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AB YESIL MUTABAKATI iLE 2053 TURKIYE UZUN
DONEMLI IKLiM STRATEJISI ILISKiST HAKKINDA
BiR ANALIZ

Aynur AYDIN'
Yavuz Ozhan TURKER?

1. GIRIS

Bat1 diinyasinin 19. ve 20. yiizyillardaki sanayi devrimi
ve kentlesmesinin dramatik g¢evresel etkileri olmustur (Marsh,
1874; Perlin, 1989; Gengay et al. 2018). Bunun sonucunda iklim
degisikliginin kiiresel Onemi yaygin olarak bildirilmektedir
(Solomon et al. 2007; Rockstrom et al. 2009; Aydin-Coskun and
Gengay, 2011; Gilingdér and Sen, 2021; Gengay and Birben,
2024). Kiiresel 1sinmanin yol actigi iklim degisikligi gozle
goriiliir hale geldiginden beri bilim diinyasinin dikkati bu
konuda oOnlem alinmasinin gerekliligine ¢ekilmistir (Aydin-
Coskun and Gengay, 2011). Ozellikle 1800'lii yillarda Joseph
Fourier, Edme Mariotte, John Tyndall, Svante A. Arrhenius ve
Guy Stewart Callendar gibi bilim insanlar1 iklim degisikliginin
olumsuz etkilerini fark etmeye baslamislardir (Berger and Triot,
1992; Van der Veen, 2000; Bolin, 2007; Klein et al. 2017;
Gengay et al. 2019). iklim degisikligi ekonomik, sosyal ve
cevresel politikalar1 etkileyen onemli bir engeldir (Tulukcu-
Yildizbas et al. 2023). Iklim degisikligi artik her iilkede
gbzlemlenen ciddi bir sorundur (Aydin et al. 2024). Ortak bir
cercevede bir araya gelen {lkelerin, siyasi ve ekonomik
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normlarin yani sira cevresel normlarda da biitiinlesmeleri
gerekmektedir (Velioglu, 2024). Iklim degisikliginin en énemli
etkenlerinden olan sera gazi emisyonlarin1 Avrupa Birligi (EU),
2030'da %40k, 2050'de %80-95'lik bir oranda azaltmay1
hedeflemistir. Ancak tek basina bu yeterli goriilmemis, Paris
Anlagmasi'yla belirlenen hedefe ulasmak icin daha giigli
cabalara ihtiya¢ duyulmustur. Bu amacla Avrupa Birligi (EU) 11
Aralik 2019 tarihinde European Yesil Mutabakat olarak
adlandirilan belgeyi kabul etmistir (Claeys et al., 2019;
Bloomfield and Steward, 2020; Fuchs et al., 2020; Haas and
Sander, 2020; Hafner and Raimondi, 2020; Hainsch et al., 2020;
Hoffmann et al., 2020; Laurent, 2020; Ossewaarde and
Ossewaarde- Lawtoo, 2020; Leonard et al., 2021; Peters et al.,
2020; Sabato and Fronteddu, 2020; Sikora, 2021; Ziabina and
Pimonenko, 2020; Evans et al., 2021; Pietzcker et al., 2021;
Samper et al., 2021; Sapmaz-Veral, 2021; Vindel et al., 2021).

Yesil Mutabakatinin temel hedefi, AB {iyelerinin
cevreye en az zarart verecek yontemlerle siirdiiriilebilir
kalkinmasini1 saglamaktir. Bu hedeflere ulasmak icin, yesil
teknolojilere  yatirim,  endiistriyel  yenilikler,  dongiisel
ekonomiler, hem ulasim hem de enerji liretiminin karbondan
arindirilmasi ve ¢ogu enerji verimsiz olan mevcut bina stokunun
tyilestirilmesi ~ gibi  ¢esitli  stratejilerin  uygulanmasinm
gerekecektir (Buckley et al., 2021). Avrupa Yesil Mutabakatinin
bir biiyiime stratejisi olmas1 amaglanmistir. Siirdiiriilebilir bir
biiyiime modelini tesvik etme hedefi biiylik 6nem tasimaktadir.
Ekonomik biiyiime, yiiksek diizeyde ¢evre koruma ve sosyal
ilerlemenin elde edilmesiyle bagdasmasi hedeflenmektedir
(Sabato and Fronteddu, 2020).

Avrupa Yesil Mutabakati, Ekonominin tiim sektorlerini
kapsamakta ve sekiz ana stratejik hedeften olusmaktadir. Bu he-
deflerden dogan ilkeleri ise 2030 ve 2050 icin iklim Hedeflerini
Artirmak, Temiz, Uygun Maliyetli ve Giivenli Enerji Saglamak,

2
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Insaat ve Yenilemede Enerji ve Kaynak Verimli Yol, Temiz ve
Dongiisel Cevre i¢in Ekonomi, Siirdiiriilebilir ve Akilli Hareket-
lilige Gegisin Hizlandirilmasi, Tarladan Sofraya: Adil, Saglikli
ve Cevre Dostu Bir Gida Sistemi Tasarlamak, Ekosistemleri ve
Biyogesitliligi Korumak ve lyilestirmek ve Toksik Icermeyen
Bir Cevre i¢in Sifir Kirlilik Hedefi olarak gruplandirmak
miimkiindiir.

Tiirkiye ise 2023 yilinda kisi basina diisen GSYIH
13.243 ABD dolarina ulagsan gelismekte oaln bir {ilkedir.
Tiirkiye’de en biiyiik paya sahip sektor %26,8 oraniyla hizmet
sektorli olup, bunu %22,9 ile sanayi, %10,3 ile kamu yonetimi,
egitim, insan sagligi ve sosyal hizmet faaliyetleri, %6,2 ile
tarim, ormancilik ve balik¢ilik, %5,5 ile insaat ve %5,1 ile
mesleki, idari ve destek hizmet faaliyetleri takip etmistir. 2023
yilindaki toplam dis ticaret hacmi 617,6 milyar ABD dolar1 olup
255,6 milyar ABD dolar1 ihracat ve 362 milyar ABD dolar1
ithalat olmustur™.

Tiirkiye 2024 yilinda sera gazi emisyonunu net-sifir
haline getirme hedefine agiklamistir. Bu vizyonun tarihini de
2053 yili olarak belirlemis ve bununla ilgili bir strateji metni
hazirlamigtir.  Cevre,  Sehircilik ve Iklim  degisikligi
Bakanligi’nin hazirlamis oldugu bu belge 2024 Taraflar
Konferansinda da tiim diinyaya duyurulmustur.

Tirkiye bununla ilgili ilk adimlarmi 2021 yilinda
atmistir. Bu tarihte Paris antlasmasini onaylamistir. 2022 yilinda
ise ¢esitli sektorlerden, akademiden ve NGO’lardan olusan ¢ok
farkli paydas gruplarindan Oneriler toplamistir. Bu Oneriler
Ulusal Olarak Belirlenmis Katki (NDC) olarak nitelenmis ve
Iklim Degisikliginin Azaltilmasi ve Uyum ve Eylem Planlari,
Uzun Vadeli iklim Stratejisi ve Iklim Kanunu taslagmnmn
temelini olusturmustur. Iklim Kanunu heniiz hazirlanma

! hitps:/lunfecc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.pdf
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asamasinda olup 2053 Net Sifir emisyon hedefine ulagsmada
yasal altyapiy1 olusturacaktir’.

Tiirkiye 2024-2028 yillarin1 kapsayan 12. Kalkinma
Plani’nda 2053 yilmi kendisine hedef belirlemistir. Planda
“Tirkiye Ylzyilinda g¢evreye duyarli, afetlere dayanikli, ileri
tekno- lojiye dayali yiliksek katma deger iireten, geliri adil
paylasan, istikrarli, giiclii ve miireffeh bir Tirkiye” denilerek
cevreye vurgu yapilmistir. Ayrica yesil ve dijital doniisiimiin de
istikrarl1 biiyiimede odak noktasi olacaginin alt1 ¢izilmistir®.

Tiirkiye ¢esitli sektorlerde 2053 yilina kadar onemli
azaltimlar yapmay1 6ngdrmiistiir. Bunlar; enerji sektorii, imalat
sanayi, binalar, ulasim sektorii, atik sektorii, tarim sektorii ve
LULUCF olarak kisaltilan arazi kullanimi, arazi kullanim
degisikligi ve ormanciliktir. Bu sektorlerin her biriyle de ilgili
alt stratejiler belirlenmistir.

Calismada Avrupa Birligi Yesil Mutabakatiyla
belirlenen ilkeler ise Tiirkiye’nin Iklim Degisikligi Politikalari
arasindaki uyum arastirilacaktir.

2. YESIL MUTABAKAT iLE IKLIM HEDEFLERI
ILiSKisi
EU Green Deal ile belirlenen hedefler ve Tiirkiye’nin

bununla ilgili ¢ikarmis oldugu Uzun Dénemli Iklim Stratejisi
iligkilerini incelemekte yarar bulunmaktadir.

21. 2030 VE 2050 ICIN IKLiM HEDEFLERINi
ARTIRMAK

Avrupa Yesil Mutabakatinin ortaya koymus oldugu
vizyon 2050°de iklim nétr olan bir bolge haline gelmektir.
Boylece BM Iklim Degisikligi Cerceve Sozlesmesi’ne sunacagi

! hitps:/funfecc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.pdf
Zhttps://www.sbb.gov.tr/wp-content/uploads/2023/12/On-kinci-Kalkinma-
Plani_2024-2028_11122023.pdf
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uzun vadeli stratejinin de temeli olusacaktir. Buradaki amag,
iklim notr hedefi dogrultusunda ekonomiyi modernize etmek ve
dontistirmektir. Ayrica sera gazi azaltim seviyesini de 1990’lara
kiyasla %50- 55 seviyelerini g¢ikartmak da hedeflenmektedir.
Bu politika reformlari, ekonomik sistemde etkili karbon
fiyatlanmasina da yardimci olacaktir. Is diinyasinda ve
tiikketicilerde davranmis degisiklikleri tesvik edilecektir’.

Tirkiye de bu dogrultuda en ge¢ 2038 yilina kadar sera
gazi emisyonlarinda zirveye ulasmayir ardindan da bunu
kademeli olarak azaltarak 2053 yilinda net sifir emisyona
ulagsmay1 planlamaktadir. Ortaya koydugu stratejiyle tarim,
sanayi, enerji, ulastirma ve hizmetler de dahil olmak {izere tiim
sektorlerde yapisal doniistimler 6n goriilmektedir. Tiirkiye'nin
ihracat vizyonu, kiiresel egilimler dikkate alinarak yiiksek katma
degerli, cevre dostu, markali liriin ve hizmetlerle uluslararasi
mal ve hizmet ticaretinde sirdiiriilebilir bir sekilde insa
edilecektir®,

Gorildugi gibi  Tiirkiye'nin  hedefleriyle  Yesil
Mutabakat birbiriyle tutarhidir. Tek fark Yesil Mutabakat 2050
yilina kadar kademeli bir azaltim 6n goriirken, Tiirkiye yapmis
oldugu yatirmlarin da etkisiyle 2038 yilinda sera gazlar
acisindan zirveyi gérmeyi daha sonra ise 2053 yilinda nétr hale
gelmeyi hedeflemektedir. Bununla birlikte Yesil Mutabakatta
1990 yilina gore bir karsilastirma séz konusuyken Tiirkiye
karsilastiracagi durumu belirlememistir.

! Avrupa Yesil Mutabakati, Yesil Diigiince Dernegi Yesil Ekonomi Calisma Grubu
cevirisi
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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2.2.  TEMIZ, UYGUN MALIYETLIi VE GUVENLI
ENERJI SAGLAMAK

Yesil Mutabakat c¢ercevesinde, enerji sistemlerinin
karbon emisyonlarindan arindirtlmasi biiyiik bir 6neme sahiptir.
Bu dogrultuda, koémiir ve gri hidrojen kullaniminin hizla
sonlandirilarak, biiyiik 6l¢iide yenilenebilir kaynaklara dayali bir
enerji sektorii olusturulmasi gerekmektedir. Enerji arzinin,
tiikketiciler ve isletmeler icin hem gilivenilir hem de uygun
maliyetli olmasi esastir. Temiz enerjiye gecis siirecinde,
tiikketicilerin bu doniisiime aktif olarak dahil edilmesi ve bundan
fayda saglamasi saglanmalidir. Bununla birlikte, temel yasam
standartlarim1  karsilamak icin gerekli enerjiye erisemeyen
hanelerin karst karsiya oldugu enerji yoksullugu riski de goz
oniinde bulundurulmalidir. Iklim nétrliigiine gecis, ayni
zamanda akilli altyap1 yatirimlarini da gerektirir. Sinir 6tesi ve
bolgesel is birliginin artirilmasi, temiz enerji  gegisinin
faydalarin1 daha uygun maliyetlerle elde etmeye olanak
tantyacaktir’,

Tiirkiye Uzun Dénem Iklim Stratejisinde de bu
konuya yer vermis ve stratejiler gelistirmistir. Enerji
sektoriinde;

- Yenilenebilir Enerji Kaynaklarindan Elektrik Uretiminin

Payimin Artirilmasi

- Disiik Karbonlu Coéziimlerin Gelistirilmesi

- Esneklik Teknolojilerinin Gelistirilmesi ve
Genisletilmesi

- Dijital Doniisiimii Gergeklestirmek

- Uretim, Iletim ve Dagitimda Enerji Verimliliginin
Tyilestirilmesi

- Talep Yonetiminin Saglanmam2

! Avrupa Yesil Mutabakati, Yesil Diigiince Dernegi Yesil Ekonomi Calisma Grubu
cevirisi
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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stratejileri ortaya konmustur.
Ayrica binalar acisindan da

- Binalarda Dogrudan Kullanilan Enerjinin Karbondan
Arindirilmasi

- Neredeyse Sifir Enerjili Binalarin  Uygulanmasinin
[lerletilmesi

- YeS-TR'nin benimsenmesini tesvik etmek!

stratejileri gelistirilerek yalnizca endiistride degil ev
kullanimlarinda da temiz enerjiye gecis Ongoriilmistiir.
Gelistirilen bu stratejilerle Yesil Mutabakatin Temiz, Uygun
Maliyetli ve Giivenli enerji saglamak ilkesinin yerine
getirilmesinin amaglandig1 goriilmektedir. Tiirkiye bunun igin
2030’da Birincil enerji tiikketimi %16 oraninda azaltilarak 100
milyon ton CO; emisyonu Onlemeyi planlamaktadir. Bunun
yaninda Niikleer enerjide kurulu giic 4,8 GW'a ¢ikarilacaktir.
Ayrica Elektrolizor kapasitesi 2 GW'a, pil kapasitesi 2,1 GW'a
cikarilacaktir. 2035°de enerji yogunlugu %35 oraninda
azaltilacak, giines ve riizgar enerjisinin kurulu giicii 4 katina
cikarilacak, niikleer enerji kurulu giicli 7,2 GW'a ¢ikarilacak ve
elektrolizor kapasitesi artirilacaktir. 2053°de ise birincil enerjide
yenilenebilir enerjinin payr %I17'den %50'ye c¢ikarilacak,
Elektrolizér kapasitesi de 70 GW'a ¢ikarilacaktir’,

2.3. INSAAT VE YENILEMEDE ENERJI VE KAYNAK
VERIMLI YOL

Binalarin ingas1 ve yenilenmesi, 6nemli 6l¢iide enerji ve
mineral kaynaklarini1 gerektirir. Bunun yaninda binalarin tiiketi-
len enerjinin %40’1indan sorumlu olduklari diisiiniilmektedir. AB
ve Uye Devletler, enerji verimliligi ve uygun maliyetli enerjiyi

Yhttps://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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saglayabilmek i¢in kamu ve 6zel sektordeki binalar1 yenileme-
lidir. Binalarin yenilenmesi hem enerji faturalarimi diisiirecek
hem de enerji yoksullugunu azaltacaktir’.

Yukarida da agiklandigi gibi binalarla ilgili dogrudan ii¢
strateji gelistirilmistir. Bu yolla binalardaki enerji kullanimla-
rinin temiz enerjiye doniistiiriilmesi on goriilmiistiir. Ancak bi-
nalarin insa ve yenilenmeleriyle ilgili bir strateji gelistirilmemis-
tir.

Binalarin enerji kullanimiyla ilgili hedefler; 2025°de
2000 m? ve iizeri kullamm alanina sahip yeni binalarin
Neredeyse Sifir Enerjili Bina (nZEB) standartlarini karsilamasi
gerekecektir. 2030 yilinda kamu binalarinda %30 enerji
tasarrufu saglanacaktir. 2033 yilinda tiim yeni binalarin Enerji
Performans Sertifikast (EPC) Smif A derecesine sahip olmasi
gerekecektir. 2043 yilinda tiim yeni binalar Net Sifir
Operasyonel Karbon Binalar1 olarak insa edilecektir. 2053
yilinda ise bina sektoriindeki emisyonlar neredeyse sifira
indirilecek ve 30 yilda 2 milyar ton CO, esdegeri emisyon
onlenecektir’.

2.4. TEMIiZ VE DONGUSEL CEVRE ICIN EKONOMI

iklim nétrliigiine ulasmak ve dongiisel bir ekonomiyi
hayata gegirmek i¢in endiistrinin kapsamli bir doniisiim siirecine
girmesi gerekmektedir. AB endiistrisi donilislim siirecine
baslamis olsa da, hala sera gazi emisyonlarinin %20’sinden
sorumludur. Ayrica kullanilan hammaddelerin yalnizca %12’si
geri doniisiimle elde edilmektedir. Celik, ¢imento ve kimya gibi
Avrupa ekonomisi ic¢in kritik Oneme sahip, enerji yogun
endistrilerin karbondan arindirilmast ve modernize edilmesi
temel bir gerekliliktir. Dongiisel Ekonomi Eylem Planmi

! Avrupa Yesil Mutabakati, Yesil Diigiince Dernegi Yesil Ekonomi Calisma Grubu
cevirisi
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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kapsaminda, tiim iriinler i¢in ortak bir metodoloji ve ilkeler
dogrultusunda dongiisel tasarimi destekleyen siirdiiriilebilir iiriin
politikalar1 ~ gelistirilecektir. ~ Oncelik, materyallerin  geri
dontistiiriilmeden 6nce azaltilmast ve yeniden kullanilmasi
tizerine olacaktir. Cevreye zarar veren iirlinlerin AB pazarina
girisini engellemek i¢in yeni is modelleri tesvik edilecektir.
Siirdiiriilebilir {irtin politikasi, aynm1 zamanda atik miktarin
bliyiik ol¢iide azaltma potansiyeline sahiptir. Atigin kaginilmaz
oldugu durumlarda ise ekonomik degeri geri kazanilmali ve
cevresel etkileri en aza indirilmelidir. Yesil Mutabakat
hedeflerine ulagsmak i¢in dijital teknolojiler de kritik bir rol
oynayacaktir. AB Komisyonu, yapay zeka, 5G, bulut bilisim, u¢
bilisim ve nesnelerin interneti gibi dijital teknolojilerin iklim
degisikligiyle miicadelede ve cevreyi koruma politikalarinda
etkili bir sekilde kullanilmasini saglamak amaciyla gerekli
Onlemleri aragtiracaktir. Bu teknolojilerin, politikalarin
etkinligini  hizlandirmas1 ve en {ist diizeye c¢ikarmasi
hedeflenmektedir’.

2053 Uzun Dénem Iklim Stratejisi’nde bu konuya da yer
verilmigtir. Hem sanayi hem de atik yOnetimi igin stratejiler
belirlenmistir.

Imalat sanayi icin;
- Talep Yonetiminin Saglanmasi
- Sanayide Yenilenebilir Enerji Kullaniminin Artirilmasi
- Uriinlerin Karbon Ayak izini Azaltmak
- Hidrojen Teknolojilerinin Kullanimi
- Karbon Yakalama, Kullanim1 ve Depolama
- Siirdiiriilebilirlik Raporlamasini1 Tesvik Etmek

! Avrupa Yesil Mutabakati, Yesil Diisiince Dernegi Yesil Ekonomi Calisma Grubu
gevirisi
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- Ozon Tabakasim Incelten Maddelerin ve Florlu Sera
Gazlarinin Azaltilmasi®

Stratejileri on goriiliirken atik sektorii icin de;
- Atik ve Atik Su Olusumunun Onlenmesi ve Azaltilmasi

- Atiklarin Yiksek Kaliteli Geri Doniisim ve Geri
Kazanim Oranlarinin Artirillmasi

- On Islemden Gegmeden C&p Sahalarina Gonderilen Atik
Oraninin Azaltilmasi

- Yenilik¢i Teknolojilerle Atik Su Yonetim Altyapisinin
Iyilestirilmesi

- Dongiisel Ekonomiye Gegis ve Etkin Atik Yonetimi i¢in
Insan Kaynaklarmin Gelistirilmesi ve Toplumsal
Doniisiimiin Saglanmasi

- Dongiisel Ekonomiye Gegis ve Atik YoOnetiminin
Iyilestirilmesi icin Tegvik ve Finansman
Mekanizmalarinin Gelistirilmesi

- Uretimde  Atiklarin  Hammadde/Kaynak  Olarak
Kullaniminin Artirilmast

- Atk YoOnetiminde Kullanilan Araglardan Kaynaklanan
Sera Gazi Emisyonlarmmn Azaltilmasi®  stratejileri
hedeflenmistir.

Bu hedefler dogrultusunda 2030 yilinda aritilmig atik
suyun tekrar kullanim oran1 %15'e ¢ikarilacak ve atik su aritma
hizmetlerindeki niifus kapsami %100'e c¢ikarilacaktir. 2035
yilinda kontrolsiiz dokiim sahalarina atitk alimina son
verilecektir. 2053 yilinda ise belediye atiklarinin geri kazanim

Yhttps://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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oran1 %70'e ¢ikarilacak, atiklarin ayristirllmadan ¢op sahalarina
gonderilmesi ortadan kalkacak ve aritilmig atik suyun yeniden
kullanim orami %20'ye ¢ikarilacaktir’.

Tiirkiye’nin bu agidan da Yesil Mutabakat hedefleriyle
uyumlu oldugunu sdylemek miimkiindiir.

2.5. SURDURULEBILIR VE AKILLI HAREKETLILIGE
GECISIN HIZLANDIRILMASI

EU’da sera gazi emisyonlarinin dortte biri ulasimdan
kaynaklanmakta ve giderek artmaktadir. iklim notr hedefine
ulagabilmek i¢in 2050 yilma kadar ulasimdan kaynaklanan
emisyonlarin %90’a kadar azaltilmasi gerekmektedir. Bunun
i¢cin ¢oklu tagimaciligin destegine ihtiyag¢ vardir. EU karayolu ile
yapilan i¢ yiik tagimaciligimin %75’ini demiryoluna ve i¢ su
yollarina kaymasi gerekmektedir. Ayrica demiryollarinin ve i¢
su yollarmin kapasitesini artiracak onlemlere de ihtiya¢ vardir.
Bunun yaninda ulagim sistemi ve alt yapisi, kentsel alanlarda
tikanikligt  ve kirliligi  azaltabilecek yeni siirdiiriilebilir
hareketlilik  hizmetlerini  desteklemek icin uygun hale
getirilecektir. Ulagimin fiyati, gevre ve saglik iizerindeki etkisini
yansitmalidir. Fosil yakit siibvansiyonlar1 sona erdirilmelidir.
Buna paralel olarak siirdiiriilebilir alternatif ulagim yakitlarinin
tiretimi ve dagitimi artirilmalidir. Ulasim 6zellikle sehirlerde
¢ok daha az kirletici hale gelmelidir®.

2053 Uzun Donem Iklim Stratejisi’nde de konuyla ilgili
stratejiler gelistirilmistir.
Bunlar;
- Daha Siirdiiriilebilir Deniz ve Demiryolu Tagimaciligi

Modlarma Oncelik Verilmesi
- Ulastirma Sektoriinde Verimliligin Artirilmasi

Yhttps:/funfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf

2 Avrupa Yesil Mutabakati, Yesil Diisiince Dernegi Yesil Ekonomi Calisma Grubu
gevirisi
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- Ulastirma Sektoriinde  Siirdiiriilebilir/Temiz ~ Enerji
Kaynaklarinin Kullaniminin Tesvik Edilmesi

- Ulastirma Sektoriinde Dijital Altyapr Faaliyetlerinin
Uygulanmasidir’,

Bu dogrultuda, 2035 yilinda elektrikli ara¢ sayisi1 4,2
milyona c¢ikarilacak, 347 bin sarj istasyonu kurulacak ve
elektrikli araglarda yiizde 75 yerlilik oranina ulasilacaktir. 2053
yilinda ise demiryollarinin elektriklendirilmesi tamamlanacak,
7.000 km Yiiksek Hizli Tren (YHT) ve Hizli Tren (YHT) hatt1
insa edilecek ve Lojistikte demiryollarinin pay1 yiizde 5'ten
ylzde 22'ye cikacaktir’,

Ozellikle ulasimdaki agirhigm deniz ve demir yollarina
aktarilmas1 ve burada da temiz enerjiye gecis, iklim notr
hedefini saglamaya 6nemli katkilar1 olacak stratejilerdir.

2.6. TARLADAN SOFRAYA: ADIL, SAGLIKLI VE
CEVRE DOSTU BIiR GIDA SISTEMi
TASARLAMAK

Gidalarin giivenli, besleyici ve yiiksek kaliteli olmalari
kiiresel siirdiiriilebilirlik standardi olmalidir. Yeni teknolojiler ve
bilimsel kesifler, siirdiiriilebilir gida i¢in artan kamu bilinci ve
taleple birlikte tiim paydaslara fayda saglayacaktir. Cift¢iler ve
balik¢ilar burada kilit aktorlerdir. Bu stratejiyle ciftci ve
balik¢ilarin  iklim  degisikligiyle miicadele, ¢evre ve
biyocesitliligi koruma ¢abalar1 giiclenecektir. Ortak tarim ve
balike¢ilik politikalar1 bir yandan ciftciler, balik¢ilar ve aileleri
icin uygun bir yasam standardi saglarken, diger yandan bu
cabalarin desteklemedeki temel gorevlerine de devam edecektir.
Bu yondeki stratejik planlarin, kimyasal tarim zehirlerinin yani
sira suni giibrelerin ve antibiyotiklerin de kullanim1 ve risklerini
onemli oranda azaltmak i¢in yiiksek bir kararlilifi yansitmasi

Yhttps://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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gerekecektir. Bu strateji ayn1 zamanda dongiisel bir ekonomi
saglamaya da katki saglayacaktir. Bu ilke, siirdiiriilebilir gida
tilketimini tesvik etmek ve herkes i¢in biitgelerine uygun saglikli
giday1 desteklemek amaciyla calisacaktir'.

2053 Uzun Doénem Iklim Stratejisi’nde de tarim sektorii
icin stratejiler belirlenmistir. Belirlenen bu stratejiler Yesil
Mutabakata biiyilk oranda uymaktadir. Belirlenen stratejiler
sOyledir;

- Toprak ve Su Y6netiminin lyilestirilmesi

- Iklim Akilli Tarim Uygulamalarinin Yaygm Olarak
Benimsenmesi

- Tarmmsal Uretimde Kayip, Atik ve Artik Yonetiminin
Iyilestirilmesi

- Cinsiyet Dengesi Goz Oniinde Bulundurularak Egitim,
Farkindalik ve Kapasite Gelistirme Faaliyetlerinin
Yaygin Uygulanma512.

Tiirkiye bu ilkeyle ilgili 2030 yilinda planlanan hayvan
tiretimi, her cografi bolgeye uygun hayvan tiirleri, irklar1 ve
sistemleri hakkinda onerilen raporlara gore tamamlanacaktir.
2053 yilinda ise tiim parcali arazilerin birlestirilmesi
tamamlanacak, tarim arazilerinin en az %10'u organik tarim i¢in
kullanilacak, sulama verimi %65'e ¢ikarilacak, Hayvanciliktan
kaynaklanan emisyonlar, yem istihkakinin ve yem g¢esitliliginin
optimize edilmesiyle azaltilacak ve biyogaz tesisleri
genisletilecektir3.

! Avrupa Yesil Mutabakati, Yesil Diigiince Dernegi Yesil Ekonomi Calisma Grubu
cevirisi
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
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2.7. EKOSISTEMLERI VE BiYOCESITLILiGi
KORUMAK VE IYILESTIRMEK

Biitiin EU politikalarmin, Avrupa’nin dogal sermayesini
koruma ve iyilestirmeye katki saglamasi hedeflenmistir. Orman
ekosistemleri, iklim degisikliginin bir sonucu olarak artan bir
baski altindadir. Iklim nétr hedefine ulasabilmek i¢in ormanlik
alanlarim hem nitelik hem de nicelik agisindan gelistirilmesi
gerekmektedir. Iklim  degisikliginin {istesinden gelmede
stirdiiriilebilir bir mavi ekonomi ana rol oynayacaktir. Kalic1 bir
¢ozlim i¢in, saglikli ve direngli denizleri ve okyanuslar1 da igine
alan doga temelli c¢oziimlere daha c¢ok odaklanmak
gerekmektedir®.

2053 Stratejisi’nde ise LULUCF olarak kisaltilan arazi
kullanimi, arazi kullanim degisikligi ve ormancilikla ilgili
stratejiler belirlenmistir.

Bunlar;

- Proaktif Restorasyon ve Koruma Tedbirlerinin
Uygulanmasi

- Yiiksek Katma Degerli Dairesel Biyoekonomiye Gegis
- Ar-Ge ve Inovasyonun Tesviki
stratejileridir. Ayrica dogrudan biyocesitlilikle ilgili;

- Habitat parcalanmast ve degisimi, kirlilik ve asir
kullanim gibi biyogesitliligi ve ekosistem hizmetlerini
tehdit eden faktorlerin baskisinin azaltilmasi,

! Avrupa Yesil Mutabakati, Yesil Diisiince Dernegi Yesil Ekonomi Calisma Grubu
gevirisi
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- Korunan alanlarin alanimi artirmak, karbon emici alanlari
genisletmek ve ekosistemleri geri kazanmak® strateji
olarak belirlenmistir.

Tiirkiye bununla ilgili 2030 yilinda sektorde Ar-Ge ve
inovasyonu giiclendirmeye yonelik proje finansmani 2020
seviyelerine gore iki katina ¢ikarilacaktir. 2053 yilinda ise
ekosistemler proaktif restorasyon ve koruma yoluyla korunacak,
yerlesim yerlerinde odunsu yesil alanlarin orani artirilacak, AB
Karbon Giderimi Sertifikasyon yoOnetmeliklerine benzer ve
uyumlu mekanizmalar gelistirilecek ve ormanlarda dongiisel
ekonomi bilesenleri uygulanacak ve orman iriinleri sektdriiniin
ham odun malzeme talebi azaltilacaktir®,

2.8. TOKSIK ICERMEYEN BiR CEVRE ICiN SIFIR
KIiRLILIK HEDEFI

Toksik icermeyen bir cevre yaratmak icin, kirliligin
olusmasini engellemenin yami sira Kkirliligi temizlemek ve
azaltmak ic¢in uygulamalar da gereklidir. Yeraltt ve yer Ustii
kaynaklarina dogal islevi geri kazandirilmalidir. Goller, nehirler,
sulak alanlar ve haliglerdeki biyogesitliligi korumak, eski haline
getirmek ve aym1 zamanda sellerden kaynaklanan kirliligi
onlemek ve sinirlandirmak da 6nemlidir. EU komisyonu, yerel
otoritelere daha temiz havaya ulagmada yardimci olmak igin
izleme, modelleme ve hava Kkalitesi planlart {izerine
gliclendirilmis hiikiimler oOnerecektir. Endistriyel tesislerden
olusan kirliligi ele almak i¢in de dnlemler gdzden gecirilecektir.
Toksik igermeyen bir cevreyi teminat altina almak adina
stirdiiriilebilirlik i¢in bir kimyasallar stratejisi belirlenecektir. Bu
strateji hem vatandaglari hem de cevreyi zararli kimyasallara

Yhttps://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
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kars1 korumada ve giivenli, siirdiiriilebilir alternatifleri
gelistirmek i¢in inovasyona tesvik etmede yardimer olacaktir’,

Yukarida da deginildigi gibi 2053 Uzun Dénem iklim
Stratejisi’nde atik sektorii i¢in sekiz strateji belirlenerek konuya
gereken onem verilmistir.

3. 2053 iCiN iKLiM DEGISIKLiGi POLITIKALARI

Tirkiye cesitli sektorlerde 2053 yilima kadar Onemli
azaltimlar yapmay1 dngdrmiistiir. Bunlar; enerji sektorii, imalat
Sanayi, binalar, ulagim sektorii, atik sektorii, tarim sektorii ve
LULUCF olarak kisaltilan arazi kullanimi, arazi kullanim
degisikligi ve ormanciliktir. Bu sektorlerin her biriyle de ilgili
alt stratejiler belirlenmigtir. Bunlara yukarida deginilmistir.
Tirkiye ayrica iklim degisikligiyle miicadelede verilerin takip
edilmesi i¢in ¢esitli modeller gelistirmistir. Bu modeller
sayesinde 2100 yilina kadar projeksiyonlar ¢ikarilabilmektedir.
Yukarida incelenen azaltimlar sonucunda Tiirkiye’nin 2053 yili
icin genel iklim hedefleri ortaya ¢ikmistir. Bu hedefler i¢in de
alt stratejiler belirlenmistir.

Tirkiye su kaynaklar1 yonetimi i¢in de stratejiler
belirlemistir. Su kithigin1 dikkate alarak 2010 yilindan itibaren
havza tabanli yonetim stratejisini benimseyen Tiirkiye, 2053 yili
hedefleri igin de stratejiler belirlemistir.

Bunlar;
- Su kaynaklar1 yonetiminin giiclendirilmesi,
- Su bilgi sisteminin gelistirilmesi,

- Su kaynaklarmin korunmasi,

! Avrupa Yesil Mutabakati, Yesil Diisiince Dernegi Yesil Ekonomi Calisma Grubu
gevirisi
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- Su verimliligine yonelik yenilik¢i  yaklagimlar
gelistirilmesi,

- Egitim, Farkindalik, Kapasite Gelistirme ve Ar-Ge
Faaliyetlerinin Gii¢lendirilmesi stratejileridir.

Su kaynaklarimin yonetiminin gii¢lendirilmesi i¢in {i¢
baglik one ¢ikarilmistir. Bunlar uzun vadede havza ve kentsel
yonetim planlarmin tamamlanmasi, Su Kanunu ve Taskin
Kanunu’nun cikarilmasidir’. Burada belirtmek gerekir ki Su
Kanunu’nun c¢ikarilmast uzun zamandir giindemde olan bir
konudur. Ancak gegcen on yillar boyunca heniiz
yasalagamamustir.

Su bilgi sisteminin gelistirilmesi i¢in Ulusal Su Bilgi
Sistemi gliglendirilecektir. Yiizey ve yeralti sularinin niceligi,
niteligi ve sektorel su tiiketimi verileri izlenerek bu sisteme
aktarilacaktir®,

Su kaynaklarinin korunmasi i¢in dncelikle Nehir Havzasi
Yonetim Planlar1 hazirlanacaktir. Bdylece su kaynaklarinin
kalite ve miktar agisindan siirdiiriilebilirligi saglanacaktir.
Ayrica her sektoriim gelisme projeksiyonlarina bagli olarak
onlarin su ihtiyag¢larini siirdiiriilebilir bir sekilde kargilamak i¢im
Sektérel Su Tahsis Planlar1 hazirlanacaktir. Igme suyu
havzalarina 6zgli planlar, igme suyunun temin edildigi veya
temin edilmesi planlanan yiizey ve yeralti su kaynaklarinin
korunmasi, kirlenmesinin 6nlenmesi, kirlenmis sularin rehabilite
edilmesi ve slirdiiriilebilir kullaniminin saglanmasi amaciyla
uygulanacaktir. Igme Suyu Giivenligi Planlari, uygun risk
analizi yontemleri araciligtyla su kalitesini ve miktarin1 olumsuz
etkileyebilecek veya igcme suyu tedarik ve dagitim sisteminin
verimli ¢aligmasini engelleyebilecek tehlikeleri belirlemek igin

Yhttps://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
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hazirlanacaktir. Ayrica kuraklik risklerini en aza indirebilmek
icin Kuraklik Yonetim Planlar1 gelistirilmistir. Bu planlarda
belirlenen 6nlemler uygulanmaya devam edecektir'. Boylece
degisik amaclarla ilgili alanlarda yonetim planlar1 hazirlanarak
suyun korunarak etkin kullanilmas1 saglanacaktir.

Su  verimliligine  yonelik  yenilik¢i  yaklasimlar
gelistirilmesi igin 6ncelikle Iklim Degisikligine Uyum Cergevesi
kapsaminda, paydas kurum ve kuruluslarin sektorel su
verimliligi stratejilerini ve eylemlerini hayata gegirmeleri igin
isbirligi, izleme ve rehberlik iceren bir Su Verimliligi Strateji
Belgesi ve Eylem Plan1 (2023-2033) uygulanacaktir. Sehirlerde
su kayiplarmi azaltmak ic¢in akilli sayaglar, kacak tespit
sensorleri gibi yenilikgi teknolojiler uygulanacak ayrica kisi
basina diigen giinlik su tiiketimini 2030 yilinda 120 litreye,
2050 yilinda da 100 litreye diislirecek farkindalik ve egitim
caligmalar1 yapilacaktir. Bunun yaninda tarimda da su kullanim
verimliligini artirmay1 tesvik eden uygulamalara gegilecektir.
Yagmur suyu hasadi, kurakliga dayanikli peyzaj uygulamalari,
yapay sulak alanlar, yesil catilar, gecirgen kaldirimlar ve mavi-
yesil altyap1 gibi doga temelli ¢oziimlerin desteklenmesi, iklime
dayanikli  kentsel  altyapinin  olusturulmasina  katkida
bulunacaktir. Endiistride de su tiikketimini azaltacak en yenilik¢i
teknolojilerin kullamlmas: tesvik edilecektir’. Suyun kaynaktan
son kullaniciya ulastirilmast siirecinin  tamamin1 - miimkiin
oldugunca etkili ve verimli bir sekilde yonetmek i¢in ugtan uca
modern su yonetim sistemlerini i¢eren bir Akilli Su Yonetim
Sistemi uygulanmas: hedeflenmektedir. Bunun yaninda su
kullanimimi1  Denetleyecek Su  Verimliligi  Bilgi ~ Sitemi
kurulacaktir®.

*https://unfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
pdf
2 TOB, “Degisen iklime Uyum Cergevesinde Su Verimliligi Strateji Belgesi ve Eylem
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Sonug itibariyle su kaynaklariyla ilgili ortaya cikan

hedefler sunlardir;

Su Yasasi ve Taskin Yasasi ¢ikarilacak,

Nehir Havzasi Yénetim Planlari, Igme Suyu Giivenligi
Planlar1 ve Sektorel Su Tahsis Planlar1 hazirlanacak,

Akilli Su Yonetim Sistemi uygulanacak,

Sehirlerdeki su kayip oran1 2033'e kadar %25'e
disiiriilecek,

Kisi basina diisen giinliik su tiiketimi 2030 yilina kadar
120 litreye, 2050 yilina kadar ise 100 litreye
diisiiriilecek,

Tarimsal sulama verimliligi 2030 yilina kadar %60'a,
2050 yilina kadar ise %65'e ¢ikarilacak,

2030 yilina kadar sanayide %50'ye varan su verimliligi
saglanacak,

Turizm sektoriinde 2030 yilina kadar yiizde 40'a varan su
verimliligi saglanacaktir’.

Egitim, farkindalik, kapasite gelistirme ve Ar-Ge

faaliyetlerinin giiglendirilmesi i¢in kapasite olusturma, teknoloji
ve egitim i¢in uygulama araglar1 belirlenecek, kamu kurumlari,
akademi, STK’lar ve ozel sektorle isbirligi yapilarak suyun

verimli

kullannmi  konusunda  farkindalik  artirilmaya

caligilacaktir®.

Yhttps:/funfccc.int/sites/default/files/resource/Turkiye_Long_Term_Climate_Strategy.
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Ulasim sektoriinde de 2053 hedefleri sunlardir;
- Kritik altyapilarin dayanikliliginin artirilmast,

- Tasimacilik ve yolcu giivenligini saglamak icin glivenlik
ac1g1 diizeylerini azaltmak,

- Afet ve acil durumlarda erisilebilirlik ve tahliye
seceneklerinin iyilestirilmesi ve miidahale kapasitesi
artirilacaktir’.

Ulasim sektorii agisindan belirlenen hedeflerde mevcut
yollarin elden gecirilmesi gdze carpmaktadir. Istanbul basta
olmak ftzere biiylik sehirlerde ozellikle sehir merkezlerinde
sokaklar olduk¢a dardir ve bu acil durumlarda erisilebilirligi
onemli dl¢lide kisitlamaktadir. Ayni zamanda bir deprem iilkesi
olan Tiirkiye 2053 hedefleri arasinda buna yer vermesi
Oonemlidir.

Biyogesitlilik  ve Ekosistem Hizmetleri agisindan
belirlenen hedefler ise

- Habitat parcalanmasi ve degisimi, kirlilik ve asir
kullanim gibi biyogesitliligi ve ekosistem hizmetlerini
tehdit eden faktorlerin baskisinin azaltilmasi,

- Korunan alanlarin alanini artirmak, karbon emici alanlari
genisletmek ve ekosistemleri geri kazanmaktir.

Bu hedef acisindan Ozellikle korunan alanlar iizerinde
durmak gerekir. Korunan alanlar ayr1 kanuna sahip ve insan
miidahalesinin olabildigince az tutuldugu alanlardir. Ozellikle
nadir ve tehlike altinda olan tiirlerin bulundugu bdlgelerin
korunan alan statiisiine alimmasi biyogesitliligin korunmasina
hizmet edecektir.
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Enerji sektorii icin 2053 hedefleri dogrultusunda
belirlenen hedefler;

- Elektrik enerjisi sistemlerinde iklim degisikligine
uyumun goz oniinde bulundurulacak,

- Mevcut fosil yakit bazli tesislerin altyapisi gdzden
gecirilecektir’.

Enerji sektoriinde daha oOnce azaltimlar acgiklanirken
belirtildigi gibi yenilenebilir enerji ve fosil yakitlar arasinda
yenilenebilir enerji lehine bir artis hedeflenmektedir. Mevcut
fosil yakith tesislerin altyapilarinin da denetlenmesi olumlu bir
hedeftir. Ciinkii fosil yakit tiretimi artik gorece eskide kaldigi
icin iklim hedefleri dogrultusunda bu yerlerin giincellenmeleri
yerinde olacaktir.

Uretim sanayi sektorii icin belirlenen hedefler;

- Daha yiiksek teknoloji ve iklim dostu iriinler iiretmeye
dogru ge¢is, uyum kapasitesini artirirken kirilganligi
azaltacaktir.

- Uretim tesislerini afetlerden korumak igin planlama
calismalar1 yapilacak, stratejik, biiyiik olcekli tesisler ve
bliylik  endiistriyel kaza riski tasiyan  tesisler
onceliklendirilecektir.

- Imalat sanayiinde goniillii girisimler, sektdr temsilcisi
orgiitler ve meslek kuruluglar1 onciiliigiinde yiiriitiilen

calismalar uyum kapasitesini gliclendirecektir.

- Fiziksel iklim risklerini degerlendirmek ig¢in bir risk
analiz arac1 gelistirilecektir’.
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Tiirkiye {retim sanayinde de iklim dostu {iriinlere
yonelecek olmast olumlu bir gelismedir. Daha o6nce de
belirtildigi gibi afetler Tiirkiye icin biiyilkk sorundur. Buna
yonelik tedbirlerin  fiziksel iklim riskleri igin analiz araci
gelistirilmesi,  Oonlem  almayr ve  riski  azaltmayi
kolaylastiracaktir.

Sehirler icin belirlenen 2053 hedefleri;

- Kentsel alanlara yonelik risk haritalari, mekansal veriler
kullanilarak olusturulacak,

- Sel riski tasiyan alanlarin analiz edilmesi ic¢in yagis
senaryolarma dayali sel hesaplamalar1 ve haritalar
olusturulacak ve uygun doniisiim modelleri belirlenecek,

- Bina catilarinin ve cephelerinin asir1 hava olaylarina
kars1 dayanikliligini artiran ve kentsel 1s1 artisini dnleyen
yerel olarak uygun malzemeler igin standartlar
olusturulacak ve tesvik edilecek,

- Drenaj sistemleri yeniden yapilandirilacak, birlesik
kanalizasyon sistemleri (yagmur suyu ve atik su)
ayrilacak ve gecirgen ylizey malzemelerinin ve yesil
koridorlarin kullanimi tesvik edilecek,

- Iklim degisikligine uyum kapsaminda mekansal
planlama siirecleri yeniden ele alinacak, kurakliga
dayanikli ve estetik agidan hos kentsel alanlar
yaratilacak,

- Tahliye kagis koridorlar1 olusturulacak, kapali akarsu
kanallart acilacak ve akarsu yataklarinin etrafinda
tampon bolgeler olusturulacaktir’.
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Sehirler icin de risk haritalarinin ¢ikarilmasi riski

azaltmay1 saglayacak olumlu bir gelismedir. Sehirlerde ¢arpik

kentlesmenin yarattifi en biiyiikk sorunlardan biri dere
yataklarindaki yapilagmadir. Dolayisiyla seller sehirler igin
onemli risk olusturmaktadir. 2053 hedefleri de bu riski
azaltmaya yonelik adimlardir.

Turizm sektorii icin;

Stirdiiriilebilir Turizm Programinin kapsami
genisletilecek ve yeni bolgelere yayilacak,

Kiiltiirel miras alanlarinda etki degerlendirmeleri ve risk
analizleri yapilacak ve koruyucu dnlemler uygulanacak,

Hassasiyet ve risk analizlerinin sonuglarina gore
mekansal planlama ¢aligmalar1 yiiriitiilecek,

Iklim degisikligine karst dayamklili§i — artirmayi
amagclayan politikalar ve stratejiler olusturulacak ve
uygulanacaktir'.

Tarimm sektoriinde belirlenen 2053 hedefleri;

Tarim arazilerinin ve meralarin kalitesinin korunmasi
saglanacak,

Cevre dostu ve iklim degisikligine uyum kapasitesini
artiran  geleneksel ve dogal yontemlere yonelik
calismalar yogunlastirilacak,

Tiirkiye genelinde organik tarim ve 1yl tarim
uygulamalar1 yapan ¢ift¢i sayisi artirilacak,

Toprak islemesiz tarim, korumaci ve yenileyici tarim
uygulamalari, yagmur suyu hasadi, permakiiltiir ve canli
rliizgar kiricilarin kullanimi tegvik edilecek,
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- Doga temelli ¢oziimler kullanilarak ekosistem temelli bir
gida iiretim modelinin uygulanmasi ve yayginlastirilmasi
saglanacak,

- Tarimda kuraklik, sel, dolu ve su baskinlarinin etkilerini
azaltmak icin hafifletme ve uyum sistemleri
gelistirilecek ve uygulanacak,

- Iklime nispeten daha az duyarli bitki ve hayvan tiirlerinin
gelistirilmesi, ayrica adaptasyon yetenegi yiiksek yerel
tiirlerin korunmasi, desteklenmesi ve yayginlastirilmasi
saglanacak,

- Kiritik altyap1 (sulama, soguk zincir, modern depolama,
ulagtirma altyapist vb.) ile ilgili kayip ve hasarlarin
azaltilmasina yonelik sigorta sistemi gelistirilecektir”.

Saglik icin belirlenen hedefler;

- Iklim degisikliginin saglik iizerindeki etkilerini azaltmak
icin tim uyum politikalar1 Saglik Etki Degerlendirmesi
(HIA) siirecine dahil edilmesi,

- Iklim degisikligine uyumlu saglik izleme ve gdzetim
sistemleri kurulmasi,

- Iklime duyarli hastaliklar i¢in erken uyar1 ve hizli yanit
mekanizmalari ile miidahale planlarinin gelistirilmesi,

- Diinya Saglik Orgiitii'ne gore 2030-2050 yillar1 arasinda
iklim kaynakli 6liim olaylarinda beklenen artisa karsi
hazirliklar yapilacak olmasidir®.

Afet riskinin azaltilmasi igin;
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Afetlere kars1 dayanikliligin saglanmasi icin afet riskini
azaltmayr amaclayan yatirimlarla dayanikli altyapi
sistemleri olusturulacak,

Afet riskini azaltmak ve afetlere karsi dayaniklilig
artirmak i¢in dayanikli altyap: sistemleri insa etmek
amactyla yatirimlar yapilacak,

Uluslararas1 standartlara uyumu saglanarak yenilik¢i
teknolojiler kullanilarak erken uyari ve tahmin sistemleri
gelistirilecek,

Yenilik¢i teknolojiler kullanilarak erken uyar1 ve tahmin
sistemleri gelistirilecek ve bu sistemlerin uluslararasi
standartlara uygunlugu saglanacaktir’.

Sosyal gelisim alaminda 2053 yili hedefleri icin

belirlenen hedefler;

Ailelerin iklim degisikligi ve dogal afetlere karsi
dayanikliligimi artirmak i¢in aile ihtiyaglarina duyarl
politikalar gelistirilecek,

Sosyal koruma sistemleri ve iklim degisikligi stratejileri
ulusal ve yerel diizeylerde uyumlu hale getirilecek,

Ozellikle  savunmasiz ~ gruplar  arasinda  iklim
degisikligine uyum konusunda toplumsal farkindalik
artirlacaktir®.
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4.  SONUC

Iklim degisikli 2000’li yillarin ilk yiizyilma damga
vurmast beklenen en Onemli sorun olarak Diinya’nin
karsisindadir. Bu sorunu gidermek veya en azindan etkilerini
azaltmak icin gerek uluslararasi oOrgiitler gerekse de {ilkeler
cesitli stratejiler belirlemiglerdir. Bunlardan en O©ne ¢ikani
Avrupa yesil Mutabakati denilen belgedir. Tiirkiye de Avrupa
Birligine aday iilke olmasinin da etkisiyle kendisini bu belgeye
uyumlastirmistir. 2053 Uzun Dénem iklim Stratejisi bu ¢abanin
trtintidir.

Genel olarak bakildiginda Tiirkiye’nin 2053 yili i¢in
onemli hedefler koydugu goriilmektedir. Bu hedefler
basarildiginda karbon salmimlarinda 6nemli bir azalma
meydana gelecektir. Stratejinin, Yesil Mutabakat ile uyum
icinde oldugu goriilmektedir. Yesil Mutabakatta deginilen her
konuya deginildigi goriilmektedir.

Ancak yesil Mutabakatta bir an Once salinimlarin
azaltilmas1 on goriilirken Tiirkiye 2038’den sonra sera
gazlarinda azaltimlara gitmeyi hedeflemektedir. Bunda
Tiirkiye'nin gelismekte olan iilkeler sinifinda olmasinin etkisi
elbette vardir. Fakat 2038’de maksimum seviye goriildiikten
sonra azaltmaya gitmek daha zor olacaktir. Ayrica belirtilen
azaltimlar i¢in hangi yilin referans alindigi metinde ¢ok net
degildir. Ornegin Yesim Mutabakatta referans yil1 1990°dur.

Temiz enerji agisindan bakildiginda yine bir uyum goze
carpmaktadir. Tiirkiye’de yenilenebilir enerjinin  payim
artirmay1 hedeflemektedir. 2030 ve 2053 yillarinda kademeli
olarak bu pay artirilacaktir. Ancak Tirkiye yenilenebilir
enerjilerin arasina niikleer enerjiyi de kadar bunun toplamdaki
paymi Onemli Olgiide artirmayr planlamaktadir. Nikleer
enerjinin  yenilenebilir enerji olmasina ragmen kurulan
santrallerin ¢evre lizerindeki etkileri hala tartigilan bir konudur.
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Insaat ve Yenilemede Enerji ve Kaynak Verimli Yol
acisindan  bakildiginda yine paralel hedeflerin oldugu
goriilmektedir. Ancak Tirkiye yeni yapilacak binalar i¢in
stratejiler gelistirmistir. Mevcut binalarin doniisiimiine yonelik
bir strateji yoktur. Ancak Tiirkiye’nin bu ¢alismanin konusuna
girmedigi i¢in yer verilmeyen genel bir kentsel doniisiim hedefi
bulunmaktadir. Uzun vadede mevcut binalarin tamaminin yikilip
bastan yapilmasi hedeflenmektedir. Yeni yapilacak binalar iklim
dostu olarak yapilmasi amaglandigindan aslinda Yesil Muta-
bakatinin bu ilkesinin de tam olarak karsilandig1 goriilmektedir.

Temiz ve Dongiisel Cevre i¢in Ekonomi acgisindan
bakildiginda Tirkiye yine 2030 ve 2053 icin kademeli hedefler
belirlemistir. Ozellikle atiklarin geri kazammmi Snemlidir.
Tirkiye’de bu kiiltir henliz tam yerlesmemistir. Ancak bu
hedefler sayesinde atiklar nemli dlgiide azaltilacaktir. Ozellikle
su ihtiyacinin gittikge arttigi giiniimiizde atik sularin yeniden
kazanimi ve su ihtiyacim1 gidermede payinin artirilmasi suyun
onemli 6l¢iide korunmasina hizmet edecektir.

Belirlenen hedefler Yesil Mutabakatin siirdiiriilebilir ve
akilli hareketlilige gec¢isin hizlandirilmast ilkesi ile de uyum
icindedir. Tiirkiye de tasimacilikta yenilenebilir enerjinin
kullanim oraninin artirilmasini1 hedeflemistir. Ozellikle elektrikli
araclara gecisin tesvik edilmesi ve bu elektrigin de yenilenebilir
enerjilerden karsilanacak olmasi 6nemli bir adimdir. Ayrica
sehir ici ve sehirler aras1 ulasimda fosil yakit harcamayan rayl
sistemlerin kullanim oraninin artirilmasi yine ayni amaca hizmet
edecektir. Burada Yesil Mutabakattan farkli tek konu deniz
yollar1 ve deniz tasimaciligi konusunun agikta birakilmis
olmasidir. Her ne kadar hedeflerin arasinda gosterilmis olsa da
bununla ilgili somut adimlar belirlenmemistir.
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“Tarladan Sofraya: Adil, Saglikli ve Cevre Dostu Bir
Gida Sistemi Tasarlamak™ ilkesi agisindan Tiirkiye’nin yine
kendine hedefler koydugu goriilmektedir. Ozellikle organik
tarimm genel tarim oranindaki payr 2053 yilma kadar
artirilacaktir. Ayrica hayvansal ve tarimsal {iriinlerin cinslerinin
belirlenmesi ve bunlarla ilgili planlarin yapilmasi siirdiriile-
bilirligi artiracaktir.

“Ekosistemleri ve Biyogesitliligi Korumak ve lyilestir-
mek” ilkesi agisindan da Iklim Stratejisinin biiyiik oranda
ortlistiigli gortilmektedir. Tiirkiye’de korunan alanlarin sayisinin
olabildigince artirilacak olmasi ekosistemlerin ve biyogesitliligin
korunmasima hizmet edecektir. Korunan alanlar adindan da
anlasilacagi gibi insan miidahalesine gorece kapali alanlardir.
Bu alanlardan turizm vb. nedenlerle yapilasmanin sinirli kalmasi
ekosistemin oldugu gibi kalmasini saglayacaktir.

“Toksik Icermeyen Bir Cevre i¢in Sifir Kirlilik Hedefi”
ilkesi de yine iklim stratejisinde yer verilen ilkeler arasindadir.
Tiirkiye hem zararli atik miktarin1 azaltmay1 hedeflemektedir.
Hem de geri doniisebilecek atiklarin  tamamimi  geri
doniistiirmeyi amaglamaktadir.

Genel olarak bakildigin bir ka¢ niians disinda Iklim
Stratejisi ile Yesil Mutabakatin uyum i¢inde oldugunu sdylemek
miimkiindiir. Belirlenen niianslar da Tiirkiye’nin = 6zel
kosullarindan kaynaklanmaktadir. Elbette sadece hedefleri
belirlemek yeterli degil bu hedefleri kararli adimlarla uygulamak
da 6nemlidir. Ancak bu bile Tiirkiye’nin sera gaz1 emisyonlarin
azaltmak konusunda ciddi ve istekli oldugunu gostermektedir.
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EVALUATION OF THE USE OF UNMANNED
AERIAL VEHICLES IN DETERMINING
TREKKING TRAILS PLANNING IN NATURAL
PARKS (AKDAG NATURE PARK SAMPLE)"

Oguzhan AKBAS®
Ender BUGDAY?®

1. INTRODUCTION

Forests, as natural resources, provide a multitude of
benefits. Some of the benefits of forests include wood
production, habitat for diverse flora and fauna, recreational
opportunities, and outdoor activity areas. In today's fast-paced
world, people find that spending time in nearby forests, national
parks, or nature parks helps them recharge and reconnect with
nature (Al Rousan et al., 2023). To realize the intended benefits
and ensure long-term sustainability, responsible utilization of
these areas is crucial. This includes considering the resident
flora and fauna and fostering nature-friendly behavior among
visitors (Abrams et al., 2023). Forests, as integral components of
the Earth's natural resources, offer an extensive array of
ecological, economic, and social benefits (Cusens et al., 2024).
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Among the myriad advantages provided by forest ecosystems
are the sustainable production of timber and other wood-based
materials, which are critical for various industries and local
economies (Arcilla & Strazds, 2023). Additionally, forests serve
as vital habitats for a rich diversity of plant and animal species,
thereby maintaining biodiversity and ecological balance (Zaman
& Pramanick, 2020). They also offer significant recreational
opportunities, providing spaces for activities such as hiking,
camping, and wildlife observation, which contribute to physical
and mental well-being (Sanchez et al., 2021; Tang, 2020).

The contemporary human condition, characterized by
elevated levels of environmental stimuli and psychosocial
stressors, has precipitated a growing recognition of the
therapeutic value derived from immersion in natural ecosystems.
Proximal arboreal environments, national parks, and designated
conservation areas have emerged as focal points for
investigating the restorative effects of nature exposure. Such
interactions have been correlated with a reduction in
psychological distress, enhanced cognitive function, and a
profound augmentation of human connectedness to the
biosphere (Al Rousan et al., 2023). In order to maximize these
salutary outcomes and ensure the ecological integrity of these
invaluable habitats, the implementation of sustainable
management strategies is imperative. This necessitates a holistic
approach encompassing the preservation of indigenous flora and
fauna, coupled with the promotion of environmentally
responsible visitor behavior to minimize anthropogenic
disturbances within these delicate ecosystems (Abrams et al.,
2023).

Established in 1958, Yozgat Camlig1 National Park
covers 264 hectares and is Tirkiye's first national park
(Kervankiran & Kilig, 2017). Tiirkiye has 266 nature parks
(DKMP, 2024). Designated as protected areas within national or
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regional jurisdictional boundaries, natural parks constitute
exceptional repositories of geomorphological, botanical,
zoological, and aesthetic significance. Their expansive spatial
dimensions facilitate the sustained preservation of these
invaluable natural resources and associated ecological processes.
Moreover, natural parks often serve as cultural landscapes,
embodying the unique customs, traditions, and land-use
practices of indigenous or local populations. These protected
areas may also harbor distinctive geological formations,
hydrological features, or biological assemblages that contribute
to their exceptional character and value (Atmis et al., 2020).

Over the past two decades, studies such as the planning
of nature parks (Ozen & Giil, 2020), the classification of land
use (Giil, 2020) and the determination of areas for different
activities (hiking, zipline, bicycle paths, horse riding paths, etc.)
(Oztirk et al., 2020) have been carried out with
photogrammetric maps. The rapid advancement in computer
technology has facilitated the acquisition of technological tools
in all sectors, and forestry and national park management is one
of these areas. This has led to a wave of technological
transformations in these fields (Nanda et al., 2023). Modern
planning, compared to traditional approaches, leverages
precision measuring devices to achieve more accurate
measurements with reduced error rates (Borowiecki et al.,
2023). Software and the extensive use of these software, the
increasing number of experts in these fields gradually, and the
ease of access to information have provided a more rational
environment in project work and processes (Siervo et al., 2023).

The application of Geographic Information Systems
(GIS) technology has facilitated the widespread utilization of
suitability analyses, a methodological framework enabling the
comprehensive evaluation of multiple criteria within a spatially
explicit context for a diverse range of applications (Hassan et
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al., 2024). These analyses, which involve the systematic
assessment and ranking of geographic areas based on their
compatibility with predetermined objectives, have become
instrumental in enhancing the realism and utility of simulations
employed by decision-makers, practitioners, and planners
(Sarkar et al., 2022). Through the integration of various
environmental, socio-economic, and infrastructural factors
within a GIS environment, suitability analyses provide
quantitative and spatial representations of potential outcomes,
thereby supporting informed and evidence-based decision-
making processes. Overall, the widespread adoption of
suitability analyses in GIS reflects their critical role in
enhancing the realism and effectiveness of simulations used by
professionals across various fields. By providing a structured
and scientifically rigorous approach to evaluating complex
scenarios, these analyses contribute to more informed and
sustainable decision-making processes, ultimately supporting
the achievement of long-term planning objectives (Hassan et al.,
2024; Sarkar et al., 2022).

Nature-oriented tourism activities have shown rapid
growth in the world and in our country in the last thirty years
(Fang et al., 2023). Nature tourism, which provides socio-
economic advantages for people living near natural areas, has
begun to be seen as a separate source for improvement efforts in
terms of the welfare of countries (Ujih et al., 2021). The concept
of "ecotourism”, which emerged with the spread of nature
tourism, briefly refers to providing sustainable tourism in
locations surrounded by natural areas. For this purpose,
conservation practices, which are the most important stage of
sustainability, and increasing public awareness of ecotourism
(Uziilmez et al., 2023). Ecotourism activities, which have an
environmentally sensitive approach in the tourism industry, are
constantly kept up to date with the diversity of destinations of

37



Orman Miihendisliginde Ileri Arastirmalar

tourism enterprises and the application of new technologies to
increase efficiency (Qiu et al., 2021). Developments in the
tourism industry can lead to positive and negative impacts on
natural areas (Smith et al., 2021). Therefore, it is essential to
ensure an effective balance with plans and practices in order to
reduce environmental damage, support the ecotourism sector
and ensure the use of natural resources within the framework of
sustainability.

Ecotourism areas often feature designated forest roads
and walking routes. These pathways provide visitors with safe
access to nature, allowing them to observe the natural
environment directly (Veras et al., 2022). The design of these
facilities prioritizes the creation of safe and accessible routes for
visitors while minimizing potential environmental disruption in
ecologically sensitive areas (Ziegler et al., 2023). Natural areas,
protected areas, and forests planned for visitors, regardless of
their focus (ecotourism or otherwise), can regenerate abandoned
paths or old narrow roads and transform them into scenic tour
routes.  Within  ecotourism-designated  natural  areas,
meticulously designed hiking trails serve as critical
infrastructural components. They facilitate controlled access for
visitors seeking immersion in the natural landscape, while
simultaneously mitigating the potential for detrimental
environmental impact through the prevention of uncontrolled
visitor dispersal (Cigdemli & Avci, 2023). Categorization of
these trail networks can be accomplished based on the allowed
activities, encompassing pursuits such as hiking, cycling,
horseback riding, off-road vehicle use, and road cycling.

The nature tourism and ecotourism sectors in Tiirkiye
benefit from the diverse offerings of both public and private
sector organizations (Soyak, 2014). The sustainable
management of natural areas demands a holistic approach. This
entails conducting feasibility studies of existing trail systems to
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optimize their utilization, seamlessly integrating new routes with
the existing network (Surat et al., 2015), and proactively
incorporating mitigation strategies for potential negative
environmental and social impacts into the planning process
(Erhan & Erhan, 2023). Effective natural area management
necessitates a balanced approach, prioritizing both visitor-
centric infrastructure that enhances the recreational experience
and the integration of sustainable engineering solutions during
the planning process (Yilmaz & Erkan Bugday, 2024). This
ensures harmony between user needs and environmental
protection (Molokac et al., 2022). In the context of ecotourism
resource management, the strategic integration of rapidly
evolving technological advancements and software solutions
significantly enhances the efficacy and efficiency of planning
processes. The integration of Unmanned Aerial Vehicles
(UAVs) and GIS plays a crucial role in the planning stages of
ecotourism projects.

The COVID-19 pandemic has demonstrably amplified
the need for accessible recreational opportunities among urban
populations. This heightened awareness has led to significant
investments in peri-urban natural areas, fostering the
development of new destinations for residents seeking outdoor
experiences). The inherent human desire for connection with
nature, often lacking in densely populated urban environments,
has prompted a growing movement amongst city dwellers. This
movement prioritizes access to fresh air and walkable areas
within proximity, fostering a more active and nature-oriented
lifestyle. The fundamental human need for connection with
nature, coupled with the desire for mental and physical
rejuvenation, has been a key motivator for the development of
walking trails. These trails offer a peaceful environment
conducive to personal renewal (Goh, 2020). The development of
walking trails has been driven by a confluence of factors,
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including the inherent human need for connection with nature,
the pursuit of mental and physical rejuvenation, and the
restorative power of peaceful environments. The sense of
security offered by well-organized ecotourism trips can make
them more appealing (Lu et al., 2023). The incorporation of
robust security measures is essential to the planning and
management of such areas.

The UAVs, commonly known as drones, have witnessed
a significant expansion in their application, serving diverse
purposes across numerous sectors (Bugday, 2018; Vaigandla et
al., 2022). UAVs have revolutionized data acquisition across
numerous disciplines, including national defense and military
operations (Karakus & Katman, 2019), construction (Gengerk,
2016; Calis & Yildizel, 2019), agriculture (Akkamis & Caligkan,
2020), traffic management (Masat, 2013), cargo delivery (Triche
et al., 2020), and forestry (Akgul et al., 2018; Bugday, 2018;
Giilci, 2019). These advanced technological platforms empower
planners, decision-makers, and practitioners with high-
resolution data, fundamentally transforming their ability to make
strategic choices and achieve optimal outcomes (Shiri et al.,
2022). The utilization of UAVs proves particularly effective in
gathering specific environmental data across relatively
circumscribed geographical regions. The rapid advancement of
GIS software, combined with the increasing accessibility of data
acquired from the UAVSs, empowers stakeholders to conduct
significantly faster and more effective planning endeavors
within the GIS environment (Cwiqkala et al,, 2017; Bugday,
2019). Satellite imagery and UAV data offer complementary
capabilities, with the former excelling at capturing
comprehensive data over expansive regions. The specific data
requirements for effectively managing natural areas,
encompassing both the overarching goal and any associated sub-
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objectives, can be ascertained based on the size of the area under
consideration.

The integration of UAVSs into forestry research within
our nation has recently witnessed significant growth, facilitating
diverse applications within the field. This study focuses on
identifying alternative trekking routes within nature parks by
employing a combined RS and GIS approach. It further explores
the potential for this integrated methodology to enhance and
inform effective park planning strategies. This study serves as a
practical example of UAV device utilization in nature parks,
outlining a workflow for researchers interested in this field and
showcasing potential applications. This study employed four
key criteria in evaluating potential trekking routes within nature
parks: slope, elevation, distance to road, and distance to stream.
This study employs GIS software to conduct suitability analyses
of potential trekking routes planned for development within
nature parks. Leveraging both satellite and UAV imagery, the
research aims to map the selected routes and establish a robust
framework for identifying and presenting alternative options to
park management personnel and planning authorities. Compared
to satellite imagery, the UAV-acquired imagery offers higher-
resolution data within a smaller focused area, enabling the
precise identification of potential trekking routes. This study
effectively demonstrates the potential of UAV technology in
identifying suitable trekking routes within nature parks,
solidifying its applicability as a valuable tool for planning
studies. Furthermore, it underscores the broader value of
exploring specific technologies for enhancing park management
strategies. This study offers a practical framework for research
comparing information across demanding domains requiring
meticulous planning and high-quality data.

2. MATERIAL AND METHOD
2.1. Material
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2.1.1. Study area

The research was conducted within Akdag Nature Park,
encompassing an area of 14,692 hectares, and falling under the
purview of the 5th Regional Directorate of the General
Directorate of the Nature Conservation and National Parks
(GDNCNP) (Figure 1). Akdag Nature Park, spread over an area
of 14,692 hectares, is located in two districts: Afyonkarahisar
(Sandikl district; 37.2%, 5463 ha) and Denizli (Civril district;
62.8%, 9229 ha). A systematic botanical survey conducted
within the nature park's confines revealed a remarkably rich
assemblage of plant taxa. This comprehensive biodiversity
inventory identified a total of 566 taxa, encompassing 550
species, 13 subspecies, and 3 varieties distributed across 76
families and 286 genera (Akdag, 2024). Forests in this region
are primarily composed of red pine, larch, oak, and juniper
species. Black pine dominates most forest areas, especially in
groves or degraded parts. Oak and juniper are also common. A
small, isolated stand of young Scots pine (6 ha) exists outside its
natural range, and the Sandikli section harbors the endemic
Ehrami black pine (Anonymous, 2017). The size of the study
area is 52.7 hectares.

Figure 1. Location of study area.
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Akdag Nature Park caters to diverse visitor interests,
offering amenities such as rural lodging options for extended
stays, dedicated play areas for children, and designated
observation points providing panoramic vistas of the
surrounding canyons, mountains, and valleys. Additionally, the
park encompasses significant natural, cultural, and historical
sites. Akdag Nature Park is experiencing a surge in popularity,
drawing visitors engaged in activities such as photography,
camping, and birdwatching (Akdag, 2024)

2.2. Method

General Directorate of the Nature Conservation and
National Parks (GDNCNP) leverages GIS and satellite imagery
for a crucial task: planning routes and optimizing park
management strategies within the protected areas under their
jurisdiction in Tiirkiye. This advanced approach allows the
GDNCNP to analyze factors like terrain, vegetation, and
potential environmental impact, ultimately leading to the
creation of well-designed trails, campsites, and other visitor
amenities that minimize ecological disruption while maximizing
visitor enjoyment. This study demonstrates the effectiveness of
using computer-aided route planning with diverse criteria to
enhance visitor experiences in natural areas. By leveraging both
high-resolution Unmanned Aerial Vehicles (UAVS) imagery and
satellite data within GIS software, a detailed route evaluation
was conducted for an exemplary area.

UAV work has been limited to an area of approximately
70.4 ha in Akdag Nature Park, where a walking track has not yet
been created and could be a trekking track area and is
determined in the selected area within this nature park. Spatial
data and facility information for the study area were provided by
the 5th Regional Directorate of the GDNCNP. In the study,
slope, elevation, distance to road, and stream criteria were used
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for analysis. Among these criteria, the slope and height data of
the study area are used as the base of the Digital Elevation
Model (DEM) data of 2010 with a spatial resolution of 12.5 m
downloaded from "www.usgs.gov.tr" and the DJI Phantom 4
brand drone device of the study area. It was produced using the
Digital Terrain Model (DTM) data obtained using. The UAV
drone weighs about 1.4 kg, is 36-40 cm in size, and flies for 26-
30 minutes. It has a 4K camera, GPS, and can reach speeds of
40-50 km/h. Distance to road and distance to stream criteria
were prepared for analysis using current satellite images and
geospatial data sets received from the 5th Regional Directorate
of the GDNCNP.

Spatial data, including slope, elevation, distance to road,
and distance to stream, were integrated and analyzed within the
ArcGIS 10.3 software environment. This analysis utilized the
previously obtained Digital Elevation Model (DEM) and Digital
Terrain Model (DTM) data. Raster data was created so that the
"distance to road" criterion covers 1-2-5 km zones, and the
"distance to stream" criterion covers 1-2-5-10 km zones. Raster
data of all generated criteria were analyzed with the weighted
overlay method. The weighted overlay method refers to a spatial
analysis technique used in the ArcGIS software environment to
combine multiple raster layers, each representing a different
spatial variable or criterion, by applying weights to them. This
method is often used to create a composite layer that highlights
areas of interest based on the relative importance of the
contributing layers (ESRI, 2023) (Figure 2).

2.2.1. The UAV Flight Planning and Aerial Imaging

Unmanned Aerial Vehicles (UAVs), commonly known
as drones, have become essential tools in various fields due to
their ability to perform precise and efficient aerial imaging.
UAV flight planning and aerial imaging involve the systematic
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design and execution of flight paths to capture high-quality
images from the air. Flight planning for UAVs is a crucial
process that ensures optimal coverage, efficiency, and safety of
the aerial imaging mission. In this study, the UAV data
acquisition adheres to a well-defined three-stage workflow: pre-
flight planning, in-flight operations, and post-flight processing.
Pre-flight and post-flight activities are conducted within an
office environment, while in-flight operations represent the on-
site data collection phase. Pre-flight planning encompasses
critical tasks such as establishing image overlap ratios (frontal
and lateral), flight altitude, mission duration, and flight path
optimization. The flight path design determines the trajectory
the UAV will follow. This includes the altitude, speed, and
waypoints. The flight path can be mathematically represented as
a series of waypoints (Wi), where W_i=(x_i,y_i,z_i ) in a three-
dimensional coordinate system (Elmeseiry et al., 2021). The
total flight path P can be expressed as P=(W_1,W 2,....W n).
It is important to ensure that the entire work area is covered by
the UAV camera. For this purpose, calculating the ground
sampling distance (GSD) and the overlap between images is
another important step. Here, equation GSD=(H.S)/F is used for
GSD calculation; where H is the flight altitude, S is the sensor
pixel size, and F is the focal length of the camera (Jiménez-
Jiménez et al., 2021). The next step is to overlap the images to
be obtained. Overlap is essential for creating seamless mosaics
and 3D models. It can be calculated as follows: O=1-d/W ,
where d is the distance between adjacent images and W is the
width of the image footprint on the ground (Lopes Bento et al.,
2022).

Particularly, Pix4D Capture, a widely recognized
software suite for professional-grade photogrammetry and drone
mapping applications, was utilized on an Android tablet to pre-
program the flight lines. The second stage, flights were executed
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on days with favorable weather conditions. During the second
stage, the flight, final checks are actively made in the field and
the flight is started from the most suitable position. In this study,
an Android OS-based tablet was used for automatic image
acquisition, and all flights were carried out according to the
polygon grid pattern module. In the final stage, the post-flight
part, the aerial images were transferred to the computer
environment with a memory card and combined using Pix4D
Mapper software, and the DTM data set of the study area was
produced. The successful flight was carried out on September
25, 2020, on a sunny, cloudless day with low wind speed, by
planning the route from a flight altitude of 250 m. The data
obtained from this flight was used to determine alternative
routes.

2.2.2. The process of DTM generation

Digital Terrain Models (DTMs) are three-dimensional
representations of a land surface of the Earth's surface that
capture bare ground topography by separating off-surface data
from natural and artificial features (vegetation, buildings, etc.)
(Sudra et al., 2023). Using RGB (Red, Green, Blue) UAVs for
DTM generation involves capturing high-resolution images and
processing them to produce accurate terrain models. The next
phase involves processing the captured images to generate a
point cloud, a collection of data points representing the Earth's
surface. Structure from Motion (SfM) approach is used in this
phase. SfM is a photogrammetric technique used to reconstruct
three-dimensional structures from a series of two-dimensional
images taken from different perspectives (Giilci et al., 2022). It
simultaneously estimates camera positions and the 3D structure
of the workspace. Camera positions are combined with image
information and advanced computer vision techniques to create
a dense point cloud. Ground points of the study area are filtered
out to generate the DTM from the dense point cloud (Zhang et
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al., 2023). Classified ground points are interpolated to create a
bare land surface. Interpolation can be performed using methods
such as Triangulated Irregular Network (TIN) or Kriging
(Adedapo & Zurgani, 2024). TIN surface approach was adopted
in this study.

2.2.3. The Analysis of Weighted Overlay

The weighted overlay method in ArcGIS includes the
following important steps and concepts. a-Preparation of Raster
Layers: Multiple raster layers are prepared, each representing
different spatial criteria or variables relevant to the analysis. b-
Normalization: Each raster layer is normalized to a common
scale, usually between 0 and 1, to ensure comparability.
Normalization transforms the data in such a way that each
criterion contributes proportionally to the final output. c-Weight
Assignment: Weights are assigned to each raster layer according
to the importance of the criteria used in such studies. d-
Weighted Sum Overlay: The weighted overlay method involves
performing a weighted sum overlay in which each raster layer is
multiplied by its respective weight and then all weighted layers
are added together. Mathematically this can be represented as:

n
5= Zwi R,
i=1

where S is the resulting composite raster, wi is the weight
assigned to the i-th raster layer Ri, and n is the number of raster
layers. e- Result Composite Scan: The final output is a
composite scan that reflects the weighted contribution of each
criterion. Areas with higher values in the composite screening
are considered more favorable or favorable based on the
combined effect of the weighted criteria. This method is
commonly used in suitability analysis, where the goal is to
identify areas that meet certain criteria for development,

47



Orman Miihendisliginde Ileri Arastirmalar

conservation, or other purposes. This approach is widely used to
provide a scientifically based and technically sound method for
decision making in a variety of geographic contexts (Patel &
Anuragi, 2024).

T- 1 ] [

2 1 1 1 1 = 2 2 1
1 2 2 2 1 1 1 2 2
Criteria 1 Criteria 2 Output

Figure 2. Weighted overlay analysis approach (ESRI, 2023)

In this study, trekking suitability maps were created
using DEM and DTM data sets. Alternative route routes on the
produced raster maps were calculated using the "Least Cost-
path" analysis (ESRI, 2024) and were mapped separately
according to the two different land surface (DEM and DTM)
data used in this study.

2.2.4. The Least-Cost Path Analysis

Least-cost path analysis (LCPA) is a spatial decision-
making tool used within Geographic Information Systems (GIS)
to identify the most cost-effective route between two points,
typically considering various resistance factors such as time,
distance, and terrain characteristics. The analysis utilizes cost-
weighted distance and direction surfaces to evaluate potential
routes. A cost raster, which assigns a value to each cell based on
factors like slope and land use, is essential for determining the
accumulated costs associated with various paths (Dunn &
Scheir, 2024). The process typically involves three main steps.
The first process is to develop a cost surface based on the
relevant factors that influence the cost of movement. The
second, the second is to calculate the cumulative cost of
traveling from the starting point to each cell on the cost surface.
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The cumulative cost D(x,y) to reach each cell (x, y) from the
starting point (s X, sy) it can be represented as:
D(x,y) = ming oy [D(7) + C(x, ¥)], where N(x,y) is the
set of neighboring cells to (x, y), and D(i,j) is the cumulative
cost to reach a neighboring cell (i, j) (Luo et al., 2020). Finally,
it is to determine the least cost path from the destination to the
origin by following the path of least resistance on the cost
surface. In this study, elevation, slope, distance to roads and
streams were used as analysis criteria.

3. RESULT AND DISCUSSION

Slope and elevation raster data produced from the Digital
Elevation Model (DEM) data set of the study area are given in
Figure 3. As a result of the analysis made within the boundaries
of the study area, it was calculated that the lowest altitude value
in the DEM data set is 1475.03 m, the highest location value is
1569.8 m and the average height is 1512.79 m.

DEM x DTM

Elevation (m) Elevation (m)
1569.8 1608.21

1509.82

[ study area

1475.03

[ study area

Figure 3. DEM elevation map of the study area.

Slope and elevation raster data produced from the Digital
Terrain Model (DTM) data set of the study area are given in
Figure 4. As a result of the analysis made within the boundaries
of the study area, it was calculated that the lowest altitude value
in the DTM data set is 1509.82 m, the highest location value is
1608.21 m, and the average altitude is 1548.78 m. As a result of
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the analysis conducted within the boundaries of the study area, it
was calculated that the lowest slope value in the DEM data set
was 0 degrees, the highest slope value was 31.8 degrees, and the
average slope value was 8.42 degrees (Figure 4).

Figure 4. Slope map produced from the DEM data set.

As a result of the analysis conducted within the
boundaries of the study area, it was calculated that the lowest
slope value in the DTM data set was 0 degrees, the highest slope
value was 37.8 degrees, and the average slope value was 9.3
degrees. The distance to the road provided for the study area is
divided into zones for distances of 50 m, 100 m, 200 m, 300 m,
and 400 m using the data set and expressed in Figure 5. It was
determined that the total road length within the boundaries of
the study area was 2568 m.

The "distance to stream™ map located within the borders
of the study area and obtained from the 5th Regional Directorate
of the General Directorate of the Nature Conservation and
National Parks (GDNCNP) is given in Figure 5. When Figure 5
is examined; Stream and zones at distances of 50 m, 100 m, 200
m, and 300 m are expressed in different colors. The total length
of the stream in the study area is calculated to be 2745 m.
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Figure 5. Distance to road and distance to stream map.

In this study, for trekking route suitability mapping, the
height and slope criteria produced from DEM and DTM data
sets, and the distance to road and stream taken from the
institution were weighted and combined in the "Weighted
Overlay" module in ArcGIS 10.3 software. The suitability map
obtained from DEM and DTM data sets after multilayer
registration is presented in Figure 6. When evaluated according
to the "Weighted Overlay" analysis carried out within the scope
of the study and the trekking track suitability maps containing
the height and slope criteria compiled from the DEM and DTM
data sets; In the light of the data compiled from the DEM data
set, the "highly suitable™ part of the study area covers 18.22% of
the entire area with a value of 9.6 ha, the "medium suitable™ part
covers 70.02% with 36.9 ha and It was determined that the
“lowly suitable” section covers 6.2 ha and 11.76%.

51



Orman Miihendisliginde Ileri Arastirmalar

(DTM)
Suitability
N High

Suitability
I High
Moderate

Figure 6. DEM and DTM-based suitability map.

On the suitability map given in Figure 6 and compiled
from the DTM data set, it is seen that the "highly" part of the
area covers 19.26% of the entire area with a value of 10.15 ha,
and the "medium™ part covers 80% with a value of 42.51 ha. It
has been determined that it covers 0.66% of the area, and
according to the DTM data set, it covers an area of 0.04 ha,
0.08%, which is "lowly" in the study area.

To create scenarios when determining a trekking route,
information on the starting location and the desired destination
location or locations must be entered. The service building
located in Akdag Nature Park was chosen as the starting point,
and the arrival points at three different locations were randomly
marked, provided that they were within the study area, and three
different trekking routes were calculated using the "Least Cost
Path" module in ArcGIS 10.3 software (Figure 7). These
trekking routes can be diversified according to the wishes of
decision-makers. An attempt has been made to show an example
application here.
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Figure 7. Alternative trekking routes of the DEM-based and
DTM-based suitability map

The alternative route representation in this study was
carried out to validate the DEM and DTM suitability maps
produced using a total of four criteria, including the height and
slope criteria prepared based on the DEM and DTM data sets, in
addition to these two criteria, the distance to road and the
distance to stream.

In Figure 7, the locations of alternative routes reaching
three different destination locations are seen. It has been shown
that the alternative routes produced using the above-mentioned
criteria on the suitability map first pass through highly suitable
areas shown in green, then through moderately suitable areas,
and finally through low suitable areas, and that this suitability
map can be used for decision-makers.

Additionally, Figure 7 shows that the locations of
alternative routes reaching three different destination locations
are expressed. It has been shown that the alternative routes
produced using the above-mentioned criteria on the suitability
map first pass through highly suitable areas shown in green, then
through moderately suitable areas, and finally through low
suitable areas, and that this suitability map is usable for decision
makers.
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According to the results obtained in this study, it has
been concluded that planners or decision makers, specific to
nature parks, can develop location-based trekking routes,
provided that scenarios are produced for locations determined
for various purposes. In addition, since the sensitivity values of
the produced suitability maps are different, DTM data with high
sensitivity values, etc. It is thought that the use of data sets will
contribute to more accurate and effective planning.

In this study, digital elevation data obtained from
Unmanned Aerial Vehicles (UAVs) and satellite were used
comparatively to determine trekking routes. When evaluated
according to the findings obtained, this study is similar to
Ancin-Murguzur et al. (2020) in terms of the management of
nature parks. In Norway, Eagleston & Marion (2020), and
Sikorsky (2020) in America, used a UAV device similar to the
approach in this study to create a management system that can
solve the management problems experienced by visitors to
protected areas used GIS software. Cameron (2022) in Canada
and Xu et al. (2019) in their study conducted in China, unlike
this study, created three-dimensional models with the use of
UAV devices and GIS to reveal the standards for creating
trekking routes and to express all activities to be carried out in
the nature park spatially and temporally in the database. Da
Silva et al. (2020), unlike this study in Brazil, aimed to
determine strategic observation locations for visitors and
mapped the observer's field of view along the selected main path
with the field of view analysis technique in the GIS
environment. Mejia-Aguilar et al. (2021) in Italy, in addition to
the topic addressed in this study, used GIS and UAV tools to
reduce the risks that may be encountered due to the increasing
number of visitors in mountainous regions. In their study, Xiang
(1996), GIS-based method developed walking path planning by
using computerized geographic information systems to
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investigate and analyze physical, ecological and land use
conditions. He stated that in addition to this study, trails with
different views, variable widths and greenway designs along
rivers and lakes should be included in the planning in order to
make user-friendly planning according to the optimum
alignments of existing roads to determine the trail path. The
workflow developed by Sahani & Ghosh (2021) trail route
planning supports this study. They stated that trail routes
provide access to protected areas and therefore have an
important value for the protection of forest areas. They made
planning with modeling using Remote Sensing, GIS and
machine learning algorithms (logistic regression, decision tree
and random forest) in order to create a decision support system
to protect the environmental quality while meeting the
recreation needs of humans visiting the forest. Similar to the
goal expressed in this study, Silva et al., (2020) aimed to
efficiently map roads for various applications through Visual
SLAM data for track detection and tracking in forest
environments using UAVSs. Similar to the decision support
approach emphasized in this study, Quamar et al., (2023)
conveyed the benefits of integrating drones with GIS, increasing
efficiency, accuracy, decision-making, and real-time monitoring.
In addition to the topic addressed in this study, Kartoziia, (2019)
study highlights the importance of GIS analysis using UAV
data, which can be crucial in evaluating lands and effectively
designing roads. Regarding the process after the planning
approach expressed in this study, the study conducted by Shen
& Pan, (2022) draws attention to road network road planning
systems applicable to UAVs and improvements in route
optimization with GIS UAV navigation. In the research
conducted by Feiyu et al., (2024), which supported this study, it
was also stated that creating a path planning algorithm based on
autonomous decision-making for UAVs would be useful for
designing optimal walking tracks and could be effective in
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creating safe and efficient roads in difficult terrains. In
summary, using the power of integration of UAVs and GIS
offers a promising analysis and decision-making environment
for designing hiking trails. By leveraging UAV data for GIS
analysis, applying advanced path planning algorithms, and
focusing on robust track detection systems, researchers and
interested groups will be able to increase the efficiency, safety,
and accuracy of track design processes

4. CONCLUSIONS

Nature parks are of great importance for the entire
ecosystem, including wildlife, vegetation, and humans. While
wildlife and vegetation are protected in nature parks, it is aimed
to take visitors away from city life by including them in this
natural environment. Trekking paths in nature parks are walking
areas with different levels of difficulty in nature. In determining
trekking routes, trees, structures, etc. on the route are taken into
consideration. elements make detection difficult. To determine
the locations where facilities are planned to be built for various
purposes in a small area, information such as the number of
visitors, the type of facility needed, the workforce to work
during the construction phase, and the facility construction
period are needed. Today, UAV devices have turned into a
platform that helps solve engineering measurement problems of
such areas at high resolution and allows us to make preliminary
determinations consistently. Thanks to this aerial imaging
technology, long-lasting measurement and detection studies can
be carried out in a much shorter time and with higher accuracy.

In this study, an attempt was made to create a land
support workflow to contribute to the multi-criteria decision-
making process, based on the criteria of slope, height, distance
to the road, and distance to stream, in determining the trekking
tracks of the natural parks, specifically Akdag Nature Park, one
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of the nature parks established and operating in our country. In
recent years, UAV devices have begun to be used for various
purposes (taking images, creating video visuals, etc.) in some
stages of current forestry activities in our country. With this
study, in addition to the current use of UA data sets and GIS
techniques in nature parks, it has been demonstrated that the
data obtained by flying a UAV device, which can produce high-
precision data sets in smaller areas, can be included in the
decision-making process, enabling comparison and transferring
them effectively to planning. In addition to identifying existing
hiking trails, potential hiking routes were expressed with the
suitability maps obtained as a result of this study. According to
the results obtained as a result of this study, a model has been
presented to raise awareness about the advantages of using UAV
devices for planning trekking trails in nature parks and to show
what kind of usage opportunities they can provide to researchers
who want to work in this field.

In addition, it was concluded in this study that planners
or decision makers, specifically in nature parks, can develop
more detailed and spatial trekking routes, provided that
scenarios are produced for alternative route planning for
locations determined for various purposes. In addition, since the
sensitivity values of the produced suitability maps are different,
DTM data with high sensitivity values, etc. It is thought that the
use of data sets will contribute to more accurate and effective
planning. In future studies, after alternative trekking routes are
revealed, these routes can be analyzed according to different
factors (scenic value, slope, etc.), and the routes can be enriched
according to the difficulty levels of the track
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EVALUATION OF MORPHOLOGICAL
DIVERSITY AND STANDARDIZATION
CRITERIA OF BLACK PINE

Deniz GUNEY?,
Fahrettin ATAR?,
Ali BAYRAKTAR?®

1. INTRODUCTION

Natural resources have been a cornerstone of life
throughout human history, directly or indirectly affecting the
quality of life. Forests, in particular, have been indispensable
resources for both humanity and wildlife, providing food,
shelter, energy needs, and suitable living conditions. However,
rapid population growth, technological advancements, and
increased energy demands have altered the ways natural
resources are utilized, leading to their intensive exploitation and
eventual degradation. Today, the sustainable use of forest
resources is critical not only for maintaining environmental
balance but also for ensuring a livable world for future
generations.

The technical and economic success of afforestation
efforts largely depends on several factors, primarily the correct
selection of species and the use of high-quality seedlings
suitable for the growth environment. These seedlings must be
produced from seeds of known origin and superior genetic
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qualities. Since the main goal of technical forestry is to achieve
sustainability, the pathway to this goal lies in afforestation
efforts using high-quality, healthy seedlings. The foundation of
success in afforestation activities is the combination of
appropriate  seed and seedling production with correct
techniques, enabling long-term ecological and economic
benefits. Using seedlings produced from seeds of known origin
and superior genetic qualities not only enhances the success of
afforestation activities but also ensures the continuity of forest
ecosystems.

In Turkey, one of the most commonly used species in
afforestation projects is Pinus nigra. This species, naturally
distributed across Anatolia and Thrace except for the Eastern
and Southeastern Anatolia regions, covers extensive areas at
elevations of approximately 400-1400 m, except in the eastern
Black Sea region, forming pure forests in many areas (Alptekin,
1986; Ansin, 1988). Millions of seedlings are produced annually
for afforestation investments involving black pine, with most of
the required seeds sourced from seed stands (Kizmaz, 1993).

Anatolian black pine holds significant importance not
only for its economic value but also for its ability to survive
under the potential risks of global climate change, particularly in
anthropogenic steppe conditions. It plays a vital role in
afforestation efforts in arid and semi-arid areas (Acar et al.,
2010). Thurm et al. (2018) highlighted the suitability of black
pine for degraded soils under changing climatic conditions in
Central Europe, while Mikulové et al. (2019) emphasized its
impact on local climate, particularly in terms of temperature and
humidity.

Ensuring sustainability in forestry practices necessitates
the use of seedlings produced from genetically superior seeds of
known origin. The qualitative properties of seeds, along with the
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growth conditions of the areas where they are harvested and
used, must be carefully analyzed. Key factors to consider in
afforestation activities include the selection of appropriate
species and origins, the procurement of seeds with superior
genetic traits, and the cultivation of physiologically and
morphologically high-quality seedlings. A high-quality seedling
is defined as one that achieves high survival rates, exhibits
active growth in the early years, and provides these advantages
economically (Tosun et al., 1993). In afforestation projects,
high-yielding, high-quality seedlings should be preferred, and
the regions, elevations, and trees from which seed materials are
obtained must be well-documented (Giiney et al., 2014; Turna &
Giiney, 2009).

The use of seeds from suitable origins and seedlings
meeting specific standards not only enhances the success of
afforestation but also reduces costs. Poor-quality seedlings can
lower success rates and increase expenses, while high-quality
seedlings minimize additional costs (Alkan, 2002; Tosun et al.,
1993). Therefore, the use of high-quality seedlings tailored to
the growth environment and project objectives is essential for
the success of afforestation projects.

2. MATERIAL AND METHOD

The material for this study consisted of 1+0-year-old
black pine (Pinus nigra Arnold.) seedlings grown from seeds
collected from the Beynam and Kirazliyayla origins, which are
within the natural distribution area of the Ankara Regional
Directorate.

Measurements were conducted on 1+0-year-old black
pine seedlings of two different origins, grown in containers
under open-field nursery conditions at the Behigbey Forest
Nursery. The seedling height (SH), root collar diameter (RCD),
and the number of side branches (NSB) were measured for each
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seedling (Figure 1). These measurements were carried out on 50
seedlings per origin. Using the data collected on seedling
morphological characteristics, the sturdiness index (SI) value
was calculated.

- Seedling Height (SH) The length from the root collar to
the tip of the terminal shoot was measured to the nearest +0.1
cm using a meter rule.

- Root Collar Diameter (RCD): The diameter of the
seedling at the soil surface level was measured to the nearest
+0.01 mm using a digital caliper.

- Sturdiness Index (SI): The SI was calculated as the
ratio of seedling height to root collar diameter, representing the
vigor and robustness of the seedlings. Based on Sl values,
seedlings were classified into three quality categories: high-
quality seedlings (SI < 50), medium-quality seedlings (50 < SI <
60), and low-quality seedlings (SI > 60) (Yahyaoglu & Geng,
2007; Aldhous & Mason, 1994).

|

Figure 1. Measurement of seedling height and root collar
diameter in 1+0-year-old seedlings.

The data obtained were analyzed using the SPSS 26.0
statistical software package. An independent samples t-test was
performed to determine the statistical significance of the
variation in seedling morphological traits based on different
origins.
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3. RESULTS

The mean values, standard deviations, and standard
errors of seedling height, root collar diameter, sturdiness index,
and the number of side branches for 1+0-year-old black pine
seedlings of two different origins grown at the Behi¢bey Forest
Nursery are presented in Table 1.

Table 1. Statistical averages for seedling height, root collar
diameter, and the number of side branches

Origin  Number of Seedling ~ SL+SS (cm) Std. Error
Beynam 50 18.80+4.08 4.08
Kirazliyayla 50 28.03+5.66 5.66
Mean 50 23.41+6.75 4.87

Origin  Number of Seedling RDCH4SS (cm) Std. Error
Beynam 50 6.89+1.36 1.36
Kirazliyayla 50 6.42+1.17 1.17
Mean 50 6.65+1.29 1.27

Origin  Number of Seedling QS4+SS (cm) Std. Error
Beynam 50 28.12+7.35 7.35
Kirazliyayla 50 44.34+8.78 8.77
Mean 50 36.23+11.46 8.06

Origin  Number of Seedling ~ NSB+SS (adet) Std. Error
Beynam 50 2.00+0.68 0.11
Kirazliyayla 50 1.95+0.96 0.16
Mean 50 1.97+0.83 0.14
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When examining Table 1, the average seedling height
was determined to be 18.80 cm for the Beynam origin and 28.03
cm for the Kirazliyayla origin, with a general average of 23.41
cm across both origins. The maximum seedling height was
observed in the Kirazliyayla origin at 39.50 cm, while the
minimum seedling height was recorded in the Beynam origin at
10.00 cm.

In terms of root collar diameter (RCD), the average value
for the Beynam origin seedlings was 6.89 mm, whereas it was
6.42 mm for the Kirazliyayla origin. The highest RCD value
was recorded in the Beynam origin at 15.00 mm, while the
lowest RCD value was found in the Kirazliyayla origin at 4.00
mm.

As shown in Table 1, the average sturdiness index (SI)
for seedlings from the Beynam origin was 27.81, and for the
Kirazliyayla origin, it was 44.34, with a general average of
36.08. In terms of sturdiness index values, seedlings from both
origins fall into the high-quality seedling category. The
graphical representation of the morphological traits measured in
seedlings from the Beynam and Kirazliyayla origins is presented
in Figure 2.
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Figure 2. Variation in seedling height (cm), root collar diameter
(mm), and number of side branches (count) for seedlings from
Beynam (B) and Kirazliyayla (K) origins

As observed in Figure 1, seedlings from the Kirazliyayla
(K) origin generally exhibited higher seedling height values,
while root collar diameter and the number of side branches were
relatively similar between the two origins. An independent
samples t-test was conducted to determine whether there were
statistically significant differences between the origins in terms
of seedling height, root collar diameter, number of side
branches, and sturdiness index. The results are presented in
Table 2.

Table 2. T-test results for morphological traits between origins

Levene's Test for
Equality of Variances

F Sig. t df Sig. (2-tailed)

SL 3,480 0,065 -9,357 98 0,000
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RDC 0,805 0,372 1,848 98 0,068
SQ 2,029 0,157 -10,023 98 0,000
NSB 2,517 0,117 0,260 74 0,796

Table 2. Examination of significance levels in Table 2
reveals that significance levels for seedling height and sturdiness
index were found to be less than 0.01, indicating statistically
significant differences between origins in these morphological
traits at a 99% confidence level. Conversely, no statistical
differences were identified between the two origins concerning
root collar diameter and the number of side branches.

In March 1976, the Turkish Standards Institute (TSE)
introduced standards for coniferous forest tree seedlings. These
were later revised in February 1988, under standard TS 2265.
The revised TS 2265/February 1988 standard lowered the
minimum root collar diameter from 3 mm to 2 mm and reduced
the number of quality classes from three to two. According to
this classification, seedlings taller than 9 cm are considered first-
class, those between 7-9 cm are second-class, and those shorter
than 7 cm are categorized as rejects (Anonymous, 1988). Based
on this quality standard, all seedlings from both Beynam and
Kirazliyayla origins were found to be in the first-class category.

4. DISCUSSION AND CONCLUSIONS

Data collected to identify variations in two origins of
Pinus nigra based on morphological measurements were
analyzed. The results revealed significant differences between
the origins in terms of seedling height and sturdiness index.
While the average seedling height was higher in the Kirazliyayla
origin, the root collar diameter values were very similar, with
the Beynam origin showing slightly higher values. Statistically,
no significant differences were observed between the two
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origins in terms of root collar diameter and the number of side
branches.

An effective tree breeding program aims to understand
the genetic structure of existing forest trees in nature. This
requires identifying geographic variations and subsequently
determining genetic structures. By conserving superior and
distinct individuals for future use, seeds, grafts, or cuttings can
be mass-produced for use in afforestation efforts. To achieve
this goal, identifying variations within a species promptly is
essential. This involves measuring specific qualitative and
guantitative characteristics of the species. In this study,
variations between two origins based on the morphological traits
of Pinus nigra were identified. Similar variations have been
reported in Pinus nigra for geographic distributions (Alptekin,
1986), genetic diversity based on elevation in seed stands (Kulag
et al., 2011), pollen characteristics of clones (Ertekin & Ozel,
2010), male and female flower production among clones (Ozel
& Ertekin, 2008), cone and seed traits by seed source (Deligdz
& Gezer, 2005), and bark thickness (Ulusan & Eler, 2023).

In this study, the overall average seedling height was
determined to be 23.41 cm, while the average root collar
diameter values were 6.89 mm for the Beynam origin, 6.42 mm
for the Kirazliyayla origin, and 6.65 mm overall. Previous
studies on nurseries suggest that the root collar diameter of
Pinus nigra seedlings should be at least 3 mm or greater
(Kizmaz, 1993; Ayintapli, 1995; Geng et al., 1999). Geng and
colleagues (1999) recommended classifying 2+0-year-old Pinus
nigra seedlings into three quality classes based on root collar
diameter and suggested avoiding seedlings shorter than 5 cm or
with a root collar diameter smaller than 3 mm. Similarly,
Kizmaz (1993) proposed producing seedlings with RCD > 3.5
mm and SH > 6.1 cm for Isparta-like ecologies and RCD > 3.0
mm and SH > 5.1 cm for Bolu-like habitats.
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The quality of planting material and seedlings is even
more critical for plantation success in challenging conditions
such as semi-arid and anthropogenic steppe regions. Urgeng
(1998) recommended smaller seedlings for arid areas while
advising taller, layered seedlings for moist environments.
Avanoglu et al. (2005) reported that seedlings from Taskoprii
Forest Nursery had an average SH of 14.4 cm and an RCD of
2.5 mm, deeming these values suitable for regions without
moisture deficits. Bayar and Deligoz (2019) suggested
prioritizing suitable areas for Pinus nigra plantations in regions
with better water balance to mitigate the effects of prolonged
drought.

Geng (1992) emphasized the sturdiness index (SI) as
another criterion for seedling quality classification, stating that
lower SI values indicate better quality seedlings and higher
planting success rates. According to Aphalo and Rikala (2003),
seedlings with SI < 50 are classified as high-quality. In this
study, the SI values for both origins were below 50, placing
them in the high-quality seedling category. Gokdemir and
Kizmaz (1998) suggested that an Sl of around 23-24 is ideal for
planting success.

According to the TS 2265/February 1988 standards for
coniferous forest tree seedlings, all seedlings from both Beynam
and Kirazliyayla origins were classified as first-class. Early
studies on seedling quality classification focused primarily on
seedling height as a criterion (Yahyaoglu & Geng, 2007). The
growing environment conditions of planting sites directly
influence seedling success, with taller, shorter, or medium-
height seedlings sometimes performing better depending on the
ecological conditions of the site. Semerci (2002) found a
positive relationship between seedling height and survival
success, while Larsen et al. (1986), Tuttle et al. (1987), and
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Dirik (1991) reported a negative relationship between these
parameters.

Future studies should include more origins with varying
growth environments and comprehensively analyze the
relationship between seedling quality and ecological factors.
Additionally, monitoring the growth performance of seedlings in
post-planting periods would facilitate better correlation of
quality standards with success rates in the field.
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ORMAN ENDUSTRiIi MUHENDISLIiGI’NIN
KALITE SERUVENIi: MUDEK’IN GETIRDIiGi
KAZANIMLAR
Biilent KAYGIN'

1. GIRIiS

“Orman Endiistri Miihendisligi’nin Kalite Seriiveni:
MUDEK ’in Getirdigi Kazanimlar” baslikl1 bu ¢alismada, orman
endiistri mithendisligi programlarmin MUDEK akreditasyonu ile
sagladig1 bircok avantaj ve kazanimlar kapsamli bir bigimde
detayli olarak incelenecek ve tanitilacaktir. Bu konudaki
aragtirmalarin  sayisinin - sinirli  olmasi, mevcut akademik
boslugun doldurulmasi gerekliligini olduk¢a dikkatli bir sekilde
vurgulamaktadir. Bu derleme makale hazirlanirken, {iretken
yapay zeka araclari, Ogretilen cesitli sekillerde belirlenmis
parametrelerle ve smirli dlgiide kullanilmustir. Yiiksekogretim
Kurulu'nun Uretken Yapay Zekd kullanimi etik rehberinde
(YOK, 2024) belirtilen ilkelere de dikkat edilerek, bu
arastirmanin “literatiir taramasi1”, “veri analizi”, “raporlama ve
yazim” asamalarinda UYZ smirli ve kontrollii olarak
kullanilmigtir. Bu kapsamda, aragtirmanin baglangi¢c asamasinda,
mevcut literatiirlin kapsamli bir sekilde incelenmesi amaciyla
UYZ araglarindan faydalamlmstir. Bu araglar, ilgili akademik
makalelerin ve sektorel raporlarin hizli ve etkin bir sekilde
toplanmasina ve analizlerin yapilmasina destek saglamistir.
Toplanan verilerin kaydedilmesi ve yorumlanma siirecinde,
UYZhnin veri analiz yetenegi, bir ara¢ olarak dikkatle ve
kontrollii bir sekilde kullanilmistir. Yine arastirma bulgularinin
raporlanmas1 sirasinda, UYZ araglari metin diizenleme ve

1 Prof. Dr., Bartin Universitesi, Bartin Orman Fakiiltesi, Orman Endiistri

Miihendisligi Boliimii, bkaygin@pbartin.edu.tr, ORCID: 0000-0003-3262-8444.
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dilbilgisi kontrolii gibi alanlarda destek saglamistir. Ozetle, bu
derleme makalede, arastirmanin tasarimi ve igerik iiretimi
tamamen arastirmacinin kontroliinde gerceklestirilmis olup,
UYZ'nin katkis1 teknik diizenlemelerle smirli kalmustir.

Konuya yonelik literatiire kronolojik olarak bakildiginda,
Ok ve Atici'nin "[.U. Orman Fakiiltesi Orman Miihendisligi
Programmin Akreditasyon Olanaklar1 Uzerine Bir Inceleme"
baslikli calismast  (2006), I.U. Orman Fakiiltesi Orman
Miihendisligi programinin akreditasyon siireci ve gerekliliklerini
analiz ederek, mevcut durum ve eksikliklere dair kapsamli bir
degerlendirme sunmaktadir. Yine, Kenan Ok’un “Orman
Fakiilteleri Egitim Programlarinin Akreditasyonu ve MUDEK
Baglaminda Yapilan Calismalarin Degerlendirilmesi” baslikl
calismast  (2012), ormancilik  egitim  programlarinin
akreditasyonu ile ilgili mevcut durum ve ¢dziim Onerilerini ele
alarak yiiksekogretimde kalite degerlendirme siireglerine 1s1k
tutmaktadir. Gorgliin ve Kose (2023), “Orman Endiistri
Miihendisligi Programlarinin tercih Edilmesinde Mevcut Durum
Analizi” baglikli ¢aligmalarinda, Tiirkiye’deki Orman Endiistri
Miihendisligi programlarinin tercih edilme durumunu analiz
etmis ve programlarin tercih edilmesini etkileyen faktorler ile
ogrenci yerlesme oranlarindaki degisimleri inceleyerek gelecege
yonelik ¢6ziim Onerileri sunmustur.

MUDEK akreditasyonu, ilgili oldugu béliimlerin egitim
kalitesini artirmaya yonelik 6nemli katkilarda bulunmakta,
bdylece 6grencilerin daha yliksek kalitede bir 6grenim deneyimi
yasamasina olanak tanimaktadir. Bu durum, sektordeki rekabeti
de 6nemli 6l¢iide artirmakta, gli¢lendirici bir etki yaratmaktadir.
Akreditasyonun sagladig1 avantajlar, mezunlarin is gilicii
piyasasinda daha goriiniir olmasini temin etmekle kalmayip,
ayrica kariyer firsatlarim1 da maksimum seviyeye c¢ikararak
onlar1 is hayatinda daha yarismaci bir konuma getirmektedir. Ek
olarak, MUDEK akreditasyon siirecleri araciligiyla miihendislik
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egitimi veren boliimlerin siirekli gelisimine tesvik edilmektedir
ve giincellenmis miifredatlar iizerinden egitim standartlarinin
yiikseltilmesine yonelik onemli ¢alismalara imza atilmaktadir.
Bu durum, &grencilerin aldiklar1 egitimle hem teorik bilgiye
hem de pratik uygulamalara daha iyr hakim olmalarini
saglamakta olup, bu da onlar1 mesleki yasamda daha donanimli
ve yetkin bireyler haline getirmektedir. Sonug itibariyla
“akreditasyon”, bu siireclerin 6nemli bir bileseni haline gelmis
ve Ogrenci memnuniyetini artirmasimnin yani sira mezunlarin
sektordeki yetkinligini 6nemli 6l¢iide giiclendirmesi bakimindan
da bilyiik bir kritiklik arz etmektedir. Ogrencilerin egitim
sayginliklari, mezuniyet sonrasi is bulma siirelerini kisaltmakta
ve kariyerlerinde ilerlemeleri igin biiyiilk bir destek sunarak,
onlar1 is hayatinda daha rekabet¢i bir konuma getirmistir. Bu
nedenle, MUDEK akreditasyonunun 6nemi yalnizca &grenci
memnuniyeti ve kariyer firsatlar1 ile sinirli kalmayip, sanayi ile
tniversiteler ~arasinda  saglanan iliskileri  gili¢lendirerek
stirdiiriilebilir bir ig birliginin temellerinin atilmasi1 konusunda
kritik bir rol oynamaktadir. Orman endiistri miihendisligi
egitimi,  siirekli  gelisimi  hedefleyen = uygulamalarin
gerceklestirilmesine yonelik olarak islev gérmektedir. MUDEK
akreditasyonu sayesinde Ogrenci profilinin gelistirilmesine
yonelik yenilik¢i yaklagimlar, egitim silirecinin her asamasina
entegre edilmektedir. Bu durum, egitim siireclerinin yalnizca
teorik bilgi ile sinirlandirilmayip, daha genis bir kapsamda
uygulamali deneyimlerle zenginlestirilmesini saglamaktadir.
Egitmenlerin “siirekli egitim almalar1”, “akademik geligmelere
ve sektorel yeniliklere entegre edilmeleri” de akreditasyon
siirecinin  kritik bilesenlerindendir. Bu unsurlar, mesleki
yeterliliklerin artirilmasina ve mezunlarin ¢agimizin getirdigi
degisimlere uyum saglamalarina olanak tanimakta, bdylece
nitelikli bireylerin yetistirilmesi orman endiistri miihendisligi
alaninda artik bir Oncelik haline gelmistir. Bu durum,
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ogrencilerin gelecekteki kariyer planlamalarinda onlara biiyiik
avantajlar sunarak 6nemli bir deger katmaktadir.

2. MUDEK AKREDITASYONU

MUDEK Akreditasyonu, bir egitim programmin hem
ulusal hem de uluslararasi standartlara uygunlugunu ve Kkalitesini
belgeleyen onemli bir siirectir. Bu siire¢, programin belirlenen
hedeflerine ulagsmak amaciyla belirli standartlara uygunlugunu
ve stirekli iyilesme c¢abalarinin yam sira gelistirilmesi gereken
alanlarn1 da dikkate alir. Akreditasyon siireci, programin
kalitesini siirekli olarak arttirmak ve ulusal diizeyde taninmasini
saglamak icin de olduk¢a Onemli bir adimdir. Bu siireg, ayni
zamanda programin yerel ve uluslararasi diizeyde kabul
gérmesine, 0grencilere ve mezunlara pek ¢ok cesitli avantajlar
sunmasina yardimei olur. Akreditasyon ile birlikte 6grenciler,
daha fazla firsata ve kariyer imkénlarina erisim saglarken,
mezunlar da egitimlerinin kalitesini kanitlayarak is bulma
sanslarii1 artirmus olurlar. Kahraman, Ertutar ve Girgin'in
“Miihendislik Egitimi ve Akreditasyon” bagliklt caligmasi
(2012), mihendislik egitiminde akreditasyon siireclerini ve
kalite Olgiitlerini ele alarak, Tiirkiye’de ve diinyada bu alandaki
gelismeleri kapsamli bir sekilde degerlendirmistir. Caligma,
miihendislik  egitiminde  uluslararast  standartlara uyum
saglamanin, mesleki yeterlilik ve kalite giivencesi agisindan
kritik bir 6neme sahip oldugunu ortaya koymaktadir.

2.1.  Akreditasyon Nedir?

Akreditasyon, bir kurum veya programin belirlenen
standartlara uygunlugunu ve Xkalitesini kapsamli bir bi¢cimde
degerlendirme siirecidir. Bu detayli ve sistematik siire¢, egitim
programlariin kalitesini saglamaya yonelik olduk¢a saglam bir
giivence mekanizmas: olarak goriilmektedir. Akredite bir
program veya kurum, 6grencilere, velilere, isverenlere ve diger
egitim paydaslarina programin kalitesi, icerigi ve siirekli

89



Orman Miihendisliginde Ileri Arastirmalar

iyilestirmesi hakkinda biiyiikk bir giiven verir. Bu giiven,
egitimde kaliteyi artirmak ve gelistirmek amaciyla dnemli bir
faktordir.  Akreditasyon, egitim programlarinin = §grenci
gereksinimlerini karsilayacak diizeyde kaliteli oldugunu garanti
altina alir. Bu sayede bireylerin, egitim siireclerinde daha etkili
bir sekilde ilerlemelerini saglar. Egitim kurumlari, akreditasyon
stireci aracilifiyla gerek akademik gerekse idari yonlerini siirekli
olarak godzden gecirir ve bu sayede daha iyi hizmet ve egitim
sunma hedefi giider. Akredite edilmis bir egitim programi, ayni
zamanda mezunlarimin kariyer gelisimine de &nemli katkilar
sunar, ¢iinkii isverenler tarafindan tercih edilme orani artar ve
mezunlarin i bulma siire¢leri daha az zorlukla gergeklesir. Bu
nedenle, akreditasyon hem bireysel hem de toplumsal diizeyde
egitim kalitesinin artirilmasinda 6nemli bir rol oynamaktadir.

Ozgicek ve Karacamin "Yiiksekdgretim Kurumlarinda
Kalite ve Akreditasyon: Miihendislik Egitim Programlarinin
Degerlendirilmesi" baslikli ¢alismasi (2019), yiiksekogretimde
kalite giivencesi ve akreditasyon siireclerinin  Onemini

vurgulayarak, ozellikle miihendislik programlarinin
degerlendirme ve akreditasyon mekanizmalarina
odaklanmaktadir. Bu  c¢alisma, mithendislik  egitim

programlarinin ulusal ve uluslararasi standartlara uygun hale
getirilmesinin, hem akademik hem de mesleki yeterlilik
acisindan kritik oldugunu gostermektedir.

2.2.  MUDEK'in Rolii ve Onemi

Miihendislik Egitim Programlart Degerlendirme ve
Akreditasyon Dernegi (MUDEK), ¢esitli disiplinlerdeki
mithendislik  egitim  programlart  i¢cin  akreditasyon,
degerlendirme ve bilgilendirme ¢alismalar1 yaparak miihendislik
egitiminin  kalitesinin  yiikseltilmesine katkida bulunmak
amaciyla faaliyet gosteren bagimsiz bir kurulustur (Anonim,
2024a). MUDEK, Miihendislik Egitim  Programlar
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Degerlendirme ve Akreditasyon Dernegi'nin kisaltmasidir ve bu
dernek, miihendislik egitimi alaninda 6nemli bir rol
tistlenmektedir. Bu dernek, mihendislik egitimi kalitesini
artirmak i¢in titizlikle c¢alismalar yiiriiterek, Tiirkiye'de
miihendislik egitimi veren bir¢ok kurumun akreditasyon siirecini
yonetmekle sorumludur. MUDEK akreditasyonu, yalnizca
miithendislik egitimi veren programlarin kalitesini artirmakla
kalmayip, ayn1 zamanda bu programlarin uluslararas1 diizeyde
tanmirhigim yiikseltmeyi hedefleyen bir siire¢ olarak karsimiza
cikmaktadir. Bu akreditasyon siireci sayesinde mezunlar,
uluslararas: alanda daha fazla rekabet edebilir hale gelirken,
miihendislik programlar1 da siirekli olarak daha nitelikli bir
egitim sunma g¢abasi igerisinde olma firsat1 bularak gelisimlerine
katk1 saglamaktadirlar. MUDEK, bu énemli misyonunu etkili bir
sekilde yerine getirirken, sektordeki gelismeleri dikkatle takip
eder ve mihendislik egitiminde en iyi uygulamalar tesvik
etmek amaciyla etkinliklerde, seminerlerde ve ¢alistaylarda yer
alarak egitimin kalitesini ylikseltmek icin ¢esitli girisimlerde
bulunur. Bu kapsamda, dernek tarafindan MUDEK
akreditasyonuna bagvurmay1 ve/veya MUDEK élgiitlerine gore
programlarinda iyilestirme yapmayr planlayan miihendislik
lisans programlarinin “yonetici ve 6gretim kadrosunu”,

e Miihendislik programlarinin akreditasyonu ve
MUDEK hakkinda genel bilgiler,

e MUDEK akreditasyonundaki temel kavramlar,

e MUDEK degerlendirme 6lgiitleri ve anlamlari,

e Olgiitlerdeki ¢ikt1 tabanli siirekli iyilestirme
yaklagiminin miihendislik programlarina
uygulanmasi,

e Degerlendirme siireci; Fakiilte ve Boliimlerin
akreditasyon hazirliklari,

e Ozdegerlendirme raporlari,
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e Degerlendirme takimlarinca yapilan kurum
ziyaretleri

konularinda bilgilendirmek ve egitmek amaclh ¢alistaylar
yapilmaktadir (Anonim, 2024b).

3. ORMAN ENDUSTRiI MUHENDISLIGi EGIiTIiMi
VE MUDEK AKREDITASYON SURECI

Orman  Endistri  Mihendisligi  Boliimii, orman
kaynaklarinin siirdiiriilebilir yonetimi ile ilgili olarak gesitli
konular1 ele alan, orman iirlinleri endiistrisi siiregleri ve
teknolojilerine dair oldukga genis bir yelpazede egitim veren bir
boliimdiir. Bu boliimde 6grencilere, orman endiistrisi alaninda
bilginin temellerini olusturan miihendislik prensipleri, malzeme
bilimi, iiretim teknikleri, ¢evre koruma ve orman ekonomisi gibi
cok c¢esitli ve Onemli konularda kapsamli bir egitim
verilmektedir.  Ogrencilerin  bu  konulardaki  bilgilerini
derinlestirebilmeleri  ve  uygulamaya  doniistiirebilmeleri
amaciyla, boliim, cesitli teorik bilgiler ve pratik uygulamalar
sunarak destekleyici bir 6grenme ortami saglamaktadir. Bunun
yani sira, boliim, 6grencilere sektordeki giincel gelismeleri takip
etme firsat1 sunarak, yenilik¢i ¢oziimler liretme ve siirdiiriilebilir
bir sekilde kaynak kullanim1 konularinda yetkinlik kazandirmay1
hedeflemektedir. Bu sayede Ogrenciler, Ogrenim siirecinin
sonunda, orman endiistrisi alaninda etkin birer uzman olabilmek
icin gerekli olan bilgi birikimi ve becerilere tamamen sahip
olacaklardir. Ayrica, mezunlarin ig diinyasinda rekabetci bir
avantaj elde edebilmesine katkida bulunacak cesitli staj ve proje
firsatlar1 da saglanmaktadir. Bununla birlikte, bu béliimde yer
alan Ogretim Tlyeleri, deneyimleri ve uzmanlik alanlariyla
ogrencilerin akademik ve profesyonel gelisimlerine 6nemli
katkilarda bulunmaktadir. Orman endiistrisi ile ilgili en son
yenilikleri takip eden &gretim iyeleri, 6grencilere sektordeki
uygulama firsatlar1 ve potansiyel kariyer yollar1 hakkinda
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bilgilendirme yaparak, mezun olduktan sonra bu alanda basarili
Olmalarmi saglamayr amaglamaktadir. Sonug¢ olarak, Orman
Endiistri Miihendisligi Boliimii, yenilik¢i diistinmeyi tesvik eden
ve c¢evre dostu bir yaklasimi benimseyen miifredatiyla
ogrencilerin kariyer hedeflerine ulagsmalarina yardimci olma
konusunda son derece kararlidir. Kog, Kurtoglu ve Erdinler’in
“Orman Endiistri Miihendisligi Egitim ve Ogretiminde Yeniden
Yapilanma Modeli” baslikli ¢alismasi (2009), Orman Endiistri
Miihendisligi  egitiminin mevcut durumunu ve sektorel
ithtiyaclara uygun bir yeniden yapilanma modelini kapsamli bir
sekilde ele almustir. Ilgili calismaya gore, Orman Endiistri
Miihendisligi egitiminin mevcut program yapisi, sektorel
ihtiyaglara tam olarak yanit vermemekte ve 6zellikle uygulama
yetenekleri, kalite kontrol bilgisi ve endiistriyel gerekliliklere
uygun ders igerikleri bakimindan gelistirilmesi gerektigi
vurgulanmaktadir. Bu baglamda, yeniden yapilanma Onerileri,
daha yetkin miihendisler yetistirmek ve egitim programlarinin
marka degerini artirmak i¢in dnemli bir yol haritas1 sunmaktadir.

Orman Endiistri Mithendisligi egitimi, hem ulusal hem
de uluslararas1 standartlara, ayrica MUDEK tarafindan
belirlenen  ¢esitli  gerekliliklere  uygun  bir  sekilde
sekillendirilmelidir. Bu kapsamda olusturulan egitim programi,
ogrencilere yalnizca endiistriyel stireclerin etkili ve verimli bir
sekilde yoOnetimi alaninda bilgi ve beceri kazandirmakla
kalmayip, ayni zamanda orman kaynaklarinin siirdiiriilebilir
kullanimi, ¢evre koruma ile ilgili meseleler hakkinda da
kapsamli bir bilgi birikimi ve yetenek seti sunmay1
hedeflemektedir. MUDEK akreditasyon siireci, boliimiin
sundugu egitsel programin ¢ok cesitli standartlarla ne 6lgiide
ortistiiglinii degerlendirilmesinin yani sira, siirekli iyilestirme
prensiplerine dayali olarak programin genel kalitesini artirmaya
yonelik geribildirim saglamaktadir. Bu geri bildirimler, egitimin
niteligini yiikseltmek ve Ogrencilerin mesleki hayata en iyi
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sekilde hazirlanmalarin1 saglamak amaciyla biiyiik bir 6nem
tasimaktadir. Bdylece Ogrencilerin mezun olduktan sonra,
profesyonel yasamlarinda karsilasacaklart zorluklara daha
donanimli bir sekilde yanit verebilmeleri beklenmektedir.
Egitim programimin siirekli gozden gecirilmesi ve yenilik¢i
yaklagimlarinin benimsenmesi, ogrencilerin gliniimiiz endiistri
diinyasindaki ihtiyaclarim1  karsilamalarin1  saglamayr da
desteklemektedir. Engin, Ulugag, Cagli ve Karaman'in
“Tirkiye’de Mihendislik Egitimi Veren Yiiksekogretim
Kurumlarinda Kalite Siireclerinin Analizi” bashkli g¢alismasi
(2023), miihendislik egitimi veren yiiksekdgretim kurumlarinda
kalite giivence siireglerini analiz ederek, uluslararasi rekabet
avantaji kazandirmak ig¢in Oneriler sunmaktadir. Bu calisma,
Tiirkiye’de miihendislik programlarinin ABET ve MUDEK gibi
akreditasyon siiregleriyle daha yiiksek standartlara ulasmasinin
Onemini vurgulamaktadir.

Tiirkiye'de MUDEK akreditasyonuna sahip Orman
Endiistri  Miihendisligi  boliimleri ve gecerlilik  siireleri
MUDEK'in resmi web sitesindeki 2024  Akreditasyon
Listesi'nden derlenmis ve asagidaki tabloda sunulmustur
(Anonim, 2024c):

Tablo 1: Tiirkiye’de MUDEK Akreditasyonuna Sahip Orman
Endiistri Miihendisligi Boliimleri ve Gegerlilik Siireleri

Universite Akreditasyon Gegerlilik EUR-ACE Etiketi Gegerlilik
Ad1 Siiresi Siiresi
[U-Cerrahpasa 01.10.2018 - 30.09.2025 01.10.2018 - 30.09.2025
KTU 01.05.2015-30.09.2026 01.05.2015 - 30.09.2026
BARU 01.05.2024 - 30.09.2026 01.05.2024 - 30.09.2026

3.1.  Program Standartlar ve Gereklilikler
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Orman Endiistri Miihendisligi programinin akredite
edilmesi i¢in belirli standartlar ve gereklilikler detayli bir
sekilde belirlenmistir. Bu gereklilikler, egitim programinin hem
akademik hem de teknik icerigini, laboratuvar olanaklarinin
cesitliligini, O6grenci-6gretim elemani oranini ve endiistri ile
gerceklestirilen isbirligi faaliyetlerini kapsamaktadir. Ayrica,
programin siirekli olarak performans ve verimlilik agilarindan
tyilestirilmesi i¢in etkili kalite giivence sistemlerinin kurulmasi
sarttir; bu sistemlerin ayrica belirli donemlerde dis
degerlendirmeye tabi tutulmasi da gerekmektedir. Bu siireg,
programin giincel gelismelere ve degisen piyasa dinamiklerine
ayak uydurmasini ve sektordeki ihtiyaglarla uyumlu kalmasin
saglamak amaciyla son derece kritik ve Onemlidir. Egitim
kalitesinin artirilmasi i¢in Ogretim elemanlarinin  uzmanlik
alanlar ile ilgili siirekli mesleki gelisim imkénlar1 saglanmali;
bu sayede 6grencilerin giincel bilgilerle ve en son teknolojilerle
donatilmas1 da saglanmalidir. Ogrencilerin, endiistri diinyasinda
karsilagabilecekleri zorluklarla basa cikabilmeleri i¢in gerekli
yetkinliklerin kazandirilmasi biiyiikk bir 6nem tagimaktadir. Bu
baglamda, Kirkavak, Ozaktas ve Ertem’in “Program Ciktilari
Icin Alternatif Bir Olgme-Degerlendirme Modeli: MUDEK
Karnesi” baslikli calismast (2019), miihendislik egitimi
akreditasyonunda program ciktilarinin degerlendirilmesi ve
stirekli iyilestirme siiregleri i¢in yenilik¢i bir model
sunmaktadir. Calisma, mezunlarin mesleki yeterliliklerini nesnel
Ol¢gme-degerlendirme araglariyla belgelemenin egitim kalitesini
artirmada 6nemli bir ara¢ oldugunu ortaya koymaktadir.

3.2. Degerlendirme Siireci

MUDEK tarafindan belirlenen kriterlere gore, Orman
Endiistri Miihendisligi programi akreditasyon siirecine alinir, bu
da yiiksekdgretim standartlarinin saglanmasina biiyiik katki
saglar. Bu 6nemli siire¢, hem yazil1 belgelere dayali bir inceleme
hem de detayli saha ziyareti seklinde gercekleserek cok yonlii
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bir degerlendirme imkan1 sunar. Degerlendirme siireci,
programin belirli standartlarla ne 6lgiide uyumlu oldugunu ve
Ogrencilere  beklenen  bilgi ve becerileri  kazandirip
kazandirmadigin1 objektif bir sekilde degerlendirerek kapsamli
bir analiz ve inceleme sunar. Degerlendirme sirasinda, ders
icerikleri, 6gretim yontemleri, altyapi olanaklar1 ve 68renci geri
bildirimleri gibi pek ¢ok faktor dikkate alinir. Bu nedenle, ilgili
programin kalitesinin ve egitim yeterliliklerinin anlasilabilmesi
i¢cin biitiin bu faktorlerin goz onilinde bulundurulmasi oldukca
onemlidir. Degerlendirme sonucunda bdliim, akreditasyon
statiisiinii kazanabilir veya iyilestirme oOnerileri alarak siireci
yeniden baglatabilir. Bu siirecin sonunda, programin stirekli
gelisimi ve Ogrencilere en 1iyi egitimi verme hedefi
dogrultusunda ilerlemeleri desteklenmis olur, dolayisiyla bu
akreditasyon siireci sadece bir onay siireci degil, ayn1 zamanda
bir gelisim firsatidir. Payzin’in “Basarili Uriin Gelistirme I¢in
Gereken Temel Beceriler: MUDEK Program Ciktilar1” baslikli
calismasi  (2014), miihendislik programlarimin  MUDEK
akreditasyonu i¢in beklenen temel beceriler ile basarili {iriin
gelistirme arasindaki iliskiyi analiz etmektedir. Calisma,
miithendislik 6grencilerine kazandirilmasi gereken teknik ve
teknik olmayan becerilerin, karmasik problemlerin ¢6zlimiinde
ve yenilikei iirlin gelistirme siireclerinde nasil bir kaldirag gérevi
gorebilecegini  vurgulamaktadir.  Miihendislik  egitiminde
ciktilara dayali bir yaklagimin, nitelikli insan kaynagi
yetistirilmesinde kritik bir Oneme sahip oldugu sonucuna
vartlmaktadir.

4. AKREDITASYONUN AVANTAJLARI

MUDEK  akreditasyonunun birgok onemli avantaji
bulunmaktadir. Bu avantajlar, 6zellikle de dgrencilerin egitim
kalitesinin ciddi sekilde artmasi ve wuluslararasi tanmirlik
kazanarak daha genis bir perspektife sahip olmalar1 gibi ¢ok
cesitli unsurlar icermektedir. Akredite bir programda 6grenim
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gormek, ogrencilere daha iyi is firsatlart sunmanin yani sira
kariyer gelisimlerine de olduk¢a olumlu ve yapict katkilarda
bulunur. Bu durum, bireylerin is hayatinda daha basarili
olmalarini1 saglarken, ayni zamanda profesyonel yasamlarinda
daha saglam bir temele sahip olmalarma da imkan tanir. Ote
yandan, akreditasyon siireci sirasinda egitim programlarinin
siirekli olarak detayli bir sekilde gdzden gecirilmesi ve gerekli
diizenlemelerin titizlikle yapilmasi s6z konusudur. Bu siirecle
birlikte egitim kalitesi, siirekli olarak 1iyilestirilerek ve
giincellenerek en st seviyeye c¢ikartilmakta ve gelistirilmesine
yonelik Onemli adimlar atilmaktadir. Bdylece ogrencilerin
mezun olduklarinda daha giincel ve kapsamli bilgilerle
donanmis olmalar1 saglanmakta; bu da onlara rekabetgi bir
avantaj sunarak 13 arama siirecinde belirleyici bir etken
olusturmaktadir. Boylelikle, akredite programlar, akademik ve
mesleki gelisimleri i¢in pek ¢ok acidan degerli bir kaynak ve
firsat olusturmaktadir. Akreditasyonun getirdigi bu faydalar,
tilkenin yiliksek Ogretim sisteminin uluslararas1 standartlarla
uyumlu hale gelmesine Onemli katkilarda bulunurken, aym
zamanda o6grenciler, global is ortaminda daha etkili bir sekilde
yer alabilme kapasitesine sahip olurlar. Uluslararas1 isgiicii
pazarinda basarili olabilmek icin gerekli olan becerilere ve
bilgilere sahip olmanin yani sira, diinya genelindeki egitim
sistemleriyle karsilastirildiginda da ciddi bir Ustiinliik elde
ederler. Taminmis bir akreditasyona sahip olmak, kariyerlerinde
giiclii bir temel olusturarak gelecekteki basarilarini da onemli
Olciide etkilemektedir. Baskir, Kiigiikonder, Celik ve Giizel'in
“Ogretim Kalitesi Degerlendirmesine Yeni Bir Yaklasim: Bartin
Universitesi Ornegi” baslikli ¢alismas1 (2017), dgrenci algis1 ve
akademik performans degerlendirmelerini birlestirerek ogretim
kalitesini 1yilestirmek icin yenilik¢i bir yaklasim sunmustur.
Calisma, yiiksekogretimde oOgretim kalitesinin kapsamli bir
sekilde degerlendirilebilecegini ve bu tiir sistemlerin diger
kurumlar i¢in Ornek teskil edebilecegini gdstermektedir. Yine
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Ayvaz, Kusak¢1 ve Borat’in “Kalite Giivencesi ve Akreditasyon
Siirecleri” baglikli calismast (2016), yiiksekogretimde kalite
giivencesi ve akreditasyon siireglerini, Avrupa ve Tirkiye
baglaminda ele alarak kapsamli bir degerlendirme sunmaktadir.
Calisma, kalite giivence mekanizmalarinin gelistirilmesinin,
yiiksekOgretimde standartlarin  artirilmasinda  kritik  bir  rol
oynadigini gostermektedir.

4.1. Ogrenciler icin Avantajlar

MUDEK akreditasyonu, o6grencilere bircok 6nemli
avantaj sunarak, bu avantajlar sayesinde egitim hayatlarin1 daha
da giiclendirmektedir. Akredite bir programda egitim almanin
sagladig1 imkanlar, 6grencilere hem kaliteli bir egitim deneyimi
yasatir hem de uluslararas1 diizeyde taninma ve gecerlilik firsati
sunar. Bu Ozellik, Ogrencilerin sadece bilgi ve beceriler
kazanmasini saglamakla kalmaz; bunun yaninda is bulma
asamasinda da onlar1 daha avantajli bir konumda yerlestirerek
kariyerlerinde Onemli bir adim atmis olmalariin kapilarini
aralar. Akredite programlar, yalnizca nitelikli egitim sunmakla
siirlt  kalmamig; ayni zamanda Ogrenci geri bildirimlerini
dikkate alarak siirekli bir glindem ve gelistirme siirecine tabi
tutulmaktadir. Bu durum, Ogrencilerin kendi siireclerine olan
katkilarmi  6nemli kilarak, motivasyonlarin1 artirmakta ve
kendilerini daha aktif bir 6grenme siirecinde hissetmelerini
saglamaktadir. Dolayisiyla, bu durum, Ogrencilerin 6grenme
deneyimlerini 6nemli 6l¢iide iyilestirerek, onlari daha donanimli
hale getirmektedir. Akreditasyon siireci, egitim kalitesinin
stirekli bir sekilde iyilestirilmesine olanak tanirken, mezunlarin
is diinyasinda rakipleriyle daha iyi bir sekilde rekabet
edebilmeleri i¢in  gerekli yetenekleri ve donanimlari
kazanmalarina yardimci olmaktadir. Egitim alaninda elde edilen
bu akreditasyon sayesinde, 6grenciler, uzmanlik alanlarinda
kendilerini gelistirme firsatlarindan yararlanarak, hem bireysel
hem de profesyonel anlamda daha basarili bir kariyer insa etme
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sansina sahip olurlar. Zeydan ve Gilirbiiz’iin “Yiiksekogretimde
Kalite ve Ogrenci Memnuniyeti” baslikli calismasi (2019),
kiiresellesme ve artan rekabet baglaminda yiiksekogretimde
kalite ve 6grenci memnuniyetinin artirilmasina yonelik ¢éziim
onerilerini Zonguldak Biilent Ecevit Universitesi 6zelinde
kontenjan fazlalig1 ve staj imkanlarinin eksikligi gibi sorunlarin,
egitim kalitesi ve 6grenci memnuniyeti lizerinde dogrudan etkili
oldugunu ortaya koymaktadir. Bu durum, yiiksekogretim
kurumlarinin kalite artirimi i¢in daha fazla denetim ve destek
mekanizmalarina ihtiya¢ duydugunu gostermektedir.

4.2.  Mezunlar i¢in Saglanan Bircok Avantajlar

MUDEK akreditasyonu, yalnizca egitim kurumlari igin
degil, mezunlar i¢in de son derece dnemli ve paha bicilmez
avantajlar sunmaktadir. Akredite bir programdan mezun olan
Ogrenciler, is arama siirecinde son derece anlamli ve biiylk bir
avantaj elde ederler. Bu durum, mezunlarin is bulma sansini
onemli Olciide artirarak, rekabetin olduk¢a yiiksek oldugu
giiniimiiz i§ piyasasinda One ¢ikmalarini saglamaktadir. Ayrica,
akreditasyon siireci sirasinda Ogrencilere kazandirilan degerli
beceri ve bilgiler, mezun olduktan sonra da gecerliligini
korumakta ve onlarin kariyerleri i¢in saglam, giivenilir ve
degerli bir temel olusturmaktadir. Bu beceriler, mesleki
yasamlart boyunca kendilerine bircok kapi agabilir ve onlara
genis bir Kkariyer yelpazesi sunarak, profesyonel diinyada
kendilerini daha iyi ifade etmelerine yardimei olur. Ote yandan,
akredite bir programdan mezun olan Ogrenciler, uluslararasi
diizeyde daha fazla taninirlik ve prestij kazanma firsatina sahip
olurlar. Bu da mezunlarin yurt disinda is olanaklarim
degerlendirmeleri agisindan biiyiik bir avantaj saglar ve onlara
uluslararasi alanda rekabet etme kabiliyeti sunarak, diinya
genelinde kariyer firsatlarina erisimlerini kolaylastirir. Mesleki
alanda kendilerini gelistirmek isteyen mezunlar icin MUDEK
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akreditasyonu, ¢cok onemli, kritik ve vazgegilmez bir yap1 tasi
olarak degerlendirilen bir unsurdur. Bu akreditasyon, kariyer
hedeflerini gergeklestirmekte biiyilk bir rol oynamakta ve
mezunlarin profesyonel gelisim yolculuklarinda onlara destek
saglamaktadir. Stingli ve Bayrak¢i’nin “Bolonya Siireci Sonrasi
Yiiksekogretimde Akreditasyon Calismalar1™ baslikli ¢alismasi
(2010), Bolonya Siireci'nin yiiksekdgretimde kalite giivencesine
etkisini ele alarak, Avrupa ve Tirkiye'deki akreditasyon
uygulamalarimi karsilastirmali  bir sekilde degerlendirmistir.
Calisma, uluslararas: standartlarla uyumlu bir yiiksekogretim
sistemi olusturmanin, 6grenci hareketliligi ve mezun istihdamini
artirmada kritik bir 6neme sahip oldugunu gostermektedir

5. SONUC

Makale icerisinde deginilen MUDEK tarafindan verilen
egitimlerden birisi de, kurum temsilcilerine yonelik olarak 2023
yili Nisan ay1 i¢inde gerceklestirilmistir. Iki boliim halinde
ylriitiilen egitimin, Google Classroom iizerinden asenkron
olarak gerceklestirilen I. boliimiine 373 kurum temsilcisi
katilmistir. Bu egitimin MG100-MUDEK ve Miihendislik
Egitiminin Akreditasyonu egitim materyaline (Anonim, 2023)
gore; MUDEK akreditasyonu, ii¢ temel paydasa Onemli
avantajlar sunmaktadir:

A. Ogrencilere ve Mezunlara Sagladigr Avantajlar

MUDEK tarafindan saglanan akreditasyon, mezunlarin
egitim aldiklar1 programin uluslararasi taninirligin1 garanti altina
alir. Ornegin, MUDEK ’in verdigi EUR-ACE® Etiketi, 15 farkli
tilkedeki akreditasyon kuruluslari tarafindan kabul edilmekte
olup, Washington Accord {iyeleri aracilifiyla bu taninirhk
30°dan fazla iilkeye yayilmaktadir. Bu durum, mezunlara hem
uluslararas1 yiiksek lisans bagvurularinda hem de miihendislik
alanindaki 1is firsatlarinda avantaj saglamaktadir. Ayrica,
MUDEK akreditasyonu, mezunlarin uluslararas1 standartlara
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uygun bir miihendislik programini basariyla tamamladiklarini
belgeleme olanagi sunar. EUR-ACE® etiketi tasiyan
programlardan ~ mezun  olanlar, Avrupa  Miihendislik
Federasyonu (FEANI) tarafindan belirlenen EUR-ING unvanini
almak icin gereken egitim sartlarini karsilamaktadir.

B. Yiiksekogretim Kurumlarina Sagladig Katkilar

MUDEK  akreditasyonu, programlara  uluslararasi
tanmirlik kazandirarak yiliksekogretim kurumlarim1i 6n plana
cikarir. Ozellikle, EUR-ACE etiketi ve Washington Accord’un
sagladigi avantajlarla  birlikte, bu akreditasyon siireci,
kurumlarin daha nitelikli 6grencilere ulasmasini kolaylagtirir.
YKS kilavuzlarinda akredite programlara iligkin bilgilere yer
verilmesi de aday oOgrenciler {iizerinde olumlu bir etki
yaratmaktadir. Ayrica, lisans programlarmin kalitesi hakkinda
giivenilir bir degerlendirme sunarak, mezunlarin lisansiistii
programlara kabul oranini artirir. Akreditasyon siirecinin bir
diger onemli katkis1 ise, yiiksekdgretim kurumlarinin ogretim
programlarindaki eksiklikleri goriip bunlari iyilestirme firsati
saglamasidir.

C. Isverenlere Sagladigr Faydalar

MUDEK akreditasyonu olan bir programm mezunlari,
uluslararas1 standartlarda bilgi ve becerilerle donatilmis olarak
mezun olurlar. Bu durum, isverenlere, adaylarin mezun oldugu
programin kalitesine dair giivenilir bir referans sunar ve
igverenlerin nitelikli miihendisler istihdam etmesini kolaylastirir.

Goriildiigii ve anlasilacagi tizere, Orman Endiistri
Miihendisligi Béliimii'nin  MUDEK  akreditasyon —siirecini
basariyla tamamlamasi, Ogrencilere ve mezunlara pek c¢ok
Onemli avantaj saglamakta ve Dbirgok yeni firsatlar
yaratmaktadir. Bu silirecin basariyla tamamlanmasi, programin
kalitesinin uluslararas1 standartlara uygun oldugunu agikga
ortaya koymaktadir. Bu durum, ogrencilere daha iyi egitim
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imkanlar1 sunmakta ve mezunlarin uluslararasi alanda daha
rekabetci, yetkin ve donanimli olmalarini saglamaktadir. Bu
akreditasyon sayesinde mezunlar, isgiicii piyasasinda daha
avantajli bir konuma ulasabilmekte ve ise alim siireclerinde daha
fazla ilgi gorebilmektedirler; diinya genelindeki cok uluslu
sirketler ve onde gelen firmalar, sikca akredite programlardan
mezun olan adaylar1 tercih etme egilimindedir. Ancak,
akreditasyonun siirdiiriilebilirligini saglamak amaciyla bdliimiin
stirekli olarak gelismesi ve mevcut eksiklerinin giderilmesi
biiyiik bir 6nem arz etmektedir. Bu kapsamda bdliim, stirekli
olarak elde edilen geri bildirimlerden faydalanarak egitim
programini iyilestirmeli ve endiistrinin ihtiyaglarina uygun
yenilikgi ve etkili yaklasimlar benimsemelidir. Egitim
programinin diizenli olarak giincellenmesi, 6grencilere daha
genis bir bakis agist kazandirarak, onlarin glniimiiz is
diinyasinda karsilasacaklar1 zorluklara daha hazirlikli ve
donanimli bir sekilde yaklasmalarim1 saglayabilir. Ayrica,
akreditasyon siirecinin tiim ilgili paydaslar arasinda dogru ve
etkili bir bigimde anlasilmasini ve desteklenmesini saglamak
icin iletisim ve is birligi siirecleri de daha aktif bir sekilde
stirdiiriilmelidir. Bu sayede hem 6grencilerin hem de mezunlarin
uluslararas1 platformda daha basarili ve etkin bir sekilde yer
bulmalari miimkiin olacak; bu durum, onlarin Kkariyer
yolculuklarinda daha saglam ve giivenilir adimlar atmalarina
yardime1 olurken, ayni zamanda iilkemizin egitim kalitesinin de
belirgin sekilde yiikselmesine 6nemli katkilar sunacaktir.
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MOBILYA KULP CESITLERININ ESTETIiK VE KULLANICI
BAGLAMINDA DEGERLENDIRILMESI

Kadir KAYAHAN',
Timug¢in BARDAK?,
Eser SOZEN®,
Selahattin BARDAK"
1. GIRIiS

Mobilyay1 olusturan aksesuarlar, iiriiniin islevselligi ve
giivenlik ozellikleri tizerinde etkilidir. Mobilya aksesuarlarinin
kullanimi, mobilya iiretiminin temel siireclerinden biridir.
Aksesuarlarin uygun islevine, modeline, rengine, kalitesine,
boyutuna ve ergonomisine gore se¢imi ve kullanimi, mobilyanin
kalitesini, gorinimiini, maliyetini, c¢ekiciligini ve satis
ozelliklerini etkiler (Kalaycioglu vd., 2017).

Uriinii ortaya cikaran yapisal bilesenlerin malzemeleri is
birligi ile kisisellestirme araciligiyla satin alma sirasinda
kisisellestirilebilir. Miisteriye sunulan malzeme segenekleri
arasindan miisteri bir tercih yaparak iriinii temel olarak
kisisellestirebilir. Malzeme ile kisisellestirme iirlinde aksesuarin
veya g¢esitli modiiler elemanlarin kullanici tercihlerine gore
degistirilmesi ile de yapilabilir. Bu gibi kisisellestirmeler i¢in
bilesen degistirerek modiiler hale getirme yontemi kullanilabilir.
Ornegin metal kulplu bir dolap kulpu ahsap veya deri bir kulp
ile degistirilebilir. Bir omurgaya baglh olarak kisisellestirme de
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bir modiiliin yerine veya yanina istenen malzemedeki bir baska
modiiliin getirilmesi ile saglanabilir (Tuna, 2022).

Eroglu vd. (2013) tarafindan atifta bulunulan makalede,
yalnizca tasarim Ogrencileri ve profesyonelleri arasinda
ylriitiilen bir anketin kismi sonuglar1 agiklanmistir. Bu anketin
yayinlanmamis sonuglarindan biri, Ogrencilerin ve tasarim
profesyonellerinin tasarimlarinda yart mamul trtinler (digmeler,
kulplar, kilitler vb.) kullanma davranislariyla ilgiliydi ve bu
calismanin ana kapsamini olusturuyordu. S6z konusu eski kendi
kendine yapilandirilmis ¢evrimigi ankette, ¢esitli endiistrilerden
41 profesyonel tasarimci, "Yart mamul iriinleri alt islevli
ekipmanlar (kulplar, diigmeler, kilitler vb.) i¢in kullaniyor
musunuz? Eger 0Oyleyse, bu parcalar i¢in bir ergonomi
degerlendirmesi yapiyor musunuz?" agik uglu sorusunu
yanitladi. 41 katilimcidan 31'i tasarim projelerinde yart mamul
tirtinler kullandiklarini beyan etti. Sadece 21 katilime1 ergonomi
degerlendirmesi yapma egiliminde olduklarmi beyan ederken,
ikisi de aksesuar secimlerinde ana kriter olarak maliyeti belirtti.

Mobilya tireticileri, rekabetci bir ortamda fark yaratmak
ve miisteri taleplerine cevap vermek i¢in mobilya tasarimlarinda
nitelikli aksesuarlarin kullanimini tercih etmektedir (Tatlisu,
2014). Aksesuar tasarimimnda es zamanli miihendislik
yontemlerinin uygulanmasi ve tedarik¢ilerin iiriin gelistirme
siireclerine dahil edilmesi, aksesuarlarin kalitesini artiracaktir
(Langner & Seidel, 2009; Jayaram, 2005). Uriinlerde kalitenin
anlasilmasi, iirlin gelistirme siireclerinin baglangicindan itibaren
tedarikcilerle kurulan bag ve bilgi aligverisi ile miimkiin olabilir
(Chung & Kim, 2003). Gedik ve Ilhami (2020) yaptig1 bir
calismada Olusan ikinci kiime televizyon {initesinin sade olmasi
gerektigi ile ilgili vurgular yapmaktadir. Ortaya cikan iiclincii
kiime de ise televizyon iinitelerinde ¢ekmece, kapakli dolap ve
kapak kulplar1 gibi gorselligi olumsuz etkileyen objelerin
olmamasi istenmektedir.
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Bicak vd. (2015) yaptiklar1 calismada Yatak odasi
mobilyanizda kullandiginiz kulp ve saplar hangi malzemeden
olmali sorusuna katilimcilarimizin %31,7’si ahsap, %19,2’si
piring ve %15,8’1 aliiminyum cevabini vermistir. Genelde yatak
odas1 mobilyalariin kulp ve sap malzemesi olarak ahsap fazla
kullanilmasa da kullanicilar tarafindan tercih edilmektedir.
Koltuk ve sandalye dosemelerinde, yatak basliklarinda,
bazalarda, cibinlik ve yatak c¢evresinde perde gorevinde,
kulplarda, askilarda ve sayilamayacak kadar ¢ok noktada; ¢esitli
renk, doku ve sertlikteki kumas, deri, hasir ya da halat gibi
tekstil tiirevi malzemeler mobilya ile bulusur (Tuna 2022).

Uzun ve Sarikahya (2021) Gorme Engellilerin
Konutlarinin I¢ Mekan ve Mobilyalarma Yénelik Sorunlar ve
Coziimlerin ~ Belirlenmesi  bashikli  caligmalarinda ~ Antre
dolaplarinda/mobilyalarinda 6l¢tli, bicim, kapak acilma sekli,
¢ekmeceler vb. gibi kullanim yoniinden en fazla zorlayan seyler
sorusuna metal kulplarin koselerinin keskin olmasi nedeniyle
ellerin ¢izilmesi, Kullanicilarin ayakkabilarin1 koyarken ve
bulurken en fazla zorlandiklar1 seyler sorusuna verdigi cevap
ayakkabiligin kulplar1 kiigiik ve keskin

Uzuner (2020) yaptig1 bir ¢aligmada Arastirmaya gore
biiyiik 6lcekli firmalar kumas ve ray sistemlerini mobilyalarinda
en cok ithal kullandiklar1 malzemeler olarak belirtmislerdir. Bu
iki malzemeden sonra en ¢ok kullandiklar1 ithal malzeme ahsap,
mentese, motor mekanizmalari, metal, boya, siinger ve kulp
oldugunu beyan etmislerdir.

Openshaw ve Taylor, 2006 yilindaki ¢aligmalarinda
yiizey ile kulp arasinda en az bir in¢ bosluk olmasimni
Oonermislerdir. Ayrica, sap formunun itme, ¢ekme ve kavrama
islevlerine kolayca izin verecek sekilde tasarlanmasi gerektigini
one siirmiglerdir (Openshaw S., E. Taylor, 2006). Washington
Eyalet Calisma ve Endiistri Bakanlig1 (2002), saplarin parmaklar
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yerine tiim elin kavramasi i¢in yeterli alan saglamasi gerektigini
belirtmistir. Bagka bir ¢alismada, mobilya saplarinin renginin
arka planindan farkli olmasi ve yagh insanlarin saplar1 fark
etmesinin zor olabilecegi i¢in gilicli bir kontrast saglamasi
onerilmistir (Pinto, 1997). Ayrica Patkin (2001), elleclenecek
triinler i¢in belirlenen genisligin en az 10-15 cm olmasi
gerektigini belirtmistir.

2. KULPLARDA RENK, DESEN, DOKU

Mobilya kulplarinda renk, desen ve doku, estetik ve
islevsellik agisindan 6nemli faktorlerdir. Bu 6zellikler, kulplarin
mobilya tasarimina uyum saglamasi, dikkat g¢ekici detaylar
olusturmas1 ve kullanicilarin zevkine hitap etmesi acisindan
biiylik rol oynar. Mobilya kulplarinda renk, desen ve doku
secimleri hem mobilyanin gorsel etkisini hem de kullanici
deneyimini dogrudan etkiler. Dogru kombinasyonlarla tasarimda
estetik bir biitlinliik saglanabilir ve mobilyanin genel havasi
degistirilebilir. Bu o0zelliklerin tasarim siirecinde dikkatle
degerlendirilmesi, mobilyanin islevsel ve gorsel degerini
artiracaktir. Kulplarda Renk, Desen ve Doku Seciminin
Onemine bakildiginda, Secilen renk, desen ve doku; mobilyanin
tarzin1 tamamlamali ve genel dekorasyonla uyumlu olmalidir.
Dokunun kullanici deneyimini kolaylastirmasi, kaymay1
onlemesi ve konfor saglamasi gerekir. Kullanicilarin estetik
zevkine uygun kulplar segilerek mobilyanin = goriinlimii
Ozellestirilebilir. Modern trendlerde daha sade renkler ve
dokular 6n plandayken, klasik tasarimlarda desen ve detayli
dokular 6ne ¢ikar.

Uriinlerde detaylarda veya farkli isleve hizmet eden
kisimlarda renk c¢esitliligine gitmek hem ¢ocuk i¢in uyarici olur
hem {irtindeki tekdiizeligi alir hem de ¢ocuk iizerindeki
psikolojik etkiyi dengeler. Cocuk mekan veya esyalarinda hakim
rengin karsit rengi ile kullanilmast cocuga vurgulanmak
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istenenin algilatilmas1 igin bir ydntem olabilir. Ornegin sari
renkteki dolabin kulpu mor tercih edilerek kulpa vurgu
yapilabilir (Tuna, 2022)

3. KULPLARIN KONUMLANDIRILMASI

Miilayim (2009) bedensel oziirliiler i¢in mimari mekan
tasarimi baslikli ¢alismasinda Ust dolaplarm kulpu veya ¢ekmesi
miimkiin oldugunca dolap kapaklarinin alt tarafina yakin
olmalidir. Ozellikle iist dolaplarda kiigiik bir kuvvet
uygulandiktan sonra kendiliginden agilabilen veya kapanabilen
pnomatik veya hidrolik pistonlardan faydalanilmalidir. Alt
dolaplar i¢in kulp veya ¢ekme kolu, dolap kapaklarinin miimkiin
oldugunca iist tarafina yakin olmalidir.

Denge hareketlerini ise; giivenlik daima g6z Oniinde
tutularak, ¢ocugun bir miktar zorlanarak da olsa yapabilecegi,
gelisime tesvik eden detaylarda vermek miimkiin olabilir.
Ornegin dolap kulpunu veya dolap askilarmi rahatlikla
ulasabileceginden az bir miktar yukarida konumlandirmak gibi.
Burada tasarimcilarin, ebeveynlerin kontroliinde olabilecek
bosluklar birakmasi ve bu bosluklar1 nasil kullandiracagim
anlatmasi gerekir (Tuna, 2022).

4. KULP CESITLERI
41. AHSAP KULPLAR

Ahsap mobilya kulplari, dogal ve sicak bir estetik sunan,
mobilya tasariminda uzun yillardir kullanilan popiiler bir
secenektir. Ahsap kulplar hem geleneksel hem de modern
mobilya tasarimlarinda siklikla kullanilmaktadir. Ahsap kulplar,
kullanilan ahsap tiiriine gore degisir. Yaygin olarak sert ve
dayanikli olmasi sebebiyle mese, koyu rengi ve zarif dokusuyla
liiks mobilyalarda ceviz, ekonomik olmasi sebebiyle ¢am, sert
ve homojen bir yapiya sahip olmasi sebebiyle de kaym ahsap
tiirleri tercih edilmektedir. Avantajlar1 olarak dogal goriiniimleri,
cesitliligi, ¢cevre dostu olmasi, kolay islenebilir olmasi, tamir

110



Orman Miihendisliginde Ileri Arastirmalar

edilebilirligi ve bakimmin kolay olmasidir. Dezavantajlart ise
dayaniklilik, nem ve sicaklik, bakim gerekliligi ve maliyet
olarak siralanabilir.

Sl

Sekil 1. Ahsap kulp 6rnekleri (URL-1)
42. ZAMAK KULPLAR

Zamak mobilya kulplari, zamak ad1 verilen bir alasimdan
yapilan, dayaniklili§i ve estetik goriiniimii ile mobilya
tasarimlarinda sik¢a kullanilan kulp tiirleridir. Zamak, ¢inko
(Zn) esaslh bir alasim olup aliiminyum (Al), magnezyum (Mg)
ve bakir (Cu) gibi metallerin karisimindan olusur. Dayanikliligi
ve  kolay  sekillendirilebilirligi sayesinde mobilya
aksesuarlarinda yaygin bir malzemedir. Avantajlar1 estetik
cesitlilik, maliyet, korozyon direnci ve yiizey Kkalitesidir.
Dezavantajlar1 ise agirlik, g¢evreye etkisi, yiiksek sicaklik
dayanimi olarak siralanabilir.

\

Sekil 2. Zamak kulp 6rnekleri (URL-2)
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4.3. PORSELEN KULPLAR

Porselen mobilya kulplari, mobilya tasariminda estetik
ve zarif bir goriiniim sunan dekoratif aksesuarlardir. Porselen,
kilin yiiksek sicaklikta firinlanarak sertlestirilmesiyle elde edilen
bir malzemedir. Bu kulplar, genellikle Kklasik, rustik, vintage ve
country tarzi mobilyalarda yaygin olarak kullanilir. Avantajlar
estetik goriiniim, dayaniklilik, renk cesitliligi, kombinasyon
secenekleri ve kolay temizlenebilir olmasidir. Dezavantajlari ise
kirilganlik, maliyet ve belirli tarzlara uygun olmasi olarak
siralanabilir.

Sekil 3. Porsenel kulp 6rnekleri (URL-2)
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4.4. DERIi KULPLAR

Deri mobilya kulplari, mobilyalarda hem siklik hem de
sicak bir dokunus sunan estetik ve yenilik¢i bir aksesuar tiirtidiir.
Modern, rustik ve minimal tasarimlarda siklikla tercih edilen
deri kulplar, genellikle dogal veya sentetik deriden iretilir.
Dayanikliliklar1 ve esneklikleri sayesinde hem fonksiyonel hem
de dekoratif bir kullanim saglar. Avantajlar1 estetik olmasi,
konforlu kullanim, ¢esitlilik, esneklik ve modiilerlik, sessizliktir.
Dezavantajlar1  ise bakim gereksinimi, kullanim alani
sinirlamasi, maliyetin yiiksek olmasi, renk solmasi olarak
siralanabilir.

Sekil 4. Deri kulp 6rnekleri (URL-3)
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45. GOMME KULPLAR

Gomme kulplar, mobilyalarda kullanilan, yiizeyle
tamamen ya da kismen ayni hizaya gelecek sekilde monte edilen
ve mobilyaya minimal bir goriiniim kazandiran kulp tirleridir.
Hem estetik hem de fonksiyonel avantajlar sunarak modern, sik
ve sade tasarimlar igin ideal bir se¢imdir. Genellikle diiz hatli ve
ergonomik tasarimlariyla on plana ¢ikar. Avantajlar1 estetik
goriiniim, alan tasarrufu, glivenlik, genis tasarim segenegi ve
uzun Omiir. Dezavantajlar1 ise montaj zorlugu, siirli kavrama,
karmasik onarim ve daha yiiksek maliyet olarak siralanabilir.

Sekil 5. Gomme kulp 6rnekleri (URL-4)
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4.6. DUGME KULPLAR

Diigme kulplar, mobilyalarda kullanilan ve genellikle
kiigiik, yuvarlak veya diigme seklindeki tasarimiyla dikkat ¢eken
kulp tiirleridir. Klasik ve modern mobilyalarda yaygin bir
kullanim alanina sahip olan bu kulplar, hem pratik hem de
estetik ¢Ozlimler sunar. Cekmeceler, dolaplar ve kapakli
mobilyalar i¢in tercih edilen diigme kulplar, farkli malzeme,
boyut ve renk secenekleriyle genis bir tasarim yelpazesi sunar.
Avantajlar1 estetik gesitlilik, kiiciik boyutlu olmasi, kolay
uyumluluk, ekonomik olmasi, kolay degistirilebilir olmasi.
Dezavantajlar ise tutus alami kisitliligi, sinirh tagima kapasitesi
ve ¢ikintilt yapiya sahip olmasi olarak siralanabilir.

Sekil 6. Diigme kulp 6rnekleri (URL-5)
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4.7. PLASTIK KULPLAR

Plastik mobilya kulplari, mobilya tasariminda ve
tiretiminde olduk¢a yaygm bir kullanim alanina sahiptir.
Islevselliklerinin yani sira estetik, maliyet ve iiretim kolaylig
gibi avantajlar nedeniyle tercih edilirler. Plastik mobilya kulplari
genellikle dayanikli ve hafif bir plastik tiirii olan ABS
(Akrilonitril Biitadien Stiren) ve ekonomik ve esnek bir
malzeme olan PVC (Polivinil Kloriir) malzemelerden iiretilir.
Hafiflik, Maliyeti, estetik c¢esitliligi, korozyon dayanimi ve
tiretim kolayligi en biiylik avantajlarindandir. Dezavantajlari
olarak davaniklilik. estetik algr ve cevreve etkisi olarak

Sekil 7. Plastik kulp 6rnekleri (URL-6)
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4.8. PROFIL KULPLAR

Profil kulplar, mobilyalarin ¢ekmece veya kapaklarinda
kullanilan, genellikle uzun, ince ve diiz bir tasarima sahip olan
kulp tiirleridir. Cogu zaman mobilyanin yiizeyiyle uyumlu
olacak sekilde tasarlanir ve az yer kaplayarak sade bir gériinim
saglar. "Gomme" veya "ylizey montajhi" tiirleri bulunmaktadir.
Profil kulplar farkli malzemelerden {tiretilebilir. Hafif, dayanikli
ve paslanmaz bir malzeme olan Aliiminyum ve daha dayanikli
olan paslanmaz celik malzemeden iiretilmektedir. Avantajlar
olarak dayaniklilik, kolay temizlenebilmesi, genis tasarim
secenekleri ve ergonomiyi sayabiliriz. Dezavantajlari ise montaj
zorlugu, estetik uyum ve maliyet olarak siralamak miimkiindiir.

/

Sekil 8. Profil boy kulp drnekleri (URL-7)
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5. SONUCLAR

Mobilya kulplari, estetik ve fonksiyonellik arasindaki
dengeyi saglayan 6nemli bir tasarim unsuru olarak mobilyalarin
kimligini belirler. Cesitli malzeme, tasarim ve kullanim
Ozellikleriyle mobilya kulplari; ahsap, zamak, seramik, deri,
plastik ve metal gibi bir¢cok farkli tiirde iiretilerek genis bir
kullanim yelpazesi sunar. Her bir kulp ¢esidi, mobilyanin genel
tasarimina, kullanim alanma ve kullanici ihtiyaglarina gore
Ozellestirilebilir bir ¢oziim saglar. Modern minimal tasarimlar
icin gdbmme ve profil kulplar 6ne ¢ikarken, klasik ve dekoratif
tasarimlarda seramik ve metal kulplar tercih edilmektedir. Deri
ve ahsap kulplar ise dogal bir dokunus sunarak hem estetik hem
de ¢evre dostu alternatifler olusturur. Plastik ve zamak kulplar
ekonomik ve dayanikli ¢oziimler saglarken, diigme kulplar sade
sikliklartyla genis bir kullanim alanina hitap eder. Tiim bu
cesitlilik, mobilya tasariminda kulplarin yalnizca bir aksesuar
degil, aynm1 zamanda islevsel ve tasarimsal bir unsur oldugunu
gostermektedir. Kullanicilarin estetik tercihlerinin yani sira
ergonomi, dayaniklilik ve cevresel etkiler gibi faktorleri de g6z
oniinde bulundurmasi, dogru kulp se¢imini kolaylastiracaktir.
Sonug olarak, mobilya kulplar1 yalnizca birer detay olarak degil,
mobilyanin tasarim dilini ve kullanici deneyimini dogrudan
etkileyen onemli bir bilesen olarak degerlendirilmelidir. Dogru
secilen bir kulp, mobilyanin estetik degerini artirirken kullanim
kolaylig1 ve dayaniklilik da saglar. Mobilya kulplarinin gelisen
tasarim trendleri ve yenilik¢i malzeme kullanimlari ile gelecekte
de 6nemli bir tasarim unsuru olmaya devam edecegi agiktir.
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SEASONAL CHANGE OF CHLOROPHYLL
CONTENT IN Gingko biloba L. SEEDLINGS OF
DIFFERENT AGES

Fahrettin ATAR!
Ali BAYRAKTAR?
Deniz GUNEY?®

1. INTRODUCTION

Ginkgo biloba L., commonly known as the maidenhair
tree, is a unique gymnosperm and the only extant species within
the Ginkgoaceae family (Shareena and Kumar, 2022). Often
referred to as a "living fossil," Ginkgo biloba has origins tracing
back to the Permian period, approximately 270 million years
ago, and has remained relatively unchanged morphologically
(Zhou and Zheng, 2003). Native to China, the species is
currently found both in natural stands and as a widely cultivated
ornmental tree across temperate regions (Del Tredici, 1991).

The tree is deciduous, with a pyramidal growth habit and
can reach heights of 20-35 meters. Its fan-shaped leaves display
dichotomous venation and turn bright yellow during autumn,
contributing to its aesthetic and cultural significance. Ginkgo is
dioecious, with male and female reproductive structures
occurring on separate individuals. Female trees produce seeds
surrounded by a fleshy outer layer, which contains ginkgolic
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acids with known antimicrobial properties but also has an
unpleasant odor when decomposing (Watson, 2013).

Ginkgo biloba is notable for its tolerance to urban
pollution, resistance to pests and diseases, and adaptability to
diverse environmental conditions, making it an ideal choice for
urban forestry and landscaping (Royer et al., 2003). Its longevity
is remarkable, with some specimens exceeding 1,000 years of
age (Stankovi¢, 2016). The species has long been utilized in
traditional Chinese medicine. Extracts from Ginkgo leaves, rich
in flavonoids and terpenoids, are used for their potential
antioxidant, anti-inflammatory, and neuroprotective effects
(Mahadevan and Park, 2008). Modern pharmacological studies
have emphasized its efficacy in improving cognitive functions
and managing symptoms of dementia and Alzheimer’s disease
(DeFeudis and Drieu, 2000; DeKosky et al., 2008).
Additionally, Ginkgo seeds are a delicacy in East Asian cuisine,
though their consumption requires careful preparation due to the
presence of toxic compounds like ginkgotoxin (Leistner and
Drewke, 2010).

Ginkgo biloba remains a subject of significant interest in
scientific research, particularly in studies on its ecological,
pharmacological, and physiological properties (van Beek, 2002).
Its unique characteristics and historical significance make it a
valuable species for both conservation and applied sciences. The
fundamental processes of photosynthesis, which sustain life on
Earth, are intrinsically linked to the ecological and physiological
roles of plants like Ginkgo biloba , making it an essential focus
of research for understanding both global energy cycles and
species-specific adaptations.

The flow of energy in nature depends entirely on
photosynthesis, as it serves as the primary source of both
atmospheric oxygen and essential nutrients for living organisms.
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Photosynthetic plants form the foundation of the food chain, and
all life on Earth fundamentally relies on plants (Yigit, 2016).
The critical role of plants stems from their ability to perform
photosynthesis. By utilizing sunlight to produce food and
oxygen, the life cycle on our planet is largely dependent on the
process of photosynthesis (Sevik et al., 2016).

Photosynthesis is a vital process in which light energy is
converted into chemical energy to produce organic compounds
in organisms containing chlorophyll. This process requires
chlorophyll, a green pigment, and sunlight. Chlorophyll absorbs
light energy and converts it into chemical energy, forming the
fundamental mechanism of photosynthesis, which is essential
for the production of oxygen and nutrients vital to all living
organisms (Cetin, 2016; Zeren et al., 2017; Cetin, 2017). The
most active pigments in photosynthesis are the green pigments
of plants, chlorophylls, which are concentrated in the mesophyl|
cells of leaves. For this reason, photosynthesis predominantly
occurs in leaves (Kacar et al., 2009). The amount of chlorophyll
in leaves is directly related to the plant’s stress levels and aging
process (Terzi et al., 2010). Moreover, chlorophyll content is
closely associated with photosynthetic activity and primary
production levels, as the amount of radiation absorbed from the
sun affects the photosynthetic capacity of leaves (Curran et al.,
1990). Beyond this, green plants play significant roles in
maintaining environmental and ecological balance. They reduce
noise levels (Aricak et al., 2016), decrease air pollution and
wind speed, save energy (Kaya, 2009; Cetin, 2017; Sevik et al.,
2017), and have positive psychological effects on humans
(Cetin, 2015). Additionally, plants are valuable resources from
an economic perspective (Tungtaner et al., 2007).

One of the essential activities for urban residents is
utilizing urban green spaces (Ozel and Ertekin, 2012; Cetin and
Sevik, 2016; Turna, 2017). Plants are fundamental elements of
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landscaping due to their ability to enhance the aesthetic value of
their surroundings. Plants used in landscaping have the potential
to fulfill multiple functions simultaneously, including aesthetic,
social, ecological, and economic roles (Fallahchai et al., 2013).
The color characteristics of plant leaves are particularly
significant in terms of aesthetic value and serve as a critical
factor in selecting plants for landscaping purposes. Plants with
various shades of green are often preferred for aesthetic
applications, as these tonal differences are directly linked to the
chlorophyll content in the leaves (Kaya, 2009; Cetin, 2017).
Moreover, chlorophyll pigments in plants have the ability to
exhibit sensitive responses to various environmental factors
(Lepedus et al., 2003).

This study aims to determine the chlorophyll content of
Ginkgo biloba seedlings, a species frequently preferred in
landscaping, at different ages and during the pre- and post-
growth periods. Considering that the chlorophyll content in
leaves is not only limited to aesthetic value but also reflects the
plant's sensitivity to environmental conditions, data obtained
from such studies will both guide landscaping practices and
contribute to a better understanding of the plant's responses to
environmental stress factors.

2. MATERIAL AND METHOD

In this study, one-, two-, and three-year-old Ginkgo
biloba seedlings grown under open-field nursery conditions at
the Research and Application Greenhouse of Karadeniz
Technical University, Faculty of Forestry, were used as the
study material (Figure 1). Chlorophyll measurements were
conducted in two different periods—at the beginning (May
2024) and the end (October 2024) of the vegetation period—to
determine the changes in chlorophyll content of leaves from
seedlings of different ages. Measurements were performed on 90
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seedlings in total, with 30 seedlings per age group, and three
leaves were measured on each seedling. According to the long-
term climatic data (1927-2023) of Trabzon Province, where the
Research and Application Greenhouse of the Faculty of Forestry
is located, the average annual temperature is 14.8°C, and the
total annual precipitation is 828.9 mm.

-
T LA T,  THinpo __} S
Budapesti__ Moldova ,/ ey
PN NCoNS
ngary / . Chisinau & A
I'd B o Odesa g
-/‘(J > (l ;—A “Oneca_ ~_ B
X Romania ~~_ |/ N
~ e\ ¢
» pogace ~ 3
3 | VRS ®Bucharest .
Serbia Vi
Black Sea S
Kosovo i pUataa A
Q{‘ Y Puigeca Georgia _¢.
' North ,\,‘yﬁ\' o Tbilisi
oM ja—" . SRS
Albania\)”/~ f U istanbul- = — W\*)’_'xz 3
S Armenia Azerbaijan
S G Ankara ® K s
reece "
Tiirkiye S \.VS
© Palermo = :g:]evras Rizmir % 3
7. Tunis o Antalya e ijm)ﬁ
] ZoZ A ( |
Malta Vs | W
{ e - syria | 2
/, Mediterranean Ses Lebarion A 5‘
\ = = Baghdad
\ A<
X ' o 1ripoli ~'ﬁ A Iraqg ®. 2
e S5, N 13
\ 7 b Jordan— )
¥4 Jorg
\ § ( X f N £
{ & Cairo \ r > A

Figure 1. Geographical location of the study area

The chlorophyll content was assessed indirectly with a
portable chlorophyll meter (Minolta SPAD-502, Osaka, Japan).
Measurements were performed by taking three readings per leaf
(from the tip, middle, and base near the petiole), and the mean
Chlorophyll Concentration Index (CCIl) value was calculated.
The device was developed and manufactured following the
principles outlined by Inada (1963). It estimates the relative
chlorophyll density by detecting the absorption of red and
infrared light by leaf tissues, specifically at wavelengths of 659
nm and 940 nm.

Statistical analysis of the data was carried out using the
SPSS 23.0 software package. The tests included Wilcoxon, One-
way ANOVA, and Duncan’s multiple range test. Differences in
chlorophyll content between the start and end of the growing
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period were evaluated using the Wilcoxon test to determine
statistical significance. Additionally, variations in chlorophyll
content among seedlings of different age groups were examined
through One-way ANOVA, and Duncan’s test was employed to
classify the groups based on similarity.

3. RESULTS

In the study conducted at the KTU Research and
Application Greenhouse, the maximum, minimum, and mean
chlorophyll content values, along with standard deviations, were
determined for one-, two-, and three-year-old seedlings in May
and October. Additionally, the differences in the average
chlorophyll content of seedlings between May and October were
statistically evaluated using the Wilcoxon test (Table 1).

Table 1. Chlorophyll values of Ginkgo biloba seedlings of
different ages

Seedling . Wilcoxon
Age Min. (CCl)  Max. (CClI) Mean+Std.dev. (CCI) test Sig.

May Oct May Oct May Oct

l-year-old 11.2 120 401 470 27.8+0.53 27.6 +0.82 0.896

2-year-old 252 302 453 635 343+049 46.6+0.76 0.000*

3-year-old 340 288 516 689 426+048 469+1.01 0.001*

*p<0.01: There is a statistically significant difference at the 99% confidence level

In the measurements conducted in May, the minimum
chlorophyll content was recorded as 11.2 CCI in one-year-old
seedlings, while the maximum content was determined as 51.6
CCl in three-year-old seedlings. The average chlorophyll
content ranged from 27.8 to 42.6 CCI, with the lowest value
observed in one-year-old seedlings and the highest in three-year-
old seedlings. In the October measurements, the minimum
chlorophyll value was again recorded in one-year-old seedlings
at 12.0 CCI, while the maximum value was measured in three-
year-old seedlings at 68.9 CCI. During this period, the average
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chlorophyll content ranged from 27.6 to 46.9 CCI, with the
highest value observed in three-year-old seedlings.

The differences in chlorophyll content between May and
October for two- and three-year-old seedlings were found to be
statistically significant at the 99% confidence level. However,
no statistically significant difference was detected between the
May and October values for one-year-old seedlings (p>0.05).
Furthermore, it was determined that chlorophyll content in one-
year-old seedlings was higher in May, whereas in two- and
three-year-old seedlings, the chlorophyll content was higher in
October (Table 2).

The differences in chlorophyll content among the
different age groups of Ginkgo biloba seedlings were found to
be statistically significant through variance analysis (Table 2).
According to the analysis results, chlorophyll content
measurements conducted in both May and October revealed
statistically significant differences among seedlings of different
ages at the 99% confidence level.

Table 2. Results of variance analysis regarding chlorophyll
content of seedlings of different ages

Sum of Mean

Squares Square F P

Between Groups ~ 10013.862 2 5006.931  227.379  0.000*
May  Within Groups 5879.381 267 22.020

Total 15893.244 269

Between Groups  22032.580 2 11016.290 160.519  0.000*
Oct  Within Groups 18324.008 267 68.629

Total 40356.588 269

*p<0.01: There is a statistically significant difference at the 99% confidence level

After identifying significant differences in chlorophyll
content among seedlings of different ages through variance
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analys

year-o

is, the grouping of these seedlings was determined using
Duncan’s test, and the results are presented in Figure 2.
According to Duncan’s test results, three distinct groups were
identified in the May measurements, whereas two groups were
observed in the October measurements. In the May results, each
age group formed its own separate group. In the October results,
two- and three-year-old seedlings, which exhibited the highest
chlorophyll content, were placed in the same group, while one-
Id seedlings with the lowest chlorophyll content formed a

separate group.
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4. DISCUSSION AND CONCLUSIONS

The variations in the physiological, morphological,
phenological, and anatomical traits of plants are influenced not
only by their genetic composition but also by environmental
conditions. (Giiney et al., 2016; Atar and Turna, 2018; Atar et
al., 2020). Numerous studies have reported that chlorophyll
content in leaves varies under the influence of various
environmental factors (Gond et al., 2012; Atar, 2013). Among
these, ecological conditions, particularly light-related factors,
stand out as significant determinants affecting chlorophyll levels
(Dai et al., 2009).

It is widely stated that, as with other plant characteristics,
the primary reason for variations in chlorophyll content is the
genetic structure (Taner and Sade, 2005). Additionally, leaf
structure is emphasized as an important factor influencing
chlorophyll levels. For instance, one study highlighted that
polyploid plants have higher chlorophyll content compared to
diploid plants, resulting in darker green leaves (Tepe et al.,
2002). Similarly, this study conducted on Ginkgo biloba
seedlings of different ages grown in the KTU Research and
Application Greenhouse also revealed statistically significant
differences in chlorophyll content.

Measurements conducted between the beginning (May)
and the end (October) of the growing season revealed
statistically significant differences in chlorophyll content for
two- and three-year-old seedlings. Consistent with this study,
numerous previous studies have reported changes in chlorophyll
content throughout the vegetation period (Zavoruev and
Zavorueva, 2002; Sevik et al., 2017). Brett and Singer (1973)
stated that high temperatures and light intensity could lead to a
reduction in chlorophyll content. Similarly, Faria et al. (1998)
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observed a decrease in total chlorophyll concentration from July
to September.

Hyyryldinen et al. (2015) associated the reduced
chlorophyll content observed at the onset of the growth period
with an imbalance between the pace of chlorophyll production
and shoot development, where the swift elongation and vigorous
growth of shoots played a role in this occurrence. Yearly and
seasonal fluctuations in pigments are strongly influenced by
unfavorable environmental factors, including intense light
exposure in summer, low temperatures during winter, and
periodic water shortages (Kancheva et al., 2014). According to
the results of this study, chlorophyll content in one-year-old
seedlings was higher in May, whereas higher values were
observed in two- and three-year-old seedlings in October. The
increase in chlorophyll content during October may be attributed
to changes in temperature, light intensity, and other
environmental factors.

The highest average chlorophyll content across both
measurement periods was observed in three-year-old seedlings.
In a study conducted by Kinoshita et al. (2021), the chlorophyli
content of Ginkgo biloba leaves was evaluated using SPAD
measurements. The study found that SPAD values exhibited
seasonal variation throughout the year, reaching their maximum
on the 200th day of the year. However, photosynthetic
parameters were observed to peak earlier in the year. This
finding suggests that relying solely on chlorophyll content to
estimate photosynthetic capacity may lead to inaccuracies.
Furthermore, a strong correlation between chlorophyll content
and photoperiod was identified, indicating that longer daylight
hours enhanced carbon uptake. In another study, Sarijeva et al.
(2007) compared the chlorophyll content and photosynthetic
activity of sun and shade leaves in Ginkgo biloba . The results
revealed that, on a leaf area basis, the chlorophyll a+b content of
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sun leaves was higher than that of shade leaves. However, when
measured on a dry or fresh weight basis, the chlorophyll content
in sun leaves was lower. Additionally, the chlorophyll a/b ratio
was higher in sun leaves (~3.1-3.3) compared to shade leaves
(~2.6-2.8). A separate investigation into the physiological and
transcriptomic changes associated with the autumnal color
transition and senescence of Ginkgo biloba leaves demonstrated
a sharp decline in chlorophyll levels toward late October. This
reduction was linked to decreased expression levels of genes
involved in chlorophyll biosynthesis (Li et al., 2020). Similarly,
Matile et al. (1992) examined pigment changes during leaf
senescence in autumn and reported a rapid decline in
chlorophyll content, while carotenoids were significantly
retained. This retention contributed to the characteristic golden-
yellow color of autumn leaves. The study also noted that
chlorophyll a degraded faster than chlorophyll b, although the
degradation rate of chlorophyll b increased during the later
stages of senescence. Yang et al. (2010) investigated the
photosynthetic, biochemical, and ultrastructural changes in
Ginkgo biloba leaves during their development. They observed
that chlorophyll a and total chlorophyll content increased from
April to June, followed by a decline in September. In contrast,
changes in chlorophyll b content were less consistent and
occurred at lower levels. At full leaf expansion in June,
photosynthetic capacity reached its peak. The study highlighted
that the chlorophyll a/b ratio was highest between June and July
(ranging from 3.0 to 3.8) and that changes in photosynthetic
capacity were closely associated with ultrastructural changes in
chloroplasts. For example, chloroplast thylakoids were densely
and orderly arranged in June but began to deteriorate in
September and October, with an increase in osmiophilic
granules. Lastly, a recent study by Juréevié¢ Sangut and Samec
(2024) provided detailed insights into the seasonal variation of
chlorophyll content in Ginkgo biloba leaves. Leaf samples
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collected during seven developmental stages from May to
November showed that chlorophyll a and b content increased
from May, peaked in July, and then began to decline. The
chlorophyll a/b ratio remained stable for most of the growing
season but exhibited a notable decrease during leaf senescence
in October and November. This decrease was attributed to the
faster degradation of chlorophyll a compared to chlorophyll b,
leading to the expansion of the Photosystem Il (PSII) antenna
system. The study also found a negative correlation between
chlorophyll content and total biflavonoid content, suggesting a
potential role of biflavonoids in the leaf senescence process.

Yang and Chen (2014) investigated the photosynthetic
characteristics of Ginkgo biloba leaves during their growth
process and detailed the changes in chlorophyll content. Their
study demonstrated that chlorophyll a and b content per unit of
fresh leaf weight increased significantly, with total chlorophyll
content rising at a faster rate compared to -carotenoids.
Chlorophyll a levels were found to be higher than chlorophyll b
levels. Xu et al. (2011) examined the effect of 5-aminolevulinic
acid (ALA) application on the chlorophyll content of Ginkgo
biloba leaves. The study reported that applying different ALA
concentrations (10 and 100 mg/L) significantly increased
chlorophyll a, b, and total chlorophyll levels in the leaves. On
the 16th day after ALA application, total chlorophyll content
increased by 21.5% and 30.1%, respectively, compared to the
control group. No changes in the Chl a/b ratio were observed
during ALA treatments. Zhang et al. (2013) investigated the
impact of chlormequat chloride (CCC) application on the
chlorophyll content of Ginkgo biloba leaves. The study found
that applying CCC at different concentrations (0.5, 1.0, and 2.0
g/L) significantly increased chlorophyll a+b content. The 2.0
g/L CCC treatment led to a 21.8% increase in chlorophyll a+b
content compared to the control group. These increases were
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consistent with the observed enhancement in photosynthetic
capacity, suggesting that CCC positively influenced chlorophyll
content, thereby improving photosynthetic rates. Additionally,
the study revealed that CCC applications enhanced stomatal
activity and leaf quality by increasing the photosynthetic
pigment content. A study exploring the effects of different
fertilization treatments on the nutrient content and
photosynthetic characteristics of Ginkgo biloba leaves found
that varying doses of nitrogen (N), phosphorus (P), and
potassium (K) fertilizers increased leaf chlorophyll content,
directly contributing to photosynthesis rates (Guo et al., 2016).
Combined applications of N, P, and K fertilizers significantly
elevated chlorophyll concentration and net photosynthesis rates
(Pn), demonstrating that appropriate fertilization strategies could
enhance the growth and nutrient-use efficiency of Ginkgo biloba
while supporting photosynthetic productivity through increased
chlorophyll content. Zhao et al. (2019) studied the effects of salt
stress on the chlorophyll content and photosynthetic parameters
of Ginkgo biloba seedlings. They observed that increasing NaCl
concentrations reduced chlorophyll a, chlorophyll b, and total
chlorophyll (Chl a+b) content. The accelerated chlorophyll
degradation under salt stress was attributed to the activation of
chlorophyllase and other degradation enzymes. The study
indicated that Ginkgo biloba seedlings exhibited tolerance to
low salt stress but showed significant impairment of
photosynthetic pigments and membrane stability under high
stress levels. Wang et al. (2014) compared the chlorophyll
content and photosynthetic performance of Ginkgo biloba plants
grown under open-field and shaded conditions. The results
showed that leaves of shaded plants (NS-plants) had
significantly higher total chlorophyll (Chl a+b) content
compared to those of open-field plants (O-plants). The
chlorophyll a/b ratio was lower in NS-plants (~2.73) than in O-
plants (~1.99), indicating that shade conditions effectively
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enhanced chlorophyll content. Additionally, the Chl/Car ratio
was higher in NS-plants (~4.54), suggesting that shading
influenced the balance between chlorophyll and carotenoids.
These findings highlight the impact of light conditions on
chlorophyll content and pigment balance in Ginkgo biloba.

Over the past centuries, rapid changes occurring across
the globe have led to significant adverse impacts on nature,
resulting in environmental degradation and the disruption of
ecological balances. The effects of these changes have been
notably felt in plants, emphasizing the importance of research
focusing on plant health and sustainability. The measurement of
chlorophyll levels in plants is widely utilized in various fields,
including detecting water stress (Kulag, 2010), assessing cold
tolerance (Rose and Haase, 2002; Perks et al., 2004; Colak,
2012), and evaluating ozone damage (Knudson, 1977).
Therefore, it is essential to diversify research aimed at
determining chlorophyll content and to continue developing
these studies to provide more practical insights into the diverse
characteristics of plants.
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