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DIS TICARET ANALIZLERINDE BiRiM
DEGERIN KULLANIM ALANLARI

Hakki OZBAS!

1. GIRIS

Gilimriik beyannamelerine dayanan uluslararast mal
ticareti istatistikleri lirlin siniflandirmasu, ticaret degeri, net agirlik
veya tamamlayici miktar, ticaret ortagi, ticaret yonii ve tasima
modu gibi bilgileri igermektedir. Bu kayitlardaki deger ve miktar
bilgilerinden birim deger gostergeleri iretilebilmektedir. Birim
deger, so6z konusu kayitlarda yer alan parasal degerin yine ayni
kayittaki fiziksel miktara oranlanmasiyla elde edilmektedir. Bu
yoniiyle belirli bir liriin grubunda gergeklesen ticari islemlerin
ortalama deger diizeyini gosterir. Genig bir Ulke ve Urin
kapsamina sahip olmasi, uzun donemli erisilebilir olmasi ve
diizenli giincellenmesi sayesinde, birim degerin dis ticaret

aragtirmalarinda kullanilmasi miimkiin hale gelmektedir (IMF,
2009; UN, 2011).

Birim deger, hesaplamanin gerceklestirildigi ticaretin
detay diizeyi ve arastirmanin amaciyla yakindan iligkili olarak
farkli anlamlar ifade edebilmektedir. Daha smirli sayida iiriin
grubunu temsil eden ve homojen bir Griin grubunda hesaplanan
birim deger gostergesi, islemlerin ortalama fiyat diizeyine
yaklasabilmektedir. Ancak ayni siniflandirma kodu genis veya
heterojen nitelikteki farkli kalite, model, marka, satis kosulu,
fiyatlandirma veya kullanim amaci tastyan tiriinleri kapsadiginda
ise hesaplanan deger, fiyatla birlikte iiriin bilesimini de yansitan
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daha farkli anlamlar ifade edebilmektedir (IMF, 2009). Bu
dogrultuda birbirine yakin anlamlar ifade eden birim deger
diizeyi, birim deger endeksi ve dogrudan fiyat go6zlemi
birbirinden ayrilmalidir. Birim deger diizeyi belirli bir {ilke, {iriin,
pazar ve donemdeki deger yogunlugunu, birim deger endeksi bu
yapmin donemler arasindaki degisimini izlerken ankete dayali
ithracat ve ithalat fiyat endeksleri ise ozellikleri tanimlanmis
urtnlerin fiyat hareketlerini takip etmeyi amaclar (Silver, 2009).

Birim deger endeksleri fiyat hareketiyle iiriin
bilesimindeki degisimi birlikte yansitabilmektedir. Miktar birimi
farkliliklari, eksik veya tahmin edilmis agirliklar, FOB-CIF
degerleme farki ve swra dist islemler de hesaplamalari
etkileyebilmektedir. Silver (2009), bu unsurlarin birim deger ve
fiyat endeksleri arasinda donemlere gore degisen ayrigmalar
olusturdugunu gdstermektedir. Bu nedenle gdstergenin hangi
arastirma sorusu i¢in kullanildiginin tespiti 6nem tasimaktadir.
Gimriik kayitlarmin ilke, Grlin, pazar ve donemleri kapsayan
genis yapist ile basit hesaplanmasi, birim degeri iiriin ve pazar
diizeyindeki goreli deger yapisinin incelenmesinde erisilebilen en
kapsamli gostergelerden biri héaline getirmektedir.

Glimriik idareleri tarafindan elektronik ortamda derlenen
islem kayitlar1 genis bir ticaret evrenine iliskin veri kiimesini
olusturmaktadir. Bu veri kiimesi sayesinde trtin diizeyinde, ulke,
partner Ulke, sevkiyat ve miktar 6zellikleri {izerinden ayrintili
inceleme yapilmast mimkiindiir. OECD i¢in hazirlanan
calismada, kapsamli temizleme ve dogrulama islemlerinden
gecirilen giimriik verilerinden tiretilen birim deger endekslerinin
cesitli dis ticaret fiyat gostergeleriyle uyumlu sonuclar verebildigi
gosterilmistir (Miao & Wegner, 2022). Fast, Fleck ve Smith
(2022) ayrintili ihracat verilerinin homojen {irin gruplarinda
resmi fiyat endekslerini tamamlayabilecek nitelikte sonuclar
irettigini ortaya koymustur.
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Birim deger, ihracatin ve ithalatin géreli deger yapisinin,
iriin ve pazar konumlanmasinin, endiistri i¢i ticaretin, kaliteyle
iliskili farklilagsmanin ve tagima tiirii tercihlerinin incelenmesinde
kullanilmaktadir (Greenaway, Hine, & Milner, 1994; Hallak,
2006; Harrigan, 2010). Islenmemis aliiminyum ile aliiminyum
folyo, rafine bakir ile bakir tel, odun hamuru ile kagit, kakao
urtnleri ve cikolata gibi girdi ile islenmis/nihai iiriin arasindaki
teknik bagin agik bicimde kurulabildigi uygulamalarda birim
deger, deger zincirindeki konumlanmaya iliskin tamamlayici
bilgi saglamaktadir. Bu kullanim, katma deger paylarini tilke-
sektor diizeyinde hesaplayan iilkeler arast girdi-¢ikti
tablolarindan farkli bir 6l¢lim diizeyine karsilik gelmektedir
(OECD, 2025).

2. BiRIM DEGER KAVRAMI VE
HESAPLANMASI

2.1. Birim Degerin Tamimi

Birim deger, dis ticaret kaydindaki toplam parasal degerin
fiziksel miktara boliinmesiyle hesaplanan ortalama degerdir.
BM'nin uluslararas1 mal ticareti istatistikleri standardinda miktar,
net agirhk ve {rline uygun tamamlayict birim {izerinden
tanimlanmaktadir (UN, 2011). Tamamlayici birim, iriiniin
niteligine gore adet, litre, metrekare, metrekiip veya kilovat-saat
olabilmektedir. Agirlik her {iriin i¢in en agiklayici 6l¢ii olmasa da
birim deger genellikle parasal deger/agirlik olarak yazilmaktadir.

Birim deger, hesabin yapildigi iirlin ayrintisina bagh
olarak degismektedir. Ayrintili iirlin ve pazar diizeyindeki
hesaplamalar daha benzer islemleri karsilastirirken, sektor ve
iilke diizeyindeki gostergeler {iiriin bilesiminden daha fazla
etkilenebilmektedir  (IMF, 2009; Fast et al., 2022).
Toplulastirilmig birim degerler ise dis ticaret yapisindaki genel
degisimin degerlendirilmesinde kullanilmaktadir.
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2.2. Birim Degerin Hesaplanmasi

Birim deger, UV = V/Q bi¢iminde hesaplanir. Bu
hesaplamada UV birim degeri, V ticaret degerini, Q ise ayni
ticarete ait miktar1 ifade etmektedir. Ornegin bir donemde 12
milyon dolar degerinde ve 2 milyon kilogram miktarinda ihracat
yapilmigsa birim deger kilogram basina 6 dolardir. Hesaplanan
gosterge, donem boyunca gerceklesen islemlerin miktarla
agirliklandirilmis ortalama birim degerini yansitmaktadir.

Birim deger hesabinda ayni iriin, ilke, ticaret yond,
donem ve degerleme smirma ait deger ve miktar verileri
kullanilmali, para birimi doniistimii varsa esas alman kur ve tarih
belirtilmeli, farkli miktar birimleri birlestirilmemeli ve sifir, eksik
ya da olagan dis1 kii¢iik miktarli kayitlar kontrol edilmelidir (IMF,
2009; BM, 2011). Otomobilde adet, kumasta metrekare ve
elektrikte Kkilovat-saat gibi Uriine uygun tamamlayic1 miktarin
sunuldugu durumlarda bu birim tercih edilebilir (BM, 2011).

2.3. Birim Deger, Dis Ticaret Fiyatlar1 ve Dis Ticaret
Haddi

Birim deger gergeklesen islemlerin deger ve miktari
tizerinden hesaplanirken, dis ticaret fiyat endeksleri dnceden
belirlenmis {irlinlerin zaman igindeki fiyat hareketlerinden olusur
(IMF, 2009). ihracat veya ithalat fiyat endeksinde amag,
ozellikleri belirlenmis bir {iriiniin zaman i¢indeki fiyat degisimini
izlemektir. Fiyat endeksleri anketler araciligiyla se¢ilmis firma ve
urinlerden dizenli fiyat toplayarak, birim deger bir donemde
kayda giren iglemler {izerinde hesaplanmaktadir (IMF, 2009).
Fiyat endeksi daha sabit bir Grlnd tanimlarken, birim deger daha
genis bir kiime olan gergeklesmis ticaret bilesiminden elde edilir.

Saf fiyat hareketinin 6él¢ilmesinde sabit 6zellikli Grunleri
izleyen fiyat endeksi kavramsal olarak daha dogrudan bir
Olcuyken, gimriik kayitlari pazarm ¢ok daha genis Dbir
boliimiindeki fiili islemleri, iirlin giris ve ¢ikislarin1 ve hedef
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pazar farkliliklarin1 kapsamaktadir. ABD Calisma istatistikleri
Biirosunun (BLS) idari ihracat verileriyle yiiriittiigli caligma,
Temmuz 2020'de ihracat fiyat anketinin yanit oranini yiizde 45
olarak verirken giimriik islemlerinin yaklagik yiizde 90'inda deger
ve miktar bilgisi bulundugunu belirtmektedir (Fast et al., 2022).
Bu karsilastirma, fiyat anketinin {iriin tanimindaki stirekliliginin
istiinligiine, gumrik verisinin ise islem kapsami agisindan
istiinliigiine isaret etmektedir.

Resmi  fiyat endeksleri farkl yontemlerle
tretilebilmektedir. Ornegin, Kanada'nin dis ticaret fiyat
endeksleri giimriikk verileri ve birim deger yaklasimiyla
hesaplanirken, Avustralya kalite degisiminin siirli oldugu bazi
temel emtialarda ortalama birim degerleri fiyat vekili olarak
kullanmistir. Bu uygulamalar, birim degerin uygun {iriin ve veri
kosullarinda resmi fiyat Ol¢limiinlin bir pargasi olabildigini
gostermektedir. Homojen Urlnlerde, ortak miktar birimleri ve
diizenli islem kayitlariyla hesaplanan birim deger endeksleri fiyat
hareketlerinin izlenmesinde guvenilir sonuglar verebilmektedir
(Miao & Wegner, 2022; Fast et al., 2022).

Dis ticaret haddi ihracat ve ithalat fiyatlarinin birbirine
gore zaman i¢indeki degisimini 6lgmektedir. Bu yonlyle birim
deger tek bir ithalat veya ihracata iliskin diizey gostergesi, dis
ticaret haddi ise iki fiyat endeksinin oranina dayanan
karsilagtirmal1 bir gosterge 6zelligine sahiptir. Dig ticaret haddi,
fiyat endekslerinin yani sira ihracat ve ithalat birim deger
endeksleri kullanilarak da hesaplanabilir (IMF, 2009). Bu
hesaplamada her iki ticaret akimi i¢in ayn1 temel doneme dayanan
endeksler olusturulur ve ihracat birim deger endeksi ithalat birim
deger endeksine oranlanir. Birim deger diizeylerinin orani belirli
bir donemdeki goreli deger konumunu, endekslerin orani ise
zaman icindeki birim deger temelli dig ticaret haddini
gostermektedir. Birim deger endeksleri iiriin bilesimindeki
degisimleri de icerdigi i¢in elde edilen sonu¢ resmi fiyat
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endekslerine dayanan dis ticaret haddinden farkli olabilmektedir
(Silver, 2009).

2.4. Birim Deger Endeksleri

Birim deger endeksi, belirli {iriin ve ticaret akimlarma ait
birim degerlerin temel doneme goére degisimini gostermektedir.
Temel donemin 100 kabul edildigi bir endekste birim degerin
100'den 115'e yiikselmesi, ortalama deger diizeyinde yilizde 15
artis gerceklestigini ifade etmektedir. Bu yapi, farkli para ve
miktar biyukluklerine sahip drunlerin dénemsel hareketlerinin
ortak bir 6lgekte izlenmesini saglamaktadir.

Giclii bir endeks iiretiminde donemler arasinda eslesen
trtinler belirlenmekte, islem ve iiriin birim degerleri uygun
agirhiklarla  birlestirilmekte ve ticaret yapisindaki glincel
degisimler endekse yansitilmaktadir. Fast ve digerleri (2022),
birim degerleri agirlikli geometrik ortalamayla {iriin diizeyine
tagimig, Urlin degisimlerini iist gruplarda birlestirmistir. Bu
uygulama, ayrmtili giimriik kayitlarinin sistemli bir veri
hazirlama ve agirliklandirma siireciyle resmi fiyat endekslerini
tamamlayabilecek gostergeler Tretilebildigini gdstermektedir.
Miao ve Wegner (2022) de diizey, zaman ve iilkeler aras1 dagilimi
birlikte kullanan veri temizleme yaklagimimin sonuglar
giiclendirdigini gostermistir. Bu 6rnekler, birim deger endeksinin
veri hazirlama ve toplulastirma kararlartyla kurulan bir istatistik
oldugunu ortaya koymaktadir.

2.5. Toplulastirilmis Birim Deger Hesaplamalar:

Toplulastirilmig birim degerler, ticaret igindeki agirliklari
dikkate alnan 0Orin dlzeyindeki gostergelerin  bir araya
getirilmesiyle olusturulmaktadir. Ortak fiziksel birimle Olgiilen
homojen iirlinlerde toplam deger toplam miktara bdliinebilmekte,
farklh nitelikteki tiriinlerde ise ticaret paylarini kullanan endeks
yontemleri tercih edilmektedir. Boylece kiigiik ticaret akimlarmin
biiyiik iiriin gruplariyla ayni1 agirligi almasi dnlenmekte ve toplam
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gosterge gerceklesen ticaret yapisina yaklastirilmaktadir. Uriin
ayrimtist artttkca aynmi kod igindeki cesitlilik genellikle
azalmaktadir. Buna ragmen en ayrintili tarife kodu bile marka,
model, sdzlesme ve kalite farklarini biitiiniiyle ayirmakta yeterli
degildir. IMF (2009) ile Silver (2009), urin koduna ek olarak
iilke, firma veya islem 6zellikleriyle tabakalandirmanin bilesim
etkisini azaltabilecegini belirtmektedir. Buna karsilik ¢ok dar
hiicrelerde az sayida islem kalmasi birim  degeri
oynaklastiracagindan uygun toplulastirma diizeyi, homojenlik ile
yeterli islem sayis1 arasinda kurulmalidir.

Toplulagtirma yapilirken {iriinlerin kullanim amaci da
dikkate alinmalidir. Miao ve Wegner'in (2022) calismasinda ayni
sektor i¢indeki ara ve nihai kullanim {riinleri i¢in hesaplanan
birim deger endeksleri arasindaki korelasyon 0,12 diizeyinde
bulunmustur. Bu sonug, ayni sektdrde yer alsa bile ara girdiler ile
nihai {rlnlerin farkli deger hareketlerine sahip olabildigini
gostermektedir.

3. DIS TICARET ANALIiZLERINDE BIiRIiM
DEGERIN KULLANIM ALANLARI

3.1. Thracat ve ithalatin Deger Konumunun
Karsilastirilmasi

Ayni iriine ait ihracat ve ithalat birim degerlerinin
karsilagtirilmast, tilkenin ihrag ettigi ve ithal ettigi Urtinlerin goreli
deger diizeyini godstermektedir. fhracat birim degerinin ithalat
birim degerine bollinmesiyle elde edilen oranin birden biiyiik
olmasi, ihrag edilen {iriin bilesiminin ithal edilenden daha ytiksek
birim deger tagidigini, birden kiiclik olmasi ise ters yondeki bir
konumu ifade etmektedir. Bdylece dis ticaret dengesiyle
goriilemeyen 1iriin i¢i deger farklili§i, miktar bilgisinden
yararlanilarak dlciilebilmektedir.
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Bununla beraber ihracatin ¢ogunlukla FOB, ithalatin
navlun ve sigortayr da kapsamasindan dolayr CIF degerle
kaydedilmesi kayit farklari olusturabilmektedir (BM, 2011). Bu
fark, ihracat/ithalat oranin1 asagi ¢ekebilecegi i¢in Karsilagtirmada
ayn1 yondeki ticaret akimi i¢inde tlilke veya donem farkliliklarina
odaklanmak ya da miimkiinse her iki seriyi ortak FOB smirina
getirmek daha dogru bir sonug verecektir.

3.2. Uriin ve Pazar Konumlanmasinin Incelenmesi

Birim deger, ayni iriinii ihra¢ eden iilkelerin diinya
piyasasinda hangi deger araliklarinda yer aldigini belirlemek igin
bir arag niteligi tasimaktadir. Bir iilkenin iirlin birim degeri diinya
veya secilmis rakipler ortalamasina boliinerek goreli deger
gostergesi olusturulabilir. Sonucun birin {izerinde olmasi {ilkenin
ilgili Grlin-pazar karsilastirma grubundan daha yiiksek, birin
altinda olmas1 daha diisiik birim degerle islem yaptigina isaret
etmektedir. Bu 6l¢lim, lilkelerin pazarin diisiik, orta veya yliksek
degerli bolimindeki yerini izlemeye imkan vermektedir
(Fontagné, Gaulier, & Zignago, 2008).

Hedef pazar ayrimi yapildiginda iilke ortalamasinin
gerisinde kalan deger farkliliklar1 goriiniir héle getirilmektedir.
Ayni iiriiniin pazarlar arasinda degisen birim degeri, gelir diizeyi,
talep yapis;, dagitim kanali ve sozlesme kosullariyla
iliskilendirilebilmektedir. Hallak (2006), yiiksek gelirli iilkelerin
yiiksek kaliteli triinlere daha giiclii talep gosterdigini ortaya
koyarken Chen ve Juvenal (2022), uzman kalite puanlartyla
eslestirilen Arjantin sarap ihracatinda kalite ve kar marjlarinin
thracat fiyatt farkliliklarini birlikte acikladigini belirlemistir.
Fontagné, Gaulier ve Zignago (2008), 200'den fazla (lke ile
yaklasik 5.000 HS6 iiriinii kapsayan verileri diinya birim degeri
dagilimma gore diisiik, orta ve yiiksek pazar segmentlerine
aywrarak  yaklasitmin  genis  Olcekli  iilke ve  iiriin
karsilastirmalarinda uygulanabildigini gostermistir.
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3.3. Kalite Farkhlagsmasinin Degerlendirilmesi

Dis ticaret verilerinde iilkeler ve tirlinler i¢in dogrudan bir
kalite degiskeni bulunmamaktadir. Bu nedenle birim deger
kaliteyle iligkili  farklilasmanin  incelenmesinde  baglica
gozlenebilir  gostergelerden biri  olarak  kullanilmaktadir.
Hummels ve Klenow (2005), biiyiik ekonomilerin daha genis
iiriin ¢esidi ihrag ettigini ve ihracat fiyatlarinin da farklilagtigini
gostererek birim degerleri ¢esit ve kalite tartismasina baglamistir.
Hallak (2006) ise gelir duzeyi yuksek Ulkelere yonelen ticarette
kalite talebinin roliinii birim degerler iizerinden incelemistir.
Birim deger ile iiretim kapasitesi arasindaki iliski genis giimriik
verileri lizerinde de sianmistir. Schott'un (2004) ayni {irtin ve y1l
icindeki karsilagtirmalarinda sermaye/isgilicii oranindaki 10%
artis birim degerde 4,4%, beceri gostergesindeki 10% artis ise 5%
yiikselisle iliskilendirilmistir. Ayrica 28 imalat sanayisinin
26'sinda sermaye yogunlugu ile iiriin birim degeri arasinda pozitif
ve anlamli iligki belirlenmesi, gostergenin iiretim teknigi ve
beceri donanimiyla baglantili ekonomik igerik tasidigini
desteklemektedir (Schott, 2004).

Yiiksek birim deger, kaliteyle uyumlu bir isaret olmakla
beraber tek basma kaliteyi dogrudan temsil etmemektedir. Ayni
kod i¢indeki daha gelismis model, daha giiglii marka, daha iyi
malzeme veya daha ileri isleme diizeyi birim degeri yiikseltebilir.
Uretim maliyeti, rekabetin diisiik olmasi, déviz kuru, kar marji,
siparis hacmi, teslim sekli ve {lirlin karmasi1 da ayn1 birim degeri
etkileyebilir. Bu nedenle birim deger 6nemli bir temsilci olsa da
kalite gostergesi yerine kaliteyle iligkili deger gdstergesi veya
kalite vekili olarak kabul edilebilir.

Kaliteyi birim degerden ayirmayi1 amacglayan ¢alismalar
ek talep bilgisi kullanmistir. Hallak ve Schott (2011), ayn fiyat
diizeyinde daha yiiksek ticaret fazlasi saglayan tilkenin {iriinlerine
daha yiiksek talep bulundugu diisiincesinden hareketle fiyat ve
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net ticareti birlikte degerlendirmistir. Khandelwal (2010), fiyatile
pazar paymi ayni model i¢inde kullanarak kaliteyi tahmin etmis
ve lrilinlerin kalite bakimindan farklilasma derecesinin {iriin
gruplari arasinda degistigini gostermistir.

Feenstra ve Romalis (2014), 185 Glkenin ikili ticaretindeki
FOB ve CIF birim degerlerini fiyat ve kalite bilesenlerine ayiran
kapsamlt bir model kurmustur. Calisma, birim deger
farkliliklariin uluslararasi kalite farklilagsmasi hakkinda giiclii
bilgi tasidigini, kalite diizeltmesi sonrasinda iilkeler arasi
fiyatlarin degistigini gostermektedir. Bu sonu¢ birim degerin
kullanimini desteklerken kalite yorumunun veri temizligi, ortak
miktar birimi ve bir modele dayandirilmasi gerektigini
gostermektedir.

3.4. Dikey Endiistri I¢i Ticaretin Belirlenmesi

Ayni iiriin  grubunda ihracat ve ithalatin birlikte
gerceklestigi endiistri i¢i ticaret, benzer veya farkli deger
diizeylerindeki trtlinlerin karsilikli olarak satilmasma gore yatay
ve dikey olarak ayrilmaktadir. Daha 6nce anildigi tizere ticaret
kalitesine iliskin dogrudan verinin bulunmadig1 bu alanda ihracat
ve ithalat birim degerlerinin orani bir siniflandirma araci olarak
kullanilabilmektedir. Boylece aymi iiriin kodundaki iki ticaret
yonUnin deger aralig: tespit edilerek endiistri i¢i ticaretin sekli
tespit edilebilmektedir. Greenaway, Hine ve Milner (1994),
ihracat birim degerinin ithalat birim degerine oran1 0,85 ile 1,15
arasinda kaldiginda ticareti yatay, bu bandin disinda kaldiginda
dikey olarak smiflandirmistir. Fontagné, Freudenberg ve Gaulier
(2006) ise gelismis ve gelismekte olan tilkeleri kapsayan kiiresel
uygulamada yiizde 25'lik bandi kullanmis ve esik genisledikce
yatay ticaret payimin arttigini gostermistir. Bu esikler istatistiksel
bir smniflandirma kurali olup degismez bir smiflama degildir.
Ancak doviz kuru, FOB-CIF farki, raporlama tarihi, 6l¢t birimi
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ve ayni koddaki iiriin bilesimi birim degeri degistirebileceginden
bu etkiler dikkate alinarak yorumlanmalidir.

3.5. Rekabet Giicii ve Goreli Deger Konumlanmasi

Birim degerin rekabet giicli analizindeki temel islevi,
deger diizeyi ile ticaret miktarinin birlikte degerlendirilmesidir.
Aiginger’in  (1997) smiflamasinda ihracat birim degerinin
ithalattan diistik, ihracat miktarmin ise ithalat miktarindan yiiksek
olmasi maliyet ve fiyat rekabetiyle iliskilendirilmektedir. Thracat
birim degeri ve miktarinin ithalat karsiliklarindan yiiksek olmast,
daha pahali iirlinlerde miktar fazlasi verildigini gosterdiginden
basaril1 kalite rekabeti ve {ist segment uzmanlagmasi olarak
degerlendirilmektedir. Schott’un (2004) ayni ayrintili iiriin
icindeki yiiksek birim degerleri sermaye, beceri ve iretim
teknigiyle iligkilendiren bulgulart bu yorumu gii¢lendirmektedir.

Birim deger ve pazar payinin birlikte yiikselmesi yiiksek
degerli segmentte giiclenmeyi, birim deger diiserken pazar
paymnin artmast fiyat rekabetine dayali geniglemeyi
gostermektedir. Birim deger yiikselirken pazar payinin azalmasi
ust segmente yonelme ile maliyet artiginin ayristirilmasini, her iki
gostergenin gerilemesi ise goreli konum kaybinin incelenmesini
gerektirmektedir. Fontagne, Gaulier ve Zignago’nun (2008)
disiik, orta ve yiksek HS6 pazar segmentleri bu
konumlandirmay1 desteklemektedir. Bu bolimde onerilen dort
alan, Aiginger’in miktar dengesi 6l¢iitiinlin pazar pay1 degisimine
uyarlanmig bi¢imidir.

3.6. Tasima Tiirii ve Deger Yogunlugunun
Incelenmesi

Tasima maliyeti riiniin degeri ve fiziksel agirligiyla
yakindan iliskilidir. Yiiksek birim degerli, hafif veya zaman
acisindan hassas tiriinlerde hava yolu tercihinin maliyet i¢cindeki
payr daha kolay Kkarsilanabilir. Harrigan (2010), zaman
hassasiyeti ile iirlinlerin hava yoluyla tasinmas1 arasindaki iliskiyi

11



Uluslararas: Ticaret Alaninda Giincel Konular ve Akademik Degerlendirmeler

ABD ithalat verilerindeki deger/agirlik oranlart iizerinden
incelemistir. Hummels ve Schaur (2013) da tasima siiresinin
ticaret engeli gibi ¢alistigini ve firmalarin zaman kazanmak i¢in
daha pahali tagima tiirlerine yonelebildigini gostermistir.

Birim deger bu alanda iki farkli islev gérmektedir. ilk
olarak deger/agirlik orani, tasima maliyetinin iirlin degerine gore
biiyiikliigiinii yaklasik olarak gostermektedir. ikinci olarak aymi
iriinlin hava, deniz, kara veya demir yoluyla yapilan
sevkiyatlarindaki birim deger farki, hangi ¢esitlerin hangi tagima
tirtiyle gonderildigini ortaya koymaktadir. Fiankor ve digerleri
(2024), spesifik tarifeler ile tarimsal ihracat birim degerleri
arasindaki iligkinin tagima tiiriine gore degistigini belirleyerek
birim deger, ticaret politikas1 ve tasima modu se¢imi arasindaki
bagin ayni analiz i¢inde incelenebildigini gostermistir.

4. VERI SECIiMIi, HESAPLAMA VE
YORUMLAMA SORUNLARI

4.1. Uriin Smiflandirmasi ve Toplulastirma Diizeyi

Uriin siniflandirmasi, birim deger hesabinda hangi ticaret
islemlerinin ~ ayn1  iriin  kapsaminda  birlestirilecegini
belirlemektedir. Genis iiriin gruplarinda farkli malzeme, model,
kullaniom amaci ve kalite diizeyleri ayni hesaplamaya dahil
edildiginden, elde edilen birim deger lriin bilesiminden daha
fazla etkilenmektedir. Daha ayrintili iiriin kodlar1 benzer
nitelikteki islemleri bir araya getirmekte ve karsilastirmanin
ekonomik anlamini gli¢lendirmektedir. Bununla birlikte ¢ok dar
irtin gruplarinda az sayida islem veya tek bir buyuk sevkiyat
donem ortalamasmi belirleyebilmektedir. Bu nedenle iiriin
ayrintis, Urlinlerin benzerligi ile iglem sayis1 ve ticaret kapsami
birlikte degerlendirilerek secilmelidir (IMF, 2009; Fast et al.,
2022).
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Ulkeler  arast  karsilastirmalarda  ortak  olarak
kullanilabilen HS6 diizeyi uygun bir baslangi¢ noktasidir. Tek
tilkeye ait ayrintili giimriik kayitlarinda ise ulusal tarife satirlari,
firma veya islem Ozellikleri kullanilarak daha homojen iiriin
gruplar1 olusturulabilmektedir. Hesaplamanin yeterli islem
sayisint koruyan en ayrintili ortak diizeyde yapilmasi ve
sonuglarin daha sonra uygun ticaret agirliklaryla iist iriin
gruplarina tasinmasi, iirlin benzerligi ile veri kapsaminin birlikte
korunmasini saglamaktadir. Segilen iiriin diizeyi, kapsanan ticaret
degerinin payi, goézlem sayist ve donemler arasindaki islem
devamliligiyla birlikte agiklanmalidir.

Zaman serisi calismalarinda {iriin siniflandirmasinin
donemler arasinda degisip degismedigi de kontrol edilmelidir. Bir
iriin kodunun béliinmesi, baska bir basliga tasinmasi veya birkag
kodun birlestirilmesi, ticaret yapisinda degisim bulunmadigi
halde birim deger serisinde sigrama olusturabilmektedir. Bu
nedenle donemler ortak bir HS siirlimiine doniistiiriilmeli, tam
eslestirme saglanamadiginda karsilastirilabilir iiriin - kodlar1
kullanilmali  ve  kapsamda meydana gelen degisim
raporlanmalidir (Miao & Wegner, 2022).

4.2. Miktar Birimleri, Eksik Veriler ve Tamamlama
Yollari

Birim degerin paydasinda net agirlik veya iiriine uygun
tamamlayict miktar kullanilmaktadir. Net agirlik iilkeler ve
tirtinler arasinda ortak bir 6l¢li saglarken tamamlayict birimler
tirlinlin ticari niteligini daha dogrudan temsil edebilmektedir
(BM, 2011). Ayn iiriin i¢in llkeler farkli birim bildirdiginde
doniisiim katsayilar1 dikkatle uygulanmali, doniisiimii miimkiin
olmayan kayitlar ayr tutulmalidir.

Uluslararas1 ticaret veri tabanlarinda ticaret degeri
bulundugu halde net agirlik veya tamamlayici miktar bilgisi eksik
olabilmektedir. Ulkelerin miktar bildirim uygulamalarinin
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farklilagmasi, bazi iirlinlerde net agirlik yerine adet, litre veya
metrekare gibi tamamlayicit birimlerin kullanilmas1 ve miktar
alanmnin baz1 beyannamelerde bos birakilmasi bu durumun
baslica nedenleridir. Veri tabanlarinda dogrudan bildirilen
miktarlarla istatistiksel yontemlerle tahmin edilen miktarlar da bir
arada bulunabilmektedir (BM, 2011; UNSD, 2009). UNSD'nin
2005-2008 donemindeki 52,7 milyon kayit icin yaptig
incelemede net agirliklarin yiizde 20,8'1 tahmin edilmis ve bu
islem net agirhk kapsammi yiizde 77,5'ten ylizde 98,1'e
yiikseltmistir (UNSD, 2009). Uluslararas ticaret verilerinin tilke,
iriin ve islem kapsami zaman iginde genislemesine ragmen
giincel veri tabanlarinda bazi {iriinlere ait miktar bilgileri eksik
kalabilmektedir (Fast et al., 2022; Miao & Wegner, 2022).

Eksik miktarin tamamlanmasinda ilk olarak ayni tilkenin
daha ayrmtili iiriin kayitlar1 incelenmelidir. Ornegin HS4
diizeyinde miktar bilgisi bulunmadiginda, bu bashga bagli HS6
irtinlerinin deger ve miktarlar1 toplanarak HS4 birim degeri
hesaplanabilir. Bu islem, alt Grlnlerin ortak miktar birimiyle
Ol¢iilmesi durumunda uygulanmalidir. HS6 kayitlarindan elde
edilen toplam deger, yayimlanan HS4 ticaret degeriyle
karsilastirilmali ve alt Giriinlerin HS4 grubunu temsil etme orani
belirtilmelidir. Boylece hesaplanan birim degerin iiriin grubunun
ne kadarlik boliimiine dayandig agikga gosterilir.

HS6 diizeyinde de kullanilabilir miktar bulunmadiginda
ticaret ortaklarinin  ayna  kayitlarindan  (mirror  data)
yararlanilmas1 miimkiindiir. Ornegin Tiirkiye’nin Almanya’ya
yaptig1 ihracatta miktar bilgisi eksikse, Almanya’nin Tiirkiye’den
yaptig1 ithalata ait deger ve miktar kayitlar1 kullanilabilir. Birim
deger hesaplanirken ayna kayitta yer alan deger ve miktar birlikte
alinmalr; farklr tlkeler tarafindan bildirilen deger ve miktarlar
ayn1 hesapta birlestirilmemelidir. Ayna veriden elde edilen
sonuglar, dogrudan ihracatgi iilke beyanindan hesaplanan birim
degerden farkli bigimde isaretlenmelidir. Birden fazla ticaret
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ortagmin kayitlar1 kullaniliyorsa bu iilkelerin deger ve miktarlar
kendi icinde toplulastirilmali ve ayna verilerin toplam ticaret
degerini temsil etme oran1 ayrica raporlanmalidir.

Thracatg1 iilke kayitlar1 FOB, ithalatg1 iilkenin ayna
kayitlar1 ise genellikle CIF degerlemeyle yapildigindan, dogrudan
kayit ile ayna kayittan  hesaplanan  birim  deger
farklilagabilmektedir (BM, 2011; Berthou & Emlinger, 2011).
Arastirma, Urlinlin  ihracat¢1 iilke smirindaki  degerine
odaklantyorsa FOB, hedef pazara ulasma degerini inceliyorsa
CIF verileri esas alinmali ve kullanilan degerleme sinir1 agikca
belirtilmelidir (Feenstra & Romalis, 2014). Olagan dis1 yiiksek
veya diisiik birim degerler, ¢ok kiicuk miktarlardan, 6l¢i birimi
farkliliklarindan veya gercek yiiksek degerli islemlerden
kaynaklanabilmektedir. Bu kayitlar dogrudan ¢ikarilmamals,
iriiniin donemsel dagilimi, ticaret degeri, miktar birimi ve komsu
yillardaki gozlemler dikkate almarak incelenmelidir. Cikarilan
kayitlarin  toplam ticaret degeri icindeki payr ayrica
raporlanmalidir (IMF, 2009).

4.3. Uriin Bilesiminin Etkisi

Bir {irtin kodunda diisiik ve yiiksek birim degerli cesitler
birlikte yer alabilmektedir. Cesitlerin kendi fiyatlar1 degismedigi
halde yiiksek degerli ¢esidin toplam miktardaki pay1 arttiginda
irlin grubunun ortalama birim degeri yilikselmektedir. Bu
yiikselis, gergeklesen ticaretin daha yiliksek degerli iiriinlere
dogru degisen bilesimini gostermektedir. Ancak elde edilen bu
bulgu saf fiyat hareketi anlamma gelmemektedir (IMF, 2009;
Silver, 2009). Arastirma fiyat hareketine odaklaniyorsa donemler
arasinda karsilagtirilabilir ve miimkiin oldugunca sabit bir iiriin
grubu kullanilmalidir.  Uriin  veya pazar konumlanmasi
inceleniyorsa bilesimdeki degisim, iilkenin daha yiiksek birim
degerli iiriinlere yonelmesini gdsteren ekonomik bir bilgi olarak
diger gostergelerle birlikte degerlendirilmelidir.
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4.4. Birim Degerin Yorumlanma Simrlar:

Birim deger, ortak miktar birimiyle o6lctlen homojen
iiriinlerde fiyat hareketine yaklasirken, farkl cesitleri kapsayan
iriin gruplarinda fiyat ile {riin bilesiminin ortak etkisini
tasimaktadir. Bu nedenle gostergenin anlami {irlin ayrintisi,
fiziksel Ol¢li  birimi ve aragtirma amaciyla birlikte
degerlendirilmelidir (IMF, 2009; Silver, 2009). Birim deger,
ozellikleri sabit tek bir tirlinlin dogrudan gozlenen satis fiyati veya
tiiketicinin 6dedigi nihai fiyat olmadig1 gibi yiiksek birim deger
tek basina yiiksek teknik kalitenin kanit1 da degildir. Kaliteye
iliskin bir ¢ikarimda bulunmak i¢in miktar, pazar pay1 veya talep
bilgisine ihtiyag duyulmaktadir (Hallak & Schott, 2011;
Khandelwal, 2010). Ote yandan donem iginde birim degerdeki
artis da dogrudan verimlilik, karlilik veya rekabet giicii artis1
anlamina gelmeyebilir.

Toplam ihracat ve ithalat birim deger diizeylerinin orani
dis ticaret haddini ifade etmemekte, farkli {irlin sepetlerinin belirli
bir donemdeki goreli degerini gdstermektedir. Birim deger
temelli dig ticaret haddi, ayn1 temel doneme dayanan ihracat ve
ithalat birim deger endekslerinin oranlanmasiyla
hesaplanmaktadir (IMF, 2009). Uriin bilesimindeki degisimleri
de tasiyan sonug “birim deger temelli dis ticaret haddi” olarak
adlandirilmalidir (Silver, 2009).

Gozlenen birim deger farklihigi kalite, iiretim maliyeti,
doviz kuru, tasima gideri, sozlesme kosullart ve iiriin
bilesiminden kaynaklanan etkileri birlikte tagiyabilmektedir. Bu
etkilerin ayristirilmasinda arastirma sorusuna uygun tamamlayici
gostergeler kullanilmalidir. Kalite degerlendirmesi pazar payi,
miktar ve hedef pazar Ozellikleriyle, rekabet glcu
degerlendirmesi pazar pay1 ve ticaret dengesiyle, katma deger
degerlendirmesi ise mimkinse girdi-cikt1 gostergeleriyle veya
yurtici ara mali ve nihai riin dretim miktarlaryla
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desteklenmelidir. Sonuglar sunulurken 6nce dogrudan Olgiilen
degisim belirtilmelidir. “Ihracat birim degeri 10% yiikselmistir”
ifadesi gdzlenen sonucu aktarmaktadir. “Thracat kalitesi 10%
artmistir” veya “rekabet giicii yilikselmistir” ifadeleri ise birim
deger verisinin tek basina sagladigindan daha genis bir sonug
icermektedir. Tamamlayic1 gostergelerin aynm1 yonde bulgular
sunmas1 durumunda birim deger degisiminin kalite farklilasmasi,
daha yiiksek degerli segmente yonelme veya rekabet giiciiyle
uyumlu oldugu ifade edilebilir. Bu ayrim, birim degerin 6l¢tiigii
ekonomik alan1 a¢ik bi¢imde ortaya koymaktadir.

5. SONUC

Birim deger, dis ticaret degerini fiziksel miktarla
iliskilendiren basit fakat ¢cok katmanl bir gostergedir. Giimriik
beyannamelerinin iilke, iirlin, pazar ve donem ayrintisini
kullanmasi, genis bir islem evreni iizerinde karsilastirma
yapilmasmi saglamaktadir. Bu niteligi birim degeri 6zellikle
dogrudan iiriin kalitesi veya iirlin diizeyinde deger zinciri konumu
gibi makro verilerin bulunmadigi alanlarda gergeklesmis
islemlerden iretilebilen en kapsamli ve uygulanabilir
gostergelerden biri haline getirmektedir (BM, 2011; Fast et al.,
2022).

Birim deger diizeyi belirli bir {iriiniin {ilkeler, pazarlar ve
ticaret yonleri arasindaki goreli deger konumunu, birim deger
endeksi ise bu yapimin zaman i¢indeki degisimini gostermektedir.
Bu gostergeler ihracat-ithalat karsilastirmasi, iiriin ve pazar
konumlanmasi, kaliteyle iliskili farklilasma, endiistri i¢i ticaret,
rekabet giicli ve tasima tercihlerinde kullanilmaktadir. Gosterge
mevcut giimriik kayitlarindan ek anket maliyeti gerektirmeden
tiretilebilmekte, genis islem kapsamina ulagmakta ve farkli ayrint1
diizeylerine uyarlanabilmektedir. Givenilir bir hesaplama igin
karsilastirilabilir triin hiicresi kurulmali, ortak miktar birimi
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kullanilmali, eksik veya tahmin edilmis miktarlar belirlenmeli,
FOB-CIF sinir1 agiklanmali ve sira dis1 gézlemler incelenmelidir
(IMF, 2009; Miao & Wegner, 2022).

Birim deger, dis ticaret islemlerinin deger yapisi, goreli
konumu ve iirlin bilesimindeki degisim hakkinda giiglii bilgiler
barindirmaktadir. Birim degerin agiklama giicii, tamamlayici
gostergelerle birlikte kullanildiginda daha da artmaktadir. Pazar
pay1, miktar, liriin ¢esidi, ticaret dengesi, hedef pazar 6zellikleri
ve uygun oldugunda talep temelli kalite tahminleri ayni
degerlendirmeye eklendiginde deger hareketinin ekonomik
icerigi daha net bicimde ortaya cikmaktadir. Bu yaklasim
sayesinde birim degerin fiyat, kalite ve rekabet giicliyle iligkisi
Ol¢lim kapsamina uygun bi¢imde kurulmaktadir. Boylece birim
deger, gergeklesmis ticaret islemlerinden {iretilen, kapsami
yiiksek ve arastirma sorusuna gore bi¢imlendirilebilen gii¢li bir
Ol¢lim araci olarak kullanilmaktadir.
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DIGITAL TRANSFORMATION IN SMART
PORTS: A COMPARATIVE ANALYSIS OF THE
PORTS OF ROTTERDAM, SINGAPORE, AND
ANTWERP-BRUGES

Giil SENIR GURBUZ!

1. INTRODUCTION

Ports are a highly critical link in transportation. Playing a
key role in end-of-end maritime transport, ports support not only
waterway transportation but also the entire supply chain and even
the national economy of every country (Jun et al., 2018).
Approximately 90% of global trade is carried out by sea (Buiza-
Camacho etal., 2016; Sari & Pamadi, 2019; Wuetal., 2013, Yang
& Mao, 2020). In the current era of rapid economic growth and
market liberalization, ports face intensifying competition
alongside a heightened necessity to address escalating
environmental challenges (Bo & Junging, 2020; Shuo et al.,
2016). These challenges have progressively increased, making it
mandatory for ports to become more modern day by day and to
strive for transformation (Chen et al., 2019). With the advent of
Industry 4.0, digital technologies such as the Internet of Things
(1oT), big data, cloud computing, and artificial intelligence (Al)
are being widely integrated into every stage of supply chains
(Durén et al., 2019). Within this scope, smart ports have been
designed to resolve problems concerning ports, such as
operational errors, congestion, delays, lack of information, as
well as environmental and energy issues (Molavi et al., 2020a).

L Dr. Ogr. Uyesi, Nigde Omer Halisdemir Universitesi, Iktisadi ve Idari Bilimler
Fakultesi, Uluslararasi Ticaret ve Lojistik Bolimu, ORCID: 0000-0001-5454-2321.
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The aim of this study is to address the concept of smart
ports from a digital transformation perspective and to conduct a
comparative analysis of the Ports of Rotterdam, Singapore, and
Antwerp-Bruges, which hold pioneering positions in global smart
port applications. The study evaluates the contributions of
technologies implemented in these ports such as digital twins, the
loT, Al, big data analytics, automation systems, and Port
Community Systems to operational efficiency, sustainability, and
port management. Furthermore, it aims to highlight successful
practices by comparing the smart port transformation strategies
of these ports and to present insights that can contribute to future
policies and practices regarding smart port transformation. This
study examines the Ports of Rotterdam, Singapore, and Antwerp-
Bruges comparatively by adopting a holistic perspective that
encompasses the technological, operational, environmental, and
governance dimensions of smart port transformation. It
systematically outlines the digital transformation strategies and
successful practices of these three pioneering ports, offering
actionable insights for ports planning similar transformation
processes. Consequently, the study not only provides an up-to-
date and comparative assessment for smart port literature but also
serves as a guiding resource for researchers, port managers, and
policymakers.

2. THE CONCEPT OF SMART PORTS

Although *“smart ports” represent a major focus in modern
logistics, a definitive definition is still lacking. The consensus,
however, centers on the deployment of advanced digital
infrastructure such as real-time tracking, smart security, RFID,
GPS, 3D scanning, and autonomous machinery (Durén et al.,
2019; Fahim et al., 2021; Molavi et al., 2020b). In its most
advanced form, this manifests as a fully automated environment
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where entire port assets are interconnected via an 10T framework
(Yang et al., 2018).

Evolving market expectations constitute the primary
catalyst for the rise of smart ports (Molavi et al., 2020b). The
advent of Industry 4.0 has compressed industrial cycles and
amplified product complexity, thereby demanding a
corresponding evolution in port operations. On the other hand,
port operations and development face higher public pressure to
adapt to social responsibility and environmental performance in
connection with climate change and global warming issues (Lam
& Notteboom, 2014; Monios et al., 2020). It is a clear fact that
the environmental impacts resulting from port activities, such as
air pollution, water pollution, and waste disposal, are immensely
significant. Accordingly, creating a safe working environment
and minimizing environmental impacts have become the core
focus of modern seaports. Furthermore, to combat climate change
along with the impacts of natural disasters, the necessity of an
adaptation process that mitigates disruptions in ports is strongly
emphasized (Verschuur et al., 2020). Leveraging new
technologies to enhance competitiveness and resilience, smart
port development has become a strategic direction toward
sustainable development (Othman et al., 2022).

Ultimately, smart ports aspire to mimic cognitive
decision-making to achieve highly rational, reliable, efficient,
eco-friendly, and intelligent operations. These digital
transformations not only augment overall efficiency and
communication but also enhance crew well-being (Zhao et al.,
2020). Additionally, smart port frameworks contribute
significantly to environmental preservation by curbing pollution
and mitigating excessive energy demands (El Sakty, 2016).
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3. THE EVOLUTION OF SMART PORTS

According to the findings obtained from port evolution
research, ports have evolved from first-generation to fifth-
generation ports, characterized by their high-tech dynamic
systems and features offering a broader spectrum of services (Lee
& Lam, 2016). Figure 1 presents the architecture and evolution of
smart ports. It is projected that the evolutionary trajectory of ports
will advance toward smart ports with an increasing integration of
high-level technologies (Cammin et al., 2020).

Gen 1 | Before 1960s
Simple Cargo Flow

Gen 2 | After 1960s
Value Added Services

Gen 3 | After 1980s
Global Information Hub

Secure Data

Integrated Networks Gen 4 After 2000s
Integrated Supply Chain
Additive Process Gen 52010s
Stakeholder-Focused Eco-System

Figure 1. A modern and integrated overview of smart port
architecture and evolution

Source: Adapted by the author.

Each port generation has emerged in response to various
shifts in the global economy (Kaliszewski, 2018). In 1992, the
United Nations Conference on Trade and Development
(UNCTAD) developed a conceptual model to characterize these
three generations (Beresford et al., 2004). Covering the period
prior to the 1950s, first-generation ports represented basic port
operations (Rajabi et al., 2018) specifically, the loading and
unloading of vessels, as well as the transit of cargo and bulk
commodities to establish the land-sea connection (Wong et al.,
2017). During this generation, the port functioned independently;
it was operated in isolation from commercial activities, such as
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port marketing, and interface activities bridging land and
maritime transport.

Second generation ports emerged between the 1960s and
1980s and were characterized by the onset of industrialization,
computerization, and automation through the construction of
industrial facilities connecting the port to its hinterland
(Beresford et al., 2004). Thanks to the integration of commercial
and industrial functions, the port transformed into a service center
offering various value-added services (Wong et al., 2017).
Although a close relationship developed between the port and its
transport and trade partners, various port operations were not yet
coordinated with one another.

Driven by the containerization of goods and intermodal
transportation, a third generation emerged in the 1980s (Wong et
al., 2017). Ports transformed into logistics hubs characterized by
the development of international trade and intermodal transport
platforms where ports and terminals were integrated (Li et al.,
2018). This generation enabled the support and enhancement of
international trade (Wong et al., 2017). The services provided
represented a wide and diversified spectrum of value-added
services, such as packaging, warehousing, handling, and
distribution (Rajabi et al., 2018). The rapid evolution of ICT and
the introduction of electronic data interchange (EDI) systems
during this phase marked the genesis of bilateral electronic
communications with port users, while environmental protection
measures concurrently emerged (Beresford et al., 2004). These
parallel developments catalyzed an unprecedented growth in
traffic. Managing this surge required substantial infrastructure
upgrades specifically in rail/road connectivity and storage
capacity alongside systematic resource optimization. Moreover,
the operationalization of EDI systems generated critical
dependencies on internet-based communication and specialized
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legal regulations to guarantee operational security (Kaliszewski,
2018).

The fourth generation marks the birth of the smart port, a
period in which the port transforms into a connected network
(YYau et al., 2020) as various stakeholders are interconnected by a
common port authority (Wong et al., 2017). The port is also
defined as a logistics platform that collects, stores, analyzes, and
shares data in real-time (Li et al., 2018). Furthermore, through its
digital interaction with other ports (Rodrigo Gonzélez et al.,
2020), it plays the role of a regional port also referred to as a "port
hub” which transfers cargo via maritime routes to smaller
peripheral ports and serves as a gateway for manufacturers. The
fourth-generation port mobilizes smart technologies and
innovative management practices (Rajabi et al., 2018). While
many authors link the fourth-generation port to the emergence of
Industry 4.0, others argue that the incorporation of sustainable
development distinguishes this generation from its predecessors
(Rodrigo Gonzalez et al., 2020). This stage of port development
requires highly qualified personnel along with the
implementation of safety and security devices to ensure the
smooth functioning of port operations (Kaliszewski, 2018).

Because the fourth-generation model falls short of
reflecting contemporary port dynamics, literature introduced a
fifth-generation paradigm in the 2000s, defined by continuous
technological innovation (Lee et al.,, 2018; Li et al., 2018).
Initially, Flynn et al. (2011) described these 5G ports as facilities
entirely dedicated to customer satisfaction through operational
excellence, a customer-centric approach supported by Lee and Hu
(2012). Nevertheless, Wong et al. (2017) challenged this
consensus, arguing that the identified transition was primarily
organizational and failed to constitute a genuinely strategic
revolution. They defined the fifth-generation port not merely as a
facility emphasizing customer satisfaction, but as a port (a
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customer port) that establishes partnerships through collaborative
planning and decision-making (Wong et al., 2017). Lee et al.
(2018) concluded that beyond being customer-oriented, a fifth-
generation port must be capable of structurally managing and
planning for the issues of local and regional communities (Lee et
al., 2018).

Other authors define the fifth-generation port as a smart
port that emphasizes not only its customers but also cares for
society (Yau et al., 2020). According to Kaliszewski (2018), the
value-added of the fifth generation lies in the port being both
customer- and local community-centric. On the other hand, Kara$
(2020) defined the fifth-generation port as a logistics hub in the
form of a platform that interconnects all stakeholders to exchange
real-time data to deliver efficient handling services. The fifth-
generation port relies on smart and sustainable technologies and
equipment to support data exchange and collaboration with
multiple ports (Yau et al., 2020). According to Karas$ (2020), only
the ports of Rotterdam, Shanghai, and Singapore have reached the
fifth generation to date.

Some authors have addressed the potential emergence of
a sixth-generation port. According to a predictive study by Kara$
(2020), the sixth generation will fundamentally rest upon three
core pillars: i) achieving a handling capacity of up to 50,000 TEU
container vessels with a maximum draft of 20 meters; ii) complete
terminal automation; and iii) advanced intermodal connectivity
management with the hinterland. Furthermore, the author
expanded these characteristics by incorporating (iv) the
optimization of storage areas and yard capacities through cutting-
edge innovative technologies. Kara$ (2020) noted that, as of
today, no port globally has yet attained this generation.
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3.1. The Port of Rotterdam

The Port of Rotterdam, located in the city of Rotterdam in
the Netherlands, is recognized as the largest seaport in Europe, as
well as one of the most advanced smart ports globally. Spanning
a length of approximately 42 kilometers, the port serves as one of
Europe's most vital logistics hubs and possesses a robust
transportation network that integrates maritime, rail, road, and
inland waterway transport. Within the scope of its digital
transformation strategy, the port integrates advanced technologies
such as digital twins, Al, the Internet of Things IoT, big data
analytics, and autonomous systems into its operations, thereby
ensuring the management of vessel traffic, the optimization of
terminal operations, and the real-time monitoring of
infrastructure. Furthermore, through its green hydrogen projects,
practices aimed at reducing carbon emissions, and investments in
energy transition, it is showcased as one of the most successful
global examples of a sustainable smart port approach. Some
examples of the initiatives undertaken by the Port of Rotterdam
within the scope of the smart port concept are presented below:

1. TU Delft Application: The TU Delft application was
developed to ensure the reliability of road transport and the
security of goods supply. Thus, it aims to serve the hinterland
optimally while the container handling volume expands. By
sharing real-time information, demand and supply can be
matched more flexibly, enabling more informed decision-
making. This yields advanced route planning, shorter waiting
times, and reduced CO: emissions. While cargo moves faster
throughout the supply chain, equipment is utilized in an
optimized manner.

2. Port Alert Application: Through the "Port Alert"
application, truck drivers as well as planners at terminals and
depots are provided with access to up-to-date information
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regarding congestion, disruptions, and turnaround times. This
system relies on data from more than 2,200 trucks that are tracked
live via on-board computers. Port Alert is accessible across
smartphones, desktop computers, and Port Alert TV.

3. Ship to Shore Initiative: Ship to Shore is part of the
Green and Digital Corridor Program, a large-scale international
initiative focused on accelerating the adoption of international
standards to achieve more efficient and sustainable port calls and
to enable paperless operational processes. Ship to Shore
establishes a digital link between vessels and ports to streamline
the port clearance process.

4. KING Platform: KING, a digital platform for dolphin
bookings, has been developed. KING enhances the transparency
and reliability of port visits by offering shipping agents 24/7
instant visibility into berth occupancy status. This integration
delivers greater transparency, higher occupancy rates, and
reduced waiting times. By the end of 2025, approximately 40
berths for dry and liquid bulk as well as containers were made
digitally accessible.

5. eBDN (Electronic Bunker Delivery Note): eBDN is
utilized to digitalize bunkering documentation through various
technological solutions. Mass flow meters provide real-time and
accurate measurements, making the bunkering process more
transparent, efficient, and reliable in conjunction with eBDNSs.

3.2. The Port of Singapore

The Port of Singapore is recognized as one of the busiest
transshipment ports and most vital hubs for global maritime trade
in the world. Due to its strategic location bridged between Asia,
Europe, and the Americas, it plays a critical role in international
supply chains. Singapore serves as one of the flagship terminals
of PSA International, a leading port group with a global network
spanning 179 locations across 45 countries. Featuring a total of
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56 berths and a designed annual capacity of 46.5 million TEUs, it
stands as the world's largest container transshipment hub. Some
examples of the initiatives undertaken by the Port of Singapore
within the scope of the smart port concept are presented below:

1. Smart Navigator: Assists customers in navigating their
supply chains efficiently and effectively. The value-added
benefits it provides include, global interactive maps and end-to-
end visibility, live shipment tracking, integration of event data
with live shipment data, actionable insights, Predictive Estimated
Time of Arrival (ETA), projected routes, utilization of combined
datasets, port congestion analysis.

2. Risk Monitor: Integrates real-time alerts, predictive
tracking, and customizable dashboards to ensure instantaneous
visibility across the entire supply chain. Tracking more than 60
distinct risk categories, the system can rapidly detect disruptions
and anticipate delays. Engineered to transform uncertainty into
control, this system provides the clarity needed to act faster and
smarter. It delivers supplier analysis, trade data insights, and
concentration risk modeling.

3. Video Analytics: To minimize accidents and achieve
excellence in safety, 24/7 video analytics and sensors are
deployed to detect safety violations and unsafe conditions during
container lashing and internal port prime mover operations.
Consequently, safety oversight is augmented in zones where
human surveillance cannot actively observe or inspect
compliance with safety protocols.

4. Smart Grid Management System (SGMS): Manages
Battery Energy Storage Systems (BESS) and other distributed
energy resources, such as solar energy generated on-site. By
deploying various applications, including energy demand-side
management and the provision of grid ancillary services the
SGMS optimizes energy utilization in port operations through the
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intelligent scheduling of BESS. Driven by its smart load
forecasting capabilities, energy demand-side management
reduces sudden fluctuations and peak levels in demand
management.

5. OptETruck: resource matching algorithms and
predictive modeling are leveraged to optimize the voyage
planning of container trucking companies to maximize vehicle
utilization. This smart approach directly lowers the carbon
footprint of supply chain transportation by significantly reducing
empty runs and operational inefficiencies.

6. Automated Guided Vehicles (AGVs): Already play a
vital role in automating the yard and quay operations of Tuas Port,
thanks to their exceptional maneuverability and versatility in
retrieving and transporting containers. These driverless electric
vehicles offer a greener and more sustainable alternative to diesel
internal port prime movers, reducing carbon emissions by
approximately 50%. The AGV fleet is projected to expand in
tandem with large-scale port operations.

7. SmartBooking: Is an online service platform that
supports digitalization efforts by seamlessly interconnecting
stakeholders across Singapore’s supply chain and logistics value
chain. Through this single, end-to-end platform, users achieve
higher visibility across the entire logistics flow, gaining easy
access to information such as vessel schedules, container
movements, and planned activities. By enabling the optimization
of assets and resources while further streamlining processes,
SmartBooking paves the way for a more efficient logistics
ecosystem and an overall reduction in the carbon footprint.

8. IBOX (Intelligent Box Operation eXchange): A next-
generation depot management solution that digitally connects to
container depots across Singapore, is utilized. Integrated with
SmartBooking for seamless data exchange, iBOX enhances
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efficiency by providing better truck visibility between logistics
facilities and container depots, the two primary nodes of container
transportation.

9. OptEModal: Is an intermodal shipment management
platform that enables the logistics community to track multimodal
shipments and manage potential risks during transitions between
different modes of transport. Co-created with stakeholders across
the maritime and air cargo ecosystems, this platform addresses
long-standing bottlenecks in intermodal logistics while enhancing
cargo visibility, connectivity, and efficiency throughout the end-
to-end supply chain. By integrating real-time data streams,
OptEModal establishes a digital corridor that allows cargo to be
seamlessly transferred between vessels and aircraft within 24
hours of its arrival at the port.

10. The ESS: Is an integral component of the Smart Grid
Management System (SGMS), which has the potential to improve
the energy efficiency of port operations by 2.5% and reduce the
port's carbon footprint by 1,000 t\ (CO,eannually an
environmental impact equivalent to removing approximately 300
vehicles from the roads each year. The EnOS platform utilizes
machine learning to provide automated, real-time forecasts
regarding the terminal's energy demand. This enables long-term
asset planning, short-term scheduling, and real-time energy
management within the terminal to mitigate overall energy costs
and the carbon footprint. Whenever a surge in energy
consumption is predicted, the 2-megawatt-hour battery-based
ESS system is deployed to assist in meeting the demand.

3.3. The Port of Antwerp-Bruges

The Port of Antwerp-Bruges stands as one of the largest
integrated ports in Europe and serves as a critical global logistics
hub for containerized, bulk, break-bulk, and chemical cargo.
Formed in 2022 through the merger of the ports of Antwerp and
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Zeebrugge, the port has emerged as a leader in Europe’s
sustainable and digital port transformation. Providing
employment for over 162,000 people directly and indirectly, it
accounts for 4.5% of Belgium’s Gross Domestic Product (GDP).
Some examples of the initiatives undertaken by the Port of
Antwerp-Bruges within the scope of the smart port concept are
presented below:

1. Digital Twin: A digital replica that provides real-time
information about the entire port, ranging from the exact
positioning of vessels to wind energy production. Autonomous
drones, smart sensors, and cameras render the port area safer,
more efficient, and smarter. NxtPort makes data sharing more
transparent and streamlined. Consequently, all actors within the
logistics chain can access the right information at the right time.

2. Mobile Port: While autonomous trucks are already
operating on public roads within the port, unmanned AGVs
transport empty containers. Digital applications such as smart
asphalt and inland waterway navigation contribute to a fluid and
mobile port structure by monitoring and optimizing traffic
conditions. Zedis, through this platform, port calls can be
registered, and waste or dangerous goods declarations can be
seamlessly completed.

3. Barge Traffic System (BTS): This web application
ensures that inland waterway container transport processes within
the Port of Antwerp-Bruges are conducted with total
transparency. Via BTS, inland waterway operators can easily
submit terminal time-slot requests to terminals. This eliminates
unnecessary waiting times and provides precise visibility into the
allocated time slot. Furthermore, BTS enables the flawless
coordination of the overall sailing schedule across all terminals.
Thanks to the BTS, terminal operators can generate the most ideal
planning schedules. Reduced bureaucracy (administrative
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workload) and shorter waiting times directly result in cost
reductions. The application also proactively alerts users against
potential scheduling conflicts.

4. e-Desk: Can digitally transmit customs declarations for
outbound cargo to terminals and shipping agents, thereby
ensuring that mandatory customs notifications are delivered in a
timely manner. It completely digitalizes customs processes for
outbound containers, Ro-Ro vehicles, and ferries. Through the
E2E Rail TransPort Manager, the location of rail cargo can be
visualized in real time. Utilizing clear and comprehensible
listings within the digital application makes checking cargo status
remarkably straightforward; consequently, any deviations or
issues that may arise along the route can be detected much more
rapidly.

5. The Inbound Release Platform (IRP): Is a digital
platform that streamlines communication between supply chain
actors and Belgian customs. The platform centralizes all legally
mandated information required upon the entry of goods into the
EU into a single repository. It digitalizes the complex declaration
and inspection processes applied to goods arriving at ports,
making the information flow transparent and reliable. It supports
all cargo streams including Ro-Ro, ferry, container,
project/break-bulk, and bulk cargo through a single, unified
process.

6. The Port Dues Portal: Is a web application through
which various digital activities within the scope of port official
dues can be managed. This system ensures that the invoicing of
maritime and inland waterway transport dues, as well as various
services, is conducted much more efficiently. Utilizing
Routescanner, finding direct routes for container, trailer, and
intermodal unit transport to or from the Port of Antwerp-Bruges
is both rapid and highly straightforward.
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4. FINDINGS

As a result of the findings obtained within the scope of the
study, Table 1, which was constructed to compare the three ports
in terms of smart port dimensions, is presented below. In the
study, the comparison regarding the utilization of digital
technologies was conducted based on the dimensions of
technology, operational efficiency, sustainability practices, and

governance.

Table 1. Comparison of the ports of Rotterdam, Singapore, and
Antwerp-Bruges in terms of smart port dimensions

Dimension Port of Port of Singapore Port of Antwerp-
Rotterdam Bruges
Technology Digital Twin, 10T | Al-powered decision | 10T infrastructure,
Dimension sensors, big data support systems, data-sharing
analytics, and Al autonomous platforms, and
applications are vehicles, and digital | smart sensor
widely utilized. twin technologies systems are
are utilized. prominent.
Operational Vessel traffic Remote-controlled Operational
Dimension management, cranes, automated efficiency is
cargo planning, container handling enhanced through
and terminal systems, and Al- data sharing and
operations are powered operational | process integration
optimized using management are in port operations.
real-time data. implemented.
Sustainability | Carbon emission Energy efficiency, Green logistics
Dimension reduction, energy | low-carbon port corridors,
transition, and operations, and emission
green hydrogen environmental reduction, and
projects are monitoring systems sustainable
carried out. are implemented. transportation
practices are
supported.
Governance There is strong It operates in Data sharing and
Dimension collaboration integration with collaboration are
among the port state-supported port | facilitated among
authority, private | transformation port stakeholders
sector, and strategies and through the
technology national NxtPort platform.
companies. digitalization
policies.
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While the Port of Rotterdam holds a pioneering position
in digital twin technologies and data-driven port management, the
Port of Singapore is recognized as a global benchmark in terms
of automation and artificial intelligence integration. On the other
hand, the Port of Antwerp-Bruges stands out in the dimensions of
collaboration and governance, thanks to its platforms that
facilitate data sharing among port community members. This
situation demonstrates that the concept of a smart port is a
multidimensional structure shaped not only by technological
investments but also by sustainability targets, operational
efficiency, and stakeholder coordination.

5. CONCLUSION

The development of smart ports, coupled with the advent
of new Industry 4.0 technologies, is widely recognized as a
strategic orientation toward sustainable growth for numerous
ports. This situation has generated a growing interest in the
concept of "smartness" across both academic and practical
domains. Although existing studies have examined smart ports
from a wide array of perspectives, a consensus has yet to be
reached regarding the definition of a smart port across various
fields.

Smart ports represent a next-generation port management
paradigm that enhances operational efficiency, optimizes
resource utilization, and promotes environmental sustainability
by integrating digital technologies into port operations.
Technologies such as Al, 10T, big data analytics, digital twins,
automation systems, and blockchain not only augment the cargo
handling capacity of ports but also accelerate decision-making
processes, enhance supply chain visibility, and elevate customer
service quality (Park et al., 2023). The integration of automation
and Al-driven systems has the potential to facilitate faster
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handling times, optimized resource allocation, and the mitigation
of human errors. This finding suggests that the development of
smart port indicators can facilitate more effective performance
measurement and management, thereby fostering continuous
improvement in port operations (Makkawan & Muangpan, 2021).

In this study, the ports of Rotterdam, Singapore, and
Antwerp-Bruges, which hold pioneering positions in smart port
applications, were evaluated comparatively. The results of the
study indicate that while all three ports successfully execute their
digital transformation strategies, they specialize in distinct areas.
The Port of Rotterdam stands out with its digital twin
technologies and data-driven port management; the Port of
Singapore excels with its fully automated and Al-supported
operations; and the Port of Antwerp-Bruges distinguishes itself
through its digital platforms that enable data sharing across the
port community, as well as its sustainable logistics practices.
These variations demonstrate that smart port transformation is a
multidimensional process shaped by a port's strategic objectives,
infrastructure, and stakeholder structure, rather than a one-size-
fits-all model.

Furthermore, the study reveals that smart port success
does not solely depend on the deployment of advanced
technologies; robust digital infrastructure, inter-organizational
collaboration, effective data governance, qualified human
resources, and sustainability-oriented strategic planning are also
of critical importance. A holistic approach must be adopted to
maximize the potential benefits of autonomous ports while
minimizing risks; this approach will play a critical role in charting
the future course of the maritime industry. Consequently, when
planning digital transformation processes, ports need to evaluate
technological investments alongside governance, environmental
performance, and operational integration.
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In conclusion, the experiences of the ports of Rotterdam,
Singapore, and Antwerp-Bruges provide important empirical
precedents for other ports aiming for smart port transformation.
Especially for ports in developing countries, these practices serve
as a guide for formulating digitalization strategies, enhancing
operational efficiency, and advancing sustainable port
management. Future studies are recommended to evaluate the
economic, environmental, and social impacts of smart port
applications using quantitative performance indicators and to
enrich the literature through comparative analyses encompassing
ports across different geographies.
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