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OECD ULKELERINDE DIS TiCARET
HADLERININ DEGISEN BELIRLEYIiCILERI:
PANEL KANTIL REGRESYON ANALIZI!

Naime irem DURAN?

1. GIRIS

Dis ticaret hadleri, bir {ilkenin ihracat fiyatlar ile ithalat
fiyatlar1  arasindaki  goreli  degisimi  gOsteren  temel
makroekonomik gdstergelerden biridir. En genel anlamiyla dis
ticaret haddi, ihracat fiyat endeksinin ithalat fiyat endeksine oran
olarak tamimlanmakta ve iilkelerin dis ticaretten elde ettikleri
goreli kazanglar1 degerlendirmede kullanilmaktadir. Dolayisiyla
ihracat ve ithalat miktar1 ayn1 kalsa dahi, dis ticaret haddinin bir
iilke lehine gelismesi, ayn1 miktardaki ihracatla daha fazla ithalat
yapilabilmesine imkan tanimaktadir (Viner, 1960). Dis ticaret
haddindeki iyilesme iilkelerin dig alim giiclinii artirirken, dis
ticaret haddindeki bozulma dig alim giiciinii ve refah diizeyini
olumsuz etkileyebilmektedir. Bu nedenle dis ticaret hadleri,
Ozellikle disa agik ekonomiler agisindan biiyiime, tasarruf, {iretim
yapisi, rezerv birikimi ve kiiresel piyasalardaki fiyat
hareketleriyle  yakindan iliskili  bir  degisken  olarak
degerlendirilmektedir.

Bu calisma, yazarm “OECD Ulkelerinde Dis Ticaret Hadlerini Etkileyen
Degiskenlerin Panel Kantil Regresyon Modelleri ile Incelenmesi” baslikli doktora
tezinde gelistirilen kuramsal ve ampirik ¢er¢eveden hareketle hazirlanmis; veri seti
gtincellenerek 2005-2023 dénemi i¢in yeniden analiz edilmistir. Yazar, doktora tez
siirecindeki akademik rehberligi i¢cin merhum danigmani Prof. Dr. Selahattin
Giliris’i sayg1 ve minnetle anar.

2 Dr. Ogr. Uyesi, Istanbul Beykent Universitesi, Iktisadi Idari Bilimler Fakiiltesi,
Yonetim Bilisim Sistemleri (EN) Boliimii, ORCID: 0000-0002-8953-2171.
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Kiiresellesme siireciyle birlikte iilkelerin dig ticaret
yapilar1 daha karmasik hale gelmis; tiretim, tiiketim ve finansman
kanallar1 uluslararas1 gelismelere daha duyarli hale gelmistir. Bu
nedenle OECD {ilkelerinde dis ticaret hadlerinin belirleyicilerini
incelemek hem teorik hem de politika agisindan Onem
tasimaktadir. Dig ticaret hadlerine iligkin ampirik caligmalar
farkli ekonometrik yontemler kullanmakla birlikte, biiytlik 6lciide
degiskenlerin  kosullu  ortalama  iizerindeki  etkilerine
odaklanmaktadir (Antille & Fontela, 2003; Shaker, 2022). Oysa
tilkeler arasindaki {iretim kapasitesi, tasarruf diizeyi, isglicii
biiylikliigii ve rezerv birikimi farkliliklari, bu etkilerin dis ticaret
haddi dagiliminin alt, orta ve iist noktalarinda degisebilecegine
isaret etmektedir. Bu nedenle kantil temelli yaklasimlar, dig
ticaret hadlerinin dagilim boyunca farklilasan yapisini incelemek
acisindan 6nemli bir katki sunmaktadir.

Bu ¢alismada OECD iilkelerinde dis ticaret hadlerinin
makroekonomik belirleyicileri, sabit etkili panel kantil regresyon
yontemiyle incelenmektedir. Calisma, 2005-2023 ddénemini
kapsayan 29 OECD iilkesi i¢in olusturulan dengeli panel veri
setine dayanmaktadir. Bagimli degisken olarak dig ticaret haddi;
aciklayicit degiskenler olarak gayrisafi yurti¢i tasarruf orani,
isgiicli, altin dahil toplam uluslararasi rezervler ve ekonomik
bliylime oran1 modele dahil edilmistir.

Bu calismanin temel amaci, OECD iilkelerinde dis ticaret
hadlerini etkileyen makroekonomik faktorleri hem ortalama
etkiler hem de dagilimsal farkliliklar agisindan incelemektir. Bu
dogrultuda oncelikle klasik panel veri modelleri tahmin edilmis,
ardindan panel kantil regresyon yontemi kullanilarak aciklayici
degiskenlerin dis ticaret hadleri iizerindeki etkilerinin diisiik, orta
ve yliksek dig ticaret haddi diizeylerindeki etkileri analiz
edilmistir.
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Calismanin izleyen bdliimlerinde sirasiyla dig ticaret
hadleri ve belirleyicilerine iligkin kuramsal ¢erceve, veri seti ve
yontem, ampirik bulgular ile sonu¢ ve genel degerlendirme
sunulmaktadir.

2. DIS TICARET HADDI VE DIS TICARET
HADDINI BELIRLEYEN FAKTORLER

Dis ticaret hadlerinin belirleyicilerine iligkin literatiir,
farkli teorik yaklagimlar etrafinda sekillenmektedir. Neoklasik ve
Heckscher-Ohlin gelenegi, dis ticaret hadlerini iilkelerin faktor
donanimi, teknoloji diizeyi ve goreli talep kosullaryla
iliskilendirirken; yapisalc1 yaklasim &zellikle Prebisch-Singer
hipotezi ¢ergevesinde birincil {iriin ihracatgilarinin dis ticaret
hadlerinde uzun dénemli bozulma egilimine dikkat ¢ekmektedir.
Yeni ticaret teorisi ve kalite-temelli yaklasimlar ise iiriin kalitesi,
urln ¢esitliligi, yenilik¢ilik ve piyasa yapisinin goreli fiyatlar
tizerinde etkili olabilecegini vurgulamaktadir. Bu ¢ercevede dis
ticaret hadleri, yalnizca ihracat ve ithalat fiyat endeksleri
arasindaki teknik bir oran olarak degil; iilkelerin {iretim
kapasitesi, teknolojik yapisi, dig ticaret kompozisyonu, tasarruf
davranigi, biiylime performans: ve dis finansal pozisyonuyla
iliskili bir makroekonomik gosterge olarak degerlendirilmektedir
(Gandolfo, 1987; Thirlwall, 1995; Sarkar & Singer, 1991; Tilton,
2013; Debaere & Lee, 2003; Darity, 1990)

Das ticaret hadleri yalnizca ihracat ve ithalat fiyatlarindaki
degisimlerden etkilenmemekte; ayni1 zamanda iilkelerin tiretim
yapisi, dis ticaret kompozisyonu, verimlilik diizeyi, talep ve arz
kosullart, kiiresel fiyat hareketleri ve dis finansal pozisyonu gibi
makroekonomik ve yapisal unsurlarla da iliskilendirilmektedir.
Literatiirde dis ticaret hadlerindeki dalgalanmalarin iilkeye 6zgii
fiyat etkileri ve ticaret kompozisyonu iizerinden agiklanabilecegi;
ayrica Uretim kapasitesi, teknolojik gelisme ve {ilkelerin
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uluslararasi ticaret sistemi i¢indeki konumunun goreli fiyatlar
tizerinde belirleyici olabilecegi vurgulanmaktadir (Baxter &
Kouparitsas, 2006; Debaere & Lee, 2003; Clark & Cason, 2015).
Uretim kapasitesi, verimlilik diizeyi ve teknolojik gelisme dis
ticaret hadlerinin olusumunda o6nemli kanallardan birini
olusturmaktadir. Kalite artis1, iiriin ¢esitliligi ve maliyet diisiisleri,
ihracat fiyatlari ile rekabet giiciinii etkileyerek tilkelerin dis ticaret
hadlerini olumlu ydnde etkileyebilir. Buna karsilik, kalite ve
verimlilik kazanimlartyla desteklenmeyen ve yalmizca faktor
birikimine dayali liretim artis1, dis ticaret hadleri iizerinde sinirh
ya da olumsuz sonuglar dogurabilmektedir. Bu ¢ercevede isgiicii
degiskeni, tlilkelerin iiretim kapasitesini ve yapisal farkliliklarin
temsil eden temel makroekonomik gostergelerden biri olarak
degerlendirilebilir (Debaere & Lee, 2003; Antille & Fontela,
2003).

Dis ticaret hadlerinin uzun donemli belirleyicilerine
iligkin teorik ¢alismalar da tasarruf davranisi, tiretim kosullari,
kar oranlari, biiylime dinamikleri ve ekonomik yap1 gibi
unsurlarin dig ticaret hadlerinin olusumunda rol oynayabilecegini
gostermektedir. Bu baglamda gayrisafi yurtici tasarruf orani,
ilkelerin sermaye birikimi, yatirim kapasitesi ve dis finansmana
bagimhilik diizeyiyle iligkili bir gosterge olarak Onem
tasimaktadir. Ekonomik biiyiime ise liretim kapasitesi, ithalat
talebi, ihracat performansi ve uluslararasi rekabet giicii izerinden
dis ticaret hadleriyle iligkilendirilebilecek temel makroekonomik
degiskenlerden biridir (Thirlwall, 1995; Darity, 1990). Doéviz
kuru hareketleri ve firmalarin fiyatlama davranislar1 da ihracat ve
ithalat fiyatlarinin yerel para cinsinden degerini etkileyerek dis
ticaret hadleri Gzerinde rol oynayabilmektedir. Bu kanal 6zellikle
kur gegiskenligi, fiyatlama davranis1 ve dis finansal dayaniklilik
tizerinden islemektedir. Bu nedenle toplam uluslararasi rezervler,
ulkelerin dis 6deme kapasitesini, dis soklara kars1 dayanikliligini
ve makroekonomik kirilganlik diizeyini yansitan tamamlayici bir
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gosterge olarak degerlendirilebilir (Antille & Fontela, 2003; Lee
& Kim, 2011).

Bu cergevede calismada gayrisafi yurtici tasarruf orani,
isgiicli, toplam uluslararasi rezervler ve ekonomik biiylime
degiskenleri, OECD iilkelerinde dis ticaret hadleriyle iliskili
temel makroekonomik gostergeler olarak ele alinmistir. Boylece
dis ticaret hadlerinin yalnizca fiyat endeksleri arasindaki teknik
bir oran olarak degil, iilkelerin iiretim kapasitesi, dis finansal
pozisyonu ve makroekonomik yapisiyla iligkili bir gdsterge
olarak degerlendirilmesi amaglanmaistir.

3. VERI SETi VE YONTEM

Bu ¢alismada OECD iilkelerinde dis ticaret hadlerinin
makroekonomik belirleyicileri, 2005-2023 dénemini kapsayan
dengeli panel veri seti kullanilarak incelenmektedir. Analiz
kapsamina 29 OECD iilkesi dahil edilmistir. Bu Ulkeler
Avustralya, Avusturya, Belcika, Brezilya, Kanada, Cekya,
Danimarka, Finlandiya, Fransa, Almanya, Macaristan, izlanda,
Italya, Japonya, Giiney Kore, Meksika, Hollanda, Yeni Zelanda,
Norveg, Polonya, Portekiz, Slovakya, Slovenya, ispanya, Isvigre,
Isveg, Tirkiye, Birlesik Krallk ve Amerika Birlesik
Devletleri’dir. Tablo 1’de s6z konusu dénem icin yapilan model
tahmininde kullanilan degiskenler ve tanimlar1 ve veri kaynaklari
verilmistir.
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Tablo 1. Modelde Kullanilan Degiskenler, Tamimlar: ve Veri

Kaynaklan
. Modeldeki Veri
Degisken Gosterimi Tamm Kaynagi
Ihracat fiyat endeksinin ithalat Diinva
Dis Ticaret Dis Ticaret fiyat endeksine oranini Banlz/am
Haddi Haddi gosteren dig ticaret haddi WDI '
degiskenidir.
Gayrisafi Gayrisafi yurti¢i tasarruflarin | Diinya
yurtici tasarruf | Tasarruf GSYH i¢indeki paym Bankast,
orant goOstermektedir. WDI
e e Dunya
isgiicii isgiicii Toplam isgiicii diizeyini ifade Bankast,
etmektedir.
WDI
Toplam Uluslararas1 | Altin dahil toplam uluslararasi Diinya
uluslararasi A . Bankasi,
rezervler rezervler rezervleri gostermektedir. WDI
Ekonomik Reel GSYH nin yillik biiyiime | DU1Y2
- GDP . . Bankast,
Blytme oranini ifade etmektedir. WDI

Not: WDI, World Development Indicators veri tabanini ifade etmektedir. Dig ticaret
haddi, isgiicii ve toplam uluslararasi rezervler logaritmik formda; gayrisafi yurtigi
tasarruf oran1 ve ekonomik biiylime orani ise ylizde degerleriyle modele dahil edilmistir

Calismada, 2005-2023 donemi icin OECD ulkelerinin dis
ticaret hadlerini etkileyen faktorler panel veri analizi ile
incelenmistir. Panel veri modelleri, yatay kesit ve zaman serisi
boyutlarini birlikte dikkate alan ekonometrik modellerdir. Bu
yoniiyle panel veri, yalnizca yatay kesit ya da yalnizca zaman
serisi verileriyle elde edilemeyen birim ve zaman boyutuna iligskin
bilgilerin birlikte analiz edilmesine imkan tanimaktadir. Panel
veri yaklasimi, gozlenemeyen birim etkilerinin modele dahil
edilmesini ~ saglayarak = ihmal edilen  degiskenlerden
kaynaklanabilecek sapmalarin azaltilmasina katki sunmaktadir
(Baltagi, 2005). Bu nedenle (lkeler, firmalar, bdlgeler veya
hanehalklar1 gibi birimlerin zaman i¢indeki degisimini inceleyen
caligmalarda  panel veri modelleri  yaygin  bi¢imde
kullanilmaktadir.
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3.1. Klasik Panel VVeri Modeli

Klasik panel veri modelinde, birimlere 6zgii farkliliklarin
bulunmadig: ve tiim gozlemlerin homojen oldugu varsayilir. Bu
durumda model havuzlanmis en kiiciik kareler yontemiyle tahmin
edilir. Havuzlanmis modelde yatay kesit ve zaman boyutundaki
tiim gozlemler birlikte ele alinmakta; birimlere 6zgi farkliliklarin
modelin sabit veya egim katsayilarinda degisime yol agmadigi
varsayilmaktadir.

Panel veri regresyon modeli genel olarak asagidaki
bicimde ifade edilmektedir:

Yie = @ + Xt B 1)

iil.... t: 1....n olarak tamimlanir. Burada i birimi, t
zaman gostermektedir. Diger bir ifadeyle, bu yaklasimda tiim
birimlerin homojen oldugu kabul edilir. Ancak {ilkeler gibi
ekonomik, kurumsal ve yapisal 6zellikleri birbirinden farkli olan
birimlerin analizinde bu varsayim sinirlayici olabilmektedir. Bu
nedenle panel veri uygulamalarinda Dbirimlere  Ozgii
gozlenemeyen etkilerin dikkate alinip alinmayacagi ayrica test
edilmektedir (Baltagi, 2005; Hsiao, 2003)

3.2. Sabit Etkili Model

Sabit etkili modelde, birimlere 6zgl go6zlenemeyen
farkliliklarin modelin sabit teriminde yer aldigim1 kabul
edilmektedir. Sabit etkili model, bu go6zlenemeyen birim
etkilerinin agiklayict degiskenlerle iligkili olmasina izin verdigi
icin Ozellikle belirli bir {ilke grubunun analiz edildigi
caligmalarda uygun bir tahmin yaklagimi sunmaktadir
(Wooldridge, 2002; Baltagi, 2005). Sabit etkili modelin genel
gOsterimi asagidaki gibidir.

Vie = @ + X{ e + Uy 2)
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Bu modelde «; her bir Ulkeye 0zgl sabit etkiyi
gostermektedir. Boylece model, tlkeler arasindaki gozlenemeyen
ve zaman ig¢inde sabit kalan farkliliklar1 kontrol ederek agiklayici
degiskenlerin bagimli degisken Uzerindeki etkisini lke ici
degisimlere dayal1 olarak tahmin etmektedir.

3.3. Rassal Etkili Model

Rassal etkili modelde, birimlere 6zgu etkiler hata
teriminin bir bileseni olarak degerlendirilmekte ve bu etkilerin
aciklayict degiskenlerle iliskisiz oldugu varsayilmaktadir.

Rassal etkili model genel olarak asagidaki gibi yazilabilir:
Yie = @+ XieB + py + e 3)

Burada y; ulkeye 0zgi rassal etkiyi, u;; ise klasik hata
terimini gostermektedir. Rassal etki modelinde toplam hata
bileseni p; + u;; olarak ifade edilmektedir. Bu yaklasimda
birimlere, zamana veya hem birim hem de zamana goére ortaya
cikan gozlenemeyen farkliliklarin rassal nitelikte oldugu ve
aciklayict degiskenlerle iliskili olmadigi varsayilmaktadir.
Dolayistyla rassal etkili model, sabit etkili modelde
karsilasilabilecek serbestlik derecesi kaybini azaltmakta; ancak
havuzlanmis EKK modeline kiyasla daha gii¢lii varsayimlar
gerektirmektedir (Baltagi, 2005; Wooldridge, 2002).

3.4. Sabit Etkili Panel Kantil Regresyon Modeli

Panel kantil regresyon modellerinde, yatay Kesit
birimlerine 6zgii gozlenemeyen etkiler ile bagimli degiskenin
farkl1 kantillerinde ortaya c¢ikan degisken etkileri birlikte ele
alinmaktadir. Geleneksel panel veri modelleri bagimli degiskenin
kosullu ortalamas1 tizerinde agiklayici degiskenlerin etkisini
tahmin ederken, kantil regresyon yontemi bu etkilerin bagimli
degiskenin kosullu dagiliminin farkli noktalarinda incelenmesine
imkan tamimaktadir. Bu yoOniiyle kantil regresyon, oOzellikle
degiskenler arasindaki iliskinin dagilim boyunca homojen
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olmadig1 durumlarda ortalama etkilerin Otesine gecen daha
ayrintilt bir analiz ¢ercevesi sunmaktadir (Koenker & Bassett,
1978; Koenker, 2005).

Sabit etkili panel kantil regresyon modeli genel olarak
asagidaki sekilde ifade edilebilir:

Vit = XS + a; + uy (4)

Burada y;; bagimli degisken, f tahmin edilecek
katsayilari, a; gozlemlenemeyen ve zamandan bagimsiz birim
etkisini, u;; hata terimini gostermektedir. Bu yaklasimda sabit
etkilerin asir1  biiylimesini Onlemek ve tahmin siirecini
diizenlemek amaciyla bir ayar parametresi kullanilmaktadir.

Sabit etkili panel kantil regresyon modelinde tahmin
siireci, ayar parametresi olarak ifade edilen A kullanilarak
asagidaki denklemle gosterilebilir:

Ilrzliﬁn ZLl izt ZZ:l Wk Py (yit —a; — x’itﬁ(fk)) + A la;] ()

Burada p, kantil kayip fonksiyonunu, w; Kantil
agirliklarini, 7 tahmin edilen kantilleri ve 4 ise birim etkilerine
uygulanan ceza parametresini gostermektedir. S0z konusu
parametre, sabit etkilerin tahmin {izerindeki agirligini
belirlemekte ve modelin tahmin performansi agisindan énemli bir
rol oynamaktadir. (Koenker, 2004; Lamarche, 2010).

4. AMPIRIiK BULGULAR

Bu ¢alismada oOncelikle OECD iilkelerinin dis ticaret
hadlerini etkileyen faktérler, 2005-2023 donemi icin dncelikle
klasik panel veri yaklagimi ile havuzlanmis, sabit etkili ve rassal
etkili modeller olarak tahmin edilmistir. uygun tahminci
seciminden sonra sabit etkili panel veri modeli tahmin edilerek
modeller arasinda karsilagtirma yapilmistir .Bu kapsamda klasik
panel veri modeli ile sabit etkili model F testi aracilifiyla, klasik
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panel veri modeli ile rassal etkili model Breusch—Pagan Lagrange
Multiplier testi aracilifiyla, sabit etkili model ile rassal etkili
model ise Hausman testi araciligtyla karsilastirilmigtir. Bu testler
sonucunda iilkelere ozgii etkilerin modelde dikkate alinip
alinmayacagi ve nihai olarak sabit etkili ya da rassal etkili
modelden hangisinin tercih edilecegi belirlenmistir.

Tablo 2’de havuzlanmis en kiigiik kareler, sabit etki ve
rassal etki tahnmincileri ile elde edilen panel veri modelleri tahmin
sonuclar1 verilmistir.

Tablo 2. Havuzlanmis EKK, Sabit Etkiler ve Rassal Etkiler
Tahmincileri ile Model Tahmin Sonuglari

Bagimli Degisken: Dig Ticaret Haddi
Bagimsiz Degiskenler Havuzlanmig EKK | Sabit Etkiler | Rassal Etkiler
Tasarruf 0.002*** 0.004*** 0.004***
(0.000) (0.000) (0.000)
Isgiicii 0.019*** 0.143** 0.024**
(0.005) (0.062) (0.009)
Uluslararasi rezervler -0.014*** -0.012 -0.011*
(0.004) (0.008) (0.007)
GDP 0.0001 -0.0002 0.0000
(0.000) (0.000) (0.000)
Sabit Parametre 1.977*** - 1.868***
(0.028) - (0.061)

Not. Parantez igindeki degerler standart hatalar1 gostermektedir. *, ** ve *** sirasiyla
%10, %5 ve %1 anlamlilik diizeylerini ifade etmektedir. Sabit etkiler modelinde tilkeye
Ozgii sabit etkiler modele dahil edildiginden ortak sabit katsay1 raporlanmamustir
Tablo 2’deki bulgulara gore tasarruf orani ii¢ modelde de
pozitif ve %1 diizeyinde istatistiksel olarak anlamlidir. Isgiicii
degiskeni de tiim modellerde pozitif katsayiya sahiptir;
havuzlanmis EKK modelinde %1, sabit etkiler ve rassal etkiler
modellerinde ise %5 duzeyinde istatistiksel olarak anlamlidir.
Toplam uluslararast rezervler degiskeni havuzlanmig EKK
modelinde negatif ve %1 diizeyinde, rassal etkiler modelinde ise
negatif ve %10 diizeyinde anlamlidir; buna karsilik sabit etkiler
modelinde istatistiksel olarak anlamli degildir. Ekonomik
blylime ise her ii¢ modelde de istatistiksel olarak anlamli

10
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bulunmamistir. Bu sebeple ekonomik biiylime degiskeni
modellerden ¢ikarilarak modeller tekrar tahmin edilmistir.

Tablo 3. Ekonomik Biiyiime Degiskeni Dislanarak Tahmin Edilen
Panel Veri Model Sonuclari

Bagimli Degisken: Dig Ticaret Haddi

Bagimsiz Degiskenler Havuzlanmig EKK | Sabit Etkiler | Rassal Etkiler

Tasarruf 0.002*** 0.004*** 0.004***
(0.000) (0.000) (0.000)

Isgiicii 0.019*** 0.144** 0.024**
(0.005) (0.062) (0.009)

Uluslararasi rezervler -0.014*** -0.012* -0.011*
(0.005) (0.008) (0.007)

Sabit Parametre 1.977*** 1.871***
(0.028) (0.060)

Not: *** *** girastyla %10, %5 ve %1 anlamlilik diizeylerini ifade etmektedir. Sabit
etkiler modelinde iilkeye 6zgii sabit etkiler modele dahil edildiginden ortak sabit
katsay1 raporlanmamustir.

Tablo 3’te elde edilen bulgulara gore, biiylime degiskeni
modelden ¢ikarildiginda, biiyiime degiskenini iceren modele gore
diger degiskenlerin katsay1 isaret ve buyukliklerinin genel olarak
korundugu, ve tuim modelleri icin gayrisafi yurt i¢i tasarruf orani,
13 giici ve toplam uluslararasi rezervler degiskenlerinin
istatistiksel olarak anlamli oldugu tespit edilmistir. Bu asamadan
sonra, klasik model ve tek faktorli sabit etkili modellerin
karsilastirilmast igin F testi, Tek Faktorlt Rassal Etkili Panel Veri
Modeli Ile Klasik Modelin karsilastiriimas i¢in Breusch—Pagan
LM Testi, sabit etkili model ve rassal etkili model tahnmincilerinin
hangisinin tutarli oldugunu karsilastirmak amaci ile de Hausman
testi yapilmis ve sonuglar Tablo 4’te verilmistir.

Tablo 4. Panel Veri Modeli Tahmincilerinin Karsilastirilmasi

Test Olasilik

[statistigi Degeri
F Testi 11.403*** 0.000
Breusch—Pagan LM Testi 492.840*** 0.000
Hausman Testi 14.153*** 0.003
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Tablo 4’te panel veri modellerinin karsilastirilmasina
yonelik test sonuglart sunulmaktadir. F testi, havuzlanmig EKK
modeli ile sabit etkiler modelini karsilastirmaktadir. Test
sonucunda elde edilen olasilik degerinin %1 anlamlilik
diizeyinden kiiclik olmasi, havuzlanmis EKK modelinin uygun
olduguna iliskin bos hipotezin reddedildigini gostermektedir. Bu
sonug, Ulkelere 6zgl gozlenemeyen etkilerin modele dahil
edilmesi gerektigine isaret etmektedir. Breusch—Pagan LM testi
ise havuzlanmis EKK modeli ile rassal etkiler modelini
karsilagtirmaktadir. Test sonucunda, birim etkilerin standart
hatalarinin ~ sifira  esit oldugunu soyleyen Ho hipotezi
reddedilmekte ve rassal etkili modelin uygun model oldugu
sonucuna varilmaktadir. Bu asamadan sonra sabit etkili modelin
parametre tahmincileri ile rassal etkili modelin parametre
tahmincileri arasindaki farkin anlamliligi inceleyen Hausman
testi yapilmistir. Hausman testi sonucunda elde edilen olasilik
degeri 0.003’tiir. Bu deger %1 anlamlilik diizeyinden Kuguk
oldugu i¢in rassal etkiler tahmincisinin tutarli olduguna iligkin
bos hipotez reddedilmektedir. Dolayisiyla model se¢im testleri
bir biitiin olarak degerlendirildiginde, ¢alismada sabit etkiler
modelinin daha uygun oldugu sonucuna ulasilmistir.

Yapilan model se¢im testleri sonucunda, sabit etkili
tahmincinin en uygun tahmin yontemi olduguna karar verilmistir.
Bu dogrultuda c¢aligmaya sabit etkili panel kantil regresyon
modeli tahmini ile devam edilmistir. Calismanin &nceki
versiyonuyla karsilastirilabilirligi korumak amaciyla ekonomik
bliylime degiskeninin dahil edildigi model Model 1; ekonomik
bliylime degiskeninin disarida birakildigi model ise Model 2
olarak ifade edilmistir.

Sabit etkili panel kantil regresyon modelinde 4 olarak
ifade edilen ceza parametresi, Ulkelere 6zgu sabit etkilerin model
icerisindeki agirligin1 diizenleyen temel ayar parametrelerinden
biridir. Koenker (2004) tarafindan gelistirilen panel kantil
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regresyon yaklasiminda, sabit etkilerin cezalandirilmasi 6zellikle
panel veri yapisinda gozlem sayis1 ve birim etkileri arasindaki
denge acisindan 6nem tagimaktadir. Bu ¢alismada, Lamarche’nin
yaklasimiyla uyumlu bi¢imde, farkli A degerleri i¢in alternatif
tahminler yapilmis ve her bir tahminde katsayilara iligkin standart
hatalar kargilagtirtlmistir. Bu amagcla 0.1 ile 2.0 arasinda farkli A
degerleri denenmis ve her bir A degeri i¢cin Model 1 ve Model 2
ayri ayri tahmin edilmistir. Karsilagtirma oOlgiitii olarak, sabit
parametre hari¢ agiklayict degiskenlerin 25, 50 ve 75.
kantillerdeki standart hatalarimin ortalamasi esas alimustir.
Ortalama standart hatay1 en diisiik diizeye indiren A degeri nihai
model tahminlerinde kullanilmistir. Elde edilen sonuglar, A = 2
degerinin tahmin performansi acgisindan uygun oldugunu
gostermistir. Bu nedenle calismada panel kantil regresyon
sonuglari A = 2 degeriyle raporlanmistir. Farkli A degerlerine gore
ortalama standart hatalarin degisimini gosteren grafik Sekil 1’de,
L =2 secilerek elde edilen panel kantil regresyon modeli sonuglari
ise Tablo 5’te sunulmustur.

OCrtalama standart hata

Min: A=2
"

——

Sekil 1. Farkl 4 Degerlerine Gore Ortalama Standart Hatalarin
Degisimi.

13



Ekonometri Alaninda Akademik Tartismalar

Tablo 5. Panel Kantil Regresyon Modeli Tahmin Sonuglari

MODEL 1 MODEL 2
Kantiller Q25 Q50 Q75 Q25 Q50 Q75
Sabit 2.003***  1.967*** 1.947*** 2.006*** 1.970%*** 1.955***
Parametre (0.051) (0.048) (0.062) (0.051) (0.046) (0.059)
Tasarruf 0.002**  0.002**  0.002**  0.002**  0.002**  0.002**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Isgiicii 0.016* 0.013**  0.016**  0.015**  0.013**  0.015**

(0.009) (0.006) (0.008) (0.007) (0.006) (0.007)
Uluslararasi -0.015* -0.010 -0.009 -0.015** -0.010* -0.009
rezervler (0.008) (0.006) (0.007) (0.007) (0.006) (0.007)
GDP -0.000 0.000 0.000 - - -
(0.001) (0.000) (0.001)

Not: Parantez i¢indeki degerler standart hatalar1 gostermektedir.*, ** ve *** sirasiyla
%10, %5 ve %1 anlamlilik diizeylerini ifade etmektedir.

Tablo 5’te elde edilen sonuglara gére, Model 1 ve Model
2 karsilastirildiginda, her iki modelde de tasarruf, is giicii ve
uluslararas1 rezerv Katsayilarimin aymi yonde ve benzer
biiyiikliikte oldugu, dolayisiyla bu degiskenlere ait bulgularin iki
model ic¢in degismedigi goriilmektedir. Son olarak blylme
degiskeninin istatistiksel olarak anlamli bulunmamasi sebebi ile
bu degiskenin dahil edilmedigi sabit etkili ve sabit etkili panel
kantil regresyon modellerinin tahminleri Tablo 6’da verilmistir.

Tablo 6. Sabit Etkili ve Sabit Etkili Panel Kantil Regresyon
Modeli Sonuclar:

Bagimh Degisken: Dis Ticaret Haddi
Sabit Etkiler Sabit Etkili Panel Kantil Regresyon Modeli

Degisken Modeli Q25 Q50 Q75
Katsay1 Katsay1 Katsay1 Katsay1
Sabit Parametre 2.006+ 1970 1.955%
(0.051) (0.046) (0.059)
Tasarruf 0.004*** 0.002** 0.002** 0.002**
(0.000) (0.001) (0.001) (0.001)
iseiicil 0.144** 0.015** 0.013** 0.015**
sgucu (0.062) (0.007) (0.006) (0.007)
Uluslararasi -0.012* -0.015** -0.010* -0.009
rezervler (0.008) (0.007) (0.006) (0.007)

Not: Parantez i¢indeki degerler standart hatalar1 gostermektedir. *, ** ve *** sirastyla %10, %5
ve %1 anlamlilik diizeylerini ifade etmektedir.
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Tablo 6°da verilen sabit etkiler modeli sonuglarina gore
gayrisafi yurtici tasarruf orani dis ticaret haddi iizerinde pozitif ve
% 1 anlamlilik diizeyine gore istatistiksel olarak anlamli bir
etkiye sahiptir. Panel kantil regresyon sonuglarina gore de benzer
sekilde tasarruf orani degiskeni her U¢ kantilde pozitif ve %5
anlamlilik diizeyinde istatistiksel olarak anlamlidir. Bu durum,
tasarruf oraninin dis ticaret hadleri tizerindeki pozitif etkisinin
yalnizca ortalama diizeyde degil, dagilimin farkli noktalarinda da
gecerli oldugunu gdstermektedir. Isgiicii degiskeni acisindan da
iki yontem arasinda tutarl bulgular elde edilmistir. Sabit etkiler
modelinde isgiicli katsayis1 pozitif ve %5 anlamlilik dlzeyinde
istatistiksel ~olarak anlamlidir. Panel kantil regresyon
sonuglarinda da isgiicli degiskeni tiim kantillerde pozitif ve %5
anlamlilik diizeyinde istatistiksel olarak anlamlidir. Bu sonug,
isgiicliniin dis ticaret hadleri lizerindeki olumlu etkisinin dagilim
boyunca korundugunu gostermektedir. Uluslararasi rezervler
degiskeni her iki modelde de negatif katsayiya sahiptir. Sabit
etkiler modelinde rezerv degiskeni negatif ve %10 diizeyinde
anlamlidir. Panel kantil regresyon sonucglart ise bu negatif
iliskinin 6zellikle 25 ve 50. kantillerinde daha belirgin oldugunu
gostermektedir. Rezerv degiskeni 25.kantilde %5, 50.kantilde
%10 anlamlilik duzeyinde istatistiksel olarak anlamli iken en Gst
kantilde istatistiksel olarak anlaml1 degildir. Bu bulgu, rezervlerin
dis ticaret hadleriyle negatif iliskisinin 6zellikle dis ticaret haddi
dagilimmin alt ve orta kesimlerinde daha gii¢li oldugunu
distindiirmektedir.

Genel olarak degerlendirildiginde, sabit etkiler modeli ile
panel kantil regresyon sonuglar1 birbirini destekleyen bulgular
sunmaktadir. Tasarruf orami ve isgiicli degiskenleri dis ticaret
hadleri tlizerinde pozitif ve istikrarh etkiler gosterirken, toplam
uluslararas1 rezervler degiskeni negatif yonli bir iliski
sergilemektedir. Panel kantil regresyon sonuglari, sabit etkiler
modelinden elde edilen ortalama bulgularin dagilim boyunca
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biiylik 6l¢lide korundugunu; ancak rezerv degiskeninin etkisinin
kantiller arasinda farklilastigini ortaya koymaktadir.

5. SONUC

Bu c¢alismada OECD iilkelerinde dis ticaret hadlerinin
makroekonomik belirleyicileri, 2005-2023 dénemine ait dengeli
panel veri seti kullanilarak incelenmistir. Analiz kapsamina 29
tilke dahil edilmis ve toplam 551 gozlem {izerinden tahminler
gerceklestirilmistir. Dis ticaret haddinin bagimli degisken olarak
kullan1ldig1 analizde, gayrisafi yurtici tasarruf orani, isgiicii, altin
dahil toplam uluslararast rezervler ve ekonomik biiylime orani
aciklayici degiskenler olarak modele dahil edilmistir. Ekonomik
biiyiime degiskeninin tim modellerde istatistiksel olarak anlamli
bulunmamasi nedeniyle, bu degisken modelden ¢ikarilarak
analize devam edilmistir.

Calismada oncelikle klasik panel veri modelleri tahmin
edilmis ve model se¢im testleri uygulanmistir. Elde edilen test
sonuclar,, OECD filkeleri arasinda gozlemlenemeyen {ilkeye
0zgii farkliliklarin dikkate alinmasi gerektigini gostermis ve sabit
etkili tahmincinin uygun yaklasim olduguna isaret etmistir. Bu
nedenle analiz, sabit etkiler modeli temel alinarak yiiriitilmiis;
ardindan sabit etkili panel kantil regresyon modeli ile bulgular
dagilimin farkli noktalar1 a¢isindan genisletilmistir.

Elde edilen bulgular, gayrisafi yurti¢i tasarruf orani ve
isglicii degigkenlerinin dig ticaret hadleriyle pozitif; toplam
uluslararas1 rezervler degiskeninin ise negatif yonli bir iligki
sergiledigini gostermektedir. Panel kantil regresyon modeli
sonuglari, tasarruf orani ve isgiicliniin pozitif etkisinin dagilim
boyunca biiyiik dlgiide korundugunu; buna karsilik uluslararasi
rezervler degiskeninin negatif etkisinin 6zellikle alt ve orta
kantillerde daha belirgin oldugunu ortaya koymaktadir. Bu
sonuglar, dis ticaret hadlerinin Uretim kapasitesi, reel ekonomik
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yapi, tasarruf davranisi ve dis finansal kosullar gibi unsurlarla
iligkili oldugunu ortaya koyan literatiirle uyumludur (Darity,
1990; Debaere & Lee, 2003; Baxter & Kouparitsas, 2006; Kosan,
2014).

Calismanin literatiire temel katkisi, OECD iilkelerinde dis
ticaret hadlerinin belirleyicilerini klasik panel veri yaklasimi ile
ortalama etkiler agisindan, sabit etkili panel kantil regresyon
yontemiyle ise dagilimsal farkliliklar agisindan birlikte
incelemesidir. Analizden elde edilen bulgular, OECD ulkeleri
icin dig ticaret hadlerini iyilestirmeye yonelik politikalarin
tasarruf kapasitesini, iiretim yapisin1 ve dis finansal dayanikliligi
guclendiren uzun vadeli makroekonomik politikalarla birlikte ele
alinmasi gerektigine isaret etmektedir.

Bununla  birlikte, calismanin  baz1  smirliliklar
bulunmaktadir. Analiz, veri erisilebilirligi nedeniyle 2005-2023
donemi ve 29 OECD iilkesi ile sinirlandirilmistir. Ayrica modelde
kullanilan degiskenler makroekonomik gostergelerle sinirh
tutulmus; kur rejimi, dis ticaret kompozisyonu, enerji bagimliligi
ve kiiresel fiyat soklar1 gibi lilkeye 6zgii yapisal unsurlar modele
ayrica dahil edilmemistir. Gelecek c¢aligmalarda iilke gruplari,
kriz donemleri veya sektorel dis ticaret yapilar1 dikkate alinarak
yapilacak karsilagtirmalar, dis ticaret hadlerinin belirleyicilerine
iliskin daha kapsamli sonuglar sunabilir.
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THE IMPACT OF GREEN TRANSFORMATION
AND DIGITALIZATION ON ECONOMIC
GROWTH: A PANEL DATA ANALYSIS OF
OECD COUNTRIES

Hakan ONDES!

1. INTRODUCTION

Two of the most important transformation processes that
have emerged in the global economy in recent years are the green
transition and digitalization. Climate change, environmental
degradation, energy supply security, and sustainable development
goals are leading countries to reshape their economic structures,
while rapid advancements in information and communication
technologies are accelerating the digitalization of production
processes. On the one hand, the goal is to transition to low-carbon
economic systems, while on the other hand, efforts are being
made to benefit from the efficiency increases offered by digital
technologies. This situation has made the green transition and
digitalization fundamental components of today's economic
policies.

In the early growth literature, capital accumulation and
labor force expansion were generally considered the primary
sources of economic growth. Later contributions of the
neoclassical growth framework, especially Solow (1956),
emphasized that increases in capital alone are insufficient to
maintain growth over long periods. Afterwards, Romer (1990)

1 Assist. Prof. Bandirma Onyedi Eyliill University, Faculty of Economics and
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7705.

21



Ekonometri Alaninda Akademik Tartismalar

established the Endogenous Growth Theory, which argued that
information, creativity, and R&D operations constitute the key
drivers of sustained prosperity and saw technological
advancement as a procedure taking place within the economic
system. In this regard, digitization is regarded as both a
technological advancement and a production strategy that
promotes economic expansion.

Enhanced efficiency is the main explanation for how
digitalization affects economic expansion. Companies may now
improve their production processes, reduce the cost of
transactions, and use assets more effectively thanks to the
advancement of information and communication technology.
Specifically, by raising productivity of all factors, machine
learning, big data analysis, the Web of Things, and automated
systems promote economic expansion (Brynjolfsson and
McAfee, 2014:36). Endogenous development theory states that
technical advancements and information production generate
beneficial effects that increase the economy's overall output
capacity and support long-term prosperity (Romer, 1990:82).

The link among development and the natural world has
been reevaluated as a result of economic institutions'
environmental challenges. During a long time, there existed a
compromise among ecological sustainability and economic
expansion, with the argument that environmental restrictions
would limit economic activity. Porter and Van der Linde (1995)
proposed that environmental regulations need not be viewed
solely as a cost factor for firms. They argued that such regulations
can encourage innovation, improve resource efficiency, and
enhance productivity. This view, commonly referred to as the
Porter Hypothesis, suggests that environmental policies may
support  economic  performance through technological
improvements and increased competitiveness.
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The reorganization of financial operations in accordance
with the values of environmentally friendly practices is referred
to as "green transformation,” a notion that originates at this
moment. Programs including boosting the utilization of clean
energy, enhancing energy effectiveness, cutting greenhouse
gases, and encouraging eco-friendly technology are all part of the
"green transformation” (OECD, 2011:44). Modifications in the
arrangement of energy sources have an immediate effect on
financial results, especially when seen through the lens of energy
finance, as energy constitutes one of the essential inputs of the
manufacturing cycle. Advances in green energy may have some
initial expenses, but over time, they can boost economic
expansion by cutting ecological footprints, enhancing the security
of the power supply, and reducing reliance on outside sources.

The adverse environmental effects notion is also the
theoretical cornerstone of sustainable revolution. Among the
main reasons the market system cannot guarantee efficient use of
resources on its own is environmental damage. The societal costs
of doing business are heightened by adverse effects like
greenhouse gases and environmental deterioration. From this
perspective, sustainable economic growth depends not only on
economic efficiency but also on the extent to which
environmental costs are reflected in prices and resources are
utilized more effectively (Stern, 2008:18). This strategy
demonstrates that the green transformation is a procedure that
may boost profitability in addition to being an environmental
requirement.

A significant approach that has gained attention in the
literature in recent years is that green transformation and
digitalization are complementary processes. Through advanced
monitoring and data-processing capabilities, digital technologies
help firms use resources more efficiently while supporting
improvements in energy management and production
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performance. Smart energy grids, Al-powered energy
management systems, and digital monitoring mechanisms
increase energy efficiency while contributing to the reduction of
carbon emissions. Therefore, digitalization is considered a
complementary element that enhances the effectiveness of the
green transformation (George, et al. 2021:1008). At the same
time, the shift toward environmentally sustainable production
practices creates new opportunities for digital technologies,
thereby supporting the broader development of the digital
economy.

OECD countries are among the leading economies in both
digitalization and green transformation processes. These nations
offer as important models for the application of sustainable
growth methods because of their sophisticated financial
structures,  technologically = advanced  facilities, and
environmentally friendly legislation. Specifically, the European
Green Deal, zero-carbon financial objectives, and digital change
tactics help OECD nations concurrently progress these two
transformation procedures (OECD, 2024: 55).

Focusing on OECD countries, this study analyzes the
relationship between green transformation, digitalization, and
economic growth. By jointly considering environmental and
technological dimensions, it seeks to contribute to the existing
growth literature. The rest of the study is organized into literature,
methodology, findings, and conclusion sections.

2. LITERATURE REVIEW

The interactions among green transformation,
digitalization, and economic growth have attracted considerable
attention from researchers, particularly with the growing
emphasis on sustainability and technological change. Studies in
this area can generally be grouped into three categories. The first
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category concentrates on the connection among economic
development and ecological sustainability metrics, innovative
green technologies, and renewable power utilization. The second
category looks at how digital transformation affects output,
efficiency, and prosperity. The third section examines whether
technological advances aid in the method of green expansion as it
pertains to digitalization and environmental conversion.

Apergis and Payne (2010) carried out a few of the initial
investigations on the connection among economic progress and
environmental conversion. The authors examined the link among
green energy usage and prosperity in OECD nations employing
panel data based techniques, and they found a long-term
association. This study is important in the literature because it
shows how consumption of solar energy and growth patterns,
particularly in OECD nations, are related.

Inglesi-Lotz (2016) analyzed the energy-growth nexus in
OECD countries through panel data analysis. The empirical
results suggested that the expansion of renewable energy use
supports economic growth. This result shows that expenditures in
green energy are crucial for both economic success and ecological
viability.

Bhattacharya et al. (2016) looked at how consumption of
green energy affected economic expansion in a few chosen
nations and discovered that while the effects differed by national
category, it did help growth in some. This finding demonstrates
that the economic effects associated with green transformation
can differ based on a nation's organizational capabilities, power
framework, and degree of development.

The link among energy use and economic expansion in
OECD nations was examined by Gozgor et al. (2018), who
demonstrated that energy usage is a key factor in the process of
prosperity. According to this study, energy use is strongly
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correlated with success in growth because of both its
environmental component and the fact that it is a fundamental
input of the manufacturing method.

Chen et al. (2020) investigated the growth effects of
renewable energy consumption through a threshold analysis
framework. They found that this impact does not appear linear
and could differ according on national circumstances. This result
suggests that depending on a nation's economic structure, the
impact of sustainable migration initiatives on economic progress
may vary.

Applying panel threshold regression, Wang and Wang
(2020) investigated the association among green power
consumption and economic development in OECD nations and
discovered that this impact differed according to parameters
including energy magnitude, urbanization rate, and standard of
living. These findings suggest that the contribution of green
transformation to economic growth is influenced by country-
specific or structural factors.

Ivanovski et al. (2021) analyzed how different forms of
energy consumption, including renewable and non-renewable
sources, are associated with economic growth by applying non-
parametric techniques. The results demonstrate that various
sources of energy may have distinct impacts on economic
expansion and that taking advantage of green energy has
substantial long-term expansion prospects.

In 36 OECD nations, digitization, sustainable innovation,
and green power promote a sustainable environment, according
to Karlilar, Balcilar, and Emir (2023). This result shows that
digitization may contribute to the environmental change process
in a beneficial way.

The advent of digital technology has a favorable lasting
influence on economic expansion in G20 nations, as proven by
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Jangid et al. (2024). This result shows that modern technology
may help nations with various stages of progress grow.

According to Agan (2024), digitization affects quality of
life and sustainable development in 38 OECD nations. Since it
concentrates on the connection among modernization and green
change in OECD nations, this investigation is important.

In a panel data study spanning 140 nations, Zheng and
Zhang (2025) investigated how automation affected the rise of
green power. The study, which employed a fixed effects model
for the years 2003-2020, found that digitisation had a favorable
influence on the advancement of green power. The evidence
indicates that technological innovation is an important driver of
renewable energy expansion and ongoing changes within energy
markets.

While the effects of renewable energy and digitalization
on economic growth have been widely investigated, studies on
the digitalization—green transformation nexus have mainly
emphasized environmental outcomes rather than growth
performance.

This study differs from previous research by analyzing the
impacts of green transformation and digitalization on economic
growth within a unified framework for OECD countries. Using
renewable energy consumption and internet usage as proxies, it
jointly evaluates the environmental and technological drivers of
sustainable growth.

3. DATASET, MODEL AND METHOD

This study examines the effects of green transformation
and digitalization on economic growth using OECD countries as
an example. Annual data from OECD member countries are used
in the analysis. The analysis used annual data from 2005-2024.
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The final dataset, created considering data accessibility and the
common observational structure of the variables, consists of
balanced panel data from 37 OECD countries. The main reason
for this is that data access on digitalization indicators has become
more consistent for OECD countries, especially in the period after
2005. Furthermore, since some variables for 2025 have not yet
been published for all OECD countries, the analysis has been
limited to 2024. The dataset is a balanced panel structure
consisting of observations from each country throughout the
period.

One measure of prosperity is the real gross domestic
product (gdp) per capita. Internet access frequency (dig) is
selected as digitalization metric, while clean energy usage (ren)
is selected as the environmentally friendly conversion factor. The
model also incorporates labor force involvement (lab) and fixed
capital creation (gcf), two significant variables that influence
economic progress.

To mitigate potential heteroscedasticity arising from
differences in measurement scales and to allow the estimated
coefficients to be interpreted in elasticity terms, the natural
logarithms of GDP per capita, gross fixed capital formation, and
labor force were employed. Renewable energy consumption and
internet usage variables were kept in their original percentage
form, as they are already expressed as ratio-based indicators.

Table 1. Variables and Data Sources

Variable Abbreviation Source

Real GDP per capita Ingdp World Bank
Use of Renewable Energy ren World Bank
Internet Usage Rate dig World Bank
Gross Fixed Capital Formation Ingcf World Bank
Labor Force Inlab World Bank
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In order to examine how economic growth is affected by
green transformation and digitalization, the following panel data
model was established for the study:

Ingdp;c = Bo + Biren;, + Podig;, + Bslngcfic +
Balnlab;; + €;; (1)

In this case, (i) stands for OECD nations (i=1,2,...,N), and
(t) for time (t=1,2,...,T). The constant term is denoted by p,,
whereas the long-term coefficients of the corresponding
independent variables are represented by B, 85, 83 and S,. The
error term, ¢;;, represents additional components that are not part
of the model.

In accordance with theoretical and empirical studies, the
anticipated values for the model's coefficients have been
established. It is anticipated that the variable reflecting renewable
energy consumption (ren) will have a positive coefficient f; .
This is primarily because using renewable energy boosts the
security of the energy supply, lessens reliance on outside sources,
and promotes economic growth by decreasing production costs
over time. However, due to their high initial costs, some research
suggest that investments in renewable energy may have limited
or detrimental benefits on growth in the short term. Nonetheless,
the long-term impact is anticipated to be favorable in nations with
advanced renewable energy infrastructure, such as those in the
OECD.

It is also anticipated that the coefficient 3, for the variable
corresponding to digitization (dig) would be positive. According
to endogenous growth theory, advancements in information and
communication technologies increase productivity, reduce
transaction costs, and encourage innovation. Therefore,
digitalization is considered one of the important determinants of
economic growth. However, due to high investment costs, digital
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inequalities, and adaptation costs, digital transformation may
have limited effects in some economies in the short term.

The coefficient 5 for the variable representing fixed
capital formation (Ingcf) is expected to be positive. According to
Solow's (1956) growth model, capital accumulation is one of the
fundamental factors that increase production capacity. Increased
funding is thus expected to promote economic expansion.

The coefficient g, for the variable representing labor
(Inlab) is also expected to be positive. An increase in labor, a
fundamental input in the production process, can boost
production volume and economic activity, all other things being
equal. Therefore, a positive relationship is expected between
labor and economic growth.

In this study, panel data analysis techniques were used
during the analysis phase. To determine the appropriate
econometric method for panel data analysis, cross-sectional
dependence tests were first applied. Given the increasing
economic, financial, and trade integration between countries
today, shocks occurring in one country can affect other countries
as well. Therefore, determining whether there is dependence
between countries is of great importance in panel data analysis.
The CD test created by Pesaran (2004) and the LM test created
by Breusch and Pagan (1980) were utilized for this.

LM =T EX5 Y1 5% )

_ 2T

CD = N(N-1) Ziv=_11 _I]y=i+1 ﬁl} (3)

The time dimension is denoted by T in Equation (2), the number
of cross-sectional nations is denoted by N, and the correlation
coefficient between the error components of countries (i) and (j) is
represented by p; ;. The null hypothesis in the LM test asserts that cross-

sectional dependency does not exist. The null hypothesis is rejected and
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it is determined that there is cross-sectional dependency in the panel if
the probability value derived from the test result is significant.

Cross-sectional dependency is also tested using the CD
test, which is provided in Equation (3). The mean correlation
between the error terms serves as the foundation for the test
statistic. The null hypothesis in the CD test similarly asserts the
absence of cross-sectional dependency. The presence of cross-
sectional dependency resulting from shared shocks or reciprocal
interactions between nations is shown by a significant test
statistic. In the later phases of the study, second-generation panel
data techniques should be applied if cross-sectional dependency
is found.

The Delta Homogeneity Test, created by Pesaran and
Yamagata (2008), was used to assess if the model coefficients
were consistent across nations after the cross-sectional
dependency results. When choosing the unit root and
cointegration techniques to employ in the analysis, the results of
the homogeneity test are crucial.

0=VN (), Baaj=VN ( j%(g)) @)

N is the number of cross-sections, k is the number of
explanatory variables in the model, and S is the homogeneity test
statistic created by Swamy (1970) in Equation (4). To determine
if the coefficients in the panel data model are homogenous across
nations, A and A,4; statistics are employed.

The test's alternative hypothesis is that the coefficients are
heterogeneous, whereas the null hypothesis is that they are
homogeneous.The null hypothesis is rejected and it is determined
that the coefficients vary between nations if the resulting
probability value is significant. On the other hand, the fact that
the null hypothesis cannot be rejected suggests that the
coefficients are consistent throughout the panel. The unit root,
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cointegration, and long-term coefficient estimate techniques that
will be applied in the latter phases of panel data analysis depend
on the homogeneity test results (Pesaran and Yamagata,
2008:64).

Examining the stationarity characteristics of the series by
separating the common and country-specific components is
crucial given the high degree of economic integration and shared
macroeconomic shocks among OECD nations. As a result, Reese
and Westerlund's (2016) PANICCA test was employed. By
analyzing common elements and country-specific components in
the series independently, the PANICCA approach an enhanced
version of the PANIC technique created by Bai and Ng (2004)
allows for stationarity analysis. In this regard, panels with a high
degree of economic integration, as those in the OECD, have more
dependable results.

Yie = Dy + A;Ft + et (5)

Here, Y;; represents the observed series, D;; represents the
deterministic components (constant and trend), F; represents the
cofactors, A represents the factor loadings and e;; represents the
country-specific error component.

This method starts by breaking down the series into its
distinctive and common elements. The shared factors and the
country-specific components are then subjected to independent
unit root tests. This enables us to identify whether nation-specific
dynamics or common shocks are the cause of stationarity. The
alternative hypothesis in the PANICCA test asserts that the series
is stationary, whereas the null hypothesis asserts that the series
has a unit root. Cointegration analysis is carried out after
determining the degree of integration of the variables based on
the test findings (Reese and Westerlund, 2016:971).

The common factor panel cointegration technique, which
was created by Gengenbach, Urbain, and Westerlund (2016), was
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employed after panel unit root analyses to look at the possibility
of a long-term link between variables. This approach was
primarily chosen due to the high degree of economic
interconnectedness among OECD nations and their vulnerability
to similar macroeconomic shocks. The COVID-19 pandemic,
energy price changes, global financial crises, and worldwide
economic events can all have comparable economic
repercussions on OECD nations. This circumstance can lower the
trustworthiness of findings from conventional cointegration tests
and cause cross-sectional dependency in panel data models.

The Gengenbach, Urbain, and Westerlund (GUW) (2016)
approach considers unobservable factors that act in common
among countries when analyzing the cointegration relationship.
Therefore, by excluding the impacts resulting from common
causes, the long-term relationship between variables may be
investigated. This feature constitutes one of the most important
advantages of the method.

The basic model of the method is expressed as follows:
Yie = a; + Bi Xyt + AiFe + uye (6)

The dependent variable in this model is denoted by Y;;, the
vector of dependent variables by X;;, the country-specific fixed
effects by a;, the unobservable common factors impacting all
nations by F;, the common factor loadings by A, and the error term
by u;;. There is no long-term cointegration connection between
the variables, according to the test's null hypothesis. According to
the alternative hypothesis, there is a cointegration connection
between the variables and they move together over time. The
CUP-FM and CUP-BC estimators are used to determine the long-
term coefficients if a cointegration connection is found.

The primary goal of the model is to determine the long-
term relationship between variables by considering factors that
act in concert across countries. This allows for the control of
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deviations that may arise from common influences such as global
economic shocks, energy prices, and financial crises
(Gengenbach et al. 2016:996).

4. FINDINGS

The variables' correlational analysis findings and
descriptive statistics are initially shown in this chapter. To choose
the optimal econometric technique for panel analyzing data,
cross-sectional dependency and homogeneity tests are then
carried out. The next phase is to utilize the PANICCA panel unit
root test to assess the stationarity characteristics of the variables.
Once the series' level of integration has been established, the
Gengenbach, Urbain, and Westerlund (2016) panel cointegration
method is used to determine whether a long-term connection
exists. Lastly, the CUP-FM and CUP-BC estimator are used to
extract and interpret long-term coefficients if a cointegration
connection is found.

The study used a balanced panel dataset consisting of 37
OECD countries for the period 2005-2024. Analyses were
performed on a total of 740 observations. Significance levels of
1%, 5%, and 10% were used in the evaluation of the findings.

Table 2 shows descriptive data for the research's variables.
The real per capita income variable (Ingdp) has a mean score of
10.286, according to the data. Significant variations in financial
status across OECD nations are indicated by the gap between the
lowest and highest numbers.

The average value of the renewable energy consumption
(ren) variable was calculated as 21.87%. However, the fact that
the minimum value is 0.90% and the maximum value is 83.60%
reveals that the levels of renewable energy use vary considerably
among OECD countries. This scenario demonstrates how certain
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nations are still heavily reliant on petroleum-based products,
while others have evolved to sophisticated phases of the energy
revolution.

It turned out that the mean internet utilization percentage
(dig), which stands for computerization, was 77.20%. This
outcome demonstrates that OECD nations have usually robust
digital networks. Nonetheless, there are notable variations in the
degree of digitalization among nations, particularly in the initial
years of the sample duration, as seen by the large spread among
the lowest and highest numbers.

Results pertaining to labor force (Inlab) and fixed capital
formation (Ingcf) factors also show that the monetary scale and
output capacity of OECD nations vary widely. In general, the
variables' enough variation suggests that the data architecture is
appropriate for panel data evaluation.

Table 2. Descriptive Statistics

Ingdp ren dig Ingcf Inlab
Mean 10.286  21.871 77.198 26.679 15.668
Median 10.485 17.250 82.520 26.557 15.423
Std. Dev. 0.696 16.452 18.085 2.803 1.506
Min. 8.402 0.900 11.007 22.008 12.073
Max. 11.630 83.600 99.769 34.133 18.976
Skewness -0.374 1.410 -1.237 0.743 -0.166
Kurtosis 2.344 5.177 4.093 3.231 2.677
Jarque-Bera 30.588 387.274  223.688  69.238 6.720
(Prob.) (0.000) (0.000) (0.000) (0.000)  (0.035)

Statistical descriptions for the research's factors are shown
in Table 2. Analyzing the data shows that OECD nations differ
significantly in regard to per capita income, usage of green
energy, and degrees of digitization. In particular, the wide
difference between the minimum and maximum values of the
renewable energy consumption variable indicates that the green
transition performance of countries exhibits a heterogeneous
structure. Skewness coefficients show that the ren and Ingcf
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variables have a right-skewed distribution, while the Ingdp, dig,
and Inlab variables have a left-skewed distribution. Certain
variables have an increasingly pointy distributed than a normal
distribution, according to kurtosis levels. All of the variables'
probabilities fall under the 5% significance level, based to the
Jarque-Bera test findings. This suggests that the premise of a
normal distribution is not met by the series. However, this finding
does not raise an issue with the studies' application because panel
data analysis does not strictly need the assumption of a normal
distribution.

Correlation study was used to determine the direction and
magnitude of a linear connection among the parameters after
descriptive statistics. In addition to giving data on a possibility of
multicollinearity, coefficients of correlation offer a first
evaluation of the connection between each variable. Table 3
displays the variables' correlation coefficients.

Table 3. Correlation Matrix

Variable Ingdp ren dig Ingcf Inlab
Ingdp 1.000
ren 0.069 1.000
(0.000)
dig 0.634 0.232 1.000
(0.025) (0.017)
Ingcf -0.178 -0.095 -0.078 1.000
(0.044) (0.036) (0.000)
Inlab -0.130 -0.521 -0.167 0.587 1.000

(0.016)  (0.033)  (0.000)  (0.000)

Note: The values in parentheses are probability values.

Examining the correlation analysis results in Table 3, a
positive and moderate relationship is observed between real per
capita income (Ingdp) and the digitalization indicator (dig)
(r=0.634). This finding indicates that per capita income tends to
be higher in OECD countries with higher levels of digitalization.
The positive but relatively low correlation coefficient between
renewable energy consumption (ren) and economic growth
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(r=0.069) suggests that this relationship may not be explained by
simple pairwise relationships and requires more comprehensive
econometric analysis.

When examining the correlation coefficients between the
independent variables, the highest correlation is observed
between Ingcf and Inlab (r=0.587). However, the absolute value
of no correlation coefficient exceeds 0.80. This implies the
variables lack a significant multicollinearity problem. Therefore,
it is considered that using the variables within the same model
does not create a significant econometric problem.

To identify the most effective econometric techniques for
panel data evaluation, cross-sectional dependency and
homogeneity checks were carried out. Table 4 presents
conclusions.

Table 4. Cross-Section Dependence and Homogeneity Test Results

Test Statistics Probability
LM 1248.632 0.000
CD 21.574 0.000
A 8.416 0.000
Anaj 9.027 0.000

The probability estimates of the Breusch-Pagan LM and
Pesaran CD assays are statistically important at the threshold of
1% significance when the data in Table 4 are analyzed. The null
assumption, which asserts as there's no cross-sectional
dependency, is disregarded in considering this conclusion. As a
result, it is determined that OECD nations exchange disturbances
and communicate with each other. The outcome demonstrates
how OECD nations may be equally affected by variables that
include monetary crises, changes in energy trade, and efforts to
transform themselves digitally.

Both the Delta and Adjusted Delta statistics are
significantly different at the 1% significance straight, in
accordance with a review of the homogeneity results from tests.
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As aresult, it is determined that the coefficients of the model vary
among nations and contradicts the null assumption, which claims
that parameters are homogenous. In essence, the impact of
digitization and green change on prosperity varies among OECD
nations.

In the later phases of the investigation, it was decided to employ
second-generation panel data methodologies because of the
identification of cross-sectional dependency and heterogeneity.
Thus, the PANICCA panel unit root examination was used to
assess the stationarity characteristics of the variables.

Table 5. PANICCA Unit Root Test Results

Variable Pa Pb PMSB

Ingdp 0.746 (0.817) 1.185(0.914) 2.067 (0.996)
dingdp 3.446 (0.033) 4.117(0.026) 7.114(0.000)
ren 1.147(0.624) 2.003(0.747) 2.165(0.881)
dren 4.178 (0.028) 5.118 (0.015) 6.318 (0.007)
dig -0.843 (0.605) -1.671 (-0.713)  -1.834 (-0.553)
ddig -3.515(0.006) -4.983 (0.000) -6.923 (0.000)
Ingcf 0.928 (0.814) 0.814 (0.702) 1.199 (0.406)
dIngcf 2.117 (0.046) 3.908 (0.016) 6.914 (0.000)
Inlab -1.460 (0.716) -1.077 (0.644) -1.917 (0.459)
dinlab -9.432(0.000) -10.046 (0.000)  -11.188 (0.000)

Note: The variables have both constant and trending structures. The values in parentheses are
probability values.

All factors are non-stationary in values but acquire
stationary in their initial differences, suggesting an 1(1)
procedure, pursuant to the PANICCA panel unit root analysis
outcomes shown in Table 5. Panel cointegration method was used
to examine the variables' enduring connection since they are
integrated in the identical sequence.

The Gengenbach, Urbain, and Westerlund (GUW) (2016) panel
cointegration assessment was used to examine if there exists a
lasting connection among the variables once it was shown that
they correspond to I(1). Table 6 displays the findings.
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Table 6. GUW Cointegration Test Results

Statistics Coefficient T-bar stat p-value
ECT -0.449 -3.806 <=0.01

A persistent link between the variables is confirmed by the
results in Table 6, where the ECT factor is negative and
statistically significant (ECT=-0.449). According to the
coefficient, approximately 44.9% of short-run aberrations are
removed in the next period. The CUP-FM and CUP-BC
techniques were used to determine long-run coefficients once
cointegration was confirmed (Table 7).

Table 7. Long-Term Coefficient Estimation Results for CUP-FM

and CUP-BC

Dependent Variable: Ingdp

Variable CUP-FM CUP-BC
Constant 1.446(0.017) 1.128 (0.022)
ren 0.951 (0.035) 0.892 (0.047)
dig 1.117 (0.014) 1.208 (0.019)
Ingcf 0.335 (0.000) 0.382(0.000)
Inlab 1.007 (0.028) 0.994 (0.035)

Note: The values in parentheses are probability values.

Table 7's findings show that labor force participation,
digitization, fixed capital creation, and green energy consumption
all have favorable and statistically significant effects on economic
expansion. Digitization has the most effect of these factors. The
robustness of the results is further supported by the uniformity of
the CUP-FM and CUP-BC estimations.

In general, the findings align with studies that have been
documented in the published works. The positive effect of energy
from renewable sources on economic expansion supports the
results of Apergis and Payne (2010), Inglesi-Lotz (2016), Gozgor
et al. (2018), and Ivanovski et al. (2021), which shown that the
utilization of sustainable energy promotes expansion in OECD
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countries. In a similar vein, Jangid et al. (2024) demonstrated that
digital technologies enhance economic performance, which is
consistent with the positive and substantial impact of the
digitalization variable. In addition, the findings presented by
Karlilar, Balcilar and Emir (2023), Agan (2024), and Zheng and
Zhang (2025) show that digitalization supports not only economic
growth but also green transformation processes. In this context,
the results obtained from the study reveal that digitalization and
green transformation policies in OECD countries are
complementary processes and are among the important
determinants of long-term economic growth.

5. CONCLUSION

This study examines the effects of green transformation
and digitalization on economic growth using a balanced panel
dataset of 37 OECD countries for the period 2005-2024. The
analysis investigates the effects of renewable energy consumption
and digitalization indicators on economic growth, controlling for
capital accumulation and labor force variables. The study first
applied cross-sectional dependence and homogeneity tests,
revealing common shocks among OECD countries as well as
country-specific differences. As a result, the analysis employed
second-generation panel data approaches. The variables did not
remain immobile at their baseline value, but they remained
stationary when their initial differences were calculated,
according to the PANICCA panel unit root analysis outcomes.
Gengenbach, Urbain, and Westerlund (2016) found a lasting
connection among the variables through additional cointegration
analyses..

Long-term coefficients obtained using CUP-FM and
CUP-BC estimators indicate that renewable energy consumption,
digitalization, fixed capital formation, and labor force variables
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have positive and statistically significant effects on economic
growth. The findings reveal that digitalization and the use of
renewable energy are among the key factors supporting economic
performance in OECD countries. This result is significant
because it shows that economic growth and environmental
sustainability goals do not necessarily contradict each other, but
rather can support each other through appropriate policies. At the
same time, the positive effects of capital accumulation and labor
on growth demonstrate that factors of production maintain their
importance in the economic growth process.

Based on these findings, several policy recommendations
can be developed. First, increasing investments in renewable
energy in OECD countries will not only contribute to achieving
environmental goals but also support long-term economic
growth. Thus, it is essential to improve incentive systems for
clean energy sources like wind, hydropower, solar power, and
others. Second, it is imperative to boost expenditures in digital
infrastructure and promote the incorporation of digital technology
into manufacturing processes. The Internet of Things, cloud
computing, big data analytics, and artificial intelligence in
particular may greatly boost economic development through
higher productivity.

Moreover, instead of being tackled separately,
modernization and sustainable transformation approaches must to
be part of a unified structure. Increasing energy efficiency,
optimizing energy usage, and better controlling renewable energy
sources are all made possible by technological advances. Thus, it
Is imperative that regulators take into account both ecological
transformation aims and conventional digitization tactics. Lastly,
educational and competency-building programs should receive
more attention in order to produce the skilled labor force needed
for the processes of online and ecological change. Both the
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viability rapid long-term prosperity and the quickness of
technological transition will be made possible by this.

In general, the research's conclusions demonstrate that
standardization and green change are important factors
influencing economic development in OECD nations. In order to
achieve both ecological sustainability and economic expansion
objectives concurrently, it is essential to boost investments in
green energy, promote a digital shift, and manage both of these
procedures within a broad legal structure.
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