiddi ve Apte, 2012: 33; Karaath vd.,
2021: 552).

FP-Growth Birliktelik Kurallar1 Algoritmasi

Birliktelik Kurallar1 Analizinde tercih edilen FP-Growth (Frequent Pattern Growth) Algoritmasi, aday nesne kiimesi olusturmasi
olmadan tiim yogun nesne kiimelerini aragtirmak i¢in verimli bir yontemdir. FP-Growth, veri tabanini ana bellekte depolayabilmek
icin dikey ve yatay olarak veri tabam diizeninin bir kombinasyonunu uygulamaktadir. Veri tabanindaki her nesne i¢in gercek islem-
leri bir aga¢ yapisinda saklar ve her nesnenin, o nesneyi igeren tiim islemlerde gecen baglantili listesini de saklamaktadir. FP-Agac
(FP-Tree) ile bir nesnenin tiim olusumlarini birbirine baglantili olacak sekilde FP-Agacin bir sonraki olusumuna yonlendiren bir
baglant1 icermektedir. FP-Agacta destek ve nesnenin ilk olugumu bir baglantr ile birlikte, tiim nesnelerin minimum destek degeri
siralamasi gerceklestirilir. Bu sekilde yapilarak FP’nin kokiine cok daha yakin olacagindan veri tabaninin miimkiin oldugunda
kiiciik tutulmasini saglamaya c¢alismaktadir. FP-Agacini temsil eden veri tabani, yogun model agaci veya nesne kiimesinin il-
igskilendirme bilgilerini icermektedir. Devaminda sikistirilmis veri tabanini kosullu kiimelere ayirmakta ve bol-yonet yontemiyle
caligmaktadir (Bala vd., 2016: 283; Chen vd., 2009: 284; Pandey ve Pardasani, 2009. 160).

FP-Growth Algoritmasi aday nesne kiimesi olusturmadan sik tercih edilen nesne kiimelerinin olusturulmasini saglamaktadir.
Bu durum iki asamal1 bir yaklagimdan meydana gelmektedir (Bala vd., 2016: 283):

Adim 1: FP-Agac adi verilen yogun bir veri yapisi olusturulur.
Adim 2: Yogun olarak kullanilan nesne kiimeleri, direkt olarak FP-Agac yapisindan ¢ikarilmalidir.

FP-Growth Algoritmasi, aday kiimesi olusturmadan biiyiik 6ge kiimelerinin bulunmasi i¢in uygulanmaktadir. Verilen minimum
oOlciitle gerekli sayida kural bulana kadar minimum destegi yinelemeli olarak azaltmaktadir (Han vd., 2006: 243; WEKA).

Analiz ve Bulgular

Bu boliimde 06.12.2012-30.12.2022 donemini kapsayan veri setine oncelikle CLARA Kiimeleme Algoritmast uygulanmustir.
Daha sonra tiim hisse senetlerinin ve kiimeleme analizi ile olugan gruplarin kendi igerisinde olusturduklari birliktelikleri incelemek
icin FP-Growth Algoritmasi uygulanmustir.

CLARA Kiimeleme Algoritmasi Sonuclari

Kiimeleme analizini gerceklestirmek icin veri seti 06.12.2012-30.12.2022 dénemini kapsadigindan dolay1 83 sirketin aritmetik
ortalamalar1 alinarak diizenlenmistir. Diizenlenmis veri seti Tablo 3’te goriilmektedir.
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Tablo 3. Veri Seti

SiraNo Hisse Kodu Getiri Islem Hacmi  Fiyat Oynakhg Piyasa Degeri  Beta PD/DD DD/OS PD/NS
1 AEFES 0.0008  30008645.71 5.6343 14222970324 0.6889  0.788 36.9791 3.7877
2 AGHOL 0.0011  20348852.99 6.5752 5686467123  0.8125  0.5795 79.0025 4.1164
3 AKBNK 0.0007  492807717.3 5.0338 35551577707  1.3452  2.4119 10.2894 11.5825
4 AKFGY 0.0013  21425085.74 7.921 1273403083  0.6154  0.9454 4.0516 49.2752
5 AKSA 0.002  30442670.55 7.7737 3978223507  0.7562  1.8998 7.1624 3.2931
6 AKSEN 0.0016  57338626.61 5.7206 5815763926 0.849 2.027 42539 2.7665
7 ALARK 0.0019  68870061.55 6.2868 3308844686 0.865 0.9574 7.6429 7.1057
8 ALBRK 0.0008  50318453.48 7.3667 1822092838  0.8514  0.5903 3.0167 6.0571
9 ALGYO 0.0017  23211692.78 8.733 794205984.1  0.8052  0.5848 58.9668 107.3358
10 ALKIM 0.0017  25402764.12 7.5294 1157984143 0.678 2.4897 8.9556 6.1753
11 ARCLK 0.0012  97989211.81 4.74 16988450401 0.862 1.9687 13.9764 2.3812
12 ASELS 0.0017  487239368.8 8.9943 24947114039  0.8786  3.1779 6.924 11.5709
13 BAGFS 0.001 19858564.06 7.1734 1423370139  0.8721  3.3824 11.4799 10.3102
14 BERA 0.0014  35710644.82 10.7032 1753033921 0.6763  0.6931 7.6564 2.2557
15 BIMAS 0.001 157734400.7 5.4798 27720882602  0.592 9.4466 8.7647 3.2409
16 BRYAT 0.0024  16192668.44 12.2897 3486025371 0.8004  1.2239 77.6769 855.222
17 BUCIM 0.0012  12933527.92 8.7356 1127475351 0.6518  1.1786 4.2457 3.0162
18 CCOLA 0.001  27193323.15 5.8218 13921980581 0.743 23012 28.6033 5.3455
19 CEMTS 0.002  22684642.63 7.4476 788968647.5  0.7805 1.395 4.5677 3.3525

20 CIMSA 0.0014  21653230.47 7.3989 2358256660  0.6923  1.3684 12.8569 49818
21 DEVA 0.0017  23262770.65 7.8789 2113368524  0.7946  1.5963 5.4331 5.0317
22 DOAS 0.002  34850815.22 7.3751 4608896567 1.0093  2.0475 9.4685 1.0513
23 DOHOL 0.0014  151923055.1 7.0107 4294536854  0.8041  0.6129 2.6796 1.5918
24 ECILC 0.0017  62448766.25 73125 3178689651 0.7911  0.6789 6.7162 11.8919
25 EGEEN 0.0024  36017889.54 9.169 2046339729  0.7727  3.6003  161.3905 11.1189
26 EKGYO 0.0008  379265114.8 5.5312 9541848273 1.0701  0.9378 3.1435 16.5622
27 ENKAI 0.0013  63037301.84 7.2825 37507906908  0.5645  1.2132 7.2042 8.9805
28 ERBOS 0.0019  19373290.37 7.5806 670051348.3  0.8483  1.6649  29.9289 3.3194
29 EREGL 0.0017  440260201.9 6.0501 36787539408  0.896 1.2937 8.9272 4.888
30 FROTO 0.0018  130589780.4 6.4056 31078145900  0.8315 5.537 13.9801 2.9306
31 GARAN 0.0008 1029959612 7.0452 40837509027  1.3666  0.9685 11.8405 10.1945
32 GLYHO 0.0013  49057672.38 6.1803 1115713430  0.7525  0.7508 43931 4.7751
33 GOZDE 0.0014  38400391.85 8.0402 1587436452 0.955 0.9477 8.181 89606.391
34 GSDHO 0.0016  41656965.34 6.1965 1192183585  0.9202  0.8437 3.7431 54.5882
35 GUBRF 0.0021  116361548.1 8.458 7764243374 0.9283  3.0669 6.3741 3.6397
36 HALKB 0.0003  371260076.4 5.9995 47949617177 13248  2.4032 17.0569 33.3616
37 HEKTS 0.0028  110668816.5 9.1313 7774413266  0.6982  9.3716 2.0648 25.2851
38 IPEKE 0.0014  93617294.54 7.817 1829105087 1.0363  0.3332 19.5112 3.0985
39 ISCTR 0.0008  365295569.4 4.8827 58912765805  1.2722  1.2906 11.2708 15.6001
40 ISFIN 0.0016  60731733.27 9.0415 1596711219 0.7527 1.195 1.9243 7.0766
41 ISGYO 0.0014  52032938.06 6.0318 2169767344  0.7713  0.6267 3.7283 20.8809
42 ISMEN 0.002  15524251.12 8.4981 2290034263  0.4759  1.0279 4.5588 0.0736
43 JANTS 0.0024  26096492.87 9.9656 1700325353 0.7693  3.6799 14.9405 7.0818
44 KARSN 0.0015  144637207.1 8.2335 1706634587  0.9556  2.845 0.761 5.028
45 KARTN 0.0013  22989263.56 10.0665 1770408658  0.7574  3.3426  91.2462 9.3477
46 KCHOL 0.0012  197647019.6 43372 46054829027  1.0175  0.8626  24.5175 1.3925
47 KORDS 0.0017  35447078.58 7.7122 2594490978  0.8141 0.849 14.1871 2.069
48 KOZAA 0.0015  185190140.2 7.1187 3336812810 1.0279  0.5628 13.0039 5.2071
49 KOZAL 0.0016  274463618.1 7.0769 9930301579  0.8723  2.1087  30.2758 18.1415
50 KRDMD 0.0016  529793714.2 5.6667 3051088236 1.221 0.7953 3.2742 1.8718
51 LOGO 0.0021  15331599.84 9.8511 1651314824  0.5791  5.1358 8.8826 16.9289
52 MGROS 0.0011  61305334.93 6.64 5100961610 09176  32.6644  4.3022 1.1319
53 NTHOL 0.0011  23697766.6 8.4702 2104553065  0.6067  0.991 7.1221 17.1097
54 NUGYO 0.0006  11465475.97 10.5861 1772430208  0.7785 24.9071 1.3874 287.4056
55 OTKAR 0.0017  53852799.92 8.1133 4061945989  0.8197  9.2091 21.5099 6.1537
56 OYAKC 0.001 39041349.4 9.1434 6668500383 0.602  17.4279 2.2695 84.8711
57 PETKM 0.0015  438634810.4 6.4059 9488566099  0.8824  1.8692 2.8013 3.4303
58 PRKAB 0.002  16619754.25 8.5698 1483711976 0.6994  3.7346 1.6389 1.8299
59 SAHOL 0.0009  214216141.2 4.5224 22888078980  1.0989  0.4149  30.8099 5.4612
60 SASA 0.0031  271681162.7 12.1375 25318695424  0.8855  6.4446 2.6404 11.3954
61 SELEC 0.0016  22437654.14 7.3554 3597552032 0.5576  1.1721 4.2954 0.853
62 SISE 0.0016  426727377.6 5.2837 19111610480  0.9589  0.9525 8.0177 3.908
63 SKBNK 0.0007  77703027.23 7.3039 1893555106 0.9226  0.5817 2.6285 5.3458
64 SNGYO 0.0009  23143522.1 5.2271 2349405856  0.7184  3.6767 1.8617 14.7049
65 TAVHL 0.0014  107454694.8 5.6816 8464243450  0.8324  1.9041 17.8455 8.0489
66 TCELL 0.0008  223097333.3 5.0727 32514351265  0.7628  1.8863 7.8967 6.7708
67 THYAO 0.0016 1215184669 5.887 21285501068  1.1874  0.7607  27.2438 1.3905
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68 TKFEN 0.0012 108897636 5.465 4907810721 0.8698  1.1703 11.3926 1.9461

69 TMSN 0.0016  47101544.86 9.0584 1272338810  0.9404  2.4077 4.5348 6.1214
70 TOASO 0.0016  107661611.2 529 15568801093  0.8868  4.3648 6.8637 3.2473

71 TRGYO 0.0014  31170030.18 6.2233 3032905077  0.9311  0.4295 9.3886 13.0738
72 TSKB 0.0011  115331189.1 6.4821 3447072120 0.9746  0.8762 1.8626 11.8891
73 TTKOM 0.0009  150914376.9 5.3395 25585200728  0.9142 3.883 2.2351 5.0734
74 TTRAK 0.0015  28317466.52 6.0254 5586736015  0.7185  6.2235 16.9215 42124
75 TUKAS 0.002  30474573.07 10.1643 1347222100  0.7325  2.7064 1.1383 8.1628
76 TUPRS 0.0014  349346899.6 5.1092 29469471688  0.8049  2.6584  46.6973 1.545

77 TURSG 0.0012  57635911.97 7.0326 2465587865  0.8277 1.929 2.4829 4.0179
78 ULKER 0.0009  38788134.4 6.9021 6445119149 0.702 2.8543 9.2179 4.9789
79 VAKBN 0.0007  274422011.3 5.6118 34581785002  1.3808  1.5179 9.3965 15.4604
80 VESBE 0.0022  26266566.09 10.8216 4395568612 0.8437  2.2511 6.6695 2.2725
81 VESTL 0.0019  117493849.6 9.9041 4358965666 1.0642  1.1516 12.1 0.9134
82 YATAS 0.0022  14758113.32 8.0558 869247363.5  0.8477  2.1575 3.2905 2.2015
83 YKBNK 0.0008  440078823.7 5.2398 22797471111 1.2778  0.6809 5.9858 7.8388

Calismada olusturulan veri seti R programina yiiklenmis ve normalizasyon iglemi yapilmigtir. Sekil 2°de R programinin arayiizii
goriilmektedir.

Sekil 2. R Programi Arayiizii

R programinda elde edilen Hopkins degeri 0.1566’dir. Bu deger 0’a yakin oldugundan, veri setinin kiimelenebilecegini goster-
mektedir. Hopkins istatistiginin veri seti lizerinde VAT gorseli Sekil 3’te gosterilmektedir.

Sekil 3. Veri Seti icin VAT Gorseli
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Sekil 3’te, “VAT” kiimelenme egilimini ortaya koyan bir gorseldir. Renk seviyesi gozlemler arasindaki farkliligin degeri ile
orantilidir ve ayni1 kiimeye ait nesneler ardisik sirada goriintiilenmektedir. Gap istatistigine gore kiime sayis1 9 ¢ikmistir. Bu durum
gorsel olarak Sekil 4’te gosterilmektedir.

Optimal number of clusters

0.851

0.80

Gap statistic (k)

0.751

1 2 3 4 5 B 7 8
Number of clusters k

9

10

Sekil 4. Veri Seti igin Gap Istatistigi

Tablo 4’te kiimelere atanan hisse senetleri gosterilmektedir.

Tablo 4. CLARA Kiimeleme Algoritmas: Sonuglari

1.Kiime 2.Kiime 3.Kiime 4.Kiime 5.Kiime 6.Kiime 7.Kiime 8.Kiime 9.Kiime
AEFES AGHOL AKBNK AKFGY ARCLK ASELS BERA GOZDE MGROS
AKSEN ALGYO GARAN AKSA BIMAS EKGYO HEKTS NUGYO
ALBRK BRYAT HALKB ALARK ENKAI EREGL ISMEN OYAKC
BAGFS EGEEN ISCTR ALKIM FROTO KOZAL JANTS
CCOLA KARTN VAKBN BUCIM KCHOL KRDMD LOGO

DOHOL YKBNK CEMTS SAHOL PETKM PRKAB
GLYHO CIMSA TCELL SISE SASA
GSDHO DEVA TOASO THYAO TUKAS
IPEKE DOAS TTKOM TUPRS VESBE
ISGYO ECILC VESTL
KOZAA ERBOS

NTHOL GUBRF

SKBNK ISFIN

SNGYO KARSN

TAVHL KORDS

TKFEN OTKAR

TRGYO SELEC

TSKB TMSN

TTRAK YATAS

TURSG

ULKER

Yapilan kiimeleme analizi sonucunda kiimelerin dagilimi grafigi Sekil 5’te gosterilmistir.
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Sekil 5. CLARA Kiimeleme Algoritmas1 Dagilim Grafigi

FP-Growth Birliktelik Kurallar1 Analizi Sonuclar:

FP-Growth Birliktelik Kurallar1 Analizi i¢in destek degerinin 0<D<1 araliginda olmas: gerekmektedir (Liao vd., 2008: 22).
Calismada olusturulan veri seti arff formatinda WEKA programina yiiklenmistir ve Sekil 6’da gosterilmektedir.

Sekil 6. Veri Seti icin WEKA Programinin Arayiizii

Tablo 5°de % 90 giiven diizeyinde ve 0.1 minimum destek degeri sartlarin1 saglayan 74 adet birliktelik kurali tespit edilmisgtir.
Tabloda siralama yukaridan asagiya dogru azalarak devam etmektedir. Giiven diizeyinin esit oldugu kurallar arasinda siralama
destek degerine gore uygulanmaktadir.
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Tablo 5. BIST 100 Hisse Senetleri i¢in FP-Growth Birliktelik Kurallar1 Analizi Sonuglar1

Sira Birliktelik Kurallar: Conf. Lift Lev. Conv.

1 [VAKBN=1,ISCTR=1,GARAN=1]:969==>[YKBNK=1]:928 096 175 0.16 10.42

[YKBNK=1,HALKB=1,GARAN=1]:937==>[VAKBN=1]:894  0.95 1.8 0.16 998

[VAKBN=1,HALKB=1,GARAN=1]:937==>[YKBNK=1]:894 095 1.74 0.15 9.62

[ISCTR=1,HALKB=1,AKBNK=1]:943==>[VAKBN=1]:899 095 1.79 0.16 9.82

[YKBNK=1,VAKBN=1,GARAN=1]:979==>[ISCTR=1]:928 095 1.79 0.16 887

[YKBNK=1,HALKB=1,AKBNK=1]:955==>[VAKBN=1]:905 095 178 0.16 8.77

2
3
4
5 [YKBNK=1,ISCTR=1,HALKB=1]:972==>[VAKBN=1]:924 0.95 1.79 0.16 9.29
6
7
8

[VAKBN=1,AKBNK=1,GARAN=1]:972==>[YKBNK=1]:921 095 173 0.15 8.44

9 [ISCTR=1,AKBNK=1,GARAN=1]:988==>[YKBNK=1]:936 095 1.73 0.16 8.42

10 [HALKB=1,AKBNK=1,GARAN=1]:936==>[YKBNK=1]:886 095 173 0.15 829

11 [ISCTR=1,HALKB=1, AKBNK=1]:943—>[YKBNK=1]:892 _ 0.95 172 0.15 8.19

12 [VAKBN=1,ISCTR=1,HALKB=1]:977==>[YKBNK=1]:924 095 172 0.15 8.17

13 [YKBNK=1,HALKB=1,GARAN=1]:937==>[AKBNK=1]:886 095 1.82 0.16 8.64

14 [VAKBN=1,ISCTR=1,AKBNK=1]:985==>[YKBNK=1]:930 094 1.72 0.15 7.94

15 [VAKBN=1,ISCTR=1,GARAN=1]:969==>[AKBNK=1]:914 094 1.81 0.16 8.29

16 [TSKB=1,VAKBN=1,ISCTR=1]:958=—=>[ YKBNK=1]:903 094 172 015 7.72

17 [YKBNK=1,VAKBN=1,GARAN=1]:979—>[AKBNK=1]:921  0.94 181 0.16 7.95

18 [VAKBN=I,HALKB=1,AKBNK=1]:962=—>[YKBNK=1]:905  0.94 172 0.15 7.49

19 [YKBNK=1,ISCTR=1,GARAN=1]:995==>[AKBNK=1]:936 094 181 0.17 7.95

20  [VAKBN=I,AKBNK=1,GARAN=1]:972==>[ISCTR=1]:914  0.94 1.78 0.16 7.77

21 [YKBNK=1,VAKBN=1,AKBNK=1]:995==>[ISCTR=1]:930 093 177 0.16 17.11

22 [VAKBN=1,HALKB=1,AKBNK=1]:962==>[ISCTR=1]:899 093 1.77 0.15 7.08

23 [YKBNK=1,HALKB=1,AKBNK=1]:955==>[ISCTR=1]:892 093 1.77 0.15 7.03

24 [YKBNK=1,AKBNK=1,GARAN=1]:1003==>[ISCTR=1]:936 093 1.77 0.16 6.95

25 [YKBNK=1,ISCTR=1,GARAN=1]:995==>[VAKBN=1]:928 093 1.75 0.16 6.86

26 [VAKBN=1,ISCTR=1,AKBNK=1]:985==>[GARAN=1]:914 093 1.82 0.16 6.72

27 [YKBNK=1,HALKB=1,AKBNK=1]:955==>[GARAN=1]:886 093 182 0.16 6.71

28 [YKBNK=1,VAKBN=1,HALKB=1]:996==>[ISCTR=1]:924 093 1.75 0.16 643

29 [YKBNK=1,ISCTR=1,AKBNK=1]:1010==>[GARAN=1]:936 093 182 0.17 6.62

30 [VAKBN=1,ISCTR=1]:1103—>[YKBNK=1]:1022 093 169 0.16 607
31 [ISCTR=1,GARAN=1]:1074==>[YKBNK=1]:995 093 1.69 0.6 6.06
32 [VAKBN=1,GARAN=1]:1057==>[ YKBNK=1]:979 093 1.69 0.6 6.04

33 [YKBNK=1,VAKBN=1,AKBNK=1]:995==>[GARAN=1]:921 093 1.82 0.16 6.52

34 [ISCTR=1,AKBNK=1,GARAN=1]:988=—=>[VAKBN=1]:914 093 1.74 0.15 6.17

35 [ISCTR=1,HALKB=1]:1057==>[VAKBN=1]:977 092 1.74 016 6.11
36 [HALKB=1,AKBNK=1]:1041==>[VAKBN=1]:962 092 174 016 6.1

37 [YKBNK=1,HALKB=1]:1078==>[VAKBN=1]:996 092 174 0.17 6.09
38 [ISCTR=1,AKBNK=1]:1094==>[YKBNK=1]:1010 092 1.68 0.16 581
39 [TSKB=1,YKBNK=1,ISCTR=1]:979==>[VAKBN=1]:903 092 1.74 0.5 596
40 [HALKB=1,GARAN=1]:1016==>[YKBNK=1]:937 092 1.68 015 5.73
41 [HALKB=1,GARAN=1]:1016==>[VAKBN=1]:937 092 174 0.16 5095
4 [HALKB=1,GARAN=1]:1016==>[AKBNK=1]:936 092 177 0.16 6.01

43 [YKBNK=1,ISCTR=1,AKBNK=1]:1010==>[VAKBN=1]:930 092 173 0.16 584

44 [TSKB=1,YKBNK=1,VAKBN=1]:981==>[ISCTR=1]:903 092 174 0.15 585

45 [VAKBN=1,ISCTR=1,HALKB=1]:977==>[AKBNK=1]:899 092 1.77 0.15 593

46 [ISCTR=1,GARAN=1]:1074——>[AKBNK=1]:988 092 177 0.17 59
47 [ISCTR=1,HALKB=1]:1057—>[YKBNK=1]:972 092 168 0.16 555
43 [VAKBN=1,GARAN=1]:1057—>[AKBNK=1]:972 092 177 017 589

49  [YKBNK=1,AKBNK=1,GARAN=1]:1003==>[VAKBN=1]:921 092 1.73 0.15 5.66

50 [YKBNK=1,ISCTR=1,HALKB=1]:972==>[AKBNK=1]:892 092 1.76 0.15 5.75

51 [HALKB=1,AKBNK=1]:1041==>[YKBNK=1]:955 092 167 015 54
52 [YKBNK=1,GARAN=1]:1094==>[AKBNK=1]:1003 092 1.76 0.17 5.7
53 [VAKBN=1,GARAN=1]:1057==>[ISCTR=1]:969 092 173 016 56
54 [VAKBN=1,AKBNK=1]:1086==>[ YKBNK=1]:995 092 167 016 533
55 [SAHOL=1,GARAN=1]:975==>[AKBNK=1]:892 091 176 0.5 5.6
56 [KOZAL=1,IPEKE=1]:982=—>[KOZAA=1]:898 091 179 0.6 5.66
57 [AKBNK=1,GARAN=1]:1098=—>[YKBNK=1]:1003 091 167 0.6 5.16
58 [YKBNK=1,VAKBN=1,GARAN=1]:979—>[HALKB=1]:894 091 1.73 0.15 5.8

59 [VAKBN=1,ISCTR=1,AKBNK=1]:985==>[HALKB=1]:899 091 173 0.15 535

60 [YKBNK=1,VAKBN=1,ISCTR=1]:1022==>[AKBNK=1]:930 091 175 0.16 527

61 [YKBNK=1,VAKBN=1,AKBNK=1]:995==>[HALKB=1]:905 091 1.72 0.15 5.17

62 [YKBNK=1,GARAN=1]:1094==>[ISCTR=1]:995 091 172 016 5.16

63 [YKBNK=1,VAKBN=1,HALKB=1]:996==>[AKBNK=1]:905 091 174 0.15 5.19

64 [YKBNK=1,VAKBN=1,ISCTR=1]:1022==>[GARAN=1]:928 091 179 0.16 5.29

65 [HALKB=1,GARAN=1]:1016==>[ISCTR=1]:922 091 172 0.15 5.04

66 [VAKBN=1,AKBNK=1]:1086==>[ISCTR=1]:985 091 1.72 0.16 5.02

67 [HALKB=1,AKBNK=1]:1041==>[ISCTR=1]:943 091 171 0.16 4.96
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68 [YKBNK=1,VAKBN=1]:1130=>[ISCTR=1]:1022 09 171 017 4.89
69  [YKBNK=1,VAKBN=1,ISCTR=1]:1022=—>[HALKB=1]:924 09 171 0.5 488
70 [ISCTR=1,AKBNK=1]:1094==>[GARAN=1]:988 09 178 017 5.3
71 [EKGYO=1,AKBNK=1]:995==>[ YKBNK=1]:398 09 165 014 458
72 [ISCTR=1,GARAN=1]:1074==>[VAKBN=1]:969 09 17 016 475
73 [YKBNK=1,HALKB=1]:1078==>[ISCTR=1]:972 09 171 016 475
74 [ISCTR=1,AKBNK=1]:1094=—>[VAKBN=1]:985 09 169 016 4.6

Conf.:Giiven diizeyini, Lift:Birlikte hareket etme katsayisi, Lev.:Kaldirag etkisi, Conv.: {liski diizeyi
Gozlem Sayist: 2529 (Giin sayist), Alternatifler: 83, Veri Aralig1:06.12.2012-30.12.2022
Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.10

1 numarali kural incelendiginde; VAKBN, ISCTR, GARAN hisse senetleri 2529 gozlem icerisinden 969 kez ayn1 yonde birlikte
hareket etmisler ve 928 hareketin tamaminda YKBNK hissesi bu endekslere eglik etmistir. Bu kuralin giiven diizeyi ise 928/969
islemi sonucu 0.96; destek degeri 928/2529=%36.7 olarak goriilmektedir. Yani 2529 g6zlemin %36.7 sinde birliktelik goriilmekte,
bu deger de %10 olarak belirlenen minimum destek degerinin iizerindedir. Ilgi (lift) degeri ile VAKBN, ISCTR, GARAN hisse
senetlerinin gerceklestigi islemlerde YKBNK hisse senedinin de satin alinmasini 1.75 kat arttirdigint gostermektedir. Kaldirag
(leverage) degerinde; VAKBN, ISCTR, GARAN ve YKBNK hisse senetlerinin birlikte satin alinmalarinin, birbirlerinden bagimsiz
olarak satin alinmalarindan 0.16 fazla oldugu tespit edilmektedir. Kanaat (conviction) iligki diizeyi 10.42 cikarak; VAKBN,
ISCTR, GARAN hisse senetlerinin gerceklestigi islemlerde YKBNK hisse senedinin de satin alinma igleminin ayn1 yonlii oldugu
goriilmektedir. Diger kurallar da benzer sekilde yorumlanabilir.

Incelenen dénem icin ilk olarak tiim hisse senetleri kullamlarak birliktelikleri incelenmis ve yukarida sunulmustur. Bu asamada
kiimeleme analizi ile elde edilen kiimlerin ayr1 ayr1 birliktelik analizleri gerceklestirilecektir. GOZDE hisse senedi 8. kiimede tek
bagina kiimelendiginden ve herhangi bir birliktelik saglamadigindan analiz diginda tutulmustur.

Kiimeler Bazinda FP-Growth Birliktelik Kurallar1 Analizi

1. kiime icerisinde AEFES, AKSEN, ALBRK, BAGFS, CCOLA, DOHOL, GLYHO, GSDHO, IPEKE, ISGYO, KOZAA,
NTHOL, SKBNK, SNGYO, TAVHL, TKFEN, TRGYO, TSKB, TTRAK, TURSG, ULKER hisse senetleri yer almaktadir. Bu
hisse senetleri 0.90 giiven diizeyinde, 1270 birliktelik kurali vermistir. ilk 10 kural Tablo 6’da gosterilmektedir.

Tablo 6. Kiime 1 i¢cin FP-Growth Birliktelik Kurallar1 Analizi

Sira Birliktelik Kurallari Conf. Lift Level Conv.
1 [SNGYO=1,ISGYO=1,SKBNK=1,AEFES=1,ULKER=1]:408==> [ALBRK=1]:383 094 148 0.05 5.73
2 [ALBRK=1,SKBNK=1,TURSG=1,TAVHL=1,BAGFS=1]:415==> [TSKB=1]:388 093 1.46 0.05 5.36
3 [ISGYO=1,ALBRK=1,SKBNK=1,TURSG=1,TRGYO=1,TKFEN=1]:409==>[TSKB=1]:381 093 1.46 0.05 5.1
4 [ALBRK=1,SKBNK=1,TRGYO=1,TKFEN=1,ULKER=1]:422==> [TSKB=1]:393 093 146 0.05 5.08
5 [ALBRK=1,SKBNK=1,TURSG=1,TTRAK=1,BAGFS=1]:433==> [TSKB=1]:403 093 146 0.05 5.05
6 [ALBRK=1,SKBNK=1,TRGYO=1,TAVHL=1,TKFEN=1]:418==> [TSKB=1]:389 093 146 0.05 5.04
7 [DOHOL=1,SKBNK=1,TURSG=1,TRGYO=1,ULKER=1]:415==> [TSKB=1]:386 093 146 0.05 5
8 [ISGYO=1,ALBRK=1,SKBNK=1,TURSG=1,TRGYO=1,BAGFS=1]:414==>[TSKB=1]:385  0.93 146 0.05 4.99
9  [GSDHO=1,ALBRK=1,SKBNK=1,TURSG=1,TRGYO=1,BAGFS=1]:413==>[TSKB=1]:384 093 1.46 0.05 4.98

10 [ALBRK=1,SKBNK=1,TURSG=1,TRGYO=1,TAVHL~=1]:427==> [TSKB=1]:397 093 146 005 4.98
Conf.:Giiven diizeyi, Lift:Birlikte hareket etme katsayis1, Lev.:Kaldirag etkisi, Conv.: iliski diizeyi
Gozlem Sayist: 2529 (Giin sayist), Alternatifler: 21, Veri Aralig1:06.12.2012-30.12.2022
Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.1

2. kiime icerisinde AGHOL, ALGYO, BRYAT, EGEEN, KARTN hisse senetleri yer almaktadir. Bu hisse senetleri 0.80 giiven
diizeyinde, 5 birliktelik kurali vermis ve Tablo 7°de gosterilmektedir.

Tablo 7. Kiime 2 i¢in FP-Growth Birliktelik Kurallar1 Analizi

Sira Birliktelik Kurallart Conf. Lift Level Conv.
1 [ALGYO=1,BRYAT=1,EGEEN=1,AGHOL=1]:447==>[KARTN=1]:367 0.82 1.59 0.05 2.67
2 [BRYAT=1,KARTN=1,EGEEN=1,AGHOL=1]:448==>[ALGYO=1]:367 0.82 1.51 0.05 2.51

3 [ALGYO=1,BRYAT=1,EGEEN=1]:602==>[KARTN=1]:483 0.8 1.55  0.07 243
4 [ALGYO=1,BRYAT=1,KARTN=1,AGHOL=1]:458==>[EGEEN=1]:367 0.8 1.56 0.05 2.42
5 [BRYAT=1,EGEEN=1,AGHOL=1]:560==>[KARTN=1]:448 0.8 1.55 0.06 2.4

Conf.:Giiven diizeyi, Lift:Birlikte hareket etme katsayisi, Lev.:Kaldirag etkisi, Conv.: iliski diizeyi
Gozlem Sayist : 2529 (Giin sayisi), Alternatifler: 5, Veri Aralig1:06.12.2012-30.12.2022
Minimum Giiven Diizeyi: 0.80, Minimum Destek Degeri: 0.1
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3. kiime igerisinde AKBNK, GARAN, HALKB, ISCTR, VAKBN, YKBNK hisse senetleri yer almaktadir. Bu hisse senetleri,
0.90 giiven diizeyinde, 68 birliktelik kurali vermistir. Ilk 10 kural, Tablo 8’de gosterilmektedir.

Tablo 8. Kiime 3 icin FP-Growth Birliktelik Kurallar1 Analizi

Sira Birliktelik Kurallart Conf. Lift Level Conv.
1 [VAKBN=1,ISCTR=1,GARAN=1]:969==>[ YKBNK=1]:928 096 175 0.16 10.42
2 [YKBNK=1,HALKB=1,GARAN=1]:937=—=>[VAKBN=1]:894  0.95 1.8 0.16 9.98
3 [VAKBN=1,HALKB=1,GARAN=1]:937==>[YKBNK=1]:894 095 1.74 0.15 9.62
4 [ISCTR=1,HALKB=1,AKBNK=1]:943==>[VAKBN=1]:899 095 179 0.16 9.82
5 [YKBNK=1,ISCTR=1,HALKB=1]:972==>[VAKBN=1]:924 095 179 0.16 9.29
6 [YKBNK=1,VAKBN=1,GARAN=1]:979=>[ISCTR=1]:928 095 179 0.16 8.87
7 [YKBNK=1,HALKB=1,AKBNK=1]:955=>[VAKBN=1]:905 095 1.78 0.16 8.77
8 [VAKBN=1,AKBNK=1,GARAN=1]:972==>[YKBNK=1]:921 095 1.73 0.15 8.44
9 [ISCTR=1,AKBNK=1,GARAN=1]:988==>[ YKBNK=1]:936 095 173 0.16 8.42
10 [HALKB=1,AKBNK=1,GARAN=1]:936=—=>[YKBNK=1]:886 095 1.73  0.15 8.29

Conf.:Giiven diizeyini, Lift:Birlikte hareket etme katsayisi, Lev.:Kaldirag etkisi, Conv.: Iliski diizeyi

Gozlem Sayist: 2529 (Giin sayisi), Alternatifler: 6, Veri Araligi:06.12.2012-30.12.2022

Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.1

4. kiime igerisinde AKFGY, AKSA, ALARK, ALKIM, BUCIM, CEMTS, CIMSA, DEVA, DOAS, ECILC, ERBOS, GUBRF,
ISFIN, KARSN, KORDS, OTKAR, SELEC, TMSN, YATAS hisse senetleri yer almaktadir. Bu hisse senetleri, 0.90 giiven
diizeyinde, 126 birliktelik kurali vermistir. Ik 10 kural, Tablo 9’da gésterilmektedir.

Tablo 9. Kiime 4 icin FP-Growth Birliktelik Kurallar1 Analizi

Sira Birliktelik Kurallart Conf. Lift Level Conv.
1 [ISFIN=1,YATAS=1,SELEC=1,ECILC=1]:586==>[BUCIM=1]:540 092 129 0.05 3.58
2 [ISFIN=1,YATAS=1,ECILC=1,GUBRF=1]:585==>[BUCIM=1]:538 092 129 0.05 3.5
3 [YATAS=1,CEMTS=1,ECILC=1,GUBRF=1]:556==>[BUCIM=1]:511 092 129 0.05 3.47
4 [YATAS=1,CEMTS=1,ECILC=1,DEVA=1]:592==>[BUCIM=1]:544 092 129 0.05 3.47
5 [ISFIN=1,YATAS=1,KARSN=1,ECILC=1]:622==>[BUCIM=1]:571 092 1.29 0.05 3.43
6 [ISFIN=1,YATAS=1,ECILC=1,KORDS=1]:576==>[BUCIM=1]:528 092 129 0.05 3.37
7 [ISFIN=1,YATAS=1,ECILC=1,DOAS=1]:575==>[BUCIM=1]:527 092 129 0.05 3.37
8 [YATAS=1,ALARK=1,ECILC=1,TMSN=1]:559==>[BUCIM=1]:512  0.92 1.28 0.04 3.34
9 [ISFIN=1,YATAS=1,ALARK=1,ECILC=1]:642==>[BUCIM=1]:588 092 1.28 0.05 3.35
10 [YATAS=1,ALARK=1,ECILC=1,DEVA=1]:593==>[BUCIM=1]:543  0.92 1.28 0.05 3.34

Conf.:Giiven diizeyini, Lift:Birlikte hareket etme katsayisi, Lev.:Kaldirag etkisi, Conv.: Iliski diizeyi

Gozlem Sayist: 2529 (Giin sayis1), Alternatifler: 19, Veri Aralig1:06.12.2012-30.12.2022

Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.1

5. kiime igerisinde ARCLK, BIMAS, ENKAI, FROTO, KCHOL, SAHOL, TCELL, TOASO, TTKOM
almaktadir. Bu hisse senetleri, 0.90 giiven diizeyinde, 14 birliktelik kurali Tablo 10’da gosterilmektedir.

Tablo 10. Kiime 5 i¢in FP-Growth Birliktelik Kurallar1 Analizi

hisse senetleri yer

Sira Birliktelik Kurallar Conf. Lift Level Conv.
1 [FROTO=1,TTKOM=1,TOASO=1,SAHOL=1,ARCLK=1]:432==>[KCHOL~=1]:400  0.93 1.72 0.07 6.04
2 [TCELL=1,TTKOM=1,TOASO=1,SAHOL=1,ARCLK=1]:431==>[KCHOL=1]:398 0.92 1.71 0.07 5.85
3 [FROTO=1,TCELL=1,TOASO=1,SAHOL=1,ARCLK=1]:427=—>[KCHOL=1]:394 0.92 1.71 0.06 5.8
4 [FROTO=1,TCELL=1,TTKOM=1,SAHOL=1,ARCLK=1]:413==>[KCHOL~=1]:380 0.92 1.71 0.06 5.61
5 [TCELL=1,KCHOL=1,TTKOM=1,TOASO=1,ARCLK=1]:433==>[SAHOL~=1]:398 0.92 1.72 0.07 5.61
6 [FROTO=1,BIMAS=1,TOASO=1,SAHOL=1,ARCLK=1]:419==>[KCHOL=1]:385 092 1.71  0.06 5.52
7 [FROTO=1,TCELL=1,TTKOM=1,TOASO=1,SAHOL=1]:422==>[KCHOL~1]:385 091 1.69  0.06 5.12
8 [FROTO=1,TOASO=1,SAHOL~1,ARCLK=1]:539==>[KCHOL=1]:491 091 1.69 0.08 5.08
9 [TCELL=1,TOASO=1,SAHOL~1,ARCLK=1]:515==>[KCHOL~1]:468 091 169 008 4095
10 [FROTO=1,TCELL=1,KCHOL=1,TTKOM=1,ARCLK=1]:419==>[SAHOL=1]:380 091 1.7 0.06 4.89
11 [TTKOM=1,TOASO=1,SAHOL=1,ARCLK=1]:532==>[KCHOL=1]:481 0.9 1.68 0.08 4.72
12 [FROTO=1,TTKOM=1,SAHOL=1,ARCLK=1]:508==>[KCHOL~=1]:459 0.9 1.68 0.07 4.69
13 [FROTO=1,KCHOL=1,TTKOM=1,TOASO=1,ARCLK=1]:443==>[SAHOL~=1]:400 0.9 1.69 0.06 4.7
14 [ENKAI=1,TOASO=1,SAHOL=1,ARCLK=1]:497==>[KCHOL~1]:448 0.9 1.67  0.07 4.59

Conf.:Giiven diizeyini, Lift:Birlikte hareket etme katsayisi, Lev.:Kaldirag etkisi, Conv.: iliski diizeyi

Gozlem Sayist: 2529 (Giin sayist), Alternatifler: 9, Veri Aralig1:06.12.2012-30.12.2022

Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.1




Yal¢iner Cal, D., Karaatli, M., Kiimeleme ve Birliktelik Kurallar1 Analizi ile Borsa Istanbul 100 Endeksinde Yer Alan Hisse Senetlerinin Incelenmesi

6. kiime icerisinde ASELS, EKGYO, EREGL, KOZAL, KRDMD, PETKM, SISE, THYAO, TUPRS hisse senetleri yer almak-
tadir. Bu hisse senetleri 0.90 giiven diizeyinde, 20 birliktelik kurali vermistir. Ilk 10 kural, Tablo 11°de gosterilmektedir.

Tablo 11. Kiime 6 i¢in FP-Growth Birliktelik Kurallar1 Analizi
Sira Birliktelik Kurallari Conf. Lift Level Conv.
[PETKM=1,SISE=1, KRDMD=1,ASELS=1,TUPRS=1,THYAO=1,KOZAL=1]: 276==>[EKGYO0=1]:253 0.92 1.61 0.04 4.97

2 [PETKM=1,EREGL=1,KRDMD=1,ASELS=1,TUPRS=1,THYAO=1, KOZAL=1]: 280==>[EKGYO=1]:256 ~ 0.91 1.61  0.04 4.84
3 [PETKM=1,KRDMD=1,ASELS=1,TUPRS=1,THYAO=1,KOZAL=1]:320==> [EKGYO=1]:291 0.91 1.6 0.04 4.61
4 [PETKM=1,EKGYO=1,EREGL~1,ASELS=1,TUPRS=1,THYAO=1,KOZAL~1]: 282=—>[KRDMD=1]:256 ~ 0.91 1.63  0.04 4.63
5 [EKGYO=1,EREGL=1,KRDMD=1,ASELS=1,TUPRS=1,THYAO=1,KOZAL=1]: 282==>[PETKM=1]:256  0.91 1.55  0.04 432
6 [PETKM=1,EREGL=1,SISE=1,KRDMD=1,TUPRS=1,THYAO=1, KOZAL=1]: 281==>[EKGYO=1]:255 0.91 1.6 0.04 4.49
7 [EKGYO=1,EREGL=1,SISE=1,ASELS=1,TUPRS=1,THYAO=1]: 373==>[KRDMD=1]:338 0.91 1.63  0.05 4.59
8 [EKGYO=1,EREGL~1,SISE=1,ASELS=1,THYAO=1]:466==> [KRDMD=1]:422 091 1.63  0.06 4.59
9 [PETKM=1,EKGYO=1,EREGL=1,SISE=1,ASELS=1,TUPRS=1, THYAO=1]: 336==>[KRDMD=1]:304 0.9 1.62  0.05 451
10 [PETKM=1,EKGYO=1,EREGL~1,SISE=1,ASELS=1,THYAO=1]: 418==> [KRDMD=1]:378 0.9 1.62  0.06 4.52

Conf.:Giiven diizeyini, Lift:Birlikte harcket etme katsayist, Lev.:Kaldirag etkisi, Conv.: iliski diizeyi
Gozlem Sayisi: 2529 (Giin sayist), Alternatifler: 9, Veri Arahg1:06.12.2012-30.12.2022
Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.1

7. kiime igerisinde BERA, HEKTS, ISMEN, JANTS, LOGO, PRKAB, SASA, TUKAS, VESBE, VESTL hisse senetleri yer
almaktadir. Bu hisse senetleri, 0.90 giiven diizeyinde, 24 birliktelik kurali vermistir. ilk 10 kural, Tablo 12’de gosterilmektedir.

Tablo 12. Kiime 7 i¢in FP-Growth Birliktelik Kurallar1 Analizi
Sira Birliktelik Kurallari Conf. Lift Level Conv.
1 [HEKTS=1,TUKAS=1,JANTS=1,VESTL=1]:571==>[VESBE=1]:526 092 1.44  0.06 4.46
2 [ISMEN=1,SASA=1,PRKAB=1,JANTS=1]:621==>[HEKTS=1]:569 092 124 0.04 3.09
3 [HEKTS=1,ISMEN=1,TUKAS=1,VESTL~=1]:621=>[VESBE=1]:569  0.92 143 0.07 4.21
4 [HEKTS=1,TUKAS=1,PRKAB=1,VESTL=1]:593==>[VESBE=1]:542 091 143 0.06 4.09
5 [HEKTS=1,SASA=1,TUKAS=1,VESTL~1]:636==>[VESBE=1]:580 0.91 142 0.07 4.01
6
7
8
9

[ISMEN=1,SASA=1,TUKAS=1,VESTL=1]:589==>[VESBE=1]:537 091 142 0.06 3.99
[SASA=1,TUKAS=1,PRKAB=1,VESTL=1]:563==>[VESBE=1]:513 091 142 0.06 3.96

]
[ISMEN=1,SASA=1,PRKAB=1,VESTL=1]:601==>[HEKTS=1]:547 091 124 0.04 2.88
[SASA=1,TUKAS=1,PRKAB=1,VESTL=1]:563==>[HEKTS=1]:512 091 124 0.04 2.86
10 [SASA=1,VESBE=1,PRKAB=1,JANTS=1]:616==>[HEKTS=1]:560 091 123 0.04 2.85
Conf.:Giiven diizeyini, Lift:Birlikte hareket etme katsayisi, Lev.:Kaldirag etkisi, Conv.: Iliski diizeyi
Gozlem Sayist: 2529 (Giin sayist), Alternatifler: 10, Veri Aralig1:06.12.2012-30.12.2022
Minimum Giiven Diizeyi: 0.90, Minimum Destek Degeri: 0.1

9. Kiime igerisinde MGROS, NUGYO, OYAKC hisse senetleri yer almaktadir. Bu hisse senetleri, 0.70 giiven diizeyinde, 2
birliktelik kurali vermis ve Tablo 13’te gosterilmektedir.

Tablo 13. Kiime 9 i¢in FP-Growth Birliktelik Kurallar1 Analizi

Sira Birliktelik Kurallar Conf. Lift Level Conv.
1 [MGROS=1,NUGYO=1]:822==>[OYAKC=1]:606 0.74 1.33 0.06 1.69
2 [OYAKC=1,NUGYO=1]:867=—=>[MGROS=1]:606 0.7 1.33 0.06 1.57

Conf.:Giiven diizeyini, Lift:Birlikte hareket etme katsayis1, Lev.:Kaldirag etkisi, Conv.: Iliski diizeyi
Gozlem Sayist: 2529 (Giin sayis1), Alternatifler: 3, Veri Aralig1:06.12.2012-30.12.2022
Minimum Giiven Diizeyi: 0.70, Minimum Destek Degeri: 0.1

Kiimelerin kendi i¢indeki birlikteliklerinin yorumlamasi sonug¢ kisminda detayl bir sekilde aciklanmagtir.

Sonu¢

Portfoyii ¢esitlendirmek odiilii ve riski dengelemek icin yapilmaktadir. Bu calisma hem bireysel hem de kurumsal portfdy yoneti-
cilerine portfdy yonetim siireclerinde destek saglamak ve yol gostermek amaciyla ortaya konulmustur. Bu ¢alismada Kiimeleme
Analizi ve Birliktelik Kurallar1 Analizi hibrit bir sekilde kullanilmigtir. Caligmada ilk olarak BIST te iglem goren hisse senetleri
belirlenen degiskenler yardimiyla Kiimeleme Analizi ile gruplandirilmistir. Buradaki amag, benzer 6zelliklere sahip hisse senet-
leri arasindaki kardeglikleri belirlemektir. Bu hisse senetlerini daha iyi kategorize etme imkani saglayacak ve hisse senetlerinin
karakteristik 6zellikleriyle ilgili detayli bilgiye erigsme imkan1 verecektir. Daha sonra tiim hisse senetlerinin ve kiimeleme analizi
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ile olugan gruplarin kendi icerisinde olusturduklar: birliktelikleri incelemek icin Birliktelik Kurallar1 Analizi uygulanmigtir. Bu-
radaki temel amag hisse senetlerinin ortak hareketlerinin incelenmesidir. Bu islem iki ana nedenden dolay1 gergeklestirilmektedir.
Birincisi, birliktelik kurallar tespit edilen hisse senetlerinde yukar1 ve agagi yonlii hareketlerin, diger kural tespit edilen hisse
senetlerinde de ayn1 sekilde davranmasina neden olacag: diisiiniilerek uzun siirecte pozisyon alarak kazang potansiyelinden yarar-
lanilabilecektir. Elde edilen bulgular portfdy cesitlendirme ac¢isindan degerlendirildiginde ortak hareket etmeyen hisse senetleri
icin ¢esitlendirme amaciyla kullanilabilir. Bu durum portfOyiin toplam riskini azaltarak, riski sevmeyen yatirimecilar icin tercih
edilebilir.

Kiimeleme Analizini sonucunda; 1. Kiimede, farkli sektorlerden farkli biiyiikliikteki sirketler yer almistir. Bu sirketler piyasada
degeri olarak orta biiyiikliikteki sirket grubu icerisinde yer almaktadir. 2. Kiimede, genel olarak bedelsiz sermaye arttirim potansiyeli
yiiksek hisseler yer almaktadir (BRYAT, EGEEN, KARTN, AGHOL). 3. Kiimede, bankalarin diger kiimelerden ayrisarak en
belirgin 6zelligi gosterdigi goriilmektedir. 4. Kiimede, ilag¢ sektorii, cimento ve otomotiv sektoriiyle ilgili kuruluglarin bu kiimede
yer aldi8 tespit edilmigtir. 5. Kiimede, BIST 30 endeksinin 6nemli ve biiyiik sirketleri yer almakta ve burada biiyiik holdingler
bulunmaktadir. 6. Kiimede, BIST 30 endeksinin genel olarak en biiyiik iiretim igletmeleri (THYAO haric¢) burada goriilmektedir. 7.
Kiimede SASA, HEKTS ve VESTL grubu basi cekmektedir. Cesitli sektorlerden, farkli biiyiikliikte hisseler yer almigtir. 8. Kiime,
diger kiimelere nazaran tek bagina ayrigmaktadir. 9. Kiimede perakende, yatirim ortaklig1 ve ¢cimento sirketi ile ii¢ tane birbirine
benzemeyen sirket bir araya gelmistir. Ancak bu hisse senetleri, belirlenen degiskenlere gore benzer kiimede yer almistir. Genel
olarak Kiime 3, Kiime 5 ve Kiime 6 ilk 30 endeks icerisinde yer almaktadir.

Birliktelik Kurallar1 Analizinde 0.90 giiven diizeyinde, 74 kuralin ilk 54 tanesinde banka diginda herhangi bir birliktelik kurali
cikmamastir. 100 endekse dahil Tiirkiye’nin en biiyiik bankalarinin AKBNK, GARAN, HALKB, ISCTR, TSKB, VAKBN, YKBNK
bu kurallar icerisinde yer aldig1 belirlenmigtir. Bu 54 kuralda, bankalar arasindaki birliktelikler o kadar gii¢liidiir ki, diger sirketlerin
bu birlikteliklere katilmasina imkén saglamadig goriilmektedir. Ayrica ayn1 grup sirketlerinden; AKBNK ve SAHOL, KOZAL &
IPEKE ve KOZAA’nin birlikte hareket ettigi goriilmiistiir.

Analiz sonucunda genel olarak bankalarin birlikte hareketleri gozlemlenmistir. Bunun temel sebebinin de bankalarin daha baskin
olmasindan kaynaklanmaktadir.

Aragtirma bulgular incelendiginde Birliktelik Kurallari Analizine iligkin su durumlar tespit edilmistir:

e Tiirkiye’de finans sektoriinde bulunan bankalarin hisse senetleri arasinda birliktelik hareketinin ¢ok giiclii bir hareket oldugu
soylenebilir (HALKB & VAKBN, AKBNK, ISCTR & YKBNK). Bu durumda yatinnmcilar su sekilde hareket edebilir:

-Birliktelik kurallar tespit edilmis bankalardan bir tanesinin yukar1 yonlii hareketi diger banka hisselerinde de beklendigi icin
yatirimcilar, heniiz yiikselis trendine girmemis banka hisse senetlerine yatirim yaparak potansiyel kar yakalama firsat1 elde ederler.
Asagi yonlii harekette, diisiiste olan bir banka hisse senedi varsa dncii zarar diger sirketlerin yagamamasi i¢in yatirnmcilarin diger
banka hisse senetlerini elden ¢ikarmalart gerekir.

-Yatirimeilar, riski azaltmak amaciyla portfoy cesitlendirmesi yapmak istiyorsa birliktelik kurallar1 tespit edilmeyen yatirim
araclariyla portfoy cesitlendirmesi yapmalidirlar. Ciinkii birlikte hareket eden hisselerden olusacak bir portfdy ile portfdyiin
toplam riski ile yatirim araglarinin riski ayn1 diizeyde olacaktir. Portfdy yonetimi agisindan bakildiginda portfdyiin toplam riskinin
yatirim araclarinin teker teker risklerinin toplamindan daha diisiik olmasi1 beklenir. Yani sadece yatirim araci sayisini artirarak
riskin azalmasin1 beklemek yerine olaylara farkli tepkiler verebilen hisse senetlerinden olusan bir portfdy olusturmak yatirimcilar
acisindan daha az riskli olacaktir.

o Gayrimenkul yatirim ortaklig1 sirketlerinden ISGYO, SNGYO ve TRGYO’nun,

o Bedelsiz sermaye arttirim potansiyeli yiiksek sirketlerin BRYAT ve EGEEN’in,

° Ilag sektoriinde faaliyet gosteren ECILC, DEVA, GENIL ve SELEC’in,

e Aymi grup sirketlerinden ortaklik iligkisi bulunan ARCLK, FROTO, KCHOL & TOASO - CIMSA & ENJSA - BUCIM &
CEMTS - KOZAA, KOZAL & IPEKE — AKBNK-SAHOL un,

BIST 30 endeksinin 6nemli ve biiyiik iiretim sirketlerinden ASELS ve SISE’nin,

Biiyiik holdinglerin DOHOL, KCHOL ve SAHOL un,

Beyaz esya sektoriinde faaliyet gosteren ARCLK, VESBE ve VESTL sirketlerinin,

Petrokimya iiretim sektoriinde faaliyet gosteren PETKM ve TUPRS sirketlerinin,

Demir ¢elik sektoriinde faaliyet gosteren EREGL, ISDMR ve KRDMR sirketlerinin birlikte hareket ettikleri goriilmektedir.

Bu bilgiler dogrultusunda ¢aligmanin hem bireysel hem de kurumsal portfdy yoneticilerine, sermaye piyasalarini takip eden
bireylere, fon yoneticilerine kaynak gosterilerek sermaye piyasalarina yatirim yapan ya da yapmayi diisiinen kiiciik yatirimcilar
icinde, portfoy cesitlendirebilmesi agisindan ¢alismanin yol gosterici olacag: diisiiniilmektedir.

Caligmanin yontemi itibariyle literatiire 6zgiin bir yaklasim ve katki sunmasi amaglanmaktadir. Tiirkiye Sermaye Piyasalari
Birligi 2022 yili raporuna gore Tiirkiye’de hisse senedi yatirimcilarinin yatirim araglarini elde tutma siireleri 25 giindiir. Bu
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durum da dikkate alindiginda bundan sonra yapilacak caligmalarda giin ici verilerle benzer ¢aligmalarin yapilmasi uzun vadeli
yatirimcilardan daha cok, giin ici igslem yapan veya daha kisa vadeli iglem yapan yatirimcilara yol gosterecektir.

Bu aragtirma kapsaminda ortaya konan diisiinceler “yatirim tavsiyesi” niteliginde degildir. Belirtilen arastirma donemine iligkin
verilerle gergeklestirilen analizler sonucunda ortaya konan bulgularin ¢ikarimlaridir.
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ABSTRACT

The Vehicle Routing Problem with Time Windows (VRPTW) poses a significant challenge in logistics, requiring vehicles to meet
the objective of minimising costs—such as distance travelled and total travel time—while adhering to specified delivery time
constraints and vehicle capacities. This study investigates the implications of relaxing time window constraints by transitioning
from VRPTW instances to standard Vehicle Routing Problem (VRP) instances. Our findings highlight notable differences between
VRP and VRPTW configurations, particularly in total route length and consistency of route metrics. Removal of time window
constraints generally resulted in shorter and more uniform route lengths, indicating operational benefits under certain conditions.
However, our comparisons also revealed substantial variability in route structures across datasets, emphasising the cost implications
of adhering to strict time windows. This study underscores the critical balance logistics firms must strike between operational
efficiency and customer satisfaction when navigating the complexities of VRPTW. This research provides a foundation for
future investigations into optimizing route planning under varying logistical constraints, with potential implications for enhanced
flexibility and reduced operational costs despite dynamic delivery requirements. We used a state-of-the-art heuristic solver to solve
instances from standard benchmark datasets heavily used for VRPTW literature.

Keywords: logistics, minimizing costs, delivery time constraints, operational efficiency, route planning

Introduction

The Vehicle Routing Problem (VRP) is a complex combinatorial optimisation problem that seeks to design optimal routes for
multiple vehicles delivering goods or services to various destinations under specified constraints. Originating from the Travelling
Salesman Problem (TSP), where the goal is to find the shortest possible route for a salesperson to visit each city and return to the
origin, VRP extends this goal by incorporating multiple vehicles with capacities operating from one or more depots.

VRP aims to reduce costs like distance, time, and fuel while respecting limits on vehicle capacity, delivery times, customer
needs, and driver shifts. The problem’s complexity increases with the number of vehicles, geographic spread of delivery points,
and quality and quantity of constraints, making it challenging to solve the problem optimally.

VRP is pivotal in logistics and has significant applications in transportation, distribution, and supply chain management, impact-
ing overall efficiency and operational costs. It has spurred diverse variants with multiple attributes and solution methodologies,
from exact algorithms to heuristic and metaheuristic approaches, to address the different forms and industry-specific requirements.

The Vehicle Routing Problem with Time Windows (VRPTW) is a generalisation of the VRP, where each delivery location has
a specific delivery time window. The objective is to minimise the total route cost while respecting these time constraints. VRPTW
involves determining optimal routes for vehicles delivering to multiple locations. Each customer must be served within a specified
time period, and vehicles must arrive on time. The solution aims to reduce costs, such as distance travelled or total travel time,
while adhering to all time window constraints and vehicle capacity limits.

The primary focus of this study is to explore the effects of time window constraints on route structuring in VRP. Specifically, we
aim to demonstrate, compare, and analyse the modifications in route configurations when these constraints are altered or removed.
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Traditionally, time window constraints are integral to ensuring customer satisfaction; they dictate when deliveries must be made.
However, firms may be unable to adhere to these constraints due to various unforeseen circumstances.

This research investigates the implications of transitioning from a standard VRP with strict time windows to a Capacitated
Vehicle Routing Problem (CVRP) in which these constraints are either absent or significantly relaxed. By removing or loosening
time window constraints, an alternative route structure emerges, which we examine using numerous metrics to elucidate different
aspects of route formation.

The fundamental question we address is as follows: What potential benefits can logistics firms accrue from not satisfying time
window constraints under certain conditions? This relates to operational flexibility and potential gains in efficiency and customer
service under varying logistical constraints.

Our paper is structured in the following manner. The literature review section provides a succinct yet comprehensive overview of
existing VRPTW studies. Subsequently, the research problem section articulates our specific investigative focus within this field,
setting the stage for further discussion. The methods section delineates the methodologies and analytical techniques used to address
the research problem. The results section then presents the findings of our study. Finally, the conclusions section summarises the
implications of our findings, discusses the limitations of our study, and suggests avenues for future research.

Literature Review

While the scope of our article necessarily limits the expansiveness of our literature review, we have endeavoured to include a
substantial number of citations. These references are intended to guide interested readers towards a more in-depth exploration of
topics related to VRPTW. By doing so, we ensure that although our review may not be exhaustive, it still serves as a valuable
starting point for readers seeking extensive knowledge on current research and methodologies in this area.

In particular, we have included essential review papers and their brief descriptions to address the scope limitations and ensure
comprehensive topic coverage. This approach provides readers with foundational insights and context while directing them to
more detailed reviews of the cited works. Each selected review has been chosen for its relevance and contribution to the field,
ensuring that despite the brevity of our review section, the quality and depth of the information remain uncompromised.

Vehicle Routing Problem with Time Windows

VRPTW addresses the challenge of designing optimal routes from a depot to a set of geographically scattered points, where
each delivery or pickup location is constrained within specific time periods (Bridysy & Gendreau, 2002). This problem variant not
only aims to minimise the total routing cost, including the distance and travel time, and it also adds the complexity of scheduling
within tight time frames, which significantly impacts solution feasibility and optimisation strategies.

In the context of the problem, time constraints can be categorised into two types: soft and hard. Soft time windows allow for
some flexibility in arrival times, often incurring penalties for early or late arrivals. In contrast, hard time windows strictly enforce
arrival within designated periods, with violations typically rendering a solution infeasible. Studies using hard time windows are
more common than those using soft windows (Figliozzi, 2010).

We can also differentiate between tight and loose time windows and between narrow and wide time windows. A tight time
window significantly affects the solution by acting as an active constraint. Conversely, a time window is deemed narrow if it is
small compared to the planning horizon, for example, 10 min within 12 h. However, a narrow time window does not automatically
imply tightness. When time windows are predominantly broad, the VRPTW resembles a Capacitated Vehicle Routing Problem
(CVRP) (Desaulniers et al., 2014, pp. 119-120).

Researchers have developed a range of exact and heuristic solution methodologies to address the VRPTW. Exact algorithms
(Pecin et al., 2017), including branch-and-cut (Bard et al., 2002) and dynamic programming techniques, have been designed to
guarantee optimality. Although these methods are powerful for solving smaller instances or instances in which the solution’s
optimality is critical, their computational expense often becomes prohibitive as the problem size increases.

On the other hand, heuristic approaches, such as genetic algorithms (Nazif & Lee, 2010), simulated annealing (Wang et al.,
2013), and tabu search (Cordeau et al., 2001), do not offer the same optimality guarantees but are notably fast and effective for
larger problem instances. These methods have been engineered to produce high-quality solutions within acceptable computational
times, making them more suitable for practical applications in which near-optimal solutions are sufficient and computational
resources or time are limited (Laporte et al., 2014). Each of these heuristic techniques leverages different mechanisms to explore
the solution space and avoid local optima, thereby increasing the likelihood of identifying feasible and reasonable solutions, (see
Prodhon & Prins, 2016; Labadie et al., 2016).
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The following are critical works on vehicle routing problem with time windows that are highly beneficial for researchers. We
provide summaries of each work to elucidate their contributions to the field.

We would like to begin with a book chapter. For a rigorous introductory exploration of the VRPTW, Desaulniers et al. (2014) is
indispensable. This comprehensive study delves into various mathematical formulations of VRPTW and critiques both exact and
heuristic solution methodologies. This study examines exact techniques, such as branch-and-cut-and-price, branch-and-cut, and
set partitioning, alongside heuristic and metaheuristic approaches, including local search techniques and evolutionary algorithms.

Briysy and Gendreau, (2005a) examine conventional heuristic methods and modern local search algorithms, analysing their
effectiveness using Solomon’s (Solomon, 1987) benchmark problems. Their paper highlights the importance of evaluating heuristics
through Pareto optimality to effectively compare different methodologies. The paper details each method’s basic features and their
experimental outcomes.

In the second part of their study, Briysy and Gendreau (2005b) comprehensively reviewed metaheuristics applied to VRPTW,
focusing on strategies to design cost-efficient routes from depots to various locations. The paper details these methods’ structures
and benchmarks their performance on Solomon’s test problems (see Solomon, 1987), demonstrating how they effectively navigate
and optimise complex routing challenges.

X. Liu et al. (2023) examined the evolution of solving methods for the VRPTW, emphasising its relevance in real-life logistics
challenges. Following the PRISMA guidelines (see Page et al., 2021) for methodical research and analysis, their paper reviewed
literature from 2018-2022, revealing a dominance of approximate methods (86%), with a significant inclination towards meta-
heuristics over simple heuristics. Notably, the authors reported that approximately 40% of the studies integrate hybrid approaches,
blending multiple algorithms to tackle the multi-constrained, multi-objective nature of VRPTW.

Research Problem

Background

The increasing service expectations of customers present a formidable challenge in the logistics sector, particularly for parcel
delivery companies. For a comprehensive meta-analysis on logistics customer service research, (see Leuschner et al., 2013).
Customers increasingly demand high-quality services and expect these services to be delivered within specific time frames that
align with their availability and immediate needs (Salari et al., 2022). In response, logistics firms have begun to offer time-window
services designed to meet these precise temporal requirements. Although this approach ostensibly enhances customer satisfaction
and allows companies to charge premiums for tailored delivery options, it also introduces significant operational complexities and
costs (Kohler et al., 2023).

One critical issue in adhering to time window constraints is the potential disruption to route optimisation, which directly affects
efficiency (Schaumann et al., 2023). Traditional routing algorithms aim to minimise the total route length while reducing travel
time and fuel consumption. However, when specific time windows are imposed, these algorithms must be adjusted or completely
redesigned to accommodate the constraints, often at the expense of route efficiency. This adjustment can lead to suboptimal routes
that are longer and more convoluted than those generated under a more flexible system.

While time window services can provide a competitive edge and cater to individual customer preferences, they require careful
consideration of their associated costs and logistical challenges. Balancing these factors is essential for logistics companies that
aim to maintain efficiency while satisfying evolving service expectations (Deflorio et al., 2012).

Problem Statement

This investigation discerns the immediate benefits and potential costs and efficiency trade-offs engendered by time window
constraints. These constraints typically arise from the need to align pick-up and delivery schedules with customer availability,
thereby purportedly enhancing service quality and customer satisfaction. However, the consequences of these constraints on
operational efficiency and resource utilisation still need to be adequately understood.

To systematically assess the impacts, we consider a series of critical metrics reflective of route optimisation and demand
fulfilment, segmented into three primary categories: route lengths, route demands, and route customers. Members of these metrics
will be explained in the methods section, detailing how each metric is calculated and utilised in the analysis.
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Purpose of the Study

The study methodically investigated the effects of time window constraints on logistical operations, specifically, in the context
of vehicle routing problems. This research aims to present a comprehensive analysis of how these constraints influence key
performance metrics, such as route length, demand fulfilment, and service efficiency. By using empirical data and graphical
representations, this study seeks to elucidate the operational trade-offs and costs associated with the enforcement of time window
constraints, thereby contributing valuable insights to the optimisation strategies employed by logistics firms.

Significance

This study quantifies the additional operational complexities introduced by time window constraints in vehicle routing problems.
Through numerical analysis, this paper systematically compares various performance metrics of routing processes with and without
the imposition of time window constraints. The comparative analysis aims to elucidate the impact of these constraints on logistical
efficiency, cost, and service quality, providing insights that can guide the optimisation of transportation and delivery systems.

Methods

Benchmark Set

We employed a widely recognised benchmark dataset in this study, i.e., Homberger and Gehring, (1999) dataset. Our analysis
was limited to a subset of the entire dataset following the selection employed by Vidal et al. (2013), where only instances involving
200 customers were analysed. However, distinct from their approach, our study encompassed all instances within this subset.

The Homberger and Gehring (1999) and Gehring (1999) dataset has been extensively utilised across various studies in diverse
settings, highlighting its relevance and robustness for academic investigation. Representative VRP studies that have deployed this
dataset include, but are not limited to, Alfredo Tang Montané and Galvdao (2006) and Pisinger and Ropke (2007), R. Liu et al.
(2013) and Vidal et al. (2014). More recent research examples include Y. Zhang et al., (2020); Beling et al. (2022); Kool et al.
(2022), Y. Liu et al. (2023).

We derive our benchmark set from a subset of Homberger and Gehring (1999). We selected instances with 200 customers
representing an expanded edition of the initial framework outlined by Solomon (1987). Solomon’s original research investigated
vehicle routing problem instances with 100 customers and various vehicle capacities of 200, 700, and 1000. Homberger and
Gehring extended Solomon’s dataset (Meira et al., 2020) and maintained vehicle capacities while increasing the number of
customers across different datasets, namely 200, 400, 600, 800, and 1000.

We selected the 200-customer dataset because the optimum total route lengths are known. In addition, the solver that we use
in this study is capable of solving these instances well. It can provide solutions that either achieve the optimum or approximate
it very closely. The efficacy of the solver is noteworthy because it can solve 80% of the instances optimally. The following table
illustrates instances in which our solver could not resolve optimally, including the percentage gap between the solver’s solution
and the known optimal solution.

Table 1. Solver Performance Gaps (%) of best known solutions.

Instance Gap (%) Instance Gap (%) Instance Gap (%)
R1_2.18 0.12 R1 7.18 0.07 R1 4.18 0.14
R1_6.18 0.02 R1 9.18 0.15 R1 10.18 0.27
R2 7.4 0.56 RC1 2.18 0.02 RC1 5.18 0.18
RC1_7.18 0.03 RC1 9.18 0.69 RC1 10.18 0.11

To elucidate the characteristics and specifics of the dataset, we included comprehensive details in graphical representations and
tabular format in the subsequent sections.

Following the methodology established by Solomon (1987), Homberger and Gehring (1999) organised their dataset into six
distinct subsets: C1, C2, R1, R2, RC1, and RC2. The notation used denotes ‘C’ for clustered configurations, ‘R’ for random
configurations, and ‘RC’ for random clustered or semi-clustered configurations.

Variability exists in the number of vehicles; for instance, the subset C1 exhibits variability with 18, 19, or 20 vehicles, R1
exhibits variability with 18 or 20 vehicles, and RC2 ranges from 4 to 6 vehicles. Conversely, subsets C2, R2, and RC1 maintain a
consistent number of vehicles, with C2 employing 6, R2 4, and RC1 18 vehicles. The following table provides information about
the number of vehicles and vehicle capacities of the instance sets.
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Table 2. Summary of vehicle numbers and capacities by instance

Instance Set Vehicle Number Vehicle Capacity
C1 18 (5), 19 (1), 20 (1) 200

C2 6 700

R1 18 (9), 20 (1) 200

R2 4 1000

RC1 18 200

RC2 4(8),5(1),6(1) 1000

Customer locations were placed within a 140 x 140 coordinate system, with the depot consistently at the centre (70, 70). There
are differences in customer locations between subsets C1 and C2, whereas R1 and R2, and RC1 and RC2, share identical customer
locations. The following graphics show the customer locations of the datasets.

Figure 1. Customer Locations of the Datasets (Left to Right) C1, C2, R1-R2, RC1-RC2

C1 and C2 have different customer demand distributions, while R1 and R2, RC1 and RC2 have the same. Here, we provide
histograms representing the demand data.

Figure 2. Customer Demands of Datasets (Left to Right) C1, C2, R1-R2, RC1-RC2

Figures showing the distribution of time windows for C1, C2, R1, R2, RC1, and RC2.

Datasets are provided in the appendix.

Solver

We utilised LKH-3 (Helsgaun, 2017), an enhanced Lin-Kernighan-Helsgaun (Helsgaun, 2000) TSP solver designed for various
constrained routing problems, such as the travelling salesman and vehicle routing problems with specific limitations like capacity
and time windows. The extension effectively converts these complex issues into standard symmetric TSP problems using penalty
functions to manage constraints.

Helsgaun (2017) reported that extensive testing demonstrated LKH-3’s efficacy, frequently matching or surpassing the best-
known solutions. The solver uses a hybrid iterated local search that blends an iterative local search heuristic and a set partitioning
formulation, mixing a metaheuristic with mixed integer programming to solve various VRP variants (Muniasamy et al., 2023).
LKH-3 and its resources are freely available for academic use.

LKH-3 is a well-recognised solver extensively used across diverse research contexts. We provide direct quotations from several
recent scholarly articles in which LKH-3 was used to substantiate the solver’s versatility and efficacy. These excerpts were carefully
chosen to reflect the breadth of application and diverse analytical assessments that researchers make in their respective studies.
This approach underscores the prevailing acceptance and reliability of the solver within the academic community and enriches our
methodology by situating it within a broader scholarly dialog.
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“powerful heuristic solver” (Li et al., 2021, p. 1)

“well-known heuristic solver” (Hottung et al., 2022, p. 1)

“widely used by the ML community for solving VRPs” (Accorsi, 2022, p. 103)

“known as one of the best mTSP heuristics” (Kim et al., 2022, p. 7)

“one of the best heuristic solvers for the TSP” (Lowens et al., 2022, p. 2)

“able to tackle many VRP variants. Although less efficient with respect to other state-of-the-art CVRP heuristics” (Cavaliere
etal., 2022, p. 751)

“strong heuristic solver” (Sun & Yang, 2023, p. 24)

“powerful extension of LKH that can solve many TSP variants” (Zheng et al., 2023, p. 1)

“one of the leading heuristics algorithms” (Pan et al., 2023, p. 9345)

“a highly optimised solver for routing problems” (Ye et al., 2023, p. 43707)

“allows an efficient exploration of the search space” (Osorio-Mora et al., 2023, p. 3)

“state-of-the-art heuristic solver which efficiently produces solutions with a very small optimality gap and has good scalability”
(Yang & Fan, 2024, p. 4)

Study Steps

We outline our study methodology in a detailed, step-by-step format, presented as a numbered sequence. We describe each study
stage to ensure clarity and reproducibility and facilitate fellow researchers conducting similar or replication studies. Additionally,
we highlight that the data generated during our investigation are available for sharing with researchers upon request. We hope that
this transparency will help foster a collaborative environment within the academic community.

1.

We derive our benchmark dataset from Homberger and Gehring (1999). The Capacitated Vehicle Routing Problem Library
(CVRPLIB) (see Uchoa et al., 2017) hosts this benchmark on its website. To maintain consistency in the data complexity,
the selection of benchmark instances was limited to those involving 200 customers.

. To solve these instances, we utilised the LKH-3 (Helsgaun, 2017). The LKH-3 solver is renowned for its efficacy in handling

various Vehicle Routing Problem (VRP) variants, such as VRP with Time Windows (VRPTW). Notably, LKH-3 combines
ease of use with robust performance, rapidly achieving high-quality results although optimal outcomes are only occasionally
achieved and are not guaranteed.

. We downloaded the source code for LKH-3 and implemented it according to the guidelines provided on the official website.

The solver includes comprehensive documentation; we followed the author’s recommendations for parameter settings. Since
it is open source, it is always possible to investigate the source code and follow annotations if certain aspects are unclear.
For example, we successfully refactored certain functions without any issues.

. The computational experiments were executed on a GNU/Linux operating system with an Intel G5500 CPU complemented

by 8 GB of RAM. The choice of this modest hardware setup and operating system was deliberate and aimed at assessing
the performance and replicability of the study on systems that are not high-end, thereby reflecting a more typical user
environment.

. Our programming tool was Julia (Bezanson et al., 2017), a programming language renowned for its high performance,

exceptional modularity, and superior composability, which it achieves through the implementation of multiple dispatch and
just-in-time compilation techniques (Christ et al., 2023, p. 2). This study was conducted entirely within the Julia environment,
utilising its multi-threading capabilities to deploy LKH-3 across all available CPU cores, resulting in enhanced computational
efficiency. We also used DataFrames.jl (Bouchet-Valat & Kamiriski, 2023), Plots.jl (Christ et al., 2023), StatsBase.jl, and
Statistics.jl.

. Moreover, we performed our statistical analyses and comparisons using Jamovi (The Jamovi Project, 2024), a versatile

statistical spreadsheet (see Sahin & Aybek, 2020) built on top of the R statistical language (see R Core Team, 2024).
Consistent with our commitment to transparency and accessibility in research, we prioritised using non-proprietary, open-
source software whenever feasible.

. For data storage and accessibility, we employed durable ordinary text-based files that can be easily opened and modified

with any standard text editor, thus avoiding the need for specialised software. This approach ensures compatibility across
different platforms and enhances the longevity and reproducibility of our research outputs.

. We used plain text-based instance files in CVRPLIB rather than XML files in VRP-REP (see Mendoza et al., 2014), as they

are generally easier to read and manipulate. We investigated the VRPTW instance files and determined how to convert them
into VRP instance files. We made the necessary changes to text files using only Julia’s string manipulation functions.

. After conversion, we solved the original instances and then all modified versions. We compared the results obtained from

these different instances to identify any significant discrepancies. To facilitate the comprehension of our findings, we
constructed tables and graphs, which served as effective visual aids.

10. Several graphs did not yield significant insights and were therefore excluded from the analysis.
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Results

When time window constraints are removed from VRPTW, the problem undergoes a transformation to CVRP. This shift induces
notable changes in the structure of the solution routes and other related aspects. A diverse array of metrics was employed in our
analysis to elucidate these transformations. In this section, we provide a concise description of the metrics used, followed by a
detailed presentation of the findings.

Homberger and Gehring’s dataset comprises six subsets: C1, C2, R1, R2, RCI, and RC2. To facilitate the comparison, we
organised our graphs as follows: C1 at the top left and C2 at the bottom left; R1 at the top centre and R2 at the bottom centre; RC1
at the top right and RC2 at the bottom right. In these graphs, the blue and red bars denote the values associated with the modified
versions of the problem set (VRP) and the original versions (VRPTW). Detailed data tables for these instances are presented in
the Appendix.

‘We note that in the datasets, C denotes clustered R denotes randomized, and RC denotes random clustered or semi-clustered.

Performance Metrics

Total Route Length

Figure 3. Comparison of total route lengths

Total route length refers to the cumulative distance or travel time traversed by a fleet of vehicles while delivering goods to
customers, starting and ending at a depot. Minimising total route length is a critical objective in VRP because it directly affects
the operational efficiency, fuel consumption, and overall logistical costs.

In accordance with established methodologies aimed at ensuring compatibility of comparative analyses, the calculated route
lengths were rounded. In contrast, no rounding adjustments were applied to any other metrics while generating figures. For
convenience, we rounded values to two decimal places in the data tables.

In addition, we observed no significant changes in the total route for the C1 instance set. Although the VRPTW versions
consistently exhibited slightly higher values than the VRP versions, the differences were negligible. The C2 and RC1 instances
showed similar values, suggesting a resemblance between these subsets. In both cases, the presence of time window constraints
tended to increase the total route length. The differences were more pronounced on the R1, R2, and RC2 datasets. Certain instances
in these datasets almost doubled the total route length in one version compared to the other.

Generally, the imposed time window constraints increased the total route length, although the magnitude of this effect was not
universally consistent. Factors such as customer demand, location, and the specific structure of the time window constraints may
influence these variations.
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Minimum Route Length

Figure 4. Comparison of minimum route lengths

The minimum route length identifies the shortest distance a vehicle in a fleet travels to complete its assigned deliveries and
return to the depot. It helps determine the vehicle that completes its route within the least distance, often also resulting in it being
the earliest to return to the depot.

Our observations indicate that the minimum route length is one of the most variable metrics under investigation. The VRP versions
demonstrate greater stability and consistency across all datasets. Conversely, VRPTW ones exhibited significant variability. In
nearly all instances, the VRPTW versions registered higher minimum route lengths, with exceptions noted in datasets R1_4, R2_8,
RC_1, and RC_2. We can confidently assert that including the time window constraints significantly affected the minimum route
length. In other words, removing the time window constraints resulted in more stable, consistent, and almost identical or similar
minimum route length values. Route Length identifies the shortest distance a vehicle in a fleet travels to complete its assigned
deliveries and return to the depot. It helps determine the vehicle that completes its route within the least distance, often also
resulting in it being the earliest to return to the depot.

R1_1, RC2_1, and RC2_2 demonstrated notably small values due to the formation of routes that served only a single customer
in these instances. In our observations, the highest degree of volatility in the VRP versions was noted for the C1 instance, whereas
the other instances exhibited significantly lower levels of volatility. Conversely, the VRPTW versions demonstrated the minimum
volatility for the RC1 instance, and the remaining instances demonstrated much higher volatility.

Maximum Route Length

Figure 5. Comparison of maximum route lengths
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Maximum Route Length measures the longest distance a vehicle in a fleet travels to complete its deliveries and return to the
depot. This metric is essential for identifying the most extended and potentially resource-intensive routes, which may impact fuel
consumption, driver fatigue, and vehicle maintenance. By analysing the maximum route length, logistics planners can ensure that
every vehicle is equally burdened, thus promoting balanced workloads and improving overall fleet efficiency.

In addition, the maximum route length signifies that the vehicle assigned the longest route will be the last to return to the depot
after all other vehicles have already completed their routes. Consequently, the duration of the vehicle’s route determines the overall
duration of the entire operation. Thus, this metric provides an opportunity to compare the total operation duration.

For each dataset, we observed that the versions associated with the VRPTW generally exhibited higher maximum route length
values. The most substantial differences are observed in datasets RC2, R2, R1, and RCl1, listed in descending order of observed
variations. It is essential to note that no differences exist between the VRP versions regarding the maximum route length. This
consistency provides a valuable opportunity to compare values across different instances. Instances C1 and C2 exhibited the highest
values. They were followed by instance R1, with RC1 and RC2 showing slightly lower values. Finally, instance R2 obtained the
lowest values among the observed instances.

Moreover, in the R1, R2, RC1, and RC2 datasets, variations in the time constraints significantly affected the maximum route
length. The datasets C1 and C2 did not significantly contribute to our insights because the values across these datasets were nearly
identical. The results indicate that time window constraints do not significantly affect the metric in these two instances.

Mean Route Length

Figure 6. CComparison of mean route lengths

The mean route length calculates the average distance travelled by all vehicles in a fleet to complete their respective routes and
return to the depot. This metric provides a comprehensive overview of the overall routing plan efficiency and balance. By analysing
the mean of the route lengths, logistics managers can identify trends, detect inconsistencies, and make informed decisions optimise
route planning.

A lower mean route length generally indicates more efficient routing, reduced operational costs, improved service levels, and
better resource allocation across the fleet. A higher mean route length indicates that, on average, the vehicles in the fleet travel
longer distances to complete their deliveries and return to the depot. This metric can indicate potential inefficiencies in the routing
plan, such as suboptimal route assignments, imbalanced workloads, or delivery point clustering issues. Higher mean route lengths
often mean increased operational costs, fuel consumption, driver fatigue, and increased vehicle wear and tear.

Our observations indicate that mean route lengths are generally higher in the VRPTW than in the VRP. We found the most
significant variability in mean route lengths in R1, R2, and RC2. Removing the time window constraints in all datasets resulted
in lower mean route lengths. Specifically, the clustered datasets (C1 and C2) exhibited minimal differences between the VRP and
VRPTW values, whereas the randomised datasets (R1 and R2) exhibited the highest discrepancies. The semi-clustered datasets
(RC1 and RC2) had values that fell between those of the purely clustered and purely randomised datasets.
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In CI1, we observed a strong correlation between the values derived from the VRP and VRPTW. The VRPTW versions
demonstrated marginally higher values than the VRP versions.

Median Route Length

Our analysis did not reveal any significant differences in the median route lengths across the datasets except for RC2_1. The
median route length metric did not yield any insights into the impact of removing the time window constraints. Consequently, we
could not make meaningful comparisons within or between the instances. Given the lack of informative value, we opted not to
include graphical representations.

Variance of Route Lengths

Figure 7. Comparison of route length variance

The variance of route lengths can provide insights into the consistency and balance of the routes assigned to vehicles. High
variance suggests significant discrepancies in the lengths of routes, potentially leading to inefficiencies, such as unequal workload
distribution among drivers and inefficient utilisation of resources. Conversely, low variance indicates more uniform route lengths,
which contributes to balanced operations, predictable delivery times, and optimised fleet performance. Analysing route length
variance helps identify areas for improvement in route planning and enhances the overall logistics efficiency.

In the C2, R2, and RC1 instances, removing the time window constraints significantly altered the route length variance, which
was uniform across the datasets. R1 and RC2 datasets exhibited minimal variance with only one and two exceptions, respectively.
In contrast, eliminating the time window constraints in C2 and RC2 led to notably high variances. Upon closer examination of the
C2 datasets, we found consistently high variance values across all VRP versions. However, this pattern was less pronounced on the
RC?2 datasets (only two versions exhibiting similarly high variance. In the R2 dataset, except for the R2_5 instance, removing the
time window constraints generally reduced the variance in the route lengths. The RC1 dataset presented a mixture of characteristics
from both clustered and randomised datasets. The effect of removing the time window constraints in RC1 was inconsistent; in
certain instances, it led to an increase in variance, while in other instances, a decrease was observed. Notably, on this dataset, the
RC1_4 and RC1_10 instances exhibited minimal variance changes upon removing the time window constraints, albeit in opposite
directions.

Standard Deviation of Route Lengths

The standard deviation of the route lengths is a metric used to assess the variability or dispersion of the lengths of different
routes. It quantifies how much the route lengths deviate from the average route length, providing insight into the consistency and
balance of the routes. A lower standard deviation indicates that the routes are relatively uniform in length, indicating that their
efficiency and equitable distribution, whereas a higher standard deviation indicates more significant disparities, which could imply
inefficiencies or issues in route planning. This metric helps evaluate and optimise the overall routing performance.
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Figure 8. Comparison of the route length standard deviations

As anticipated, the standard deviation of the route lengths in the presented graphs closely mirrors the variance of the route
lengths. For the VRP versions, all instances (except C1) exhibited consistent standard deviations of route lengths. In the VRPTW
versions, particularly with clustered datasets, removing the time window constraints increased the standard deviation of the route
lengths. Conversely, for the other datasets, we observed fluctuations in both directions; some instances exhibited increased standard
deviations, while others demonstrated decreased values. The lowest standard deviation values were recorded for RC1.

Furthermore, the values were comparable between C1 and R1 and C2 and R2. However, in RC1, the standard deviation values
were markedly low, whereas in RC2, they were significantly higher. For R1 and RC2, the observed values were generally similar,
with exceptions noted in instances R1_1, RC2_1, and RC2_2.

Minimum Route Demand

Figure 9. Comparison of minimum route demand

Minimum route demand (MRD) represents the minimum load or demand for a single route or vehicle. It captures the smallest
amount of goods, passengers, or services that must be delivered or attended to on any given route. MRD is essential for optimising
resource allocation, ensuring that no route is underutilised, and balancing logistics efficiency with operational cost-effectiveness.
MRD helps craft efficient, sustainable, and cost-effective routing plans by minimising unproductive distances and reducing fuel
consumption and labour expenses.

Randomised and semi-clustered datasets did not provide insights into minimum route demand. Instances R1, R2, RC1, and RC2
exhibit no significant disparities, with the notable exceptions of R1_1, RC2_1, and RC2_2 demonstrating substantial decreases in
minimum route demand.
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In the clustered datasets, for example in C2, the minimum route demands remained consistent after removing the time window
constraints and displayed values lower than those in the VRPTW versions. We observed noteworthy decreases in C1_1, C1_5,
C1_6, and C1_7, with C1_8 showing no change and the rest of the dataset experiencing moderate variations. The lowest variance
in minimum route demands was observed in the RC1 category, whereas the highest variance was observed in C1.

Maximum Route Demand

We did not observe any significant differences in any instances between the VRP and VRPTW versions or between them. The
maximum route demand metric yielded no meaningful insights. Therefore, we did not include a graphical representation of this
metric.

Median Route Demand

We did not observe any significant differences between the VRP and VRPTW versions. The median route demand metric did
not provide meaningful insights. Therefore, we did not include a graphical representation of this metric.

Variance of Route Demands

Figure 10. Comparison of the Route Demand Variance

The variance of route demands is a metric for evaluating the efficiency and balance of solutions. It measures the degree to
which demands are spread across different routes, indicating how evenly workloads are distributed among vehicles. A lower
variance suggests a more balanced allocation, where each vehicle has a similar load; this leads to improved operational efficiency
and customer satisfaction. Conversely, a high variance may indicate an imbalance, potentially resulting in increased travel times,
higher fuel consumption, and uneven service levels.

After removing the time window constraints, we observed significant variations in the route demands, although in different
directions between datasets C2 and R2. In particular, on the C2 dataset, variances were uniformly higher than the original values.
Conversely, on the R2 dataset, variances decreased and equalised. Notably, all instances exhibit substantial increases and decreases.
For in most instances, the variance in the VRP versions equalised. We detected no deviations in the C2, R2, and RC1 datasets.
However, an outlier was found for dataset R1, specifically R1_1. We note four exceptions to dataset C1, specifically in instances
C1_1,C1_5, C1_6, and C1_7. The variance values of C1 and RC1 were notably low.

In contrast, the RC2 dataset exhibited the highest variance values. Interestingly, on the RC1 dataset, only the RC1_10 instance
demonstrated a decrease in variance after removing the time window constraints. A similar trend was observed for datasets RC2
and R1, with only the instances RC2_8 and R1_4, respectively, showing decreased variance. Dataset C2 uniformly exhibited
increased variance, whereas dataset R2 uniformly exhibited decreased variance upon removing the time window constraints. The
remaining datasets exhibited a mix of increased and decreased variances.
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Standard Deviation of Route Demands

Figure 11. Comparison of the Route Demand Standard Deviations

The standard deviation of the route demands is a critical metric for assessing the variability in demand across different
routes. It quantifies the extent to which individual route demands deviate from the average demand, providing insights into
the consistency and efficiency of route planning. Higher standard deviations indicate more significant fluctuations, suggesting
potential inefficiencies and imbalances among the routes. Conversely, a lower standard deviation indicates a more uniform demand
distribution, contributing to optimised vehicle use and a balanced workload among drivers.

The observed standard deviations of the route demands in various instances exhibit an increasing trend in the following sequence:
RC1, CI, R1, C2, R2, and RC2. Notably, the R2 dataset demonstrated the highest variability in the standard deviations of the
route demands, indicating significant fluctuations. Conversely, the R1 and RC1 datasets displayed low variability, suggesting more
consistent demand patterns. Furthermore, we observed variations in the standard deviations for both small and large magnitudes
across different instances. Notably, the standard deviation values are comparable among the datasets categorised as C1, R1, and
RCl1, as well as among C2, R2, and RC2. This pattern may imply underlying differences in demand characteristics within these
categorizations, warranting further examination to understand the factors contributing to such variability.

Minimum Number of Customers per Route

Figure 12. Comparison of minimum number of customers per route.
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The minimum number of customers per route represents the smallest number of customers served on any given route in the
solution. This metric helps evaluate route efficiency and distribution balance by ensuring that every route is utilised. It is particularly
useful for identifying potential route planning and resource allocation improvements to balance workloads and enhance service
delivery. By understanding this metric, decision makers can make informed adjustments to achieve more optimised and equitable
vehicle routing solutions.

Our analysis revealed no significant differences in R1, R2, RC1, and RC2. However, exceptions were noted in instances R1_1,
RC2_1, and RC2_2, which parallel the trends in minimal route demand. In R2, we observed increased values after removing
the time window constraints, which deviated from the trend observed across the other datasets. Conversely, C1, R1, and RC2
consistently recorded the lowest values.

Maximum Number of Customers per Route

We observed no significant variations in the maximum number of customers per route. Although minor differences were observed,
they were deemed negligible and did not warrant further discussion. Therefore, we do not include graphical representations for
this metric.

Median Number of Customers per Route

The results revealed that the median number of customers per route remained consistent across all datasets after removing the
time window constraints. Consequently, we determined that graphical representations would not add value to the interpretation of
the data, which led to their omission.

Variance of the Number of Route Customers

Figure 13. Comparison of variances of the number of customers per route.

The variance of the number of route customers is a metric used to assess the distribution uniformity of customer assignments
among different routes in a vehicle routing problem. It quantifies how evenly customers are allocated to various routes by measuring
the spread or dispersion of the average number of customers per route. A high variance indicates significant imbalances, which
suggests that some routes may be heavily loaded while others are underutilised. Conversely, a low variance indicates a more
balanced distribution, which is often desirable for efficiency and workload equity in logistics and transportation planning.

The comparison of the minimum number of customers per route in R1, R2, and RC1 revealed no significant differences between
the VRP and the VRPTW versions. Notably, three specific instances, R1_1, RC2_1, and RC2_2, exhibited substantial reductions
in this metric. This phenomenon can be attributed to the inclusion of a single-customer route in both VRP versions.

The observed variance among VRPTW versions was notably higher than that of the VRP versions. We observed that the R2
category exhibited the highest variance for VRPTW, whereas the RC2 category demonstrated the highest variance for VRP.
Conversely, the lowest variance for VRPTW was observed in both the C1 and RC1 categories, whereas for VRP, it was most
minimal in the RC1 category.
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All datasets consistently exhibited stable metrics for the VRP and VRPTW versions, with the exception of R2. After removing
the time window constraints, all instances in this dataset displayed decreased and equalised metrics. Dramatic reductions were
observed in datasets C1 and R1, particularly in instances C_1, C1_5, C1_6, C1_7, and R1_1. Conversely, we observed increased
results for the R2 and RC2 datasets.

Figure 14. Comparison of standard deviation of number of customers per route.

The standard deviation of the number of route customers measures the average deviation from the mean number of customers
per route, providing insight into the variability and balance of the distribution. A high standard deviation indicates considerable
differences between routes, with some having significantly more or fewer customers than others, potentially leading to inefficiencies
and uneven workloads. In contrast, a low standard deviation suggests that customer assignments are distributed more evenly, which
contributes to a more balanced and efficient routing solution.

After removing the time window constraints, the C1 dataset showed a consistent increase in standard deviation values. The
C2 dataset exhibited a significant increase in all measured values. For the R1 dataset, an increase was observed in all instances
except for R1_4. In the R2 dataset, a decrease in the standard deviation values was noted consistently. These values became more
equalised, with the smallest difference observed in R2_5 and the largest difference observed in R2_8. The RC1 dataset primarily
showed increases in standard deviation values, with the exception of RC1_10. All VRP versions in the RC1 dataset tended to
equalise in terms of standard deviation. In the RC2 dataset, primarily moderate changes were observed, with notable exceptions to
RC2_1 and RC2_2. RC2_8 was the sole instance exhibiting a decreased value in this dataset.

Route Formations

Figure 15. Route formations for R1_1 instance. Without Time-Windows Constraints (Left) and with Time-Windows Constraints (Right) Versions

We observed the most significant total and mean route length differences in instance R2_1. The most significant disparity in
minimum route length was observed in instance R1_1. Furthermore, we observed the most substantial differences in the variance
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and standard deviation of the number of route customers in instance RC2_1. Here, we provide route graphs for these instances
to illustrate them. These representations include the VRP and VRPTW versions to demonstrate how including or excluding time
window constraints can affect route structure. The selected figures highlight significant variations between the VRP and VRPTW
versions of the instances. By comparing and contrasting these versions, valuable insights into their structural and operational
differences can be gained.

In figure 15, left graph illustrates relatively sparse routing patterns with minimal overlap, which is characteristic of a typical
VRP structure. On the other hand, the right graph presents a denser network with significant intersections and overlaps, which is
typical for VRPTW scenarios where the synchronisation of service times is critical.

Figure 16. Route formations for R2_1 instance. Without Time-Windows Constraints (Left) and with Time-Windows Constraints (Right) Versions

In figure 16 on the left side, the routes are distinct and separated, indicating fewer constraints on the routing process. Conversely,
the right side demonstrates tightly packed and interwoven routes, highlighting the complexities introduced by the time window
constraints.

Figure 17. Route formations of RC2_1 instance. Without Time-Windows Constraints (Left) and with Time-Windows Constraints (Right) Versions

In figure 17 on the left, we see routes that appear more spaced out and cover a broader area, while the right side depicts a more
compact and tangled routing network, which is indicative of the VRPTW versions’ operational characteristics.

Structural Comparisons

Route Density

The VRP figures (figures on the left) depict relatively less dense routes than their VRPTW counterparts (figures on the right).
The routes displayed in the VRPTW versions are markedly denser, indicating a higher frequency of stops within closer proximity.
This density is attributed to the time window constraints that necessitate more localised route planning to meet stringent scheduling
requirements.
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Route Complexity

The VRPTW figures demonstrate increased route complexity, characterised by spaghetti-like patterns and overlapping paths.
This complexity arises due to the adherence to specified time windows, which introduces the need for more detailed planning
to optimise service times and travel durations. In contrast, VRP figures exhibit more straightforward and less intertwined routes,
reflecting the absence of temporal constraints and the resulting more linear route optimisation.

Operational Differences

Service Efficiency

The increased density and complexity of the VRPTW versions underscore a focus on maximising service efficiency within the
restricted time windows. Clustering routes within smaller geographical segments enhances the ability to fulfil multiple service
requests within limited time frames. This is in contrast with the VRP models, where the primary objective centres on minimising
travel distance without the constraint of specific service times, as evidenced by the more spatially distributed routes.

Geographical Coverage

VRP routes tend to exhibit wider geographical coverage, with routes sprawling across wider areas. This approach is suitable
for scenarios in which the service time is flexible, emphasising covering a larger service area with minimal travel expenditure.
Conversely, VRPTW routes are more concentrated within confined areas, effectively using available time slots for service delivery.

Summary

The comparison between the VRP and VRPTW route graphs shows pronounced differences in the route density, complexity,
operational efficiency, and geographical coverage. The VRP models prioritise covering larger areas with minimal travel, whereas
VRPTW models emphasise route optimisation within specified time windows, leading to denser and more complex routing
patterns. These distinctions underscore the need for tailored approaches to address various routing challenges in logistics and
service delivery contexts.

Conclusion

In this study, we removed the time window constraints from Homberger and Gehring (1999) VRPTW instances and solved them
as VRP instances to observe the resulting changes. We observed significant differences between the VRP and VRPTW versions
for almost all metrics, with a few notable exceptions. Various figures, graphs, and tables thoroughly illustrate these phenomena.

Our analysis revealed significant variability in total route length. Based on the obtained data, we can confidently assert that
time window constraints typically affect the total route length. When the time constraints are removed, the mean route lengths
tend to be smaller and more consistent across all datasets. Furthermore, removing the time window constraints led to more stable
measures regarding the route lengths, route demands, and number of customers per route. Conversely, this study did not derive any
substantive insights from metrics such as median route length, maximum route demand, median route demand, maximum number
of customers, and median number of customers.

For logistics firms aiming to meet their customers’ temporal requests and requirements, it is critical to recognise the substantial
variations observed in specific datasets. The imposition of time window constraints incurs significant changes in the route structures,
which may result in high costs.

Limitations and Directions for Future Research

This study utilised a dataset comprising 200 customer-size instances. Relatively small dataset size is a notable limitation. Future
research can benefit significantly from the use of larger datasets. The selection of dataset size was influenced by the capability of
our solver to handle these instances and achieve near-optimal solutions. However, the scalability of our approach may not hold for
larger datasets, which poses a challenge for future work in this field.

Conversely, future researchers may also explore the use of smaller datasets. Utilising smaller datasets facilitates the application of
exact solvers, which guarantees optimal solutions. This approach can yield more definitive insights but may be less representative
of larger, real-world scenarios.

Our study aimed at achieving near-optimal solutions; however, in practical applications, attaining near-optimality may only
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occasionally be feasible. Comparative studies focusing on VRP and VRPTW solutions that are significantly far from optimal can
offer valuable insights into the performance and applicability of various methodologies.

This research was constrained to a single dataset. Future research could explore combining multiple datasets to enhance the gener-
alizability of the findings. Additionally, while our study employed specific performance metrics for comparison, future researchers’
development and utilisation of alternative performance metrics can provide a broader understanding of solver performance.

One limitation of our dataset is that it only allows for one-on-one comparisons. If larger datasets or combinations of datasets are
employed in future studies, various statistical tests and advanced data analysis methods can be applied. This would enhance the
robustness and applicability of the findings.

Future research could also extend to different VRP variants. For example, standard VRP instances can be examined as Open
VRP instances. Comparative analyses of multi-depot versus single-depot VRP using identical customer locations and demands
could yield insights into the effect of depot quantity on solution quality. Such studies could involve varying the number of depots
to evaluate how the depot quantity affects the solutions.

Although our study provides significant insights, the above-mentioned limitations and avenues for future research highlight the
potential for further advancements in this field.
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Appendix A

Appendix 1. C1 Data

Instance Name | RLT | RLM; | RLMz | RLM3 | RLMy RLV RLS | RDM; | RDM; | RDM3 | RDV | RDS | RCM; | RCM; | RCM3 | RCV | RCS
C1_1.20.vrp 2583 22 205 129.15 200 2023.95 | 44.99 20 200 200 8 2.83 1 13 11 8 2.83
CI1_2.18.vrp 2551 63 205 141.72 200 201.63 14.2 140 200 200 3.16 1.78 6 13 12 3.16 1.78
CI1_3.18.vrp 2551 63 205 141.72 200 201.63 14.2 140 200 200 3.16 1.78 6 13 12 3.16 1.78
C1_4.18.vrp 2551 63 205 141.72 200 201.63 14.2 140 200 200 3.16 1.78 6 13 12 3.16 1.78
C1_5.20.vrp 2583 22 205 129.15 200 2023.95 | 44.99 20 200 200 8 2.83 1 13 11 8 2.83
C1_6.20.vrp 2583 22 205 129.15 200 2023.95 | 44.99 20 200 200 8 2.83 1 13 11 8 2.83
C1_7.20.vrp 2583 22 205 129.15 200 2023.95 | 44.99 20 200 200 8 2.83 1 13 11 8 2.83
C1_8.19.vrp 2562 55 205 134.84 200 625.73 25.01 120 200 200 3.6 1.9 6 13 11 3.6 1.9
CI1_9.18.vrp 2551 63 205 141.72 200 201.63 14.2 140 200 200 3.16 1.78 6 13 12 3.16 1.78
C1_10.18.vrp 2551 63 205 141.72 200 201.63 14.2 140 200 200 3.16 1.78 6 13 12 3.16 1.78
C1_1.20.vrptw 2690 60 202 134.5 180 476.58 21.83 130 200 180 2.95 1.72 7 13 11 2.95 1.72
C1_2.18.vrptw 2906 70 206 161.44 200 48.69 6.98 180 200 200 1.16 1.08 9 13 12 1.16 1.08
C1_3.18.vrptw 2693 92 204 149.61 200 72.22 8.5 170 200 200 1.99 1.41 8 13 12 1.99 1.41
C1_4.18.vrptw 2627 93 211 145.94 200 60.46 7.78 170 200 200 1.28 1.13 9 13 12 1.28 1.13
C1_5.20.vrptw 2687 60 202 134.35 180 529.21 23 130 200 180 3.05 1.75 7 13 11 3.05 1.75
C1_6.20.vrptw 2686 60 202 134.3 180 466.05 | 21.59 130 200 180 3.05 1.75 7 13 11 3.05 1.75
C1_7.20.vrptw 2686 60 202 134.3 180 466.05 21.59 130 200 180 3.05 1.75 7 13 11 3.05 1.75
C1_8.19.vrptw 2771 68 216 145.84 190 359.06 18.95 120 200 190 1.71 1.31 8 13 11 1.71 1.31
C1_9.18.vrptw 2671 95 212 148.39 200 25.16 5.02 190 200 200 1.4 1.18 9 13 12 1.4 1.18
C1_10.18.vrptw 2634 91 206 146.33 200 60.46 7.78 170 200 200 1.16 1.08 9 13 12 1.16 1.08
RLT Route Length Total

RLM1 Route Length Minimum

RLM2 Route Length Maximum

RLM3 Route Length Mean

RLM4 Route Length Median

RLYV Route Length Variance

RLS Route Length Standard Deviation
RDM1 Route Demand Minimum
RDM2 Route Demand Maximum
RDM3 Route Demand Median

RDV Route Demand Variance

RDS Route Demand Standard Deviation
RCM1 Route Customer Minimum
RCM2 Route Customer Maximum
RCMB3 Route Customer Median

RCY Route Customer Variance

RCS Route Customer Standard Deviation
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Appendix B
Appendix 2. C2 Data
Instance Name | RLT | RLM; | RLM: | RLM3 | RLM4 RLV RLS RDM; | RDM,; | RDM3 | RDV | RDS | RCM; | RCM; | RCM3 | RCV | RCS
C2_1.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_2.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_3.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_4.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_5.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_6.6.vrp 1470 101 325 245 700 17616.67 B 3 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_7.6.vrp 1470 101 325 245 700 17616.67 | 12 3 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_8.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_9.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_10.6.vrp 1470 101 325 245 700 17616.67 | 132.73 370 700 700 90.67 9.52 17 41 37 90.67 9.52
C2_1.6.vrptw 1923 268 357 320.50 630 176.67 13.29 610 640 630 2.67 1.63 31 36 37 2.67 1.63
C2_2.6.vrptw 1854 179 356 309 640 3856.67 62.10 520 690 640 9.47 3.08 28 36 37 9.47 3.08
C2_3.6.vrptw 1767 161 356 294.50 645 4296.67 65.55 500 690 645 11.07 3.33 27 36 37 11.07 3.33
C2_4.6.vrptw 1691 194 347 281.83 640 5296.67 72.78 490 700 640 12.67 3.56 27 36 37 12.67 3.56
C2_5.6.vrptw 1867 271 353 311.17 625 896.67 29.94 590 670 625 3.47 1.86 31 36 37 3.47 1.86
C2_6.6.vrptw 1852 251 352 308.67 635 2176.67 46.65 550 690 635 6.27 2.50 30 36 37 6.27 2.50
C2_7.6.vrptw 1842 264 352 307.00 625 1176.67 34.30 580 670 625 5.07 2.25 31 36 37 5.07 2.25
C2_8.6.vrptw 1813 251 350 302 640 1896.67 43.55 550 670 640 4.67 2.16 30 36 37 4.67 2.16
C2_9.6.vrptw 1822 264 349 303.67 620 576.67 24.01 610 670 620 3.87 1.97 31 36 37 3.87 1.97
C2_10.6.vrptw 1800 251 350 300 635 2016.67 44.91 550 670 635 5.47 2.34 30 36 37 5.47 2.34
RLT Route Length Total

RLM1 Route Length Minimum

RLM2 Route Length Maximum

RLM3 Route Length Mean

RLM4 Route Length Median

RLYV Route Length Variance

RLS Route Length Standard Deviation
RDM1 Route Demand Minimum
RDM2 Route Demand Maximum
RDM3 Route Demand Median

RDV Route Demand Variance

RDS Route Demand Standard Deviation
RCM1 Route Customer Minimum
RCM2 Route Customer Maximum
RCM3 Route Customer Median

RCY Route Customer Variance

RCS Route Customer Standard Deviation
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Appendix C

Appendix 3. R1 Data

Instance Name | RLT | RLM; | RLM2 | RLM3 | RLMy RLV RLS | RDM; | RDM,; | RDM3 | RDV | RDS | RCM; | RCM2; | RCM3 | RCV | RCS
R1_1.20.vrp 2881 2 244 144.05 197 2804.98 | 52.96 9 200 197 15.05 3.88 1 17 11 15.05 3.88
R1_2.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_3.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_4.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_5.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_6.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_7.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_8.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_9.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_10.18.vrp 2866 61 244 159.22 197.5 68.38 8.27 167 200 197.5 6.46 2.54 7 17 11 6.46 2.54
R1_1.20.vrptw 4784 138 325 239.20 180 309.40 17.59 135 199 180 1.58 1.26 8 12 11 1.58 1.26
R1_2.18.vrptw 4093 111 307 227.39 197 50.50 7.11 170 200 197 2.10 1.45 9 14 11 2.10 1.45
R1_3.18.vrptw 3390 103 268 188.33 196.5 21.32 4.62 184 200 196.5 3.52 1.88 8 15 11 3.52 1.88
R1_4.18.vrptw 3059 54 255 169.94 198 70.62 8.40 163 200 198 6.58 2.56 8 18 11 6.58 2.56
R1_5.18.vrptw 4128 134 374 229.33 196 14.50 3.81 187 200 196 3.75 1.94 8 15 11 3.75 1.94
R1_6.18.vrptw 3609 107 301 200.50 199 77.44 8.80 168 200 199 3.05 1.75 8 14 11 3.05 1.75
R1_7.18.vrptw 3165 112 257 175.83 197 24.03 4.90 186 200 197 3.63 1.91 8 15 11 3.63 1.91
R1_8.18.vrptw 2971 76 241 165.06 199 133.79 11.57 150 200 199 5.28 2.30 7 17 11 5.28 2.30
R1_9.18.vrptw 3790 124 309 210.56 197 23.09 4.81 186 200 197 2.93 1.71 9 14 11 2.93 1.71
R1_10.18.vrptw 3318 97 266 184.33 198 97.44 9.87 157 200 198 2.58 1.60 8 14 11 2.58 1.60
RLT Route Length Total

RLM1 Route Length Minimum

RLM2 Route Length Maximum

RLM3 Route Length Mean

RLM4 Route Length Median

RLYV Route Length Variance

RLS Route Length Standard Deviation
RDM1 Route Demand Minimum
RDM2 Route Demand Maximum
RDM3 Route Demand Median

RDV Route Demand Variance

RDS Route Demand Standard Deviation
RCM1 Route Customer Minimum
RCM2 Route Customer Maximum
RCM3 Route Customer Median

RCY Route Customer Variance

RCS Route Customer Standard Deviation
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Appendix D
Appendix 4. R2 Data
Instance Name | RLT | RLM; | RLM2 | RLM3 | RLMy4 RLV RDM; | RDM,; | RDM3 | RDV | RDS | RCM; | RCM; | RCM3 | RCV | RCS
R2_1.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_2.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_3.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_4.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_5.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_6.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_7.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_8.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_9.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2 10.4.vrp 1598 325 443 848 6452.25 820 997 848 8.67 2.94 47 53 50 8.67 2.94
R2_1.4.vrptw 4477 1012 1179 872.5 8804.92 775 993 872.5 16.67 4.08 47 56 50 16.67 4.08
R2_2.4.vrptw 3610 764 1040 896.5 12554.92 726 994 896.5 28.00 5.29 43 55 50 28.00 5.29
R2_3.4.vrptw 2865 420 847 897 14239.58 728 991 897 74.67 8.64 38 58 50 74.67 8.64
R2_4.4.vrptw 1970 424 558 907 14328.92 709 990 907 72.67 8.52 43 62 50 72.67 8.52
R2_5.4.vrptw 3355 773 916 887.5 5203.58 797 941 887.5 17.33 4.16 45 55 50 17.33 4.16
R2_6.4.vrptw 2897 605 841 931 18454.92 678 973 931 70.67 8.41 39 59 50 70.67 8.41
R2_7.4.vrptw 2442 391 763 883 15080.25 751 996 883 68.67 8.29 41 61 50 68.67 8.29
R2_8.4.vrptw 1838 305 533 891.5 16148.25 742 988 891.5 118.00 | 10.86 36 60 50 118.00 | 10.86
R2_9.4.vrptw 3087 654 865 888 10298.25 756 981 888 24.00 4.90 44 56 50 24.00 4.90
R2_10.4.vrptw 2655 555 940 663.75 902 13292.92 | 115.29 728 981 902 58.00 7.62 44 61 50 58.00 7.62
RLT Route Length Total

RLM1 Route Length Minimum

RLM2 Route Length Maximum

RLM3 Route Length Mean

RLM4 Route Length Median

RLYV Route Length Variance

RLS Route Length Standard Deviation
RDM1 Route Demand Minimum
RDM2 Route Demand Maximum
RDM3 Route Demand Median

RDV Route Demand Variance

RDS Route Demand Standard Deviation
RCM1 Route Customer Minimum
RCM2 Route Customer Maximum
RCMB3 Route Customer Median

RCYV Route Customer Variance

RCS Route Customer Standard Deviation
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Appendix E

Appendix 5. RC1 Data

Instance Name | RLT | RLM; | RLM2 | RLM3 | RLMy4 | RLV | RLS | RDM; | RDM2 | RDM3 | RDV | RDS | RCM; | RCM2 | RCM3 | RCV | RCS
RC1_1.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_2.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_3.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_4.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_5.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_6.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_7.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_8.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_9.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_10.18.vrp 2786 75 225 154.78 199 8.94 2.99 190 200 199 2.69 1.64 8 15 11 2.69 1.64
RC1_1.18.vrptw 3693 93 397 205.17 198.5 6.12 2.47 191 200 198.5 1.40 1.18 9 13 11 1.40 1.18
RC1_2.18.vrptw 3319 93 310 184.39 198 5.88 2.43 193 200 198 1.05 1.02 9 13 11 1.05 1.02
RC1_3.18.vrptw 3013 93 235 167.39 199 12.71 3.56 186 200 199 1.99 1.41 8 14 11 1.99 141
RC1_4.18.vrptw 2875 83 243 159.72 199 9.18 3.03 189 200 199 2.10 1.45 8 14 11 2.10 1.45
RC1_5.18.vrptw 3451 114 297 191.72 198 7.29 2.70 190 200 198 1.40 1.18 8 13 11 1.40 1.18
RC1_6.18.vrptw 3390 100 288 188.33 199 14.59 3.82 188 200 199 1.63 1.28 9 13 11 1.63 1.28
RC1_7.18.vrptw 3296 109 264 183.11 198 5.41 2.33 192 200 198 1.63 1.28 9 14 11 1.63 1.28
RC1_8.18.vrptw 3132 93 282 174.00 199 6.82 2.61 192 200 199 2.10 1.45 9 14 11 2.10 1.45
RC1_9.18.vrptw 3099 93 263 172.17 199 12.47 3.53 186 200 199 2.10 1.45 8 13 11 2.10 1.45
RC1_10.18.vrptw | 3006 93 276 167.00 199 8.35 2.89 191 200 199 3.28 1.81 8 15 11 3.28 1.81
RLT Route Length Total

RLM1 Route Length Minimum

RLM2 Route Length Maximum

RLM3 Route Length Mean

RLM4 Route Length Median

RLYV Route Length Variance

RLS Route Length Standard Deviation
RDM1 Route Demand Minimum
RDM2 Route Demand Maximum
RDM3 Route Demand Median

RDV Route Demand Variance

RDS Route Demand Standard Deviation
RCM1 Route Customer Minimum
RCM2 Route Customer Maximum
RCMB3 Route Customer Median

RCY Route Customer Variance

RCS Route Customer Standard Deviation
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Appendix F
Appendix 6. RC2 Data
Instance Name | RLT | RLM; | RLM2 | RLM3 | RLMy RLV RLS RDM; | RDM; | RDM3 | RDV | RDS | RCM; | RCM2; | RCM3 | RCV | RCS
RC2_1.6.vrp 1538 18 495 256.33 779.5 204654 452.39 19 984 779.5 665.87 | 25.80 1 59 43.5 665.87 | 25.80
RC2_2.5.vip 1516 18 495 303.2 807 157808 397.25 22 984 807 519 22.78 1 59 47 519 22.78
RC2_3.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_4.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_5.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_6.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_7.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_8.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_9.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_10.4.vrp 1498 229 495 374.5 901.5 11257.67 | 106.10 771 984 901.5 52.67 7.26 42 59 49.5 52.67 7.26
RC2_1.6.vrptw 3086 417 623 514.33 584 8519 92.30 448 728 584 13.07 3.61 27 38 43.5 13.07 3.61
RC2_2.5.viptw 2816 414 751 563.2 743 5680 75.37 599 792 743 11.50 3.39 36 44 47 11.5 3.39
RC2_3.4.vrptw 2586 571 785 646.5 883.5 5980.33 77.33 803 988 883.5 10 3.16 46 53 49.5 10 3.16
RC2_4.4.vrptw 2022 453 597 505.5 894 14643.67 | 121.01 774 996 894 32.67 5.72 44 57 49.5 32.67 5.72
RC2_5.4.vrptw 2903 609 844 725.75 877 1329 36.46 862 942 877 12.67 3.56 47 54 49.5 12.67 3.56
RC2_6.4.vrptw 2864 606 871 716.0 878 5885.67 76.72 809 993 878 16.67 4.08 45 55 49.5 16.67 4.08
RC2_7.4.vrptw 2517 525 757 629.25 926 12654.33 | 112.49 727 979 926 23.33 4.83 46 57 49.5 23.33 4.83
RC2_8.4.viptw 2303 351 754 575.75 901.5 16371 127.95 756 999 901.5 60.67 7.79 41 57 49.5 60.67 7.79
RC2_9.4.vrptw 2172 456 688 543.0 893 14121 118.83 775 997 893 36.67 6.06 44 58 49.5 36.67 6.06
RC2_10.4.vrptw 1998 439 551 499.5 899.5 12855 113.38 771 988 899.5 18 4.24 47 56 49.5 18 4.24
RLT Route Length Total

RLM1 Route Length Minimum

RLM2 Route Length Maximum

RLM3 Route Length Mean

RLM4 Route Length Median

RLYV Route Length Variance

RLS Route Length Standard Deviation
RDM1 Route Demand Minimum
RDM2 Route Demand Maximum
RDM3 Route Demand Median

RDV Route Demand Variance

RDS Route Demand Standard Deviation
RCM1 Route Customer Minimum
RCM2 Route Customer Maximum
RCM3 Route Customer Median

RCY Route Customer Variance

RCS Route Customer Standard Deviation
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Yenilikcilik Egilimlerine Etkisini Olcmeye Yonelik Bir Model Onerisi*

A Model Proposal to Measure the Effect of University Students’ Innovation Capacity
on Their Technological Innovation Tendencies
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* Bu ¢alisma, Noyan AYDIN danismanliginda yazar Ebru ILGAT tarafindan Kiitahya Dumlupinar Universitesi’nde 2018 y1linda tamamlanarak kabul edilen
Universite Ogrencilerinin Yenilik¢ilik Kapasitelerinin Teknolojik Yenilikgilik Egilimlerine Etkisini Ol¢meye Yonelik Bir Model Onerisi baghikli yiiksek lisans
tezi esas alinarak yapilmistir.

0z

Yenilik¢ilik (inovasyon), yeni fikirlerin veya iiriinlerin benimsenmesi veya uygulanmasi olarak tanimlanir ve beceri geligsimini
ve stirekli 6grenmeyi tesvik eder. Aym1 zamanda, yeni teknolojiler ve is uygulamalarinin entegrasyonunu igerirken, teknolojik
gelismeler {iriin ve siireclerin olusturulmasinit ve iyilestirilmesini saglamaktadir. Artan rekabet ortaminda sosyal ve ekonomik
alanlarda teknolojik yeniligin ve girigsimciligin 6nemi giderek artmakta ve toplumlarin hizli bilimsel gelismelere uyum saglamasi
gerekmektedir. Bu baglamda, bireylerin ve toplumlarin bilgi edinme, girisimcilik ve yaraticilik 6zellikleri de sosyoekonomik
ilerlemede merkezi bir role sahip olup, pek cok sektorii etkileyerek bir yenilikgilik kiiltiiriinii tesvik etmektedir. Girisimciler yeni
fikirler ve iirlinler gelistirebildikleri icin girisimcilik, ekonomik ilerlemenin anahtar itici giicii olarak 6ne ¢ikmaktadir. Yaraticilik,
kurumsal etkinlikte ve rekabetci ortamlara uyum saglamada onemli bir rol oynayarak yenilik¢iligi beslemekte ve degisken
ortamlara uyum saglayarak performans: artirmaktadir. Bu ¢alismada, yenilik¢ilik anlaminda en ¢ok potansiyele sahip iiniversite
ogrencilerinin yenilikgilik kapasiteleri ile teknolojik yenilik egilimleri arasindaki iligki incelenmistir. 836 68renciden temin edilen
veriler yapisal esitlik modeli ile analiz edilmistir. Bulgular, yaraticiligin inovasyon egilimini en ¢ok etkileyen faktor oldugunu, risk
alma egiliminin ise en az éneme sahip faktdr oldugunu gostermektedir. Bu dogrultuda, 6grencilerin girisimcilik ve yenilikg¢ilik
kapasiteleri ile risk alabilme tutumlarini degistirip gelistirebilmek i¢in erken yaslardan itibaren egitimde hem bilgilendirici hem
de tesvik edici pratik uygulamalara yer verecek politikalar gelistirilmelidir. Boylelikle iilkenin sosyo-ekonomik ve teknolojik
gelisimine onemli katkilar saglanabilecektir.

ABSTRACT

Innovation is defined as the adoption or application of new ideas or products, fostering skill development and continuous learning. It
also involves the integration of new technologies and business practises, with technological advancements enabling the creation and
improvement of products and processes. In an increasingly competitive environment, the importance of technological innovation
and entrepreneurship in the social and economic spheres is growing, requiring societies to adapt to rapid scientific developments.
In this context, the knowledge acquisition, entrepreneurial, and creative capabilities of individuals and societies play a central
role in socio-economic progress, impacting various sectors and promoting a culture of innovation. Entrepreneurship stands out
as a key driver of economic progress, as entrepreneurs can develop new ideas and products. Creativity plays a significant role
in organisational effectiveness and adapting to competitive environments, fostering innovation and enhancing performance in
dynamic settings. This study examines the relationship between the innovation capacities and technological innovation tendencies
of university students who have the greatest potential for innovation. Data collected from 836 students were analysed using
structural equation modelling. The findings indicate that creativity is the most influential factor affecting innovation tendency,
while the propensity to take risks is the least important factor. Accordingly, policies should be developed that include both
informative and encouraging practical applications in education from early ages to change and enhance students’ entrepreneurial
and innovative capacities and their attitudes towards risk-taking. In this way, significant contributions can be made to a country’s
socio-economic and technological development.
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EXTENDED SUMMARY
Innovation can be seen as the adoption or implementation of a new idea or product within a specific context, demonstrating the
adaptability of a concrete output resulting from the creative process. It generates excitement, encourages skill development and
information exchange, and promotes dynamism by breaking monotony. Innovation also accelerates organisational and personal
growth, encouraging originality, personal development, and continuous learning.

Innovation has become increasingly crucial in both social and economic contexts, prompting rapid changes towards more
scientifically advanced societies. Adapting to these changes is vital to avoid being left behind. Knowledge acquisition is central
to socioeconomic progress, influencing economic, political, and social dynamics. As knowledge spreads, it profoundly impacts
sectors such as the economy, business environment, and education, fostering a culture of innovation. Innovation integrates new
technologies and business practises, facilitating governance by addressing public issues and shaping policy frameworks.

The innovation process involves developing, commercialising, and marketing new or improved products, processes, or services.
It encompasses a broad range of activities, from product development to implementing new organisational structures and admin-
istrative systems. Technological innovation involves transforming new ideas into concrete products and disseminating them. It
is divided into two main types: technological product innovation, which commercialises a product to provide new services or
maximise existing product benefits, and technological process innovation, which involves the complete innovation or significant
improvement of production or distribution processes.

Technological developments and innovative approaches create practical products. This innovation manifest in both the improve-
ment and development of existing products and the production of entirely new ones. Technological product innovation focuses on
providing new services to consumers through product development or commercialisation, while technological process innovation
aims at improving production or distribution methods. Globalisation, driven by technological progress, has reshaped the global
arena, intensifying competition, particularly in industrial areas.

Creativity, the essence of human endeavour, significantly impacts organisational effectiveness, providing resilience in rapid
transformations and competitive environments. The process of birthing new concepts embodies creativity as a precursor to
innovative breakthroughs, fuelling innovation and turning intellectual effort into tangible results. Creativity involves critical
thinking, distinguishing connections between events, anticipating obstacles, finding solutions, and expressing findings precisely.
It is crucial to adapt to variability in complex and competitive environments to innovate and enhance performance.

An entrepreneur combines innovative products, processes, markets, organisational structures, or supply channels, taking proac-
tive risks to transform opportunities into viable economic offers. Entrepreneurship involves implementing new configurations,
perceiving opportunities arising from environmental factors, and transforming these opportunities into products or services.

In today’s globalised world, entrepreneurship has emerged as a critical factor driving economic progress. With increasing
competition and technological advancements, individuals and institutions must adopt innovations to stay current. Entrepreneurs
play a pivotal role in this by pioneering new ideas and products through their visionary perspectives.

This study examines the relationship between university students’ entrepreneurial characteristics and their innovation-technological
innovativeness. Data were collected through a survey and analysed using a structural equation model. The study focuses on the
innovative and entrepreneurial characteristics of university students, hypothesising their impact on the students’ general tendency
to innovate and subsequently their tendency towards technological innovation. Data were gathered from 836 undergraduate students
at Kiitahya Dumlupinar University Faculty of Economics and Administrative Sciences.

University students were chosen due to their leading role in society and their potential to generate new ideas and contribute
significantly to economic and technological progress. Universities are key action centres for discovering talents and producing
and sharing knowledge. The survey targeted students to test the impact of their innovative capacity on technological innovation
tendency using structural equation modelling.

The scale used to measure innovation and technological innovation tendency included factors like risk-taking, proactiveness,
uncertainty avoidance, creativity, innovativeness, and technological innovation. The overall reliability of the measurement model
was high (Cronbach’s a = 0.95). Confirmatory factor analysis and necessary modifications yielded a significant model (p<0.05)
with acceptable goodness of fit values (X2/df = 3.35, GFI = 0.85, RMSEA = 0.59).

All hypotheses were confirmed, except for the one proposing a relationship between the risk-taking tendency and the innovation
tendency. Creativity was the most important factor influencing students’ innovation tendency, while risk-taking was the least
important. The emphasis on creativity may stem from the need to tackle diverse problems in a world of constant change and
competition. Students’ perceptions of socioeconomic risk and uncertainty might influence the lack of a significant relationship
between risk-taking and innovation tendencies.
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To foster innovation, innovation be integrated into national education policy from an early age, with local and general competitions
to encourage students. During long holidays, students can be directed to techno parks, research centres, and university campuses
for scientific research training. Higher education students should be encouraged to participate in social and scientific activities to
apply their theoretical knowledge. Finally, the entrepreneurship course content and teaching style in higher education should be
revised to be practical and independent of grade concerns.

Giris

Yenilik¢ilik (inovasyon), hem sosyal hem de ekonomik alanda giderek artan bir ilgi diizeyine sahiptir. Uluslar ve bireyler,
bilimsel acidan daha gelismis toplumlar olma yolunda hizli bir degisim yasamakta; bu anlamda geri kalinmamasi icin de s6z
konusu degisimlere uyum saglamak son derece 6nemli olmaktadir. Bir toplumun ekonomik, politik ve sosyal dinamiklerine yeni
bakis acilart kazandirmasi acgisindan da sosyoekonomik ilerlemenin merkezinde bilgi edinimi yer almaktadir. Bilgi yayilimiyla
birlikte ekonomi, is ortami ve egitim alanlar1 da dahil olmak iizere pek cok sektor iizerinde derin bir etkisi olugmakta ve
yenilikgilik kiiltiirii tesvik edilmektedir. Yenilik¢ilik, yeni teknolojilerin ve ig uygulamalarinin entegrasyonunu kapsamaktadir.
Yonetisim baglaminda yenilik de kamusal sorunlarin ele alinmasinda, politika cercevelerinin gekillendirilmesinde ve operasyonel
protokollerin diizenlenmesinde ilerlemeyi kolaylastirmaktadir (Er, 2013). Yenilik¢i yaklagimlar sayesinde teknolojik gelismeler
pratik iirlinlerin ortaya ¢ikmasini saglamaktadir. Bu yenilik hem mevcut iriinlerin iyilestirilmesinde ve gelistirilmesinde hem
de tamamen yenilerinin tiretilmesinde acik¢a goriilmektedir. Teknolojik iiriin yeniligi, iiriin gelistirme veya ticarilestirme yoluyla
tiikketicilere yeni hizmetler sunmaya odaklanirken, teknolojik siire¢ yeniligi ise liretim veya dagitim yontemlerinin iyilegtirilmesiyle
ilgilidir. Es zamanli olarak, teknolojik ilerlemenin tetikledigi kiiresellesmenin etkisi, kiiresel arenay1 yeniden sekillendirmekte ve
ozellikle endiistriyel alanlarda rekabeti yogunlastirmaktadir (Oguz ve Prystrom, 2015).

Giinlimiiziin kiiresellesmis diinyasinda girisimcilik, ekonomik ilerlemeyi yonlendiren 6nemli bir faktor olarak 6ne ¢ikmak-
tadir. Artan rekabet ve teknolojik gelismelerle birlikte bireyler ve kurumlar giincel kalabilmeleri i¢in yenilikleri benimsemeleri
gerekmektedir Girisimciler, vizyon sahibi bakis agilariyla, yeniliklere Onciiliik ederek, yeni diisiince ve ¢iktilarin artigini tegvik
etmektedirler (Karadal ve Saygin, 2016).

Son yillarda bilim ve teknolojide kiiresel diizeyde dnemli ilerlemeler olmaktadir. Tiirkiye de buna paralel egitim, arastirma, iiretim
ve ekonomi gibi pek ¢ok alanda 6nemli ilerlemeler kaydetmekte ve yenilik¢ilige elverigli bir ortam tesis etmeye ¢aligmaktadir.
Ayrica bilim, teknoloji ve yenilik ekosistemini destekleme, yiiksek teknoloji ile katma degeri yiiksek iiriin ve hizmetler gelistirme
ve bu amaglara yonelik nitelikli bilgi iiretimi ve insan kaynagimin geligsiminin saglanmasi hedefiyle TUBITAK da 6nemli bir rol
istlenmektedir.

Bu calismada, iiniversite 6grencilerinin girisimci 6zellikleri ile yenilikgilik/teknolojik yenilikg¢ilik arasindaki iliski bir anket
araciligiyla elde edilmis verilerden hareketle ve yapisal esitlik modeli araciligiyla analiz edilmistir. Bu ¢ercevede, ilk bolimde
kavramsal cerceve ¢izilmis, ikinci boliimde analizde kullanilan Yapisal Esitlik Modeli (YEM) yontemine dzetle yer verilmis ve
son boliimde de iiniversite 6grencilerine uygulanan anket calismasindan hareketle uygulanan analiz sonuglari ile cesitli onerilere
yer verilmistir.

Girisimcilik, Yenilikcilik ve Teknolojik Yenilikgilik

Yaraticilik, insan ugraslarinin 6zii ve yaygin bir unsur olarak kurumsal etkinligi artirmada onemli bir etkiye sahip olup hizli
doniigtimler ve rekabet ortamlarinda dayaniklilik saglayabilmektedir. Yeni kavramlarin dogus siireci, yenilik¢i atilimlarin da
habercisi olarak yaraticilig1 somutlastirir. Yaraticilik, yenilik¢iligi koriikler ve elle tutulur sonuglarla entelektiiel cabay1 biinyesinde
barindirir. Bireyleri yaraticilik agisindan farkli kilan, elestirel diisiinebilme, olaylar arasindaki baglantilar1 ayirt edebilme, engelleri
tahmin edebilme, careler bulabilme ve bulgular1 kesin bir sekilde ifade edebilme konusundaki ustaliklaridir. Ozetle yaraticilik,
yeniligin yapilabilmesi ve performansin artirilabilmesi i¢in karmasik ve rekabetc¢i ortamlardaki degiskenlige uyum saglayarak
basarinin elde edilebilmesinde dnemli bir etkendir (Yildirim, 2007; Kanbur ve Ozyer, 2016).

Yenilik, yeni bir fikir veya iirliniin 6zellikleriyle belirli bir baglamda benimsenmesi veya uygulanmasi eylemi olarak ifade
edilebilir (Tornatzky ve Klein, 1982) Diger ifadeyle, yaratici zihinsel siirecten kaynaklanan somut bir ¢iktinin ¢evreye uyarlan-
abilirligidir. Yenilik hem bireysel hem orgiitsel manada heyecan uyandirarak becerilerin gelistirilmesini ve bilgi aligverigini tegvik
ederek bireysel ve kurumsal manada monotonlugu kirarak dinamizmin Oniinii acar. Ayrica, 6zgiinliigii, kisisel gelisimi ve siirekli
ogrenme yolculugunu tesvik ederek organizasyonel ve kisisel biiyiimeye ivme saglayabilmektedir (Avei, 2009; Naktiyok ve
Timuroglu, 2010).

Yenilikgilik siireci, gelismis veya mevcut iiriinlerin, siireclerin veya hizmetlerin gelistirilmesini, ticarilestirilmesini ve pazarlan-
masint kapsar. Yenilik¢ilik ifadesi de bu doniistiiriicii cabanin hem siirecini hem de sonuglarini kapsar (Yiice ve Samsa, 2017).
Dolayisiyla inovasyon, yeni iiriin veya hizmetlerin gelistirilmesi, yeni siire¢ teknolojilerinin benimsenmesi, yeni organizasyonel
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yapilarin veya idari sistemlerin uygulanmasi veya bir organizasyon i¢indeki liyeler tarafindan tasarlanan yeni plan veya programlarin
uygulamaya konulmasi gibi ¢esitli siirecleri kapsayacak gekilde genig bir bicimde tanimlanabilir (Vaughan, 2013).

Teknolojik yenilik de yetenek veya bilgiden kaynaklanan yeni fikirlerin baglangicini, bunlarin somut iiriinlere veya gerceklere
doniistiiriilmesini ve daha sonra bunlarin yayilmasini, uygulanmasini ve pazarlanmasini gerektiren bir kavramdir. Bu baglamda,
teknolojik yenilik iki ana tiire ayrilmaktadir: teknolojik iiriin yeniligi ve teknolojik siire¢ yeniligi. Teknolojik {iiriin yeniligi,
tilketiciler icin yeni hizmetler sunmak veya mevcut iiriin faydalarimi maksimum kilmak adina {iriiniin ticari bir hal almasini
icerir. Ote yandan hizmet yeniligi, liretim veya dagitim siireclerinin tamamen yenilenmesi veya mevcut siireclerin énemli 6lciide
iyilestirilmesiyle ilgilidir (Yiice ve Samsa, 2017). Burada, bireyin teknolojik yenilige egilimi ise oncelikle ¢cagdas teknolojileri
anlama ve uyum saglama kapasitesinden, teknolojiden yararlanma egiliminden ve teknolojiyle ilgili senaryolarda problem ¢6zme
becerisinden etkilenmektedir (Eren, 2010).

Girisimci, yenilik¢i Uriinler, siiregler, pazarlar, organizasyon yapilar1 veya tedarik kanallar1 seklindeki cesitli kombinasyonlari
bir araya getiren kisidir. Girigimci, iginde bulunulan duruma gore risk alabilen veya belirsizlikten kaginma egilimi de gosterebilen
ancak sonucta tercihlerin olumlu ya da olumsuz sonuglanmasini gz ardi ederek boylece gidisatin seyrini degistirebilecek inisiyatif
de kullanabilen proaktif bir karar vericidir (Sandberg, 2002). Bu baglamda girisimcilik de yeni yapilandirmalar1 hayata gegirme,
cevresel faktorlerden kaynaklanan firsatlar1 algilama ve bu firsatlar {iriin veya hizmet olarak uygulanabilir ekonomik tekliflere
doniistiirme yolculugunu igerir (Sharma ve Chrisman, 1999; Bozkurt, 2007).

Yapisal Esitlik Modeli (YEM)

YEM, psikoloji, sosyoloji, pazarlama ve egitim bilimleri gibi pek ¢ok sahada, gizil ve gozlenen degiskenlere iliskin nedensel-
ligin analizi ve hipotezlerin sitnanmasi amaciyla kullanilan ¢ok degiskenli bir regresyon modelidir. Klasik modelden fark: bir
degiskenin hem bagimli hem de bagimsiz degisken olarak kullanilabilmesi olup, boylelikle degiskenler, dogrudan veya dolayl
olarak birbirlerini etkileyebilmektedir. Modelleme ¢ogunlukla motivasyon, tutum, saldirganlik, kisilik 6zellikleri ve kaygi gibi
dogrudan ol¢iilemeyen degiskenlerin iligkisel analizini ortaya koyabilmek i¢in kullanilir (Raykov ve Marcoulides, 2006).

Teorilerin test edilmesinde ya da yeni alternatif modellerin gelistirilmesinde kullanilan YEM iki yapidan olusur. Bunlar: gizil
degiskenlerle gozlenen degiskenlerin iliskisini dogrulayici faktor analizi ile ortaya koyan 6l¢iim modeli; digeri de gizil degiskenlerin
dogrudan veya dolayli iligkilerini ifade eden yapisal modeldir (Kaplan, 1995). Tiim gizil degisken iligkilerini iceren yapisal
modeldir ve dogrudan 6l¢iilemeyen yapilar arasindaki nedensel iligkileri ifade eder. Boylece gizil degiskenler Olciilebilir (gosterge)
degiskenlerle baglantili hale getirilmis olur ve gizil degiskenler arasindaki iligkilere yonelik hipotezlerin degerlendirilebilmesi
miimkiin olur (De Carvalho ve Chima, 2014). Burada, iki bagimsiz gizil degisken iligkisi kovaryansla; dogrudan etki, gizil ve
oOl¢iilen iki degiskenin iligki katsayistyla, dolaylt etki ise biri bagimli digeri bagimsiz iki gizil degisken arasindaki iliski katsayisi
ile ifade edilir. Ayrica, gizil degiskenler de i¢sel ve digsal olarak ikiye ayrilir (Weston ve Gore, 2006).

Ol¢iim modeli, gizil degiskenlerle gosterge (gozlenen) degiskenler arasindaki iliskiler ifade eder ve modele dogrulayic faktor
analizi yardimiyla dahil edilir. Ol¢iim modelini sinamak igin dogrulayici faktor analizinden yararlanilir. Hipotezler de gizil
degiskenler (faktorler) arasindaki iligkinin aragtirilmasi i¢in kurulur. Ayrica, faktor analizinde bir gozlenen degiskenin sadece bir
gizil de8iskenin aciklayicist olabilecegi de varsayilir (Weston ve Gore, 2006). Sekil 1°de bir yapisal esitlik modeli 6rnegi ve Tablo
1’de Sekil 1°deki simgelerin anlamlar1 verilmistir:

Sekil 1. Bir Yapisal Esitlik Modeli Ornegi (Dragan ve Topol3ek. 2014)
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Tablo 1. Ornek Yapisal Esitlik Modelindeki Sembollerin Anlami

Degisken/Katsay1 Anlami
X; (&)’lere ait Dissal (Bagimsiz) Gosterge (Gozlenen) Degiskenler
& Disgsal (Bagimsiz) Gizil Degiskenler
Vie (m)’lere ait I¢sel (Bagimli) Gosterge Degiskenler
m Igsel (Bagimli) Gizil Degiskenler
8; X;’lere iligkin hata terimleri
£ vy lara iliskin hata terimleri
G 1y’ lere iliskin hatalar
Dy Gizil Degiskenler Arasi Kovaryanslar
Y Digsal Gizil ile Igsel Gizil Degiskenler Arasi Yapisal Yol (Regresyon) Katsayisi
B igsel Gizil ile igsel Gizil Degiskenler Arasi Yapisal Yol (Regresyon) Katsayisi
Ax Dissal Gizil Degiskenlere iliskin Faktor Yiikleri
Ay Igsel Gizil Degiskenlere iliskin Faktor Yiikleri

YEM’in uygulama asamalar1 sdyle 6zetlenebilir (Iriondo, Albert ve Escudero, 2003): Model Belirlenme: Literatiirden hareketle
degiskenler arasindaki iligkilerin sozel hipotezler ve nedensel veya yol diyagrami seklinde temsil edilen bir dizi denkleme
cevrilmesinden olugan modelin ortaya konulmasidir.

Model Tanimlama: Tahmin edilecek parametre sayist ve serbestlik derecesinden hareketle modelin parametrelerinin gozlem-
lenebilir varyans ve kovaryanslar kiimesinden tiiretilip tiiretilemeyecegini kontrol etmeyi igcerir. Model parametreleri icin tekil bir
tahmin olursa, modelin tanimlanmis oldugu sdylenir. Ote yandan, her bir gizil degisken icin minimum ii¢ gdzlenen degiskenin
olmasi ve tiim gozlenen degiskenlerin yalnizca bir gizil degiskenle nedensellik iligkisinde olmas1 gerekmektedir.

Model Tahmini: Oncelikle modelde tanimlanan tiim gozlemlenebilir degiskenlere iligkin veriler, 6nerilen modelin test edilecegi
popiilasyonlardan toplanmali ve uygun sonuglar icin yeterli bir drnekleme stratejisi tasarlanarak veri seti igin aykirt ve eksik deger
gibi analizlerle normallik kosulu gibi varsayimlarin saglanip saglanamadigi kontrol edilmelidir. Sonrasinda da modelin belirlenme
ve tanimlanma agamalarinin ardindan parametrelerin tahmini siirecinde gozlenen degiskenlerin kovaryans matrisi ile modelin
kovaryans matrisine esitligi sorgulanarak model ile gozlenen veri uyumu aragtirilabilir. Agirliklandirilmis veya Genellestirilmis
En Kiiciik Kareler, En Cok Olabilirlik ve Robust Maksimum Benzerlik yaygin olarak kullanilan yontemlerdir.

Model Uyumu: Ongériilen ve drneklem model kovaryanslarinin karsilasgtirilmast aracihigyla modelin veri setine ne kadar iyi
uydugu analiz edilir. Ki-kare, GFI ve RMSEA gibi pek ¢ok farkli uyum iyiligi 6l¢iitii kullanilarak ongoriilen modelin uygunlugu
degerlendirilebilir (Schermelleh-Engel, Moosbrugger ve Miiller, 2003). Bazi uyum iyiligi 6l¢iitleri ve beklenen degerleri uygulama
kisminda Tablo 4’te verilmistir.

Model lyilestirme: Modifikasyon endeksleri araciligiyla parametre eleminasyonu ve parametrelere yeni baglantilar eklenmesi
seklinde de ifade edilebilecek modelden anlamli olmayan iligkilerin ¢ikarilmasi ve yeni iligkilerin eklenmesi yoluyla ki-kare
istatistiginin diisiiriilmeye calisildig1 ve boylece daha uygun bir modelin varliginin sorgulanmasi siirecidir.

Yontem

Bu calismada, iiniversite 6grencilerindeki potansiyel yenilik¢i ve girisimci yapinin genel olarak yenilik¢i egilim {izerine ve
yenilik¢i egilimin de teknolojik yenilik¢i egilim {izerine olasi etkilerini test etmek icin bir yapisal esitlik modeli kurgulanmugtr.
Ogrencilerin yenilikgi yapilar1 onlar1 bilginin iiretiminde ve paylastminda toplumda bir odak noktas1 haline getirmektedir. Gelecegin
onlarin 6nciiliigiinde sekil alacag1 gerceginden hareket ederek modelde kullanilacak veriler de Kiitahya Dumlupinar Universitesi
Iktisadi ve Idari Bilimler Fakiiltesindeki 836 6grenciden anket ¢alismasi araciligiyla elde edilmistir (Ilgat, 2018) Gerek hipotezler ve
model gerekse de modelde kullanilan verilerin temin edildigi anket sablonu (Bkz. Ek A) i¢in bir tez ¢alismasindan yararlanilmisgtir
(Eren, 2010). Modelin tasarimi Sekil 2’°de verilmigtir:

Sekil 2. Yenilikcilik Egiliminin Teknolojik Yenilik¢ilik Egilimine Etkileri Modeli
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Literatiir aragtirmasi neticesinde kullanilacak arastirma modelinde, bagimsiz degiskenler olarak bireylerin yaraticilik, risk alma
egilimi, belirsizlik karsinda gosterilen tolerans ve proaktiflik 6zellikleri; bagimli degiskenler olarak da bireylerin yenilik¢ilik
ve teknolojik yenilik¢ilik 6zellikleri kullanilmigtir. Arastirma modelinde sinanacak hipotezler asagida verilmistir. Arastirmada
verilerinin degerlendirilmesi, lcek giivenirligi analizi, dogrulayici faktor analizi (DFA) ve YEM analizinde SPSS ve Lisrel
programlarindan yararlanilmagtir.

H1: Toplumdaki bireylerin yaraticilik 6zellikleri arttik¢a yenilikgilik egilimleri de giiglenir.

H2: Toplumdaki bireylerin risk alma egilimi arttik¢a yenilik¢ilik egilimleri de gii¢lenir.

H3: Toplumdaki bireylerin belirsizlige karsi toleransi arttik¢a yenilik¢ilik egilimleri de giiglenir.
H4: Toplumdaki bireylerin proaktif 6zellikleri arttik¢a yenilikgilik egilimleri de giiclenir.

HS: Toplumdaki bireylerin yenilikci egilimleri arttikca teknolojik yenilik egilimleri de giiclenir.

Analiz ve Bulgular

Kiitahya Dumlupinar Universitesi iktisadi ve idari Bilimler Fakiiltesi 6grencilerine uygulanan ve EK A’da bir drnegi bulunan
ankete katilan dgrencilere ait demografik bilgiler 6zetle sdyledir:

° C)grencilerin %63,8’1 kadin ve %36,’si ise erkektir.

° Ogrencilerin %35,9’u 18-20, %61,1°1 21-24 ve %3’ ise 25 ve lizeri yag grubundadir

. Ogrencilerin 24,041 Tktisat, %22,13’i Maliye, %17,82’si Siyaset Bilimi ve Uluslararasi 11i§kiler, %14,83’ti Kamu YOnetimi,
%14,59’u Isletme ve %6,58’i ise Ekonometri Boliimii’nde egitim gormektedir.

. Ogrencilerin %18,66’s1 1.sinifta, %41,75’1 2.s1mifta, %16,03’1 3.sinifta ve %23,57’si ise son siniftadir.

Ol¢iim modeline ait giivenirligini analiz etmek icin 6 faktore/degiskene giiven analizi uygulanmistir. Modeldeki 6 faktore ait 41
maddeye (soruya) iligskin analizde giiven katsayist (Cronbach’s Alpha-a) 0,933 seklinde elde edilmistir. Yani sira, belirsizlikten
kaginma faktoriine ait 6. soru (madde) cikarilarak Cronbach’s a genel degeri 0.95’e yiikseltilmistir. Sonug olarak hem genel hem
de faktorler bazinda yiiksek giivenirlilik ve maddelerden hareketle de faktorler arasinda istatistiksel olarak anlamli bir farklilik
bulunmusgtur.

Tablo 2. Giivenirlik Analizi

Faktorler Cronbach Alpha
TY: Teknolojik Yenilikgilik 0,843
YEN: Yenilik¢ilik 0,876
PR: Proaktiflik 0,826
YR: Yaraticilik 0,843
BK: Belirsizlikten Kaginma 0,747
RA: Risk Alma Davranist 0,746

YEM analizine gegmeden once degiskenlere ait verilerin normal dagilip dagilmadigi sorgulanmalidir. Bu amagla Kolmogorov-
Smirnov ve Shapiro-Wilk testleri kullanilabilir (Alpar; 2013). Ancak bu testler ¢ok degiskenli normal dagilimin test edilmesinde
kullanilamaz. Bu dogrultuda Mardia ¢arpiklik ve basiklik testi kullanilmas: daha dogru bir yaklagimdir (Satorra ve Bentler, 1988).
Tek degiskenli normallik testi sonuglart Ek B’de ve cok degiskenli normallik testi sonucu Tablo 3’te verilmistir. Sonuglar, ¢ok
degiskenli normallik varsayiminin saglanamadigini gostermistir (p<0.05). Bu ¢ercevede, 6rneklem biiyiikliigii de 400’iin altinda
oldugundan normal dagilmayan veriler karsisinda daha giiclii (robust) bir test olan Satorra-Bentler dlcekli kikare tekniginin
kullanilmasi daha dogru bir alternatif olacaktir (Satorra ve Bentler, 1988).

Tablo 3. Mardia Cok Degiskenli Basiklik-Carpiklik Katsayilar1 ve Normal Dagilim Testi

Basiklik Carpiklik Basiklik-Carpiklik
Deger Z-Skor p Deger Z-Skor p Ki-kare p
2030.97 360.045 .000 236.894 95.912 .000 10498.44 .000

YEM’in olusturulmasinda kullanilan faktorler yani gizil degiskenler teknolojik yenilikgilik (TY), yenilikg¢ilik (YEN), yaraticilik
(YR), risk alma davranigt (YR), proaktiflik (PR) ve belirsizlikten kaginma (BK) olup; alt maddeler yani ankette ilgili faktor altinda
yer aldig1 diisiiniilen sorular da gozlenen degiskenlerdir. Bu ¢ercevede, maddelerin (sorularin) dogru faktorler (gizil degiskenler)
altinda yer alip almadiklarim test edebilmek i¢cin DFA yapilmis ve sonu¢lar Ek C’de verilmistir. Buna gore, dlgekte ongoriilen
sorularin (maddelerin) gizil degiskenleri (faktorleri) aciklamada bagarili olduklar, istatistiksel olarak anlamli (p<.001) t degerleri,
yiiksek (>0.70) chronbach alpha ve standart faktor yiikii (>0.30) degerlerinden anlasilmaktadir. Ayrica, R2 degerlerinin yiiksekligi
hangi maddenin/sorunun ilgili gizil degisken/faktor iizerinde daha etkili oldugunu da gostermektedir. Tablo 4’te, modelin DFA’
ya ait uyum degerleri verilmistir.
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DFA sonucunda uyum degerlerine ve modifikasyon onerilerine bakilarak modelin gerekli modifikasyonlar yapildiginda daha
iyi sonuclar verecegi goriilmiistiir. Bu cercevede, BK1-BK2, YR4-YRS, YR8-YRO ve PR1- PR2 maddeleri (sorular1) arasinda
modifikasyonlar yapilmistir (Bkz. Ek D). Bahsi gecen bu maddelere bakildiginda yakin anlama sahip olduklarindan aym gizil
yapiy1 temsil ettikleri anlagilmaktadir. Yapilan modifikasyonlarin ardindan modele tekrar DFA yapilmig ve ilgili uyum degerleri
Tablo 4’te verilmistir. Buna gore, genel olarak modelin uyumunun kabul edilebilir ¢cercevede oldugu sdylenebilir.

Tablo 4. Arastirma Modelinin Uyum Endeksleri-DFA 1-2

Uyum indeksi Iyi Uyum Kabul Edilebilir Uyum Olgegin Uyum Degeri DFAI -
X?/sd (CMIN / df) 2<X?/sd <3 3<X2/sd <5 4.5931-3.7184
GFI L95<GFI <1 .85 < GFI <£.95 .82-.85
AGFI .95 < AGFI <1 .80 < AGFI < .95 .80-.83
CFI L95<CFI <1 .90 < CFI £ .95 .81-.86
RMSEA .00 < RMSEA < .05 .05 < RMSEA <.08 .069 - .059
RMR 0.06 - 0.08 0.08 - 0.10 .063 -.058
NNFI .95 < NNFI <1 .80 < NNFI < .95 .80-.85

Olgiim modeli netlestikten sonra YEM analizine gecilmistir. Modelde, Teknolojik Yenilikgilik (TY) igsel gizil degisken, Ye-
nilik¢ilik degiskeni ise hem digsal hem de igsel gizil degiskendir. Proaktiflik, Belirsizlikten Kaginma, Yaraticilik ve Risk Alma
Davranig1 degiskenleri ise digsal gizil degiskenlerdir. YEM analizinde cok degiskenli normallik varsayimi saglanmadig: icin
Robust Satorra & Bentler yontemi tercih edilmigtir. Yapisal esitlik modeline iligkin 6l¢iim modeli sonuclart Ek E’de ve yapisal
iligkiler ise Ek F’de detayl olarak verilmis olup, yapisal iligkileri gosteren sonuglar Tablo 5°te 6zet olarak verilmistir. Buna gore,
gizil degisken olan Risk Alma Davranist’nin yine gizil degisken olan Yenilikg¢ilik iistiinde anlamsiz bir etkiye sahiptir, buna karsgin
diger degiskenler arasi iligkiler istatistiksel sekilde anlamli ve bekleyisle uyumlu olarak pozitif ¢ikmustir (p <0,001).

Tablo 5. Yapisal Esitlik Modeli

Yapisal iligkiler Standartlagtirilmis Yiikler t

Yenilikgilik - Teknolojik Yenilikgilik 49 8.29
Yenilikgilik - Risk Alma Davranisi A1 0.92
Yenilikgilik - Yaraticilik .62 6.53
Yenilik¢ilik - Proaktiflik 47 4.58
Yenilikgilik - Belirsizlikten Kaginma .37 4.06

Tablo 6’da yapisal esitlik modelinin uyum iyiligi degerleri verilmistir. Buna gore, CFI hari¢ diger tiim degerler kabul edilebilir
diizeydedir. Sonug olarak, arastirma hipotezlerinden biri diginda hepsi kurulan modelce desteklenmigtir.

Tablo 6. Yapisal Esitlik Modeli Uyum Endeksleri

Uyum Indeksi Iyi Uyum Kabul Edilebilir Uyum Olgegin Uyum Degeri
X?2/sd (CMIN / df) 2<X?/sd <3 3<X?/sd <5 3.3448
GFI .95 < GFI <1 .85 < GFI < .95 85
AGFI .95 < AGFI <1 .80 < AGFI < .95 83
CFI .95 <CFI <1 .90 < CFI < .95 85
RMSEA .00 < RMSEA < .05 .05 < RMSEA < .08 059
RMR 0.06 - 0.08 0.08 - 0.10 072
NNFI .95 < NNFI <1 .80 < NNFI < .95 83

Tablo 7. YEM Hipotez Sonuglar1

H,: Bireylerin yaraticilik 6zellikleri arttik¢a yenilikgilik egilimleri de giiglenir Desteklendi
Ha: Bireylerin risk alma egilimi arttik¢a yenilik¢ilik egilimleri de giiglenir. Desteklenmedi
Hs: Bireylerin belirsizlige karsi toleransi arttik¢a yenilikgilik egilimleri de giiglenir. Desteklendi
Ha: Bireylerin proaktif 6zellikleri arttik¢a yenilikgilik egilimleri de giiglenir. Desteklendi
Hs: Bireylerin yenilikg¢i egilimleri arttik¢a teknolojik yenilik egilimleri de giiglenir. Desteklendi

Sonug

Giinlimiizde artan rekabet nedeniyle girisimcilik ve yenilik¢ilik, ekonomik kalkinma ile bilim ve teknolojinin ilerlemesi i¢in hay-
ati 6neme sahiptir. Yaraticilik, yenilik¢ilik ve girisimcilik gibi bireysel 6zelliklerin yani sira risk alma, proaktiflik ve belirsizlikten
kacinma gibi girisimcilik 6zellikleri teknolojik yeniligi yonlendirmede énemli bir rol oynamaktadir.

Girisimciligin yenilik¢ilik yoluyla ekonomik ve bilimsel alanlarda topluma katki saglamasinda, sanayi igletmeleri, bilim ve
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teknoloji merkezleri ile iiniversitelerin biiyiik sorumluluklari vardir. Bu analizde {iniversite lisans 6grencilerinin se¢ilme nedeni,
tiniversitelerin ilerici bir kimlige sahip olmasi1 ve dgrencilerin yenilikci fikirler gelistirerek iilkenin ekonomik ve teknolojik
ilerlemesine onemli katkilarda bulunma potansiyeline sahip olmalaridir.

Endiistriyel topluluklar, isletmeler, bilim ve teknoloji merkezleri ile iiniversiteler, toplumun ekonomik ve bilimsel alanlarinda
girisimciligi ve yenilikgiligi tesvik etme konusunda onemli bir sorumluluga sahiptir. Calismada anket sorularinin iiniversite
ogrencilerine yoneltilme nedeni, aktif olarak yeni fikirler iiretecekleri ve hem toplumun hem de iilkenin ekonomik ve teknolojik
ilerlemesine onemli Olciide katkida bulunacaklari inanci ve iiniversitelerin toplumda oncii bir rol iistlendigi diisiincesidir. Bu
amag dogrultusunda da Kiitahya Dumlupinar Universitesi Iktisadi ve Idari Bilimler Fakiiltesi’nde &grenim goren segili 6gren-
ciler iizerinden yenilikcilik kapasitesinin teknolojik yenilik¢ilik egilimine olas1 etkisini test etmek amaciyla bir yapisal esitlik
modellemesinden faydalanilmistir.

Yenilikgilik ve teknolojik yenilik¢ilik egiliminin Ol¢iilmesi amaciyla kullanilan Olgekte, risk alma, proaktiflik, belirsizlikten
kacinma, yaraticilik, yenilikcilik ve teknolojik yenilikgilik faktorleri kullamlmistir. Ol¢iim modelinin diizeltme sonrasi genel
giivenirligi (Cronbach’s a = 0.95) ve yukarida verilen sirayla faktorlerin tekil giivenirlikleri (0.746, 0.826, 0.747, 0.843, 0.876,
0.843) yeterli diizeydedir.

Calismada kullanilan veri seti i¢in ¢ok degiskenli normallik varsayimi saglanmadig1 i¢in robust bir yontem olarak Satorra &
Bentler tahmin teknigi kullanilmistir. Faktorlere iligkin sorularin (maddelerin) temsil giiciiniin degerlendirilmesinde de dogrulayici
faktor analizinden yararlanilmig ve gerekli modifikasyonlar yapilarak yapisal esitlik modeli elde edilmistir. flgili modifikasyonlar
sonrasi elde edilen uyum iyiligi ol¢iitleri 1s18inda genel olarak anlamli (p<0.05) bir model elde edilmis olup, x2/sd (3.35), GFI
(0.85) ve RMSEA (0.59) gibi uyum iyiligi degerleri de kabul edilebilir diizeyde ¢ikmustir.

Analiz sonucunda risk alma egilimi ile yenilik¢ilik egilimi arasindaki iliskiyi 6ne siiren hipotez digindakiler dogrulanmustir.
Ogrenciler icin yenilikcilik egiliminde en énemli faktor yaraticilik ve en az énemli olan da risk alma egilimi olarak goriilmiistiir.

Elde edilen sonuglar dogrultusunda yenilik¢ilik ve teknolojik yenilikgilik ¢cercevesinde liniversite 6grencileri agisindan yaraticilik
faktoriiniin basta gelmesin altinda, siirekli degigimin ve sert rekabetin hakim oldugu giiniimiiz diinyasinda karsilasilan ¢ok cesitli
problemlerle farkli, yeni, alternatif yaklagimlarla bag edilebilecegi diisiincesi yatiyor olabilir. Risk alma egilimindeki bir artigin
yenilik¢ilik egiliminde bir artiga neden olacagi iddiasinin dogrulanamamasinda ise, geng girigsimci adaylarin sosyo-ekonomik risk
ve belirsizlik ile mevcut olan ig imkénlar1 ve kariyeri kaybetme algisi etkili olmug olabilir.

Bu cercevede, yenilik olgusu tiirevleriyle birlikte cok kii¢iik yaslardan itibaren ulusal bir egitim politikas1 haline getirilerek se-
viyelerine gore 6grencileri tegvik edebilecek yerel ve genel miisabakalar diizenlenebilir. Ayrica uzun siireli tatillerde 6grencilerin
teknopark, aragtirma merkezi ve {iniversite kampiisleri gibi nitelikli sahalara yonlendirilerek bilimsel aragtirmanin temel prensi-
plerinin 6gretilmesiyle ilgilerini cezbedici, mevcut yeteneklerini gelistirici ve vizyon sahibi olmalarina 6n ayak olucu etkinlikler
yapilabilir. Ayrica mevcut yiiksek 6gretim dgrencilerinin sahip olduklari teorik bilgileri pratige doniistiirebilecekleri kuliip, dernek,
vakif ve benzeri sivil toplum kuruluglar ile iiniversitelerdeki her tiirlii sosyal ve bilimsel aktiviteye katilimlarini tesvik edecek
planlamalar devreye sokulabilir. Son olarak, giiniimiizde yiiksek 6grenim ders miifredatlarinda da yerini almaya baglamis olan
girisimcilik dersinin igerik ve islenig bi¢imi, not kaygisindan bagimsiz ve miimkiin oldugunca uygulamali bir sekilde 6grencilerle
islenebilecek sekilde planlanmalidir.
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Ek B
Ek 2. Normal Dagilim Testi (Tek Degiskenli)

Carpikhk Basiklik Carpiklik ve Basikhik
Degisken Z-Skor P Z-Skor p Ki-kare p
TY1 -12.351 .000 4.117 .000 169.506 .000
TY2 -5.704 .000 -1.943 .052 36.307 .000
TY3 -6.729 .000 -1.254 210 46.855 .000
TY4 -3.916 .000 -3.870 .000 30.310 .000
TY5 -6.837 .000 0.083 933 46.755 .000
TY6 -2.679 .000 -3.187 .001 17.330 .000
TY7 -5.127 .007 -2.395 .017 32.019 .000
TYS8 -8.122 .000 -1.751 .080 69.041 .000
TY9 -7.908 .000 1.090 276 63.731 .000
RA1 -12.317 .000 2.456 014 157.741 .000
RA2 -2.082 .037 -4.594 .000 25.442 .000
RA3 -8.019 .000 -2.768 .006 71.968 .000
RA4 -9.984 .000 3.289 .001 108.506 .000
RAS -6.998 .000 -2.800 .005 56.816 .000
YR1 -7.492 .000 -4.676 747 56.234 .000
YR2 -5.171 .000 -2.725 .006 34.164 .000
YR3 -4.705 .000 -3.099 .002 31.740 .000
YR4 -5.207 .000 -5.536 .000 57.763 .000
YR5 -2.803 .005 -6.322 .000 47.822 .000
YR6 -4.676 .000 -7.064 .000 71.762 .000
YR7 -6.934 .000 -4.947 .000 72.554 .000
YRS -6.084 .000 -3.744 .000 51.028 .000
YRY -6.428 .000 -4.817 .000 64.522 .000
YEN1 -8.869 .000 1.744 .081 81.702 .000
YEN2 -8.995 .000 2.676 .007 88.073 .000
YEN3 -8.906 .000 1.815 .069 82.608 .000
YEN4 -9.406 .000 3.267 .001 99.138 .000
YENS5 -10.489 .000 2.594 .009 116.760 .000
YENG6 -10.143 .000 1.638 101 105.562 .000
PRO1 -13.146 .000 3.191 .001 182.999 .000
PRO2 -15.880 .000 6.620 .000 295.883 .000
PRO3 -6.532 .000 0.041 967 42.663 .000
PRO4 -10.907 .000 3.329 .001 130.043 .000
PRO5 -11.605 .000 2.932 .003 143.882 .000
PRO6 -6.881 .000 -2.232 .026 52.331 .000
BK1 -4.052 .000 -6.973 .000 65.046 .000
BK2 -5.245 .000 -3.707 .000 41.248 .000
BK3 -8.017 .000 0.906 365 65.095 .000
BK4 -10.744 .000 3.684 .000 128.995 .000

BKS -10.709 .000 3.578 .000 127.487 .000
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Ek C
Ek 3. DFA Sonuglar

Faktorler/Sorular Chronbach Alpha Standartlastirilmis Yiikler t R?
TY: Teknolojik Yenilik¢ilik .843

TY1 A3 9.84 .35
TY2 .62 11.03 .35
TY3 .63 9.30 37
TY4 74 9.10 47
TYS .66 9.35 45
TY6 .69 9.05 44
TY7 .59 8.74 31
TYS8 .59 8.91 .26
TY9 .63 9.68 40
YEN: Yenilikg¢ilik 876

YENI1 .69 9.68 .52
YEN2 .70 24.23 .63
YEN3 .66 19.72 .50
YEN4 .67 19.62 .58
YENS5 .66 17.94 45
YEN6 .65 17.17 41
YR: Yaraticihk .843

YR1 .64 16.20 37
YR2 .69 20.81 44
YR3 75 22.82 49
YR4 .67 17.63 .35
YR5 78 22.66 45
YR6 74 20.08 40
YR7 .57 13.01 22
YRS .69 19.35 39
YR9 73 18.73 .38
RA: Risk Alma 746

RA1 .62 12.78 31
RA2 .59 14.71 29
RA3 .58 12.06 24
RA4 .68 18.95 .52
RAS .86 25.54 .56
PR: Proaktiflik .826

PR1 .68 16.50 44
PR2 .64 16.46 47
PR3 .67 18.62 44
PR4 .63 17.20 47
PR5 .69 19.26 .46
PR6 .62 15.13 31
BK: Belirsizlikten Kacinma 747

BK1 .63 14.66 28
BK2 .62 14.81 .30
BK3 .69 18.76 .50
BK4 .59 15.73 .38

BKS .62 17.02 .46
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Ek D

Ek 4. Aragtirma Modeli DFA 2




Ilgat, E., Aydin, N., Universite Ogrencilerinin Yenilikgilik Kapasitelerinin Teknolojik Yenilikgilik Egilimlerine Etkisini Olgmeye Yonelik Bir Model Onerisi

Ek E
Ek 5. Olgiim Modeli Sonuglar

Faktorler/Sorular Chronbach Alpha Standartlastirilmis Yiikler t R?
TY: Teknolojik Yenilik¢ilik .843

TY1 43 9.84 .35
TY2 .62 11.03 .35
TY3 .63 9.30 37
TY4 74 9.10 47
TYS .66 9.35 45
TY6 .69 9.05 44
TY7 .59 8.74 31
TYS8 .59 8.91 .26
TY9 .63 9.68 40
YEN: Yenilik¢ilik .876

YEN1 .69 9.68 52
YEN2 .70 2423 .63
YEN3 .66 19.72 .50
YEN4 .67 19.62 58
YEN5 .66 17.94 45
YENG6 .65 17.17 41
YR: Yaraticihk .843

YRI1 .64 16.20 .37
YR2 .69 20.81 44
YR3 75 22.82 49
YR4 .67 17.63 .35
YRS 78 22.66 45
YR6 74 20.08 .40
YR7 57 13.01 22
YRS .69 19.35 .39
YR9 73 18.73 .38
RA: Risk Alma 746

RA1 .62 12.78 31
RA2 .59 14.71 29
RA3 .58 12.06 24
RA4 .68 18.95 .52
RAS .86 25.54 .56
PR: Proaktiflik .826

PR1 .68 16.50 44
PR2 .64 16.46 47
PR3 .67 18.62 44
PR4 .63 17.20 47
PR5 .69 19.26 .46
PR6 .62 15.13 31
BK: Belirsizlikten Kacinma 147

BK1 .63 14.66 28
BK2 .62 14.81 .30
BK3 .69 18.76 .50
BK4 .59 15.73 38

BK5 .62 17.02 .46
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Ek F

Ek 6. Yapisal Esitlik Modeli Sonuglari
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Finansal Hizmetler Giiven Endeksi ile Borsa Getirileri arasindaki iliski:
Toda-Yamamoto ve Asimetrik Nedensellik Analizi

Relationship between Financial Services Confidence Index and Stock Market Returns:
Toda-Yamamoto and Asymmetric Causality Analysis
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0z

Finansal piyasalarin dinamiklerini sekillendirmede beklentilerin yonetilmesi 6nemli bir husustur. Bu nedenle, iktisadi ajanlarin bek-
lentilerini yansitan giiven endekslerindeki degisimler ekonomistler tarafindan dikkatle takip edilmektedir. Bu ¢alismada Tiirkiye’de
Haziran 2012-Mayis 2024 donemi icin finansal hizmetler giiven endeksi ve borsa endeks getirileri arasindaki sektorel bazli il-
igkiler agiklanmaktadir. Calismada nedensellik sonuglarin iizerinde karsilastirma yapilabilmesi amaciyla degiskenler arasindaki
iligki Toda-Yamamoto (1995) ve Hatemi-J (2012) nedensellik testleri kullanilarak incelenmistir. Toda-Yamamoto(1995) nedensel-
lik testi sonuglarina gére finansal giiven endeksi ile Borsa Istanbul (BIST) sektér endeksleri getirileri arasinda bir nedensellik
iligkisinin varlig1 tespit edilememistir. Bununla birlikte, degiskenler arasinda asimetrik bir nedensellik iligkisi saptanmigtir. Boyle-
likle, Toda-Yamamoto (1995) nedensellik testinin tespit edemedigi sakl iligkilerin asimetrik nedensellik testi yardimiyla ortaya
cikarildig1 goriilmektedir. Asimetrik nedensellik testi sonuclarina gore, negatif soklar i¢in finansal hizmetler giiven endeksinden
BIST Mali endeks getirilerine dogru nedensellik bulunmaktadir. BIST Elektrik endeksi ve BIST Finansal Kiralama Faktoring
endeksi getirilerindeki hem pozitif hem de negatif soklardan finansal hizmetler giiven endeksine dogru bir nedensellik iligkisi bul-
gusuna ulagilmistir. BIST Bilisim endeksi ve BIST Teknoloji endeksi getirilerinden finansal hizmetler giiven endeksine dogru bir
nedensellik pozitif bilesenlerde tespit edilmistir. BIST Hizmetler endeksi ve BIST Sinai Endeksi getirilerinden finansal hizmetler
giiven endeksine dogru bir nedensellik iligkisi de negatif soklar arasinda tespit edilmistir. Calismadan elde edilen sonuglar 1s181nda,
finansal hizmetler giiven endeksinin finansal piyasalardaki degisimler agisindan dikkate alinmasi gereken bir degisken oldugunu
ifade etmek miimkiindiir.

ABSTRACT

The management of expectations is a critical factor in shaping the dynamics of financial markets. Therefore, changes in confidence
indices, which reflect the expectations of economic agents, are closely monitored by economists. This study examines the sectoral
relationships between the Financial Services Confidence Index and stock market returns in Turkey for the period from June 2012
to May 2024. To compare the causality results, the relationships between the variables were analysed using the Toda-Yamamoto
(1995) and Hatemi-J (2012) causality tests. According to the results of the Toda-Yamamoto (1995) causality test, no causality
relationship was found between the Financial Services Confidence Index and the Borsa Istanbul (BIST) sector index returns.
However, an asymmetric causality relationship was identified between the variables. Thus, it is observed that hidden relationships,
which could not be detected by the Toda-Yamamoto (1995) causality test, were revealed through the asymmetric causality test.
According to the results of the asymmetric causality test, a causality relationship from the Financial Services Confidence Index
to the BIST Financial index returns was found for negative shocks. There is a causality relationship from the BIST Electricity
index and the BIST Financial Leasing and Factoring index returns to the Financial Services Confidence Index in both positive and
negative shocks. A causality relationship from the BIST Information Technology index and the BIST Technology index returns
to the Financial Services Confidence Index was found in positive components. A causality relationship from the BIST Services
index and BIST Industrial index returns to the Financial Services Confidence Index was also found among the negative shocks.
Considering the results obtained from the study, it can be stated that the Financial Services Confidence Index is a variable that
should be considered in terms of changes in financial markets.
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EXTENDED SUMMARY
Classical finance theories assume that investors are rational and that they consider all information in the market during the
decision-making process. The number of studies that include and try to develop behavioural aspects that are often neglected in
classical theoretical models is increasing in the literature. The increasing interest in the non-classical approach stems from the
need to explain phenomena that are regularly observed in financial markets and that do not comply with the predictions of classical
models (Yoshinaga and Castro Junior, 2012).

De Long et al. (1990) divided investors into two categories, considering the effect of financial market sentiment: rational
investors and rumour merchants. In the model, investors in both categories determine the prices of assets and their expected
returns. The possibility of rational investors profiting from mispricing is limited due to various reasons such as short investment
horizon, transaction costs, and risks. These reasons allow prices to deviate from their fundamental values. Sentiment in the context
of investment may indicate overly optimistic or pessimistic cash flow estimates or changes in risk tolerance (Edelen et al., 2010).
As a result of this situation, the relationship between the net present value of the discounted cash flows of the asset and the asset
price may occur differently. Here, investors’ emotional reactions may have an effect.

The link between investor sentiment and stock returns has been examined in many studies. Chowdhury et al. (2024) found a
positive effect of investor sentiment on stock returns in the S&P 500 index. Schmeling (2009) found a negative relationship between
investor sentiment and stock returns. It is observed that there is a separation in the variables selected as sentiment proxies in the
studies conducted in the literature. The variables used in previous studies: confidence indices obtained from investor surveys (Usul
et al., 2017; Kandir, 2006); investor mood (Kostopoulos and Meyer, 2018); implied volatility of the option contract (Qadan et al.,
2019); closed-end investment fund discount (Keles and Arat, 2019); investment fund flows (Ben-Rephael et al., 2012); transaction
volume or transaction amount (Ding et al., 2014) and the composite sentiment index combining these proxies (Baker and Wurgler,
2006).

The Central Bank of the Republic of Turkey (CBRT) calculates the Financial Services Confidence Index (FSCI) to reveal the
assessments and expectations regarding the business situations and demand for services in the financial services sector. A financial
service survey was conducted to calculate the FSCI. With the monthly financial services survey, the recent past assessments and
future expectations of financial institution managers regarding their business situations are obtained and trends in the financial
services sector are determined. The FSCI index calculated from the survey results is calculated as a function of the answers to the
questions about the business status of financial institutions, the demand for services in the last three months, and the demand for
services in the next three months (TCMB, 2024).

The expectations of economic agents affect macroeconomic and financial indicators. Therefore, examining the effect of confi-
dence indices reflecting expectations on the stock market is an important issue. This study aims to empirically analyse the causality
relationship between the financial confidence index and stock returns in Turkey in the period 2012:06-2024:05. In addition to
the Toda-Yamamoto causality test, the Hatemi-j (2012) asymmetric causality test was used in the study. According to the Toda-
Yamamoto (1995) causality test results, no causality relationship was determined between the financial services confidence index
and the Borsa Istanbul (BIST) sector index returns. However, an asymmetric causality relationship was determined between the
variables. Thus, the hidden relationships that the Toda-Yamamoto (1995) causality test could not detect were revealed with the
help of the asymmetric causality test.

Giris

Son yillarda Tiirkiye’de borsaya olan ilgi artarak devam etmektedir. Borsa’da islem yapan yatirimei sayisinin gectigimiz on yilda
yaklasik sekiz kat arttig1 gériilmektedir. Grafik 1°de, Borsa Istanbul’da toplam yatirimer sayisindaki carpici artig goriilmektedir.
Artan yatirimci sayisi, bireylerin ve kurumlarin finansal piyasalara olan ilgisinde giiven faktoriiniin etkisini ilgi ¢ekici bir hale ge-
tirmektedir. Hisse senedi fiyatlari ile tiiketim, yatirim ve iiretim gibi makro ekonomik degiskenler arasindaki iligki ¢esitli ekonomik
modellerde agirlikli olarak varsayilmaktadir. Bu nedenle, borsa ile reel ekonomi arasindaki baglantilara yonelik literatiirde ¢ok
sayida caligma mevcuttur. Ayrica, klasik teorik modellerde siklikla ihmal edilen davranigsal yonleri iceren ve gelistirmeye ¢alisan
caligmalarin sayist literatiirde giderek artmaktadir. Geleneksel olmayan yaklasima artan ilgi, finansal piyasalarda diizenli olarak go-
zlemlenen ve klasik modellerin 6ngoriileriyle bagdasmayan olgularin agiklanmasi zaruriyetinden kaynaklanmaktadir (Yoshinaga
ve Castro Junior, 2012).
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Grafik 1. Borsa istanbul’daki Toplam Yatirimei Sayisimin Yillara Gore Seyri

Fama (1970) tarafindan geleneksel finans teorisinin merkez onermesi olarak gelistirilen etkin piyasa hipotezi (EPH), fiyat-
larin tutarli bir sekilde piyasa yatirnmcilarinin erigebilecegi tiim bilgileri yansittigini varsaymaktadir. EPH’ye gore yatirimcilar
finansal piyasalarda ortalamanin iizerinde getiri elde edebilmeleri daha fazla riske maruz kalarak gerceklesebilmektedir. Ayrica,
finansal piyasalarda etkilesimde olan yatirrmcilarin tam rasyonellik sergiledikleri ve servetlerinden beklenen fayday1 en iist diizeye
cikardiklar1 varsayilmaktadir (Bertella vd., 2014). Bununla birlikte, 1980’li yillardan itibaren arastirmacilar piyasalarda gézlem-
lenen “anomalilere” dayanarak EPH nin gegerliligini sorgulamustir. Tversky ve Kahneman (1989) piyasalardaki anormallikleri,
temel olarak kabul edilen yerlesik paradigmalardan goz ardi edilemeyecek kadar yaygin, rastgele hata olarak degerlendirilemeye-
cek kadar sistematik ve normatif sistemi gevseterek uyumlastirilmast miimkiin olmayan bir sapma olarak agiklamaktadir. Yapilan
calismalarda, EPH’ile ¢eligen “fiyat geri doniis” (De Bondt ve Thaler, 1985) ve borsa fiyatlarinin temsil ettikleri firmalarin temel-
lerindeki degisiklerle agiklanamayacak kadar “asir1 oynaklik” (Shiller, 1980) sergiledigi gibi anormalliklere yol agcan kanitlar ortaya
konulmugtur. Ek olarak, yatirnmcilarin karar verme siireglerini 6nemli dlciide etkileyen asir1 giiven, pismanliktan kaginma, kayiptan
kaginma, Barnum etkisi, zihinsel muhasebe ve siirii davranisi gibi gesitli psikolojik dnyargilar sergiledikleri tespit edilmistir (Jain
vd., 2022). Bu tiir 6nyargilar, yatirrmcilarin her zaman rasyonel olmadig1 ve yatirimei davraniglarinin finansal piyasalarda dnemli
dalgalanmalara neden olabilecegini ortaya koymaktadir. Boylelikle, piyasa anomalilerini ve yatirimci davraniglarin1 anlamada
onemli bir ¢cerceve sunan davranigsal finans literatiirde popiilerlik kazanmustir.

De Long vd. (1990) ¢aligsmalarinda yatirimcilari finansal piyasa duyarliliginin etkisini de dikkate alarak iki kategoriye ayirmustir:
rasyonel yatirimcilar ve sdylenti tacirleri. Modelde, her iki kategorideki yatirimcilar, varliklarin fiyatlarini ve beklenen getirilerini
belirlemektedir. Rasyonel yatirimcilarin yanlis fiyatlandirmadan kar elde etme imkani; kisa yatirnm ufku, islem maliyetleri ve
riskler gibi ¢esitli nedenlerden otiirli sinirlidir. Bu nedenler, fiyatlarin temel degerinden sapmasina imkan tanimaktadir. Yatirim
baglamindaki duyarlilik, asir1 iyimser veya kotiimser nakit akisi tahminlerine ya da risk toleransindaki degisimlere igaret ede-
bilmektedir (Edelen vd., 2010). Boylelikle, her zaman varlik fiyatlar1 indirgenmis gelecekteki nakit akiglarinin net bugiinkii degeri
olarak deger vermemekte, yatirimcilarin duygusal tepkileri ile sekillenebilmektedir.

Davranigsal finans alaninda yapilan bir¢ok ¢alismada, yatirimci duyarliligi ile hisse senedi getirileri arasindaki baglanti ince-
lenmigtir. Chowdhury vd. (2024) yatirimer duyarliliginin S&P 500 endeksindeki hisse senedi getirileri {izerindeki pozitif etkisini
tespit etmistir. Schmeling (2009) ise yatirimci duyarlilig ile hisse senedi getirileri arasinda negatif iligki bulgusuna ulagmusgtir.
Literatiirde yapilan calismalarda duygu vekili olarak farkli degiskenlerin kullanildig1 goriilmektedir. Onceki calismalarda kul-
lanilan degiskenler arasinda, yatirnmci anketlerinden elde edilen giiven endeksleri (Usul vd., 2017; Kandir, 2006); yatirimci ruh
hali (Kostopoulos ve Meyer, 2018); opsiyon sdzlesmesinin zimni volatilitesi (Qadan vd., 2019);kapali u¢lu yatirim fonu iskontosu
(Keles ve Arat, 2019); yatinm fonu akislar1 (Ben-Rephael vd., 2012); islem hacmi veya islem miktar1 (Ding vd., 2014) ve bu
vekilleri birlestiren bilesik duyarlilik endeksi (Baker ve Wurgler, 2006) yer almaktadir.

Tiirkiye Cumhuriyet Merkez Bankasi (TCMB), finansal hizmetler sektoriindeki is durumlar ile hizmetlere olan talep ile ilgili
degerlendirme ve beklentileri ortaya koymak amaciyla Finansal Hizmetler Giiven Endeksi’ni (FHGE) hesaplamaktadir. Finansal
piyasadaki giiven ve beklentiler, yatirimcilarin piyasa algilarina ve kararlarina yansimaktadir. Dolayisiyla, finansal hizmetler
sektoriindeki giiven diizeyinin borsa iizerindeki etkisinin incelenmesi onemli bir konudur. Bu ¢aligmanin amaci Tiirkiye’'de
2012:06-2024:05 doneminde finansal giiven endeksi ile hisse senedi getirileri arasindaki nedensellik iligkisi ampirik olarak
analiz edilmektedir. Calismada Toda- Yamamoto nedensellik testinin yani sira Hatemi-j (2012) asimetrik nedensellik testi de kul-
lanilmigtir. Boylelikle, nedensellik analizinden elde edilen bulgular saglamlastirilmistir. Asimetrik testler, degiskenlerde asimetriyi
dikkate alarak aralarindaki sakli iligkileri ortaya ¢ikarmaya elverislidir. Ozellikle oynakligin yiiksek oldugu finansal degigkenler
de asimetrik iligkilerin incelenmesi daha giivenilir sonuglarin elde edilmesini miimkiin kilmaktadir (Aydin, 2017). Bu baglamda,
asimetrik nedensellik testinin kullanimi, geleneksel testlerin gdozden kacirabilecegi pozitif ve negatif soklarin farkli etkilerini tespit
etme imkani sunmakta ve literatiire 6zgiin bir katki saglayacag: diisiiniilmektedir.
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Calismanin bundan sonraki boliimiinde, giiven endeksleri ve borsa arasindaki iligkiyi inceleyen ulusal ve uluslararasi ¢caligmalara
iliskin literatiir taramasina yer verilmektedir. Ugiincii boliimde, arastirmada kullanilan veri seti ve yontem aciklanmustir. Dordiincii
boliimde ampirik analizden elde edilen bulgular sunulmustur. Son bdliimiinde, ¢caligmanin sonuglar yorumlanarak konuyla ilgili
gelecekteki yapilacak calismalar degerlendirilmistir.

Literatiir

Son otuz yildir giiven endeksleri ile hisse senedi fiyatlar1 arasindaki iligski ¢cok sayida ¢alismada incelenmigtir. Literatiir ince-
lendiginde bu iligkinin karmagik ve ¢ok yonlii oldugu goriilmektedir. Kale ve Akkaya (2016) caligmasinda Tiirkiye’de tiiketici
giiveninden hisse senedi getirilerine dogru bir nedensellik iligkisinin bulunmadigini; fakat hisse senedi getirilerinin tiiketici
giivenini pozitif yonde etkiledigini tespit etmistir. Ayrica, reel sektor giiven endeksi ile hisse senedi getirileri arasinda cift yonlii
nedensellik bulgusuna ulagmistir. Kilc1 (2020) ise finansal hizmetler giiven endeksinden BIST 100’e dogru tek yonlii nedensellik
bulgusuna ulagmistir. Candz ve Erdogdu (2019) calismalarinda Tiirkiye’de sektorel giiven endeksleri ile Borsa Istanbul arasinda
simetrik bir nedensellik iliskisi bulunmadigini; fakat bu degiskenler arasinda asimetrik bir nedensellik iligkisi mevcut oldugunu
ifade etmistir. Konuyla ilgili ulusal ve uluslararasi baglica ¢caligmalar Tablo 1’de sunulmugtur.

Tablo 1. Literatiir Ozeti

Yazar Periyot Ulke Methot Sonuglar
2012:05- FHGE ile kimya ve tekstil sektorleri
Ozekinci (2024) 2023:12 Turkiye ARDL Testi arasinda negatif iliski tespit edilmistir.
2020:01- Finansal piyasa duyarlilig1 borsa
Bai vd. (2023 2020:4 47 Ulke Panel Regresyon  getirisini artirmaktadir.
Yurtoglu ve Siisay 2007-2022 Toda Yamamoto Ekonomik Guiven Endeksi ile portfdy degerleri
(2023) Ayhk Tirkiye Nedensellik arasinda cift yénlii nedensellik mevcut
Tuketici Guven Endeksi gelecekteki hisse senedi
Wang vd. (2021)  Farkli-2015 50 Ulke Panel Regresyon getirileri arasinda negatif iligki mevcut.
2012:05- Toda Yamamoto FHGE ile BIST Sehir Endeksleri arasinda gift
Alptirk vd. (2021) 2020:01 Turkiye Nedensellik yonli nedensellik tespit edilmisgtir.
Boootstrap N. ve
Boootstrap
2012:05- Kayan Pencere ~ FHGE'den BIST Sanayi endeksine
Tiozin vd. (2021) 2018:11 Tirkiye N. dogru nedensellik mevcut.
2004-2017 Toda Yamamoto BIST ten Tiketici Guven Endeksine dogru
Canoz (2018) Ayhk Turkiye Nedensellik nedensellik iliskisi var.
iskenderoglu ve 2012:05- Granger N. ve FHGE ile BIST 100 arasinda gift
Akdag (2017) 2017:08 Tirkiye Frekans N. yonlii nedensellik mevcut.
Kose ve Akkaya 2007-2016 VAR Analizi TCMB Reel Kesim Giveni ile BIST 100 Getiri
(2016) Ayhk Turkiye endeksi arasinda iliski tespit edilmistir.
Eyliboglu ve 2012-2016 Engle Granger Ekonomik Given Endeksi ile BiST 100 endeksi
Eylboglu (2017)  Ayhk Tirkiye Esbitiinlesme arasinda esbitlinlesme tespit edilmistir
2007-2016 Granger BIST 100'den tuketici giiven
Altuntas vd. (2017) Aylik Turkiye Nedensellik endeksine dogru nedensellik var.
2007-2017 KSS Tuketici ve Reel Kesim Giiven Endeksleri ile BIST 100
Usul vd. (2017) Ayhk Tarkiye Esbutinlesme arasinda esbutlinlesme iligkisi tespit edilmistir.
2004-2012 Granger Hisse Senedi Getirilerinden Tiketici
Mermer (2014) Ayhk Tarkiye Nedensellik Guven Endeksine dogru nedensellik var
2004-2009 Granger Hisse Senedi Getirilerinden Tiketici
Topuz (2011) Ayhk Turkiye Nedensellik Given Endeksine Dogru nedensellik var.
1999-2007 Granger Hisse Senedi Getirilerinden
Hsu vd. (2011) Ayhk 21 Ulke Nedensellik Tuketici Guven Endeksine Dogru

BIST 100 getirisi ile Reel Kesim Giiven

Korkmaz ve Cevik 1987-2008 Dinamik ; Lt
(2009) Aylik Tiirkiye Nedensellik Endeksi Karsilikli Iligkilidir
1990-2006 18 Gelismis Tketici gliveninin hisse senedi getirileri
Schmeling (2009)  Ayhk Ulke Granger ve Panel Uzerinde negatif etkisi bulunmaktadur.
Kling ve Gao 2001-2005 VAR ve Granger Cin’de Yatirimc: Duyarlihig ile Hisse Senedi getiri
(2008) Gunlik Cin N arasinda uzun dénemli iliski yoktur.
2002-2005 CNBC-¢ Tiiketici Giiven Endeksinin BIST Mali
Kandir (2006) Aylik Turkiye Regresyon Sektor getirilerini pozitif etkilemektedir.
Brown ve Cliff 1965-1998 Hisse getirilerinin yatirimer duyarlilig:
(2004) Aylik ABD VAR lizerinde pozitif etkisi bulunmaktadir.
. Hisse Senedi Getirisinden tuketici
Christ ve 1978-2003 Granger L - .
Bremmer(2003) Ayhk ABD Nedensellik gvenine dogru nedensellik var.
e Nais 19062001 ILAws  Grnger ISR pelernen et g
(2003) Ayhk Ulkesi Nedensellik ’
- Hisse Senedi Getirisi ile Tlketici Getirisi
Fisher ve Statman ~ 1977-2000 Korelasyon ve N :
(2002) Ayhik ABD Regresyon ayn yonde hareket etmektedir
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Tablo 1 incelendiginde FHGE ile borsa arasindaki iligkiyi inceleyen ¢alismalarin kisith oldugu goriilmektedir. Bu duruma,
FHGE nin 2012 yili Mayis ayindan itibaren hesaplanmaya baslanmasinin etkisi oldugu diisiiniilmektedir. Ozekinci (2024)’nin
ARDL testinden elde ettigi bulgular Tiirkiye’de FHGE ile borsa arasinda negatif iligkinin oldugunu gostermektedir. Tiizlin vd.
(2021) FHGE’den BIST Sanayi endeksine dogru nedensellik bulgusuna ulagmistir. Bununla birlikte, Iskenderoglu ve Akdag (2017)
caligmalarinda FHGE ile BIST 100 endeksi arasinda ¢ift yonlii nedensellik tespit etmistir. Farkl1 bir calismada, Alptiirk (2021)
FHGE ile BIST sehir endeksleri arasinda ¢ift yonlii nedensellik tespiti yapmustir.

Tablo 1°de konuyla ilgili yapilan ¢alismalarda farkli iilke gruplarinin analiz edildigi goriilmektedir. Bai vd. (2023) 47 iilke
kapsaminda yaptig1 ¢calismada finansal piyasa duyarliligindaki artigin borsa getirisini artirdigini ifade etmektedir. Wang vd. (2021)
caligmasinda 50 iilkede tiiketici giiven endeksi ile gelecekteki hisse senedi getirileri arasinda negatif iligki tespit edilmistir. Hsu vd.
(2011) calismasinda, 21 iilke 6zelinde hisse senedi getirilerinden tiiketici giiven endeksine dogru nedensellik tespiti yapilmigtir.
Ayrica, Tablo 1°de iilke bazli yapilan ¢aligmalarda nedensellik testinin siklikla kullanildig1 goriilmektedir. Canoz (2018), Altuntag
vd. (2017), Mermer (2014) ve Topuz (2011) Tiirkiye 6zelinde konuyu inceledikleri caligmalarinda, borsa getirilerinden tiiketici
giiven endeksine dogru nedensellik bulgusuna ulastilar. Korkmaz ve Cevik (2009) ¢alismasinda, dinamik nedensellik analizinin
sonuglari BIST 100 getirisi ile Reel Kesim Giiven Endeksi’nin karsilikli iligkili oldugunu gostermektedir. Christ ve Bremmer
(2003), ABD’de hisse senedi getirisinden tiiketici giivenine dogru nedensellik bulgusuna ulagsmistir. Kling ve Gao (2008), Cin’de
yatirimel duyarliligi ile hisse senedi getirileri arasinda uzun donemli iligski olmadigin ifade etmektedir.

Veri Seti ve Yontem

Haziran 2012- Mayi1s 2024 dénemi i¢in, FHGE ile 10 BIST endeksine ait getiriler arasindaki iligkilerin arastirildig1 bu calismada,
finansal hizmetler giivenine iligkin aylik veriler TCMB’nin resmi web sitesinden, BIST endekslerine iligkin aylik veriler ise investing
web sitesinden temin edilmistir. Tablo 2°de analizde kullanilan seriler ve tanimlayici istatistikler gosterilmistir. Caligsmada kullanilan
FHGE veri setinin dogal logaritmas1 alinmistir. Borsa endekslerine iligkin aylik getiriler denklem (1) ile hesaplanmaigtir.

Tablo 2. Tanimlayia Istatistikler

Endeks Adi (Seriler) Ortalama | Maksimum | Minumum | St. Sapma | Carpikhk | Basikhik
BIST 100 (LnXU100) 0.020 0.226 -0.168 0.075 0.281 3.123
BIST Sinai (LnXUSIN) 0.018 0.417 -0.231 0.104 0.243 3.615
BIST Hizmetler (LnXUHIZ) 0.025 0.432 -0.222 0.107 0.688 4.275
BIST Mali (LnXUMAL) 0.022 0.335 -0.230 0.097 0.244 3.485
BIST Teknoloji (LnXUTEK) 0.023 0.788 -0.622 0.153 0.424 10.188
BIST Banka (LnXBANK) 0.016 0.246 -0.190 0.083 0.140 3.366
BIST Bilisim (LnXBLSM) 0.022 0.264 -0.140 0.073 0.538 3.735
B@ST Elektrik (LnXELKT) 0.019 0.227 -0.183 0.084 0.093 2.742
BIST Finansal Kiralama Faktoring
(LnXFINK) 0.024 0.245 -0.210 0.071 0.192 3.918
BIST GMYO (LhXGMYO) 0.027 0.336 -0.174 0.092 0.548 3.946
FHGE (lIfge) 5.086 5.233 4.772 0.088 -1.149 4.397
Py
Ry = In(5—) )

Denklem (1)’de R;, ilgili endeksin t donemi dogal logaritmik getiri degerini; P;, ilgili endeksin t donemindeki degerini ve P;_;
de ilgili endeksin t-1 donemindeki degerini gostermektedir.

FHGE’ nin hesaplanmasi i¢in finansal hizmetler anketi yapilmaktadir. Aylik finansal hizmetler anketi ile finansal kurulug
yoneticilerinin is durumlart hakkinda yakin gecmise dair degerlendirmeleri ve gelecege yonelik beklentileri elde edilerek, finansal
hizmetler sektdriindeki egilimler saptanmaktadir. Anket sonuglarindan hesaplanan FHGE endeksi, finansal kuruluglarin is durumu,
son ii¢ ayda hizmetlere olan talep ve gelecek ii¢c ayda hizmetlere olacak talep sorularina verilen yanitlarin bir fonksiyonu olarak
hesaplanmaktadir (TCMB, 2024).

Calismada oncelikle serilerin duraganlik seviyelerinin belirlenmesi amaciyla Genisletilmis Dickey-Fuler (ADF) birim kok
testinden yararlanilmistir. Ardindan FHGE ile BIST endeksleri arasindaki nedensellik iligkinin incelenmesi i¢in Toda Yamamoto
(1995) nedensellik testi ve Hatemi-j (2012) asimetrik nedensellik testi kullanilmugtr.
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Toda- Yamamoto Nedensellik Testi

Toda ve Yamamoto (1995) calismasinda gelistirilen yaklasim, VAR modelini degiskenlerin seviyelerine uyarlamaktadir. Boyle-
likle serinin entegresyon sirasinin olast yanlis tanimlanmastyla ilgili riskleri minimuma indirmektedir. Toda-Yamamota nedensellik
testinde degiskenlerin duragan olmasi ve duragan olmayan serilerin koentegre olmasit gibi bir kosul bulunmamaktadir. Bu ne-
densellik testinde oncelikle, VAR modelinin gecikme uzunlugu (k) ve incelenen degiskenlerin en biiyiik duraganlik seviyesi (d;;,qx)
belirlenmektedir. Sonrasinda (k+d,,,4x) artirllmis VAR modeli ile Toda-Yamamoto nedensellik testi gerceklestirilir.

Toda ve Yamamoto nedenselligine iliskin VAR modeli su sekilde kurulmaktadir:

k k d d
Vi =cs+ X cniXe—i+ s BruXe—i + X0 61 X + Z T Y + e (2
Kk Kk
Xp = €10+ Lo 02 Ko+ X Boi Xo—i + 2010 02 X + XN Aoy i + e 3)

Denklem 2 ve 3’te X’ten Y’ye dogru bir nedensellik olup olmadig1 §;;=0 ve Y’den X’e dogru bir nedensellik olup olmadig1
02;= 0 yokluk hipotezleri gelistirilmis Wald testi ile sinanarak analiz edilmektedir.

Hatemi-J (2012) Nedensellik Testi

Hatemi-j (2012) yontemi pozitif soklarin nedensel etkisini negatif soklardan ayirmaktadir. Finansal piyasalarda yatirimcilar
olumlu degisikliklerden ¢ok olumsuz degisikliklere tepki vermeye egilimli olduklar1 bilinmektedir. Asimetrik nedensel etkilerin
dikkate alinmas1 Ozellikle finansal piyasalardaki realiteye uygundur. Bu testin temel avantaji gosterge degisenlerini, esikleri ve
ayni andan degisken i¢inde birtakim aimetrik etkilere izin veren rejim degistirme yontemlerini kullanan alternatif yontemlerden
farkli olarak, pozitif degisikliklerin etkisini negatif degisikliklerden biitliniiyle ayirmasidir. Bu test, degiskenlerin normal sekilde

dagilmadig1 ve oynakligin zamanla degistigi durumlarda da iyi performansa sahiptir. Dolayisiyla, finansal veri setlerinin yaygin
olarak normal bir dagilim gostermedigi ve sabit bir volatiliteye sahip olmadig: diisiiniildiigiinde bu testin kullanilmas1 avantaj
saglamaktadir (Hatemi-J vd., 2017).

X ve Y biitiinlesik veriler olmak iizere rassal yiiriiyiig siirecinden hareketle asagidaki denklemde ifade edilmistir:

Yip = Yo+ €1 = Y102l &1 4

Yor = Yoro1 + €2 = YooX|_ &2 (5)
Burada Yo ve Yz, baslangic degerlerini gostemektedir. Degiskenlerin bilesenleri arasindaki nedensellik iligkisinin tespitinde
kullanilan pozitif ve negatif soklar agagida gosterilmisgtir.

g}, =max(ey1;,0), &}, = min(ey;,0)

&5, = max(&y;,0), &5, = min(&;,0)

Pozitif ve negatif soklarin birikimli formda olusturulmasi denklem (6)’da gosterilmisgtir.

+ _ 5t ot y- 5t - oyt vt o+ y— _ vt -
Yy, =X 6 Y, =28 Y = 565 Yy, = X 6y (0)

Pozitif bilesenler ve negatif bilesenler arasindaki nedensellik iligkisini test etmede kullanilan p gecikmeli VAR model, denklem
(7) ve (8)’de sirastyla gosterilmistir.

Yi=a+AY) +.... +ARY +uy (7

Yy =a+AY,_ | +.... +ApY, | +u; 8)

Bulgular

Tablo 3 ADF birim kok testi sonuglarini gostermektedir. Yapilan birim kok testine gore LnXU100, LnXUSIN, LnXUHIZ ve
LnXUMAL birim koklii bulunmugtur. Serilerin birinci farki alindiktan sonra seviyelerinde birim koklii bulunan seriler duragan hale
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getirilmistir. LnXUTEK, LnXBANK, LnXBLSM, LnXELKT, LnXFINK, LnXGMYO ve Ifge seviyelerinde duragan bulunmustur.
Bu agamadan sonra seriler arasindaki nedensellik iligkileri Toda- Yamamoto(1995) ve Hatemi-J (2012) nedensellik testleri ile
incelenmigtir.

Tablo 3. ADF Test Sonuclar:

Diizey Birinci Farklar
Sabit Sabit
LnXU100 -2.04 553 (a)
LnXUSIN -2.26 -5.85 (a)
LnXUHIZ -1.84 -7.18 (a)
LnXUMAL 211 713 ()
LnXUTEK -3.68 (a)
LnXBANK -11.43 (a)
LnXBLSM -3.75(a)
LnXELKT -6.97 (a)
LnXFINK -7.66 (a)
LnXGMYO -4.93 (a)
Ifge -2.75(c)

Not: Parantez icerisindeki degerler olasilik degerlerini gdstermektedir. a, b ve ¢ sirastyla %1, %5 ve %10 anlamlilik dlizeylerinde serilerin
duragan oldugunu gostermektedir.

Calismanin bu kisminda, Toda- Yamamoto yontemi ile nedensellik testi kullanilarak finansal hizmetler giiven endeksi ile se¢ilmis
BiST sektor endeksleri arasindaki nedensellik iliskisi analiz edilecektir. Sonuglar Tablo 4°de 6zetlenmektedir. Tablodan gériilecegi
iizere, %5 anlamlilik seviyesinde finansal hizmetler giiven endeksinin secilmis BIST endekslerinin Granger nedeni olmadigin
gosteren temel hipotez red edilememistir. Ayrica, %5 anlamlilik seviyesinde secilmis BIST endekslerinin finansal hizmetler giiven
endeksinin Granger nedeni olmadigin1 gosteren temel hipotez red edilememistir.

Tablo 4. Toda- Yamamoto Yontemine Dayalh Granger Nedensellik Test Sonuclar:

Temel Hipotez 2 Istatistigi Temel Hipotez 2 Istatistigi
ifge ® Lnxu100 0.35 (0.54) Lnxu100 @ Ifge 0.003 (0.95)
Ifge ® LnXBANK 0.20 (0.64) LnxBANK ® Ifge 1.16 (0.28)
Ifge ® LnxBLSM 0.87 (0.35) LnxBLsM ® ifge 0.01 (0.89)
Itge ® LnxeLKT 0.51 (0.47) LnxELKT ® Ifge 0.09 (0.75)
Ifge ® LnxFINK 1.07 (0.30) LnxFINK ® ifge 0.78 (0.37)
ifge ® LnxeMYO 0.03 (0.84) LxaMYO ® ifge 0.01 (0.90)
Itge ® LnxuHiz 0.04 (0.82) LnxUHIZ ® Ifge 4.04E-07 (0.99)
Iige ® LnXUMAL 0.59 (0.44) LnxUMAL ® Ifge 0.19 (0.66)
Itge ® LnxusIN 0.31 (0.57) LnxusiN ® ifge 0.43 (0.51)
Ifge ® LnXUTEK 0.63 (0.80) LaxXUTEK ® Ifge 0.08 (0.77)

Not: Parantez icindeki degerler, ilgili test istatistiginin olasilik degerleridir. ® nedenselligin olmadigini géstermektedir Gecikme
uzunluklar: (k=1) + (dmax=1)=2 formiilasyonuna gére hesaplanmustur.

Tablo 5 finansal hizmetler giiven endeksinden borsa getirilerine dogru asimetrik nedensellik sonuclarimi gostermektedir. Elde
edilen sonuglara gore, negatif soklar arasinda finansal hizmetler giiven endeksinden BIST Mali endeksi getirilerine dogru bir
nedensellik iliskisi bulunurken pozitif soklar i¢in bu iligki tespit edilememistir. Bununla birlikte, pozitif ve negatif soklar i¢in
finansal hizmetler giiven endeksinden diger BIST endekslerine ait getirilere dogru herhangi bir nedensellik iliskisi bulgusuna
ulagilamamustir.
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Tablo 5. Hatemi-J Asimetrik Nedensellik Testi Sonuclari

(Finansal Hizmetler Guven Endeksi ® Borsa Getiri)

Temel Hipotez Wald ist. 1% 5% 10%
ifge+ ® Lnxu100+ 211 9.144 6.124 4.686
Ifge- ® Lnxu100- 4.032 9.715 6.183 4.752
Ifge+ ® LnXBANK+ 1.305 10.615 6.301 4.752
Ifge- ® LnXBANK- 0.742 12.345 7.689 5.999
ifge+ ® LnxBLSM+ 0.625 9.681 5.943 4416
ifge- ® LnxBLSM- 1.839 10.047 6.39 4622
Ifge+ ® LnXELKT+ 0.588 10.971 7.08 5.389
Ifge- ® LnXELKT- 0.834 8.23 5.01 3.568
ifge+ ® LnxFINK+ 0.497 9.997 6.353 4.79
Ifge- ® LnxFINK- 2,508 10.129 6.428 4878
Ifge+ ® Lnxomyo+ 1.343 10.419 6.539 4.933
itge- ® LnxaMyoO- 0.141 10122 6.204 4.556
Ifge+ ® LnxuHIZ+ 1.158 10.06 6.197 4723
ifge- ® LnXUHIZ- 0.979 9.529 6.149 4676
ifge+ ® LnxUMAL+ 0.897 9.313 6.102 4.683
Ifge- ® LnXUMAL- 5.616¢ 9.669 6.21 4728
ifge+ ® LnxusING 1.163 7.618 4.085 2.798
ifge- ® LnXUSIN- 0.001 6.707 3.932 2.787
tfge+ ® LnXUTEK+ 0.109 9.657 5.778 42
ifge- ® LnXUTEK- 1.032 12.045 7.476 5.752

Not: ® nedenselligin olmadigin1 gostermektedir. a, b ve c sirasiyla %1, %5 ve %10 anlamlilik diizeylerinde seriler arasinda
nedensellik iliskisinin varhgini gostermektedir.

Tablo 6, BIST endeksleri getirilerinden finansal hizmetler giiven endeksine dogru asimetrik nedensellik sonuclarin1 gostermek-
tedir. Degiskenler arasinda tespit edilen asimetrik iliskiler su sekilde aciklanabilir: (a) Pozitif soklar arasinda BIST Bilisim endeksi
getirilerinden finansal hizmetler giiven endeksine dogru bir nedensellik iligkisi bulunmaktadir. (b) Hem pozitif soklar hem de
negatif soklar i¢in BIST Elektrik endeksi getirilerinden finansal hizmetler giiven endeksine dogru bir nedensellik iligkisi tespit
edilmistir. (c) BIST Finansal Kiralama Faktoring endeksi getirilerinden finansal hizmetler giiven endeksi getirilerine dogru bir
nedensellik iliskisi pozitif ve negatif soklar igin tespit edilmistir. (d) Negatif soklar icin BIST Hizmetler endeksi getirilerinden
finansal hizmetler giiven endeksine dogru bir nedensellik iliskisi bulunurken pozitif bilesenler i¢in bu iliski yoktur. (e) Negatif
soklar arasinda BIST Sinai Endeksi getirilerinden finansal hizmetler giiven endeksine dogru bir nedensellik iliskisi mevcuttur. (f)
Pozitif soklar arasinda BIST Teknoloji endeksi getirilerinden finansal hizmetler giiven endeksine dogru bir nedensellik iliskisi
tespit edilmistir. Bu sonuglar, Tiirkiye’de finansal hizmetler giiven endeksi ile borsa getirileri arasinda asimetrik bir nedensellik
iligkisinin varligin1 gostermektedir.
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Tablo 6. Hatemi-J Asimetrik Nedensellik Testi Sonuclar:

(Borsa Getiri ® Finansal Hizmetler Gliven Endeksi)

Temel Hipotez Wald Ist. 1% 5% 10%

Lnxu100+ P ifge+ 0.889 10.62 6.271 4,819
Lnxu100- ®ifge- 2.967 9.727 6.482 4.927
LnxBANK+ ®ifge+ 2.766 11.155 6.841 5.088
LnxBANK- ®ifge- 2.189 14.214 9.377 7.376
LnxBLsM+ Pifge+ 6.249¢ 11.133 6.756 4.933
LnxBLSM- ® ifge- 2,049 10.102 5.913 4.202
LnxELKT+ P ifge+ 9.274c 14.49 9.73 7.636
LnxELKT- ®ifge- 8.021b 10,927 6.946 5.088
LnxFINK+ @ Ifge+ 8.130b 11.128 6.707 4.956
LnxFINK- P ifge- 4.442c 9.771 5.479 3.921
LnxoMYO+® ifge+ 2.747 10,819 6.172 4.446
LnxMYO- P ifge- 1911 13.183 7.989 6.108
LnxuHIZ+ P ifge+ 322 10.487 6.246 4.724
LnxUHIZ- Pifge- 5.376¢ 10.25 6.277 4.84

LnxUMAL+® Ifge+ 1.163 7.618 4.085 2.798
LnxUMAL- ®Pifge- 0.001 6.707 3.932 2.787
LnxusiNe ®ifge+ 0.003 7.187 3.928 2,659
LnxUSIN- ® lfge- 3.245¢ 7.01 3.833 2.723
LnxUTEK+ P ifge+ 7.48b 12.963 8.319 6.248
LnxXUTEK- ®fge- 6.837 14,657 9.643 7,526

Not: ® nedenselligin olmadigini gostermektedir. a, b ve ¢ sirasiyla %1, %5 ve %10 anlamhlik diizeylerinde seriler arasinda nedensellik
iliskisinin varligim gostermektedir.

Tartisma ve Sonug

Bu caligmada, Tiirkiye’de finansal hizmetler giiven endeksi ile borsa getirileri arasindaki iliski Haziran 2012- Mayis 2024
donemi aylik verileri kullanilarak incelenmistir. Calismada, de8igkenler arasindaki iligkilere ait nedensellik sonuclar1 arasinda
kargilagtirma yapabilmek i¢in Toda- Yamamoto(1995) ve Hatemi-J (2012) nedensellik testleri kullanilmustir.

Toda- Yamamoto yontemi sonuclari, finansal hizmetler giiven endeksi ile borsa getirileri arasinda herhangi bir nedensellik
iligkisi bulgusu olmadig1 yoniindedir. Bununla birlikte, finansal degiskenlerin pozitif ve negatif soklara verdikleri tepkilerin
farkli olabilecegi gbz oniinde bulunduruldugunda, bu soklar1 ayristirabilen bir testin kullanilmasini1 gerekli kilmaktadir. Finansal
zaman serilerinin normal dagilmadig1 ve oynakligin fazla oldugu dikkate alindi§inda asimetrik testlerin kullanilmas: daha tutarl
sonuglar elde edilmesinde faydali olacaktir. Hatemi-J (2012) asimetrik nedensellik testi sonugclar ise su sekilde 6zetlenebilir: (a)
FHGE’den borsa getirilerine dogru asimetrik nedensellik iligkisi: negatif soklar icin FHGE’den BIST Mali endeks getirilerine
dogru tespit edilmistir. (b) Borsa getirilerinden FHGE’ye dogru asimetrik nedensellik iliskisi: BIST Elektrik endeksi ve BIST
Finansal Kiralama Faktoring endeksi getirileri i¢in hem pozitif hem de negatif soklarda; BIST Bilisim endeksi ve BIST Teknoloji
endeksi getirileri icin pozitif bilesenlerde; BIST Hizmetler endeksi ve BIST Sinai Endeksi getirileri icin de negatif soklar arasinda
tespit edilmigtir. Boylelikle, Toda- Yamamoto nedensellik testi kullanilarak tespit edilemeyen sakli iliskiler, asimetrik nedensellik
testi yardimiyla ortaya ¢ikarilmigtir. Caligmanin sonuglari Canéz ve Erdogdu (2019) ve Tiiziin vd. (2021) ¢alismalartyla tutarlilik
gostermektedir. Fakat, calismanin sonuglart FHGE ile BIST 100 arasinda ¢ift yonlii nedensellik bulgusuna ulasan Iskenderoglu ve
Akdag (2017)’dan farklidir.

Finansal hizmetler, ekonomik biiylime ve yatirimlar i¢in bir kdprii gorevi gorerek hisse senedi piyasalarinin igleyisinden 6nemli
bir rol oynamaktadir. Finansal kuruluglardaki yoneticilerin piyasa ile siirekli olarak etkilesim halinde olmalari nedeniyle piyasadaki
egilimleri aninda gozlemleme imkanlar1 bulunmaktadir. Boylelikle, finansal hizmetler sektdriiniin gelecege iligskin beklentileri ile
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sirket getirileri arasindaki iligski s6z konusu olabilmektedir. Bununla birlikte, yatirimcilarin gelirlerinin artacagi ve hisse senedi
getirilerinin oncii gostergeler olacagi inancindan hareketle finansal kurulug yoneticileri gelecekteki ekonomik kosullar hakkinda
olumlu tutum sergileyecektir.

Caligmanin sonuglar1 giiven olgusunun finansal piyasalardaki degisimler acisindan 6nemli bir degisken oldugunu gostermek-
tedir. Ancak, yatinmcilarin duyarliligint yansitmak amaciyla iiretilen giiven endekslerinde kaydedilen ilerlemeye ragmen, insan
davraniginin ve duygularinin dogasinda olan karmagiklik finansal piyasalardaki gelismeleri tahmin etmeyi karmasik bir hale
getirmektedir. Dolayisiyla ekonomistlerin, psikologlarin ve veri bilimcilerin arasindaki disiplinler arasi calismanin 6nem arz
ettigi diisiiniilmektedir. Boylelikle, yatirimer duyarlili§i ve borsa arasindaki iligskiyi agiklamada giivenilir ve tutarli modellerin
gelistirilmesi saglanabilir.

Ayrica, teknolojik gelismelerin bu denli arttig1 glinlimiizde iiretilen verilerin bollugu dikkat cekmektedir. Piyasa aktorlerinin
duygu egilimlerinin ortaya ¢ikarilmasinda big data ve yapay zeka gibi teknolojilerden yararlanilmasinin faydali olacagi diisiiniilmek-
tedir. Son olarak, giiven endeksindeki degisimleri dikkate almak piyasa aktorlerinin daha bilingli karar almasinda ve riskleri etkili
bir sekilde yonetmesinde faydali olacag: diisiiniilmektedir.
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ABSTRACT

This study aims to investigate the impact of Environmental, Social, and Governance (ESG) scores on company performance in
manufacturing companies using panel data analysis. The sample comprises data from sixteen companies listed in BIST Industrial
Index (XUSIN) over the period 2018-2022. Two models were established in which ROA and Tobin’s Q ratios, selected as indicators
of company performance, were used as dependent variables. In this context, the study investigated the impact of ESG scores on
performance measures both in terms of the performance derived from the companies’ intra-period activities and reflected in their
financial statements, as well as the stock market performance of their shares. The independent variables included in the models
are ESG scores, company size (SIZE), leverage ratio (LEV), current ratio (CR), asset turnover ratio (ATO), interest coverage ratio
(ICR), and revenue growth rate (RGR). Based on the findings in the analysis, the final models were estimated by using Driscoll
Kraay (1998) standard error method. The study finds that ESG scores have a statistically significant positive impact on both ROA
(significant at the 10% level) and Tobin’s Q (significant at the 5% level). This indicates that improvements in ESG performance
can enhance both profitability (ROA) and stock market performance (Tobin’s Q) for companies.

Keywords: Sustainability, ESG, Performance, Panel Data Analysis, Borsa Istanbul

Introduction

Traditional corporate reporting is no longer deemed sufficient to meet the needs of stakeholders. Traditional corporate reporting
has been replaced by reporting that includes not only financial information but also non-financial information. Non-financial
information is reported within corporate social responsibility reports and independent sustainability reports (Cheng et al., 2014).
The Brundtland Report (1987) of the United Nations” World Commission on Environment and Development defines sustainability
as "development that meets the needs of the present without compromising the ability of future generations to meet their own
needs" (Kuhlman & Farrington, 2010).

Factors such as climate change, scarcity of natural resources, poverty, and population growth influence individuals’ investment
decisions regarding the future. It is increasingly recognised that all nations must act together to address these issues and establish
environmental sustainability. Global frameworks and agreements, such as the UN Framework Convention on Climate Change
(1992), the United Nations Sustainable Development Goals (2012), and the Paris Agreement (2015), have guided this process
to ensure its smooth and rapid operation. One of the most significant outcomes of these processes is the implementation of
a new scoring model known as ESG (Environmental, Social, Governance) (Shih et al., 2023). The ESG scores are directly
related to companies’ sustainability goals (Sisman & Cankaya, 2021). The reported ESG metrics for each company are based
on assessments of environmental (E), social (S), and governance (G) factors. The environmental score (E) reflects the carbon
footprint, energy transition efficiency, biodiversity and land use, waste and toxic emissions, and performance in clean technology
and renewable energy. The social score (S) reflects stakeholder treatment, supply chain management, employee training, talent
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retention, occupational health and safety, product safety, and data privacy and security. The governance score (G) reflects corporate
ownership, board structure and independence, executive compensation, business ethics, and corporate culture (Taliento et al., 2019).

Prioritising environmental and social activities by companies is increasingly boosting investor confidence and interest in these
companies (Klein & Dawar, 2004). From this perspective, ESG scores are thought to play a significant role in influencing the
stock prices of companies. Investors require ESG rating services to view and assess ESG activities. Today, financial institutions
that measure and rate ESG performance provide this service. These institutions obtain the data used to calculate ESG scores
from publicly reported company data, data voluntarily disclosed by companies to these institutions, civil society organisations,
corporate social responsibility reports published by the companies themselves, and news reports about the companies. ESG rating
agencies analyse this environmental, social, and corporate governance information and present their findings to all stakeholders
(Landi & Sciarelli, 2019).

In a developing country like Turkey, empirical studies examining the relationship between ESG scores and company performance
are limited. This is primarily due to the small number of companies in Turkey that regularly publish sustainability reports. Although
the number of companies preparing sustainability reports has increased in recent years, reflecting the growing importance of
sustainability reports and ESG scores, long-term time series data on ESG scores remain unavailable.

The study conducted to investigate the impact of ESG scores on the performance of companies operating in Turkey consists of
four sections. Following the introduction, the sections include a literature review, data set and methodology, and conclusions.

Literature Review

In this section of the study, research conducted in countries other than Turkey on the subject has been presented first, followed
by a summary of studies conducted on companies operating in Turkey.

Alareeni and Hamdan (2020) examined the impact of ESG scores on the financial performance of 505 companies operating in
the United States between 2009 and 2018. In their study, ROA, ROE, and Tobin’s Q were used as dependent variables, while the
ESG scores and its components—E (Environmental), S (Social), and G (Governance)—were analysed as independent variables.
Company size, financial leverage, changes in total assets, and asset turnover ratios were included as other independent variables
in the models. The analysis revealed that the ESG scores had a statistically significant and positive effect on ROA, ROE, and
Tobin’s Q. Additionally, the E and S variables had a statistically significant impact on ROA, ROE, and Tobin’s Q. While the E
and S variables positively affected ROA and ROE, they negatively impacted Tobin’s Q. The G variable, on the other hand, had a
significant and positive effect on ROA and Tobin’s Q, but a negative effect on ROE.

Ting et al. (2020) investigated the impact of ESG scores on financial performance using data from 4,886 companies in 20
developed and developing countries over the period 2014-2018. In their study, in addition to the ESG scores, environmental (E),
social (S), and governance (G) variables were treated as independent variables, while Tobin’s Q, P/E ratio, and ROE were treated as
dependent variables. Dividend yield, debt/equity (D/E), debt/total assets, revenue growth rate, R&D intensity, capital expenditure
intensity, advertising intensity, and the logarithms of total assets and revenues were included as other independent variables in the
models. The study concluded that ESG had a statistically significant and positive impact on ROA, ROE, and Tobin’s Q.

Carmini Pulino et al. (2022) analysed the relationship between ESG scores and company performance for 263 companies
operating in Italy between 2011 and 2020. In their study, ESG data were used as independent variables, while ROA and EBIT
were used as dependent variables. The number of employees and the debt-to-equity (D/E) ratio were included as control variables
in the models. The analysis found that ESG and its components (E, S, G) each had a significant and positive impact on EBIT. It
was also concluded that the E score had a significant but negative impact on ROA.

Velte (2017) studied the impact of ESG scores on financial performance by analysing data from 412 companies listed on the
DAX30, TecDAX, and MDAX indices in Germany over the period 2010-2014. In the study, return on assets (ROA) was used as the
dependent variable, while the ESG scores and its components—environmental (E), social (S), and governance (G) values—were
used as independent variables. The study found that the ESG scores had a statistically significant and positive impact on ROA.
However, the impact of ESG on Tobin’s Q was found to be statistically insignificant. Furthermore, among the ESG components,
the G value had a stronger impact on financial performance compared to the S and E values.

Wau et al. (2022) examined the relationship between ESG scores and company performance for 1,379 companies operating in
China between 2011 and 2020. In their study, Tobin’s Q was used as the dependent variable, while ESG scores, debt-to-asset
ratio, company size, company growth rate, executive compensation, company type, and return on equity (ROE) were included as
independent variables. The analysis concluded that ESG had a positive and significant relationship with Tobin’s Q.

Ortas et al. (2015) explored the relationship between ESG scores and company performance for 198 companies operating in
Japan, France, and Spain over the period 2008-2013. In their study, ROA and Tobin’s Q were used as dependent variables, while
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ESG scores, company size, and leverage ratio were used as independent variables. The analysis revealed that ESG had a positive
and significant relationship with both Tobin’s Q and ROA.

Lee et al. (2018) investigated the relationship between ESG scores and company performance for companies listed on the
South Korean Stock Exchange between 2011 and 2016. In their study, panel data analysis was used, with ESG scores and the
environmental (E), social (S), and governance (G) values that constitute ESG treated as independent variables, while ROA, ROE,
and Tobin’s Q were used as dependent variables in the models. Company sales size, number of employees, and leverage ratio were
used as control variables in the models. The study concluded that ESG had a negative impact on ROE and no statistically significant
impact on ROA and Tobin’s Q. Additionally, the study found that the S had no significant impact on financial performance measures,
while the G value had a negative and significant impact on Tobin’s Q, and the E value had a negative and statistically significant
impact on ROE and ROA.

Dalal and Thaker (2019) examined the relationship between ESG scores and company performance for 65 companies operating
in India between 2015 and 2017. In their study, panel data analysis was used, with ROA and Tobin’s Q as the dependent variables
and ESG scores, leverage ratio, and total asset size as the independent variables. The analysis found that ESG had a positive and
statistically significant impact on Tobin’s Q and ROA.

Chang and Lee (2022) investigated the impact of ESG scores on company performance for 87 companies operating in South
Korea between 2002 and 2020. In their panel data model, Tobin’s Q was used as the dependent variable, while ESG scores, company
size, number of employees, foreign investment share, and industrial characteristics were included as independent variables. The
study concluded that ESG had a significant and positive impact on Tobin’s Q.

A summary of some of the limited studies conducted on companies operating in Turkey on this topic is provided below.

Korkmaz and Nur (2023) investigated the impact of ESG scores on the performance of 6 banks listed in the BIST Bank
Index between 2013 and 2021. In their study, ESG scores, company size (number of employees), and company age were used as
independent variables, while ROA was used as the dependent variable. The analysis found that ESG had a statistically significant
and positive impact on ROA.

Karyagdi & Sit (2023) analysed the impact of ESG scores on the cost of capital and financial performance of 13 companies
listed in the BIST Sustainability-25 Index for the period 2018-2022. In their study, ESG scores were used as independent variables,
while ROA, P/B ratio, and financing expenses/net sales ratio were used as dependent variables in the models. The analysis revealed
that ESG had a positive impact on ROA for the companies studied.

Mollaahmetoglu (2023) examined the impact of ESG scores on the financial performance (ROA and ROE) of 24 companies listed
in the Borsa Istanbul 30 index for the period 2010-2020. The study used panel data analysis and found a statistically significant
but negative relationship between ESG and ROA, while no statistically significant relationship was found between ESG and ROE.

Data and Methodology

Formation of the Data Set

In this study, data from 16 manufacturing companies listed on the Borsa Istanbul (BIST) were used. All of these companies
are included in the BIST Industrial Index (XUSIN). A balanced panel data set covering the five periods from 2018 to 2022 was
created. While there were 229 companies listed in the XUSIN index as of July 31, 2024 (https://www.borsaistanbul.com/tr/endeks-
detay/156/bist-sinai), only 16 companies were included in the study due to the lack of sustainability reports or the irregular
publication of such reports by many companies. Consequently, the number of periods in the study was also limited. Due to the
annual disclosure of ESG data, the research was conducted based on annual data.

The ESG data used in the study were obtained from the Thomson Reuters Eikon database, while the financial data related to the
companies were acquired using the FINNET 2000+ program provided by FINNET Elektronik Yayincilik Data Iletisim San. Tic.
Ltd. Company.

Dependent and Independent Variables

A comprehensive literature review was conducted to select the dependent and independent variables for the study. The most
commonly used performance measure for company performance is the Return on Assets (ROA) ratio (Topak, 2018). Additionally,
the Tobin’s Q variable was used alongside ROA as a performance measure to investigate the impact of ESG on the company’s
market value. The Tobin’s Q ratio accounts for the market value of the company, thus also measuring the performance of the
company’s stock from the market perspective.

The independent variables included in the models designed to explain the variability in ROA and Tobin’s Q are ESG scores
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obtained from the companies’ sustainability reports, company size, leverage ratio, current ratio, asset turnover ratio, interest
coverage ratio, and revenue growth rate. The natural logarithms of ESG scores and company size variables were taken and
included in the models.

Table 1. Information Regarding the Variables.

Variables and Notation ~ Description Details

% 2 ROA Asset Profitability Ratio  Net Profit / Average Assets Total

E § Tobin’s Q  Tobin’s Q Ratio (Book Value of Total Assets — Book Value of Equity +

g; 3 Market Value of Equity) / Book Value of Total Assets
ESG Environmental,  Social, Derived from the sustainability report, with its natural

and Governance Scores logarithm applied.

< SIZE Company Size The natural logarithm of total assets was taken.

= % LEV Leverage Ratio Financial Liabilities / Equity

2 g CR Current Ratio Current Assets / Short-Term Liabilities

§ § ATO Asset Turnover Ratio Net Sales / Average Assets

- ICR Interest Coverage Ratio Earnings Before Interest and Tax / Financing Expenses
RGR Revenue Growth Rate Percentage Change in Revenue Compared to the

Previous Period

The summary statistics of the dependent and independent variables are included in Table 2. The annual average ROA of the
16 companies within the scope of the research between the 2018-2022 periods was 10.43%. The average Tobin’s Q ratio of the
companies in the same period is 2.43.

Table 2. Descriptive Statistics of Variables

Number of Average Std. Deviation Minimum Maximum

Observations
ROA 80 0.1044 0.1002 -0.1731 0.3725
Tobin’s Q 80 2.4332 2.1128 0.58 14.22
ESG 80 3.9565 0.7113 1.45582 4.5448
SIZE 80 10.3631 0.4964 9.4648 11.5412
LEV 80 0.8712 0.7689 0 5.3817
CR 80 2.6641 3.2655 0.48 14.91
ATO 80 1.2131 0.7498 0.39 4.04
ICR 80 6.7760 21.6472 0 190.85
RGR 80 1.0319 1.4626 -0.726 8.651

The results of the correlation analysis for the variables used in the study are presented in Table 3. The direction of the relationship
between the ESG scores and the company performance measures, ROA and Tobin’s Q, is positive.

Methodology

The study investigating the impact of ESG scores on company performance employed the panel data analysis method. Two
models were established, with the ROA and Tobin’s Q ratios selected as indicators of company performance, serving as the
dependent variables. The independent variables used in both models are the same, and detailed information about these variables
is provided in Table 1.

ROAit = By + PLESGj; + BoSIZE;; + B3LEVi; + BsCRis + BsAT O, + BeICRiy + B7RG Ry + ui; (Model 1)
Tobin'sQit = Bo + PLESGi; + BoSIZE;; + B3LEVi, + BsCRiy + BsAT Oy, + BeICRiy + 7RG Ry + ui; (Model 2)

To determine the most appropriate panel data model for the dataset used in the study, the presence of unit and/or time effects
was first investigated using various tests. The results of these tests are presented in Table 4.

In the model where ROA is the dependent variable, the F-test conducted to investigate the presence of unit effects indicates
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Table 3. Results of the Correlation Analysis

ROA Tobin’s Q ESG SIZE LEV CR ATO ICR RGR
ROA 1.0000
Tobin’s 0,2326 1.0000
Q
ESG 0.0372 0.0901 1.0000
SIZE -0.0537 -0.1520 04118 1.0000
LEV -0.3240 0.2278 0.2975 0.0375 1.0000
CR 0.1566 -0.1368 -0.7814  -0.2980 -0.388 1.0000
ATO 0.3055 0.2442 0.4153 0.2358  -0.0468 -0.4098  1.0000
ICR 0.0581 -0.0122 -0.2949  -0.0023 -0.1709  0.1534 -0.0595 1.0000
RGR 0.3283 0.1124 0.0644  0.2236  -0.1724 -0.0835 0.3660 -0.0607 1.0000
Table 4. Tests Used to Investigate the Presence of Unit and/or Time Effects
Dependent Variables: Model 1 Model 2
ROA Tobin’s Q
Tests Test P-Value Test P-Value
Statistics Statistics
5 F test 1.96 0.0351 8.47 0.0000
(@]
E‘ LR test 1.54 0.108 27.23 0.000
E Two-sided LM Test 1.57 0.1054 22.24 0.0000
- F test 0.48 0.7521 2.43 0.0563
Q
% LR test 0.00 1.0000 1.26 0.131
g Two-sided LM Test 0.00 1.0000 0.00 1.0000
=

that the null hypothesis is rejected at the 5% significance level, while the results of the LR test and LM test suggest that the null
hypothesis cannot be rejected. Based on the F-test, the presence of unit effects is accepted, whereas the LR and LM tests suggest

that there is no unit effect. Given that the null hypothesis is not rejected by the tests other than the F-test, it is concluded that there
is no unit effect.

To determine the presence of time effects in Model 1, the results of the F-test, LR test, and LM tests indicate that the null
hypothesis cannot be rejected at the 5% significance level in all three tests. In other words, based on the results of these tests, it is
concluded that there is no time effect in the model.

In Model 2, where Tobin’s Q is the dependent variable, the F-test, LR test, and LM test results indicate a unit effect at the 1%
significance level. However, the results of all three tests show that there is no time effect at the 5% significance level in Model 2.

To determine whether the unit effects in Model 2 are random or fixed, the Hausman test (1978) and the Robust Hausman
(R-Hausman) test were applied. The results of the Hausman and R-Hausman tests, as presented in Table 5, differ. At this point, the
decision was based on the result of the Robust Hausman test. According to the R-Hausman test result, the Random Effects Model
is preferred at the 5% significance level.

Table 5. Hausman Test

Model 2
Tests Test Statistics P-Value

Hausman 27.95 0.002
R-Hausman 2.01 0.9594
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The results of the VIF (Variance Inflation Factor) test, conducted to investigate the presence of multicollinearity among the
independent variables, are presented in Table 6. All variables have a VIF (1980) criterion below 5.0. The average VIF value is
1.82. Therefore, there is no multicollinearity problem among the variables.

Table 6. VIF Test

Independent Variables VIF Values

ESG 3.27
SIZE 2.98
LEV 1.49
CR 1.31
ATO 1.30
ICR 1.26
RGR 1.17
VIF Average 1.82

In the panel data models, it is assumed that the error terms have homoscedasticity (equal variance) within and across units, are
free from autocorrelation, and there is no correlation between units. Additionally, a normality test must also be conducted. The
tests conducted to examine deviations from these assumptions and their results are presented in Table 7.

Table 7. Tests Used to Examine Deviations from Assumptions

Model 1 (ROA) Model 2 (Tobin’s Q)
Tests Test P-Value Test Statistics P-Value
Statistics
_ 8 Jarque-Bera Test (1987) 31.27 0,000
< B
g .5 E D’Agostino, Belanger, 11.36 0.0034
z 5 & and D’Agostino Test
A (1990)
2 . White Testi (1980) 63.10 0.0025
% 5 z Levene (1960), Brown & Wo=3.3079 0.0004
% "5 = Forsythe Test (1974) Wso=1.5678 0.1086
s Wio=3.3079 0.0004
g Durbin-Watson Test 1.1194
% 5%  Bhargava, Franzini, & 2.1401771
< &= Narendranathan's DW 2.3920081
3 Test (1982)
Mo Juodis and Reese (2022) 105.64 0.0000 54.94 0.0000
g & Weighted CDw+ Test
Specifica- Ramsey RESETF3 Test 0.171 0.9155 8.954 0.0000

tion Test  (1969)

In Model 1, the normality test was conducted using the Jarque-Bera Test (1987), and it was determined that the data did not follow
anormal distribution at the 1% significance level. The presence of heteroscedasticity across units was investigated using the White
Test, which indicated a heteroscedasticity problem at the 1% significance level. The DW test revealed first-order autocorrelation in
the model, as the test statistic was less than 2. The presence of cross-sectional correlation was examined using the Juodis & Reese
(2022) Weighted CDw+ test, which confirmed cross-sectional correlation at the 1% significance level. According to the Ramsey
Reset test (1969), there are no specification errors in the model, and the model is correctly specified.

In Model 2, the normality test was conducted using the D’Agostino, Belanger & D’Agostino Test (1990), and it was determined
that the data did not follow a normal distribution at the 1% significance level. The Levene (1960), Brown, and Forsythe tests
(1974) indicated the presence of heteroscedasticity. According to the Bhargava, Franzini & Narendranathan DW test (1982), no
autocorrelation was found in the model, as the test statistic was greater than 2. The cross-sectional correlation test, conducted
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using the Juodis & Reese (2022) Weighted CDw+ test, confirmed cross-sectional correlation in the model at the 1% significance
level. The Ramsey Reset test indicated no specification errors, and the model was correctly specified.

Based on the findings from the tests of deviations from assumptions, robust estimators were applied using Driscroll & Kraay
(1998) standard errors to arrive at the final models in both cases. The results of the models are presented in Table 8.

Table 8. Regression with Driscoll & Kraay (1998) Standard Errors and Robust Estimators

Dependent Model 1 Model 2
Variables ROA Tobin’s Q
Independent Coefficient  P-Value  Coefficient P-Value
Variables

ESG 0.0361 0.057 2.2684 0.026
SIZE —0.034 0.021 —0.5505 0.455
LEV —0.0238 0.042 0.5546 0.010
CR 0.0112 0.120 0.2419 0.023
ATO 0.0393 0.020 0.0187 0.974
ICR 0.00036 0.141 0.0055 0.094
RGR 0.0168 0.070 0.0433 0.753
Constant 0.2356 0.027 -2.02404 0.702
Parameter

F Test 212.08 0.0001

Wald chi2(7) 1326.72 0.0000
R? 0.2909

Overall R? 0.0246

According to the results of the F-test, which indicates the overall significance of Model 1, the variability in ROA is explained
by the independent variables collectively at a 99% confidence level. The independent variables account for approximately 29% of
the variability in ROA. The ESG variable is statistically significant at a 90% confidence level and has a positive effect on ROA. In
other words, an increase in ESG scores enhances the company’s performance (ROA). Among the other independent variables in
the model, SIZE, LEV, and ATO are significant at a 95% confidence level, while RGR is significant at a 90% confidence level.
An increase in SIZE and LEV negatively affects ROA, while an increase in ATO and RGR positively affects ROA. However, the
variables CR and ICR did not have a significant impact on ROA.

In Model 2, the Wald test, which indicates the overall significance of the model, shows that the independent variables collectively
explain the variability in Tobin’s Q at a 99% confidence level. The independent variables account for approximately 2.5% of the
variability in Tobin’s Q. The ESG variable is statistically significant at a 95% confidence level and positively affects Tobin’s Q.
In other words, an increase in ESG scores enhances the company’s performance (Tobin’s Q). Among the independent variables,
LEV and CR are significant at a 95% confidence level, while ICR is significant at a 90% confidence level. An increase in these
variables positively affects the Tobin’s Q ratio. However, SIZE, ATO, and RGR did not have a significant effect on Tobin’s Q.

According to the above study, which looks into how ESG scores affect company performance, higher ESG scores have a positive
impact on ROA at a 90% confidence level and Tobin’s Q at a 95% confidence level. An improvement in the ESG scores, which
encompass the company’s environmental, social, and governance aspects, positively impacts the company’s performance. The
findings of this study, which indicate that an increase in ESG scores positively affects the company’s profitability, are consistent
with the results of studies conducted by Ortas et al. (2015), Velte (2017), Dalal & Thaker (2019), Alareeni & Hamdan (2020),
Ting et al. (2020), Korkmaz & Nur (2023), and Karyagd: & Sit (2023). On the other hand, the results differ from the findings of
studies conducted by Lee et al. (2018) and Mollaahmetoglu (2023).

The positive impact of an increase in ESG scores on the Tobin’s Q performance measure, which also considers the company’s
market value, aligns with the results of studies conducted by Ortas et al. (2015), Dalal & Thaker (2019), Alareeni & Hamdan
(2020), Ting et al. (2020), Wu et al. (2022), and Chang & Lee (2022). However, the obtained result is not consistent with the
findings of Lee et al. (2018).
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Conclusion

In today’s world, the demand from stakeholders for environmental, social, and governance (ESG) scores is steadily increasing.
For companies, disclosing this non-financial information has become a voluntary obligation. Investors prefer to invest in com-
panies that are more sustainable and responsible, considering their ESG performance. As the concept of sustainability becomes
increasingly important for companies, the relationship between sustainability performance and financial performance has started
to be investigated. In this context, the impact of the ESG scores of companies operating in Turkey, a developing country, on their
performance and the direction of this impact is important for investors.

The study used data from 16 manufacturing companies listed on Borsa Istanbul. All these companies are included in the BIST
Industrial Index (XUSIN). For this purpose, a balanced panel dataset covering five periods between 2018 and 2022 was created.
Two models were established in which ROA and Tobin’s Q ratios, selected as indicators of company performance, were used as
dependent variables. In this context, the study investigated the impact of ESG scores on performance measures both in terms of
the performance derived from the companies’ intra-period activities and reflected in their financial statements, as well as the stock
market performance of their shares. The independent variables used in the established models include company size, leverage
ratio, current ratio, asset turnover ratio, interest coverage ratio, and revenue growth rate, in addition to the ESG scores. In the
analysis, the presence of unit and/or time effects, multicollinearity issues, specification errors, and deviations from assumptions
(heteroskedasticity, autocorrelation, inter-unit correlation) were tested for the models to be established. Based on the findings
obtained, the final models were estimated using robust estimators with Driscoll & Kraay (1998) standard errors. The analysis
results found both models were significant at a 99% confidence level. The ESG variable is statistically significant at a 90%
confidence level for ROA and at a 95% confidence level for Tobin’s Q, with a positive impact on both performance measures. The
positive developments in the sustainability performance values (ESG) of companies positively affect the company’s profitability
(ROA) and stock market performance (Tobin’s Q). It can be stated that companies with higher ESG scores are better managed and
that this positively reflects on their profitability, which in turn positively impacts stock prices. This result may be significant for
investors when selecting companies for their portfolios and for company managers regarding the importance of being sensitive to
environmental, social, and governance values and preparing sustainability reports.

The study’s main limitation is the relatively small number of companies and periods examined. Due to the absence of sustainability
reports for many companies or their failure to publish them regularly each year, the research dataset had to be created with a limited
number of companies and period lengths. In the future, as more companies publish sustainability reports, there will be a need for
studies that include more comprehensive data.
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Antropojenik faaliyetlerdeki artiglarin neden oldugu iklim degisikligi hem bugiinii hem de gelecegi tehdit etmektedir. Bu anlamda,
artan sera gazi salimmi, siirdiiriilebilirligin oniindeki en biiyiik engellerden biridir. Cevresel bozulmaya etki eden faktorlerin
belirlenmesi, bu sorunun etkilerini azaltmaya yonelik politikalarin gelistirilmesinde faydali olabilmektedir. Cevresel bozulmay1
ifade etmek icin siklikla karbon emisyonu kullanilsa da sera gazi emisyonlar1 daha kapsamli bir gostergedir. Cevresel bozulmanin
biiytime ile iligkisini arastiran ¢aligmalar fazla olmasina ragmen kalkinma ile iligkisini aragtiran literatiir hala zayiftir. Bu baglamda
bu ¢aligmada Tiirkiye’de 1990-2021 doneminde kalkinmanin kapsamli bir gostergesi olarak kabul goren insani gelisme endeksi,
insani gelisme endeksinin alt endeksleri ve kentlesmenin sera gazi emisyonlari iizerindeki etkisi genigletilmis ARDL yontemiyle
incelenmigtir. Sinir testi sonuglar1 degiskenlerin esbiitiinlesik oldugunu gostermistir. Uzun donem esnekliklerine gore gelir boyutu
ve kentlesme cevresel bozulmay: arttirirken egitim boyutu az da olsa ¢evreyi koruyucu etkide bulunmaktadir. Insani gelisme
endeksi ve saglik endeksinin gevresel bozulmaya etkisi ise istatistiksel olarak anlamsiz bulunmugtur. Ancak saglamlik kontrolii
yapildiginda insani gelisme endeksinin etkisinin anlamli oldugu goriilmektedir. Cevre kalitesinin yiikselmesi i¢in iiretim siirecinde
fosil yakitlarin agirliginin azaltilmasi ve yenilenebilir enerji yatirimlarinin arttirilmast gerekmektedir. Ayrica egitim hizmetleri
daha kapsayici ve daha esit bir sekilde sunulmalidir. Son olarak kentlesmenin cevre kirletici etkisinin azaltilmasi i¢in kentlerin
stirdiiriilebilirlik kabiliyetlerinin arttirtlmasi gerekmektedir.

ABSTRACT

Climate change caused by increases in anthropogenic activities threatens both the present and the future. In this sense, increasing
greenhouse gas (GHG) emissions are one of the biggest obstacles to sustainability. Identifying the factors that contribute to
environmental degradation (ED) can be useful in designing policies to mitigate the effects of this problem. Although carbon
emissions are frequently used as a metric for assessing ED, GHG emissions offer a more comprehensive indicator. While
numerous studies have examined the relationship between ED and economic growth, the existing literature on the relationship
between ED and development remains limited. In this context, this study examines the impact of the human development index,
which is accepted as a comprehensive indicator of development, sub-indices of the human development index and urbanisation
on GHG emissions in Tiirkiye for the period 1990-2021 using the augmented ARDL method. The bounds test results indicate
that the variables are co-integrated. In the long run, the income dimension and urbanisation contribute ED, while the education
dimension has a slightly protective effect on the environment. The effects of the human development index and the health index
on environmental degradation are statistically insignificant. However, when the robustness check is conducted, the effect of the
human development index is found to be significant. To enhance environmental quality, it is imperative to diminish the reliance
on fossil fuels in the production process and augment investments in renewable energy. It is also recommended that education
services become more inclusive and equitable. Ultimately, to mitigate the harmful environmental consequences of urbanisation, it
is crucial to enhance the sustainability capacities of urban centres.
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EXTENDED SUMMARY
Climate change caused by increases in anthropogenic activities threatens both the present and the future. In this sense, rising
greenhouse gas (GHG) emissions are one of the biggest obstacles to sustainability. The identification of factors that either positively
or negatively impact environmental degradation is a valuable step in the development of policies designed to mitigate the effects
of this problem. Carbon emissions are often used as a proxy for environmental degradation. However, GHG emissions are a more
comprehensive indicator that also includes carbon compounds.

This study is based on the assumption that the various dimensions of human development may exert disparate impacts on
environmental quality. Unlike previous studies, human development is included in the econometric model both in general and in
its components such as education, health and income. Moreover, GHG emissions, which are a more encompassing measure than
carbon emissions, are employed as an environmental quality variable. By incorporating urbanisation rates into the model as a
control variable, it becomes evident how urbanisation impacts sustainability. The research questions of this study are i) how does
human development affect environmental quality and ii) is there a difference in the effects of human development components
on environmental quality? The absence of any other study in the literature that analyzes the impact of human development on
environmental quality by decomposing it into its components has been a significant motivating factor in the development of this
study.

Although numerous studies have been conducted to examine the relationship between environmental degradation and economic
growth, the existing literature on the relationship between environmental degradation and development remains limited. Some
studies have generally emphasised the mitigating effect of human development on environmental degradation. The literature on the
relationship between education, health and income indicators and environmental degradation, on the other hand, has emphasised
the environment-protective effect of these three dimensions, with contrasting results.

In this study, the effect of the sub-indices of the human development index, which is widely accepted as a comprehensive
indicator of development, on GHG emissions in Tiirkiye for the period 1990-2021 is analysed with the augmented ARDL method.
In the study, two models were constructed with GHG emissions as the dependent variable. The independent variables are the
Human Development Index in the first model and the sub-indices of education, health, and income in the second model. In both
models, urbanisation rate is used as a control variable.

The stationarity of the variables was tested with the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests.
Furthermore, the stationarity analysis was repeated with the Zivot-Andrews (ZA) unit root test, which also identified the structural
breaks in the model. The AARDL procedure, as proposed by Sam et al. (2019), is more effective than the traditional ARDL method
in detecting the relationship between variables.

The ADF and PP unit root tests show that all variables except urbanisation are stationary at first differences. The ADF test
indicated an I(2) process for urbanisation, while the PP unit root test indicated stationarity at the level. The unit root test with the
ZA break reported that the stationary process is valid in the first difference for all variables. The bounds test results show that the
variables are co-integrated in both models and that there is no degenerate case in the models. The long-run elasticities indicate
that increases in income and urbanisation are associated with heightened environmental degradation. Conversely, the education
dimension exerts a slight protective effect on the environment. The effects of the human development index and the health index
on environmental degradation are statistically insignificant. However, when the robustness check was conducted with the FMOLS
method, the effect of the human development index was found to be significant.

The results for Tiirkiye indicate the necessity for the implementation of policies aimed at reducing environmental degradation.
Primarily, the proportion of fossil fuels in primary energy consumption should be reduced, while investments in renewable energy
should be increased. To reduce the environmental impact of production processes, regulations should be enacted, particularly in
relation to energy efficiency and conservation. Furthermore, it is crucial to expand the scope of educational services to encompass
a more inclusive and equitable approach. It is also essential to incorporate environmental awareness into the educational process
and to provide support for research and development studies on green technologies at the post-secondary level.

Giris

Biiyiik ekonomik ilerlemelerin kaydedildigi diinyada gelisme safhast, kirlilik ve iklim degisikligi gibi ciddi ¢evresel sorunlari da
beraberinde getirmistir. Hizli niifus artigi, sanayilesme ve kentlesme, artan enerji talebiyle birlikte ¢evresel siirdiiriilebilirligi tehdit
etmektedir (Kirikkaleli vd., 2023). Siirdiiriilebilir ¢evre ve ekonomik kalkinmanin hedeflendigi diinyada kirlilikle birlikte dogal
kaynaklarin tiikkenmesi, daha yiiksek karbon emisyonlari, kiiresel 1sinma ve ekonomik biiylime yoluyla geri doniistiiriilemeyen
atiklarin birikmesi, ¢evre politikalarinin ve akademik caligmalarin temel konulari haline gelmistir (Lee vd., 2022). Bu konular-
dan biri olan sera gazi emisyonlar1 da ekosistemler ve insan faaliyetleri iizerinde onemli etkiler yaratarak kiiresel 1sitnmaya ve
isgiicli verimliliginin diismesine neden olmaktadir. Bu emisyonlar, siirdiiriilebilir kalkinmanin 6niindeki biiyiik engellerden biridir
(Georgescu ve Kinnunen, 2024). Sera gazi emisyonlarint azaltan etkenleri ortaya ¢ikarmak ve bu mekanizmalar1 devreye almak
cevreye feda edilmeyen bir kalkinma siireci i¢in biiyiik 6nem arz etmektedir.
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Genel olarak geligmis iilkeler kiiresel ¢evresel bozulmadan sorumlu tutulmaktadir. Ancak gelismekte olan iilkelerde bilingsiz
dogal kaynak tiiketimi ve ¢ok fazla kat1 ve endiistriyel atik kullanim1 yoluyla meydana gelen hava, su ve toprak kirliligi de ¢cevresel
tahribatin artmasina katki yapmaktadir (Aytun vd., 2024). Ancak gelisme yolundaki iilkeler i¢in enerji kullanimu istihdam yaratma,
tarim, ulagim, ticaret, sanitasyon hizmetleri, egitim kalitesi ve gida giivenligi i¢in kritik 6nem arz etmektedir (Karekezi vd., 2012).
Bu yiizden agirlif: fosil yakitlardan olusan enerjilerin kullanimiyla kirlenen cevre gelismekte olan iilkelerde gelisim siirecinin
maliyeti olarak ortaya ¢ikmaktadir.

Ekonomik faaliyetlerin cevre iizerindeki etkisi degerlendirilirken sik¢a kullanilan gayrisafi yurt i¢i hasila verileri cevre
kalitesinin sadece ekonomik biiyiimeyle iligkilendirilmesine neden olmaktadir. Biiyiime ile birlikte merkezine insan1 alan kalkinma
gostergelerinin kullanilmasi bu iligkinin daha kapsamli bir sekilde ele alinmasini saglayabilmektedir.

Kalkinma diizeyini ifade edebilecek gosterge arayisinin oldugu yillarda Birlesmis Milletler Kalkinma Programi (UNDP) insani
gelisme endeksini ortaya atmistir. Temel olarak bireyin se¢imlerinin genigletilmesi siireci olarak ifade edilen insani gelisme uzun
ve saglikli bir hayat, bilgi edinme ve iyi bir hayat standard: gibi ii¢ ana unsura dayanmaktadir (UNDP, 1990:10). Bu bakimdan
insani gelisme endeksi biiylimeye gore refahin daha kapsamli bir gostergesi olmaktadir.

Bu calismada insani gelismenin ¢evre iizerindeki etkisi ampirik yontemlerle arastirilmistir. Caligsma Tiirkiye'nin 1990-2021
donemini ele almaktadir. Onceki ¢aligmalardan farkli olarak insani gelisme hem genel olarak hem de egitim, saglhk ve gelir gibi
bilesenlerine ayrilarak ekonometrik modele dahil edilmistir. Ayrica cevre kalitesi degiskeni olarak karbon emisyonundan daha genis
kapsamli olan sera gazi emisyonu kullanilmistir. Calisma metodolojik olarak da diger ¢alismalardan ayrilmaktadir. Calismada yon-
tem olarak klasik gecikmesi dagitilmig otoregresif sinir testi (ARDL) yonteminin genisletilerek uygulandigi Genisletilmis ARDL
(AARDL) prosediirii tercih edilmistir. Boylece muhtemel iligkiler daha saglam bir sekilde tahmin edilebilmektedir. Bunun yaninda
tahminlemelerde yapisal degisimler de dikkate alinmistir. Bu ¢alismanin aragtirma sorulari, i) insani gelisme cevre kalitesini
nasil etkiler? ve ii) insani gelisme bilesenlerinin ¢evre kalitesi iizerindeki etkilerinde farklilik var midir? seklindedir. Literatiirde
insani gelismeyi bilesenlerine ayristirarak cevre kalitesi iizerindeki etkisini inceleyen bagka bir calismaya rastlanilmamasi ¢alig-
manin sekillenmesinde motivasyon kaynagi olmustur. Calismada modellere eklenen kentlesme degiskeniyle model genisletilerek
modernlesme gostergelerinden biri olan kentlesmenin (York vd., 2010) cevre lizerindeki etkisini ifade eden ekolojik modernlesme
teorisi de dogrusal olarak test edilmistir.

Calismanin bundan sonraki kisimlarinda ilk olarak Tiirkiye’de insani gelismenin ve sera gazi emisyonunun seyri deger-
lendirilmistir. Daha sonra konuyla ilgili literatiiriin 6zeti sunulmustur. Ampirik boliimde kullanilan veri ve yontemler tanitilmig
sonrasinda analiz bulgular1 yorumlanmistir. Sonu¢ boliimiinde ise genel degerlendirmeyle birlikte politika onerilerinde bulunul-
mustur.

Tiirkiye’de insani gelismenin seyri Sekil 1°de yer almaktadir. Insani gelisme endeksi ve alt endekslerin yer aldig1 grafige gore
zaman serisinin basinda Tiirkiye orta insani gelismislik seviyesinde bulunmakta, 2005°te yiiksek insani gelismislige 2014’te ise
cok yiiksek insani gelismislige erigmistir. Bilesen katkilarina bakildiginda ise saglik, gelir ve egitim seklinde siralanmaktadir.
Endekste pandeminin yasandig1 2020 yili harig siirekli yiikselis ger¢eklesmistir. Bu istisnanin olusmasinda saglik endeksindeki
biiyiik diisiisiin etkisi goriilmektedir. Kriz yillar1 (1994, 2001, 2009) ve 1999 depremi gelir endeksinde diisiise neden olmustur.
Egitim endeksi ise 6zellikle 2009 yilinda yeni {iniversitelerin ac¢ilmasi ve iiniversite kontenjanlarinin artmasiyla biiyiik bir artig
kaydetmistir.
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Sekil 1. Tiirkiye’de Insani Gelisme ve Alt Endeksleri, (1990-2021)
Kaynak: UNDP, 2022.
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Tiirkiye’de 1990-2021 yillar1 arasinda kisi bagina sera gazi emisyonu miktar1 Sekil 2°de goriildiigii iizere genel bir artis egilimi
gostermistir. 1994, 2001, 2008 gibi kriz yasanan yillarda, depremin yasandigi 1999 yilinda, i¢ karisikliklarin yasandig1 2013 yili
ve kur sokunun yasandigir 2018 yilinda emisyon miktarinda azalma yasanmistir. Bu donemde fert bagina salinan sera gazinda
yaklagik %69 oraninda bir artis gerceklesmistir. Sec¢ilmis iilke ve iilke gruplarinin grafiklerine gore, bu donemde diinyada kisi
bagina sera gazi emisyonunda artig yasanmstir. Brezilya, Cin ve Hindistan’da da artis yasanirken diger iilke ve iilke gruplar: ise
daha az cevre kirletici seviyelere gelmistir. Covid19 pandemisinin etkisiyle diinyada 2020 yilinda sera gazi emisyonlarinda diisiis
yasanirken Tiirkiye’de uygulanan kapanma politikalarindaki sektorel istisnalar sera gazi emisyonunun artig egiliminin siirmesine
neden olmustur.
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Sekil 2. Kisi Bagina Sera Gazi Emisyonlari, Ton CO2 Esdegeri, (1990-2021)
Kaynak: OECD, 2024.

Literatiir ve Teorik Arka plan

1960’lardan itibaren ekonomik biiyiime, niifus artisi, kentsel niifus yogunlugu ve kontrolsiiz sanayilesme gibi olgular cevre
sorunlarinin artmasina neden olmustur. Yogun kimyasal madde kullanimi, su kaynaklarinin ve topragin kirlenmesi, erozyon,
tuzlanma, orman azalmasi, biyolojik cesitlilik kaybi, cevreyi dikkate almayan turizm faaliyetleri, fosil yakit kullanim1 ve artan
sera gazi salimimi, gevresel sorunlarin giderek derinlesmesine neden olmustur (Pamuk, 2014: 15). Bu sorunlarin derinlegsmesi
cevreyle ilgili akademik ¢aligsmalar icin motivasyon saglamistir. Cevre korunmadan biiylimenin siirdiiriilebilir olamayacag: fikri
agir bastik¢a gevre ekonomisi literatiirii gelismeye ve genislemeye baglamistir. Bdylece ¢evresel tahribatin neden ve sonuglari farkli
bakis agilariyla incelenmistir.

Cevre tahribatinin ekonomik sebepleri ilk olarak Grossman ve Krueger (1991) tarafindan incelenmistir. Kuzey Amerika iilkeleri
ozelinde yapilan caligmada cevre kirlenmesi (siilfiir dioksit) kalkinma seviyesiyle iligkilendirilmistir. Calismada degiskenler
arasinda Once artan bir doniim noktasindan sonra da azalan (ters U) bir baglantinin bulundugu tespit edilmistir. Literatiirde bu
iligki cevresel Kuznets egrisi (CKE) hipotezi seklinde ifade edilmektedir. Halen bircok ¢alismaya konu olan bu hipotez cevre
ekonomisi literatiiriinde hem ulusal hem de uluslararasi bazda kapsamli olarak test edilip degerlendirilmektedir.

Bu caligmada insani gelisme hem bir biitiin olarak hem de ayristirilarak analiz edildigi i¢in literatiir taramasi da bu bakis acistyla
yapilmistir. {1k olarak insani gelismenin cevreye etkisinin arastirldig1 sinirl sayidaki ¢alismanin 6zetine yer verilmistir.

Ekonomik biiylime ile cevresel kirliligi iligkisini 170 iilkede farkli insani gelisme diizeylerine ayristirarak panel regresyon
yontemiyle inceleyen Beser vd.’nin (2017) calismalarinda, karbon saliniminin insani gelismislik seviyesinden bagimsiz oldugu
tespit edilmistir. Manga ve Akar (2020), 1998-2014 yillar1 arasinda 9 Akdeniz iilkesinde biiyiime, CO2 emisyonu ve insani
gelisme iligkilerini panel ARDL yontemiyle arastirmiglardir. CKE hipotezinin dogrulandig1 ¢alismada insani gelisme diizeyindeki
artiglarin ¢evre koruyucu etkisi oldugu raporlanmistir. Damirova ve Yayla (2021), 10 Avrupa iilkesi ve Tiirkiye’de 1995-2016
doneminde kisi bagina gelir, insani gelisme endeksi, dogrudan yabanci yatirimlar ve ¢evre vergilerinin ¢cevresel bozulmaya etkisini
panel esbiitiinlesme yontemiyle arastirmiglardir. Calismanin sonuglar insani gelisme endeksinin ¢evresel kaliteyi arttirdigini cevre
vergilerinin ise azalttigim gostermistir. Bucak (2022), E7 iilkelerinde 2000-2017 donemini baz alarak ekonomik 6zgiirliik, insani
gelisme ve ekolojik ayak izi baglantilarini analiz etmistir. Panel esbiitiinlesme yonteminin kullanildigi ¢alismaya gore insani
gelisme ekolojik ayak izini arttirirken ekonomik 6zgiirliikler azaltmaktadir. Ayrica ekonomik 6zgiirliikler insani gelismeye olumlu
katki saglamaktadir.
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Insani gelismenin ekolojik ayak izi iizerindeki asimetrik etkisini finansal gelisme, gelir esitsizligi ve enerji tiiketimi baglaminda
inceleyen Uzar ve Eyuboglu (2024), Tiirkiye’nin 1990-2021 dénemini ele almiglardir. Calisma bulgulari insani gelismenin ekolojik
ayak izini azalttigin1 finansal gelismenin ve gelir esitsizliginin ise arttirdigin1 gostermistir. Balsalobre-Lorente vd. (2024), ekolojik
ayak izinin ekonomik karmasiklik, insani gelisme, yenilenebilir enerji tiiketimi ve yiiksek inovasyon siirecleriyle etkilesimini G7
tilkelerinin 1991-2018 donemi verileriyle arastirmiglardir. Analizler tiim degiskenlerin ekolojik ayak izini azaltip ¢evre koruyucu
etki yaptigin1 ortaya koymustur. Nguea ve Fotio (2024), biyokiitle enerjisi tiiketimi ve insani gelismenin ekolojik ayak izine etkisini
panel veri teknikleriyle incelemislerdir. 31 Afrika iilkesinde 1996-2018 doneminin analiz edildigi calisma biyokiitle enerjisi
tilketiminin ekolojik ayak izini arttirdigini insani gelismenin ise azalttigin1 gostermistir.

Bu calismalar genel olarak degerlendirildiginde, yiiksek insani gelismenin daha ¢ok cevre koruyucu etkide bulunmasinin yani
sira ¢evresel kaliteyi bozucu etkisinin de raporlandig1 goriilmiistiir. Bu sonuglarin ortaya ¢ikmasinda ele alinan iilke veya iilke
grubunun farkli olmalari, metodolojik yaklasimdaki farkliliklar veya kurulan modellerdeki degiskenlerin etkisinin bulundugu
diisiiniilmektedir. Ornegin, E7 iilkelerini inceleyen Bucak (2022) ve G7 iilkelerini inceleyen Balsalobre-Lorente vd.’nin (2024)
elde ettigi sonuclar zit yonliidiir. Bu iki ¢calisma ayn1 zamanda ele alinan donem agisindan da farklilagmaktadir.

Bu ¢aligsma insani gelismenin farkli boyutlarinin ¢evre kalitesi tizerindeki etkilerinin farklilasabilecegi varsayimiyla ele alinmustir.
Bu boyutlardan biri olan egitim boyutu da ¢cevre ekonomisi literatiiriinde sik¢a ¢alisilan konular arasindadir. Asagida 6zetlenen bu
caligmalarda egitim gostergesi olarak beseri sermaye endeksleri 6n plana ¢ikmaktadir.

Tiirkiye’nin 1971-2020 donemi verileriyle yapilan Aytun ve Akin’in (2016) calismasinda karbon emisyonlari, egitim diizeyi
ve enerji tilkketimi iligkileri incelenmistir. Nedensellik analizi sonuglarina gore ilk ve ortadgretim diizeyinden cevresel bozulmaya
bir iligki bulunmamakta fakat yiiksekogretimden ¢evresel bozulmaya dogru nedensel bir baglanti bulunmaktadir. Chankrajang ve
Muttarak (2017), 6rgiin egitimin cevre dostu davraniglari tesvik edip etmedigini arastirmak i¢in Tayland’da 2010 ve 2013 yillarinda
ulusal diizeydeki anketleri kullanan bir ¢alisma yiirlitmiiglerdir. Arastirma sonuclarina gore, daha fazla egitim goren bireylerin
cevre dostu eylemlerde bulunma olasilig1 artmaktadir. Finansal gelismislik, yenilenebilir enerji tiiketimi, biyokapasite ve begeri
sermayenin ekolojik ayak izine etkisini GMM yaklasimiyla inceleyen Shujah-ur-Rahman vd. (2019), 16 Dogu ve Orta Avrupa
tilkesini ele almiglardir. Caligmada, yenilenebilir enerji tiikketimi ve beseri sermayenin ¢evre koruyucu etkisi oldugu raporlanmugtir.

Cevre ve beseri sermaye arasinda uzun donemde anlamli bir baglantinin tespit edilemedigi Hassan vd.’nin (2019) ¢alismalarinda
Pakistan’in 1971-2014 periyodu incelenmis ve beseri sermaye, biyolojik cesitlilik, biiyiime ve ekolojik ayak izi degiskenleri
kullanilmistir. Caligma ayrica kisa dénemde begeri sermayenin ekolojik ayak izini arttirdigint degerlendirmistir. Ahmed ve Wang
(2019) ise Hindistan’da ekolojik ayak izinin biiylime, beseri sermaye, enerji tiiketimi, kentsel niifus ve ticaret acikligindan nasil
etkilendigini incelemislerdir. ARDL ve Bayer-Hanck testlerine gore beseri sermaye, ekolojik ayak izi iizerinde negatif etki yaratarak
cevresel bozulmayi azaltmaktadir. ABD 6zelinde yapilan Zafar vd.’nin (2019) calismalarinda da yine ARDL prosediirii kullanilmig
ve 1970-2015 donemi ele alinmigtir. Enerji tiiketimi, dogal kaynaklar, dogrudan yabanci yatirimlar ve beseri sermayenin ekolojik
ayak izine etkisinin arastirildig1 calisma begeri sermaye ve dogal kaynaklarin ¢evre kalitesini pozitif, enerji tiikketimi ve biiylimenin
negatif etkiledigini ortaya koymustur.

Cin 6zelinde yapilan Li ve Ouyang’in (2019) calismalarinda beseri sermaye, biiylime ve finansal gelismenin karbon emisyonlarina
etkisi incelenmisgtir. 1978-2015 doneminin ele alindig1 caligmaya gore, beseri sermaye ile ¢cevresel bozulma arasinda ters-N sekilli
bir baglant1 bulunmaktadir. Khan (2020), 122 iilkede 1980-2014 dénemindeki verileri kullanarak beseri sermaye, finansal gelisme,
ticaret acikligi, fosil yakat tiiketimi ve biiylime arasindaki iligkileri Hansen esik regresyon modeliyle incelemistir. Caligma bulgulari,
diisiik begeri sermaye diizeyindeki yiikseliglerin ilk asamada kirliligi arttirdigini fakat belli bir esik degerden itibaren artan egitim
diizeyinin ¢evre bilinci kazandirdigin1 ve karbon emisyonlarimi azaltmaya yonelik ¢evre dostu teknolojilerin kullanimini tegvik
ettigini gostermistir. Sarkodie vd. (2020), dinamik ARDL yontemiyle Cin’de yenilenebilir enerji tiiketimi, ticari aciklik, beseri
sermaye ve ekonomik biiylimeyle ¢evre kalitesi baglantilarini degerlendirmislerdir. CKE hipotezinin dogrulandig: ¢calismada, artan
beseri sermayenin gevre kirletici etkisini raporlamiglardir.

Pakistan’in 1985-2018 donemi verileni kullanan Zhang vd. (2021), dogal kaynak bollugu, beseri sermaye, ve biiyiimenin ¢evre
kalitesine etkisini arastirmiglardir. Dinamik ARDL analizi sonuglarina goére, dogal kaynagin bol oldugu ve beseri sermayenin
yiiksek oldugu durumda karbon emisyonlar1 ve ekolojik ayak izi azalmaktadir. Khan vd. (2021), 1990-2018 yillar1 arasinda 7
OECD iilkesi 6zelinde mali yerellesme ile cevre kalitesi iligkisini begeri sermaye ve kurumsal kalite etkilesimiyle incelemiglerdir.
Panel egbiitiinlesme ve nedensellik analizine gore, mali yerellesmenin karbon emisyonlarimi azaltici etkisi kurumsal kalite ve
beseri sermayeyle birlikte artmaktadir. 23 Sahra alt1 Afrika iilkesi i¢in yapilan ¢aligmada Erdogan vd. (2021), ekolojik ayak iziyle
kiiresellesme, beseri sermaye, dogal kaynak bollugu ve kentsel niifusu modellemislerdir. Panel egbiitiinlesme analizi sonuglari,
beseri sermayedeki artiglarin ¢evre koruyucu etkisine karsilik kentsel niifusun kirletici etkisinin oldugunu gostermistir.

Hao vd. (2021), genisletilmig kesitsel ARDL yontemini kullanarak G7 iilkelerinde beseri sermaye, ¢evre vergileri, cevresel
teknolojiler, yenilenebilir enerji tiiketimi, biiyiime ve karbon emisyonlar1 arasindaki iligkiyi inceleyen bir ¢calisma yiiriitmiiglerdir.
Aragtirma bulgular1 CKE hipotezini dogrulamaktadir ve biiylime digindaki faktorlerin karbon emisyonlar: {izerinde hafifletici bir
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etkisi oldugunu gostermektedir. Cin 6zelinde yapilan Yilanci vd.’nin (2022) ¢alismalarinda RALS-FADL yontemiyle biiyiime,
beseri sermaye ve kentlesmenin orman ayak izi iizerindeki etkisi arastirilmistir. CKE hipotezinin dogrulandigi analizlere gore,
beseri sermayenin orman ayak izi iizerinde negatif yonlii bir etkisi bulunmaktadir. Ulke 6zelinde yapilan bir baska caliymada
Boukhelkhal (2022), Cezayir’in 1980-2017 donemini ele almistir. Enerji tiikketimi, dogumda yasam beklentisi, ticaret aciklig1 ve
beseri sermaye degiskenlerinin ekolojik ayak iziyle iligkisinin incelendigi ¢aligmada kisa donemde beseri sermaye ve dogumda
yasam beklentisinin ekolojik ayak izini pozitif etkiledigi, uzun donemde ise beseri sermayenin etkisinin negatife dondiigii tespit
edilmigtir.

Chen vd. (2022), 1990-2016 yillar1 arasinda 110 iilkede begeri sermaye, kentlesme ve ekolojik ayak izi arasindaki iligkiyi panel
kantil regresyon yontemiyle incelemislerdir. Tiim iilkeler i¢in elde edilen sonug beseri sermayenin ekolojik ayak izi iizerinde 6nce
pozitif daha sonra negatif bir etkisi oldugunu gostermistir. Ayrica yliksek gelirli iilkelerde begeri sermaye cevre koruyucu iken diigiik
gelirli iilkelerde cevre kirleticidir. Daha giincel yontemlerle analiz yapan Jin vd. (2022) ¢alismalarinda Cin’in 1988’den 2018’e
kadar li¢ aylik verilerini kullanmiglardir. Kantil ARDL sonuglar1 eko-inovasyonun ve beseri sermayenin karbon emisyonlarini
azalttigini ortaya koymustur. Cin’i ele alan bir diger calismada Durgun ve Dayanir (2023), 1990-2019 doneminde enerji yogunlugu
ve kentlesme baglaminda beseri sermayenin sera gazi emisyonuna etkisini incelemiglerdir. Bayer-Hanck yonteminin kullanildig1
caligmada beseri sermayedeki yiikselislerin ¢evre kirletici etkisi oldugu bildirilmistir. Ayn1 iilke ve dénem icin farkli yontem ve
veriler kullanildiginda farkli sonuglarin ortaya ¢ikabildigi goriilmektedir. Son olarak, 19 orta gelirli iilkenin 1980-2016 dénemine
ait verileri kullanarak begeri sermaye, teknolojik yenilik ve finansal gelismenin ekolojik ayak izi lizerindeki etkisini degerlendiren
Aytun vd. (2024) ampirik yontem olarak CS-ARDL yaklagimini kullanmiglardir. Calismada, biiyiimenin ekolojik ayak izini arttir-
masina karsilik, beseri sermaye ve finansal gelismenin azalttigini teknolojik yeniligin ise etkisinin anlamsiz oldugu raporlanmugtir.

Cevre-egitim literatiirii genel olarak degerlendirildifinde yine analiz edilen donem ve iilke/ler ile kullanilan yontemlerin
sonuglarin farklilasmasinda rol oynadig1 goriilmektedir. ligkinin dogrusal oldugunun yam sira ters-U veya N sekilli oldugu da
iddia edilmektedir. Ancak hakim goriis yiiksek beseri sermayenin yiiksek cevre kalitesiyle iliskilendirildigi yoniindedir. Nitekim
Jahanger vd.’ne (2022) gore de cevresel refahin artirilmasi igin begeri sermayenin gelistirilmesi gereklidir. Bu nedenle, 6zellikle
gelismekte olan iilkelerin hiikiimetleri egitim ve saglik sektorlerine daha fazla biitce ayirmalidir. insan kapasitesinin gelistirilmesine
yonelik kamu yatirimlarinin artirilmasi, ¢evresel refahin saglanmasi icin farkindaligin artirilmasinda kritik bir rol oynamaktadir.

Cevre-saglik iligkisi daha ¢ok halk sagligi arastirmalarina konu olsa da ekonomistlerin de ilgisini ¢cekmektedir. Kurulan
modellerde daha cok cevre kalitesinin sagliga etkisi aragtirilmakla birlikte son zamanlarda 6zellikle yasam beklentisinin cevreye
etkisi ¢evre ekonomistlerinin merak ettigi konular arasindadir. Konu ile ilgili literatiir asagida 6zetlenmis ve ardindan kisa bir
degerlendirmesi yapilmustir.

Sehir diizeyinde yapilan Son vd.’nin (2008) ¢alismasinda Giiney Kore’nin Seul kenti incelenmistir. Hava kirliligiyle yenidogan
bebek oliim hiz: iligkisi arastirtlmig ve ozon haricindeki kirletici gazlar ile bebek dliimleri arasinda ayn1 yonlii iligki bulunmusgtur.
Fakhri vd. (2015), 1990-2010 déneminde MENA iilkelerinde biiyiime, enerji tiiketimi, yasam beklentisi ve karbon emisyonu
iligkilerini panel esbiitiinlesme yontemiyle arastirmiglardir. Calismada enerji tiiketiminin karbon emisyonunu arttirdigini, yagam
beklentisinin ve biiyiimenin ise diisiirdiigiinii bulmuslardir. Shobande’nin (2020) ¢alismasinda 23 Afrika iilkesinin 1990-2014
donemi verileri kullanilmig ve enerji tiiketimi, karbon emisyonlari, beseri sermaye yatirimi ve bebek 6liim hizi iliskisi incelenmistir.
Calismada bebek 6liim hizinin begeri sermaye yatirimi, su kaynagindaki iyilesme ve enerji tiiketimiyle zit cevre kirliligiyle ayni
yonlii iligkide oldugu bulunmustur.

Dogumda beklenen yasam siiresi ile ¢evresel kalite iligkisini inceleyen Cakir (2023), calismasinda E7 iilkelerini 2005-2019
donemi verileriyle ele almig ve panel nedensellik yontemini kullanmigtir. Calisma bulgular1 dogumda beklenen yasam siiresi
ile karbon emisyonu arasinda ¢ift yonlii nedensellik iligkisi oldugunu gostermistir. Murthy vd. (2021), DS iilkelerinde 1992-
2017 doneminde cevresel bozulma ile saglik iliskisini panel ARDL yontemiyle incelemislerdir. Calismanin bulgularina gore,
ekonomik biiylime ve saglik harcamalar1 yasam beklentisini olumlu etkilerken karbon emisyonu olumsuz etkilemektedir. Wang
ve Li (2021), 154 iilke i¢in 1992-2016 doneminde cevresel bozulmanin belirleyicilerini dogrusal panel ve panel esik regresyon
yontemleriyle incelemislerdir. Analizlerde yaslanma, yagsam beklentisi ve biiylimenin karbon emisyonuna etkilerinin dogrusal
olmadig1 goriilmiistiir. Kigi basina gelir arttik¢a biiylime daha kirletici olmaktadir. Niifusun yaslanmasi ve yasam beklentisinde
meydana gelen artiglarla karbon emisyonu iizerindeki negatif etki daha da siddetlenmektedir.

Mahalik vd. (2023), BRICS iilkelerinde 1999-2016 yillar1 arasinda toplam ve cinsiyete gore ayristirilmig yagam beklentisinin kar-
bon emisyonu iizerindeki etkisini panel esbiitiinlesme ve panel ARDL yontemleriyle arastirmiglardir. Calismaya gore, toplam yagsam
beklentisi, erkeklerin yagsam beklentisi ve ekonomik biiyiime karbon emisyonlarimi diisiiriirken, ¢evre teknolojisi ve kadinlarin
yasam beklentisi arttirmaktadir. Uddin vd. (2023), 6 Asya iilkesinde 2002-2020 déneminde yagsam beklentisinin belirleyicilerini
CS-ARDL yontemiyle incelemiglerdir. Yazarlar, kurumsal kalite, finansal kalkinma ve saglik harcamalarinin yasam beklentisini
arttirdigin1 buna karsilik, karbon emisyonlar1 ve ekolojik ayak izinin yasam beklentisini azalttigini ifade etmislerdir.

Cevre kalitesiyle saglik diizeyini arastiran literatiir ise genel olarak yiiksek saglik diizeyi ile yliksek cevre kalitesi bagini
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kurmaktadir. S6z konusu literatiirde de yine hakim goriisiin aksine 6nermelerde bulunan c¢aligmalar bulunmaktadir. Ornegin,
Mahalik vd.’nin (2023) calismasinda cinsiyete gore ayrim yapildiginda sonuglarin farklilagtigi goriilmiigtiir.

Cevre kalitesinin gelirle iligkisi daha ¢ok CKE hipotezinin test edilmesiyle aragtirilmistir. Bunlarin yaninda ekonomik biiylimenin
karbon emisyonlar tizerindeki dogrusal etkisinin incelendigi ¢caligmalar da mevcuttur. Hanif vd. (2019), Asya iilkelerinde, Hashmi
ve Alam (2019) ve Huntington ve Liddle (2022) OECD iilkelerinde, Radmehr vd. (2021) ve Pejovic vd. (2021), Avrupa iilkelerinde
ekonomik aktivitelerin ¢evre kirletici oldugu sonucunu bulmuglardir. Buna karsin Achaempong vd. (2022) Avrupa iilkelerinde,
Raihan ve Tuspekova (2022) Singapur’da ve Bosah vd. (2023) 159 iilkede biiyiimenin ¢evre koruyucu etkisini vurgulamiglardir.
Cok iilkeli Ehigiamusoe ve Lean’in (2019), calismalarinda ise gelire gére gruplandirildiginda her iki sonucun da dogrulanabildigi
gosterilmistir.

Yapilan literatiir taramasi insani gelisme ile ¢evre baglantisinin karmasik olabilecegi, her bir boyutun ¢evreye etkisinin paralel
olamayabilecegi fikrini vermektedir. Insani gelismenin bir biitiin olarak cevresel bozulmay arttirdig1 veya azalttig1 bulgusu politika
onerilerinde yanliliga sebep olabilmektedir. Insani gelisimin cevresel bozulmay1 azalttig1 durumda uygun politika dnerileri insani
gelisme diizeyinin yiikseltilmesi yoniinde olmaktadir. Ancak insani gelismenin tiim boyutlarinin azaltici etkide bulunabildigi kesin
degildir. Herhangi bir boyutun zit yonlii etkisinin olmasi politika etkinsizligi yaratabilmektedir. Ayn1 durum insani gelismenin
cevresel bozulmay: arttirdigi durum igin de gegerlidir. Bu motivasyonla calismanin sonraki asamalarinda tanitilan yontemler
kullanilarak cevre-kalkinma iligkisi analiz edilmistir.

Veri ve Ekonometrik Metodoloji

Bu caligma Tiirkiye’de insani gelisme endeksi bilesenlerinin cevresel bozulmaya etkilerini incelemektedir. Hem insani gelisme
endeksi hem de sera gazi emisyonunu gosteren veriler 1990 yilindan itibaren elde edilebilir oldugundan dolay1 analiz donemi 1990-
2021 periyoduyla sinirlandirilmistir. Cevresel bozulmay1 gosteren kisi basina sera gazi emisyonu verileri OECD veri tabanindan
insani gelisme endeksi bilesenleri ise UNDP tarafindan ilan edilen insani gelisme raporlarindan toplanmigtir. Kontrol degiskeni
olarak eklenen kentlesme orani Diinya Bankasi’nin Diinya Gelisim Gostergelerinden derlenmistir. Sera gazi emisyonu ve kentlesme
oraninin logaritmast alinmigtir. Analizlerde sera gazi emisyonu Ighg, egitim endeksi ei, saglik endeksi Ai, gelir endeksi yi ve
kentlesme orani ise lurb seklinde gosterilmektedir. Degiskenlere iliskin ayrintilar Tablo 1°de verilmistir.

Tablo 1. Degiskenlerin Tanim, Olgiit ve Kaynaklart

Degisken Tamim Olgiit Kaynak

Ighg Sera Gazi Emisyonu Kisi bagina ton OECD

hdi insani Gelisme Endeksi 0-1 (Endeks) UNDP

el Egitim Endeksi 0-1 (Endeks) UNDP

hi Saglik Endeksi 0-1 (Endeks) UNDP

yi Gelir Endeksi 0-1 (Endeks) UNDP

lurb Kentlesme Orani (Kentsel Niifus/Toplam Niifus) x 100 WorldBank, WDI

Sera gaz1 emisyonunun bagimli degisken oldugu modellerin ekonometrik asagida gosterildigi gibidir:

lghg: = apg + a1 hdi; + aplurb; + & (1)

Ighg; = Bo + Brei; + Pohiy + Bayis + Palurb; + & )

Model 1°de aq sabit terimi, @ insani gelisme endeksinin katsayisini ve @, kentlesme oraninin katsayisim1 gostermektedir. o
katsayisinin pozitif olmasi ¢evresel bozulmadaki artig1 gostermektedir. @ katsayisi ise artan kentlesmenin cevresel bozulamaya
etkisinin biiyiikliigilinii ifade etmektedir.

Model 2°de Sy, sabit terimi, 81, B2 ve B3 bagimsiz degiskenlerin katsayilarini, 84 kentlesme oraninin katsayisini ve &; ise
hata terimini gostermektedir. 81, 52, B3 ve B4 katsayilarinin pozitif olmasi ¢evresel bozulmay: gosterirken negatif olmasi cevre
kirliliginin azaldigin1 gostermektedir.

Modele eklenen kentlesme ile ilgili goriisler agirlikli olarak cevresel bozulmay1 arttirict etkiyi one siirmektedir. Abbasi vd.
(2020), 8 Asya iilkesinde kentlesmenin cevresel kaliteyi azaltici etkisini raporlamiglardir. Plansiz kentlesmeye vurgu yapilan
calismada kiiresel 1sinma i¢in 6nemli bir faktor oldugu belirtilmistir. Benzer sekilde Adebayo vd. (2021) de Latin Amerika
tilkelerinde kentlesmenin artan enerji talebi yoluyla ¢cevreyi bozdugunu raporlamiglardir. Musah vd. nin (2021), Bat1 Afrika analizi
yine kentlesmenin karbon emisyonlarini arttirdigini ortaya koymustur. Dogrusal olmayan bir ¢aligsma yiiriiten Hao vd. (2020) ise
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Cin’in 29 eyaletinde kentlesmenin cevreyi kirlettigini ancak bu kirliligin ii¢iinciil sanayi oranindaki artigla azaldigini bulmusglardir.
Diger bir ¢aligmada Latief vd. (2022), kentlesme ile ¢cevresel bozulma arasindaki iligkinin iilke gelirine gore farklilastigini ileri
stirmiiglerdir. Yazarlar alt-orta ve yiiksek gelir grubu iilkelerde ters U, iist-orta gelir grubu iilkelerde ise U sekilli bir iligkiyi
raporlamiglardir. Alt-orta ve yiiksek gelirli iilkelerdeki bu yonseme ekolojik modernlesme teorisini desteklemektedir.

Caligmanin ampirik kisminda 6ncelikle ekonometrik metodolojiye yer verilmis daha sonra arastirmaya konu olan veriler kantitatif
olarak ele alinmistir. Tahminlerin daha giivenilir, daha istikrarli ve karar verme siireclerinin daha dogru elde edilebilmesi i¢in
oncelikle birim kok testlerine deginilmis sonrasinda ise uzun dénem iligkileri ile nedensellik sinamasina geg¢ilmistir.

Ilk olarak yaygin sekilde kullanilan ve yiiksek mertebeden otoregresif siireclerin olmasi durumunda tercih edilen genisletilmis
Dickey-Fuller (ADF) birim kok testi kullanilmistir. Smnama klasik Dickey-Fuller (1979) birim kok testine bagimli degiskenin
gecikmeli degerlerinin eklenmesiyle elde edilmektedir. ADF sinamasindan sonra hata terimleri agisindan daha esnek olan ve hata
terimlerinin otokorelasyonlu oldugunu varsayan Phillips-Perron (PP) (1988) birim kok testi uygulanmistir. Stnama asimptotik
dagilimlarda ADF test istatistigi ile ayn1 sonuglart vermektedir (Gujarati ve Porter, 2012:758). Birim kok testlerinin sonuncusu
olarak ise krizler, dogal afetler ya da istikrarsizlik gibi farkli durumlardan dolayr meydana gelen yapisal kirilmalari yakalayan
ve bunu i¢sel olarak belirleyen, Zivot-Andrews (ZA) (1992) tek yapisal kirilmali birim kok testi tatbik edilmistir. Kirilma nok-
tasinin gozleme dayali olarak degil de i¢sel olarak belirlenmesi sitnamanin bagimsizlik varsayimindan sapmadigini gostermektedir
(Libanio, 2005: 155).

Duraganliklarin tespit edilmesiyle uzun dénem iligkisinin belirlenebilmesi icin esbiitiinlesme sinamasina gecilmistir. Egbiitiin-
lesmenin tespiti i¢in genisletilmis gecikmesi dagitilmis otoregresif (AARDL) sinir testi tercih edilmistir. Sitnama, Pesaran (1997)
ve Pesaran vd. (2000, 2001) tarafindan gelistirilen klasik ARDL sinir testinde oldugu gibi 2. mertebeden duraganlik durumunda
kullanilamamaktadir. Sinamada gecikmeli diizeydeki bagimli degisken test edilerek 1. dejenere durumu tespit etmeye yarayan t
testi, gecikmeli diizeydeki bagimsiz degiskenler test edilerek 2. dejenere durumu belirlemeye yarayan F testi ve tiim gecikmeli
diizeydeki degiskenleri sinayan genel F testi ile tahminleme yapilmaktadir. Stnamada,

1. dejenere durumu temsil eden t testinin hipotezi Hy : 6; = 0,
2. dejenere durumu temsil eden bagimsiz F testinin hipotezi Hy : 62 = 63 =04 =55 =0 ve

Genel F testinin hipotezi Hy : 61 =02 =93 =904 =05=0

seklinde ifade edilmektedir. Bu test istatistiklerine ait kritik degerler t testi i¢in Pesaran vd.’nden (2001), bagimsiz F testi icin Sam
vd.’nden (2019) ve genel F testi i¢cin gozlem sayilarina bagh olarak Pesaran vd. (2001) veya Narayan’dan (2005) saglanmaktadir.
Siama bu sekliyle geleneksel esbiitiinlesme testlerine gore daha kapsamli bir goriintii ¢izdiginden nispeten daha iistiin bir test
olarak goriilmektedir. Stnamanin {i¢ testi de sifir hipotezini reddederse degiskenler arasinda uzun donem iliskisi oldugu kanaatine
varilmaktadir.

Bu calismada genigletilmis stnamalarin modelleri su sekildedir:

)4 q q
Alghg: = ag + Z a1Alghg,_; + Z arAhdi,_; + Z a3Alurb,_; +1 lghg_ + 62hdiy_1 + 53lurb,_; + 2 3)
i=1 =0 i=0

p q q u
Alghg: = ap + Z ajAlghg,—; + Z arAei;_; + Z azAhi;_; + Z a46lurb,_; + 611ghg; 1 @
i=1 i=0 i=0 i=0

+ 52€l't_1 + 53/’lit_1 + (54yit_1 + 65lurbt_1 + 2

Ampirik Bulgular

Degiskenlerin duraganligit ADF ve PP birim kok testleriyle arastirilmistir. Tablo 3’te verilen ADF birim kok testi sonuglarina
gore tiim degiskenler seviyesinde birim kokliidiir. Degiskenlerin birinci fark: alindiginda kentlesme haricindeki degiskenler %ol
diizeyinde duragan olmaktadir. PP birim kok testi sonuglar1 da kentlesme haricindeki degiskenlerin seviyelerinde birim koklii
oldugunu ve birinci farklarinda duragan oldugunu gostermistir. Bu test ayrica kentlesmenin seviyesinde duragan oldugunu ima
etmektedir.
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Tablo 2. ADF ve PP Birim Kok Testi Sonuglari

ADF PP
Degisken 1(0) (1) 1(0) I(1)
Ighg| -03304  -5.4360%** 0.1159 -6.6034%%
hdi|  -0.0785 -4.6739% -0.1425 4,728
ei| 02189 -4 407 1% 0.0795 -4.6175%%x
hi| -1.9922 -5.491] [ # -2.2569 -5.501 2%
yi| 03674 -5.6178%% 1.4442 -6.307 %%
Iurb|  -2.5536 0.5908 4.2744%x% 3 8819w

Not: *** %1 diizeyinde anlamlilig1 ifade etmektedir.

Analizin yapildig1 donemde gergeklesen yapisal degisim/ler zaman serisindeki duraganligi etkileyebilmektedir. Ayrica kentlesme
orani i¢in yapilan testlerin farkli sonuglar sunmasi daha iistiin ek bir testin uygulanmasim gerektigini gostermektedir. Bu amagla
serilerin duraganlig veri setindeki gozlem boyutunun kisa olmasi nedeniyle tek yapisal kirilmali Zivot-Andrews testine bagvurul-
mugtur. Tablo 4’teki test sonuclarina gore tiim degiskenler birinci farkinda birim kdk icermektedir. Degiskenlerin fark serileri ise
tek yapisal kirilmayla birlikte duragandir. Birim kok testi sonuglari genel olarak degerlendirildiginde degiskenlerin I(1) diizeyinde
biitiinlesik oldugu sonucuna varilmaktadir.

Tablo 3. ZA Birim Kok Testi Sonuglart

Kirilma Kirilma

Degisken 1(0) Tarihi 1(1) Tarihi Kritik Degerler
Ighg -4.1515 2005 -5.8151*** 2003 0.01 -5.57
hdi -3.6600 2001 -8.1461*** 2013 0.05 -5.08
ei -4.6088 2004 -7.1403*** 2013 0.10 -4.82

hi -1.1605 2017 -5.6512*** 2015

yi -4.2047 1999 -6.0356*** 2003

lurb -3.2263 2012 -26.1181*** 2001

Not: *** %1 diizeyinde anlamlilig: ifade etmektedir.
Modellerde ikinci farkinda duragan olan degisken bulunmadigi icin seriler arasindaki esbiitiinlesme iligkisi ARDL sinir testi

yardimiyla arastirilabilmektedir. Model 1 icin sinir testi sonuglari Tablo 5°te yer almaktadir. Modele Zivot-Andrews testinde tespit
edilen 2005 kirilma yili kukla degisken olarak eklenmistir. Modelin tiimii i¢in hesaplanan F test istatistigi %10 iist sinir kritik
degerinden biiyilik oldugu i¢in seriler arasinda egbiitiinlesme iligkisi bulunmaktadir. Modeldeki dejenere durumlarin varligini
tespit etmek amaciyla genigletilmis ARDL prosediirii geregi hesaplanan test istatistikleri de ayni tabloda sunulmustur. Bagiml
degisken i¢in hesaplanan ¢ istatistigi mutlak %35 iist kritik degerinden mutlak degerce biiyiik oldugu i¢in birinci dejenere durum
bulunmamaktadir. Bagimsiz degiskenler i¢in hesaplanan F istatistigi %35 iist kritik degerinden yiiksek oldugu i¢in modelde ikinci
dejenere durum da bulunmamaktadir.

Tablo 4. Genisletilmis ARDL (1, 0, 0) Sonuglari- Model 1

is ta;f:tsi:deri FuL 4.9638* toy -3.7219%* Fuoy 6.7206**
Kritik Degerler Narayan (2005) Pesaran vd. (2001) Sam vd. (2019)
(k=2) 10 I1 10 11 10 11
0.10 3.437 4.470 -2.57 -3.21 2.53 4.54
0.05 4.267 5.473 -2.86 -3.53 3.36 5.90
0.01 6.183 7.873 -3.43 -4.10 5.41 9.16

Not: F. tiim model i¢in hesaplanan F testini, zpy bagimli degisken i¢in hesaplanan ¢ testini ve Fipr bagimsiz degiskenler

Model 2 i¢in sinir testi sonuglari ise Tablo 6’da yer almaktadir. Modelin tiimii i¢in hesaplanan F test istatistigi %1 {iist sinir kritik
degerinden biiyiik oldugu icin seriler arasinda egbiitiinlesme iligkisi bulunmaktadir. Bagimli degisken i¢in hesaplanan ¢ istatistigi
mutlak %1 tist kritik degerinden mutlak degerce biiyiik oldugu i¢in birinci dejenere durum bulunmamaktadir. Bagimsiz degiskenler
icin hesaplanan F istatistigi %1 {ist kritik degerinden yiiksek oldugu i¢in modelde ikinci dejenere durum da bulunmamaktadir.

Tablo 5. Genisletilmis ARDL (1, 0, 0, 0, 0) Sonuclari- Model 2

Test istatistikleri FaLL 12.9863*** tov -6.5663*** Fiov 15.4443***
Kritik Degerler Narayan (2005) Pesaran vd. (2001) Sam vd. (2019)
(k=4) 10 11 10 11 10 11
0.10 2.752 3.994 -2.57 -3.66 2.22 3.84
0.05 3.354 4774 -2.86 -3.99 2.80 4.70
0.01 4.768 6.670 -3.43 -4.60 4.15 6.83

Not: FaiL tim model i¢in hesaplanan F testini, tov bagiml: degisken icin hesaplanan t testini ve Fiov bagimsiz
degiskenler igin hesaplanan F testini ifade etmektedir. ***, %1 diizeyinde anlamlilig1 g6stermektedir.
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Model 1 icin degiskenler arasindaki uzun dénem esneklikleri ve kisa dénem analizi Tablo 7°de yer almaktadir. Panel A’daki
sonuglara gore insani gelisme endeksinin etkisi pozitif ancak anlamsizdir. Bu sonug insani gelisme endeksindeki artiglarin gevresel
bozulmay1 arttirici etkisinin anlamsiz oldugunu gostermektedir. Kentlesme oraninin katsayist ise pozitif ve anlamlidir. Beklendigi
gibi ¢ikan bu sonug kentlesme oranindaki %]1°lik artisin gevre kirliligini %2.46 arttirdigini ima etmektedir. Panel B’de kisa donem
analizi sonuglar1 verilmistir. Hata diizeltme terimini gosteren ect(-1) parametresi O ile -1 arasinda ve istatistiksel anlamli olarak
bulunmustur. Buna gore kisa donemde olusan dengesizliklerin %69’u sonraki donemde diizelip uzun donem denge degerine
yakinsamaktadir. Bu sonuglar hata diizeltme mekanizmasinin ¢alistigini ifade etmektedir. ARDL(1,0,0) modelinin diagnostik
testleri de yapilmig ve elde edilen sonuglar ayni tabloda verilmigtir. Test sonuglarina gore hata terimleri normal dagilmakta,
otokorelasyon ve degisen varyans sorunu (heteroskedastisite) ve model spesifikasyon hatasi1 bulunmamaktadir.

Tablo 6. Uzun ve Kisa Donem Analizi — Model 1

Panel A: Uzun Donem Analizi

t-

Degisken Katsayl Std. Hata istatistigi Olasihk
hdi 0.7774 0.7052 1.1024 0.2793
lurb 2.4632 0.7925 3.1081 0.0042
Panel B: Kisa Donem Analizi
Degisken Katsayr Std. Hata is ta:i-s tigi Olasihk
c -3.5567 0.8954 -3.9724 0.0005
kukla(2005) 0.0601 0.0179 3.3512 0.0023
ect(-1) -0.6945 0.1734 -4.0046 0.0004
Panel C: Diagnostik Testler
Test Istatistik Olasihk
J-B Normallik 0.7850 0.6754
B-G LM 1.5348 0.4642
BPG Degisen Varyans 3.7130 0.4462
Ramsey RESET 1.1076 0.3027

Model 2 icin degiskenler arasindaki uzun donem esneklikleri ve kisa donem analizi Tablo 8’de yer almaktadir. Panel A’daki
sonuglarda %10 giiven diizeyinde saglik endeksi haricindeki uzun donem katsayilarinin istatistiksel olarak anlamli oldugunu
goriilmektedir. Buna gore gelir endeksi ve kentlesme oranmi sera gazi emisyonu lizerinde pozitif etki yaparken egitim endeksi
negatif etki yapmaktadir. Gelir endeksi ve kentlesme oranindaki %1°lik artig sera gazi emisyonunu sirasiyla %3.70 ve %2.18
civarinda arttirmaktadir. Egitim endeksindeki %1°lik artig ise sera gazi emisyonunu %0.40 civarinda azaltmaktadir. Yani gelir
diizeyindeki ve kentlesme oranindaki artiglar cevresel bozulmay: arttirirken, egitim diizeyindeki artiglar cevre koruyucu etki
yaratmaktadir. Panel B’de kisa donem analizinin sonuclart verilmistir. Hata diizeltme terimini gosteren ect(-1) parametresi O ile
-1 arasinda ve istatistiksel anlamli olarak bulunmustur. Buna gore kisa donemde olusan dengesizliklerin %86’s1 sonraki donemde
diizelip uzun dénem denge degerine yakinsamaktadir. Bu sonuglar her iki modelde de hata diizeltme mekanizmasinin ¢alistigini
ifade etmektedir. Ayni tabloda sunulan ARDL(1,0,0,0,0) modelinin diagnostik test sonuglarina gore bu modelde de hata terimleri
normal dagilmakta, otokorelasyon ve degisen varyans sorunu (heteroskedastisite) ve model spesifikasyon hatas: bulunmamaktadir.

Tablo 7. Uzun ve Kisa Donem Analizi — Model 2

Panel A: Uzun D6nem Analizi

Degisken Katsayr Std. Hata  t-istatistizi ~ Olasihk
hdi 0.7774 0.7052 1.1024 0.2793
lurb 2.4632 0.7925 3.1081 0.0042
Panel B: Kisa Dénem Analizi
Degisken Katsayi Std. Hata  t-Istatistizi ~ Olasihk
c -3.5567 0.8954 -3.9724 0.0005
kukla(2005) 0.0601 0.0179 3.3512 0.0023
ect(-1) -0.6945 0.1734 -4.0046 0.0004
Panel C: Diagnostik Testler
Test istatistik Olasiik
J-B Normallik 0.7850 0.6754
B-G LM 1.5348 0.4642
BPG Degisen Varyans 3.7130 0.4462

Ramsey RESET 1.1076 0.3027
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Son olarak ARDL modellerinin uzun dénem katsayilarinda ani veya kademeli yapisal degisimlerin yaganip yaganmadigini tespit
etmek icin CUSUM ve CUSUMAQ testleri yapilmistir. Sekil 3 (Model 1) ve Sekil 4’te (Model 2) hata terimi i¢in ¢izilen egriler %5
giiven aralifinda seyretmektedir. Bu sonuclar her iki modelde de katsayilarin kararli oldugunu gostermektedir.

Sekil 3. CUSUM ve CUSUMQ Testleri -Model 1

Sekil 4. CUSUM ve CUSUMQ Testleri —Model 2

Elde edilen katsayilarin saglamlik kontrolii her iki model i¢in FMOLS tahmincisiyle yapilmistir. Model 1 icin yapilan tahminde
Tablo 9°da goriildiigii gibi tiim katsayilar anlamli olarak tespit edilmistir. ARDL (1,0,0) modelinin uzun donem katsay1 tahmininde
anlamsiz oldugu tespit edilen insani gelisme endeksi FMOLS modelinde %35 diizeyinde anlamli ¢ikmaktadir. Bu sonuca gore
insani gelisme endeksindeki artiglarin ¢evresel bozulmayi arttirici etkisi oldugu sdylenebilmektedir. FMOLS tahmininde kentlesme
oraninin ¢evre kirliligini arttiric1 etkisine yonelik ek kanit sunulmustur.

Model 2 igin yapilan saglamlik kontrolii sonuglar1 da Tablo 10’da goriildiigli gibi parametrelerin siddeti farklilik arz etse de
ARDL (1,0,0,0,0) modelinin uzun dénem katsayilari ile paralel cikmigtir. Bu sonuglar saglik endeksinin pozitif etkisinin anlamsiz
oldugu, gelir endeksi ve kentlesmenin ¢evre kirletici oldugu ve egitim endeksinin ¢evre koruyucu etki yaptig1 hakkinda ek kanit
sunmustur.

Tablo 8. Saglamlik Kontrolii (FMOLS)

Model 1 Model 2
Degisken Katsayl t-Istatistigi Katsay: t-Istatistigi
hdi 1.1931** 2.6837
ei -0.3159%** -2.8916
hi 0.3146 0.9859
yi 3.4788*** 9.6839
lurb 2.0052%*** 4.0156 2.0617*** 6.9410
c -3.5033* -1.9452 -5.6925%#* -5.9592
kukla2005 0.0906*** 3.5569 0.0490*** 4.3461

Not: *, ** ve *** girastyla %10, %5 ve %1 diizeyinde anlamlilig1 ifade etmektedir.

Elde edilen sonuglar literatiirdeki calismalarla kiyaslandiginda cesitli benzerlik var farkliliklar bulundugu goriilmektedir. Once-
likle ¢evresel bozulmayi ifade eden degiskenler basta olmak iizere modellemelerde kullanilan degiskenler bu farkin olusmasinda
neden olabilmektedir. Calismada insani gelismenin ¢evresel bozulmayi arttirdigi bulgusu literatiirde Bucak’in (2022) calismasiyla
ortiismektedir. Genel olarak beseri sermaye endekslerinin kullanildig1 egitim boyutunda elde edilen sonug literatiir 6zetinde yer
alan 19 caligmanin 15’1 ile paralellik gostermektedir. Calismanin egitim ile ilgili bulgular1 hakim goriisii destekler nitelikte ol-
mustur. Saglik boyutunu ele alan ¢aligmalarda ise daha ¢ok saglik gostergelerini bagiml degisken olarak modellemistir. Etkisinin
anlamsiz oldugu goz Oniine alinmadiginda Mahalik vd.’nin (2023) elde ettigi sonuglarda kadinlarin yasam beklentisiyle ilgili
bulgular bu caligmayla paralelken erkeklerin yasam beklentisiyle ilgili bulgular zittir. Son olarak gelir boyutuyla ilgili bulgularda
da benzerlik ve farkliliklarin oldugu ancak hakim goriisle paralelliklerin daha agir bastig1 soylenebilir.
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Sonuc¢

Bu calismada insani gelisme endeksinin alt endekslerinin sera gazi emisyonu iizerindeki etkisi kentlesme kontrol edilerek
Tiirkiye 6zelinde incelenmistir. ARDL sinir testi sonuclarina gore degiskenler arasinda esbiitiinlesme iligkisi bulunmaktadir.
Genisletilmis ARDL prosediiriine gére modelde herhangi bir dejenere durumun olmadig1 goriilmiistiir. Uzun dénem esneklikleri
insani gelismenin gelir boyutunun sera gazi emisyonunu arttirdigini egitim boyutunun ise azalttigini ortaya koymustur. Kentlesme
ise cevre kirliligini arttirmaktadir. Bu sonuglara gore Tiirkiye’de milli gelir artis1 gevreyi Kirletici etki yapmaktadir. Uretim
siirecinde agirlig1 fosil yakittan saglanan enerjinin yakilmasi sera gazi emisyonlarini arttirmaktadir. Mevcut enerji kullanim
profilinde daha fazla mal ve hizmet iliretimi i¢in daha fazla sera gazi emisyonu anlamina gelmektedir. Egitim boyutu ¢evresel
bozulma iizerinde az da olsa azaltict etki yapmaktadir. EZitimli bireyler daha fazla ¢evre koruyucu davraniglarda bulunmakta,
cevreyi daha az kirletmekte ve daha az gevreyi kirletici mal ve hizmet talep etmektedirler. Cevre koruma bilincinin yiikselmesi
sera gazi emisyonunu azaltmaktadir. Saglik boyutunun ¢evre kirletici etkisi ise anlamsizdir. Tiirkiye’de kentlesme orani monoton
bir sekilde artmaktadir. Kirsaldan gog¢ alarak optimum kent biiyiikliigiinii asabilen kent merkezleri ¢evresel bozulmay1 kontrol
edememektedir.

Tiirkiye icin elde edilen bu sonuglar ¢evresel bozulmanin azaltilmasi i¢in bazi politikalarin uygulanmasinmi gerektirmektedir.
Oncelikle birincil enerji tiiketiminde fosil yakitlarin oraninin azaltilip yenilenebilir enerji yatirrmlarinin arttirilmasi gerekmektedir.
Uretim siirecinin daha az gevre kirletici olmasi igin basta enerji verimliligi ve tasarrufu konusunda gerekli diizenlemeler yapil-
malidir. Egitimde firsat esitligi saglanarak egitimin iist kademeleri oncelikli olmak {izere her kademesinde egitim hizmetleri daha
kapsayict olmalidir. Ayrica egitim siirecinde ¢evreyle ilgili farkindali§in arttirilmasi ve egitimin iist kademelerinde yesil teknolo-
jilerle ilgili ar-ge caligmalarinin desteklenmesi gerekmektedir. Atik yonetimi ve geri doniisiim uygulamalariyla ilgili egitimler
yaygin bir sekilde verilip bilin¢ kazandirilmalidir. Okullardaki ¢evre egitiminin yaninda okul binalarinin da ekolojik bir kimlige
kavusturulmasi ¢evre konusunda egitim-uygulama bagini kuvvetlendirebilecek uygulamalar arasindadir. Ayrica egitimin sadece
okulla sinirl kalmamasi gerektigi hususu da goz ardi edilmemelidir. Cevre konusunda verilecek seminerler, yapilacak etkinlikler
ve kitle iletisim araclari yoluyla arttirilacak farkindalik daha genis ¢apta ¢evre koruyucu olabilmektedir.

Artan kent niifusunun ¢evre kirletici etkisini dnlemek i¢in kent diizeyinde de belli politikalarin izlenmesi 6nem arz etmektedir.
Oncelikle park ve bahce gibi yesil alanlarin arttirilmasi ve bu alanlarda da daha cok karbon absorbe eden bitkilerin yetistirilmesi
gerekmektedir. Ulagimda karbon emisyonu yayan tasitlar yerine elektrikli tasitlar veya bisikletlerin orani arttirilmalidir. Enerji
ve su tasarrufu uygulamalar1 6zendirilip hem kamusal alanda hem de 6zel alanlarda enerji verimliligi 6ncelenmelidir. Kentlerde
kaynak kullaniminda etkinligi iist seviyeye tasiyacak teknolojik atilimlar da cevresel bozulmay1 kontrol edebilecek politikalar
arasinda sayilabilir.

Literatiire miitevazi bir katki sunmay1 amaglayan bu ¢aligma, ele alinan iilke sayis1 arttirtlarak tekrar degerlendirilebilir. Analiz
edilen iilkelerin gelismislik diizeyine gore farkli sonuclar ¢ikmasi olasidir. Bunun yaninda farkli sekilde modellenip daha giincel
yontemler kullanilarak da gelistirilebilir. Insani gelisme ile ¢evresel bozulma arasinda muhtemel esik veya doniim noktalarmnin
tespit edilmesi konuya daha derin bir perspektif kazandirabilecektir.
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Teknoloji Yogunluguna Gore Thracat1 Etkileyen Temel Inovasyon
Gostergeleri: Turkiye Icin Zaman Serisi Analizlerine Dayah Bir Uygulama*

Basic Innovation Indicators Affecting Exports According to Technology Intensity: An
Application Based on Time Series Analysis for Tiirkiye
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* Bu galigma “Temel Inovasyon Gostergelerinin Teknoloji Diizeyine Gore Thracat Uzerindeki Etkileri: Tiirkiye Uzerine Ekonometrik Analizler” baglikli yiiksek
lisans tezi esas alinarak hazirlanmigtir.

(074

Inovasyonun ihracat iizerindeki etkisinin analizi, uluslararasi iktisat literatiiriiniin 6nemli konular1 arasinda yer almaktadir. Diger
etkileri sabitken, inovasyonun teknoloji yogunluguna gore ihracata etkisi, iilkelerin rekabet giicleri, dig ticaret kazanglari ve
gelismislik seviyeleri agisindan kritik 6neme sahiptir. Disa acik bir iilke olan Tiirkiye’de ihracata dayali bir liretim yapis1 ve dis satim
faaliyeti olmasina ragmen, ihracat performansinin diisiik oldugu goriilmektedir. Bu calismada Tiirkiye’de Ar-Ge harcamalari, patent
basvuru sayilari, Bilgi iletisim Teknolojileri (BIT) ve Toplam Faktor Verimliligi (TFV) seklindeki temel inovasyon gostergelerinin
teknoloji yogunluguna gore ihracat iizerindeki etkileri incelenmistir. Bu amag¢ dogrultusunda Tiirkiye i¢in 1990-2021 donemine ait
yillik veriler kullanilarak Vector Autoregression (VAR) modeli ile tahminler yapilmigtir. VAR modeli tahminleri dogrultusunda
degiskenler arasindaki iligkiler varyans ayrigtirmasi ve etki-tepki fonksiyonlar ile belirlenmigtir. Varyans ayrigtirma analizinde
teknoloji yogunluguna gore ihracat iizerinde en etkili inovasyon gostergesinin Ar-Ge harcamalari oldugu tespit edilmistir. Etki-
tepki fonksiyonlart, orta-yiiksek teknolojili {iriin ihracat1 {izerinde etkili olan temel inovasyon gostergesinin BIT, yliksek teknolojili
iiriin ihracat1 lizerinde etkili olan gostergenin ise Ar-Ge harcamalar1 oldugunu gostermistir. Ayrica orta-yiiksek teknolojili {iriin
ihracatinin gecmis donem performansinin, gelecekteki ihracat performansi iizerindeki pozitif etkisinin, yiiksek teknolojili {iriin
ihracatinin etkisinden daha yiiksek oldugu da belirlenmistir. Analiz sonuglar1 Tiirkiye’de teknoloji ihracatinin inovasyondan
etkilenme ve uluslararasi rekabet avantaji elde etme seviyesinin diisiik olduguna isaret etmektedir.

ABSTRACT

Analysis of the impact of innovation on exports is a significant topic in the international economics literature. Ceteris paribus, the
effect of innovation on exports according to technology intensity is crucial for countries’ competitiveness, foreign trade earnings,
and development levels. Although Turkey, as an open country, has an export-oriented production structure and active export
activities, its export performance remains relatively low. This study examines the effects of key innovation indicators such as R&D
expenditures, patent application numbers, Information Technology Communications (ICT), and Total Factor Productivity (TFP) on
exports according to technology intensity. For this purpose, predictions were made using the Vector Auto-regression (VAR) model,
using annual data from the period 1990-2021 for Turkey. Variance decomposition and impulse-response functions were employed
to identify the relationships between the variables in accordance with the VAR model estimates. In the Variance Decomposition
analysis, it was determined that the most effective innovation indicator in exports according to the technology intensity is R&D
expenditures. The impulse-response functions indicate that the main innovation indicator affecting the export of medium-high-tech
products is ICT, while the indicator affecting the export of high-tech products is R&D expenditures. Furthermore, it has been
determined that the positive effect on future period export performance of past period performance of the export of medium-
high-tech products is higher than the effect of the export of high-tech products. The analysis results recommend that the level of
technology exports influenced by innovation and the ability to gain the international competitive advantage in Turkey is low.
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EXTENDED SUMMARY
In line with globalisation and technological changes, countries that sell goods and services abroad, that is, export, increase their
foreign trade earnings and competitiveness. Exports according to technology intensity are one of the basic indicators reflecting
the goods composition and sectoral competitive advantages in foreign trade of countries and are classified as low, medium (low-
high), and high-technology exports. As countries shift from low-tech products to medium- and high-tech products in their export
commodity baskets, their competitiveness, export revenues, and hence their level of economic development increase.

One of the key factors that enhance the export performance of countries is innovation. Innovation, which can be defined as
developing a new product and/or service or production technology, finding a new market, or providing change and improvement
beyond what is available in logistics activities, is the primary source of countries’ international competitive advantage. Although
numerous studies have been conducted to measure innovation, a universally accepted measurement has yet to be established.
Factors that vary according to internal and external sources such as firm, industry, and economic structure, the fact that innovation
is a complex process that requires continuity and that it is difficult to measure with simple techniques, it makes difficult to develop
a standard innovation measurement.

However, by employing various measurement techniques, a consensus has emerged on several indicators for comparing inno-
vation levels at both the firm and country levels. The main ones are RD expenditures, patent application numbers, Information
Communication Technologies (ICT), and Total Factor Productivity (TFP). RD activities grounded in scientific research, tech-
nology transfer, and the development of existing knowledge facilitate the integration of new knowledge, particularly into the
production process. Patents, which protect the inventions/innovations of individuals or companies, are official documents that
ensure monopolisation in the production and trade of the invention/innovation in question. New products and production processes
can be developed through ICT, which encompasses the examination, development, management, and implementation of electronic
and computer-based information systems and data. TFP, defined as obtaining more output from the increase in labour and capital
inputs, reveals the cost-cutting and efficiency-enhancing effects of technological advancement.

In the literature, the number of applied studies investigating the relationship between innovation and foreign trade/export in
Turkey has been on the rise, particularly in recent years. However, the effects of basic innovation indicators on medium-high and
high-technology product exports have not been examined in studies on the subject. Therefore, this study aims to fill this gap in
the literature by empirically revealing the effects of four fundamental innovation indicators on exports according to technology
intensity in the Turkish example.

In this study, the effects of basic innovation indicators such as RD expenditures, patent application numbers, ICT and TFP on
exports according to the technology intensity have been examined. For this purpose, predictions were made using the Vector Auto-
Regression (VAR) model, using annual data from the period 1990-2021 for Turkey. Variance decomposition and impulse-response
functions were employed to identify the relationships between the variables in accordance with the VAR model estimates. In the
Variance Decomposition, it was determined that the most effective innovation indicator in exports according to the technology
intensity is R&D expenditures. The impulse-response functions reveal that the main innovation indicator influencing the export
of medium-high-tech products is ICT, whereas the indicator impacting the export of high-tech products is R&D expenditures.
Furthermore, it has been determined that the positive effect on future period export performance of past period performance of
the export of medium-high-tech products is higher than the effect of the export of high-tech products.

The findings obtained within the scope of the study are consistent with the findings obtained in the studies conducted by
researchers such as Hirsch and Bijaoui (1985), Le (1987), Zhao and Li (1997), Sahbaz et al. (2014), Kili¢ et al. (2014), Ozkan and
Yilmaz (2017), Neves, Teixeria and Silva (2016), Usman (2019) and Akyol and Demez (2020). However, the findings differ from
the results of the main studies by Landesman and Pfaffermayr (1997), Karagéz (2007), Wagner (2008), Fu, Wu, and Tang (2011),
and Han et al. (2017). It is possible to say that this difference may be due to the data period, method used, sample and the use of
non-standard innovation indicators. Using data sets grounded in standard innovation measures for future studies will contribute to
obtaining more meaningful and comparable results.

Based on the analysis results, it is possible to say that technology exports in Turkey are partially affected by innovation and
therefore the possibility of gaining international competitiveness in terms of exports is low. To enhance Turkey’s competitiveness,
it needs to produce and sell export goods and services that are based on qualified labour, knowledge and technology, and have
high added value and economic complexity. To achieve this, it is crucial to boost public-private investments, especially R&D
expenditures along with other innovation indicators.
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Giris

Uluslararasi iktisatin temel konularindan olan inovasyon-ihracat iligkisi, iilkelerin rekabet giicleri, dis ticaret kazanglar1 ve
gelismislik seviyeleri agisindan kritik 6neme sahiptir. Tiim ekonomik faaliyetler lizerinde etki yaratma potansiyeline sahip olan
inovasyon, firmalarin ve dolayisiyla iilkelerin uluslararasi rekabet iistiinliigii elde etmelerine imkan tanimaktadir. Rekabet iistlinliigii
sayesinde dig ticaret kazanclarini artiran iilkeler; yenilik-icat gelistirme, rekabetci mal iiretme, ihracat gelirlerini artirma gibi
avantajlar sayesinde ekonomik gelismislik diizeylerini yiikseltebilmektedirler (Kervan, 2023: 3).

Neo-klasik goriiste digsal kabul edilen teknoloji, aksak rekabet kogullarini, dlgege gore artan getiriyi, farklilastirilmig tiriinii
vb. kapsayan igsel biiylime modellerinde i¢sel olarak kabul edilmektedir. Birinci nesil yaklagimlarda teknolojinin; fiziki-beseri
sermaye, kurumlar, kamu yatirimlar1 vb. faaliyetler sonucunda kendiliginden olustugu kabul edilmektedir. Inovasyonu temel alan
Schumpeteryen ikinci nesil yaklagimlarda ise teknoloji iireten bir sektoriin var oldugu ve inovasyonun dogrudan bu sektore yapilan
yatirimlar sonucunda ortaya c¢iktig1 iddia edilmektedir (Yardimci, 2006: 100-102). Inovasyona dayal iiretim ve ihracat yapan
tilkelerin gelir diizeyleri ve uluslararasi piyasalardaki paylar1 diger iilkelere gore daha yiiksek olmaktadir. Bu nedenle inovasyon
gostergelerinin teknoloji yogunluguna gore ihracat lizerindeki etkilerinin belirlenmesi, iilkelerin hangi {iriin grubuna ve teknolojik
sektore yatirim yapmasi gerektigi ve/veya ne tiir eksikliklerin oldugu ve ne tiir politik dnlemlere ihtiya¢ duyuldugu konusunda yol
gosterici olacaktir.

Ulusal literatiirde genellikle yenilik olarak ifade edilen inovasyon kavrami hem kapsami hem de kullanildig1 alan/lar itibariyle
kavramsal gorecelige sahiptir. Yenilik, ancak efektif hale gelmesi durumunda inovasyona doniigsmektedir (Sakaryali, 2014: 185-
186; Cakmak ve Yildiz, 2018: 2). Genel kabul gormiis bir tanim1 bulunmamakla birlikte, uluslararasi ticaret 6zellikle rakip ihrag
mal1 sepeti bazinda inovasyonu; yeni bir iiriin ve/veya hizmet ya da iiretim teknolojisi gelistirmek, yeni bir piyasa bulmak ya da
lojistik faaliyetlerinde var olanin disinda degisim ve iyilestirme saglamak seklinde tanimlamak miimkiindiir (Dursun, 2017: 13).

Diger etkileri sabitken, inovasyonun ekonomik etkileri arastirmacilari bu olguyu 6lgmeye yonelik ¢aligmalar yapmaya yonelt-
migtir. Neo-klasik iktisat¢ilarin dis ticaret, teknoloji ve iilkeler arasi biiyiime farkliliklarina iliskin ¢aligmalartyla baslayan teorik
ve uygulamali calismalar giiniimiizde de halen devam etmektedir. Firma, endiistri ve ekonomik yap1 gibi i¢sel ve digsal kaynaklara
gore farklilik gosteren unsurlar, inovasyonun devamlilik gerektiren karmasgik bir siire¢ olmasi ve basit tekniklerle 6l¢iilmesinin zor
olmasi gibi nedenler inovasyon icin standart bir 6l¢ciim gelistirilmesini zorlagtirmaktadir. Ancak cesitli 6l¢lim teknikleri kullanilarak
firma ve/veya iilke bazinda inovasyon diizeylerinin karsilagtirilmasina yonelik birtakim gostergeler iizerinde uzlagma saglanmustir.
Teknolojik yenilik ve ilerleme siirecinde girdi ve/veya ¢ikti olarak kullanilan temel gostergeler arasinda; Ar-Ge harcamalari, patent
bagvuru sayilari, Bilgi fletisim Teknolojileri (BIT), Toplam Faktor Verimliligi (TFV) vd. yer almaktadir (Kervan, 2023: 12-14).

Teknoloji yogunluguna gore ihracat, iilkelerin dig ticaretteki mal bilesimlerini ve sektdrel rekabet avantajlarini yansitan temel
gostergelerdendir ve diisiik, orta (diisiik-yiiksek) ve yiiksek teknolojili iiriin ihracati olarak siniflandirilmaktadir (Kervan, 2023:
105, 35). Eurostat teknoloji siniflandirmast listesinde; gida iiriinleri, igecek, tiitiin {iriinleri, tekstil iirlinleri vb. imalati diisiik; kayitl
medyanin ¢ogaltilmasi, kok komiirii ve rafine edilmig petrol iiriinleri imalati, kauguk ve plastik {iriinlerin imalat1 vb. diisilik-orta;
kimyasal iiriinlerin, silah ve miihimmatin (cephanenin), elektrikli techizatin, motorlu kara tasitlarinin, tibbi ve disgilik ile ilgili arag
ve gereclerin imalat1 vb. orta-yiiksek ve eczaciliga iligkin {iriinlerin, bilgisayarlarin, elektronik ve optik iiriinlerin, hava tagitlart
ve uzay araglari ile bunlarla ilgili makinelerin imalati, yazilim iiriinleri vb.yiiksek teknolojili ihracat grubuna dahil olan sektorler
olarak verilmistir (Tiirkiye Odalar ve Borsalar Birligi-TOBB, 2024).

1980 disa agilma siireciyle birlikte Tiirkiye, 6zellikle 1996 yilinda baslayan Tiirkiye-Avrupa Birligi Giimriik Birligi’nin ardindan
hammadde ve diisiik teknolojili imalat sanayi iiretim-ihracatina dayali yapisini degistirerek, orta-yiliksek ve yiiksek teknolojili
lirtinlerin {iretim ve ihracatini artirmaya yonelik faaliyetlere agirlik vermeye baglamistir. Zaman icerisinde Tiirk imalat sanayinde
orta-yiiksek teknolojili iiretimin pay1 artmig, ancak iiretim i¢in ihtiya¢ duyulan girdilerin biiyiik bir kism1 yurt digindan ithal
edilmigtir. Bu da katma degerin diisiik performans gostermesine neden olmustur. Yiiksek teknolojili iiriinlerin iiretiminde de ayni
durumla karsilagilmistir. Tiirkiye'nin yiiksek teknolojili iiriin ithalati, ara ve yatirim mallari ile nihai mallar bazinda ihracattan
yiiksek olmug ve yliksek teknolojili iirlin iiretimi oldukg¢a diisiik diizeyde kalarak dig ticaret aciginin artmasinda 6nemli rol
oynamugtir. Genel itibariyle Tiirkiye’de imalat sanayi iiretim ve ihracatinda diisiik ve orta-diisiik teknolojili iiriinlerin pay1, orta-
yiiksek ve yiiksek teknolojili iiriinlerin payindan daha yiiksek olmustur (Ersoy, 2022: 62, 66-67).

Teknoloji yogunluguna gore ihracat iizerinde etkili olan inovasyon gostergelerinin belirlenmesi, dig ticaret kazanglar1 ve rekabet
giicii agisindan 6nem arz etmektedir. Bu 6neminden hareketle ¢caligmada, Tiirkiye'nin ihracat gelirlerinin artirilmasina ve katma
deger yaratan sektorlere yatirim yapilmasina olanak saglayan orta-yliksek ve yiiksek teknolojili iiriin ihracati iizerinde etkili olan
temel inovasyon gostergelerinin belirlenmesi arastirma konusu yapilmistir. Teknoloji yogunluguna gore ihracat ve kullanilan
inovasyon gostergeleri ile veri donemi agisindan ulusal literatiirdeki diger calismalardan farklilagan bu ¢alisma, ulusal literatiire
katki saglamay1 ve gelecekteki caligmalara 11k tutmay1 amaglamaktadir. Bu amagla veri mevcudiyetine gore 1990-2021 donemine
ait yillik veriler kullanilarak zaman serisi analizleri yapilmigtir. Calismada 6ncelikle kavramsal-teorik bilgiler verilmis ve konuya
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iligkin yazin taranmigtir. Sonrasinda aragtirmanin analizlerine iligkin agiklamalar yapilmis, analiz sonuglari1 sunulmus ve bulgular
yorumlanmugtir. Son olarak politika Snerilerinin de yapildig: tartisma ve sonug kismiyla ¢aligma tamamlanmustir.

Inovasyon ve Teknoloji Yogunluguna Gore Thracat

Uretim ve tiiketim kaliplarindaki degisikliklere gore sekillenen uluslararasi piyasalardan pay almak, rekabet iistiinliigii elde
etmek ya da rekabet giiclerini korumak isteyen iilkeler mal ve hizmet iiretim ve satiglarinda inovasyona basvurmak zorundadirlar
(Dursun, 2017: 13-14). Temel inovasyon gostergeleri bazinda inovasyon faaliyetleri ile ortaya ¢ikan teknolojik degisim ve gelisim,
kiiresel rekabet ve dis ticaret avantajlar1 elde edilmesini saglamakta ve ulusal ekonomik yapilar1 yeniden yapilanmaya zorlamaktadir
(Ozsagir & Ciitgii, 2015: 119). Bilimsel aragtirmalara ve mevcut bilgilerin teknolojik olarak gelistirilmesine ve aktarilmasina dayali
Ar-Ge faaliyetleri, yeni bilgilerin 6zellikle iiretim siirecine dahil olmasina yardimci olmaktadir (Topal, 2019: 4). Kisi veya firmalarin
buluslarini/yeniliklerini koruyan patentler, s6z konusu bulusun/yeniligin iiretiminde ve ticaretinde monopollesmeyi saglayan resmi
belgelerdir (Cakmak & Tanriverdi, 2021: 484). Elektronik ve bilgisayar tabanli bilgi sistemlerini ve verileri inceleme, gelistirme,
yonetme ve uygulamaya koyma seklinde tanimlanabilen BIT sayesinde yeni iiriinler ve iiretim siirecleri gelistirilebilmektedir
(Davis, 2000: 67; Sambamurthy, Bharadwaj & Grover vd., 2003: 237). Emek ve sermaye girdilerindeki artigtan daha fazla
miktarda ¢ikt1 elde edilmesi olarak ifade edilen TFV, teknolojik gelismenin maliyet diisiiriicii/verimlilik artiric1 etkisini ortaya
koymaktadir (Sahinli & Kiling, 2013: 344; Cestepe, Arslan & Yazici, 2020: 496-497).

Ulusal ve uluslararasi alanda etkin olmaya yonelik inovasyon politikalar1 uygulayan, yeni bilgi ve teknolojiler gelistirip bunlara
istikrarl1 sekilde uyum saglayan iilkeler, ekonomik-sosyal refah diizeylerini daha yiiksek seviyelere ¢ikarmakta ve gelir diizeyleri
acisindan diger diinya iilkelerinden farklilasmaktadirlar (Kervan, 2023: 9). Ulkelerin teknolojik gelismislik/inovasyon seviyelerini
ortaya koyan temel gostergeler disa agik iilkelerde iiretim, istihdam ve ihracat gibi ekonomik faaliyetleri 6nemli dl¢iide etkile-
mektedir. Inovasyon; sabit maliyetlerin diigiiriilmesi, yenilik igeren katma degeri yliksek mallarin iiretilmesi, ticarete konu olan
mal/hizmet sayisinin artirilmasi, ihrag mallar1 sepetinin teknoloji igeriginin degistirilmesi, tiiketici tercihlerindeki degisimlere
uyum saglanmasi, yurti¢i gelirin ve dig ticaret kazang¢larinin artirilmasi gibi yollarla iilkelerin ihracat ve rekabet giicleri {izerinde
etkili olmaktadir (Kervan, 2023: 43-46).

Kiiresellesme ve teknolojik degisimlerin sekillendirdigi dis ticaret, ticari firmalarin iirettikleri rakip mal ve hizmetler iizerinde
yenilikler yaratmalarini, teknoloji seviyelerini yiikseltmelerini, iiretim hacimlerini genigletmelerini ve farklilagtirilmig tiriinlerle dig
piyasalardan biiyiik pay almalarin1 zorunlu hale getirmistir (Citil, 2020: 116-117; Deviren, 2003: 42-43). Thra¢ mallar1 sepetindeki
mal ve hizmetlerde teknoloji yogunlugu yiiksek olan iilkeler, daha yiiksek ihracat performansina sahip olmakta ve daha yiiksek
dis ticaret kazanci elde etmektedirler. Ciinkii teknoloji icerigi ve katma degeri diisiik, emege ve hammaddeye dayali geleneksel
tirlinler her iilkede tiretilebilmekte ve bu iiriinleri iireten iilkelerin rekabet diizeyleri diisiik olmaktadir (Seyidoglu, 2020: 568-569).
Ulkeler diisiik teknolojili iiriinlerden orta ve yiiksek teknolojili iiriinlere gectikce rekabet giicleri, ihracat gelirleri ve dolayisiyla
ekonomik geligsmislik seviyeleri artmaktadir. Katma degeri yiiksek, ileri teknolojiye sahip iiriinlerin ihracati ekonomik biiyiimenin
temel kaynagidir. Uluslararasi biiylime farkliliklarini azaltmak i¢in diga acik iilkelerin inovasyona yatirim yapmalari ve ticarete
konu mal/hizmetlerin teknoloji icerigini artirmalari gereklilik arz etmektedir (Akyol & Mete, 2021: 213-214).

Yazin Taramasi

Ihracatin belirleyicilerine yonelik calismalarin yogunlastigi 1960’11 yillarin sonlarinda ortaya atilan yeni dis ticaret teorileri
hem teorik hem de uygulamali literatiirde yeni bir donem baslatmigtir. Geleneksel yaklagimlarin sorgulandigi bu dénemdeki
temel gelismelerden biri, dis ticaretin ve ekonomik bilylimenin dogrudan belirleyicilerinden olan teknolojiyi aciklamaya yonelik
calismalarin artmasidir. 1970’li yillardan giiniimiize kadar gecen siirede teknolojinin mikro ve makroekonomik degiskenler
tizerindeki etkilerini aragtiran bir¢ok ¢aligmanin yapildi§i, ancak ¢aligsma sonuclar iizerinde genel bir fikir birligine varilamadig:
goriilmektedir.

Bu calisma kapsaminda uygulamali literatiir {izerinde yapilan arastirmaya gore konuyla ilgili ilk ¢alismalardan biri Keesing’e
aittir (Keesing, 1967: 38-48). 1967 yilinda yapilan ¢alismada aragtirmact ABD’nin imalat sanayi sektorii i¢in 1961-1962 donemine
ait Ar-Ge harcamalari, verimlilik, teknik degisim, begerl sermaye, rekabet edebilirlik gibi degiskenlerin dis ticaret {izerindeki
etkilerini incelemistir. Geleneksel iiretim fonksiyonundaki degiskenleri farklilagtirarak korelasyon ve nedensellik analizleri yapan
Keesing, ihracat performans: yiliksek imalat sanayi alt sektorlerinde Ar-Ge faaliyetleri seklindeki inovasyon gostergesinin etkisinin
daha yiiksek oldugunu tespit etmistir.

Benzer sekilde Hirsch ve Bijaoui (1985), Kumar ve Siddharthan (1994), Zhao ve Li (1997), Landesmann ve Pfaffermayr (1997),
Wakelin (1998), Rasiah (2003), Guan ve Ma (2003), Montobbio ve Rampa (2005), Wagner (2008), Fu, Wu ve Tang (2012), Sandu
ve Ciocanel (2014), Neves, Teixeria ve Silva (2016), Fonchamnyo ve Wujung (2016), Han, Thomas, Yang, Ieromonachou ve
Zhang (2017) ve Usman (2019) gibi belli bagli aragtirmacilarin mikro diizeyde (firma ve sektor bazinda) yaptiklar1 caligmalarda da
Keesing’in bulgularini destekleyen sonuclara ulagilmistir. S6z konusu ¢alismalarda; ekonomik karmagiklig1 yiiksek mal ve hizmet
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tireten, rekabet avantajina sahip, monopolcii rekabet piyasasinda yer alan, belirli bir tiiketici tabanina sahip, reklama harcama yapan
ve markalasan firmalarin ihra¢ mal sepetlerinin teknolojik iceriginin yiikseldigine ve inovasyona daha fazla yatirim yapildigina
vurgu yapilmistir. Ayrica bulgularin kullanilan yonteme gore farklilagtigi da belirtilmistir.

Ote yandan Le (1987), Fagerberg (1988), Eaton ve Kortum (1997), Laursen (1999), Hacker ve Hatemi-J (2003), DiPietro ve
Anoruo (2006), Ozer ve Ciftci (2009), Gokmen ve Tiiren (2013), Kilig, Bayar ve Ozekicioglu (2014), Karahan (2015), Rath ve
Akram (2017), Tekin ve Hancioglu (2018), Gan ve Cheng (2019) ve Cestepe vd. (2020) gibi arastirmacilar tarafindan makro
diizeyde (iilke ve/veya iilkeler) yapilan ¢alismalarda da teknolojinin ihracat iizerinde etkili oldugu, ancak etkinin yoniiniin ve
biiyiikliigiiniin kullanilan gosterge ve iilke/iilke grubuna gore farklilastig: tespit edilmistir. S6z konusu caligmalarda genel olarak
teknolojinin etkisinin; iilkelerin diinya ticaret ve iiretimindeki paylarina, gelismislik diizeylerine, talep degismelerine yonelik
esneklik ve uyumlarina, iiretim 6l¢eklerinin biiyiikliigline ve endiistri i¢i ticaret hacimlerine gore farklilagtig1 belirlenmistir.

Tiirkiye iizerine yapilan ¢aligmalarda veri mevcudiyetine bagl olarak, genellikle inovasyonun diger degigkenlerin yan1 sira dig
ticaret iizerindeki etkileri de inceleme konusu yapilmstir. Yildirim ve Kesikoglu (2012), Uzay, Demir ve Yildirim (2012), Sungur,
Aydin ve Eren (2016), Cetin ve Gedik (2017), Ayar ve Erdil (2018), Ozdemir (2019), Akarsu (2020) ve Koseoglu ve Tuncer
(2022) tarafindan ihracat; Sahbaz, Yanar ve Adigiizel (2014), Ozkan ve Yilmaz (2017), Akyol ve Demez (2020) ve Sey ve Aydin
(2021) tarafindan yiiksek teknolojili ihracat lizerine yapilan temel calismalarda inovasyonun ihracati pozitif, ancak oldukga diisiik
diizeyde etkiledigi; Karagoz (2007) ve Korkmaz, Erme¢ ve Yiicedag (2009)’1n ¢aligmalarinda ise anlamli bir etkisinin olmadig1
belirlenmistir. S6z konusu caligmalara gore Tiirkiye’nin ihracati iizerinde inovasyonun etkisinin artmasi i¢in iiretim teknolojisinin
gelistirilmesine yonelik yatirimlara agirlik verilmesi gerekmektedir. Yukarida verilen ¢aligmalara iligkin 6zet bilgiler Tablo 1’de
sunulmustur.

Tablo 1. Inovasyon-Thracat {liskisine Yonelik Literatiir Ozeti

Arastirmaci(lar)/Cahsma Yilu Ulke(ler)/Dénem Yontem Sonug

Keesing/1967 ABD/1961-1962 Korelasyon, Nedensellik Karsilikh +

% Hirsch ve Bijaoui (1985) Israil/1979-1981 Regresyon +

£ Kumarve Siddharthan (1994) Hindistan/1988-1990 Tobit Model +

= Zhaove Li (1997) Cin/1991 Lojistik regresyon +

LC)" Landesmann ve Pfaffermayr (1997) 7 OECD (ilkesi/1967-1987 Panel regresyon -1+

& Wakelin (1998) ingiltere/1988-1992 Probit, Kesikli +

& Rasiah (2003) Malezya-Tayland/2001-02 Yatay kesit regresyon +

Z Guan ve Ma (2003) Bati-Dogu Almanya/1993-2003 Panel veri +

2  Montobbio ve Rampa (2005) 9 GOU/1985-1998 Yapisal Ayrisma +

g Wagner (2008) Almanya/1999-2002 Panel veri +/Etki yok

pe Fu, Wu ve Tang (2012) Cin/2005-2007 Parametrik eslestirme Cok dustk +

k= Sandu ve Ciocanel (2014) 27 Avrupa ulkesi/2006-2010 Panel veri +

% Neves, Teixeria ve Silva (2016) Portekiz/2006-2012 Panel Veri Karsihikli +

€ Fonchamnyo ve Wujung (2016) Kamerun/2011-2013 Tobit ve Logit Modeli +

£ Hanvd. (2017) Cin/ 1998-2009 Veri Zarflama Analizi Etki yok
Usman (2019) Pakistan/1995-2014 ADF, regresyon +
Le (1987) G7 Ulkeleri/1975-1983 Panel veri +
Fagerberg (1988) 15 OECD Ulkesi/1961-1983 Zaman Serisi +
Eaton ve Kortum (1997) 19 OECD Ulkesi/1971-1990 Zaman serisi +
Laursen (1999) 19 OECD Ulkesi/1965-1988 Panel veri +
Hacker ve Hatemi-J (2003 isve¢/1970-1999 VECM, Granger nedensellik  Karsilikl +
DiPietro ve Anoruo (2006) 59 Ulke/2006 Yatay kesit regresyon +
Ozer ve Ciftci (2009) OECD Ulkeleri/1990-2005 Panel veri +
Gokmen ve Tiren (2013) 15 AB Ulkesi/1995-2010 Panel veri +

S Kilg, Bayar ve Ozekicioglu (2014) G-8 Ulkeleri/1996-2011 Panel veri +

g Karahan (2015) Avrupa Ulkeleri/2000-2013 Panel veri +

_(Z: Rath ve Akram (2017) Gulney Asya Bolgesi/1995-2014  Panel e biittinlesme -/+

O Tekin ve Hancioglu (2018) 36 Ulke/2008-2015 Panel veri +

& Gan ve Cheng (2019) Cin/2000-2010 Panel veri +

S Cestepe vd. (2020) 26 GOU/1990-2017 Panel nedensellik Karsilikl +

> Karagbz (2007) 1980-2003 Zaman serisi Etki yok

§ Korkmaz, Ermeg ve Yicedag (2009) 2008 (Mart-Haziran) Saha arastirmasi Etki yok

S Yildirim ve Kesikoglu (2012) 1996-2008 Panel veri +

m  Uzay vd. (2012) 1995-2005 Panel veri Gecikmeli +

3 Sahbaz, Yanar ve Adigiizel (2014) 1996-2011 Panel egbiit., nedensellik Karsilikl +

S Ozsagir ve Cltcli (2015) 1980-2013 VECM Karsilikh +

3 Sungur, Aydin ve Eren (2016) 1990-2013 Zaman serileri +
Cetin ve Gedik (2017) 2016 (Mart-Mayis) SPSS +
Ozkan ve Yilmaz (2017) 1996-2015 Panel veri +
Ayar ve Erdil (2018) 2017 (1 Subat-15 Mart) SPSS +
Ozdemir (2019) 1960-2014 Zaman serisi +
Akarsu (2020) 1984-2017 ADF, Granger nedensellik +
Akyol ve Demez (2020) 2007-2017 Panel Veri +
Sey ve Aydin (2021 1990-2018 ARDL, Toda-Yamamoto +
Késeoglu ve Tuncer (2022) 2021 Regresyon, yapisal esitlik +

N

[=]

t: (+) pozitif, (-) negatif etkiyi ifade etmektedir.
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Tabloda verilen calismalar incelendiginde genel olarak inovasyon ile ihracat arasinda bir iligkinin oldugu, ancak iliskinin
yOniiniin ve biiyiikliigiiniin farklilik gosterdigi goriilmektedir. Bulgularin farklilagmasinda; ele alinan iilke ve iilke gruplarinin,
kullanilan inovasyon gostergelerinin, ihracat kompozisyonunun, ekonometrik analiz yontemlerinin ve donemlerinin etkili oldugu
sOylenebilir. Bu calisma, teknoloji yogunluguna gore ihracat ve kullanilan inovasyon gostergeleri ile veri donemi agisindan
ulusal literatiirdeki diger ¢aligmalardan farklilik gostermektedir. Tiirkiye’nin teknoloji yogunluguna gore ihracat performansinin
artirilmasina yonelik politika Onerilerinde bulunulan bu calismanin ulusal literatiire katki saglamas1 ve gelecekteki caligmalara
151k tutmasi beklenmektedir.

Amacg, Veri Seti ve Yontem

Bu ¢alismada farkli inovasyon gostergelerinin Tiirkiye’nin teknoloji yogunluguna gore ihracati iizerindeki etkileri zaman serisi
analizleri ile incelenmistir. Analizlerde veri mevcudiyetine gore hareket edilmis ve 1990-2021 donemine iliskin veriler kul-
lanilmigtir. Arastirmaya konu edilen degiskenlere iligkin temel bilgiler Tablo 2’deki gibidir.

Tablo 2. Degiskenlere iliskin Tamimlayici Bilgiler

Degisken Degisken-Tamm Kaynak
IHRo-vT Orta-yuksek teknolojili Griin ihracat1 (% toplam imalat sanayi ihracati) ~ WB
IHRyT Yiiksek teknolojili tirtin ihracati (% toplam imalat sanayi ihracati) wB
arge Ar-Ge Harcamalar1 (% GSYH) OECD
Inpnt Patent bagvuru sayilar: (Bin) Sanayi ve Teknoloji Bakanhgt
bit BIT mallar ihracat: (% toplam ihracat) wB
Intfv Toplam faktor verimliligi (Index USA=1, SGP) FRED

Not: WB Diinya Bankasi ve FRED, Federal Reserve Bank of St. Louis veri tabanlarini ifade etmektedir.

Degiskenlerin 1990-2021 donemindeki zamana bagli degisimleri Sekil 1°de verilmigtir.

Sekil 1. Degiskenlerin 1990-2021 Dénemi Degisimleri

Sekil 1°de goriildiigii gibi orta-yiiksek ve yiiksek teknolojili iiriinlerin ihracati s6z konusu donem boyunca artis egilimi goster-
migtir. [HRo.y1’deki degisim daha istikrarliyken IHRyt’deki degisimin daha dalgali oldugu ve IHRo.yr’deki artisin yr’ye gore
daha yiiksek oldugu goriilmektedir. Inovasyon gostergelerinden arge ve Inpnt 1990-2021 doneminde siirekli ve artan bir trend
izlerken, bit ve Intfv’nin zaman i¢inde azalan yonde hareket ederek istikrarsiz bir trend izledikleri goriilmektedir. Sekile gore
Intfv’deki diisiis bit’teki diisiisten daha yiiksektir.
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Inovasyonun teknoloji yogunluguna gore ihracat iizerindeki etkilerini tespit etmeye yonelik temel fonksiyon i¢in Karatostas
tarafindan 2022 yilinda benzer degiskenler kullanilarak yapilan ¢aligma baz alinmistir (Karakostas, 2022: 43-44). Bu ¢aligmaya
gore uyarlanan temel ihracat fonksiyonu su sekildedir.

IHRo_yryr = f(arge,lnpnt, bit, Int fv) (1)

(1) nolu fonksiyondan hareketle olusturan regresyon tahmin denklemleri asagidaki gibidir.
(IHRo-y1): = Bo + Bi(arge); + Ba(Inpnt); + B3(bit); + Ba(Int fv); + & (2
(IHRyt): = Po + Bi(arge); + Po(Inpnt), + B3(bit), + a(Int fv), + & (3)

(2) ve (3) nolu denklemlerde IHRp — YT ve HRyT bagiml degiskenleri, arge, Inpnt, bit, Intfv bagimsiz degiskenleri, Sy sabiti,
B1, B2, B3 ve Ba bagimsiz degiskenlerin katsayilarini, t zamani ve € hata terimini temsil etmektedir.

Calismada yapilan tahminlere iligkin sonuglarin yaniltici olmasini engellemek amaciyla dncelikle degiskenlerin zaman igin-
deki degisimlerinin ortalamadan sapma gosterip gostermedikleri, yani duragan olup olmadiklar1 incelenmistir. Karsilagtirilabilir
bulgular elde etmek i¢cin hem geleneksel Kwiatkowski-Phillips-Schmidt-Shin (KPSS) duraganlik testi hem de ekonomik krizler,
salgin hastaliklar vb. gibi rassal soklarin etkilerini dikkate alan Zivot-Andrews yapisal kirilmali birim kok testi uygulanmigtir.
KPSS birim kok testinde rt otonom rassal yliriiyiis parametresini (ry=+1.1+u;; u~ND(0, o-i)), (Py) deterministik trendi ve sabit ve
duragan ND(0, o2 ,.) hata terimini igeren y,=r+p+g, seklinde model kurulmakta ve deterministik trendden armdirilmus seri(ler)
analiz edilmektedir. Serideki zamani1 bilinmeyen kirtlmanin dikkate alindig1 ve igsel olarak modele dahil edildigi Zivot-Andrews
birim kok testinde ise Y=p+Y. +e; temel hipotezi altinda ADF test istatistigine dayali {i¢ denklem yardimiyla birim kok test
edilmektedir (Kwiatkowski vd, 1992: 159-178; Zivot & Andrews, 1992: 251-270). KPSS birim kok testinde hesaplanan deger,
kritik degerden biiyiikse serinin duragan oldugunu iddia eden temel hipotez reddedilmektedir (Yavuz, 2011: 244). Zivot-Andrews
testinde ise hesaplanan t istatistigi kritik degerden kiiclikse/mutlak deger olarak biiyiikse, yapisal kirilma olmadan birim kokiin
varligin1 gosteren temel hipotez reddedilmektedir (Yilanci, 2009: 328).

Calismada yapilan birim kok testlerine iligkin sonuglar, degiskenlerin tamaminin seviye degerleri ile duragan olduklarini
gostermistir. Bu nedenle inovasyon gostergelerinin teknoloji yogunluguna gore ihracat iizerindeki etkileri VAR modeli ile tahmin
edilmigtir. Sims tarafindan gelistirilen ve Granger nedensellik testine dayanan VAR analizinde, en az iki bagimsiz degisken
tizerinden hareket edilmekte, bagimli ve bagimsiz degiskenlerin gecikmeli degerlerine gore tahminler yapilmaktadir (Sims, 1980:
25-31). VAR modeli tahminleri ile sadece degiskenler arasinda iligki olup olmadig1 ortaya konulmakta, degiskenlere iligkin katsay1
degerleri yorumlanmamaktadir. VAR modeli tahminleri dogrultusunda degiskenler arasindaki iligkiler, Varyans Ayristirmasi ve
Etki-Tepki fonksiyonlar ile belirlenmistir.

Varyans ayrigtirmasinda ele alinan degiskenin varyansinda ortaya ¢ikan degisimin ne kadarinin kendi gecikmeli degerleri
ve diger degiskenlerin degerleri tarafindan agiklandig: aragtirilmaktadir. VAR modelinden elde edilen etki-tepki fonksiyonlart,
degiskenlerden birine verilen bir birimlik soka diger degiskenlerin verecegi tepkileri ortaya koymaktadir (Ozgen & Giiloglu,
2004: 96-98). Bu calisgmada teknoloji yogunluguna gore ihracat iizerinde en etkili olan inovasyon gostergesinin tespiti igin
varyans ayristirmasindan; etkili olan bu gostergenin politika araci olup olmayacagini belirlemek icin etki-tepki fonksiyonlarindan
yararlanilmigtir.

Son olarak VAR modeli tahminleri sonrasinda s6z konusu modellerin bir biitiin olarak istikrarli olup olmadiklari, modellerden
elde edilen AR karakteristik polinomial ters kokleri ile incelenmistir (Ozgen & Giiloglu, 2004: 99). Buna gére tiim ters koklerin
birim ¢ember icinde yer almasi VAR siirecinin, yani tahmin edilen modellerin istikrarli yapiya sahip olduklarini gostermektedir.
Analizlerin yapilmasinda E-Views 12 ve WinRATS Pro 8.1 ekonometrik paket programlarindan yararlanilmigtr.

Bulgular

Analizlerde kullanilan degiskenlerin duraganliklarina iligkin KPSS ve Zivot Andrews birim kok test sonuglar1 Tablo 3’te
sunulmustur. Her seri i¢in otokorelasyonun olmadig1 (max lag 4) gecikme uzunlugu SIC’ye gore belirlenmistir.
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Tablo 3. Birim Kok Testi Sonuglari

isk KPSSct Zivot Andrewsmogeic
Degisken LM-ist. t-ist. p
IHRo-vt 0.067% -4,937¢" 0.059
IHRyT 0.035 -5.7260 0.009
arge 0.074% -5.372( 0.028
Inpnt 0.0620 -5.749%) 0.000
bit 0.047% -4.856" 0.066
Intfv 0.065® -5.178¢™ 0.019

. %1 0.216 -5.57
Kritk g4 5 0.146 -5.08
Deger

% 10 0.119 -4.82

Not: c sabiti, t trendi, ModelC, sabitte ve trendde kirilmay: temsil etmektedir.
(*), (**) ve (***); degiskenlerin sirasiyla % 1, % 5 ve % 10 6nem dizeylerinde duragan
olduklarini gdstermektedir.

Tablo 3’teki KPSS birim kok testi sonuclarina gore caligmada ele alinan tiim degiskenler icin “Seri duragandir.” seklindeki HO
hipotezi kabul edilmis ve sabitli-trendli modelde % 1 6nem diizeyinde degiskenlerin seviye degerleri ile duragan olduklarina karar
verilmistir. Yapisal kirilmali Zivot-Andrews birim kok testi sonuglart da KPSS birim kok testi sonuclarini destekler niteliktedir.
Zivot-Andrews test sonuglari tiim degigkenler i¢in *“Yapisal kirilma olmadan seri birim kok icermektedir” seklindeki temel hipotezin
reddedildigini gostermektedir. Buna gore IHRyT ve Inpnt degiskenleri % 1, arge ve Intfv degiskenleri % 5 ve IHRp.yT ve bit
degiskenleri % 10 6nem diizeyinde seviye degerleri ile duragandirlar. Degiskenler seviye degerleriyle [1(0)] duragan olduklarindan
calismada VAR analizi yapilmasina karar verilmigtir.

VAR analizi yapilmadan 6nce (2) ve (3) nolu modeller i¢in uygun gecikme uzunluklari belirlenmistir. Bunun i¢in LogL, LR
Test Istatistigi, Son Ongorii Hatas1 Kriteri (FPE), Akaike Bilgi Kriteri (AIC), Schwarz Bilgi Kriteri (SC) ve Hannan-Quinn (HQ)
kriterlerinden yararlanilmigtir. 1990-2021 donemine iligkin yillik verilerin ele alindig1 ¢caligmada veri bulma giicliiii nedeniyle
maksimum gecikme uzunluklar1 4 olarak belirlenmistir. Gecikme uzunluklarinin belirlenmesine yonelik degerler Tablo 4’te
verilmistir.

Tablo 4. (2) ve (3) Nolu Modeller icin Uygun Gecikme Uzunluklarinin Belirlenmesi
Model Gecikme

LogL LR FPE AlC SC HQ
No Sayisi
0 -50.564 NA 3.64e-05  3.969 4.207 4.042
1 83.486 210.650 1.56e-08  -3.820 -2.393 -3.384
2 2 110.309 32.572 1.65e-08  -3.951 -1.334 -3.154
3 144.659 29.442 1.48e-08  -4.618 -0.812 -3.455
. 1.26e- - - -
4 224.464 39.903 090 -8.533% 353780 -7.006"
0 -13.518 NA 2.58e-06  1.323 1.561 1.395
1 94.039 169.018 7.34e-09 -4.574 -3.147 -4.138
®) 2 122.464 34.516 6.95e-09  -4.819 -2.202 -4.019
3 153.656 26.736 7.81e-09  -5.261 -1.455 -4.0978
4 229.042 37.693" gi%?*?_ -8.860"  -3.864"  -7.3330

(*): Optimal gecikme uzunlugunu temsil etmektedir.

Tablo 4’te verilen bes temel bilgi kriterine gore hem (2) hem de (3) nolu modeller icin VAR modeli optimal gecikme uzunlugu 4
olarak belirlenmistir. (2) ve (3) nolu modeller i¢cin VAR(4) modelleri tahmin edilmis ve tahmin sonuglart istatistiki agidan anlaml
olan katsayilar bazinda Tablo 5’te sunulmugtur (Katsay1 degerleri yorumlanmadi8 i¢in yerden tasarruf saglamak amaciyla tiim
tahmin bulgularin iceren tablolar Son Notlar kismina aktarilmigtir.).
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Tablo 5. VAR(4) Modeli Tahmin Sonuglart

Model No IHRo-vT Model No IHRyT
IHRo-vT(1) 1.065 IHRvT(1) 0.526(
Inpnt.a) 4.8050 Inpntz) 2.6110

2 bit(2) 1.193% 3) bitey) 0.553(™

bit4) 1.017 c -0.764
c -6.292
R-squared 0996 R-squared 0931
F-statistic 79416 F-statistic 4698
AlIC 2.952 AlC 1.413
sC 3.951 sC 2.412
Jarque-Bera(p) 0.464(0.792) Jarque-Bera(p) 0.557(0.853)
White(p) 1.521(0.173) White(p) 1.586(0.195)
Breusch-Godfrey Breusch-Godfrey

0.356(0.556) 0.236(0.791)

LM(p) LM(p)
) ve ; sirastyla % 5 ve % 10 6nem diizeyinde anlamlilig: temsil etmektedir.

Tablo 5’te goriilecegi iizere (2) nolu model i¢in VAR(4) modeli tahmin sonuglarina gére IHRO-YT degiskeni % 10 6nem
diizeyinde bir donem gecikmeli kendi degerinden, % 5 6nem diizeyinde ise sirasiyla 4 donem gecikmeli Inpnt ve 2 ile 4 donem
gecikmeli bit degiskeninden pozitif ve anlamli bir sekilde etkilenmektedir. (3) nolu model i¢in VAR(4) modeli tahmin sonuglari
ise IHRYT degiskeninin % 10 6nem diizeyinde bir donem gecikmeli kendi ve bit degiskeni degerinden, % 5 onem diizeyinde 2
donem gecikmeli Inpnt degiskeninden pozitif ve anlaml bir sekilde etkilendigini gostermektedir. Tabloda Jarque Bera, White ve
Breusch-Godfrey LM test istatistiklerine iligkin olasilik degerlerinin 0.05’ten biiyiik olduklar1 goriilmektedir. Buna gore (2) ve (3)
nolu modellerin hata terimleri normal dagilima sahiptirler, otokorelasyon ve degisen varyans sorunu bulunmamaktadir.

(2) ve (3) nolu modeller icin VAR (4) modellerinin bir biitiin olarak istikrarli yapiya sahip olup olmadiklarina iliskin AR
karakteristik polinomunun ters kokleri Sekil 2’de verilmistir.

Sekil 2. VAR (4) Modelleri icin AR Karakteristik Polinomunun Ters Kokleri

Sekil 2°nin sol tarafindaki grafikte (2) nolu, sag tarafindaki grafikte ise (3) nolu modele iliskin VAR (4) modelinin AR karakteristik
polinom ters kokleri verilmigtir. Buna gore hem (2) hem de (3) nolu modeller i¢cin VAR (4) modellerine iliskin otoregresif
karakteristik polinomun ters kokleri birim ¢gember icerisinde dagilmaktadir. Bu nedenle tahmin edilen modellerin bir biitiin olarak
duragan (istikrarl1) olduklar1 kabul edilmistir.

2) ve (3) nolu modeller i¢in tahmin edilen VAR (4) modellerinden hareketle varyans ayristirmasi ve etki-tepki analizleri yapilmig
ve analiz sonuglart Tablo 6 ve 7°de sunulmustur.
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Tablo 6. (2) nolu Model i¢cin VAR (4) Modeli Varyans Ayristirmasi Analizi Sonuglari

Ddnem IHRo-vyT arge Inpnt bit Intfv
1 100.000 0.000 0.000 0.000 0.000
2 97.243 1.175 1.468 0.099 0.013
3 88.541 3.201 2.918 5.263 0.075
4 82.353 7.419 5.700 4.464 0.062
5 81.434 9.816 4.564 3.923 0.262
6 76.880 11.651 3.710 6.346 1411
7 74.427 12.943 3.116 6.430 3.080
8 71.978 15.193 3.012 6.108 3.707
9 69.655 14.974 4.566 6.392 4.411
10 68.196 14.273 5.733 6.332 5.464

Tablo 6’da verilen varyans ayristirmasi analiz sonuglari, orta-yiliksek teknolojili iiriin ihracatinin varyansindaki degisimin
inovasyon gostergelerinden ziyade kendi soklariyla agiklandigini gostermektedir. Tabloya gore 10 donem sonunda IHRo.yt
degiskeninin % 68.2’si kendisinden, % 14.3’ii arge, % 5.7’si Inpnt, % 6.3’1 bit ve % 5.5°i Intfv degiskeninden etkilenmektedir.
IHRo.yT degiskeni iizerinde en etkili olan inovasyon gostergesi Ar-Ge harcamalaridir.

Tablo 7. (3) nolu Model i¢cin VAR (4) Modeli Varyans Ayristirmasi Analizi Sonuglari

Dénem IHRyT arge Inpnt bit Intfv
1 100.000 0.000 0.000 0.000 0.000
2 65.837 15.795 7.536 10.828 0.001
3 53.722 22.753 6.181 16.794 0.547
4 50.870 26.408 5.777 16.175 0.768
5 48.498 25.725 5.663 19.221 0.890
6 46.258 26.984 6.638 17.858 2.259
7 29.830 49.055 7.717 12.001 1.395
8 27.882 52.517 6.700 10.401 2.498
9 27.655 51.685 7.085 10.866 2.707
10 30.006 50.130 6.778 10.510 2,574

Tablo 7°de sunulan bulgulara gore yiiksek teknolojili iirlin ihracatinin varyansindaki degisimin kendi soklariyla aciklanma orani,
orta-yiiksek teknolojili iiriin ihracatina gore daha diisiiktiir. [HRyT degiskeninin de inovasyon gostergelerinden etkilenme orant
kendi gecikmelerinden etkilenme oranindan daha diigiiktiir. Elde edilen sonuglara gére 10 donem sonunda yiiksek teknolojili
tiriin ihracat1 degigkeninin % 30’u yine kendisi, % 50.1°i Ar-Ge harcamalari, % 6.8’i patent bagvurulari, % 10.5°1 bilgi iletisim
teknolojileri ve % 2.6’s1 toplam faktor verimliligi tarafindan agiklanmaktadir. Buna gére IHRYT degiskeni iizerinde de etkili
olan inovasyon gostergesi Ar-Ge harcamalaridir. Tablo 6 ve 7°deki varyans ayristirmasi analiz sonuglar1 karsilastirmali olarak ele
alindiginda Ar-Ge harcamalarinin hem IHRp .y ve IHRyT lizerinde en etkili degisken, IHRyt lizerindeki etkinin nispi olarak daha
yiiksek oldugu goriilmektedir.

VAR analizi kapsaminda (2) ve (3) nolu modeller i¢in etki-tepki analizleri yapilmis ve IHRg yT ve IHRyT degiskenleri iizerinde
etkili olan inovasyon gostergelerine iliskin etki-tepki fonksiyonu grafikleri Sekil 3 ve 4’te verilmistir. (Diger tim degiskenlere
iligkin etki-tepki fonksiyonlart Son Notlar kismindadir.).
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Sekil 3. (2) Nolu Model i¢in Etki-Tepki Fonksiyonlari
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Sekil 3’te goriilecegi iizere orta-yiiksek teknolojili iiriin ihracati degiskenine verilen bir birimlik soka degiskenin kendi tepkisi,
8. doneme kadar pozitif nitelikli olmakla birlikte bu etki ilk donemden itibaren azalarak devam etmekte ve 9. dénemde sifirlanip
negatif hale gelmektedir. Inovasyon gostergelerinden olan Ar-Ge harcamalarina verilen sok, ilk 3 donemde orta-yiiksek teknolojili
iirlin ihracat1 iizerinde etkili degilken 4. ve 5. donemde diisiik te olsa pozitif bir etkiye sahiptir. Ar-Ge harcamalarinin etkisi 5.
donemden sonra sifirlanmakta ve sonrasinda negatif olarak devam etmektedir. Patent bagvurularina verilen sokun orta-yiiksek
teknolojili iiriin ihracat1 iizerinde 6, 8 ve 10. donem diginda negatif etkiye sahip oldugu goriilmektedir. Bilgi iletisim teknolojileri
degiskeninin orta-yiiksek teknolojili iiriin ihracati iizerindeki etkisi 3. donemden itibaren diisiik te olsa pozitif nitelikli olmakla
birlikte bu etki 9. donemden itibaren sifirlanmaktadir. Son olarak toplam faktor verimliligi degiskenine verilen sokun 4. doneme
kadar etkisinin olmadi81 sonraki donemlerde ise etkinin negatif olarak devam ettigi goriilmektedir. Etki-tepki fonksiyonlarina gore
IHRo.yT degiskeni iizerinde kiigiik te olsa pozitif etkiye sahip olan iki temel inovasyon gostergesi bit ve Inpnt’dir.
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Sekil 4. (3) Nolu Model i¢in Etki-Tepki Fonksiyonlar1

Sekil 4’e gore yiiksek teknolojili liriin ihracati degiskenine verilen bir birimlik gsoka degiskenin kendisinin verdigi tepki, 4.
doneme kadar pozitif nitelikli olmakla birlikte bu etki ilk donemden itibaren azalarak devam etmekte, 4-6. donemlerde negatif
olmakta ve 9. doneme kadar pozitif olarak devam etmektedir. Genel itibariyle degiskenin kendi gecikmeli degerlerine verdigi
tepkinin istikrarlt bir seyir izlemedigi goriilmektedir. Inovasyon gostergelerinden olan Ar-Ge harcamalarina verilen sokun, 5.
doneme kadar yiiksek teknolojili iiriin ihracat1 iizerinde diisiik ama pozitif etkiye sahip oldugu, ancak sonrasinda 9. déneme kadar
gore oldukea yiiksek diizeyde negatif etki yarattig1 goriilmektedir. Patent bagvurularinin yiiksek teknolojili iiriin ihracati izerindeki
etkisi istikrarl bir seyir izlememektedir. Inpnt degiskenine verilen soka IHRY T’ nin verdigi tepkiler 1-2 ve 9. donemlerde negatif,
5-8. donemlerde pozitif iken 2-5. donem arasinda tepkisizdir. Bilgi iletisim teknolojileri degiskenine verilen soka yiiksek teknolojili
tiriin ihracatinin 1-3 ve 8-9. donemlerde pozitif, 3-8. donem arasinda negatif tepki verdigi goriilmektedir. Son olarak Sekil 4’e
gore toplam faktor verimliligi degiskenine verilen sok, 1-2 ve 4-5. donemlerde etkili degildir. 7-8. donemler diginda etki negatif
niteliklidir. Etki-tepki fonksiyonlarindan hareketle IHRyTt degiskeni iizerinde kiiciik te olsa pozitif etkiye sahip olan iki temel
inovasyon gostergesinin Ar-Ge ve Inpnt oldugu sdylenebilir.

Analiz sonuclarina gore orta-yiiksek teknolojili iiriin ihracatinin ge¢gmis donem performansinin, gelecekteki ihracat performansi
lizerindeki pozitif etkisi, yliksek teknolojili iirlin ihracatinin etkisinden daha yiiksektir. Orta-yliksek teknolojili iirlin ihracati
izerinde etkili olan temel inovasyon gostergesi bit, yiiksek teknolojili iiriin ihracati lizerinde etkili olan gosterge ise Ar-Ge
harcamalaridir.

Calisma kapsaminda yapilan varyans ayristirmasinda teknoloji yogunluguna gore ihracat iizerinde en etkili inovasyon goster-
gesinin Ar-Ge oldugu tespit edilmistir. Bu inovasyon gostergesinin politika arac1 olup olmayacagini belirlemeye yonelik etki-tepki
fonksiyonlar ise Tiirkiye’de teknoloji ihracatinin inovasyondan kismen etkilendigini ve bu nedenle ihracat acisindan uluslararasi
rekabet giicii elde etme imkaninin diisiik oldugunu gostermistir.

Tartisma ve Sonug

Uluslararas iktisat literatiiriiniin temel konularindan olan inovasyon ve ihracatin ele alindig1 bu ¢calismada; Ar-Ge harcamalari,
patent bagvuru sayilari, BIT ve TFV seklindeki temel inovasyon gostergelerinin teknoloji yogunluguna gore ihracat iizerindeki
etkileri incelenmistir. Bu amacla Tiirkiye i¢in 1990-2021 donemine ait yillik veriler kullanilarak KPSS ve Zivot Andrews birim
kok testleri, VAR model tahminleri ve VAR modellerinden hareketle varyans ayristirma ve etki tepki analizleri yapilmigtir.

Birim kok testi sonuglar1 degiskenlerin diizey degerleriyle [1(0)] duragan olduklarini gostermistir. Orta-yiiksek ve yiiksek teknolo-
jili iiriin ihracatinin bagimli degisken olarak alindig1 iki VAR modelinin tahmin sonuglarina dayali varyans ayristirmasi sonuglarina
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gore etkisi diisiik olsa da teknoloji yogunluguna gore ihracati agiklayan temel inovasyon gostergesi Ar-Ge harcamalaridir. Etki-tepki
fonksiyonlari ise diisiik diizeyde de olsa orta-yiiksek teknolojili {iriin ihracati iizerinde etkili olan temel inovasyon gostergesinin
BIT, yiiksek teknolojili iiriin ihracat1 {izerinde etkili olan gostergenin ise Ar-Ge harcamalar1 oldugunu gostermistir. Ayrica orta-
yiiksek teknolojili iirlin ihracatinin ge¢mis donem performansinin, gelecekteki ihracat performansi iizerindeki pozitif etkisinin,
yiiksek teknolojili iirlin ihracatinin etkisinden daha yiiksek oldugu tespit edilmistir.

Analizlerden elde edilen temel ¢iktilar genel olarak degerlendirildiginde Tiirkiye’de teknoloji ihracatinin inovasyondan kismen
etkilendigini ve bu nedenle ihracat agisindan uluslararasi rekabet giicii elde etme imkaninin diisiik oldugunu s6éylemek miimkiindiir.
Tiirkiye’nin rekabet avantajin1 artirabilmesi i¢in nitelikli isgiicii, bilgi ve teknolojiye dayali katma degeri ve ekonomik karmagiklig1
yiiksek ihra¢ mal ve hizmetlerini iiretmesi ve satmasi gerekmektedir. Bunun icin diger inovasyon gostergelerinin yani sira 6zellikle
varyans ve etki-tepki analizlerinde en etkili degigken olarak 6n plana ¢ikan Ar-Ge harcamalarina yonelik kamu-6zel yatirimlarin
artirilmasi onem arz etmektedir.

Tiirkiye’de orta-yiiksek ve ozellikle yiiksek teknolojili iiretim ve ihracatin artirtlmasi; Tiirk egitim sisteminde nitelikli iggiicii
yetistirmeye yonelik yapisal doniisiim gerceklestirilmesini, imalat sanayi sektoriinde yenilik tabanli uygulamali egitimler yoluyla
sektoriin talebine uygun nitelikli isgiicliniin yetistirilmesini ve istihdam edilmesini ve aktif ve yaratici girisimcilerin desteklen-
mesini gerektirmektedir. Bunun yanisira inovasyon-ihracat iligkisini ve gelecegin iiretim teknolojilerini dikkate alan bilimsel
caligmalarin artirilmasi, imalat sanayi sektoriine yon verecek akademik caligmalarin desteklenmesi ve uzman arastirmacilarin
Ar-Ge ve inovasyon caligmalarina katiliminin saglanmasi teknoloji yogun ihracatin ithalata bagimliliginin azaltilmasina katki
saglayacaktir. Ayrica kamunun Ar-Ge faaliyetleri bagta olmak iizere inovasyon ve teknololoji yogun iiretim sektorlerine etkin ve
verimli yatirnmlar yapmasi, tiim sektor paydaglarinin bir araya gelebilecekleri merkezlerin kurulmasi ve 6zel yatirimcilara optimal
diizeyde kamu destegi saglanmasi kaynak etkinliginin saglanmasi acisindan son derece 6nemlidir.

Calisma kapsaminda elde edilen bulgular; Hirsch ve Bijaoui (1985), Le (1987), Zhao ve Li (1997), Sahbaz vd. (2014), Kili¢ vd.
(2014), Ozkan ve Yilmaz (2017), Neves, Teixeria ve Silva (2016), Usman (2019) ve Akyol ve Demez (2020) gibi arastirmacilar
tarafindan yapilan caligmalarda elde edilen bulgularla ortiismektedir. Bununla birlikte bulgular; Landesman ve Pfaffermayr (1997),
Karag6z (2007), Wagner (2008), Fu, Wu ve Tang (2011) ve Han vd. (2017) tarafindan yapilan temel ¢alismalarin sonug¢larindan
farklilagmaktadir. S6z konusu farkliligin veri donemi, kullanilan yontem, 6rneklem ve standart olmayan inovasyon gostergesi
kullanilmasindan kaynaklanmaisg olabilecegini soylemek miimkiindiir. Gelecekte yapilacak caligmalarda 6zellikle standartlagtiriimig
inovasyon gostergelerine iligkin veri setlerinin kullanilmasinin daha anlamli sonuglara ulagmasini saglayabilecegi ifade edilebilir.
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Son Notlar

1. (2) ve (3) Nolu Modeller i¢in VAR (4) Modelleri Tahmin Sonuglar

Tablo 1. (2) Nolu Model i¢cin VAR(4) Modeli Tahmin Sonuglar1

IHRo-vT arge Inpnt bit Intfv
IHRo-v7(1) 1.065767C 0.010463 0.056921 0.169400 0.012177
IHRo-v1(-2) -0.541757 -4,75E-05 0.000397 0.075825 -0.021926
IHRo-v1(-3) 0.599122 0.016989 0.011050 -0.094222 0.011972
IHRo-vT(-4) -0.299516 -0.011583 0.006224 -0.023147 -0.002268
argecy -0.014647 0.395054 -1.241247 1.277050 0.135276
arge2) -1.590367 0.434541 -0.021207 4.080277 0.4144930)
arge(s) 0.323637 -0.165722 -0.093846 4.618587 -0.033803
arges) -5.523858 -0.123376 -1.376512  9.033437¢ 0.308729
Inpnt(y -2.024266 -0.066959 0.143061 -1.578831 0.028384
Inpnt(2) 1.381167 0.021624 0.180880 -0.216181 -0.040716
Inpnts) -1.973429 -0.099896 0.238440 0.175961 0.027412
Inpnt) 48046570 0.1405640 0.460095 0.644947 -0.029348
bitcy 0.134531 0.004570 -0.011089 0.145553 -0.008738
bitc2 1.1926990) -0.026194 -0.014916 -0.394460 0.012800
bit(s) -0.941785 0.037156 0.002163 -0.125867 -0.029781
bit(-4) 1.016723")  -0.058549¢  -0.033209 -0.253351 0.022223
Intfv(y) -1.645837 -0.361527 -0.785170 -0.801641 0.615124™
Intfv(2) 5.595254 0.238904 0.528338 1.733926 0.016706
Intfv(s) -8.316692 0.5291140 -0.128671 8.067477% 0.468202
Intfv(a) -4.973671 -0.024229 -0.006530 12.26907¢ 0.121048
c -6.291668 -0.090673 -0.625959 12.32338(™ 0.129843
R-squared 0.995612 0.996623 0.998637 0.970552 0.919313
F-statistic 79.41621 103.2878 256.4274 11.53548 3.987762
AlC 2.952178 -4.067220 -1.532376 1.475016 -4.332685
SC 3.951332 -3.068067 -0.533223 2.474170 -3.333532
® ve ), srasiyla % 5 ve % 10 6nem diizeyinde anlamlilig: temsil etmektedir.
Tablo 2. (3) Nolu Model i¢cin VAR(4) Modeli Tahmin Sonuglari
IHRvT arge Inpnt bit Intfv

IHRyT(1) 0.525552(") -0.033484 -0.2414200) -0.386271 0.000974
IHRyT(-2) -0.247292 -0.014045 0.034003 0.365065 -0.030536
IHRyT(3) 0.351039 -0.000211 -0.068583 -0.110734 0.008554
IHRyT(-4) -0.401100 0.037444¢™  0.158256 0.391295 0.007831
arge(y) 3.134036 0.467177¢  -1.208763" 1.705516 -0.018200
arge(2) -3.028976 0.561061¢™ 0.317163 3.135014 -0.362987(
arge(s) 1.413397 -0.807160)  -2.484634")  -9.2127700 -0.101129
arge(s) 0.761405 -0.509471 -2.998121  -8,961107" -0.001035
Inpntey) -1.428226 -0.040482 0.359103™ -0.470368 -0.035814
Inpntc2) 2.6105650 0.017563 -0.072264 -0.834739 -0.050885
Inpntcs) -1.563226 -0.028797 0.825887¢ 1.206820 0.054301
Inpnts) 0.473305 0.256278(™  0.9462430 0.702117 0.091614
bitcy 0.553412(" -0.005550 -0.020647 0.184021 -0.005665
bit¢-2) 0.058184 -0.006142 0.1311460 -0.099601 0.004110
bit(-3) -0.051033 0.081486 0.174556 0.092256 0.002350
bitc4) -0.314424 -0.056684) -0.037702 -0.335155 0.014386
Intfv(y 0.178920 -1.025189")  -3.598007 -2.664512 0.182873
Intfv(z) -4.237745 0.524754 0.993559 3.318597 0.016790
Intfv(s) 5.707597 0.247029 -1.407982")  -10.02069¢) -0.344573
Intfv(.a) 0.792247 -0.405059 -0.399112  -9.517080™  -0.163004
c -0.764426 -0.535032  -3.224560C  7.302733( -0.047267
R-squared 0.930666 0.994293 0.999271 0.973524 0.923855
F-statistic 4.698012 60.98342 479.4801 12.86931 4.246509
AlC 1.412950 -3.542643 -2.157599 1.368655 -4.390624
SC 2412104 -2.543489 -1.158445 2.367809 -3.391470

) ve ; sirasiyla % 5 ve % 10 énem diizeyinde anlamlilig: temsil etmektedir.
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2. (2) Nolu Modele iliskin VAR(4) Modeli Etki-Tepki Fonksiyonlar1
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3. (3) Nolu Modele iliskin VAR(4) Modeli Etki-Tepki Fonksiyonlar1

Response to CholeskyOne S.D. (d.f. adjusted) Innovations + 2 S.E.
Response of IHR{YT jta IHR(YT) Response of IHR(YT jtoarge Response of | HR{YT) to nprt Response of |HR(YT) to bit Response of |HR{YT ) tolnifv
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Sekil 2. (3) Nolu Model i¢in Etki-Tepki Fonksiyonlar:
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0Z

Yiiksek teknolojili liriin ihracati saglamis oldugu yiiksek katma deger dolayisiyla son yillarda uluslararasi ticaretin en 6nemli
unsurlarindan biri haline gelmistir. Kiiresellesen ekonomide 6nemi artan ve rekabet giicii agisindan da etkili olan yiiksek teknolojili
tirin ihracati i¢in arastirma gelistirme harcamalarinin etkisi yadsinamaz. Bu ¢alismada, secilen 22 OECD iilkesi i¢in 1996-2021
donemini iceren panel veri seti kullanilarak yiiksek teknoloji ihracati (HTECH), arastirma ve gelistirme harcamalari (RD), ticari
aciklik (TRADE) ve gayri safi sabit sermaye yatirimlar1 (GFCF) arasindaki iligki incelenmektedir. Caligmada, OECD iilkelerinde
yiiksek teknolojili tiriin ihracat1 ile Ar-Ge harcamalari arasindaki nedenselligi test etmek i¢in Juodis, Karavias ve Sarafidis’in (2021)
Granger nedensellik testinin Xiao vd. (2023) tarafindan gelistirilen yeni versiyonu uygulanmustir. Yapilan analizler neticesinde
yiiksek teknolojili iirlin ihracat1 ile arastirma gelistirme harcamalar1 arasinda cift yonlii nedensellik iligkisi tespit edilmisgtir.
Ayrica yiiksek teknolojili iiriin ihracat1 ile modele kontrol degisken olarak eklenen gayri safi sabit sermaye yatirimlar1 ve ticari
aciklik ile arasinda da cift yonlii nedensellik iligkisi bulunmugtur. Yapilan analizlerin neticesinde politika yapicilarin aragtirma
ve gelistirme faaliyetlerine yonelik yatirimlari artirmalari, milli gelirden bu faaliyetlere yonelik daha fazla kaynak aktarmalari ve
vergi indirimleri, diisiik faizli kredi imkanlari, nitelikli isgiicii temini i¢in egitim diizenlemeleri, teknolojik gelismeler icin fiziki
altyapi temini gibi tegvik edici politikalar1 uygulamalari gerektigi sonucuna vartlmigtir.

ABSTRACT

High-technology exports have become one of the most important components of international trade in recent years due to their
high added value. In the context of the globalising economy, there is no doubt about the impact of research and development
spending on high-tech exports, which are also advantageous in terms of competitiveness. This study examines the nexus between
high-tech exports (HTECH), research and development expenditures (RD), trade openness (TRADE), and gross fixed capital
formation (GFCF) for selected 22 OECD countries within a model using a panel dataset over the period 1996-2021. In this
study, the new version of the Granger causality test by Juodis, Karavias and Sarafidis (2021) developed by Xiao et al. (2023) was
used to test the causality between high-technology product exports and R&D expenditures in OECD countries. The empirical
findings show a bidirectional causal link between high-technology exports and R&D expenditure. Additionally, a bidirectional
causality relationship was found between high-tech product exports and the gross fixed capital investments and trade openness
added to the model as control variables. As a result of the analysis, it is concluded that policymakers should increase investments
in R&D activities, allocate more resources from the national income to these activities, and implement incentive policies such as
tax reductions, low-interest loan opportunities, educational arrangements for the supply of qualified labour, and the provision of
physical infrastructure for technological developments.

Anahtar Kelimeler: Ar-Ge harcamalari, Yiiksek teknolojili iiriin ihracati, Panel Nedensellik Analizi
Keywords: R&D expenditures, High-technology exports, Panel Causality Analysis

EXTENDED SUMMARY
Technological innovations, which are among the most important factors that form the basis of competition between countries,
can affect the level of competition in foreign trade and lead to an increase in welfare. As a result, high-technology exports are
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critical for establishing competitiveness in foreign trade. Especially when the added value it provides is taken into consideration,
high-technology exports take its place among the priorities of countries. The main factor that is indispensable for technological
innovations is research and development activities. The answer to the question of how investments made in R&D activities affect
high-technology product exports is important. For this reason, the aim of the study is to determine the role of R&D expenditures in
high-technology exports, to determine whether there is a causal relationship between them, and if so, to determine the direction of
this relationship. Determining the causal relationship and the direction of this relationship is extremely important in the economic
policies to be implemented.

The study used econometric analysis to investigate the link between high-technology exports and R&D spending. This study
explores the relationship between high-tech exports (HTECH), research and development expenditures (RD), trade openness
(TRADE), and gross fixed capital formation (GFCF) in a panel dataset of 22 OECD countries from 1996 to 2021. Following
the cross-section dependency test and unit root test, a homogeneity test was used to evaluate whether the slope coefficients were
homogenous or heterogeneous. Then, the panel causality analysis technique is used to analyse the causation between high-tech
exports and R&D spending.

According to the Cross-Section Dependency test results, it was determined that there was a cross-sectional dependency between
the series in the panel. Therefore, a second generation test, the Cross-Sectional Augmented Dickey-Fuller (CADF) unit root test,
which takes into account the existence of cross-sectional dependency in the analysis, was applied. According to the unit root test
result, all variables show non-stationary properties at the level but become stationary at the first difference. Determining whether
the slope coefficients are homogenous or heterogeneous is critical in deciding which panel unit root and panel causality analysis
methods to use. According to the results of the homogeneity test of the model, it was concluded that the slope coefficients are
not homogeneous but heterogeneous. In other words, according to the results obtained, the slope parameters vary between the
horizontal sections. Finally, according to the new version of the Granger causality test by Juodis, Karavias, and Sarafidis (2021)
developed by Xiao et al. (2023), which was conducted to determine the causality relationship between high-technology exports
and R&D expenditures, a bidirectional causality relationship was found between high-technology exports (HTECH) and R&D
expenditures (RD). A bidirectional causality relationship was found between high-tech product exports and the gross fixed capital
investments (GFCF) and trade openness (TRADE) added to the model as control variables.

According to the results of this study, in which the effect of R&D expenditures on high-technology exports is examined and
the causality relationship between them is determined, policy makers need to increase investments in R&D expenditures in order
for countries to gain competitive advantage in foreign trade, maintain their advantages and increase their welfare levels. For this
purpose, more resources should be allocated from the national income to R&D expenditures. In addition, incentive policies can be
implemented by providing tax deductions for R&D investments and offering low-interest credit opportunities, as well as making
educational arrangements to provide the qualified workforce required for R&D activities, physical infrastructure investments to
provide the necessary technological infrastructure, and increasing the share of the private sector in R&D activities by ensuring
public and private sector cooperation are also extremely important.

Giris

Ulkeler arasindaki rekabet ve refah diizeyi farkliliklarinin temelini olusturan en énemli faktdrlerden birisi teknolojik yeniliklerdir.
Ozellikle ekonomideki serbestlesme egilimleriyle birlikte artan rekabetcilik nedeniyle kalite ve maliyet avantaji sunmasi teknolojik
yeniliklerin 6nemini artirmigtir. Kiiresel rekabetin teknoloji odakli oldugu giiniimiizde 6zellikle ihracata konu olan iiriinleri yiiksek
teknolojileri icerecek bigimde yeniden sekillendirerek kalitesini iyilestirmek dis ticarette rekabet diizeyini artirarak refah artigina
yol agmaktadir (Yasar ve Tasar, 2019: 190). Bu ise dig ticarette iistiinliik elde edebilmek icin yiiksek teknolojili iiriin ihracatinin
onemini artirmaktadir.

Yiiksek teknolojili iiriin ihracatinin gelistirilmesi 6zellikle imalat sanayideki katma degeri artirarak siirdiiriilebilir biiylimenin
vazgecilmez bir unsuru haline gelmistir. Sanayilesme ile dogru orantili olan katma deger artis1 neticesinde gelismis teknolojilere
sahip iilkeler genellikle yiiksek katma deger iiretirken, geleneksel teknolojilere sahip iilkeler diisiik, ara teknolojilere sahip
olan iilkeler ise ortalama katma deger iiretmektedir (Leinfellner ve Eberlein, 1997:12). Daha fazla katma deger olusturmasi ve
dolayistyla iilkeler arasindaki pazar giiciinii de olumlu yonde etkilemesi nedeniyle yiiksek teknolojili iiriin ihracatini artirmaya
yonelik politikalara oncelik verilmektedir (Tebaldi, 2011: 344).

Son yarim yiizyilda yiiksek teknolojili iiriin ihracatinin toplam ihracat igerisindeki oraninin 6nemi bir kat daha artmis ve yiiksek
teknoloji ihracati uluslararasi ticaretin en hizli biiyiiyen parcgasi haline gelmistir. Gerek ulusal gerekse kiiresel dl¢ekte ekonomi-
lerin siirdiiriilebilirligini saglayabilmeleri ac¢isindan onemli olan teknolojik ilerlemeyi saglayarak yiiksek teknolojili sanayinin
gelistirilmesi diger endiistrilerin iiretkenligine de 6nemli Ol¢iide katki saglamaktadir (Bayar vd., 2020:144). Yiiksek teknolojili
tiriinlerin iiretiminde yer alan endiistrilerin diinyadaki en hizli biiyiiyen endiistriler oldugu ve bu endiistrilerin diger tamamlayici
endiistrilerdeki tiretkenligi artirmada yardimci oldugu gercegi artan rekabet ortaminin da etkisiyle yiiksek teknolojili iiriin iiretimini
artirmaya tesvik etmektedir (Gaur vd. 2020: 1).
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Ulkeler arasindaki teknolojik fark kiiresel iiretim ve ticarette iilkelerin hangi alanda uzmanlasacagim da belirlemekte ve iilkelerin
teknolojik kabiliyeti dig ticaret bilesimleri lizerinde de etkili olmaktadir. Teknolojik farklilagmalar dis ticaret rekabeti ve uzman-
lagsma acisindan farkli teorilerin de konusu olmustur.

Klasik liberal iktisadin en 6nemli temsilcilerinden Adam Smith, imalat sanayinde verimliligin sermaye birikimi ve uzmanlagmis
iggiiciiniin yan1 sira teknolojik ilerleme ile gerceklesecegini ileri siirmekte (Freeman ve Soete, 2003: 39), David Ricardo da
teknolojinin sanayi sektoriinde artan verimliligi saglayarak teknolojik yenilik ile uluslararasi ticaretin ekonomik biiylimeyi olumlu
yonde etkileyecegini kabul etmektedir (Yasar ve Tasar, 2019: 51). Teknolojiyi digsal kabul eden klasik ekol teknolojik gelismelerin
emek ve sermaye lizerinde bir tasarrufa yol agarak ulusal farkliliklarin uzmanlagmada ve uluslararasi ticarette iistiinliik saglayacagini
ifade etmektedir. Bunun en 6nemli 6rnegi de Ricardo tarafindan gelistirilen mukayeseli iistiinliik teorisidir (Uzay vd., 2012:
150). Mukayeseli iistiinliik teorisine gore iilkeler arasi karl1 dig ticaret yapilabilmesi yurti¢i iiretim maliyetlerindeki farkliliklara
dayandirilmaktadir. Mukayeseli {istiinliigiin saglanabilmesi ise 6zellikle emegin verimli kullanilmasina bu ise iiretimde iilkelerarasi
teknolojik farkliliklara baglidir (Utkulu, 2005: 9). Emek deger teorisine dayanan mukayeseli iistiinliik teorisinden sonra iiretimde
sermaye basta olmak lizere diger iiretim faktorlerinin de etkili oldugunu ileri siiren Heckscher-Ohlin teorisi de teknolojinin dig
ticarette rekabet iistlinliigii agisindan etkisini ifade etmesi bakimindan énemlidir.

Bir iilkenin zaman igerisinde karsilastirmali iistiinliiglinii degistirmede arastirma gelistirme (Ar-Ge) yatirimlar: basta olmak
lizere bilgi artiric1 faaliyetlere yapilan yatinmlara énemli bir rol veren geleneksel dis ticaret teorilerinden biri Hecksher-Ohlin
teorisidir. Thracat performansimi endiistrilerin faktér yogunlugu ekonomilerin ise faktor donatimima baglayan Hecksher-Ohlin
teorisine gore bilgi sermayesi vasifli isgiicii acisindan yiiksek teknolojili iirlinlerin iiretiminde girdi olarak goriilebilmektedir.
Rybczynski teoremine gore de bir tiretim faktoriiniin donaniminin artmasi, bu faktorii yogun kullanan mal arzinin artmasina sebep
olacaktir. Bir bagka ifadeyle belirli bir iiretim faktoriinde zaman icerisinde meydana gelen artig ile o liretim faktoriinii yogun
olarak kullanan mallar arasinda pozitif bir korelasyon bulunmaktadir. Bu iligki ilgili {iriinlere yonelik ihracatin artmas: ithalatin
ise azalmasina neden olmaktadir (Braunerhjelm ve Thulin, 2008: 97). Bu durumun ise dis ticaret agiklarinin kapanmasina, rekabet
edebilirlik diizeyinin artmasina ve ekonomide siirdiiriilebilirligin saglanmasina yol acacagi beklenmektedir.

Teknolojinin homojen oldugunu varsayan Hecksher-Ohlin teorisinin aksine Posner’in (1961) ileri siirdiigii teknolojik bogluk
hipotezi ile Vernon’un (1966) gelistirmis oldugu iiriin dongiisii teoremi teknolojideki farklilagmanin onciileri olmustur. Ayrica
Krugman (1979) ve Grossman ve Helpman (1991) iilkeler arasindaki teknolojik farkliliklar1 uluslararas: ticaretin 6nemli bir farki
olarak gormektedirler (Bayraktutan ve Bidirdi, 2018: 3). Teknolojik gelismeler iilkelerin uzmanlagma modellerini degistirmekte,
ticaret maliyetlerini diisiirerek daha biiyiik ticaret hacimlerini tegvik etmektedir (Helpman, 1999: 142). Bu ise teknoloji iireten ve
ihrac eden iilkelerin daha yiiksek refah seviyesine sahip olduklari anlamina gelmektedir.

Teknoloji seviyesi ne kadar yiikselirse hem bireysel hem de ulusal acidan kazanilan refah da o kadar artmaktadir. Bu argiiman
Kuzey-Giiney modeli gibi uluslararasi ticaret teorileri tarafindan da desteklenmektedir (Bayraktutan, 2018). Kuzey-Giiney mod-
elinde ifade edilen Kuzey ekonomileri yenilik¢i yapiya sahip, teknolojik yenilikleri hayata geciren gelismis ekonomiler iken Giiney
ekonomileri ise yeni teknolojilerin iiretilmesine yonelik herhangi bir faaliyetin olmadigi, Kuzeyin gelistirdigi teknolojileri adapte
eden gelismekte olan iilkeleri temsil etmektedir (Ozer ve Ciftci, 2009: 227). Grossman ve Helpman (1989) tarafindan gelistirilen
tiriinlerin yagam dongiisii modelinde de iiriinlerin ilk olarak teknolojik gelismeyi saglamig Kuzey iilkeleri tarafindan iiretildigi
daha sonra da Giiney iilkeleri tarafindan Kuzey iilkeleri ile benzer refah diizeyine ulagabilmek amaciyla taklit edilmek suretiyle
alindig1 varsayilmaktadir (Tiirker, 2009: 91).

Uluslararasi1 arenada rekabet iistiinliigii elde edebilmek icin 6nemli bir faktor olan yiiksek teknolojili liriin iiretimini artirmanin
en onemli yolu ise aragtirma gelistirme harcamalarini artirmaktan ge¢gmektedir (Sandu ve Cioacenll, 2014: 80; Lall, 2000; Xing,
2012). Dolayisiyla daha fazla katma deger olusturmak, refah diizeyini artirmak amaciyla gerceklestirilmesi arzulanan yiiksek
teknolojili iiriin ihracat1 aragtirma gelistirme faaliyetlerine yonelik yatirimlarin tesvik edilmesini de beraberinde getirmektedir.

Kiiresel rekabetin etkin olmasi dolayisyla iiriin yelpazesini genisleterek uluslararasi alanda rekabet {istiinliigli saglamasi, dig
ticarete Ozellikle ihracata konu olan mallarin kalitesindeki artigla beraber de refah seviyesini artirmasi yiiksek teknolojinin
Onemini daha da artirmaktadir. Ar-ge harcamalarinin yiiksek teknolojilerin gelistirilmesinin potansiyelini olusturmasi dolayisiyla
bu caligmada yiiksek teknoloji yogunluklu iiriin ihracati ile arastirma gelistirme harcamalar1 arasindaki iligki incelenmistir.
Literatiirdeki calismalara kiyasla gayri safi sabit sermaye yatirimlari ve ticari agiklik degiskenleri modele kontrol degigken olarak
eklenmis yiiksek teknoloji yogunluklu ihracat lizerindeki etkisi incelenmistir. Giincel verilerin ve farkli kontrol degiskenlerin
kullanilmasinin yant sira gelistirilmis giiglii performans sunan giincel analiz yontemlerinin kullanilmasi ¢alismanin sonug¢larinin
giivenilirligini artirarak literatiire katkisini ortaya koymaktadir.

Literatiir Taramasi

Yiiksek teknolojili iiriin ihracat1 ile aragtirma gelistirme harcamalari arasindaki iligkinin incelendigi ¢alismalarin biiyiik cogun-
lugunda degiskenler arasinda pozitif yonlii iligkinin varlig1 tespit edilmistir. Le (1987), G7-iilkelerinin 1975, 1979, 1980 ve 1983
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yillarindaki aragtirma geligtirme harcamalar ve yliksek teknolojili {iriin ihracati arasindaki iligkiyi incelemis oldugu caligmasinda
aragtirma gelistirme harcamalar1 yiikseldikge yiiksek teknolojili iiriin ihracatinin da arttigini belirtmigtir. Braunerhjelm ve Thulin
(2008), 19 OECD iilkesi icin 1881-1999 donemi verileriyle yapmig olduklar1 ¢caligmanin neticesinde aragtirma gelistirme har-
camalarindaki artigin yiiksek teknolojili Uiriin ihracatini artirdi§i sonucuna ulagilmiglardir. Elde ettikleri sonuca gore aragtirma
gelistirme harcamalarinda %1°lik bir artig yiiksek teknolojili iiriin ihracatinda %3’liik bir artiga yol agmaktadir. Benzer sek-
ilde Goger (2013) tarafindan 11 Asya iilkesi i¢in yapilan ¢alismanin neticesinde de aragtirma gelistirme harcamalarindaki %ol
seviyesindeki artigin yiiksek teknolojili iiriin ihracati iizerinde %6,5 diizeyinde bir artisa yol actig1 tespit edilmisgtir.

Falk (2009), 22 OECD iilkesi i¢in 1980-2004 dénemi, Altay Topcu (2018) 24 OECD iilkesi i¢in 1996-2015 donemi, Ackrill ve
Cetin (2019) 1996-2014 donemi Brezilya, Meksika, Malezya, Cin, Giiney Afrika, Hindistan, Tayland ve son olarak Tiirkiye’den
olusan yeni sanayilesmis sekiz iilke icin yaptiklar1 calisma neticesinde yiiksek teknolojili iiriin ihracati ile Ar-Ge harcamalari
arasinda anlamli ve pozitif bir iliskiye ulagmiglardir. Gaur vd. (2020), gelismis ve gelismekte olan toplam 15 iilke i¢in 2007-
2018 donemi verileri ile yaptiklari ¢alismada yiiksek teknolojili iiriin ihracatinin iilkelerin aragtirma gelistirme harcamalarinin
sonucunda gerceklestigini tespit etmiglerdir. Yaman vd. (2020), 35 OECD iilkesi i¢in 1998-2017 donemini, Karagéz ve Sener
(2023) de 35 OECD iilkesi i¢in 2008-2017 donemini inceledikleri ¢alismalarinda Ar-Ge harcamalarinin yiiksek teknoloji ihracati
tizerinde pozitif yonlii etkiler meydana getirdigini bulmuslardir. Akar ve Topoglu (2022) ise G7 ve Tiirkiye ekonomisi i¢in 2007-
2019 doénemini ele aldiklari calismalarinda yaptiklar: analizler neticesinde Ar-Ge harcamalarindaki artigin yiiksek teknolojili {iriin
ihracatini artirdig1 sonucunu elde etmislerdir. Lee ve Kwon (2023), ABD imalat firmalar icin yaptiklar1 ¢aligmada elde ettikleri
bulgular Ar-Ge harcamalarinin yiiksek teknoloji firmalarinda ihracati pozitif yonde etkiledigine yoneliktir. Rauf vd. (2023), 1998-
2016 donemi Cin’in imalat sanayisi i¢in yaptiklar1 calismada Ar-Ge i¢in yapilan yatirim ve harcamalarin teknoloji yogun ihracat
icin kritik belirleyici oldugunu tespit etmislerdir.

Sandu ve Ciocanel (2014) calismalarinda 6zel sektoriin Ar-Ge harcamasi ile kamu sektoriiniin Ar-Ge harcamasinin yiiksek
teknolojili iirlinlerin ihracatindaki etkisini incelemiglerdir. 26 AB iilkesinin 2006-2010 doénemi i¢in yapmis olduklar1 analizler
neticesinde 6zel sektdriin arastirma gelistirme harcamalarinin ileri teknolojili iiriinlerin ihracatindaki etkisinin kamu sektoriiniin
aragtirma gelistirme harcamalarinin etkisinden yiiksek oldugu sonucuna ulagsmislardir. Kili¢ vd. (2014), G-8 iilkelerini inceledik-
leri caligmalarinda yiiksek teknoloji yogunluklu iiriin ihracati ile Ar-Ge harcamalar1 arasinda iki yonlii nedensellik iligkisi tespit
etmislerdir. Yani ilgili caligmanin sonucuna gore arastirma gelistirme harcamalarindaki artig yiiksek teknoloji yogunluklu {iriin
ihracatin1 artirirken yiiksek teknolojili iiriin ihracatindaki artig da arastirma gelistirme harcamalarina yapilan yatirnmlarin art-
masina neden olmaktadir. Ozgelik (2022), yeni sanayilesen 13 iilke icin 1996-2020 dénemini inceledikleri calismada Ar-Ge
harcamalarindaki artisin yiiksek teknoloji ihracatimi artirdifini, ele alinan iilkelerden Cin, Endonezya, Tiirkiye, Singapur icin
karsilikli, Hindistan, Malezya ve Giiney Kore’de Ar-Ge harcamalarindan yiiksek teknoloji iihracatina, Brezilya ve Hong Kong’da
ise yiiksek teknoloji ihracatindan Ar-Ge harcamalarina dogru olmak iizere tek yonlii nedensellik iligkisi tespit etmisgtir.

Yiiksek teknolojili iiriin ihracat1 ile arastirma gelistirme harcamalar1 arasinda uzun dénemli iligkinin varligin1 bulan caligmalarin
yan1 sira kisa donemde arastirma gelistirme harcamalarinin yiiksek teknolojili iirlinlerin ihracatinda herhangi bir etkisinin ol-
madigini bulan ¢aligmalar da mevcuttur. Bayar, Remeikiené ve Gasparéniené (2020) caligmalarinda 2000-2016 doneminde AB
gecis ekonomileri i¢in yaptiklari nedensellik analizi neticesinde arastirma gelistirme harcamalarinin kisa donemde yiiksek teknolo-
jili liriin ihracat: lizerinde onemli bir etkisinin olmadig1 ancak uzun donemde yiiksek teknolojili iiriin ihracatin1 artirmada etkili
bir faktor oldugu bulgusuna ulagsmislardir.

Yontem

Yiiksek teknolojili iirlin ihracati ve Ar-Ge harcamalar1 arasindaki nedensellik iliskisinin incelendigi bu ¢alismada yiiksek
teknolojili tiriin ihracatt (HTECH) bagimli degisken, Ar-Ge harcamalar1 (RD) ise bagimsiz degisken olarak degerlendirilmisgtir.
Kontrol degisken olarak ise gayri safi sabit sermaye yatirimlar1 (GFCF) ve ticari aciklik (TRADE) degiskenleri modele eklenmigtir.

Tablo 1. Degiskenlerin Tanimlar1 ve Kaynaklari

Degiskenler Aciklama Olgiim Kaynak

Yiiksek ve orta teknoloji yogunluklu
HTECH Yiiksek teknolojili iiriin ihracati imalat ihracatinin toplam imalat
ihracatina orani, %

Ar-Ge harcamalariim GSYH’ye World Bank- World

RD Ar-Ge harcamalar orani, % Development Indicators
. . Gayri safi sabit sermaye yatirimlarinin

GFCF Gayri safi sabit sermaye yatirimlart GSYH’ye orant, %

TRADE Ticari agiklik Dis ticaretin GSYH’ye orani, %

Calismada yiiksek teknolojili iiriin ihracati ile Ar-Ge harcamalar1 arasindaki nedensellik iliskisi Tiirkiye, Almanya, Ingiltere,
ABD, Japonya, Fransa, Kanada, Giiney Kore, Bel¢ika, Hollanda, Avusturya, Danimarka, Macaristan, Cekya, Ispanya, Litvanya,
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Estonya, Letonya, Polonya, Meksika, Portekiz ve Slovakya’dan olusan 22 OECD iilkesi i¢in 1996-2021 donemi yillik verileri
kullanilarak panel analiz yontemleri ile incelenmistir. Bagimli degisken olarak yer alan yiiksek teknolojili iiriin ihracatina (HTECH)
karsilik olarak yiiksek ve orta teknolojili imalat ihracatinin toplam imalat ihracatina orani, bagimsiz degisken olarak yer alan Ar-Ge
harcamalar1 (RD) i¢cin de arastirma gelistirme harcamalarinin GSYH’ye orani alinmigtir. Kontrol degiskenlerden gayri safi sabit
sermaye yatirimlari (GFCF) i¢in bu yatirimlarin GSYH’ye oran, ticari agiklik (TRADE) degiskeni icin de dis ticaretin GSYH’ye
oran1 analize dahil edilmistir. Degiskenlere ait veriler World Bank tarafindan yaymlanan World Development Indicators veri
tabanindan temin edilmistir.

S6z konusu iligkinin incelenmesi amaciyla olusturulan model asagidaki gibidir:

HTECH = By + B1RD;; + prGFCF; + BsTRADE;; + uyy (1)

Metodoloji

Paneli olugturan degiskenlere ait yatay kesit bagimliliginin tespiti ekonometrik tahminlerde yapilmasi gereken oncelikli iglemler-
den birini olusturmaktadir. Ozellikle uygulanacak birim kok analizi yonteminin belirlenmesi degiskenlerin yatay kesit bagimlilig1
icerip icermedigine baglidir. Bu amagla oncelikle degiskenlere ve ardindan modele yonelik yatay kesit bagimliligi testi yapilmugtir.

Pesaran (2004) tarafindan incelenen iilkelerden birinde gergeklesen ekonomik sokun diger iilkeler iizerindeki etkisini 6l¢mek
amaciyla Cross-Section Dependence (CD) testi gelistirilmigtir. Ancak Juodis ve Reese (2021) tarafindan yapilan son calismalarda
CD testi yar1 giiclii veya giiclii gizli faktorlere sahip panellerden gelen kalintilara uygulanmasinin asir1 reddedilmeye yol agabile-
ceginin ve sifir hipotezinin yanls reddedildiginin belirlenmesi iizerine CDw testi tiiretilmistir. flgili sorunu hafifletmeye yardimci
olan CDw testindeki potansiyel gii¢ eksikligini gidermek icin Juodis ve Reese (2021), Fan vd. (2015) tarafindan Onerilen bir
tarama bilesenini dahil ederek CDw test istatistigini degistirerek CDw+ test istatistigini gelistirmislerdir. Gii¢lendirilmis CD testi
olarak da ifade edilen CDw+ testi zaman boyutu arttiginda model artiklarinda ortaya ¢ikan sorunlara ve tesadiifi parametrelerin
etkilerine odaklanmaktadir.

Egim katsayilarinin homojen ya da heterojen oldugunun belirlenmesi uygulanacak olan panel birim kok ve panel nedensellik
analizi yontemlerinin belirlenmesi agisindan onemlidir. Pesaran ve Yamagata (2008) tarafindan gelistirilen Swamy (1970) testi
uygulanarak egim katsayilarinin kesitler arasinda homojen olup olmadi81 belirlenmektedir. Ayrica Pesaran ve Yamagata (2008)
ve Blomquist ve Westerlund (2013), A testi icin hem heteroskedastisiteyi hem de otokorelasyonu dikkate alan A HAC testini
gelistirmislerdir. Egim katsayilar1 homojenlik testinin hipotezleri asagidaki gibidir:

Hy: Egim katsayilar1 homojendir
H;: Egim katsayilar1 heterojendir

Yatay kesit bagimlilig1 ve homojenlik test sonuglari dogru tahminler yapabilmek ve etkili politika Onerileri sunabilmek adina
birinci nesil ya da ikinci nesil panel birim kok testlerinden hangisinin kullanilmasi gerektigini gostermesi agisindan onemlidir.
Yatay kesit bagimliligin olmasi durumunda panel birim kok testlerinden ikinci nesil testler uygulanmaktadir. Pesaran’i (2006)
gelistirmis oldugu CADF (Cross-sectionally Augmented Dickey Fuller) testi bu testlerden biridir. T>N kosuluna da uygun olan
test istatistigi denklem 2’de goriildiigii gibidir:

Ayir = @i + biyi—1+Vir-1 + diAyis + eir @)
Denklemdeki Ay;;=y;-y; ;-1 ifadesi;
N
Fe=NT v 3)
i=1
N
Ay; = N7 Z Ay, dir. 4
i=1
CADF birim kok testi hipotezlerinden biitiin i’ler icin Hy : ;=0 duragan degildir anlamina gelirken i=1,2,...... N, i=N; + 1,
Ni+2,...... Nigin Hy : B; < 0, ise duragandir anlamina gelmektedir (Pesaran, 2007: 268):

Panelde iilkelerin her birinin bir yatay kesite karsilik gelmeleri dolayisiyla her bir iilkenin birim koklerinin ortalamalarinin
alinmasiyla elde edilen CIPS (Cross-Sectionally Augmented IPS) birim kok istatistigi ise denklem 5’te yer almaktadir (Pesaran,
2007: 267):
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N
CIPS=N"1) CADF; 5)
i=1

Degiskenler arasindaki nedensellik iligkisini analiz etmek icin Juodis, Karavias ve Sarafidis’in (2021) Granger nedensellik
testinin Xiao vd. (2023) tarafindan geligtirilen yeni versiyonu kullanilmistir. Bu panel testi, modelde homojen ya da heterojen
katsayilar varliginda Granger nedenselliginin bulunmadigi Hp hipotezini sinamaktadir. Yaklagimin yeniligi, Hy hipotezinde Granger
nedensellik parametrelerinin sifir ve homojen olmasi gerektigi fikrine dayanmakta olup, yalnizca bu parametreler i¢in ortak bir
tahmin edici kullamlmasim ngormektedir. Bu tahmin edici, VNT yakinsama oranina ulasilmasimi saglamaktadir; burada N,
paneldeki kesit birim sayisini, T ise zaman serisi gozlemlerinin sayisini ifade etmektedir. Testin uygulanmasinda, “Nickell
Yanlilig1” etkisini hesaba katmak amaciyla Dhaene ve Jochmans’in (2015) Half Panel Jackknife (HPJ) yontemi tercih edilmisgtir.
Bu yaklagimla, 6zellikle orta uzunluktaki zaman boyutunun, heterojen parametreler ve yiiksek kalicilik gibi kosullar altinda etkin
sonuglar elde edilmistir (Juodis vd., 2021). Testin sagladig1 VNT yakinsama oranina sahip havuzlanmis tahmin edicileri sayesinde
mevcut testlere gore daha iyi boyut ve gii¢ performans: elde edilmekte olup, ayrica ¢cok degiskenli sistemlerde kullanilabilir olmas1
ve hem homojen hem de heterojen alternatifler karsisinda etkili olmas: dolayisiyla iki 6nemli avantaja sahiptir (Xiao vd., 2023:
231).

Bayesian bilgi kriteri (BIC) kullanarak hem manuel hem de otomatik gecikme uzunlugu secimi i¢in segenekler sunan, hatalardaki
kesitsel bagimliliga ve kesitsel heteroskedastisiteye izin veren ve tek veya birden fazla ilgili degiskene sahip denklemlerde Granger
nedenselligini analiz eden bu testin denklemi asagidaki gibidir (Xiao vd., 2023: 232).

P P
Vit = Do,i + Z Dp.iYii—p + Z Bp.iXii—p +&i (6)
p=1 p=1

Xiao vd. (2023) tarafindan giincellenen, Juodis, Karavias ve Sarafidis (2021) nedensellik testinin hipotezleri asagidaki gibidir:
Hy : By,; = 0 tiim i ve q i¢in Granger nedeni degildir.

H; : B1 # 0 bazii ve q i¢gin Granger nedenidir.

Bulgular ve Tartisma

Yiiksek teknolojili iiriin ihracatinda Ar-Ge harcamalarinin etkisinin belirlenmesi amaciyla ilk olarak yatay kesit bagimliligi testi
ve sonrasinda ise degiskenlerin hangi seviyede duragan olduklarini belirlemek i¢in birim kok testi yapilmistir. Egim katsayilarinin
homojenliginin belirlenebilmesi i¢in homojenlik testi yapilmis ve sonrasinda degiskenler arasindaki nedensellik iligkisinin tespiti
amaciyla da nedensellik testi uygulanmistir. Tablo2’de ve Tablo3’te sirasiyla degiskenlere ve modele yonelik yapilan yatay kesit
bagimlilig testi sonuglari yer almaktadir.

Tablo 2. Degiskenler icin Yatay Kesit Bagimlilig1 Testi Sonuglari

HTECH RD GFCF TRADE
CDw+ 576.04 760.27 463.06 908.62
Prob. Degeri 0.0000 0.0000 0.0000 0.0000
Sonu¢ Ret Ret Ret Ret

Sonuglar incelendiginde tiim degiskenler i¢in prob degerinin 0.0000 olmas: dolayisiyla yatay kesit bagimlilig1 olmadigini ileri
siiren Hy hipotezi reddedilmis ve yatay kesit bagimliligi oldugu sonucu elde edilmistir.

Tablo 3. Model Igin Yatay Kesit Bagimlilig1 Testi Sonuglari

Test Istatistigi Probability Sonug¢
CDw+ 601.83 0.0000 Ret
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Degiskenlerde yatay kesit bagimliliginin olduguna yonelik bulgularin elde edilmesinin yani sira model i¢in yapilan analiz
neticesinde prob degerinin 0.0000 elde edilmesi ile Hy hipotezi reddedilerek modelde de yatay kesit bagimlilig1 oldugu tespit
edilmigtir.

Tablo 4. Egim Homojenligi Testi Sonuglar1

Delta Test Test istatistigi Probability
A_Tilde 19.830 0.0000
A_Tilde_adj 22.065 0.0000

HAC* Test Test Istatistigi Probability
A_Tilde (HAC) 22.632 0.0000
A_Tilde (HAC)_adj 25.132 0.0000

*HAC test istatistigini hesaplamada Bartlett-Kernel fonksiyonu kullanilmustir.

Modele ait homojenlik standart Delta testi ve HAC testi kullanilarak test edilmigtir. Delta testi sonuclarina gére Ho hipotezinin
reddedildigi, egim katsayilarinin homojen degil heterojen oldugu sonucuna ulagilmigtir. Ayrica Blomquist ve Westerlund (2013)
tarafindan onerilen HAC testi sonuglar1 da Hy hipotezinin reddedildigini, e§im katsayilarinin heterojen oldugunu ifade etmek-
tedir. Birbirini destekler nitelikte sonuglar sunan her iki teste gore de egim parametreleri yatay kesitler arasinda degiskenlik
gostermektedir.

Modelde ve degiskenlerde yatay kesit bagimliliginin varliginin ve modele ait egim katsayilarinin heterojen oldugunun tespit
edilmesinin neticesinde ikinci nesil birim kok testlerinden olan CADF (Cross- Sectionally Augmented Dickey Fuller) testi
uygulanmustir.

Tablo 5. CADF Birim Kok Testi Sonuglari

Seviye 1.Fark
Degisken
Gecikme Sabit(0)/Trend(1) CIPS istatistii Gecikme Sabit(0)/Trend(1) CIPS istatistigi
HTECH 1 1 -2.067 1 1 -4 7T THEE
RD 1 0 -1.635 1 0 -3.989%**
GFCF 1 0 -2.028 1 0 -4.085%**
TRADE 1 0 -1.642 1 0 -3.752%%*
Bireysel yatay kesitli genisletilmis Dickey—Fuller dagiliminin ortalamalarinin kritik degerleri:
Sabit (0) %1 %5 %10 Trend (1) %1 %S5 %10
N:22 T:26 2.3 -2.15 -2.07 N:22 T:26 -2.81 -2.66 -2.58

Gecikme uzunluklari max 1 olarak belirlenmistir. ***, %1°de anlamlilig1 ifade etmektedir

Birim kok testi sonucunda elde edilen bulgular degiskenlerin tamamui i¢in seviyede Hy hipotezinin reddedildigini ve degiskenlerin
seviyede birim koke sahip oldugunu ancak degiskenlerin birinci farkinin alinmasiyla degiskenlerin %1 6nem diizeyinde duragan
hale geldigini gostermektedir.

Tablo 6. Panel Nedensellik Testi Sonuglari

Cok Degiskenli Nedensellik Testi

H,: Secilen degiskenler htech degiskeninin Granger nedeni degildir. =~ Lags HPJ Wald Test  p-value Karar
RD, GFCF, TRADE — HTECH 3 171.3953 0.0000***  H, reddedilir
Tek Degiskenli Nedensellik Testi

H,: X, y’nin Granger nedeni degildir. Lags HPJ Wald Test p-value Karar
HTECH— RD 3 30.3632 0.0000%**

RD— HTECH 1 21.8468 0.0000%**

HTECH— TRADE 3 52.7186 0.0000%**

TRADE— HTECH 3 5.0984 0.0000%** Ho reddedilic
HTECH— GFCF 3 106.7023 0.0000%**

GFCF— HTECH 3 36.3193 0.0000%**

*** 041 6nem diizeyini ifade etmektedir.

Nedensellik testi sonucuna gore ilk olarak ¢ok degiskenli fonksiyonlar i¢in segilen bagimsiz degisken ve kontrol degiskenlerin
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bagimli degiskenin nedeni olup olmadig: incelenmistir. Elde edilen bulgular bagimsiz degisken ve kontrol degiskenlerin bagimli
degisken olan yiiksek teknolojili iirlin ihracatinin (HTECH) nedeni olmadig1 seklindeki Hoy hipotezinin %1 6nem diizeyinde
reddedildigini gostermektedir. Bir bagka ifadeyle secilen OECD iilkeleri icin Ar-Ge harcamalar1 (RD), gayrisafi sabit sermaye
yatirimlar1 (GFCF) ve ticari aciklik (TRADE) degiskenleri yiiksek teknolojili iiriin ihracatinin (HTECH) nedenidir. Her degisken
icin nedenselligin ayr1 ayr1 incelenmesiyle elde edilen tek degiskenli nedensellik sonuclarina gore yiiksek teknolojili iiriin ihracati
(HTECH) ile Ar-Ge harcamalar1 (RD) arasinda ¢ift yonlii nedensellik iligkisi tespit edilmistir. Yani aragtirma gelistirme harcamalari
yiiksek teknolojili {iriin ihracatinin nedeniyken yliksek teknolojili iiriin ihracati da arastirma gelistirme harcamalarinin nedenidir.
Benzer sekilde gayrisafi sabit sermaye yatirimlari (GFCF) ve ticari aciklik (TRADE) ile yiiksek teknolojili iiriin ihracatt (HTECH)
arasinda da ¢ift yonlii nedensellik iligkisi oldugu belirlenmistir.

Sonug

Uluslararasi rekabette en etkili faktorlerden biri teknolojik gelismelerdir. Ulkelerin gelismislik diizeyi ile yakindan iligkili olan
teknolojik yenilik seviyesi saglamis oldugu katma deger dolayisiyla da rekabet edebilirlik diizeyinde 6nemli bir katki sunmaktadir.
Ozellikle uluslararas: ticaret agisindan incelendiginde ihracatta katma degeri yiiksek olan mallarin payini artirmak oncelikli
politikalar haline gelmistir. Bu baglamda yiiksek teknolojili iiriin ihracatinin temel belirleyici unsurlarindan biri Ar-Ge harcamalari
olarak kabul edilmektedir. Ar-Ge harcamalarina yapilan yatirimlarin artmasi neticesinde yiiksek teknolojili iiriin liretiminin
artacagi, bunun ise iilkelere karsilastirmali iistiinliik saglayarak {ilkelerin ihracat performansini olumlu yonde etkileyecegi kabul
edilmektedir.

Bu ¢alismada 22 OECD iilkesinin 1996-2021 doénemi yillik verileri kullanilarak Ar-Ge harcamalari ile yiiksek teknolojili {iriin
ihracat1 arasindaki nedensellik iligkisi panel veri yontemi kullanilarak analiz edilmistir. Modele kontrol degisken olarak gayrisafi
sabit sermaye yatirimlart ile ticari agiklik verileri de eklenmistir. Degiskenlerin ve modelin yatay kesit bagimliliklari ile modele ait
egim homojenligi testinin ardindan degiskenlerin duraganlik diizeyleri panel birim kok testleri ile incelenmistir. Gerek degiskenlere
gerekse modele ait yatay kesit bagimlilig1 elde edilmesi ikinci nesil birim kok testlerinin uygulanmas: gerektigini gostermisgtir.
Degiskenlerinin her birinin seviyede birim koke sahip olduklari birinci farklarinda ise duraganlagtiklar1 tespit edilmistir.

Degiskenler arasindaki nedensellik iligkisinin tespiti icin Juodis, Karavias ve Sarafidis’in (2021) Granger panel nedensellik
testinin Xiao vd. (2023) tarafindan gelistirilen yeni versiyonu yapilmistir. Panel nedensellik analizi sonuclarina gore secilen OECD
tilkeleri i¢cin bagimsiz degisken Ar-Ge harcamalari ile kontrol degiskenler olan gayrisafi sabit sermaye yatirimlari (GFCF) ve
ticari aciklik (TRADE) degiskenlerinin yiiksek teknolojili iiriin ihracatinin (HTECH) nedeni oldugu tespit edilmistir. Ayrica
analiz sonucuna gore yiiksek teknolojili {iriin ihracatt (HTECH) ile Ar-Ge harcamalar1 (RD) arasinda cift yonlii nedensellik
iligkisi bulunmaktadir. Bir bagka ifadeyle yliksek teknolojili iiriin ihracati (HTECH) ile arastirma gelistirme harcamalarinin (RD)
birbirlerinin nedeni oldugu sonucu elde edilmistir. Kontrol degiskenler olan gayrisafi sabit sermaye yatirimlar1 (GFCF) ve ticari
aciklik (TRADE) ile yiiksek teknolojili iiriin ihracati (HTECH) arasinda da cift yonlii nedensellik iligkisi bulunmustur.

Yiiksek teknolojili iiriin ihracati ile aragtirma gelistirme harcamalari arasindaki nedensellik iligkinin tespit edildigi bu caligma
sonuclarina gore iilkelerin dig ticarette rekabet iistiinliigii elde edebilmeleri, sahip olduklar iistiinliikleri koruyabilmeleri, refah
diizeylerini artirabilmeleri i¢in politika yapicilarin arastirma gelistirme harcamalarina yonelik yatirimlari artirmalart bunun i¢in
de oncelikli olarak arastirma gelistirme harcamalarina milli gelirden daha fazla kaynak aktarmalar1 gerekmektedir. Bunun yani
sira yliksek teknoloji alaninda faaliyet gosteren firmalara Ar-Ge projeleri i¢in belirli bir oranda hibe destegi saglanmasi yenilik¢i
projelerin baglangic asamalarinda mali yiikii azaltacag: icin tegvik edici olacaktir. Ar-Ge harcamalarinin belirli bir yiizdesinin
vergi matrahindan diisiilerek vergi indirimlerinin saglanmasi, diislik faizli kredi olanaklari sunarak ve risk sermayesi fonlari
olusturarak yiiksek teknoloji projeleri finansmaninda 6nemli bir kaynak saglanmasi finansal agidan yapilabilecek tesviklerden
bazilaridir. Ayrica kamu ve 6zel sektor isbirligini saglayarak Ar-Ge faaliyetlerinde 6zel sektdriin payinin artirilmasi ve kaynaklarin
etkin kullaniminin saglanmasi, iiniversite-sanayi igbirligi ile bilgi transferinin artirilmasi, belirli teknoloji gelistirme bolgeleri
olusturularak bu bolgelerdeki firmalara fiziki altyap1 destegi, diisiik kira hizmetlerinin sunulmas, nitelikli isgiicii temini amaciyla
egitim diizenlemelerinin yapilmasi, yenilik¢i fikirleri artirabilmek amaciyla belirli periyotlarla yarigsmalar diizenleyerek basaril
projelerin 6diillendirilmesi gibi tesvik edici uygulamalar da son derece 6nemlidir.
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0Z

Bu calismada, Durum Uzay1 Modellerinin (State Space Models) tanitilmasi amaciyla bir Tiirkiye iktisadi analizi ele alinmaktadir.
Durum Uzay1 Modelleri, esnek yapilara ve veri kaybin1 6nleyen bir tahmin yontemine sahip olmasi sebebiyle tercih edilen bir
modelleme yontemi sunmaktadir. Bu caligmanin iktisadi uygulamasi olarak, Tiirkiye’nin 2005-2024 donemine ait aylik Tiiketici
Fiyat Endeksi (TUFE), Dolar/TL ve Euro/TL degiskenleri ile bir analiz yapilmustir. Analizin ilk asamasinda, yalnizca agiklayic
degisken igeren bir modelleme yaklagimi benimsenmis ve TUFE, Dolar/TL, Euro/TL gibi ekonomik gostergeler bireysel olarak
ele alinarak analiz edilmistir. Ardindan, daha karmasik bir modelleme siirecine gecilmistir; bu siirecte yalnizca agiklayici degisken
iceren modellerin yani sira, 2023 yilinin Ocak ayindan itibaren gegerli olacak bir kukla degisken eklenmistir. Kukla degisken
eklenerek yapilan ikinci modellemede, belirli donemlerde gerceklesen yapisal kirilmalar ve politika degisikliklerinin veriler
tizerindeki etkisi daha kapsaml bir sekilde incelenmistir. Analizde deterministik ve stokastik 6zellikler de dikkate alinmig ve
bu farklt model yapilar1 Kalman Filtresi (1960) yontemi kullanilarak tahmin edilmistir. Bu analizler sonucunda, en iyi model
yapisinin Dolar/TL ve Euro/TL degiskenleri icin Stokastik Seviye ve A¢iklayic1 Degisken-Kukla Degisken modeli oldugu sonucuna
ulagilmistir. Elde edilen sonuglar, Dolar/TL ve Euro/TL degiskenlerinin TUFE iizerindeki etkisinin benzer oranda ve pozitif yonde
oldugunu gostermektedir. Bununla birlikte TUFE nin Dolar/TL ve Euro/TL degiskenlerindeki dalgalanmalara nispeten daha az
hassasiyet gosterdigi; bagka bir deyisle, Dolar/TL ve Euro/TL degisimlerine gore daha diisiik esneklik sergiledigi tespit edilmistir.
Ayrica modelde kukla degisken kullanilmas1 iki donem arasinda yurt i¢i fiyatlarinin karsilagtirilmasina olanak tanimistir. Buna gore
2023’iin ilk ay1 ve sonrasindaki yurtici fiyatlarinin 6nceki dénemlere gore daha diisiik oldugu ¢ikarimi yapilmigtir. Bu bulgular,
Tiirkiye’de doviz kuru ve yurt i¢i fiyatlar1 arasindaki iliskiyi daha iyi anlamak i¢in 6nemli ¢ikarimlar sunmaktadir ve Durum Uzay1
Modellerinin iktisadi bir uygulamada kullaniminda gostermesi bakiminda literatiire katki sunmaktadir.

ABSTRACT

In this article, an economic analysis of Tiirkiye is discussed to introduce State Space Models. State Space Models offer a preferred
modelling method as they have flexible structures. As an economic application of this study, an analysis is conducted with Tiirkiye’s
monthly Consumer Price Index (CPI), USD/TRY and EUR/TRY for the period 2005-2024. In the first stage, a modelling approach
with only explanatory variables is adopted. Subsequently, in addition to the models with only explanatory variables, a dummy
variable was added to be valid from January 2023 onwards. Deterministic and stochastic features were considered in the analysis,
and these different model structures were estimated. As a result, it is concluded that the best model structure is the Stochastic Level
and Explanatory Variable-Dummy Variable model for the USD/TRY and EUR/TRY. The results show that the effects of USD/TRY
and EUR/TRY on the CPI are similar and positive. However, the CPI is found to be relatively less sensitive to fluctuations in
the USD/TRY and EUR/TRY. In addition, the use of a dummy variable in the model allowed the comparison of domestic prices
between the two periods. Accordingly, it is inferred that domestic prices in the first month of 2023 and thereafter are lower than
those in the previous periods. These findings have important implications for a better understanding of the relationship between
exchange rates and domestic prices in Tiirkiye and contribute to the literature in terms of demonstrating the use of State Space
Models in an economic application.
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EXTENDED SUMMARY
This study examines the relationship between domestic prices and exchange rates in the Tiirkiye economy and uses State Space
Models and the Kalman Filter method to analyse this interaction. State Space Models are highly flexible models used in economic
analysis and prevent data loss. This feature makes state-space models very useful in time-series analysis. In this framework, the
Kalman filter is used in the estimation of the state space models. State Space Models and the Kalman Filter make important
contributions in revealing economic relationships that are difficult to measure.

In this article, first, the theory of the economic issue is discussed and then the general representation of State Space Models
is analysed. Then, the structures of the State Space Models according to different specifications are discussed separately and the
model structures are explained through equations. Then, the Kalman Filter method, which is the estimation method of State Space
Models, developed by electrical engineer Rudolf Emil Kalman in 1960 for use in control engineering, is explained. The feature of
the Kalman Filter that makes it very useful in the use of economic series is that it can be applied to both stationary and unit rooted
series. Due to these useful features, the Kalman Filter was adapted to the economic series by Andrew Harvey in 1989 for use in
econometric analyses.

This study analyzes the relationship between Tiirkiye’s Consumer Price Index (CPI) and the USD/TRY and EUR/TRY exchange
rates separately over a period extending from 2005 to 2024. Studying this long period provides a detailed analysis of the relationship
between the CPI and USD/TRY and EUR/TRY. The analysis is initially carried out using State Space Models with only explanatory
variables and investigates the direction and degree to which the USD/TRY and EUR/TRY exchange rates are driving the CPI. In
addition to this modelling, a dummy variable representing the first month of 2023 and the following months was added to the
model, and it was investigated how the dummy and explanatory variables explained the CPI variable. The purpose of adding the
dummy variable to the model is to include the structural breaks and policy changes in the Turkish economy in the model. For both
models, adding a dummy variable to the model made a positive contribution to the model.

In order to analyse the State Space Models with Explanatory Variables and State Space Models with Explanatory Dummy
Variables mentioned in the above paragraph in a more holistic sense, the deterministic and stochastic properties of the explanatory
and dummy variables are included separately in the model. In this way, the possibility of correctly selecting the model type that
gives the best model result has increased. It was determined that the model that gave the best result was the Stochastic Level
Explanatory Variable-Dummy Variable Model, and this model was accepted as the final model.

According to the model results, it is concluded that the USD/TRY and EUR/TRY variables positively affect the CPI variables.
More specifically, a 1% change in the USD/TRY increases the CPI by approximately 0.1752%, while a 1% change in the EUR/TRY
increases the CPI by approximately 0.1768%. The values are very close to each other, but it is observed that the EUR/TRY affects
the CPI more than the USD/TRY. This is thought to be due to the fact that Tiirkiye imports mostly from European countries. These
values also provide the elasticities. Accordingly, it can be interpreted that the CPI is inelastic against USD/TRY and EUR/TRY.
This shows that domestic prices react little to the fluctuations in USD/TRY and EUR/TRY. Since there is also a dummy variable in
the model, it is possible to compare the domestic prices of the two periods. Accordingly, in the CPI-USD/TRY model, Tiirkiye’s
domestic prices are 0.04378% lower for January 2023 and later than the other dates, while in the CPI-EUR/TRY model, Tiirkiye’s
domestic prices are 0.04375% lower for January 2023 and later than the other dates. It is noteworthy that these values are quite
close to each other. This means that the policy changes that have started to be experienced since the first month of 2023 have a
decreasing effect on domestic prices.

At the end of the article, it is underlined that Tiirkiye, like every developing country, is quite sensitive to external shocks. To
become more resilient to these external shocks, policies that encourage domestic production and exports are suggested.

Giris

Temelleri ilk olarak Rudolf Emil Kalman tarafindan 1960 senesinde atilan Durum Uzay1 Modelleri (State Space Models),
miihendislikte kullanilmak iizere tasarlanmis model yapilaridir. Kalman (1960), ayrica Kalman Filtresi de gelistirip Durum Uzay1
Modellerinin tahminini miimkiin hale getirmistir.

Durum Uzay1 Modellerinin Ekonometri alaninda kullanilmasina olanak saglayan arastirmaci ise Andrew Harvey’dir. Harvey
(1989)’da ekonometrik modellerin Kalman Filtresi ile tahmini anlatilmistir. Durum Uzay1 Modelleri, sahip oldugu avantajlar
sayesinde Ekonometri alaninda da kullanilmaya baglanmigtir.

Kalman (1960) formiilasyonu, hem duragan hem de duragan olmayan seriler ile model kurmaya olanak saglamaktadir (Kalman,
1960, s.35). Dolayisiyla bu yontemde, fark alma yoluyla duraganlastirma iglemine gerek olmamasi sebebiyle veri kaybi sorunu
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yaganmamaktadir. Ayrica Durum Uzay1r Modelleri, Otoregresif Entegre Hareketli Ortalama (ARIMA) ailesi, zamanla degisen
katsayilar modeli gibi ¢ok c¢esitli model kaliplar1 seklinde yazilabilen esnek modellerdir. Esneklik 6zelliklerine ek olarak Durum
Uzay1 Modelleri, eksik gozlem olmast durumunda da kullanilabilen bir model sistemidir. Daha gelismis Durum Uzay Modelleri,
dogrusal olmama durumunu ve kalintilarin normal dagilim gostermedigi durumlarda da kullanilabilmektedir. Durum Uzay1
Modelleri, zaman serisi bilesenlerini sadece deterministik 6zelliklerini degil ayn1 zamanda stokastik 6zelliklerini de modellemeye
dahil etmesi de bu modellerin avantaj1 olarak kargimiza ¢ikmaktadir. Durum Uzay1 Modellerinin hem deterministik hem stoksatik
ozelliklere izin veren yapisi sebebiyle arastirmacilar daha ¢ok cesitli model kurabilmekte ve en uygun modeli kurma olasiliklart
artmaktadr.

Durum Uzay1 Modellerinin dezavantaji tahminin ve anlagilmasinin zor olmasidir. Bu durum bu model yapisinin popiiler ol-
masinin oniine ge¢mistir. Ancak son yillarda gelisen paket programlar yardimiyla kullanimi kolaylagsmis ve ekonometrik analizlerde
kullanimi artmustir.

Calismada Durum Uzay modellemesini iktisadi bir 6rnek {izerinden anlatmak icin Tiirkiye’de yurtici fiyatlari doviz kurlart
degiskenleri ile Durum Uzay Modelleri metedolojisi iizerinden agiklanmaya ¢aligilmigtir. Bu konu 6zelinde literatiirde ¢ok sayida
caligma bulunmaktadir.

Akgiil ve Ozdemir (2018), Tiirkiye’nin 2003-2016 dénemi igin enflasyon ile faiz oran1 ve enflasyon ile déviz kuru arasindaki ne-
densellik iligkisini Diks ve Panchenko (2006) testi ile incelemistir. S6z konusu ¢calismada sonuclar iki ayr1 donemde yorumlanmustir.
Sonuglara gore 2003-2011 donemi icin enflasyon ve faiz oran1 degiskenleri arasinda cift yonlii nedensel iligki s6z konusudur ancak
bu iligki 2011 senesinde yasanan yapisal kirilma sonrasinda gegerli olmamustir. Bununla birlikte, 2008 y1li sonrasinda Tiirkiye’de
doviz kurundan enflasyona dogru tek yonlii nedensel iliski tespit edilmistir.

Altuntas ve ark. (2021), 2006-2021 donemi igin Tiiketici Fiyat Endeksi (TUFE) ve sepet déviz kuru degiskenlerini Sims (1980)
Vektor Otoregresif (VAR) Modeli ve Granger (1969) nedensellik testi araciligi ile analiz etmistir. Calismada analiz Tiirkiye
Cumhuriyeti Merkez Bankasi (TCMB) bagkanlarina gore donemlere ayrilarak yapilmigtir. Analiz sonuglarina goére Durmusg
Yilmaz déneminde sadece TUFE degiskeninden sepet kur degiskenine dogru tek tarafli bir nedensellik bulunmustur. Erdem
Bagci1 doneminde ilgili degiskenler arasinda herhangi bir nedensellik iligkisi bulunamamistir. Erdem Bagc1 sonrasi donemde ise
degiskenler arasinda cift tarafli bir nedensellik iligkisi bulunmustur.

Bozkurt (2021), Tiirkiye'nin politika faizi, piyasa faizi, nominal Dolar/TL degiskeni ve TUFE bazli enflasyon verilerini Sims
(1980) Vektor Otoregresif (VAR) Modeli ve Granger (1969) nedensellik testini kullanarak 2011-2021 donemi i¢in analiz etmisgtir.
Caligma sonucunda piyasa faiz oranindan politika faiz oranina, piyasa faiz oranindan nominal Dolar/TL degiskenine ve nominal
Dolar/TL degiskeninden enflasyona tek yonlii bir nedensel iligki bulunmusgtur.

Aytekin ve ark. (2023), Autoregressive Distributive Lag (ARDL) ve Toda ve Yamamoto (1995) teknikleri ile 2004-2021 donemi
icin TUFE, Uretici Fiyat Endeksi (UFE) ve reel efektif doviz kuru arasindaki iliskiyi incelemislerdir. Sonuglara gore doviz kuru
ile UFE degiskenleri arasinda cift yonlii nedensellik iliskisi vardir. UFE’den enflasyona dogru tek yonlii bir nedensellik iliskisi
vardir. Ayrica uzun dénemde UFE’deki artis enflasyonu artirmaktadir.

Altintas (2024), 2007-2021 donemi enflasyon, nominal déviz kurlar1 (Dolar/TL ve Euro/TL), ithalat deger endeksi ve ¢ikti ac181
aylik verilerini kullanarak ARDL ve Nonlinear Autoregressive Distributive Lag (NARDL) modelleri ile bir calisma yapmaisgtir.
Caligsma sonuglarina gore fiyatlar, Tiirk Lirasinin Dolar ve Euro karsisinda deger kaybetmesine uzun donemde anlamli ve pozitif
tepki vermekte oldugu ancak geg¢is etkisinin eksik oldugu, ayrica Dolar/TL ve Euro/TL nin, uzun donemde enflasyon iizerinde
asimetrik bir etkisi s6z konusu oldugu ortaya ¢cikmaigtir.

Sozen ve ark. (2024), 2011-2019 donemi icin, Borsa Istanbul (BIST-100), Yatirime: Risk Istah1 Endeksi (RISE), TUFE bazh
reel efektif doviz kuru, faiz oran1 ve TUFE bazli enflasyon oram degiskenlerini kullanarak Toda ve Yamamoto (1995) nedensellik
testi ile analiz gerceklestirmislerdir. Sonuglara gore; BIST-100 endeksi ve reel efektif doviz kurundan enflasyona, RISE’den faiz
oranina, BIST-100 endeksinden RISE’e dogru tek yonlii nedensellik sonucu bulunmustur.

Bu calismada, Dolar/TL ve Euro/TL degiskenlerinin yurtici fiyatlarina olan etkisi 2005M1-2024M9 dénemi aylik verileri
kullanilarak Durum Uzay1 Modelleri yardimiyla arastirilmistir. Amag ve Yontem boliimiinde calisilan iktisat problemi gecmis
caligmalarla ele alinmig ayrica Durum Uzay1 Modelleri ve Kalman Filtresi tanitilmigtir. Bulgular kisminda model tahminlerine
yer verilmis ve sonuclar yorumlanmistir. Tartigma ve Sonug¢ kisminda bulgular iktisadi baglamda tartigilmig ve politika Onerisi
sunulmustur.

Amac ve Yontem

Bu ¢alismanin amact Dolar/TL ve Euro/TL degiskenlerinin yurti¢i fiyatlarina olan etkisinin ayr: modeller yardimiyla belirlenmesi
ve sonuglarin kargtlagtirilmasidir. Bu dogrultuda, Dolar/TL degiskeninin Tiiketici Fiyat Endeksi (TUFE)’ye olan etkisi ve Euro/TL
degiskeninin TUFEye etkisi, agiklayic1 degigken iceren tiim Durum Uzay1 Modelleri ile tahmin edilmig ve optimum model nihai
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model olarak yorumlanmustir. TUFE, tiiketiciler tarafindan satin alman mal ve hizmetlerin genel maliyetlerinin dlciisii olarak
tanimlanmaktadir (Mankiw, 2021, s.512). Calismada yurt ici tiiketici fiyatlarini temsil etmesi amaciyla TUFE kullamlmistir.
Dolar/TL ve Euro/TL degiskenleri ise 1 Dolar ve 1 Euro’nun belli bir zamandaki Tiirk Liras1 fiyatin1 ifade etmektedir. TUFE’nin
biiylime orani olarak hesaplanan enflasyon, bir iilkede fiyatlarin siirekli artmasi olarak tanimlanmaktadir ve 6zellikle Tiirkiye gibi
gelismekte olan iilkelerde baglica sorun haline gelmistir. Oyle ki iilkelerde merkez bankalarinin birinci amaci fiyat istikrarmin
saglanmasi ve siirdiiriilmesidir (Kog¢ ve Abasiz, 2012, s.102). Bu nedenle enflasyon iktisadi ¢alismalarda siklikla ¢alisilan, tizerinde
politika gelistirilen konularin baginda gelmektedir. Bu caligmalarin bir kismi enflasyonun hangi faktorler tarafindan belirlendigi
konusudur. Bu faktdrlerin basinda doviz kurlan yer almaktadir. Déviz kurunun yurt ici fiyatlara etkisi genelde Exchange Rate Pass-
Through (ERPT) kavramui iizerinden anlatilmaya ¢aligilmaktadir. Dviz kurundaki degisimlerin yurt i¢i fiyatlari iizerindeki etkisi
fazla oldugunda iilkedeki doviz kuru rejiminin se¢imi etkilenmektedir. Bununla birlikte s6z konusu etki daha diisiik oldugunda
iilkede enflasyon hedeflemesi daha kolay gerceklestirilebilmektedir (Altintas, 2024, s.2). Bu nedenle doviz kurunun yurtici fiyatlara
geciskenliginin analiz edilmesi ve dolayisiyla siddetinin belirlenmesi politika yapicilara yol géstermesi bakimindan cok 6nemlidir.

Amitrano ve ark. (1997), ulusal para birimindeki deger kaybinin yurtici fiyat artiglarina gecis siirecini ii¢ asamaya ayirarak
aciklamustir. Ik asamada ulusal para birimindeki bir deger kaybinin ithalat fiyatlarina gegis siireci gerceklesmektedir. S6z konusu
caligmada ilk agama, Hooper ve Mann (1989)’1 temel alan Dogrudan Gegis Mark-up modeli yardimiyla agiklanmugtir. flgili model
Sekil 1 yardimiyla gosterilmektedir.
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Sekil 1. Mark up Modeli (Yazarlar tarafindan Amitrano ve ark. (1997) ¢alismasindan ornek alinarak ¢izilmistir.)

Sekil 2. Serilerin Grafikleri

Sekil 1’de dikey eksen, yerel para birimi cinsinden ithalat fiyatini (P,s) , yatay eksen ithal edilen mal miktarlarini gostermektedir.
(D), yurtigi talep egrisini, (MR) , yurtici talebine bagl marjinal gelir egrisini ve doviz kurunu ifade etmektedir. S6z konusu modele
gore, yabanci firma i¢ piyasada agsagi dogru egimli talep egrisine gore hareket etmektedir ve yabanci para cinsinden marjinal maliyet
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(C) ile iiretim yapabilmektedir. Bu modelde, modeli basitlestirmek adina, yabanci iireticinin 6lgege gore sabit getiri ile caligtigim
ve dolayisiyla maliyet egrisinin diiz yatay cizgi oldugu varsayilmaktadir. Marjinal maliyet C* ve doviz kuru S olduguna gore
C*S; ve C*S;, maliyetin yerel para birimine ¢evrilmis halini ifade etmektedir. P; doviz kuru seviyesinde, optimum fiyat ve miktar
sirasiyla Py ve Q seviyesinde bulunmaktadir. Burada P; fiyati i¢ talebin fiyat esnekliginin fonksiyonu olarak ifade edilmektedir.
Bu durum Denklem 1 yardimiyla asagidaki gibi gosterilmektedir.

Pi=¢/(e+1)C"S, (1)

Denklem 1°de yer alan gdsterimi i¢ talebin fiyat esnekligini belirtmektedir. Doviz kuru seviyesinden seviyesine yiikseldiginde
yeni optimum fiyat ve miktar sirastyla P, ve Q, olacaktir. Talebin fiyat esnekligi sabit ise burada tam bir geciskenlik meydana
gelecektir. Bu durumda yeni fiyatin denklemi,

Py=e/(e+1)C"S, 2)

seklinde ifade edilecektir. Amitrano ve ark. (1997), doviz kurunda meydana gelen degisikliklerin yurtigi fiyatlara yansimasinin
ikinci asamasin ithalat fiyatlar1 ve yurtigi fiyatlar arasindaki etkilesimi saglayan kanallarla ilgili oldugunu dile getirmiglerdir.
Calismacilara gore bu durum aslinda iilkenin sahip oldugu ekonomik yapidan etkilenmektedir. Ornegin daha acik ekonomik
sisteme sahip olan bir iilke daha kapali ekonomik sisteme sahip olan bir iilkeye gore daha fazla ithal mal talep etmektedir.
Dolayistyla bu tiir iilkelerde ithalat mallarimin fiyatlarinin artig1 yurtiginde fiyatlarin artmasim daha gok etkilemektedir. Uciincii
asamada ise doviz kurunun artmasinin ardindan iilkedeki iicretlerin ayarlanmasi agiklanmaktadir. Ucretlerin ayarlanmas: ise isgiicii
piyasasmin giicii ve toplam talebin durumu tarafindan etkilenmektedir. Amitrano ve ark. (1997), caligmasinin teorik boliimiinii
doviz kurunun artmasinin yurti¢i fiyatlarim yiikseltme derecesini etkileyen faktorleri,

o Ulusal para birimindeki deger kaybinin algilanan kalicilik diizeyi

e Doviz kurunun artmasindan sonra meydana gelen yabanci fiyat artiglarinin diizeyi
o Ekonominin agiklik diizeyi

e Maliye politikasinin tesvik diizeyi

belirterek sonlandirmiglardir (Amitrano ve ark., 1997, s.331-334).

Literatiirde TUFE ve d6viz kurlari ile yapilan galigmalar, séz konusu degiskenlerin genelde ilk farklarinda duragan olmalari
sebebiyle, nedensellik analizi ile yapilmaktadir. Durum Uzay1 Modelleri analizde degiskenlerin duragan olup olmamalarini dikkate
almadi8 i¢in ve literatiire katki sunulmasi amactyla bu ¢alismada s6z konusu iktisadi konu Durum Uzay1 Modelleri ile analiz
edilmigtir.

Durum Uzay1 Modelleri, duraganlik durumu gozetilmeyerek diizey halleri ile analiz yapmaya olanak saglamast hem de esnek
yapisi sebebiyle bu ¢calismada kullanilmasi i¢in tercih edilmistir. Durum Uzay1 Modelleri, gézlenemeyen bilegenlere sahip dinamik
bir sistemin modellenmesinde kullanilan esnek bir model yapisidir. ARIMA ailesi modelleri, gézlenemeyen bilesen modelleri,
degisen katsayili modeller gibi cesitli dogrusal ve dogrusal olmayan modeller Durum Uzay1 yapisinda modellenebilmektedir
(Mergner, 2009, s.17).

Durum Uzay1 Modelleri 6l¢iim ve durum! denklemlerinden meydana gelmektedir. Olciim denklemi, gozlenebilen degiskenler
ve gozlenmeyen durum degiskenleri arasindaki iligkiyi tanimlayan denklemdir. Durum denklemi ise durum degiskenleri arasindaki
dinamigi ifade etmekte kullanilmaktadir (Kim ve Nelson, 1990, s.29). Olgijm denklemi matris formunda,

Ve =Zia; +di 1,8 ~N(O,H,) 3)

olarak gosterilmektedir. Olciim denkleminde yer alan y; , nx1 boyutlu 6l¢iim vektorii, a, , mx1 boyutlu durum vektérii, Z; |
gozlenmeyen durum degiskeni vektorii ile gozlemlenen degisken vektorii arasindaki iliskiyi saglayan nx boyutlu matris, d; , nx1
boyutlu vektor ve g, nx1 boyutlu hata terimi vektoriidiir. £, , 6l¢iim hatalar1 olarak da adlandirilmaktadir. Durum denklemi matris
formunda,

a1 = Tray + ¢ + Rié, € ~ N(0,Qy) 4)

olarak gosterilmektedir. Burada T;, boyutlu matris, mxm boyutlu matris, R,m X g , ¢, mx1 boyutlu vektor ve & gx1 boyutlu
durum hata terimlerini ifade eden vektordiir. Olciim hatalari, , sifir ortalamali ve varyans-kovaryans matrisi ile otokorelasyonsuz
hata terimleridir. Aym sekilde, durum hata terimleri,g; , sifir ortalamali ve H, varyans-kovaryans matrisi ile otokorelasyonsuz hata
terimleridir (Durbin ve Koopman, 2012, s.43; Harvey, 1989, s.100-101).

Durum uzay1 modelleri icerdikleri trend, mevsimsel etki, digsal degisken, kukla degisken gibi bilesenler ile farkli sekillerde
modellenebilmektedir. S6z konusu bilesenler, durum denklemleri yardimiyla Durum Uzay: Modeli sistemine dahil olmaktadir.

' Durum Uzay literatiiriinde durum denklemleri, gegis (transition) denklemleri olarak da ge¢mektedir
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Bu modeller, Yerel Seviye Modeli, Yerel Dogrusal Trend Modeli, Mevsimsel Yerel Seviye Modeli, A¢iklayici Degiskenli Yerel
Seviye Modeli ve Kukla Degiskenli Yerel Seviye Modelidir. Durum Uzay1 Modellerinin en basit hali olan Yerel Seviye Modeli
cebirsel formda,

Vi =+ &, & ~ niid(0, a'i)

i 5
et = pe €t &~ niid(0,07) ©)

seklinde ifade edilmektedir. Burada y,, t zamanindaki gozlemlenemeyen diizey; &;, ¢ zamanindaki 6l¢iim hata terimi ve &, , ¢
zamanindaki durum hata terimidir. Model tahmininde Model tahmininde & 2§ = O esitlendiginde Yerel Seviye Modeli, Deterministik
Yerel Seviye Modeli haline gelmektedir. 62§ varyansinin model sisteminde degismesine izin verildiginde ise model Stokastik Seviye
Modeli olarak adlandirilmaktadir (Commendeur ve Koopman, 2007, s.9-10). Yerel Seviye Modelinin durum denklemine trend
bileseni eklenmesiyle elde edilen Yerel Dogrusal Trend Modeli Denklem 6’te gosterilmektedir.

Vi= M +&, & ~niid(0, 0'3)
el = g +vp, vt ~niid(0,072) (6)
Va1 = U+ & €t~ niid(0,07)

Denklem 3’ten farkli olarak Denklem 4’te yer alan v;, ¢ zamanindaki trend bilesenini ifade ederken &;, tzamanindaki trend durum

denklemi hata terimini gostermektedir. Burada da o-é =0ve o-é = 0 olmasi durumunda Deterministik Seviye ve Egim modeli,

o-é’nin zamanla degismesine izin verilirken o-é =0 olmasi1 durumunda Stokastik Seviye ve Deterministik Egim Modeli ve iki

varyansin da zaman degismesine izin verilmesi durumunda ise Stokastik Seviye ve Stokastik Egim Modeli elde edilmektedir. Yerel
Seviye Modelinin 6l¢iim denklemine iicer aylik mevsimsel etki eklenmesiyle Denklem 7°teki model yapisi olusmaktadir. Denklem
7’de baz alinan doneme gore mevsimselligin etkisi incelenmek istendiginde seviye degiskeni y, kullanilmadan dort mevsimli
model yerine u, degiskeni kullanilarak ii¢ adet mevsimsel degiskeni ifade eden model kullanilmigtir. Bunun sebebi baz donemden
diger donemlerin farklarinin belirlenmek istenmesidir. Denklem 7 su sekilde ifade edilmektedir:

Yt =y +vy181, & ~ niid(0,02)
He+l =mu, +&, & ~niid(0,02) o
yl’t+] Z_YI’I_’yz’t_’)/3at+wt

_ ;- 2
Y241 = Y14, W~ niid(0,07%)

Burada y,mevsimsel bileseni ifade etmektedir. Mevsimsel durum denkleminde yer alan vy, ., birinci ¢eyrekligin, 2, ikinci
ceyrekligin ve y3 ; ligilincii ¢eyrekligin etkisini gostermektedir. w; mevsimsel durum denkleminin hata terimini ifade etmektedir.

o-é =0ve Jé = 0 durumlarimn birlikte gerceklesmesi durumunda Deterministik Seviye ve Mevsimsel Modeli, 0'§ =0ve

o2, varyanslariin degismesine izin verilmesi durumunda Stokastik Seviye ve Mevsimsel Modeli ve sadece 0-2,=0 durumunda

Stokastik Seviye ve Deterministik Mevsimsel Modeli tahmin edilmektedir (Koopman ve ark., 1999, s.116). Agiklayici Degiskenli
Yerel Seviye Modeli, Denklem 3’te yer alan 6l¢iim denklemine agiklayici degisken eklenmesiyle ve agiklayici degisken katsayisi
ile yeni bir durum denklemi kurulmasiyla olusturulmaktadir. S6z konusu denklem,

Vi = MUy +,tht+81, 8l~niid(0,0'l)2)
Ml = +&n&E Et ~niid(0,07) (8)
B =B +7,7 Tt~ niid(0,02)

(8) nolu denkleme kukla degisken eklenmesi ve kukla degisken katsayisinin durum denkleminin olusturulmasi ile de Kukla
Degiskenli Yerel Seviye Modeli elde edilmektedir.

Ve =+ Awe + &, &t ~niid(0, 0'U2)
pevt =g+ Ené E~niid(0,07) ©)
At+1 = + 71,0 pt ~niid(0,07)

Denklem 8’de yer alan modelde o-é =0 ve 02 = 0 seklinde durum hata terimi varyanslarinin sifira esitlenmesiyle Deterministik
Seviye ve Agiklayic1 Degisken Modeli, iki varyansin da degismesine izin verilmesi durumunda Stokastik Seviye ve Agiklayici
Degisken Modeli elde edilmektedir. Ayn1 mantik ile Denklem 9°da yer alan Kukla Degiskenli Yerel Seviye Modelinde yer alan
varyanslar, o-é =0 ve 0'3 = Oseklinde sifira esitlendiginde Deterministik Seviye ve Kukla Degisken Modeli, s6z konusu iki
varyansin da degismesine izin verilmesi durumunda ise Stokastik Seviye ve Kukla Degisken Modeli kurulmaktadir. Bu modellerin

birlestirilmesi ile de model spesifikasyonu genisletilebilmektedir (Durbin ve Koopman, 2012, 5.49-50).

Durum uzay: yontemleriyle zaman serisi analizinde, durum bilesenleri farkli sekillerde tahmin edilebilmektedir. Bu konuda
diizlestirilmig durum ve tahmin edilmis durum kavramlar1 énemli olmaktadir. Diizlestirilmis durum kavrami, tiim gozlemlerinin
kullanildig1 durum vektoriiniin diizlestirilmis tahminini ifade etmektedir. Tahmin edilen durum ise sadece ge¢mis gozlemlere
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dayanan tahmini belirtmektedir. Durum tahminleri, hiperparametrelerin® belirli degerlerini ve durum bilesenlerinin belirli baglangic
degerlerini dikkate almaktadir. Durum vektoriiniin tahminleri, veriler iizerinden iki ge¢is yapilarak gergeklestirilmektedir:

1. Ileri Gegis: Bu adimda gozlemlenen zaman serilerine Kalman filtresi olarak bilinen 6zyinelemeli bir algoritma uygulanmak-
tadur.

2. Geri Gegis: Bu adimda Kalman filtresinin ¢iktisina durum ve hata diizelticiler olarak bilinen 6zyinelemeli algoritmalar
uygulanmaktadir.

Kalman (1960) filtresi ile ileriye gecis adimi, tahmin edilen veya filtrelenen durumla ilgili tiim tahminleri saglamaktadir. Filtreleme
durumunda, bu tahminler filtrelenmis durumu ve filtrelenmig durum tahmini hata varyanslarini igermektedir. Varyanslar, giiven
siirlarinin olusturulmasi igin kullanilmaktadir. Kalman filtresinin temel amaci, yalnizca gozlemlerini dikkate alarak zaman
noktasindaki durumun optimal degerlerini elde etmektir. Bu nedenle, tahmin edilen durumun ve bununla ilgili tahminlerin 6nemli
bir 6zelligi, bunlarin yalnizca gdzlemlenen zaman serilerinin gegmis degerlerine dayanmasidir.

Geriye dogru gecis, yalnizca diizlestirilmis durumlar ve diizlestirilmis hatalar gibi tahminleri elde eden diizlestirme i¢in gerek-
lidir. Diizlestirme ayrica diizlestirilmig durum tahmini hata varyanslarini, diizlestirilmis diizensiz bileseni ve diizlestirilmis durum
hatalarini ve bunlarin varyanslarini iiretmektedir. Durum ve hata diizlestirilmesinin temel amaci, mevcut tiim gézlemleri gbz 6niinde
bulundurarak zaman noktasinda durum ve hata vektorlerinin tahmini degerlerini elde etmektir.a,, t zaman noktasinda, Kalman
filtresiyle filtrelenmis durumu ifade ettiginde 6zyinelemeli Kalman filtresi giincelleme semasindaki merkezi formiil agagida ifade
edilmektedir:

ars = ap + Ky (e = z,a1) (10)
Yerel seviye modeli i¢in denklem (10), denklem (11)’ye indirgenmektedir.

a1 =a; +K,(y, —ay) (11)

Yukaridaki modellerde yer alan K;, Kalman kazanci olarak adlandirilmaktadir ve Yerel seviye modelinde bir skaler olan (8.6)’daki
K; degeri, tipik olarak, t zaman noktasindaki tahmin hatasinin, zaman noktasinda (t+1) zaman noktasinda durum tahminini ne
kadar etkilemesine izin verildigini belirlemektedir. K;, P;/F; oranina esittir.P,, filtrelenmis durum tahmini hata varyansina esitken
F; bir adim ileri tahmin hatasinin varyansini ifade etmektedir.

Kalman filtresi siirecini t=1980 zaman noktasinda ele alindiginda, tiim gecmis gozlemlere yi979, Y1971, --., Y1979 dayal1 olarak
filtrelenmis seviyenin mevcut degeri a9g9 olmaktadir. yj9g0’nin degerinin bilinmedigi varsayildiginda gézlemlenen zaman serileri
hakkinda bilgi eksikligi olmasi ve filtrelenmis durumun degeri a 93¢’ in degeri ge¢cmis gozlemlerden 6grenilebilecek her seyi temsil
ettigi icin en iyi secenek, filtrelenmis durumu degismeden ileriye tagimak olacaktir. Bu nedenle, yeni verilerin yoklugunda, a;
zaman noktasindaki filtrelenmis durumun en iyi tahmini basitge a,4+; = a; veya ornek durumda aj9g; = aj9gp olacaktir. ajog;
durumu yardimiyla yjog; degeri de kolaylikla hesaplanabilmektedir (Commendeur ve Koopman, 2007, 5.84-88).

Bulgular

Calismanin Amag ve Yontem kisminda belirtilen ¢alismanin amaci dogrultusunda kullanilan degiskenler TUFE, Dolar alis
kuru ve Euro alis kuru degiskenleridir. TUFE degiskeni 2003 yili bazli bir endekstir ve Tiirkiye Istatistik Kurumu (TUIK)’ndan
elde edilmistir. Dolar alig kuru ve Euro alis kuru degiskenleri ise Tiirkiye Cumhuriyeti Merkez Bankasi (TCMB) sitesinden
temin edilmigtir. Caligma 2005M1-2024M9 dénemini kapsamaktadir ve 237 adet gézlem icermektedir. S6z konusu degiskenler
dogal logaritmalar: alinarak analize dahil edilmiglerdir. Dogal logaritmalarinin alinmasinda amag ise degiskenlerin biiyiikliikleri
arasindaki farki ortadan kaldirmaktir. Bu durum Tablo 1’de goriilebilmektedir. Calismanin 2005 yilinda baglamasinin nedeni ise
bu yildan itibaren Tiirkiye’de enflasyonun stabil bir hale gelerek seri oynakliginin diismesidir.

Calismada metodoloji, Dolar/TL ve Euro/TL degiskenlerinin TUFEyi aciklayip aciklamadigi durumu, Yontem boliimiinde
aciklanan Agiklayici Degiskenli Yerel Seviye Modeli ve Agiklayici ve Kukla Degiskenli Mevsimsel Yerel Seviye Modeli kul-
lanilarak ve bu modeller arasindan dogru modelin AIC (Akaike Information Criteria) yardimiyla segilmesi seklinde ilerlemektedir.
Modelde kukla degisken olarak 2023M1 ve sonraki tarihler i¢in 1, diger tarihler icin O degerini alan kukla degisken kullanilmugtr.
2023M1 tarihi degiskenlerin anlamlilig1 ve AIC degerinin minimize edilmesi gozetilerek secilen bir tarihtir. Model sonuglari,
Tablolar ve Sekiller boliimiinde yer alan Tablo 2 ve Tablo 3’te gosterilmektedir.

Tablo 2 ve Tablo 3’te aciklandig: iizere, TUFE-Dolar/TL iliskisini aciklamak amaciyla Deterministik Seviye ve Aciklayici
Degisken Modeli, Stokastik Seviye ve Agiklayict Degisken Modeli, Deterministik Seviye ve Aciklayict Degisken-Kukla Degisken

2 Durum Uzay1 Modellerinde durum denklemlerinin kalintilarinin standart hatalari hiperparamete olarak adlandirilmaktadir.
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Modeli ve Stokastik Seviye ve Agiklayict Degisken-Kukla Degisken Modeli seklinde 4 farkli model kullanilmigtir. Ayn sekilde,
TUFE-Euro/TL iliskisini aciklamak amaciyla da soz konusu 4 farkli model kullamlmustir. Her iki model grubunda da agiklayici
ve kukla degiskeni ayni anda igeren modeller sadece aciklayict degiskeni iceren modellere gore daha iyi performans gostermisgtir.
Bununla birlikte stokastik modellerin deterministik modellere gore TUFE’yi agiklamakta daha bagarili oldugu gézlemlenmek-
tedir. Son olarak Stokastik Seviye ve Aciklayici Degisken Modellerine Dolat/TL ve Euro/TL iizerinden bir kiyaslama yapilirsa
Euro/TL nin Dolar/TL’ye gére TUFE’yi daha basarili bir sekilde agikladig1 sdylenilebilmektedir.

Durum Uzay1 Modellerinde ) katsayisinin yorumu klasik regresyon modellerinde oldugu gibi yapilmaktadir. Bu dogrultuda,
Dolar/TL degiskeni %1 arttiginda TUFE nin %0.1752 arttig1, Euro/TL degiskeninin %1 arttiginda TUFE’ nin %0.1768 arttig1
soylenebilmektedir. ilgili donemde Dolar/TL ve Euro/TL degiskenlerinin TUFE’yi hemen hemen ayni oranda etkiledigi goriilmek-
tedir. Tam logaritmik modellerde agiklayic1 degiskenin Oniindeki katsay1 esnekligi vermektedir (Tar1 ve ark., 2019, s.147) Buna
gore TUFE nin Dolar/TL ve Euro/TL degiskenlerine gére esneklikleri sirasiyla %0.1752 ve %0.1768’dir. Esneklikler 1°den kiiciik
oldugu icin TUFE’nin Dolar/TL ve Euro/TL degiskenlerine gore esnek olmadig1 sdylenebilmektedir.

A1 parametresinin yorumu ise bagimli degiskenin logaritmik olmasindan dolay1 e~ A -1formiilii yardimiyla yapilmaktadir (Com-
mendeur ve Koopman, 2007, s.65). Buna gore TUFE-Dolar/TL modeli igin e ~0-0"44768488”_1-_0 0"4378" ve TUFE-Euro/TL i¢in
g 004738 1-.0.0"4375" olarak hesaplanmistir. Buna gére TUFE-Dolar/TL modeli i¢in Tiirkiye’de yurtici fiyatlari, 2023:M1
ve sonrasi icin diger tarihlere gore %0.04378 daha azdir. TUFE-Euro/TL modeli icin Tiirkiye’de yurtigi fiyatlari, 2023:M1 ve
sonrasi i¢in diger tarihlere gore %0.04375 daha azdur.

Tartisma ve Sonug

Model sonuglarina gore, Tiirkiye ekonomisinde Dolar/TL ve Euro/TL degiskenlerinin yurt i¢i fiyatlari pozitif yonde etkiledigi
tespit edilmistir. Bu bulgu, literatiirdeki birgok galigma ile uyum gostermekte olup (Akgiil ve Ozdemir (2018), Altuntas ve ark.
(2021), Bozkurt (2021), Aytekin ve ark. (2023), Altintag (2024), Sozen ve ark. (2024),) 6zellikle Tiirkiye gibi gelismekte olan
tilkeler i¢in beklenen bir sonug olarak 6ne ¢ikmaktadir. Tiirkiye nin iiretiminin ithalata bagimli olmasi bu durumu ag¢iklamaktadir.
Bir iilkede ithal mallarin yogun olarak kullanilmasi, yurti¢i fiyatlarim1 doviz kurundaki dalgalanmalara oldukc¢a duyarli hale
getirmektedir. Ayrica 6zellikle 2008 kiiresel krizi sonrasi, Tiirkiye nin ticaret partnerlerinin ekonomileri dalgalanmig ve iiretim
maliyetleri artmigtir. Bunun sonucunda enflasyon kayda deger bir sekilde hissedilmistir. S6z konusu iilkelerde meydana gelen
enflasyon ithalat lizerinden Tiirkiye’yi de etkilemistir.

Tiirkiye’nin de dahil oldugu gelismekte olan iilke ekonomilerinin en belirgin 6zelligi, iiretimlerinin hammadde ve yar1 mamul
bakimindan disa bagimli olmalaridir. Bu durum, s6z konusu iilke ekonomilerinin enflasyon ithal etmesine yol agmaktadir. Bu
etki iki yolla ortaya ¢ikmaktadir. Bunlardan ilki déviz kurlarinin oynakligidir. Yerel para birimi doviz kurlart karsisinda deger
kaybettiginde ithal mallar1 daha yiiksek bir fiyattan temin edilecektir. Bu da iilkedeki enflasyonu artiracaktir. Digeri ise ticaret
yapilan iilkenin enflasyon oraninin artmasidir. Bu enflasyon iilke ekonomisine ithalat yoluyla ayrica yansiyacaktir. Dolayisiyla bu
durum gelismekte olan iilke ekonomilerini iki farkli yoldan etkileyecektir.

Bu caligmada Tiirkiye’de Dolar/TL ve Euro/TL degiskenlerinin yurt i¢i fiyatlara olan etkisi 2005M1-2024M9 dénemi i¢in Durum
Uzay1 yontemleriyle modellenerek aragtirilmigtir. Yontem boliimiinde, Durum Uzayr Modellerinin temel bir siniflandirilmas:
yapilmis, modelleme teknikleri ve tahmin yontemleri bilgisi aktarilmigtir. TUFE-Dolar/TL ve TUFE-Euro/TL modelleri, Agiklayict
Degiskenli Durum Uzay1 Modelleri ve Agiklayici ve Kukla Degiskenli Durum Uzay1 Modelleri ile ayr1 ayr1 modellenmistir. Tki
farkli degiskenle kurulan model icin de Stokastik Seviye Aciklayici Degisken-Kukla Degisken modeli en iyi model olarak
secilmisgtir.

Elde edilen bulgulara gore, Dolar/TL degiskeninin %1 artmasi, TUFE’yi %0.1752 oraninda artirmaktadir. Euro/TL degiskeninin
%1 artmas1 ise TUFE’yi %0.1768 oraminda artirmaktadir. Euro/TL degiskeninin yurt ici fiyatlarinin daha ok artirmasinin sebebi
olarak Tiirkiye’nin ticaret ortaklarinin biiyiik bir cogunlugunun Euro kullanan iilkeler olmas1 sebebiyle oldugu diisliniilmektedir.

Ayrica analiz sonucunda elde edilen bu yiizdelik degerler esneklikleri vermektedir. Buna gore TUFE’nin Dolar/TL karsisindaki
esnekligi %0.1752, Euro/TL karsisindaki esnekligi %0.1768’dir. Bu esneklik katsayilarimin birden kiiciik olmast TUFE nin
Dolar/TL ve Euro/TL degiskenlerine kars1 esnek olmadig1 yani TUFE nin Dolar/TL ve Euro/TL degiskenlerinin dalgalanmalarina
kars1 daha az tepki verdigi sonucunu ortaya ¢ikmaktadir. Modele kukla degisken eklenmesi Tiirkiye nin yurt i¢i fiyatlariin iki
dénem boyunca karsilastirilmasinin yapilmasina olanak tanimaktadir. Bu dogrultuda TUFE-Dolar/TL modeli igin, 2023 Ocak
ay1 ve sonrast donemde diger donemlere gore yurt ici fiyatlarinin %0.04378 daha az oldugu tespit edilmistir. Benzer olarak,
TUFE-Euro/TL modeli i¢in 2023 Ocak ay1 ve sonrast désnemde diger dénemlere gore yurt ici fiyatlar1 %0.04375 daha azdir. Bu
durum, 2023 Ocak ay1 ve sonrasinda yasanan geligmelerin ve degisen politikalarin Tiirkiye’nin yurt ici fiyatlarini diisiirdiigiinii
gostermektedir.

Halihazirda enflasyonla miicadele eden bir iilke olan Tiirkiye’nin Dolar ve Euro kuru gibi dis soklara daha az duyarli olmasinin
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yolu ithal mallara olan talebin miimkiin oldugunca azaltilmasidir. Yerli liretimi tegvik etmek, ihracati artirmak, girisimciligi ve yerli
tarimu tegvik etmek Tiirkiye nin Dolar ve Euro’ya kars1 hassasiyetini azaltacak ve enflasyonun azaltilmasina katkida bulunacaktir.

Tablo 1. Tamimlayici Istatistikler

Tammlayici istatistikler Degiskenler
TUFE Dolar/T Euro/T Logaritmik Logaritmik Logaritmik
L L TUFE Dolar/TL Euro/TL
Gozlem Sayisi 237 237 237 237 237 237
Ortalama 433.71 5.88 6.66 5.70 1.21 1.41
En Biiyiik Deger 2526.1 33.97 37.72 7.83 3.53 3.63
6
En Kiiciik Deger 114.49 1.17 1.58 4.74 0.16 0.46
Standart Sapma 493.13 7.80 8.32 0.76 0.96 0.89
Jarque ve Bera (1987) 637.86  369.35 387.29 50.10 37.16 43.33
Jarque ve Bera (1987) 0.00 0.00 0.00 0.00 0.00 0.00
Olasihik

Tablo 2. Aciklayici Degisken ile Kurulan Durum Uzay Modelleri

Dolar Kuru

Deterministik Seviye ve Ac¢iklayici Degisken Modeli

Degisken Katsay1 Standart Hata t Istatistigi Olasilik

62 0.0151468130 0.0013939158 10.86638 0.00000000

B 0.7843041506 0.0083104060 94.37615 0.00000000
iterasyon Sayist 2 AIC -1.306 Log Likelihood 156.8123

Stokastik Seviye ve Aciklayici Degisken Modeli

Degisken Katsay1 Standart Hata t Istatistigi Olasilik

G2 -0.000146922 0.000016257 -9.03739 0.00000000

‘g% 0.000608764 0.000063779 9.54486 0.00000000

B 0.173146651 0.025120055 6.89277 0.00000000
iterasyon Sayist 36 AIC -5.560 Log Likelihood 661.8056

Euro Kuru

Deterministik Seviye ve A¢iklayic1 Degisken Modeli

Degisken Katsay1 Standart Hata t Istatistigi Olasilik

62 0.0125559905 0.0011564555 10.85730 0.00000000

B 0.8543680032 0.0082226217 103.90457 0.00000000
iterasyon Sayisi 2 AIC -1.492 Log Likelihood 178.9482

Stokastik Seviye ve Aciklayic1 Degisken Modeli

Degisken Katsay1 Standart Hata t Istatistigi Olasilik

67 -0.000147324 0.000015347 -9.59941 0.00000000

67 0.000608153 0.000059995 10.13672 0.00000000

B 0.174076717 0.024448455 7.12015 0.00000000
iterasyon Sayisi 28 AIC -5.577 Log Likelihood 663.8990
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Tablo 3. Aciklayic ve Kukla Degisken ile Kurulan Durum Uzay Modelleri

Dolar Kuru
Deterministik Seviye ve Aciklayic1 Degisken-Kukla Degisken Modeli
Degisken Katsay1 Standart Hata t Istatistigi Olasilik
6l 0.0115206230 0.0010615639 10.85250 0.00000000
B 0.7269914343 0.0072472187 100.31316 0.00000000
A 0.2867084812 0.0244829070 11.71056 0.00000000
iterasyon Sayisi 2 AIC -1.570 Log Likelihood 189.1032
Stokastik Seviye ve Aciklayici Degisken-Kukla Degisken Modeli
Degisken Katsay1 Standart Hata t Istatistigi Olasilik
o -0.000139325 0.000015209 -9.16043 0.00000000
61 0.000574361 0.000060194 9.54179 0.00000000
B 0.175231434 0.024840754 7.05419 0.00000000
A 0.044768488 0.010178600 4.39830 0.00001091
iterasyon Sayisi 37 AIC -5.632 Log Likelihood 671.3849
Euro Kuru

Deterministik Seviye ve Aciklayic1 Degisken-Kukla Degisken Modeli

Degisken Katsay1 Standart Hata t Istatistigi Olasilik
6?2 0.0106525034 0.0009819997 10.84777 0.00000000
B 0.8072777507 0.0075738390 106.58766 0.00000000
A 0.2118861419 0.0235426941 9.00008 0.00000000
iterasyon Sayisi 2 AIC -1.649 Log Likelihood 198.3478
Stokastik Seviye ve Aciklayici Degisken-Kukla Degisken Modeli
Degisken Katsay1 Standart Hata t Istatistigi Olasilik
6?2 -0.000140816 0.000014244 -9.88612 0.00000000
67 0.000577170 0.000056256 10.25967 0.00000000
B 0.176817698 0.018447220 9.58506 0.00000000
A 0.044731811 0.009471983 4.72254 0.00000233
iterasyon Sayisi 29 AIC -5.656 Log Likelihood 674.2435
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