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Sulakyurt Baraj Golii havzasinin morfometrik analizi

Niliifer Yazier™* ), Eda Unsal Eceoglu®

Oz: Bu calismada Sulakyurt Baraj Golii Havzasimin Sayisal Yiikseklik Modeli kullanilarak morfometri analizi yapilmustir. ilk
asamada sahanin 1/25 000 6lgekli topografik haritadan sayisallastirilan esyiikselti egrileri temin edilmis, bu veriler kullanilarak
sahanimn Sayisal Yiikselti Modeli tiretilmistir. Boylece araziye ait yiikseklik, egim ve baki haritalar olusturulmustur. Daha sonra
akarsu havzalarina ait morfometrik parametreler tiretilmis bu parametrelerden; havza alani, havza ¢evresi, dere sirasi ve sayisi, dere
uzunlugu, drenaj yogunlugu, dere sikligi, form faktorii, sekil faktorii, dairesellik orani, ¢atallanma orani, drenaj tekstiirii, tekstiir
orani, engebelilik degeri, havza rolyef vb. analiz edilmistir Analiz sonuglarina gére ¢atallanma orani 3.4, uzama orani 0.74, form
ve sekil faktorleri sirastyla 0.43 ve 2.31 bulunmustur. Tkinci asamada analiz sonuglar1 incelenmis ve yorumlanmistir. Havzaya ait
iretilen morfometrik veriler, planlama ve yonetim ¢alismalarinin temelini olusturmaktadir. Bu ¢aligsma ile elde edilecek veri alt
yapist Sulakyurt Baraj Golii Havzasinda dogal kaynak yonetiminin siirdiiriilebilir yonetimi i¢in temel altlik olusturacaktir. Elde
edilen veriler sonucu ¢aligma sahasinda egimin diisiik, yiizeysel akisin az, infiltrasyon degerinin yiiksek, erozyon riskinin yiiksek
oldugu tespit edilmistir.

Anahtar kelimeler: Cografi bilgi sistemleri, Havza, Morfometrik analiz, Sulakyurt baraji

Morphometric analysis of Sulakyurt Dam Lake basin

Abstract: This study provides a morphometric analysis of the Sulakyurt Dam Lake Basin using a Digital Elevation Model (DEM).
In the first phase, contour lines digitized from a 1/25,000 scale topographic map were obtained, and using this data, the DEM of
the area was created. This allowed the creation of elevation, slope, and aspect maps of the terrain. Then, morphometric parameters
of the watershed were generated, including watershed area, perimeter, stream order and number, stream length, drainage density,
stream frequency, form factor, shape factor, circularity ratio, bifurcation ratio, drainage texture, texture ratio, ruggedness value,
and watershed relief. The analysis revealed a bifurcation ratio of 3.4, an elongation ratio of 0.74, and form and shape factors of
0.43 and 2.31, respectively. In the second phase, the analysis results were examined and interpreted. The morphometric data
generated for the basin forms the foundation for planning and management efforts. The data infrastructure obtained through this
study will serve as a basic framework for the sustainable management of natural resources in the Sulakyurt Dam Lake Basin. The

results indicate that the study area has low slope, minimal surface runoff, high infiltration, and low erosion risk.
Keywords: Geographic information systems, Basin, Morphometric analysis, Sulakyurt dam

1. Giris

Giintimiizde dogal ve Kkiiltiirel kaynaklar hizla
tiikkenmekte, ancak bu durumu engelleyebilecek etkili koruma
stratejileri henliz uygulanamamaktadir. Niifus artigiyla
birlikte tiikketimin de yiikselmesi, ekosistemler iizerindeki
dengenin bozulmasina yol agmistir (Goriir Erol ve Karadeniz,
2018). Bunun yaninda, mevcut dogal kaynaklar yanlis arazi
kullanimi ve agir tiiketim nedeniyle yok olma riskiyle kars1
karsiya kalmaktadir (Babalik vd., 2021). Etkili dogal kaynak
yonetimi ve planlamasinin yapilabilmesi i¢in ekosistemlerin
korunmasini amaglayan optimal arazi kullaniminin titizlikle
belirlenmesi gerekmektedir (Yazict vd., 2019a). Dogal
kaynaklarin sinirlarini en belirgin sekilde kiigiik, orta ve
biiyiik dlcekli havzalar ¢izmektedir. Havza bazinda yapilan
ekolojik envanter caligmalari, yerel Olgekte en Onemli
bilesenlerin mikro havzalar 6zelinde ortaya konmasina
olanak tanimaktadir (Yiiksel vd., 2020; Yazici vd., 2019b).

Morfometri, yiizey sekillerinin 6l¢limii olarak tanimlanir.
Morfometrik analizler de o6zellikle akarsu havzalarina ait
jeomorfolojik 6zelliklerin ortaya konmasi amaciyla yapilan
caligmalardir. Bu yontemle havzaya ait jeomorfolojik
ozellikler sayisal yiikseklik modeli (SYM) kullanilarak
hesaplanmakta ve elde edilen sonuglar morfometrik indis
degerlerine donistiiriilerek parametreler elde edilmektedir.
Her bir parametre havzanin farkli bir 6zelligini ortaya
koymakta ve havza gelisimine olan etkisini tespit etmektedir
(Schumm, 1986; Keller ve Pinter, 1996). Morfometri, sekilsel
unsurlarin  rakamlarla ifade edilmesidir. Morfometri,
matematik, yer bilimleri ve bilgisayar bilimleri gibi farkli
disiplinleri birlestiren, kapsamli bir bilim dalidir. Cografya,
jeomorfoloji, toprak bilimleri, miihendislik ve askeri
uygulamalar gibi pek ¢ok alanda uygulanabilir ve yalnizca
sayisal tekniklerin bir birlesimi olmanin otesinde, kendi
bagina bir bilim dali olarak kabul edilmektedir (Pike, 1995).
Havzalarim detayli morfometrik analizi, jeomorfik tarihini,
yer sekillerinin evrimini ve drenaj sebekelerinin geligiminin
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anlasilmasina yardimci olur. Ayrica, drenaj havzalarinin
fiziksel o6zellikleri (6rnegin sekil, boyut, drenaj yogunlugu,
akis uzunlugu ve boyutu gibi) ile bu havzalarin hidrolojik
parametreleri arasinda giliglii bir iligki bulunmaktadir
(Strahler, 1952; Mesa, 2006). Havzaya ait diiretilen
morfometrik veriler, planlama ve yonetim calismalarinin
temelini olusturmaktadir. Havza karakteristikleri araciligiyla
bir havzanin igerisinde olan kentsel ve kirsal alanlarin
birbirinden ayr1 olarak planlanmasi miimkiin olmaktadir
(Yazici vd., 2021). Bu caligma ile tiretilecek veri alt yapisi
Sulakyurt baraj golii havzasinda dogal kaynak yonetiminin
stirdiiriilebilir yonetimi igin temel altlik olusturacaktir. Bu
nedenle arastirma alanmin havza karakteristikleri CBS ile
Arclnfo yazilimi kullanilarak belirlenmistir. Baraj havzasi ile
ilgili morfometrik analizlerin yapilmasi barajdan gerektigi
kadar verimli ve uzun siire yararlanilabilmesinde dnemli bir
agsamadir. Baraj, g6l ve golet havzalarinin morfometrik
analizlerin yapilmasinin birden ¢ok faydasi vardir. Bunlar;
gbliin uzun Omiirlii olmasi, gélden verimli ve uzun siire
yararlanilmasi, aktif hacmin ekonomik dmriiniin uzun olmasi
ve daha verimli olarak kullanilabilmesi seklinde siralanabilir.

Bu c¢aligma, Sulakyurt Baraj Golii havzasimin
morfometrik parametrelerini detayli bir sekilde inceleyerek,
bolgenin hidrolojik 6zellikleri iizerinde nasil bir etkisi
oldugunu anlamamiza olanak taniyacaktir. Ayrica, Cografi
Bilgi Sistemleri (CBS) kullamlarak yapilan morfometrik
analizler, bolgesel su yonetimi ve planlama agisindan 6nemli
veriler sunacak ve gelecekteki su kaynaklari yonetimi,
erozyon kontrolii, sel ve tagkin yonetimi gibi konularda daha
etkin stratejilerin gelistirilmesine katki saglayacaktir. Bu
sayede, yalnizca havzanin mevcut hidrolojik durumu degil,
ayn1 zamanda gelecekteki potansiyel su yonetimi sorunlarina
yonelik ¢oziimler de tiretilebilecektir.

Bu c¢alismada, Sulakyurt Baraj Golii havzasinin
morfometrik  parametrelerinin  belirlenmesi ve bu
parametrelerin havzanin hidrolojik 6zellikleri iizerindeki
etkilerinin incelenmesi amacglanmistir. Bu kapsamda
calismanin temel hedefleri: 1- havzanin morfometrik
parametrelerinin genel olarak incelenmesi, 2- Cografi Bilgi
Sistemleri (CBS) kullanilarak belirli morfometrik 6zelliklerin

analiz edilmesi, 3- elde edilen sayisal veriler dogrultusunda
bu parametrelerin havzanin hidrolojik 6zellikleri iizerindeki
etkilerinin arastirilmasi olarak belirlenmistir.

2. Materyal ve yontem

Sulakyurt baraj goli  havzasinin  morfometrik
parametreleri ve bu parametrelerin havzanin hidrolojik
ozellikleri iizerindeki etkileri ¢aligmanin  materyalini
olusturmaktadir.

2.1. Materyal

Sulakyurt baraj gdlii havzasi Tiirkiye'nin I¢ Anadolu
Bolgesi'nde bulunan Kizilirmak havzasi igerisindeki bir baraj
havzasidir. Kirikkale ilinin Sulakyurt ilgesinde bulunan
Sulakyurt barajini ve cevresindeki daglik arazileri igerir
(Ozsan ve Kadioglu, 1997). Calisma alan; iilke koordinat
sistemi i¢inde, 40°11'10," kuzey enlemi ve 33°45'12.6" dogu
boylami arasindadir. Barajin 6ncelikli amaci igme suyu ve
sulama ihtiyacini karsilamaktir (Suyap1 , 2024). Kullanim
amaglar1 arasinda Sulakyurt ilgesi ve Kizilirmak nehri
arasinda kalan alanda sulu tarim yapilmasi da vardir (Sekil 1)
(Ozsan ve Kadioglu, 1997).

2.2. Yontem

Arastirma biiro, arazi ve degerlendirme galigmalari1 olmak
lizere 3 asamada yiriitilmistir. Aragtirma alaninin SYM
haritast  ArcGIS 10.6 programi kullanilarak elde
edilmistir.1/25.000 6l¢ekli topografik haritalardan elde edilen
say1sal yiikseklik modelinden; yiikseklik, egim, baki ve arazi
kullanim haritalar1 olusturulmustur. Ayrica mevcut sayisal
ylikseklik modelinden ArcHydro yazilimi ile havzalara ait
drenaj ag1, dere uzunluklar1 ve alt havzalar elde edilmistir.
Havzaya ait alansal, ¢izgisel ve rolyef morfometrisi
ozelliklerinin  blylk bdlimi Cizelge 1°de belirtilen
yontemlerle belirlenmistir (Goriir Erol ve Karadeniz, 2018;
Dursun ve Babalik, 2023).

o]
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Sekil 1. Sulakyurt baraj gélii havzasi konumu
Figure 1. Geographical Location of the Sulakyurt Dam Lake basin
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3. Bulgular

Bu calisma ¢izgisel, alansal ve rolyef morfometrisi
seklinde 3 gruba ayrilmistir ve toplam 30 morfometrik
parametrenin degerlendirilmesine yer verilmistir (Cizelge 2).

3.1. Cizgisel morfometri

Cizgisel morfometri, havzalarin drenaj aglarinda yer alan
cizgisel sekillerin incelenmesi ve yorumlanmasina dayali bir
yéntemdir (Ozdemir, 2011).

3.1.1. Dere sirasi ve sayist

Bu c¢aligmada dere siniflandirmasi Strahler’in ortaya
koydugu sisteme gore derecelendirilmistir (Strahler, 1957).
Sulakyurt baraj golii havzasi toplam 4 akarsu dizini ve buna
bagli olarak 50 dere sayisina sahiptir. 1.derece sirada 30 adet
dere sayisi, 2. derece sirada 16 adet dere sayisi, 3. derece
sirada 3 adet dere sayis1 ve 4. dereceden de 1 adet dere sayis1
bulunmustur (Sekil 2).

3.1.2. Dere uzunlugu

Dere uzunlugu (Lu), bir akigin kaynagindan drenaj
bolgesine kadar olan mesafeyi ifade eder. (Strahler, 1964).
Sulakyurt baraj golii havzasinda 4. dereceye kadar ¢ikan 50
adet kuru ve sulu dere bulunmakta ve toplam uzunluklar
143.3 km’dir. Ana derenin egimi %0.98 bulunmustur.

3.1.3. Catallanma orani

Catallanma oran1 (Rb) Horton tarafindan gelistirilen,
Strahler akarsu dizin metodunu kullanan bir morfometrik
orandir (Horton, 1932; Strahler, 1957; Pike vd., 2009).
Sulakyurt baraj golii havzasimin catallanma orani 3.4’diir.
Havzada derelerin catallanma oran1 1. ve 2. dereceden
derelerde 3. ve 4. derece derelere gore daha yiiksek orandadir.
Bu sebeple homojen bir jeolojik yapiya sahip degildir.
Catallanma oranma goére Sulakyurt baraj go6lii havzasinin
erozyona ugrama egiliminin yiiksek oldugu sdylenebilir.

Cizelge 1. Havzaya ait baz1 morfometrik parametreler
Table 1. Some morphometric parameters of the basin

3.1.4. Tekstiir orant

Tekstiir oram1 (T), bir akarsu agindaki 1. dizindeki
akarsularin sayisinin  havzanin ¢evresine oranini ifade
etmektedir (Horton, 1945). Sulakyurt baraj golii havzasinin
tekstiir oran1 0.42°dir. Bu oran havzanin tekstiir yapisinin ¢ok
kaba oldugunu gostermektedir.

3.1.5. Yiizeysel akis uzunlugu

Yiizeysel akis uzunlugu (Lo), seyelan seklinde akan
suyun akarsu vadilerinde ¢izgisel akisa gegmeden oOnceki
mesafesini ifade eder (Horton, 1945). Sulakyurt baraj golii
havzasinin ylizeysel akis uzunlugu 1.31°dir. Arastirma
havzasinda yiizeysel akis uzunlugu degerinin diigiik ¢ikmasi
havzanin uzunlamasma sekli oldugunu gdstermektedir.
Uzunlamasina havzalarda, yilizeysel akis uzunlugu da dogru
orantili olarak yiiksek olmaktadir. Drenaj ag1 sik ve dairesel
olan havzalarda yiizeysel akis uzunlugu diisiik ¢ikmaktadir.
Bu durum, suyun toplanma siiresini kisaltmaktadir.
Uzunlamasia olan havzalarda ise degerler daha yiiksek
¢ikmaktadir.

3.2. Alansal morfometri

Alansal morfometri, havzalarin drenaj ag1 gelisimi ile
geometrik  Ozellikleri arasindaki iliskiyi tanimlar. Bu
parametrelerin uygulanmasi, havzanin uzunlamasima mi
yoksa dairesel bir sekle mi sahip oldugunu belirlememize
yardimei olur.

3.2.1. Havzann alanm

Havza sinir1 havza alaninin biitiiniindeki drenaj aglarini
besleyen kanallara ait alt havzalarla belirlenebildigi gibi
havza simirindaki herhangi bir noktaya gore de belirlenebilir
(Akkaya vd., 2004). Calisma havzasinin toplam alani
37988.4 ha’dr.

Morfometrik Parametreler

Cizgisel Mofrometri Formiil Birim Kaynaklar

Dere Sayist N Adet (Strahler, 1964)
Akarsu Dizin sayisi Nu Adet (Strahler, 1964)
Dere Uzunlugu Lu km (Horton, 1932)
Catallanma Orani Rb= Nu/N(ut1) (Sreedevi vd., 2013)
Alansal Mofrometri

Havza Alani A ha

Havza Uzunlugu L km

Havza Genisligi B km

Drenaj Yogunlugu Dd=XLw/A km.km-2 (Verstappen, 1983)
Dere Sikligi Fs=NuwA Adet.km-2 (Horton, 1932)
Form Faktorii Rf= A/Lb? (Reddy vd., 2004)
Rolyef Mofrometrisi

Maksimum Havza Rolyefi Bh= Hmax - Hmin m (Ozhan, 2004)

Rolyef Orani
Engebelilik Degeri

Rh=H/Lb
Rn= BhxDd

(Ozhan, 2004)
(Schumm, 1956)
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Cizelge 2. Sulakyurt baraj golii havzasinin morfometrik parametre sonuclari
Table 2. Results of morphometric parameters for the Sulakyurt Dam Lake basin

Parametre Acilimi Birimi/Formiil Degeri

Nu Akarsu dizinindeki toplam kol say1s1 adet 50
N(utl1) Bir iist akarsu dizinindeki toplam kol sayisi adet

1. mertebeden dere sayisi adet 30

2. mertebeden dere sayisi adet 16

3. mertebeden dere sayisi adet 3

4. mertebeden dere sayisi adet 1

N Toplam dizin say1s1 adet 4
Lu Dere uzunlugu km

1 km 68.7

2 Km 35.7

3 Km 7.6

4 Km 31.3

A Havza alan Ha 37988.4

L Havza uzunlugu Km 29.6

P Havza gevresi Km 119.3

Lb Maksimum havza uzunlugu Km 30.88

Hmax Havzanin en yiiksek noktasi M 1375

Hmin Havzanin en diisiik noktasi M 750

H Ortalama havza yiiksekligi 1057

H Rolatif yiikseklik 625

B Havza genisligi Km 21.5

2L Toplam drenaj uzunlugu Km 143.3

Rb Catallanma orani Rb= Nu/N(u+1) 34

Dd Drenaj yogunlugu Dd=YL/A 0.38

Fs Dere siklig1 Fs=NuwA 0.13

Rf Form faktori Rf=A/L? 0.43

Rs Sekil faktorii Rs=L%A 231

Rc Dairesellik orani Re=4n*A/P? 0.34

Re Uzama orani Re=2/Lb*A/n'% 0.74

Cc Kompaktlik katsayisi Cc=0,2821P/A%5 1.73

Rt Drenaj tekstiiri Rt=Nw/A 0.13

T Tekstiir oran1 T=Nul/P 0.42

Bh Havza reliefi Bh=Hmax-Hmin 625

Lo Yiizeysel akis uzunlugu Lo=1/2Dd 1.31

Rh Relief orani Rh=H/Lb 0.02

Rn Engebelilik degeri Rn=Dd*Bh 0.23

Hi Hipsometrik integral Hi=H-Hmin/Hmax-Hmin 0.49

I Infiltrasyon orani I=Dd*Fs 0.05
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Sekil 2. Sulakyurt baraj golii havzasinin Strahler yontemine
gore dere dizilimi

Figure 2. Stream ordering of the Sulakyurt Dam Lake basin
according to the strahler method

Havza uzunluk orami (Re), akarsu drenaj havzasmnin
seklini tanimlar (Schumm, 1956). Sulakyurt baraj goli
havzasinda uzunluk oranmi 0.73 olarak hesaplanmistir. Bu
degerle havza orta derecede uzamis havzalar sinifina
girmektedir. Bu durum havzada erozyon ve sediment taginimi
riskinin yiiksek oldugunu gostermektedir.

3.2.3. Dere siklig1

Dere sikligi1 (Fs), bir kilometrekareye diisen akarsu dizin
sayisini ifade eder. Havzalarda yiiksek Fs degerleri; gecirgen
olmayan zemin yapilari, seyrek bitki ortiisii ve yliksek rolyef
ozelliklerini gosterirken; diisiik Fs degerleri gegirgen zemin
yapilari, sik bitki ortiisii ve homojen rolyef o6zelliklerini
ortaya koyar (Ozdemir, 2007; Goriir Erol ve Karadeniz,
2018; Dursun ve Babalik, 2023). Sulakyurt baraj goli
havzasmin dere sikligni 0.13 adet/km?’dir. Dere siklig1
degerlerinin diisiik olmasi havzanin gecirgen arazi yapisi
ozellikleri ve alcak topografya Ozelliklerini tasidigini
gostermektedir (Pawar-Patil ve Mali, 2013; Goriir Erol ve
Karadeniz, 2018).
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3.2.4. Drenaj yogunlugu

Drenaj yogunlugu (Dd), tim mertebelerdeki akarsularin
toplam uzunlugunun (Lu), havza alanina (A) orani olarak
tanimlanan  bir  parametredir.  Drenaj  yogunlugu
hesaplanirken, bir akarsu havzasindaki maksimum yagislarda
yataga ulagan suyu tasiyan tiim vadilerin toplam uzunlugu
dikkate almir (Ozdemir, 2011). Sulakyurt baraj gblii
havzasinin drenaj yogunlugu 0.38 km/km? hesaplanmstir.
Drenaj yogunlugunun fazla oldugu havzalarda taskin
potansiyeli yiiksektir (Farhan vd., 2017). Dd degeri 0-2
arasinda oldugu i¢in havzanin toprak gegirgenliginin yiiksek
oldugu sdylenebilir.

3.2.5. Dairesellik orani

Dairesellik orani (Rc), havzanin seklini belirlemek igin
kullanilan bir parametredir. Havza alaninin havza cevre
uzunluguna sahip bir dairenin alanina orani ile bulunur
(Yilmaz, 2010). Cesitli iklim ve jeolojik 6zellikler gosteren
bolgelerde, bu oran 0.6 ile 1.0 arasinda degisiklik
gostermektedir. Oranin 1 olmasi, genellikle algak
topografyayi temsil eder. Ancak 0.6-0.8 arasindaki degerler,
genellikle dik ve sarp bir topografik durumu isaret eder (Balci
ve Ozyuvaci, 1988). Sulakyurt baraj goli havzasmin
dairesellik orani 0.34’tiir. Yiiksek Rc degeri dairesel bir
havzay: ve yiiksek tagkin olasiligini ifade ederken, diisiik Rc
degeri uzunlamasina bir havzay1 ve diisiik taskin olasiligin
ifade etmektedir (Ward ve Robinson, 2000).

3.2.6. Form faktorii

Form Faktorii (Rf); havza genigliginin havza uzunluguna
orani ile hesaplanmaktadir (Ozhan, 2004). Sulakyurt baraj
g0l havzasinda form faktorii 0.43 bulunmustur. Bu degerin
1’den kii¢iik olmas1 havza uzunlugunun havza genisliginden
biiylik oldugunu gostermektedir. Form faktorii kiigtildikce
havza sekli daha dar ve uzun kabul edilmektedir.

3.2.7. Sekil faktorii

Sekil faktorii (Rs), havza uzunlugunun karesinin havza
alamina oram ile hesaplanir (Ozhan, 2004). Sulakyurt baraj
g0l havzasinda sekil faktorii 2.31 bulunmustur. Bu deger
havzanin uzunlamasina bir seklinin oldugunu
gostermektedir. Ciinkii sekil faktoriiniin 1°den biiyiik olmasi,
havzanin uzunlamasma bir sekle sahip oldugunu, 1’den
kiiglik olmasi ise havzanin dairesel bir sekil aldigini1 gésterir
(Erol ve Tlhan, 2011; Gériir Erol ve Karadeniz, 2018).

3.2.8. Kompaktlik katsayist

Havza ¢evresinin havza alanima sahip olan bir dairenin
¢evresine orani ile bulunan degerdir. Sulakyurt baraj goli
havzasinin kompaktlik katsayis1 1.73’tiir. Bu deger havzanin
daireden uzaklasan, uzunlamasina bir durumda oldugunu
gostermektedir. Kompaktlik katsayisinin degeri arttikea,
havzanin sekli dairesellikten uzaklasir ve daha diizensiz hale
gelir (Ozhan, 2004; Cokoyoglu, 2008).

3.2.9. Drenaj tekstiirii

Drenaj tekstiirii; arastirma alaninin jeolojik yapisini,
infiltrasyon degeri ve alanin sekli ile ilgili fikir veren 6nemli
parametrelerden biridir (Rai vd., 2018). Sulakyurt baraj golii
havzasinin drenaj tekstiirii 0.13’tiir. Bu degere gore havzanin
iri taneli tekstiir yapisina sahip oldugu sdylenebilir. Ayni
zamanda gegirgen kayaglardan olusan, az egimli, daha stabil
bir arazi yapisinin oldugunu gostermektedir. 2°den az drenaj
tekstiir degeri ¢ok iri taneli, 2-4 arasinda ise kaba tekstiirli,
4-6 araliginda ise orta tekstiirlii, 6-8 araliginda ise de ince ve
8’den biiylik olunca da ¢ok ince tekstiirlii olarak ifade edilir
(Smith, 1950).

3.3. Rolyef morfometrisi

Rolyef morfometrisi havzalarin drenaj kosullari ve rolyef
Ozellikleri arasindaki iliskiyi ifade etmektedir. Rolyef
morfometri indis sonuglarina bakilarak havzanin topografik
oOzelliklerinin ortaya ¢ikartacag: tagkin ihtimali belirlenmeye
calisilmustir.

3.3.1. Havza rélyefi

Havza r6lyefi (Bh), havzanin maksimum ve minimum
yiikseltisi arasindaki fark olarak tanimlanmaktadir (Schumm,
1956). Sulakyurt baraj go6lii havzasinin havza rolyefi 625
m’tir. Bu deger sonucuna gore havzada yasanan erozyon
sorunu diisiik denebilir.

3.3.2. Rolyef orani

Rolyef orani (Rh); havzanin maksimum ve minimum
ylikseltisi arasindaki farkin, havzanin maksimum uzunluguna
orani olarak tanimlanir (Schumm, 1956). Sulakyurt baraj
golii havzasinin rélyef orani 0.02°dir. Alanin rdlyef orani
diisiik oldugu i¢in havzanin diiz ve hafif arazilerden olustugu
belirtilebilir. Mahala (2019)’a gore yiiksek rolyef orani,
yiiksek erozyon potansiyelini ve tagkin riskini ifade eder.

3.3.3. Engebelilik degeri

Engebelilik Degeri (Rn); bir arazinin yiikselti farklarini
belirten bir parametredir (Reddy vd., 2004). Sulakyurt baraj
golii havzasinin engebelilik degeri 0.23’tiir. Bu deger arazi
yapisinin diiz veya hafif egimli, taskin riskinin ise az
oldugunu gostermektedir. Yiiksek Rn degeri yiiksek rolyef
kosullar1 ve buna bagl olarak yiiksek tagkin olasiligini ifade
ederken, diisiik Rn degeri ise diisiik rolyef kosullar ve diisiik
tagkin olasiligini gostermektedir (Jothimani vd., 2021).

3.3.4. Hipsometrik integral

Hipsometrik integral (Hi; hipsometrik indeks veya
yiikselti/ alan orani) hipsometrik egrinin altinda kalan toplam
alan1 ifade etmektedir (Pike vd., 1971; Mayer, 1990).
Sulakyurt baraj golii havzasmnin hipsometrik integral degeri
0.49 bulunmustur. Bu deger, drenaj havzasinin kismen ileri
genclik donemine dogru gecis yaptigini gostermektedir.
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3.3.5. Infiltrasyon oram

Infiltrasyon orani, drenaj yogunlugu ile dere sikhigma
baglidir (Ali ve Khan, 2013). Sulakyurt baraj g6lii havzasinin
infiltrasyon orani 0.05’tir. Bu deger havzada infiltrasyonun
yiiksek oldugunu gostermektedir.

3.3.6. Egim ve baki durumu

Havzanin egim dagiliminda 0-2 derece egim sinifi toplam
alanin %6.41°1lik kismim kaplarken, >35 derece egim smifi
ise toplam alanin %4.15’lik kismini kapsamaktadir. En fazla
alan kapsayan egim grubu ise %32.19’luk bir alan ile 5-12
derece egim grubudur. Havzanin genel baki durumu
%30.62°’lik dilimle kuzey yonlidiir. En az alanin ise
%2.95’lik kisim ile diiz alan oldugu bulunmustur. Sulakyurt
baraj golii havzasinin >1200 m yiikseklige sahip alani
%7.96’1ik dilimde iken en diisiik yiikseklik %1.25°1ik dilimle
750-800 m araligindadir. En fazla alana sahip yiikseklik
grubu ise %18.95’1ik dilimle 1100-1150 m araligidir (Sekil 3,
Sekil 4, Sekil 5).

3.3.7. Arazi kullanum tiirii/arazi ortiisii

Sulakyurt baraj golii havzasi arazi kullanim durumuna
gore 5 farkl arazi kullanim tlirii belirlenmistir (Sekil 6).
Bunlar agaglandirma alani, ziraat alani, ormanlik alan
(bozuk, ibreli, karisik, baltalik), mera ve iskan alanlaridir.
Sulakyurt baraj golii havzasinin ormanlik alanlar igerisinde
verimli orman alanmi1 %21.8’lik kismi, bozuk orman alani ise
%78.2’lik kismimi olugturmaktadir. Sulakyurt baraj golii
havzasinin ormanlik alanlar igerisinde %98.5’lik kismi
yaprakli ormanlik alan, %1.5’lik kismu ise ibreli ormanlik
alandan olusturmaktadir. Ormanlik alan igerisinde genis
yaprakli orman varligmin igne yaprakli orman varligindan
¢ok olmasi ylizeysel akisin daha yavag ilerlemesine,
yapraklara diisen suyun intersepsiyon ile toprakla
bulugmadan yok olmasina ve suyun yere daha yavas diiserek
infiltrasyonun artmasina yardimci olmaktadir. Boylece
ylizeysel akisla taginan sediment miktar1 da az olacaktir.
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Sekil 3. Sulakyurt baraj g6lii havzas: egim haritast
Figure 3. Slope map of the Sulakyurt Dam Lake basin
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Sekil 4. Sulakyurt baraj golii havzasi baki haritasi
Figure 4. Aspect (slope orientation) map of the Sulakyurt
Dam Lake basin
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Sekil 5. Sulakyurt baraj golii havzasi ylikseklik

haritas1

Figure 5. Elevation map of the Sulakyurt DAM lake basin
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Sekil 6. Sulakyurt baraj golii havzasi arazi kullanim durumu
haritas1
Figure 6. Land use map of the Sulakyurt Dam Lake basin

4. Tartisma ve sonug¢

Havzalarin morfometrik parametrelerinin sayisal analizi,
toprak ve su kaynaklarinin siirdiiriilebilirligi agisindan énem
arz etmektedir (Yazici, 2019a). Analizlerde havzanin dere
sayisi, dere sirasi, uzunlugu, genisligi, drenaj yogunlugu,
dere  sikligi, catallanma oram1  vb.  parametreler
degerlendirilerek ¢izgisel, alansal ve rolyef morfometrisine
dair sayisal veriler elde edilmistir.

Calisma havzasiin yiikseklik haritas1 verileri sonucu
maksimum yiikseklik 1375 m iken minimum havza
yiiksekligi 750 m’dir. Havzada toplam 4 dere sirasi
bulunmaktadir. Acar (2018) Corum Ahmetge
mikrohavzasinda yapmis oldugu calismada devamli ve
periyodik 5 dere sirasinin {izerinde toplam 524 adet derenin
oldugunu belirtmistir. Ayrica drenaj yogunlugunun iyi
olmasmin havza yiizeysel sularinin uzaklastirilmasinda iyi
bir 6zellikte oldugunu ifade etmistir. Havzanin en yiiksek
paya sahip egim grubu %32.19 oran ile %5-12 arasi egim
sinifidir.  Egimin yliksek olmadigi alanlarda suyun
infiltrasyonu fazla buna bagl olarak ise yiizeysel akis1 az
olmaktadir. Bu durum erozyon riskinin yiiksek egim grubu
olan sahalara gore daha az oldugunu gostermektedir. Baki
haritasi incelendiginde elde edilen sonuglarda kuzey bakinin
havza lizerindeki oran1 %30.62 olup bunu %23.45 ile dogu,
%22.37 ile bat1 takip etmektedir. Bu durum bize baki
oranlarinin yakin oldugunu gostermektedir.

Havzanin gatallanma orani1 (Rb) 3.4 olarak hesaplanmis
olup, bu deger drenaj aginin nispeten dengeli ve diizenli bir
yapida oldugunu gostermektedir. Catallanma oranmnin bu
seviyede olmasi, havzada olusacak yilizey akisinin
yonlendirilmesinde etkin bir dagilim saglayabilir ve asiri
yagis donemlerinde akigin istikrarli kalmasina katkida
bulunabilir. Pareta ve Pareta (2011)’nin c¢aligmasinda
catallanma orani 3.0-4.7 degerleri arasindadir. Oranin daha
yiiksek degerleri drenaj yapisinda meydana gelen
bozulmalar1 isaret ederken, diisiik degerler ise havzanin

yapisal bozulmalardan etkilenmedigini gosterdigi ifade
edilmistir.

Havzanin yiizeysel akis uzunlugu (Lo) 1.31, drenaj
yogunlugu (Dd) 0.38 km/km?, dere siklig1 (Fs) ise 0.13 km?
olarak tespit edilmistir. Drenaj yogunlugunun nispeten diisiik
olmasi1 havzanin gegirgen bir yapiya sahip oldugunu, yiizey
akisinin smirli ve yeraltt akigimnin etkin oldugunu isaret
etmektedir. Bu durum bolgenin ylizey akismnimn kontrollii
kalmasin1 saglarken taskin riskini minimize etmektedir.
Benzer sekilde diisiik dere sikligi, alanda bulunan akarsu
kollarinin sayisinin, drenaj alanina gére daha az oldugunu ve
havzanin hidrolojik olarak stabil oldugunu ifade etmektedir.
Elbas1 ve Ozdemir (2018)'e gore, drenaj yogunlugu kuzey
baki havzalarinda giliney baki havzalarma kiyasla daha
diisiiktiir. Bu durum, giineydeki akarsularin havzalarini daha
fazla pargalamis oldugunu ve dolayisiyla sediment taginim
kapasitesinin giineyde daha yiiksek oldugunu gostermektedir.

Form faktorii (Rf) 0.43, sekil faktorii (Rs) 2.31 ve uzama
orani (Re) 0.74 olarak hesaplanmigtir. Bu degerler havzanin
uzun ve dar bir yapida oldugunu ve yagis sonrasi akisin yavas
bir sekilde tepki verdigini gostermektedir. Dairesellik orani
(Rc) 0.34 olarak belirlenmis olup, havzanin yuvarlak yerine
uzamis bir yapiya sahip oldugunu belirtmektedir. Bu form
faktorii ve dairesellik oran1i kombinasyonu, yilizey suyu
akiginin havzada daha uzun siire kalabilecegini, bdylece
suyun akis siiresinin artabilecegini ortaya koymaktadir.
Ozhan (2004)’e gére, jeolojik olarak homojen bir yapiya
sahip havzalarda dairesellik orani1 0.6-0.7 arasinda iken
heterojen jeolojik yapidaki bir havzada 0.4-0.5 arasinda
degerler almaktadir.

Kompaktlik katsayis1 (Cc) 1.73 olarak bulunmustur ve
havzanin kompakt olmaktan uzak bir yapiya sahip oldugunu
gostermektedir. Drenaj tekstiirli (Rt) ve tekstiir orani (T)
sirastyla 0.13 ve 0.42 olarak belirlenmistir. Bu diisiik
degerler, havzada ¢ok sayida kiiciik akarsu kolunun
bulunmadigimi ve sahanin suyu daha ¢ok vyeraltina
yonlendiren bir yapiya sahip oldugunu ortaya koymaktadir.

Rolyef oran1 (Rh) 0.02 ve engebelilik degeri (Rn) 0.23
olarak hesaplanmis olup, havzanin hafif egim ve diize yakin
yaptya sahip oldugunu géstermektedir. Bu diisiik rolyef orani
erozyon riskinin az oldugunu gosterir. Utlu ve Ozdemir
(2018)  c¢alismalarinda,  rolyef  oram1  degerlerini
karsilagtirmiglardir. En yiiksek rolyef oran1 degeri, 0.020 ile
Biga alt havzasina aittir. En diisiik degerler ise sirasiyla
Kocabas (0.012), Kirazlidere (0.016) ve Kocadere (0.018) alt
havzalarina aittir. Biga alt havzasinda yiiksek bir Rh degeri
gozlemlenmesi, havzanin drenaj yogunlugunun, genel egim
ozelliklerinin ve uzunluk oraninin yiiksek oldugunu,
dolayisiyla akisa gecen su miktariin da yogun oldugunu
gostermektedir.

Hipsometrik integral (Hi) 0.49 olarak belirlenmis olup,
havzanin agmim siireci bakimindan olgun bir yapiya
ulagtigini, bu nedenle arazinin topografik olarak denge
durumuna yakin oldugunu géstermektedir. Infiltrasyon oran
(1) 0.05 olarak bulunmus olup, bu deger yiizey akismin simrh
oldugunu ve suyun yeralt1 akigma yoneldigini ifade
etmektedir. Sunkar ve Avci (2015) ¢alismalarinda, Aksu Cay1
Havzasi i¢in hipsometrik integral degerini 0.45, Batlama
Deresi Havzasi igin ise 0.39 olarak hesaplamislardir. Bu
degerlere gore, Aksu Cayr Havzasi genclik doneminde,
Batlama Deresi Havzasi ise olgunluk donemine gecis
agamasindadir.
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Morfometrik analizlerin yapilmasi, saha hakkinda
sonraki yillarda gerceklestirilecek ¢aligsmalara 151k tutacak ve
erozyon, sel ve tagkin gibi sorunlarin gelecekteki olasi
etkilerini dnceden belirleyerek giiniimiizdeki problemlerin
onlenmesine yardimci olacaktir.

Sonug olarak, incelenen havza, yliksek gecirgenlige sahip
toprak yapisi, diisik drenaj yogunlugu ve dere sikligi ile
hidrolojik olarak istikrarli bir profile sahiptir. Havzanin uzun,
dar yapis1 ve sinirh yiizey akisi, asirt yagislarda dahi akis
rejiminin diizenli kalmasini saglamaktadir. Bu ozellikler,
havzanin tagkin riskinin diisiik oldugunu ve su kaynaklariin
stirdiirtilebilir yonetimi agisindan olumlu bir yapiya sahip
oldugunu goéstermektedir.
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Spatio-temporal analysis of vegetation dynamics in derived savannah, Ogun
State Nigeria from 2002 to 2023
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Abstract: Vegetation covers is a significant component of biogeochemical cycles. Derived savannah of Ogun State has been
affected by vegetation loss and climate change in recent times. There is lack of information on the rate/extent of vegetation loss
in the last two decades. This study assessed changes in vegetation cover in derived savanna ecosystem of Ogun State from 2002
to 2023. Landsat images were downloaded from the repository of the United States Geological Survey (USGS). Composites of
red, green, blue and near-infra-red spectral bands of study period were obtained and classified using Maximum Likelihood (ML)
algorithm into Land Use Land Cover (LULC) categories as follows: bare soil; built-up areas; forest; and grassland. Change in
area extent and rate of change of area of classified images were determined for the study period. Confusion matrix of classified
images were generated and compared with Google Earth satellite image with accuracy assessed using kappa coefficients. Overall
accuracy of the classified images ranged between 79% and 88% with kappa coefficients of between 0.71 and 0.83. Results
showed that built-up area increased from 10.3% cover in 2002 to 35.9% cover in 2023. However, there was a significant decline
in forest cover from 31.5% to 13.7% for the same period. Significant increase at 4.2 km? per year in area extent was observed for
built-up LULC class while a decline of 2.0 km? per year in forest cover was recorded for Forest LULC category from 2002 to
2023. The study revealed that urbanization increased as extent of initial forest cover were degraded and replaced with physical
infrastructure. Therefore, there is urgent need for policies that promote conservation and sustainable management of forests and
grasslands, as well as measures to promote green infrastructure and urban greening initiatives to address the decline in vegetation
cover in the derived savanna ecosystem of Ogun State.

Keywords: Land use land cover (LULC), Derived savannah ecosystem, Vegetation loss, Maximum likelihood classification

Bitki ortiisii dinamiklerinin 2002-2023 yillar1 arasinda Ogun Eyaleti Nijerya'da
secilen savanada zamansal-mekansal analizi

Oz: Bitki ortiisii biyojeokimyasal déngiilerin 6nemli bir bilesenidir. Ogun Eyaleti'nin savanlari, son zamanlarda bitki ortiisii
kaybindan ve iklim degisikliginden etkilenmistir. Son yirmi yilda bitki oOrtiisii kaybinin orani/derecesi hakkinda bilgi eksikligi
bulunmaktadir. Bu ¢alisma, 2002'den 2023'e kadar Ogun Eyaleti'nin savan ekosistemindeki bitki ortiisiindeki degisiklikleri
degerlendirmistir. Landsat goriintiileri Amerika Birlesik Devletleri Jeolojik Arastirma Kurumu'nun (USGS) web sitesinden
indirilmistir. Calisma donemine ait kirmizi, yesil, mavi ve kizil 6tesi spektral bantlarin kompozitleri elde edilmis ve Maksimum
Olasilik (ML) algoritmasi kullamlarak Arazi Kullanimi/Arazi Ortiisii (LULC) kategorilerine gére su sekilde smiflandirilmustir:
¢iplak toprak, yerlesim alanlari, orman ve otlak. Calisma donemi i¢in siiflandirilmig goriintiilerin alan biiyiikligiindeki degisim
ve alan degisim oranlar1 belirlenmistir. Simiflandirilmis goriintiilerin hata matrisi olusturulmus ve kappa katsayilari kullanilarak
degerlendirilen dogrulukla Google Earth uydu goriintiisiiyle karsilastirilmistir. Smiflandirilan goriintiilerin genel dogrulugu, 0,71
ile 0,83 arasinda, kappa katsayilar1 ise %79 ile %88 arasinda degismektedir. Sonuglar, yerlesim alaninin 2002'deki %10,3
kapaliliktan 2023'te %35,9'a yiikseldigini gdstermistir. Ancak ayni donemde orman ortiisiinde %31,5'ten %13,7'ye onemli bir
diisiis gdze carpmaktadir. 2002'den 2023'e kadar, yerlesim LULC sinifi igin alan biiyiikliigiinde yilda 4,2 km*lik énemli bir artis
gbzlemlenirken, orman LULC kategorisi igin yilda 2,0 km?lik bir azalma kaydedilmistir. Caligma, baslangigtaki orman ortiisii
azaldik¢a ve yerini fiziksel altyapiya biraktik¢a kentlegsmenin arttigimi ortaya ¢ikarmistir. Bu nedenle, ormanlarin ve otlaklarin
korunmasii ve siirdiiriilebilir yonetimini destekleyen politikalarin yani sira, Ogun Eyaleti'nin savan ekosistemindeki bitki
ortiisiindeki azalmay1 ele almak igin yesil altyapiy1 ve kentsel yesillendirme girisimlerini tesvik edecek 6nlemlerin alinmasina acil

ihtiyag bulunmaktadir.
Anahtar kelimeler: Arazi kullanimi/arazi ortisii (LULC), Savana ekosistemi, Bitki ortiisii kaybi, Maksimum olasilik
siniflandirmasi
1. Introduction 1976 to 1990, the country experienced an annual
deforestation rate of 40,000 hectares across both protected
Nigeria's total land area is covered by forests to the tune and unprotected forest areas (Roby, 1991). Specifically,
of about 12.18%, supporting a range of ecosystem services during the periods of 1981 to 1985 and 1986 to 1990,
and livelihood opportunities (Ogundele et al., 2016). From deforestation rates in Nigeria's savannah regions were
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recorded at 3.48% and 3.57%, respectively (FAO, 2020) due
to increased anthropogenic activities such as clearing of
forests for arable farming (Okorondu et al., 2022) and
infrastructural development that leads to irreversible loss of
biodiversity (Ola et al., 2020). Furthermore, between 2000
and 2005, Nigeria saw a dramatic loss of 55.7% of its
primary forests, with the annual rate of forest loss
accelerating by 31.2%, reaching 3.12% (Odekunle et al.,
2019). Over the two decades from 1990 to 2010, the forest
cover in Nigeria significantly reduced, falling from 17,234
hectares to 9,041 hectares (FAO, 2020; FORMECU, 1996).

Nigeria’s derived savannah ecosystem holds critical
ecological significance and the area's vegetation provides
essential ecosystem services (Yang et al., 2021), including
carbon sequestration, soil stability, and water regulation,
which are vital for both local communities and the larger
environment (Adetola and Solanke, 2013). It serves as a
habitat for various plant and animal species that have
adapted to the specific conditions of this transitional zone
(Afolayan et al., 2021). Moreover, the derived savanna
ecosystem plays a pivotal role in the intricate balance
between natural processes and human activities. Traditional
land use practices, such as agriculture, grazing, and resource
extraction, intersect with conservation efforts and
development aspirations within this transitional derived
savannah ecosystem (Ying, 2019). The exploration of
vegetation dynamics in derived savannah ecosystem holds
immense potential for shedding light on the impacts of land
use practices, climate variability, and conservation
initiatives (Gomez-Brandon et al., 2018).

In the derived savanna, urban expansion, land
conversion and infrastructural development are precipitated
by population increase that result in clearing of remnant
forest patches in the rural and the peri-urban for road
construction, residential, commercial and industrial
purposes, thus reducing biodiversity and disrupting
ecological balance (Seifollahi-Aghmiuni et al., 2022). There
is substantial increase in energy demand to meet the need of
the emerging cities from encroachment into forested land,
forcing unsustainable harvest of trees for firewood and
charcoal (affordable and accessible primary energy sources
for cooking and heating) that contribute to forest
degradation (Hido et al., 2023). Human-induced activity
such as overgrazing by cattle and other livestock are further
exacerbated by climate change from evidence of reduced
rainfall and prolonged dry seasons leading to soil
compaction and slow vegetation regeneration, and eventual
forest degradation (Cao et al., 2023; Cao et al., 2013;
Quaranta et al., 2020).

The application of time series remote sensing datasets
alongside Geographic Information Systems (GIS) is
becoming more prevalent in analyzing the spatial and
temporal trends of vegetation dynamics from regional to

global extents (Cao et al., 2018; Son et al., 2012). Remote
sensing offers a reliable, consistent, and cost-efficient means
of gathering data across vast areas for the purpose of
monitoring changes in vegetation (Hou et al., 2013).
Furthermore, remote sensing techniques are indispensable in
examining the spatial and temporal fluctuations of
vegetation and identifying the root causes of droughts,
especially when on-the-ground drought data is scarce or
inconsistent (Naumann et al., 2014; Rojas et al., 2011).

Temporal remote sensing data has been widely utilized
to generate vegetation indices that identify periods of
vegetative stress (Skakum et al., 2016). The Normalized
Difference Vegetation Index (NDVI) is particularly
prevalent across numerous applications, serving to examine
and track the spatial and temporal distribution of vegetation
at both regional and continental levels (Son et al., 2012).
The scarcity and inadequacy of data on Land Use Land
Cover (LULC) classes within ecosystems have raised
significant concerns regarding how vegetation responds to
anthropogenic activities and climate change (Afuye et al.,
2021). However, these concerns have been mainly restricted
to analysis of climate and time series NDVI data (Zhe and
Zhang, 2021; Ying, 2019).

Following the lack of data on the rate/extent of
vegetation loss in the last three decades in the derived
savannah ecosystem of Ogun State, there is the need to
provide information on deforestation and forest degradation
in the derived savannah ecosystem of Ogun State to support
government’s program in providing updated information
about the spatial and temporal patterns of LULC categories.
Therefore, this study sets out to determine the LULC
features, extent and change pattern of derived savanna
ecosystem of Ogun State from 2002 to 2023 with the view
to providing interventions to control land degradation and
restore degraded ecosystem.

2. Materials and method
2.1. Study area

The study area (Figure 1) encompasses derived savanna
ecosystem situated within Ogun State, Nigeria. This unique
ecological zone is characterized by a distinctive blend of
open grasslands and scattered trees, representing an eco-
zone between grassland and forest ecosystems.
Geographically, the study area covers approximately
938251.28 ha, located on the following coordinates 6.3°N to
7.8°N latitude and 2.5°E to 4.1°E longitude, encapsulating a
diverse range of microclimates and landforms. The region
experiences a tropical climate with pronounced wet and dry
seasons, profoundly influencing vegetation dynamics and
land use practices.
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Figure 1. Map of derived savannah zone, Ogun State (Inset: Nigeria, Ogun State shown in red boundary)

2.2. Data collection and image processing

Satellite image data of the study area were obtained
from United States Geological Survey (USGS) website
(https://earthexplorer.usgs.gov). Cloud coverage of the
study area was usually minimal during the dry season
periods between December and February. An image of the
study area was available in December 2002 on Landsat 7
Enhanced Thematic Mapper Plus (ETM+). Scan line
corrector failure rendered the image of the study area un-
usable for year 2012. Therefore, an imagery of January 2013
was used instead of the 2012 image. Imagery for the year
2023 was only available in image archive on Landsat 8
Operational Land Imager (OLI) sensor which became
operational in February 2013. Image data with more than
5% cloud cover were not used for the assessment.
Therefore, cloud-free Landsat 7 ETM+ imageries
(December 2002 and January 2013) and Landsat 8 OLI
(January 2023) were downloaded and used for the LULC
assessment. Four spectral bands that included Red, Green,
Blue and Near Infra-Red as presented in Table 1 were
combined to provide RGB composite of the respective
epoch in order to enhance the visual classification of the
land use and land cover features. Sample combination of
bands is presented in Figure 2. Healthy vegetation is
represented by deep red hue, while lighter red depicts
sparsely vegetated areas, and densely populated urban areas
represented by light blue.

Table 1. Spectral description of satellite imagery

Band name Landsat 7 Landsat 8 Resolution
TEM+ OLI (m)
Blue B1(0.45-0.52) B2(0.45-0.51) 30
Green B2(0.52-0.60) B3(0.53-0.59) 30
Red B3(0.63-0.69) B4(0.64-0.67) 30
Near Infra-Red B4(0.77-0.90) B5(0.85-0.88) 30

RGB =4,3,2

Derived Savannah, Ogun State

Figure 2. Sample combination of spectral bands
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Following the reliability of Maximum Likelihood (ML)
statistical procedures in allocating classes for image
classification over other techniques, it has become very
useful in LULC categorization (Mather and Tso, 2010).
Maximum Likelihood (ML) supervised classification
algorithm (Rawat and Kumar, 2015) was used to categorize
images into the following LULC classes: bare soil, built-up
areas, forest and grassland (Anderson, 1976; Srivastava et
al., 2012). Training sample data were acquired from Google
Earth (http://earth.google.com) to conduct ground-truthing
exercise and validate the accuracy of the classified images.
The workflow procedure used for the study is shown in
Figure 3.

2.3. Data analysis

Change in area extent over the years and average rate of
change in area of each LULC class were determined as
expressed in Equations 1 and 2 respectively (Li et al., 2016;
Xu et al., 2011). Data were processed and analyzed using
ArcGIS 10.3 and Microsoft Excel software. Confusion
matrix was generated to ascertain the accuracy of the

classified images. Accuracy assessment of the classified
images were measured by kappa coefficient which relates
the level of agreement between pixel value of classified
image from ML classification algorithm and the ground
truth value from Google Earth image. Kappa coefficient is
expressed by Equation 3 (Twumasi et al., 2019) whereby
Kappa value 1 indicates accurate map result, while value 0
represents inaccurate map output.

Area of LULC class

. O/ —
Change in Area extent (A)) Total Area of all LULC classes X100 (1)
_ Change in Area of LULC class
Average Rate of Change (A/year) = Number of Tears 2)
K fficient, K = 22=F 3
appa coefficient, v 3)

where: y — Total number of points

a — sum of correctly classified points

B — sum of the products of classes between the ground truth
points and the classified points

[ Landsat Repository (USGS) ]

[ Google Earth ]

[ Landsat 7 ETM+ ] [

S

\4

Landsat 8 OLI ]

Image Processing

>

!

Band Combination

—

ML Classification

Accuracy
assessment

=

v
[ Bare Soil ] [

Forest ]

Figure 3. Diagram of workflow for the study
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3. Results and discussion

Accuracy assessment results, showing the producer,
user, overall accuracy levels and kappa coefficients of the
classified images are presented in Table 2. The overall
accuracy of the classified images ranged between 79% and
88% while kappa coefficients was between 0.7129 and
0.8326. These values show substantial level of agreement
between the classified image (ML classification) and the
ground truth reference data from Google Earth. The
classified images appeared to have relatively high level of
accuracy, comparable to findings of Dash et al. 2023.

The LULC classes included bare soil, built-up (urban
areas), forest, and grassland. Figure 4 shows the fluctuations
in areal extent of LULC classes in the derived savannah
region of Ogun State from 2002 to 2023. Significant
fluctuation was observed in extent of “built-up” LULC class
when compared to other classes. However, there were no
significant fluctuations among the LULC classes that
included the bare soil, forest and grassland. The spike
observed in “built-up” LULC class between 2002 and 2013
could be attributed to substantial urban sprawl during that
period as reported in research carried out by Olayiwola et al.
2018. Sharp decline in built-up area between 2013 and 2023
was probably due to strict enforcement of urban planning

rules to regulate uncontrolled land clearing for
infrastructural development (Odekunle et al., 2019).

Built-up area covers almost 60% of the study area by
2023. This is an indication of increase in urbanization which
significantly contributes to adverse environmental impacts
such as increased air pollution, water runoff, and heat island
effects (Ohwo and Abotutu, 2015). Table 3 shows the land
use/cover classes and their respective areas (in square
kilometers and percentages) for three different years: 2002,
2013, and 2023. As at 2002, bare soil was (31.9%), followed
by forest (31.5%), grassland (26.3%), and built-up (10.3%)
of the study area. By 2013, the area covered by bare soil
decreased significantly to 15.5%, while built-up areas
increased significantly to 57.0%. The area covered by forest
also decreased to 16.2%, while the area covered by
grassland decreased to 11.3%. The sizes of LULC features
were as follows by 2023: bare soil (29.8%); built-up areas
35.9%; forest (13.7%); grassland (20.6%). Significant
increase in built-up area was observed between 2002 and
2023. However, significant decline in green space of forest
cover and grassland was observed between 2002 and 2023.
These observations appeared to support the assertion by
Areola and Tkporukpo, 2020 about green spaces being
cleared for the construction of urban infrastructure.

Table 2. Accuracy levels and kappa coefficients of the LULC images

Year LULC Class PA (%) UA (%) OA (%) Kappa
Bare Soil 68.00 94.44
Built-Up 66.67 92.31
2002 Forest 82.76 75.00 79.00 0.7144
Grassland 92.86 70.27
Bare Soil 84.62 84.62
Built-Up 94.60 87.50
2013 Forest 82.14 92.00 88.00 0.8326
Grassland 86.36 86.36
Bare Soil 82.76 82.76
Built-Up 78.13 78.13
2023 Forest 67.86 86.36 79.00 0.7129
Grassland 99.00 68.75
PA — Producer’s Accuracy; UA — User’s Accuracy; OA — Overall Accuracy
0.1
0.09
0.08
0.07
0.06 e BareSoil

LULC Area (km2)
(=]
S

== Built Up
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Forest

0.03
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Figure 4. Pattern of changes in LULC features from 2002 to 2023
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Table 4 represents the rate of change in sizes of LULC
classes. Forest cover class from 2002 to 2023 decreased at
the rate of 2.0 km*/year resulting into an annual 0,02 km?
loss of forest cover. However, substantial increase in built-
up area at an annual rate of 4.2 km?, indicating 0.04 km? of
land space yearly converted for infrastructural development,
was observed between 2002 and 2023. In between the study
periods from 2002 and 2013, a decrease in annual rate of
change in area of bare soil (-0.021 km?/year) may attest to
the various factors such as afforestation efforts, reforestation
projects, or natural regeneration processes (Lambin and
Meyfroidt, 2011). However, during the period of 2012-
2023, there was an increase in area for built-up (+0.042
km?/year) and a decrease in area for forest (-0.020
km?/year). This assertion appears to support the notion of
rapid urban expansion that often leads to habitat
fragmentation, loss of biodiversity, and increased pressure
on natural resources that underscore continued threat of
deforestation, driven by factors such as infrastructure
development, agricultural expansion and human settlement
(Seto et al., 2012). The rate of change for built-up between
2013 and 2023 declined at 3.65 km? per year, indicating a
slow-down in urbanization during this period. As reported
by Foley et al. 2005, stability in land cover dynamics and
slow-down in urbanisation could be due to prohibitive land
use policy, harsh economic and environmental conditions.

As shown in Figure 5, LULC composition of derived
savanna ecosystem of Ogun State has undergone significant
changes between 2002 and 2023. The results indicate a
decline in vegetation cover, with forest and grassland areas
experiencing significant decrease in area, while urbanization
has largely increased. The decline in forest cover is
particularly concerning, as forests play a crucial role in

Table 3. Sizes of LULC categories

regulating the environment, providing habitat for wildlife,
and mitigating the impacts of climate change. However, the
rate of forest loss has slowed down during the more recent
period, but it is still a cause for concern given the projected
further decline in forest cover. The slowing down of the rate
of forest loss in the more recent period may offer some
glimmer of hope, suggesting that conservation efforts or
policy interventions might be having some impact.
However, the persistence of forest loss, albeit at a reduced
rate, remains alarming, especially considering the projected
further decline. This underscores the need for continued and
intensified efforts to address the drivers of deforestation,
such as agricultural expansion, logging, infrastructure
development, and urbanization (Hansen et al., 2013).

The significant decrease in grassland areas also raises
concerns, as grasslands support diverse plant and animal
species and provide essential ecosystem services, including
soil stabilization, carbon sequestration, and support for
livestock grazing. The conversion of grasslands to other
land uses, such as agriculture or urban development, can
lead to habitat fragmentation, loss of biodiversity, and
disruption of ecological processes (Foley et al., 2005). The
observed increase in urbanization reflects ongoing global
trends of rapid urban growth, driven by factors such as
population growth, rural-to-urban migration, and economic
development. While urbanization can offer socioeconomic
opportunities, it also brings about environmental challenges,
including habitat loss, air and water pollution, increased
energy consumption, and greenhouse gas emissions.
Managing urban expansion sustainably is crucial to mitigate
its adverse environmental impacts while maximizing its
potential benefits (Seto et al., 2012).

2002 2013 2023
Area(km?) Area (%) Area(km?) Area (%) Area(km?) Area (%)
Bare soil 0.0402 31.9 0.0196 15.5 0.0376 29.8
Built-Up 0.0130 10.3 0.0718 57.0 0.0453 35.9
Forest 0.0398 31.5 0.0205 16.2 0.0170 13.7
Grassland 0.0330 26.3 0.0141 11.3 0.0261 20.6
Total 0.1260 100.0 0.1260 100.0 0.1260 100.0
Source: Fieldwork, 2023
Table 4. Rate of change in sizes or extent of LULC classes
2002-2013 2013-2023 2002-2023
LULC Ain Area Rate A Area Ain Area Rate A in Area Ain Area Rate A in Area
(km?) (km?/year) (km?) (km?/year) (km?) (km?/year)
Bare soil -0.021 -2.069 0.018 1.805 -0.003 -0.264
Built-Up 0.079 7.876 -0.037 -3.652 0.042 4.224
Forest -0.018 -1.829 -0.002 -0.218 -0.020 -2.048
Grassland -0.009 -0.947 0.008 0.779 -0.002 -0.168

Source: Fieldwork, 2023
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Figure 5. Changes in LULC classes from 2002 through
2013 to 2023

The reported decline in grassland cover over the
specified periods is indeed significant and warrants attention
due to the vital ecological functions that grasslands provide.
Grasslands are diverse ecosystems that support a wide array
of plant and animal species and play crucial roles in nutrient
cycling, soil formation, carbon sequestration, and water
regulation. Grassland cover decline could have several
implications for biodiversity conservation, ecosystem
services, and human well-being. Furthermore, grasslands

contribute to carbon storage and sequestration, helping to
mitigate climate change. Their loss may result in increased
carbon emissions and reduced resilience to climate
variability (Milchunas and Lauenroth, 1993).

4. Conclusion

Derived savannah ecosystem serves as habitat for
various plant and animal species. The ecosystem also
provides essential ecosystem services that help to maintain
the balance between natural processes and human activities.
Over the years, increased anthropogenic activities have
resulted in changes of biodiversity structure and
composition of derived savannah ecosystem. Thus, LULC
features have been significantly altered.

The study examined the extent and rate of change in
LULC within the derived savanna ecosystem of Ogun State
over three decades. Specifically, decline was most
pronounced in forested and grassland areas, indicating
substantial ecosystem degradation. The escalation of
urbanization emerges as the predominant driver behind this
concerning trend. The discernible increase in built-up areas
underscores the rapid urban expansion witnessed in Ogun
State. As urban centers expand, they encroach upon and
fragment natural habitats, leading to the displacement and
degradation of native vegetation.

Loss of vegetation cover diminishes the capacity of
ecosystems to provide essential services, such as carbon
sequestration, biodiversity conservation, and regulation of
hydrological cycles.  Furthermore, it exacerbates
vulnerabilities to environmental hazards such as soil
erosion, flooding, and heat island effects. In light of these
findings, urgent and concerted efforts are imperative to
address the drivers of vegetation loss and promote
sustainable land management practices. By way of policy
intervention through strict regulation of logging activities,
prompt resolution of land tenure and ownership conflicts
and provision of incentives for sustainable land management
would significantly reduce the degradation of forested land
in the derived savanna zone. Comprehensive strategies that
encompass land-use planning, conservation initiatives and
community engagement are essential to mitigate further
degradation and foster resilience within the derived savanna
ecosystem of Ogun State.
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Abstract: The ongoing climate change is increasingly affecting the growth conditions of forest trees. In the Mediterranean region,
a reduction in precipitation and an increase in temperature are anticipated, which will have an adverse impact on tree growth. We
used dendrochronology methods to analyze the impact of climate variables (air temperature, precipitation, relative humidity, and
vapor pressure deficit) on stem growth of planted Taurus cedar (Cedrus libani A. Rich) and natural occurring Turkish pine (Pinus
brutia Ten.) and Anatolian black pine (Pinus nigra subsp. pallasiana (Lamb.) Holmboe) growing in the Boz Mountains, Western
Tiirkiye. We further investigated their growth trends based on basal area increment to detect growth differences between these three
ecologically and economically important forest tree species. Taurus cedar showed a positive growth trend indicating good tree
vitality. Turkish pine and black pine showed neither a positive nor a negative growth trend over the past 25 years. Turkish pine
exhibited the greatest year-to-year variability in tree ring width and basal area increment and was the most sensitive to climate,
resulting in significant response function and correlation analysis results. Turkish pine growth was most limited by winter
precipitation and current year’s July precipitation. Radial growth in black pine was negatively correlated to high temperatures and
dry conditions in current year May. Our results further showed, that Taurus cedar was the least sensitive to year-to-year climate
variability.

Keywords: Anatolian black pine, Dendrochronology, Taurus cedar, Tree-ring, Turkish pine

pallasiana’nin iklim-biiyiime iliskileri ve biiyiime egilimleri

Oz: iklim degisikligi orman agaglarinin biiyiime kosullarim giderek daha fazla etkilemektedir. Akdeniz bélgesinde, yagislarda bir
azalma ve sicaklikta bir artis beklenmekte ve bu durum agag bityiimesini olumsuz sekilde etkileyecektir. Bu ¢aliymanin amaci, Bati
Tiirkiye’nin Boz Daglarinda bulunan agaglandirma sahasindaki Toros sediri (Cedrus libani A. Rich) ile dogal yetisen kizilgam
(Pinus brutia Ten.) ve Anadolu karagaminda (Pinus nigra subsp. pallasiana (Lamb.) Holmboe) dendrokronolojik yontemler
kullanarak bazi iklim parametrelerinin (sicaklik, yagis, bagil nem ve buhar basinci ag1g1) govde biiyiimesi tizerindeki etkisini analiz
etmektir. Ekolojik ve ekonomik agidan 6nemli olan bu ii¢ orman agaci tiirli arasindaki bitytime farkliliklarini tespit edebilmek i¢in
gogiis ylizey alani artisina dayali biiylime egilimlerine bakilmigtir. Toros sediri, iyi bir aga¢ canlilifina isaret eden pozitif bir
biiylime egilimi gostermistir. Kizilgam ve Anadolu karagaminda son 25 yilda ne pozitif ne de negatif bir bilyiime egilimine
rastlanmamistir. Kizilgam, yillik halka genisligi ve gogiis ylizeyi alani artisinda yildan yila en biiyiik degiskenligi sergilemis ve
iklim kogullarina en yiiksek duyarlilig1 gostermistir. Bundan dolay: bu ¢aliymada en anlamli tepki fonksiyonu ve korelasyon analizi
sonuglarina kizilgamda rastlanmistir. Kizilgamin bityliimesini en ¢ok kis yagislart ve halka olusum yilinin temmuz yagislari olumsuz
yonde etkilemistir. Anadolu karagaminda ise, halka olusum y1ilinin may1s aymdaki yiiksek sicakliklar ve kurak kosullar yillik halka
gelisimini olumsuz yonde etkilemistir. Ek olarak, sonuglarimiz ¢aligma sahasindaki sedirlerin yildan yila degisen iklim 6zelliklerine
kars1 ¢ok duyarli olmadigini ortaya koymustur.

Anahtar kelimeler: Anadolu karagami, Dendrokronoloji, Toros sediri, Yillik halka, Kizilgam

1. Introduction

Ongoing global climate change affects tree growth in
many regions, including Mediterranean forest ecosystems
(Allen et al., 2010). Increasing temperatures and changes in
precipitation patterns have a detrimental impact on tree
vitality and growth (Vacek et al., 2023). However, species
growing in the same region may have different growth
responses to climatic conditions (Michelot et al., 2012).
Information on tree growth responses to environmental
factors can help to predict how ongoing climate change might

affect tree growth (Anderegg et al., 2015; Salomon et al.,
2022).

One method for examining the influence of
environmental factors on tree growth is the application of
dendrochronological techniques, which deal with the dating
and study of annual growth increments (i.e., tree rings) in
woody shrubs and trees (Fritts, 1976; Coulthard and Smith,
2013). Tree-rings serve as key ecological indicators of
environment and climate change, given that year-to-year
fluctuations in environmental factors result in variations in
tree-ring widths (Zhang, 2015). Several studies have been
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conducted in Tiirkiye to investigate the influence of climate
on tree growth (diameter growth) of different tree species
(Akkemik, 2000; Kara, 2011; Touchan et al., 2014; Alkan
and Irdem, 2023). In these dendroclimatological studies,
precipitation and temperature conditions, which generally
influence tree ring width, were analyzed. For Anatolian black
pine (Pinus nigra subsp. pallasiana (Lamb.) Holmboe) it was
reported that drought was one of the main factors limiting
annual ring development (Touchan et al., 2005; Akkemik et
al., 2008; Kose et al., 2012). Dogan and Kdose (2019) found
that, in the mountainous regions of southwestern Tiirkiye,
warmer temperatures and higher precipitation early in the
growing season promote radial growth of Anatolian black
pine. However, during the summer, increasing temperatures
and drought limited growth with the drought effect being
more pronounced in trees growing at lower elevation. Low
precipitation was also found to be a major limiting factor for
the growth of Taurus cedar (Cedrus libani A. Rich) at the
northern border of its natural distribution (Akkemik, 2003).
In the case of Turkish pine (Pinus brutia Ten.), it was shown
that annual diameter increment was generally positively
influenced by months with high precipitation and negatively
affected by high temperatures and low precipitation (Reis et
al., 2018; Yurtseven, 2021). In addition to investigating tree
growth responses to climatic variables, the analysis of growth
trends provides a more comprehensive understanding of
long-term changes in tree vitality and productivity
(Dobbertin, 2005). Growth trends are based on basal area
increment data calculated from tree-ring width series. For
vital trees, growth trends are typically positive, provided that
the trees have not entered senescence, and thus, these trends
offer valuable insights into how tree species are adapting to
changing environmental conditions over time (LeBlanc,
1990; Kaspar et al., 2024).

Anatolian black pine, Taurus cedar (hereafter referred to
as black pine and cedar, respectively), and Turkish pine are
all ecologically and economically important forest species in
Tiirkiye. Turkish pine is fast-growing and the primary tree
species with the largest distribution area after oak, covering
5.2 million ha and about 23% of Tiirkiye's forests (General
Directorate of Forestry, 2020). It is distributed between 0-
1500 m altitude in the Mediterranean, Marmara and Black
Sea regions of Tiirkiye where the Mediterranean climate is
dominant (Yaltirkk and Boydak, 2000). Third comes black
pine with 4.2 million ha and 18% forest cover (General
Directorate of Forestry, 2020). In Tirkiye, black pine is
found at altitudes ranging from 400 to 2100 m in all
mountainous regions to the west of the Anatolian Diagonal
(Akkemik, 2014). Cedar only covers approximately 1.8% of
Tiirkiye's forests with 0.4 million ha (General Directorate of
Forestry, 2020). It is typically found between 800 and 2100
m in the Taurus Mountains (Boydak and Calikoglu, 2008).
However, in Finike, it is observed at altitudes as low as 500
m, while in the Bolkar Mountains, it can reach elevations of
up to 2400 m. Cedar is utilized in a multitude of forestation
and afforestation initiatives within and beyond Tiirkiye
(Boydak, 2007; Ducci et al., 2007). Furthermore, it is
considered as a potential alternative conifer species for the
establishment of climate-resistant viable forests in Central
Europe (Messinger et al., 2015; Zsolnay et al., 2023).

All three conifer species are relatively drought-tolerant,
yet little is known about the extent to which they might
respond to increasing drought severity and frequency.
Climate change scenarios predict that drought conditions in

the Aegean region of Tiirkiye will intensify in the coming
years (General Directorate of Meteorology, 2014). Therefore,
more studies are needed to better understand the relationship
between climate and tree growth, as well as to assess growth
trends under ongoing climate change, particularly in the
Aegean region.

The Boz Mountains, situated in Western Tiirkiye,
represent one of the Aegean Region's most notable locations
for the presence of Turkish pine and black pine forests
(Donmez and Aydinozii, 2012). The local climate is
characterized by a transition from Mediterranean to
continental, with seasonal droughts that contributed to the
formation of various vegetation types (Giinal, 2013). In
addition to seasonally dry coniferous forests, this area is
home to a variety of other natural habitats, including maquis,
deciduous forests, and mountain pastures (Giinal, 1992;
Hepcan et al., 2009). The area includes a natural park (Ovacik
Natural Park), a wildlife development area, and a former
research forest. Additionally, it includes a small stand of
cedar trees that were planted around the mid-1970s. This
region is outside of the natural distribution range of cedar,
which allows for an investigation of the growth of cedar in
comparison to natural occurring Turkish pine and black pine
in the same area. A number of studies have analyzed the
growth performance and climate-growth relationships of
cedar, Turkish pine, and black pine (Akkemik, 2003; Ladjal
etal., 2007; Messinger et al., 2015; Oner et al., 2015; Janssen
et al., 2018). However, to the best of our knowledge, this
study is the first to include a comparison of the growth
responses of these three species growing in the same area and
in the mid-elevation belt.

The main objective of this study was to determine the
impact of inter-annual climate fluctuations on the annual
growth increments of Taurus cedar, which is non-native to
the Boz Mountains, and natural occurring Turkish pine and
Anatolian black pine. The specific objectives were (1) to
detect growth differences among the three species, (2) to
investigate whether growth trends show a decline in response
to ongoing climate change, and (3) to identify which climate
variables (precipitation, temperature, relative humidity,
vapor pressure deficit) most significantly affect radial
growth.

2. Materials and methods
2.1. Site description

The sampling sites were situated in the northwestern parts
of the Boz Mountains in Izmir, Western Tiirkiye (Figure 1).
In this region, Turkish pine is the dominant forest species at
the lower ranges of the mountains (derived from forest maps
of the General Directorate of Forestry). At altitudes around
700 m black pine starts to become the dominant species and
can be found at up to 1300 m (Giinal, 2013). This area is
characterized by a Mediterranean climate (Figure 2) with
rainy winters and hot and dry summers (Malkog¢ and Nurlu,
2023). The first sampling site was situated at an altitude of
800 meters (38°20'57.96"N, 27°41'0.82"E) within a pure
black pine stand. In very close proximity to the first sampling
site, a cedar nursery was established around the mid-1970s
(Figure 3). The terrain was relatively flat with an average
slope of 9% and a north-west aspect. The second sampling
site was located in a pure Turkish pine stand at an altitude of
500 m (38°24'10.18"N, 27°39'47.29"E) with a north-west
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aspect and an average slope of 27%. At both sampling sites
the understory was minimal with a sparse herb layer at most
(Figure 3). The distance between the two sampling sites was
approximately 6 km. Site codes were created for each species
based on the research area and species name. The codes
consisted of an abbreviation for the research area (BM for
Boz Mountains) followed by the species abbreviation:
Cedrus libani (CL), Pinus brutia (PB), and Pinus nigra
subsp. pallasiana (PN).

2.2. Sample collection and tree-ring width analysis

Tree coring was performed on 13 cedar, 16 Turkish pine,
and 14 black pine trees of similar age (Table 1) using a
HAGLOF increment borer that is 5.15 mm in diameter. All
trees appeared healthy and had no visible signs of any
damage. Diameter at breast height (DBH) and tree height was
measured using a caliper (HAGLOF). Tree height was similar
for the measured individuals and ranged between 19 and 21
meters. For each tree, two increment cores were collected at
breast height (1.3 m above the ground) from opposite sides of
the stem. Cores were stored in paper straws which allows the
cores to air dry (Hood et al., 2020). After the cores were left
to dry for a week, they were mounted on wooden holders with
the transverse plane facing up. They were then sanded using
progressively finer grits (120, 220, 320, and 400) until a
smooth and flat surface was created and tree rings became
clearly distinguishable. A flatbed scanner with an optical
resolution of 1200 DPI was utilized to produce high-quality
images of the cores. A precision ruler was scanned alongside
the tree cores as a scale reference. The images were calibrated
to ensure accurate scale and tree ring widths (TRW) were
measured using the image processing software Imagel
(National Institutes of Health, Bethesda, MD, USA). This
method allows for precise measurements with an accuracy of
at least 0.01 mm, which 1is the standard in
dendrochronological studies (Touchan et al., 2005; Galvan et
al., 2012). Tree ring widths were measured from bark to pith.
Since we sampled living trees, crossdating was performed
using the method proposed by Yamaguchi (1991) by
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comparing the narrowest rings in the ring series. The quality
of crossdating and measurement accuracy of tree-ring series
was assessed using the COFECHA software (Holmes, 1983;
Grissino-Mayer, 2001). We used a 20-year segment length
with a 10-year lag for all three species (Foster et al., 2015).
Some tree-ring series that could not be crossdated and
showed weak correlation with the other series of the species
were removed from the analysis. The remaining series
correspond to the number of tree cores shown in Table 1.

Each crossdated tree-ring series was detrended using the
Dendrochronology Program Library in R (dp/R) version 1.7.7
developed by Bunn (2008) for the R freeware program (R
Core Team, 2024; http://cran.r- project.org/). We used the
interactive detrending function, which enables the user to
select the detrending curve that best fits each time series
(Bunn and Korpela, 2020). All tree-ring series were
detrended with a cubic smoothing spline, which allows for
greater flexibility in the removal of non-climatic variance
(Cook and Peters, 1981) and which results in dimensionless
growth indices fluctuating around 1. The selected length of
the smoothing spline was 15 years for all species, with the
objective of maximizing climate correlations (Foster et al.,
2015). First-order auto-correlation (Arl) and mean sensitivity
(MS) were calculated on individual detrended series and
averaged to determine the influence of the previous year's
growth on the current year's growth and the year-to-year
variability, respectively. A standard chronology was built for
each species from the detrended series using Tukey’s
biweight robust mean (Bunn and Korpela, 2020). For each
standard chronology, we calculated the mean inter-series
correlation (Rbar, the average pairwise correlation between
series), the overall inter-series correlation (the correlation
between a series and the master chronology), and the
expressed population signal (EPS, a statistic to determine
whether a chronology correctly represents the population
signal of a data set) (Bunn, 2008). Correlation between the
three index-chronologies was evaluated by calculating
Pearson's product moment correlation coefficients (r) and
evaluating its corresponding t-values (Baillie and Pilcher,
1973).

Figure 1. Location of sampling sites and weather stations in Izmir Province, Western Tiirkiye. Sampling site 1 includes BMCL
(Cedrus libani) and BMPN (Pinus nigra subsp. pallasiana); Sampling site 2 corresponds to BMPB (Pinus brutia). Climate data
were obtained from the Ovacik weather station (ID: 18439) in the Boz Mountains and the weather station in Odemis (ID: 17822)
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Figure 2. Climate diagram of mean monthly precipitation (blue bars) and temperature (red line) for the Odemis weather station
(17822) for the period 1970-2023. Climate data were obtained from the Turkish State Meteorological Service
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Figure 3. Cedar (a) and Turkish pine (b) sampling sites situated in the northwestern parts of the Boz Mountains in Izmir, Western
Tiirkiye

To study the long-term growth trends of the species, basal
area increment (BAI) was calculated from TRW
measurements according to the formula:

BAI = n(R} — R3_;) (1

Where R, is the radius increment in the year n and R, is
the radius increment in the previous year. BAI is more closely
related to biomass increment than TRW (Schuster and
Oberhuber, 2013) and in contrast to TRW series, age-related
trends in BAI are typically positive and do not exhibit a
decline until trees begin to senesce (LeBlanc, 1990). A one-
way ANOVA and Tukey's post-hoc test (o = 0.05) were used
to test for differences in mean DBH, age at DBH, and radial
growth (TRW, BAI) between species.

2.3. Climate-growth analysis

Climate data were obtained from the Turkish State
Meteorological Service for the Odemis (38°12'56.51"N,
27°57'51.10"E; 111 m, station ID 17822) and Ovacik
(38°20'52.08"N, 27°41'0.96"E; 800 m, station ID 18439)

weather stations. The Odemis station (Figure 1) is the closest
to the sampling sites with a longer record that goes back to
1945. The Ovacik weather station, which is situated within
the study area very close to sampling site 1, started recording
in 2014. This would have been a too short period for our
analysis. We therefore calculated mean monthly precipitation
and temperature for the 1970-2023 period using data from the
Odemis station since this was the time span, we used for our
analysis (Figure 2). The mean annual precipitation and
temperature for Odemis were calculated as 564 mm and
16.6°C, respectively. We also calculated annual means for the
period 2014-2022 for both weather stations, to see how they
differ. With a mean annual precipitation and temperature of
989 mm and 13.0°C, respectively, Ovacik is more humid and
cooler than Odemis (mean annual precipitation: 535 mm;
mean annual temperature: 17.5°C) for the same period.

For the climate-growth analysis, we used monthly mean,
maximum and minimum air temperature, precipitation sum,
mean relative humidity (RH) and mean vapor pressure deficit
(VPD). VPD was calculated using the Tetens method
(Alizadeh et al., 2021). High VPD increases water loss from
soils and has direct impact on plant physiology thus
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contributing to drought events and plant water stress (Dai,
2013). To assess the influence of specific climate variables
on radial stem growth, climate-growth analysis was
performed using the package treeclim version 2.0.6 in R
(Zang and Biondi, 2015). Bootstrapped Pearson’s correlation
coefficients were computed between tree-ring index
chronologies of each species and monthly values of each of
the climate variables (Biondi and Waikul, 2004). We further
assessed the relationships between index chronologies and
the climate variables mean temperature and precipitation
using response function analysis (Dagdeviren et al., 2004;
Gauli et al., 2022). Analysis included monthly data from July
of the previous year to October of the current year, because
the previous year’s growing season may have an impact on
the current year’s growth (Fritts, 1976).

3. Results

Cedar showed a different pattern of radial growth (TRW)
and BAI compared to Turkish pine and black pine, especially
when considering the last 25 years (Figure 4). In contrast,
radial growth and BAI followed a similar pattern for Turkish
pine and black pine, although Turkish pine showed a
pronounced increase in BAI during the years 1998 and 2002.
A positive (increasing) growth trend was observed for cedar,
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while the annual BAI remained at a similar level (a neither
positive nor negative/decreasing growth trend) for both pine
species (Figure 4b). Mean TRW and BAI did not show
significant differences among the studied species (Table 1).
DBH and age at DBH were significantly higher in Turkish
pine and lowest in cedar.

Among the species studied, radial growth was most
influenced by the previous year’s growth in black pine (Arl=
0.778), followed by cedar and Turkish pine (Table 2). The
low mean sensitivity in cedar indicates that this species is not
very sensitive to climate variability at the sampling site. In
contrast, both pine species showed intermediate sensitivity to
climate variability. The standard chronologies for the Boz
Mountains cedar, Turkish pine, and black pine are shown in
Figure 5. With an Rbar of 0.466 and an overall inter-series
correlation of 0.599 Turkish pine showed the best agreement
across growth indices, indicating that trees within this species
share a common growth signal (Table 2). The lowest Rbar
(0.230) and overall inter-series correlation (0.414) was
calculated for cedar. For all chronologies, the EPS was above
the critical value of 0.85 (Wigley et al., 1984). The correlation
between the cedar and Turkish pine index chronologies was
low (r= 0.298, t-value = 2.03, p-value= 0.049) and not
significant between the other chronologies (p > 0.9).
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Figure 4. (a) Mean radial growth (tree ring width) and (b) mean basal area increment (BAI) of Taurus cedar (Cedrus libani),
Turkish pine (Pinus brutia), and Anatolian black pine (Pinus nigra subsp. pallasiana) growing in the Boz Mountains (Western

Tiirkiye)

Table 1. Mean and standard deviation (sd) of diameter at breast height (DBH), estimated age at DBH, tree ring width (TRW),
and basal area increment (BAI) of Taurus cedar (Cedrus libani), Turkish pine (Pinus brutia), and Anatolian black pine (Pinus

nigra subsp. pallasiana)

Site code Species Number of DBH Age TRW BAI
P trees/cores (cm) at DBH (mm yr') (cm? yrhy*
BMCL Cedrus libani 13/22 30.2+3.8a 43+ la 3.04+0.4a 12.85 £ 2.5a (n=11)
BMPB Pinus brutia 16/29 36.2 £ 6.4b 49 +3b 2.81+0.6a 13.42 + 5.5a (n=9)
BMPN Pinus nigra 14/23 33.5+5.6ab 45 £ 9ab 2.91+0.5a 12.36 £ 2.6a (n=11)

*Average was calculated from cores that included the most inner tree-ring. Different letters after mean and sd values denote significant differences (p < 0.05).
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Estimations of bootstrapped Pearson’s correlation
functions between tree-ring index chronologies and specific
monthly climate variables revealed that there are species-
specific differences in the influence of these variables on tree
growth (Table 3). For cedar, meaningful and significant
correlations were identified only for maximum and minimum
temperature. Specifically, minimum temperature during
December and April were positively correlated with growth,
whereas maximum temperature in May was negatively
correlated with growth. A significant correlation was
observed between all climate variables and radial growth in
the case of Turkish pine. During certain months of the spring
and summer seasons, mean and maximum temperatures, as
well as VPD, were negatively correlated with growth of
Turkish pine, whereas precipitation and RH showed a
positive correlation. The strongest positive correlation was
detected between growth and precipitation in December (of

Table 2. Descriptive statistics of the standard chronologies
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the previous year). The strongest negative correlation was
detected between growth and maximum temperature in
September (of the current year). In black pine, radial growth
was negatively correlated with mean temperature and VPD in
May and positively correlated with precipitation in January
(Table 3). Same as for the other studied species, growth
showed a positive correlation with minimum temperature in
December.

The response function analysis yielded no statistically
significant results for cedar (Figure 6). Similar to the
correlation analysis, precipitation in October of the current
year was negatively correlated with black pine growth. The
response function analysis for Turkish pine yielded in the
most significant results, indicating that precipitation
variability in December of the previous year and July of the
current year exerts a significant controlling influence on
Turkish pine growth.

Site code Species Arl MS Rbar Overall inter-series correlation EPS
BMCL Cedrus libani 0.701 0.166 0.230 0.414 0.868
BMPB Pinus brutia 0.671 0.280 0.466 0.559 0.962
BMPN Pinus nigra 0.778 0.246 0.368 0.510 0.928

Arl = mean first-order autocorrelation; MS= Mean sensitivity; Rbar = mean inter-series correlation, EPS = expressed population signal.
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Figure 5. Tree-ring index chronologies of Taurus cedar (Cedrus libani), Turkish pine (Pinus brutia), and Anatolian black pine
(Pinus nigra subsp. pallasiana) growing in the Boz Mountains (Western Tiirkiye)

Table 3. Bootstrapped Pearson’s correlation coefficients (R) for climate-growth-correlations between monthly climate variables
and ring-width index chronologies of Taurus cedar (Cedrus libani), Turkish pine (Pinus brutia), and Anatolian black pine (Pinus

nigra subsp. pallasiana)

Cedrus libani (BMCL)

Pinus brutia (BMPB) Pinus nigra (BMPN)

Climate variable

Month R Month R Month R
APR  -0.313 MAY -0.304
Mean temperature (°C) MAY -0.338
JUL -0.330
. o FEB  0.290 JUL -0.208 APR 0329
Maximum temperature (°C) MAY  -0307 SEP  -0.426
Minimum temperature (°C) A(Eg g;zg dec 0289 dec 0207
sep -0.311 dec  0.521 JAN  0.262
Precipitation (mm) APR  0.287 OCT -0.380
JUL 0.370
SEP  0.330
Relative humidity (%) ]\255 gggg MAY 0.272
APR  -0.311 MAY -0.300
Vapor pressure deficit (kPa) MAY -0.346
JUL  -0.322

All correlations are significant at the p< 0.05 level. Months of the preceding and current year are written in lower case letters and capital letters, respectively.
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Figure 6. Response coefficients for monthly precipitation (red) and mean monthly temperature (blue) from the previous July to
the current October for tree-ring chronologies of (a) Taurus cedar (Cedrus libani), (b) Turkish pine (Pinus brutia), and (c)
Anatolian black pine (Pinus nigra subsp. pallasiana) growing in the Boz Mountains (Western Tiirkiye). The preceding year is
indicated by lowercase letters, while the current year is indicated by uppercase letters.

4. Discussion

Although growing in the same area, the investigated
species exhibited contrasting growth trends. Cedar was the
only species that showed a clear positive growth trend over
the past 25 years. Both Turkish pine and black pine showed a
constant (neither positive nor negative) growth trend. These
species-specific differences of trees growing in the same
region can be attributed to various factors, often rooted in the
species' physiology and growth strategies (e.g., Castagneri et
al., 2013; Gribbe et al., 2024; Kaspar et al., 2024). One
potential important physiological factor that can lead to a
constant or negative growth trend, even under favorable
growth conditions, is tree age. Age-related trends in BAI
often show a decline when trees enter senescence (LeBlanc,
1990). Cedar and black pine are long-lived species with
lifespans exceeding 700 and 1000 years, respectively
(Boydak and Calikoglu, 2008; Sevgi et al., 2022). Therefore,
we conclude that the black pines in our study can be
considered relatively young and the observed constant
growth trends are more likely to be influenced by
environmental factors rather than age-related decline. In
contrast, Turkish pine is considered a relatively short-lived
species with an average lifespan between 120 and 150 years
(Nahal, 1983). However, other studies have reported
lifespans ranging from 150 to 300 years (Griggs et al., 2014),
250 to 305 years (Boydak, 2004) and sometimes exceeding
400 years (Touchan et al., 2005; Ministry of Environment,
Urbanization and Climate Change, 2019). Nevertheless,
although this species can potentially live for more than 250
years, it has been demonstrated that its annual growth (in
m*ha) peaks around the age of 40-60 years, after which it
begins to decline (de Miguel Magaiia, 2014; Kahriman et al.,

2023). Therefore, the constant growth trend observed in
Turkish pine could at least partially, be attributed to age-
related decline in growth capacity. Following this, we argue
that the observed constant growth trends in both Turkish pine
and black pine may be caused by the increase in temperatures
and drought negatively affecting radial growth which is
supported by the findings of other studies. Janssen et al.
(2018) investigated recent growth trends of black pine
growing in the Lake District in Southwest Tiirkiye which is
close to the species’ southern distribution limit. They found
that after the 1970s, growth significantly decreased which
was strongly correlated with increased temperatures and
summer drought. Numerous other studies have indicated that
black pine is a drought-sensitive species that is negatively
affected by climate change (Martin-Benito et al., 2008; Kdse
etal., 2012; Sanchez-Salguero et al., 2013; Klisz et al., 2023).
Should temperatures and drought further increase in the study
region as expected, black pine vitality might decline and
growth trends may shift toward negative. Turkish pine, on the
other, is a relatively fast-growing conifer that is considered to
be among the more drought-tolerant species (Boydak, 2004;
Veuillen et al., 2023). It is less sensitive to drought than black
pine (Deligéz and Cankara, 2020; Mazza et al., 2021), but
less tolerant of cold temperatures (Semerci et al., 2021).
Given its greater drought tolerance, a positive growth trend
might have been expected which further supports our
assumptions that the constant growth trend in Turkish pine
was in part attributed to tree age.

Consequently, growth trends can be regarded as
indicators of tree vitality and forest productivity (Dobbertin,
2005; Sokiicii and Giiney, 2021). Negative growth trends are
usually indicative of declining tree vitality which can be
attributed to a multitude of biotic (e.g., mistletoe infestation;
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Noetzli et al. (2003) and abiotic (e.g., drought; Diers et al.,
2023) factors. The observed positive growth trend in the
investigated cedars indicates that, at this time, these trees are
vital, productive, and not negatively affected by the recent
increase in temperatures or other potential environmental
disturbances or stress factors. As cedar is known to be
drought tolerant with the capacity for fast recovery from
climatic extremes, this finding was not unexpected (Giiney et
al., 2020; Zsolnay et al., 2023). Additionally, a number of
studies have documented that cedar shows good growth
performance and adaptation in various afforestation projects
and plantations outside its natural range (Boydak, 2003;
Boydak, 2007; Messinger et al., 2015; Zsolnay et al., 2023).
However, it is currently unclear whether the positive growth
trend of cedar in the Boz Mountains will persist in the future,
given the projected increase in the frequency and severity of
drought events associated with climate change (IPCC, 2021).

Other reasons for the differences in growth trends in the
species investigated might be potential differences between
the sampling sites that we were not able to investigate (e.g.
differences in soil properties, water availability).
Management practices can also significantly affect growth
(trends) as can be seen from the pronounced increase in BAI
during the years 1998 and 2002 in Turkish pine. This growth
release was probably caused by thinning (Schuster and
Oberhuber, 2013).

Our analyses revealed that Turkish pine exhibited the
highest year-to-year variation in both BAI and TRW, making
it the most sensitive species to climate variation in this study.
This could again be attributed to differences in slope and soil
conditions between sampling sites (Dogan and Kose, 2015)
which could alter water availability, as well as to differences
in the physiological responses of the investigated species
(Griggs et al., 2014; Deligéz and Cankara, 2020). This
climate sensitivity of Turkish pine was also reflected in the
significant results obtained from the correlation and response
function analyses. A positive response was found to winter
precipitation and to current year July precipitation. Further,
radial growth of Turkish pine was limited by high
temperatures and dry conditions during the summer months
and September. These findings suggest that winter
precipitation plays a pivotal role in maintaining soil water
reserves during the growing season (Rozas et al., 2011).
Water availability is crucial for the process of tree ring
formation. In many species of the Mediterranean, dry
conditions and high temperatures during summer can result
in the early cessation of cambial activity and the formation of
new xylem cells (Camarero et al., 2010; Vieira et al., 2017).
Unless favorable conditions return during early autumn (e.g.,
autumn precipitation) cambial activity does not resume and
the early cessation of wood formation can result in the
formation of narrow tree rings. The number of studies
investigating the climate-growth relationship in Turkish pine
is relatively limited. Griggs et al. (2014) also found
precipitation to be the most important factor favoring growth,
although Turkish pine growing in Cyprus was mainly
influenced by previous year September precipitation and
current year May precipitation. According to the literature,
only two studies have investigated the impact of climate
variability on Turkish pine growth in the Izmir region
(Dogan, 2020; Yurtseven, 2021). In line with our results,
Turkish pine growth showed a significant negative
correlation with maximum July temperature and a significant
positive correlation with precipitation during several months.

Besides Turkish pine, Yurtseven (2021) also analyzed the
climate-growth of black pine, both species situated in the
upper elevation range of the Yamanlar Mountain. The
location and characteristics of the sampling sites and the older
age of the trees (>160 years) might be some of the reasons
why black pine resulted in more significant results in the
study of Yurtseven (2021) than in our study. In his study,
black pine growth was favored by warm conditions during
February and March and high precipitation during spring,
while according to our results, winter precipitation and cool
and moist conditions during May favored black pine growth
the most. These differences in the growth responses between
months could also be attributed to the fact that our study trees
were located at lower elevations, where temperatures in May
are generally higher than at higher elevations, which may
influence the sensitivity of trees to climatic variables during
the growing season (Fritts, 1976; Dogan and Kose, 2015).

In our study, cedar was the least sensitive to climate
variation, resulting in no significant findings in the response
function analysis. Cedar is a preferred species in
dendrochronological studies due to its longevity and high
sensitivity to climate variability (Akkemik, 2003; Touchan et
al., 2005). In purely dendrochronological studies that focus
on climate-growth relations, sample trees are usually selected
from sites were growth is most limited by environmental
parameters to get a good climatic response (Fritts, 1976).
These would be for example trees that grow at their
distributional limit, or at hillslopes with restricted water
supply. Our cedars were located in the mid-elevation belt, the
terrain was relatively even, and environmental conditions
were not as harsh as for example at the treeline or higher
elevations. Also, given its deep taproot, cedar's water supply
may not have been significantly restricted even during the dry
months (Boydak, 2003; Giiney et al., 2020). However, this
study was not focused on dendrochronology for climate
reconstruction purposes. Rather, our goal was to compare the
growth performance of non-native cedar with that of Turkish
pine and black pine in that area, and to identify the climatic
parameters most influencing their growth. Still, our results
from correlation analysis indicate that, in general, warmer
winter and early spring temperatures promote growth, but
high temperatures in May limit radial growth of cedar.
Although temperature is an important driver of tree growth
(Huang et al., 2020) many studies clearly show that
precipitation is the primary limiting factor in regions such as
the Mediterranean (Akkemik, 2006; Sarris et al., 2007;
DeSoto et al., 2014). For instance, Touchan et al., (2014)
investigated the influence of climate on the growth of several
tree species (including those in our study) based on a large
dataset covering the Eastern Mediterranean and Near East.
They were able to show that the most important factor
affecting growth in that region is May and June precipitation.
This indicates that if spring and early summer droughts
continue to intensify due to ongoing climate change, tree
growth in the Aegean Region could be severely impacted
with potential long-term consequences for forest health and
productivity.

5. Conclusions

Taurus cedar showed the best growth performance and
was the least sensitive to climate variability among the
studied species. This suggests that these cedars are vital and
are currently growing in conditions that are still favorable for
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their growth. The positive growth trend also indicates
resilience to the ongoing increases in temperature,
highlighting the potential of Taurus cedar for successful
forestation outside its natural range. This has significant
implications for forest management, both within and outside
Tiirkiye. Native Anatolian black pine showed lower growth
performance with a constant growth trend over the past years
probably caused by the increased temperatures at its lower
distribution range. Turkish pine showed a similar growth
performance as Anatolian black pine which might be partly
age-related. On the other hand, Turkish pine was the most
sensitive to variation in climate. This allowed to show a more
distinct and measurable relationship between climate
variables and tree growth. In line with other studies, the
combination of high temperatures and low precipitation
during July of the current year had the most limiting effect on
Turkish pine growth. Our findings suggest that if
temperatures and drought continue to increase in the study
area, as expected under climate change, black pine growth
and vitality may be the first to decline, making it more
susceptible to other stressors (e.g. bark beetles) and raising
the need for adaptive forest management strategies. Our
results may serve as a first step towards a more
comprehensive study to investigate the vitality and growth
performance of ecologically and economically important
forest species under climate change in Tiirkiye.
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What do forest firefighters think about organization and infrastructure problems

in combating large forest fires?

Ismail Safak?* ©, Devrim Karademir™”

Abstract: The occurrence of large forest fires (LFFs) arises from the interaction of various factors, notably including climate
change, meteorological conditions, fuel accumulation, and deficiencies in organization and infrastructure. In Tiirkiye, many LFFs
occurred in Antalya and Mugla Regional Directorates of Forestry in 2021. This study aims to evaluate whether problems arising
from organization and infrastructure had an impact on the growth of LFFs. A total of 621 forest fire workers, drivers, and operators
(FWDs), actively involved in combating the LFFs, responded to survey questions using a nine-point Likert-type scale. Statistical
differences in responses were analysed using the Mann-Whitney U test. The study's results indicate that problems stemming from
personnel employment, the amount of construction equipment, the quantity of aircraft, fire suppression infrastructure,
communication and coordination, and occupational health and safety have a moderate impact on the growth of forest fires. Since
long-term and uninterrupted work causes inefficiency in LFFs, 52% of FWDs consider a working duration of 1-3 days adequate
for LFFs. A statistical difference between the evaluations of two groups for 13 different factors presented in the study was found
only in terms of the lack of personnel in the fire trucks and ground teams. In the fight against forest fires, the strength of land crews
and the infrastructure support—such as water resources and forest roads—are just as important and effective as the use of
technological tools like aircraft, fire trucks, and construction machinery.

Keywords: Climate change, Fire suppression, Forest fire organization, Megafire, Perception

Orman yangin iscileri, biiyiik orman yanginlariyla miicadelede orgiitlenme
altyapi sorunlar1 hakkinda ne diisiiniiyor?

Oz: iklim degisikligi, meteorolojik kosullar, yakit birikimi, organizasyon ve altyap: eksiklikleri gibi faktorler, biiyiik orman
yanginlarinin olusumunu etkilemektedir. Tiirkiye'de 2021 yilinda Antalya ve Mugla Orman Bolge Miidiirlikklerinde ¢ok sayida
biiyiik orman yanginlarini meydana gelmistir. Bu ¢aligmada, biiyiik orman yanginlarinin biiyiimesinde organizasyon ve altyapidan
kaynaklanan sorunlarm etkili olup olmadigini degerlendirmek amaglanmustir. Biiyiik orman yangilariyla miicadelede aktif olarak
gorev almis toplam 621 orman yangini isgisi, soforii ve operatorii, dokuz noktali Likert tipi bir cevaplama 6l¢egi kullanilarak anket
sorularini yanitlamistir. Orman yangin iscileri ile sofor ve operatdrlerin yanitlar: arasindaki istatistiksel farkliliklar, Mann-Whitney
U testi kullanilarak analiz edilmistir. Caligmanin sonuglari, personel istihdamu, is makinasi sayisi, hava araglarinin sayisi, yangin
sondiirme altyapisi, iletisim ve koordinasyon ile is sagligi ve giivenliginden kaynaklanan sorunlarm biylk orman yanginlari
iizerinde orta diizeyde bir etkiye sahip oldugunu gostermektedir. Uzun siireli ve kesintisiz ¢aligma, verimsizlige neden oldugundan,
ig¢i, sofor ve operatdrlerin %52'si 1-3 giinliik ¢aligma siiresinin biyiik orman yanginlarinda yeterli oldugunu diigiinmektedir.
Calismada sunulan 13 farkli faktor igin iki grubun degerlendirmeleri arasinda sadece arazdz ve yer ekiplerindeki personel eksikligi
acisindan istatistiksel fark bulunmustur. Orman yanginlariyla miicadelede, hava araglari, arazoz, is makinesi gibi teknolojik
araclarin kullanimi kadar yer ekiplerinin giicii ve altyapi olanaklari (su kaynaklari, orman yollar1 vb.) da dnemli ve etkilidir.
Anahtar kelimeler: Iklim degisikligi, Yangin sondiirme, Orman yangini organizasyonu, Mega yangin, Algi

ve

1. Introduction

Approximately 4% of global vegetation is exposed to
forest fires every year (FAO, 2022). In recent years, both the
number of fires and the amount of area burned have increased
significantly around the world. Areas with a Mediterranean
climate are especially prone to fire, owing to the arid and
temperate conditions, combustible vegetation, and increased
human activities (Dimitrakopoulos et al., 2011). As such, all
Mediterranean countries are faced with the problem of forest

fires (Tliadis et al., 2002). Evolutionary and paleoecological
studies show that fires are natural in the Mediterranean Basin
(Pausas et al., 2008). However, Ganteaume et al. (2013)
reported that almost all fires are human-caused and in the
European Mediterranean region, most of them are caused
deliberately. This trend has begun to change showing an
increase of the fires due to negligence with the current land
use-land cover change. Therefore, the traditional rural socio-
economic systems that once characterized the Mediterranean
region collapsed in the last few decades, resulting in a rural
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exodus in the northern part of the Mediterranean basin, and
an overexploitation of natural resources in the eastern
regions. In parallel, huge, rapidly occurring land-use changes
have taken place, including urbanization of coastal areas with
the development of tourism and the construction of
infrastructures, which have created conflicts and additional
driving factors of forest fires. The significant increase in the
number of fires and the amount of burned areas in the 20th
century caused the public to perceive fires as disasters
negatively. Although the forest ecosystems of the
Mediterranean  Basin, including Tiirkiye, have the
characteristics to cope with fire, these ecosystems have
become highly sensitive to fire on account of both the
increase in the number of fires and the destruction that they
cause. Forest fires reduce the benefits produced by forest
ecosystems and disrupt activities for society (Varela et al.,
2014; Lecina-Diaz et al., 2021).

The vast majority of forest fires are easily controlled and
very few areas are burned in these fires. As a matter of fact,
according to FAO (2022) data, approximately 90% of forest
fires in the world each year are easily controlled and the
amount of area burned in these fires constitutes
approximately 10% of the total annual amount of burned
area. This data shows that current planning, management, and
technologies work very well for easily contained fires (FAO,
2022). However, the situation is altogether different with
large forest fires (LFFs), where their suppression abilities are
insufficient (Tedim et al., 2018). Increasingly, LFFs in many
parts of the world account for a disproportionately high
percentage of the total amount of area burned (Attiwill and
Binkley, 2013; Fernandes et al., 2016a; Fernandes et al.,
2016b). In LFFs, which are a growing concern globally,
ecosystems and habitats are transformed, human losses are
experienced, and significant economic, social, and ecological
damage occurs (Gill and Allan, 2008; Adams, 2013; San-
Miguel-Ayanz et al., 2013; Fernandes et al., 2016b; Tedim et
al., 2018).

There is no single, coherent, quantitative definition of
LFFs that focuses principally on the size of the fire
(Buckland, 2016; Tedim et al., 2018). To date, no widely
accepted size threshold has been established for LFFs; only
some values have been proposed (Tedim et al., 2018). For
example, threshold values for LFFs in Europe are greater than
100 hectares (ha) according to some sources, while others are
greater than 1,000 ha (Kiiciikosmanoglu, 1986; Bilgili et al.,
2010; Tedim et al., 2018). The threshold value in Canada and
Russia is at least 200 ha (Gill and Allan, 2008), in Greece, it
is at least 1,000 ha (Dimitrakopoulos et al., 2011), and in the
US it is at least 40,000 ha (Pyne, 2007).

LFFs may result from a combination of factors, such as
(1) the constant presence of forest fuel accumulation over a
large area, (ii) the merging of two or more fires, (iii) the rapid
rates of spread with the help of weather, fuel, and topography,
(iv) a fire taking a long time to spread, (v) a failure in the
initial suppression operations, and (vi) the difficulty of
reaching the fire (Gill and Allan 2008; Fernandes et al.,
2016b). If more than one LFF takes place in a region at once,
firefighting resources may be strained, and additional
resource support (personnel, equipment, vehicles, and
aircraft) may be needed from other districts (Stavros et al.,
2014; Tedim et al., 2020). In 2021, the numerous LFFs taking
place simultaneously in Tirkiye are an example of this
situation. Owing to the inability of teams to respond to the
LFFs that occurred in multiple areas at once, aircraft, water

tankers, helicopter, hand crew, ground teams, and
construction equipment were supplemented from other
regions of Tiirkiye (GDF, 2021).

There is no universally accepted method of forest
firefighting, as countries or regions differ in the level,
composition, and organization of firefighting resources.
Basic tools for combating fires include the combination,
number, and strength of ground teams (professional,
seasonal, and volunteer firefighters, fire truck and other
vehicle capacities, adoption of new technologies, etc.), and
the type and capacity of air resources (airplanes, amphibious
water bombers, helicopters, etc.) (Tedim et al., 2020). In
LFFs, the use of hand tools is limited, and construction
machinery such as dozers is needed to build roads and
firebreaks. In forests with low road density and high altitudes,
the effectiveness of ground crews decreases (Bassi and
Kettunen, 2008). For this reason, the construction of roads
and water resources in combating forest fires is considered
among the most important infrastructure activities (Tadesse
and Seboko, 2013).

As the fireline intensity builds, the amount of water used
to control the flames increases (Tedim et al., 2018). In this
context, access to water resources has gained importance in
forest firefighting. In Tiirkiye, 4,580 pools and ponds with a
capacity of 700-2,000 tons have been established roughly
every 4 km to shorten the water supply time of fire trucks and
aircraft (Avci and Korkmaz, 2021; GDF, 2022).

The length of the forest road network planned in Tiirkiye
is 380,466 km and only 292,530 km (76.9%) of these roads
could be built until 2022. A further 87,936 km (23.1%) of
forest roads still need to be constructed (GDF, 2022). Until
1985, forest firefighting activities were carried out by land
crews. After 1985, however, with the increase in road density,
construction equipment began to be used, such as forest fire
water trucks and dozers. Aircraft (helicopters and airplanes)
have been used for forest firefighting since 1987 (Sayin et al.,
2014). Within the scope of land crews in Tiirkiye, 2270 first
responder vehicles, 1078 fire trucks, 281 water tankers, 182
dozers, 135 excavators, 258 graders, 128 trailers, 22 mobile
repair vehicles, 569 motorcycles, and 4162 tractor-
connectable water tankers are still being used in forest
firefighting. There are 11453 workers in the forest fire
organization. Of these workers, 1123 are involved in
surveillance, 1034 are involved in communications, and 9296
are involved in response activities (GDF, 2021).

An efficient, high-quality communication network
ensures good communication and coordination between fire
prevention and suppression actors. If these activities are well
organized, the first response time to fires can be reduced
(Tadesse and Seboko, 2013). Communication during forest
fires is generally conducted by radio. In Tiirkiye, there are
20,168 radios used as central, watchtower, vehicle, and
handheld radios to fight forest fires (GDF, 2022).

Cooperation among countries and regions regarding
firefighting, education, and information exchange is on the
rise in LFFs (FAO, 2007). For example, many countries
(Austria, Azerbaijan, Belarus, France, Georgia, Croatia, Iran,
Spain, Israel, Kazakhstan, Moldova, Poland, Russia, Ukraine,
and the US) provided aircraft support (15 airplanes and 21
helicopters) to Tiirkiye to suppress LFFs in 2021. Thus, in the
fight against LFFs, a total of 88 aircraft were used, together
with the 49 helicopters and three airplanes available in
Tiirkiye (GDF, 2021).
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Firefighting is a demanding, stressful, and dangerous
operation (Tadesse and Seboko, 2013). As such, an accurate
understanding of the fundamental dynamics of forest fires is
vital to ensuring the efficiency of future fire management, and
in minimizing adverse effects on communities (McCaffrey et
al., 2013). On account of the complex interactions between
ignition, fuel, weather, topography, and suppression efforts, it
is crucial to characterize LFFs and understand the role of
precursor factors (Fernandes et al., 2016a).

In recent years, the literature on forest fires has focused
primarily on explaining forest fire parameters (Kalabokidis et
al., 2002; Griinig et al., 2022), modeling hazards and risks
(Withen, 2007; Lein and Stump, 2009; Giiney et al 2016;
Urbieta et al., 2019), fire behavior (Bilgili, 2003; Vakalis et
al., 2004), forest fire suppression planning (Tsakalidis and
Gitas, 2007), and in-service training of forest firefighters
(Safak et al., 2023). In addition, specific issues have also been
studied, such as the weather and fuel conditions
accompanying LFFs (Bilgili et al., 2010; Liu et al., 2013;
Fernandes et al., 2016a), the characteristics and dimensions
of LFFs (Dimitrakopoulos et al., 2011; Buckland, 2016;
Tedim et al., 2018), the effect of climate change on
vegetation, biomass, water flow, the amount of area burned,
and fire frequency (Mouillot et al., 2002; Juang et al., 2022;
Oncel Cekim et al.,2021), the relationship between fire
season and fire severity (Parks and Abatzoglou, 2020),
people’s sensitivity to changes in forest fire prevention and
their social preferences (Varela et al., 2014), and bureaucratic
inefficiency in forest firefighting activities (Purnomo et al.,
2021). In 2023, a detailed book has been published on forest
fires in Tirkiye, examining them in terms of ecological,
biological, socio-economic, fire prevention, extinguishing,
post-fire production-marketing and restoration (Kavgaci and
Basaran, 2023).

As shown in the literature presented above, research on
forest fires has mostly focused on issues such as danger, risk,
behavior, and climate impact in the technical and physical
dimensions of forest fires. However, the problems arising
from a lack of organization and infrastructure are also highly
important parameters in the formation, exacerbation, and
management of LFFs. It has been observed that these
parameters are not sufficiently examined in the existing
literature. As McCaffrey et al. (2013) have stated, although
forest fires are a biophysical process, fire management is a
social process. For this reason, the thoughts, perceptions, and
attitudes that personnel involved in suppressing forest fires
have toward forest firefighting activities should also be taken
into account (Safak et al., 2023; Leone et al.,, 2023).
According to Leone et al. (2023), the perceptions of
firefighters participating in frontline activities seem to be an
understudied subject overall. Because perceptions can be
used to better understand the dynamics and behaviors of
events and enhance control measures, the fact that this high-
risk group has been studied so little compared to other groups
is an important knowledge gap.

Dimitrakopoulos et al. (2011) found no specific factor
that consistently differentiates large fires from smaller ones,
supporting the hypothesis that any fire can grow under certain
conditions. Various elements, such as the effectiveness of
initial response planning, decision-making at dispatch
centers, on-site coordination, and the training and motivation
of personnel, play a crucial role in determining the efficiency
of fire suppression efforts (Tedim et al., 2020). In Tiirkiye,
forest fire suppression decisions are made by forest engineers

serving as fire supervisors. However, Forest Workforces
(FWDs) are directly or indirectly impacted by these decisions
and management practices, either positively or negatively.
The experience of FWDs in fighting LFFs is an area that
has been little researched. This study has been evaluated the
impact of deficiencies in forest fire organization,
infrastructure, and other related factors on the spread of large
forest fires in Tiirkiye, based on the perspectives of FWDs.
The FWDs who took part in combating the LFFs in 2021 have
been analysed to determine the amount of personnel in
different units, the situation of vehicles (construction
machinery, helicopters, and aircraft), the firefighting
infrastructure (the state of forest water resources and forest
roads), the lack of communication and coordination, and the
current situation in occupational health and safety. In light of
this data, it was examined whether the problems arising from
the lack of organization and infrastructure in Tiirkiye were
instrumental in the growth of forest fires in 2021.

2. Materials and methods
2.1. Study area

Tiirkiye's forest assets are 23.36 million ha. Forests cover
29.9% of the country’s surface area (GDF, 2024). Of these
forests, 57% (12.49 million ha) are highly sensitive to fire
(GDF, 2018; GDF, 2021). In Tiirkiye, 254 forest fires greater
than 300 ha broke out between 1977 and 2021, and 345,772
ha of forest area was damaged in these fires. In examining the
decade of fire data in Tiirkiye from 2012-2021, it was found
that 27,150 fires broke out, the size of the area burned was
226,846 ha, and the area size per fire was 8.35 ha (GDF,
2021).

In 2021, the first of the 15 LFFs in Tiirkiye started in
Manavgat, Antalya, on July 28, and the last was extinguished
in Kdycegiz, Mugla, on August 12. Two FWDs were killed in
these fires. Extensive agricultural and forest areas were
damaged, many people were evacuated from hundreds of
villages and towns by land and sea, and many buildings and
animals were damaged. During this period, the
Mediterranean region was especially affected by the dry
weather, with 139,503 ha of forest area being damaged in the
big fires. The most forest area burned occurred in Antalya
(60,358 ha) and Mugla (43,100 ha) Regional Directorates of
Forestry (RDFs) (GDF, 2021).

The study area (Antalya and Mugla RDFs, where LFFs
broke out in 2021) is located in the Mediterranean region of
Tiirkiye. The forest area (2.34 million ha) of these RDFs
constitutes 10% of Tirkiye's forest area (GDF, 2024). Most
of the vegetation consists of red pine, sclerophyllous forests
and maquis. In Antalya and Mugla RDFs, where the
Mediterranean climate predominates, summers are hot and
dry, and winters are warm and rainy (Bilgili et al., 2010). In
Antalya and Mugla, the annual average temperature is 18.9
°C and 18,5 °C, respectively, average annual precipitation is
1039,8 mm and 861,9 mm, and the maximum temperature is
45 °C and 44,6 °C (TSMS, 2025).

2.2. Material

Most of the material for this study was obtained from the
survey conducted in 2021 with FWDs who took part in
combating the LFF in the Antalya and Mugla provinces in
Tiirkiye. The survey form consisted of two parts and 19
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questions. The first part included personal information, and
the second part involved an evaluation of the LFFs. FWDs
evaluated these fires in terms of the problems they
experienced, such as the number of personnel (fire truck and
ground crews), vehicle status (construction machinery,
helicopter, and airplane), fire suppression infrastructure (state
of forest water resources and forest roads), and lack of
communication and coordination. In addition, occupational
health was evaluated in terms of safety and working time. The
study was approved by the Social and Human Sciences
Research Ethics Committee of the Istanbul University-
Cerrahpasa, Tiirkiye with the decision dated 20/10/2022 and
numbered 2022/242.

2.3. Method

The hypothesis developed for the study was defined as
follows:

Ho: There is no significant difference between fire
workers and drivers in their views on problems and
deficiencies related to LFFs.

The number of FWDs to be interviewed in the study was
calculated using the following formula (Equation 1),
(Dagdemir, 2021):

N.p.q.22

n> —PAr (1)

~ [N.d?+p.q.2?]

where n is the sample size; N is the size of the population
(N=9296 FWDs); p is the probability of being in the main
population with a probability of 50% of the staff involved in
the fight against LFFs in Antalya and Mugla in 2021 (p=0.5).
q is the probability that will not be in the main population
with a probability of 50% of the staff involved in the fight
against LFFs in Antalya and Mugla in 2021 (q=0.5). Z is the
confidence coefficient (1.96 at 95% confidence level); d is
the accepted sampling error (0,05). The n value was
calculated as 369. A survey was conducted with 621 workers
who took part in combating the LFFs that occurred in Antalya
and Mugla in Tiirkiye in 2021. 368 of these personnel were
fire workers, and 253 were drivers (first response vehicle
drivers, fire truck drivers, water tanker drivers) and operators
(dozers, diggers, excavators, graders, lorries, trailers).
Altogether, these personnel work in 67 Forest Enterprise
Directorates.

The FWDs answered the questions following a nine-point
Likert-type scale. On this scale, 1 signified very strongly
disagree, 3 signified very little agreement, 5 signified
moderately agree, 7 signified strongly agree, and 9 signified
very strongly agree. Points 2, 4, 6, and 8 were intermediate
values across the range of agreement and disagreement.

First, the data was analyzed for normality with the
Kolmogorov-Smirnov test, but the data did not show a
normal distribution. In the second stage, the Mann-Whitney
U test was used. The Mann-Whitney U test is used to test
whether rank is different between two independent
nonparametric groups (Kalayci, 2016). In this study, the
Mann-Whitney U test was used to examine whether there is
a statistical difference between the perspectives and
perceptions of FWDs who participated in the LFFs that took
place in Antalya and Mugla in 2021 on some issues. In this
context, between these two groups, forest fire organization,
infrastructure, number of personnel, condition of vehicles,
etc. differences or similarities in the subjects were examined

with the Mann-Whitney U test. These statistical analyses
were made using SPSS.

3. Results
3.1. Participants’ demographics

The descriptive statistics of FWDs participating in the
study are presented in Table 1. Accordingly, 59% of the
participants are fire workers, and 41% are drivers (operators).
The youngest is 19, and the most experienced is 63 years old.
The average age of FWDs is 40. When the education level is
examined, 50% of them are primary and secondary school
graduates, 42% are high school graduates, and 8% have
associate and undergraduate degrees. In addition, 81% of the
personnel are married, and 80% are seasonal (temporary)
workers. The average professional experience is 13 years.
Around 27% of the FWDs who took part in combating the
LFFs were the personnel of Antalya and Mugla RDFs, and
73% were assigned as part of the additional support force
from 18 other RDFs.

3.2. Participants’ opinions on inadequacies in combating
LFFs and differences in these opinions

3.2.1. Participants’ opinions on inadequacies in combating
LFFs

The evaluation of the problems and deficiencies in
combating LFFs according to the perspectives and
perceptions of the personnel working in Antalya and Mugla
RDFs during LFFs is given in Table 2. In terms of the number
of personnel, the participants have classified the lack of
personnel in the water tanker (D1) and ground crews (D2) in
LFFs as moderate (5.97). Concerning the number of vehicles,
i) the number of construction machinery (D3) is below the
medium level (4.84); ii) the number of fire helicopters (D4)
is moderate (5.10); and iii) the number of firefighting aircraft
(D5) is moderate (5.17).

Regarding fire suppression infrastructure, i) the amount
of in-forest water resources (D6) is moderate (5.18); and ii)
the number of forest roads and maintained forest roads (D7)
is moderate (5.64).

Concerning communication and coordination, 1)
problems due to lack of coordination (D8) are at a moderate
level (5.61), and ii) lack of communication and coordination
in night work (D9) is moderate (5.24) as well.

In terms of occupational health and safety, i)
displacement and transportation problems (D10) are
experienced at a moderate level (5.24) in night work; ii)
fatigue and insomnia (D11) from overwork are experienced
(7.16) due to the prolonged duration of the fire; iii)
occupational health and safety problems (D12) are below
medium level (4.81); and iv) the lack of training of
firefighters (D13) is considered low (3.67).

3.2.2. Differences in participant views on inadequacies

It was investigated whether FWDs had similar views and
perceptions on the issues presented in Table 2 regarding
major forest fires. The Mann-Whitney U test was used to
analyse whether there was a statistical difference between the
responses of FWDs within the scope of the problems and
insufficiencies experienced in the fight against LFFs
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presented in Table 2. According to this test results, there is a
significant difference between the responses of FWDs,
regarding the lack of personnel in the fire truck teams (D1,
p=0.018), and the lack of staff in the ground crews (D2,
p=0.001). In addition, according to the Mann-Whitney U test
results, vehicle status (D3, D4, DS5), fire suppression
infrastructure (D6, D7), communication and coordination
(D8, DY), and occupational health and safety (D10, D11,

Table 1. Descriptive characteristics of participants

D12, D13), there is no statistical difference between the two
groups in terms of the answers given to the statements
presented on the subject.

In combating LFFs, the maximum number of working
days that can be worked without leaving the field is an
average of five days (Table 3). In general, 52% of the FWDs
find 1-3 workdays appropriate, while 26% state that they can
work for seven or more workdays.

Characteristics Fire worker Driver General
N % N % N %
Frequency 368 59.26 253 40.74 621
Age (Mean) 38.74 42.36 40.22
Min-Max age 19-63 24-59 19-63
18-35 135 36.68 31 12.25 166 26.73
36-50 179 48.64 187 73.91 366 58.94
50<x 54 14.67 35 13.83 89 14.33
Education
Primary school 104 28.26 70 27.67 174 28.02
Secondary school 62 16.85 74 29.25 136 21.9
High school 170 46.2 93 36.76 263 42.35
Associate degree 27 7.34 13 5.14 40 6.44
Bachelor’s degree 5 1.36 3 1.19 8 1.29
Marital status (N and %)
Married 273 74.18 233 92.09 506 81.48
Single 95 25.82 20 791 115 18.52
Staff type (N and %)
Permanent (Perpetual) 79 21.47 45 17.79 124 19.97
Seasonal (Temporary) 289 78.53 208 82.21 497 80.03
Years of work (Mean) 12.68 13.65 13.08
1-5 85 23.1 12 4.74 97 15.62
6-10 89 24.18 59 23.32 148 23.83
11-15 94 25.54 124 49.01 218 35.1
16-20 38 10.33 31 12.25 69 11.11
20<x 62 16.85 27 10.67 89 14.33
Table 2. The problems and deficiencies in combating LFFs
Staff problems Fire worker Driver General Mann whitney U
M SD M SD M SD Z P
Personnel Number
D1 Lack of personnel in the water truck teams 5.73 2.97 6.31 2.73 5.97 2.89  -2.359 0.018"
D2 Lack of staff in ground crews 5.63 3.02 6.45 2.66 5.97 290 -3.285 0.001"
Vehicle Status
D3 Lack of construction machinery 4.69 29 5.05 2.82 4.84 2.87  -1.598 0.11
D4  Lack of fire helicopters 5.08 2.99 5.12 3.07 5.1 3.02  -0.181 0856
D5 Lack of firefighting aircraft 5.16 3.03 5.18 3.07 5.17 3.05 -0.123  0.902
Fire Suppression Infrastructure
D6 Lack of in-forest water resources 5.04 2.81 5.38 2.89 5.18 2.85 -1.490 0.136
D7 The number of forest roads and maintained forest roads 5.65 2.72 5.63 2.71 5.64 2.71 -0.104 0917
Communication and Coordination
D8 Problems due to lack of coordination 5.59 2.7 5.64 2.8 5.61 2.74  -0.353  0.724
D9 Lack of communication and coordination in night work 5.2 2.76 53 2.83 5.24 2.78  -0.521 0.602
Occupational Health and Safety
D10 The problem of displacement and transportation in night work 52 2.8 5.36 2.83 5.26 2.81  -0.735 0.462
DIl Work inefficiency due to fatigue and sleeplessness, depending 704 252 735 23] 716 244 1461 0144
on the prolonged duration of the fire
D12 Occupational health and safety problems 4.74 2.92 4.92 3.11 4.81 3 -0.735 0462
D13 Lack of training of fire workers 3.66 2.78 3.69 2.93 3.67 2.84 -0.223  0.823
*: There are differences between groups (p<0.05); M = mean; SD = standard deviation; D = deficiency
Table 3. The maximum number of workdays in combating LFFs
L Fire Worker Driver General
Working time (Workday) N % N % N %
1-3 184 50.00 136 53.76 320 51.53
4-6 88 23.91 51 20.16 139 22.38
7-9 47 12.77 19 7.51 66 10.63
10-14 28 7.61 29 11.46 57 9.18
x>15 21 5.71 18 7.1 39 6.28
Average (SD) 4.92 (3.95) 5.21 (4.76) 5.04 (4.3)
Mann-Whitney U Test 7z=-0.687 p=0.492
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According to the Mann-Whitney U test results in Table 3,
there is no significant difference (p=0.492) between the
answers given by forest firefighters and drivers in terms of
the maximum number of workdays they can perform in
combating LFFs.

4. Discussion

According to the Agriculture and Forestry Council (AFC)
(2019), the inability to create a sufficient number of
firefighters in the fire truck and ground crews, and the
inadequate physical characteristics of the workers, are stated
as the main weaknesses in the fight against forest fires. Tedim
et al. (2018) indicated that if a fire cannot be suppressed as a
result of the inadequacy of local fire crews or the lack of
training of the teams, an extreme forest fire disaster may
ensue. This situation may lay the groundwork for forest fires
to take hold in rough lands, where the intervention of forest
fire teams from the outside is more hazardous and
problematic. According to the study results (D1 and D2), it
was determined that the lack of personnel in both the fire
truck and ground crews had a moderate (5.97) effect on the
growth of LFFs. The evaluations of the FWDs regarding the
lack of personnel in the fire truck (p=0.018) and ground crews
(p=0.001) differ from each other in terms of significance.
This difference has arisen because drivers are more affected
by the lack of personnel, and owing to the lack of personnel,
some of the duties of FWDs are assigned to drivers as an
additional task. Avcr and Korkmaz (2021) emphasized that
although more FWDs were needed during the last 10 years,
this number has decreased significantly over the last three
years. In this context, the personnel problem can partially be
alleviated by establishing and supporting the volunteer
system expressed in GDF (2021).

The deficiency of construction machinery (D3) in the
growth of LFFs is seen as a medium-level problem by
firefighters (4.69) and drivers (5.05). The two groups agreed
regarding the duty machine deficiency, and there was no
statistical difference (p=0.110) between them. It is stated that
dozers are required in the construction of firebreaks, which
are essential in both strip openings and counter-fire
applications in LFFs (Kii¢iikosmanoglu, 1986; Tadesse and
Seboko, 2013).

Success in fighting forest fires requires a combination of
ground and air firefighting forces (Dimitrakopoulos et al.,
2011). Air support is highly effective in most forest fires,
especially in the first response phase (Tedim et al., 2020).
FWDs indicated that deficiency of D4 and D5 was
moderately effective in the growth of LFFs (5.10 and 5.17,
respectively). The two groups agreed on this issue, and there
was no significant difference (p=0.856; p=0.902). However,
the purchasing or leasing of aircraft in the fight against forest
fires creates a great economic burden. In this context, Tadesse
and Seboko (2013) suggest that aircraft should be used in
other interventions (human, equipment, or food
transportation in social events, such as natural disasters and
conflict) to reduce these costs outside the fire season.

Water is generally used as the main suppression
component in firefighting. Land and air crews are organized
with vehicles that use from 400 liters to 10 tons of water with
different levels of mobility (Tedim et al., 2020). According to
FWnDs, the deficiency of in-forest water resources (D6) had a
moderate effect (5.18) in the growth of LFFs. On this issue,

the two groups agreed, and there was no statistical difference
(p=0.136) between them. Due to the limited water storage
capacity of water tenders and aircraft in combating forest
fires, water must be supplied from the nearest point as soon
as possible. As such, establishing artificial or natural water
resources in the forest is imperative in reducing the water
supply time (Tadesse and Seboko, 2013; GDF, 2021). Tadesse
and Seboko (2013) stated that the water in the water pools of
the hotels located in and on the edge of the forest could be
used with a motor pump to respond to forest fires around the
hotel and supply water to the water tankers. This arrangement
could also be used in detached buildings in and around the
forest. For such structures, it may be necessary to have a
water source with a motor pump in swimming pools or
similar systems. As such, a self-defense mechanism can be
established in the building to guard against the danger of
forest fires.

Forest roads have many intended purposes, such as
connecting settlements and providing access to residences
and tourism facilities. According to FWDs, the number of
forest roads and maintained forest roads (D7) are moderately
effective (5.64) in the growth of LFFs. On this issue, the two
groups agreed, and there was no significant difference
(p=0.917) between them. It is important that bushes are
cleared on and around the edge of forest roads (Tadesse and
Seboko, 2013). Bilgili et al. (2010) stated that there is no road
network, and the efforts to fight forest fires in neglected forest
areas will be insufficient. Forest road maintenance should be
performed before the fire season to shorten the time to reach
the fire, and to reduce the effect of the roadside and the
combustible material load on the fire. Kasap et al (2024)
declareted to minimize the effects of forest fires on forest
ecosystems, initial response teams should reach the fire area
as quickly as possible via land transportation. Optimizing the
locations of initial response teams in firefighting, deploying
mobile response teams, improving road density, and
increasing the speed design of existing roads significantly
increases the effectiveness of fire response. Thus, utilizing
mobile response teams and increasing the speed design on
existing roads can minimize the time it takes for response
teams to reach the fire and increase the accessible forest areas
within the critical response time (Kasap et al., 2024). In this
context, the 23% forest road construction not yet completed
in GDF (2022) would be significant in combating forest fires.

Tedim et al. (2018) stated that the faults and deficiencies,
such as source deficiency, poor coordination between
firefighting crews, errant orders, training deficiencies, non-
communication, land management not decreasing fuel
consumption, and reneging on safety rules, can turn a forest
fire into a LFF. According to FWDs, problems caused by
coordination deficiencies (D8) are moderately (5.61)
effective in the growth of LFFs. The two groups agreed on
this issue, and there was no statistical difference (p=0.724)
between them. As forest fires grow, activities such as the
number of crews, fire response tactics, equipment
organization, logistics activities, and public relations become
more complex. Organization and coordination activities,
especially in LFFs, involve different categories of people,
professionals, or volunteers. Tadesse and Seboko (2013)
stated that a clear definition of the responsibilities of the unit
tasked with firefighting would increase the effectiveness of
the communication and coordination activities. Purnomo et
al. (2021) recommended defining the job descriptions of all
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institutions involved in combating forest fires to eliminate
communication and coordination problems. Bassi and
Kettunen (2008) suggested coordinating with stakeholders in
combating forest fires, thus pooling existing assets and
adopting other measures to reduce the fire risk.

LFFs continue for days without regard for day or night.
At such times, personnel work around the clock in the same
environment, mostly without shift changes. According to
FWDs, problems arising from communication and
coordination deficiencies in night work (D9, 5.24) and
nighttime displacement and transportation difficulties (D10,
5.26) are moderately experienced in the growth of LFFs. In
both issues (D9, D10), the two groups agreed, and there was
no statistical difference (p=0.602, p=0.462) between them.
On this subject, Hauke et al. (2011) recommended that
machines operated at night should have at least one light
equipped at the front and rear to ensure safe operation. In
addition, Cosgun (2022) suggested that FWDs could use
artificial lighting with flashlights or overhead lamps during
night work, use glowing clothes, and participate in night work
training.

In LFFs, FWDs have duties with irregular schedules
outside ordinary hours and involving physical work that lasts
14 days or longer (NWCG, 2022). According to FWDs, there
is too much inefficient work (7.16) in the growth of LFFs,
owing to fatigue and sleeplessness depending on the
prolonged duration of the fire duration (D11). On this issue,
the two groups agreed, and there was no significant difference
(p=0.144) between them. In the same context, 52% of FWDs
agreed that 1-3 days of working time would be suitable
during LFFs. These two groups stated that they could work
for a maximum of five days. There was no statistically
significant difference (p=0.602) between the evaluations of
the two groups regarding working time. In this regard, Ozer
(2022) and Kiigiikosmanoglu (1986) stated that the FWDs’
sleep and rest needs should be considered and that it would
be appropriate to work in shifts.

Fighting forest fires is a dangerous job requiring special
equipment and clothing to protect against hazardous
environments (Tedim et al., 2020). According to FWDs, the
occupational health and safety problem (D12) in the growth
of LFFs is below the medium level (4.81). On this issue, the
two groups agreed, and there was no statistical difference
(p=0.462) between them. In the strategy for fighting forest
fires, it is important to determine the principles that all
stakeholders must comply with. In this context, as stated in
Tadesse and Seboko (2013), all personnel who respond to
forest fires should have good fire suppression knowledge,
combat the fire with technologically appropriate personal
protective equipment, and participate in an organization with
a good command structure. All these elements need to be
defined in the forest firefighting strategy document.

The lack of training of FWDs (D13) is considered a low-
level (3.67) problem in the growth of LFFs. On this issue, the
two groups agreed, and there was no significant difference
(p=0.823) between them. Budiningsih et al. (2022)
emphasize that managing forest fires requires detailed
technical, socio-economic, and political intervention. FWDs
receive training in fire extinguishing techniques and other
technical issues at the beginning of the fire season (Safak et
al., 2023). Avcl and Korkmaz (2021) suggested that
firefighting personnel (workers, engineers, and operators)
should be well-trained in motivation, determination,

willpower, and initiative, as well as in technical training, and
this training should be continuous.

Forest firefighting organizations and approaches vary
widely from one country to another as a result of many
factors, including people and the environment. In the
upcoming period, according to many studies (Griinig et al.,
2022; Balch et al., 2017; Buckland, 2016; San-Miguel-Ayanz
etal., 2013; Taylor et al., 2013), it is estimated that managing
LFFs will be increasingly complicated due to climate change,
as fire hazard conditions will increase, the fire season will
expand, and its severity will increase. In addition, as LFFs
become a significant problem in the international arena, the
necessity of improving the fire suppression system in fire-
affected countries will become more evident and urgent
(Tedim et al., 2020). As such, there is a need for research to
strengthen international cooperation in fire management and
develop a harmonized information system infrastructure at a
regional and global level. Particularly, there is a need for
research that can produce solutions on how to eliminate
“organizational and infrastructure deficiencies”.

5. Conclusions

It is expected that forest fires and LFFs will occur more
frequently than in the past. The increase in population density
affects the rate of fire outbreaks and growth, and the more
frequent occurrence of hot and arid years, together with
climate change, heighten this danger. In this case, in the fight
against forest fires, controllable parameters are as important
as factors that cannot be directly controlled. The absence of
deficiencies or inadequacies in controllable factors will
increase the effectiveness and success of forest firefighting in
direct proportion. In the fight against forest fires, the power
of the land crews and the infrastructure support (the water
resources and number of forest roads) are as important and
efficient as the use of technological opportunities (aircraft,
fire trucks, and construction machinery). In terms of the
forest firefighting infrastructure, it is important to take care
of the personnel involved, monitoring their working hours
and occupational health, and ensuring safety precautions,
communication strategies, and coordination activities are
successfully implemented.

As a result of the study, personnel deficiency,
construction machinery deficiency, aircraft deficiency,
problems based on fire suppression infrastructure (forest road
and water resources), non-communication and non-
coordination deficiencies, and factors related to occupational
health and safety deficiencies were determined to have a
moderate effect on the growth of LFFs. The prolonged and
continuous work creates a very high level of inefficiency in
combating LFFs. In this context, eliminating the
shortcomings mentioned in the study will increase the
efficiency, success, and motivation of the employees
involved in combating LFFs.
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The moderating role of job satisfaction in the relationship between workplace
happiness and corporate belonging consciousness:

Oz: Kurumlarin basarisini ve siirdiiriilebilirligini etkileyen birgok farkli etmen bulunmaktadir. Etkili personel yonetimi ve
personelin kurum ile iligkisini artiric1 faaliyetlerin ise kosulmasi bunlardan birisidir. Insanlarin yaptiklari iste basarili olmasi
bireysel tatmini saglamasinin yan1 sira kurumsal basariy: da etkilemektedir. Nitekim personelin is yerinde mutlu, is doyumu yiiksek
ve kurumsal baglilik diizeylerinin yiiksek olmasi kurumsal gelisime olumlu katki saglamasi beklenmektedir. Bu aragtirma Doga
Koruma ve Milli Parklar 4. Bolge Mudiirliigli ve bagli sube miidiirliiklerinde ¢alisan personelin (145 teknik personel 182 idari
personel) is yeri mutlulugu ile kurumsal aidiyet bilinci arasindaki iligkide is doyumunun diizenleyici roliinii tespit etmek amaciyla
gergeklestirilmistir. Aragtirma evreni 327 kigiden olugmakta olup 93 katilimci ile anket ¢aligmast yapilmigtir. Arastirmada veriler
anket teknigi ile toplanmistir. Verilerin analiz edilmesinde SPSS 22 ve AMOS istatistik paket programlarindan yararlanilmistir.
Arastirmada faktor analizi, korelasyon analizi, regresyon analizi ve yapisal esitlik modeli ile dogrulayici faktor analizi, yol analizi
ve diizenleyici etki analizlerinden yararlanilmistir. Arastirma bulgularina gére is doyumunun, i yeri mutlulugu ile kurumsal aidiyet
bilinci arasindaki iliskide diizenleyici etkiye sahip oldugu belirlenmistir.

Anahtar kelimeler: Faktor analizi, Kurumsal aidiyet, Is yeri mutlulugu, Is doyumu, Milli park

4'" Regional Directorate of Nature Conservation and National Parks

Abstract: There are many different factors affecting the success and sustainability of institutions. Effective personnel management
and activities that increase the relationship between the personnel and the institution are among them. People being successful in
their work not only provides individual satisfaction but also affects institutional success. Indeed, it is expected that the personnel
being happy at work, having high job satisfaction and high levels of institutional commitment will contribute positively to
institutional development. This research was conducted to determine the moderating role of job satisfaction in the relationship
between workplace happiness and institutional sense of belonging among the personnel (145 technical personnel and 182
administrative personnel) working in the 4th Regional Directorate of Nature Conservation and National Parks and affiliated branch
directorates. The research universe consists of 327 people and a survey was conducted with 93 participants. The data in the research
was collected using the survey technique. SPSS 22 and AMOS statistical package programs were used in the analysis of the data.
Factor analysis, correlation analysis, regression analysis and structural equation model, as well as confirmatory factor analysis, path
analysis and moderating effect analysis were used in the research. According to the research findings, it was determined that job
satisfaction has a moderating effect on the relationship between workplace happiness and corporate sense of belonging.
Keywords: Factor analysis, Corporate belonging, Workplace happiness, Job satisfaction, National park

The example of the

1. Giris

Belirli amaglara ulasabilmek adina bir araya gelmis ve
ana unsuru insan olan toplumsal yapilanmalar olarak
tanimlanabilen orgiit/kurumlarin kendisinden talep edilen
mal/hizmeti  sunabilmesi ve kurumsal kapasitelerini
arttirabilmeleri kurumlarin amag ve hedeflerini bilen, bunlar1
kendi amag ve hedefleri gibi benimseyen, kurumsal degerlere
bagly, ig doyumu ve mutlulugu yiiksek ve biitiin bunlarin
sonucunda da aidiyet duygusu gelismis calisanlarinin
varligina baghdir (Alkan, 2018). Bu durum kurum ile
personel arasindaki iliskileri ve bu iligkilerin diizeyini 6nemli
hale getirmektedir. Bu iliskide kurum ile personel arasinda

saglikli iletisim ve kaliteli bir bagin olusmasi personelin
kuruma aidiyet hissini etkilemekte; personelin kurumda
calisma istegine olumlu olarak yansimaktadir (Oztop, 2014).

Kurumsal gelisim siirecinde en fazla ihtiya¢ duyulan
unsur nitelikli insan kaynagidir. Nitelikli insan kaynaginin
olugsmasinda kisilerin bireysel yetenekleri ve bilgisi kadar,
kurumsal olarak uyumu da olduk¢a oOnemlidir. Fiziksel
calisma ortami kosullar1 ve sosyal haklar kuruma kars1 olan
giiven ve basarili olma hissini 6nemli dlglide etkilemektedir.
Bu durum calisanlarin kurumlarina karsi belli bir tutum
gelistirmesini etkilemekte ve devaminda kurumsal olarak
aidiyet duygusunun gelisimine katki saglamaktadir (Tiryaki,
2005). Kurumsal aidiyet temelde calisanlar ile igerisinde
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bulunduklar ve temsil ettikleri organizasyon ile aralarindaki
uyumu ifade etmektedir (Leong vd., 1996). Calisma
ortaminda mutlu, arkadaglartyla uyum igerisinde olan
personelin kurumsal aidiyet bilincinin yiiksek oldugu kabul
edilmektedir (Seving, 2022).

Is yeri mutlulugu bireyin kisisel olarak kendini iyi
hissetmesi, Orgiitsel agidan iyi bir c¢alisma performansi
sergilemesi, ¢caligma arkadaslar ile saglikli iligkiler kurmasi
seklinde ifade edilebilmektedir (Pryce-Jones, 2010). Is yeri
mutlulugu tic unsurdan olugsmaktadir. Bunlar is tatmini,
orgiitsel baghlik ve ise tutulmadir (Fisher, 2010). Kisilerin
yaptiklar1 ise kars1 olumlu bir tutum iginde olmasi ve yaptig1
isten keyif almasi olarak nitelendirilen is tatmini (Hashim ve
Mahmood, 2011; Robbins ve Judge, 2013) ile kurumsal
aidiyet arasinda olumlu bir iliski bulunmaktadir (Testa,
2001). Orgiitsel baghlik cahsanlarm 6rgiit amaglarini
gozeterek calismasi Orgiit {liyesi olarak kalmayi istemesi
olarak tanmimlanmaktadir (Uygur, 2009). Ise tutulma ise
calisanin duygusal, fiziksel ve biligsel olarak kendini ise
adamasi olarak ifade edilmektedir (Khan, 1990).

Is yerindeki mutluluk, is doyumu ve kurumsal aidiyet
bilinci galiganlarin yaptiklart ise ve kurumlarina kars1 bakis
acilarini ortaya koyan énemli unsurlardir. insan psikolojik bir
varlik olarak bulundugu ortamda ¢ok fazla unsurdan
etkilenebilmektedir. Is hayatinda meydana gelen gelismeler,
kiiltiirel farkliliklar ¢aliganlarin is hayatinda belli degisimleri
zorunlu kilmaktadir (Rodriguez-Carvajal vd., 2010).
Ozellikle is hayatindaki rekabet ortami, ¢alisanin iistlendigi
gorev ile iliskisi, ¢aligma ortami kosullar1 gibi caligma
hayatini etkileyen unsurlarin iyi olmasi, ¢alisanin is yerinde
daha mutlu olmasmna olanak saglamaktadir. Is yeri
mutlulugunu yakalamis calisanlar, daha iiretken, daha
yaratici, is arkadaglar ile daha iyi iletisim kurabilen kisiler
olmaktadir (Pryce-Jones, 2011).

Is doyumu kavrami calisanin isine yaklasim bicimi ve
degerlendirmesi ile duydugu olumlu duygusal durum olarak
tamimlanmaktadir (Vroom, 1964). Is hayati dogas1 geregi
mutlulugun saglanabilmesi i¢in yapilan isten haz almay1 ve
doyum almay1 gerekli kilmaktadir. Bu is doyumunun
saglanabilmesi icin bireyin isinden beklentileri ile isin
ozelliklerinin uyumlu olmas1 gerekmektedir. Isini seven,
kurum igin iiretken olmaya c¢alisan kiginin hem is doyumunu
hem de mutluluk ve aidiyet bilincini yakalamas1 olagandir.
Temelde is doyumunu etkileyen hem psikolojik hem de
bireysel faktorler bulunmaktadir. Cinsiyet, yas, egitim
diizeyi, deneyim bireysel faktorler olarak gosterilirken; ticret,
is ortami, is arkadaslari, takdir gérme gibi faktorler ise
psikolojik faktorler olarak gosterilmektedir (Demirtag ve
Cagan, 2021). Nitekim kurumlarin basartya ulagabilmesi igin
calisanlarini hem bireysel hem de psikolojik olarak etkileyen
faktorleri dikkate almasi gerekmektedir (Caliskan vd., 2011).
Kurum ve ¢aligan arasindaki uyumun yakalanabilmesi i¢in i
doyumu kavrammin dikkate alinarak degerlendirilmesi
oldukga 6nemlidir (Quarstein vd., 1992).

Kisilerin psikolojik ve sosyal hayatlarini etkileyen aidiyet
duygusu ¢aligan iizerinde farkli etkilere sebep olabilmektedir.
Ozellikle beklentileri karstlanmayan, kurumu ile olumlu bir
bag kuramayan caliganlarin aidiyet bilingleri diisiik olur ve
calisan yalnizlasma yasayabilir. (Melor vd., 2008). Kurum
verimliligi ve basarisini 6nemli dl¢lide etkileyen kurumsal
aidiyet bilinci, dikkate alinip degerlendirilmesi gereken bir
unsurdur. Kurumsal aidiyet bilinci yiiksek ¢alisanlar
kurumlari i¢in daha verimli ve daha etkin ¢alismaktadirlar
(Oztop, 2014). Tzgoren (1999) ve Wasti (2002) kurum

bagarist ile galisanlarin kurumsal aidiyet bilingleri arasinda
olumlu bir iligkinin varligini ifade etmektedirler.

Yukarida deginilen kavram ve olgular ¢aliganlarin sosyo-
ekonomik ve psikolojik durumlari ile yakindan ilintilidir. Bu
kavramlarin  ayni zamanda soyut kavramlar olmasi
denetlenmesi ve degerlendirilmesini  zorlastirmaktadir.
Bununla birlikte literatiirde farkli alanlarda farkli kurumlar
icin yapilmig baz1 ¢aligmalara rastlamak miimkiindiir.
Nitekim, is doyumu, is memnuniyeti ve diger psikolojik
faktorlerin  ayr1 ayr1 irdelendigi bazi arastirmalar
bulunmasina ragmen (Akyiiz vd., 2011; Yurdakul Erol ve
Koése, 2017; Cok vd., 2017; Korkmaz ve Baykal, 2018;
Dagdemir ve Agdas Okul, 2019; Yilmaz vd., 2020; Enez ve
Bulut, 2021; Akyol vd., 2022); ormancilikla ilgili kurumlarda
calisanlara yonelik yapilan aragtirmalarin gérece daha sinirli
oldugunu sdylemek miimkiindiir.

Milli parklar, tabiat parklari, sulak alanlar, yaban hayati
gelistirme sahalar1 vb. korunan alanlar ekolojik dengenin
korunmasinda kritik 6neme sahip alanlar olup; ayn1 zamanda
insanlara rekreatif faaliyet olanaklari da sunmaktadir. Bu
alanlar {ilkemizde insanlarin eglenme, dinlenme, doga
ylirliyiisii, deniz turizmi, yaban hayati gézlemi, fotografgilik
gibi faaliyetlerin yerine getirilmesinde siklikla tercih
edilmektedir. Bu alanlarin dogru ve etkili bir sekilde
yonetilebilmesi uygun strateji-politikalar ve mevzuatin
olusturulmasi1 kadar Orgilit yapist ve etkili yoOnetim
stratejilerinin belirlenmesi ile de yakindan ilgilidir. Y6netim
stratejileri kurumsal faaliyetleri yerine getirmenin yan sira
personel yonetimini de kapsamaktadir. Doga Koruma ve
Milli Parklar Genel Midiirliigi (DKMPGM) iilkemizin
o6nemli dogal korunan alanlarmin ydnetiminden sorumlu
kamu kurumudur. Bu arastirma da DKMPGM’nin 15 bolge
miidiirliigiinden biri olan Doga Koruma ve Milli Parklar 4.
Bolge Midirliigih (DKMP4BM) ve baghh ve sube
miidiirliiklerinde (Manisa, Izmir, Aydin, Mugla) calisan
personelin (teknik ve idari) is yeri mutlulugu ile kurumsal
aidiyet bilinci arasindaki iligkide is doyumunun diizenleyici
etkisi irdelenmistir.

2. Materyal ve yontem

Arastirmada literatiirden yararlanilarak olusturulan anket
formlar1 uygulandiktan sonra elde edilen veriler bilgisayar
ortamina aktarilarak gerekli analizler gerceklestirilmistir. Bu
kapsamda olusturulan arastirma hipotezleri asagidaki gibidir:

Hi: Is yeri mutlulugunun kurumsal aidiyet bilinci
tizerinde anlaml iliski vardir,

H,: Is doyumunun kurumsal aidiyet bilinci iizerinde
anlamli iligki vardir,

Hs: Is yeri mutlulugu ile kurumsal aidiyet bilinci
arasindaki iligkide is doyumu diizenleyici etkiye sahiptir,
seklindedir.

Arastirmanin kuramsal modeli Sekil 1’de gosterilmistir.
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Model 1

Conceptual Diungram

X } » Y

Sekil 1. Diizenleyici etki kuramsal model. X; Is yerinde
mutluluk Y; Kurumsal aidiyet bilinci M; Is doyumu

Figure 1. Theoretical model of moderating effect. X;
Happiness at work Y; Sense of organizational belonging M;
Job satisfaction

Tiirkiye’de ekosistem hizmetleri, biyolojik ¢esitlilik, kara
avciligr faaliyetleri, tabiat parklari, milli parklar, tabiati
koruma alanlari, tabiat anitlari, yaban hayati gelistirme
sahalar1 ve sulak alanlar gibi doganin 6nemli unsurlarini
planlama, projelendirme ve yoOnetme faaliyetleri Doga
Koruma ve Milli Parklar Genel Midiirligi (DKMPGM) ve
Genel Miidiirliige bagh Tiirkiye nin ¢esitli illerine yayilmis
15 Bolge Midiirliigii tarafindan yiiriitiilmektedir. Bolge
midiirliigli ve bagh Orgiitlerinde ¢alisan personelin i
doyumu, igyerindeki mutlulugu ve kurumsal aidiyetleri bu
organizasyonlarin bagarisina etki edecegi gibi, tiiketicilere de
olumlu yonde yansiyacaktir. Tam saha 6l¢iimiiniin zorluklari
nedeniyle aragtirma alani olarak 15 bolge midiirliigiinden
birisi olan ve bdlge miidiirliiklerince yiiriitiilen ekosistem
hizmetleri ve diger faaliyetlerin tamamina yakinin
orneklerinin goriilebildigi ve yeterli sayida c¢alisana sahip
DKMP4BM secilmistir. 4. Bolge Miidiirliigii lokasyon olarak
ilkemizin en 6nemli kiyilarina, tabiat parklarina ve milli
parklarna sahiptir. Bu 06zelligi arastirma alani seciminde
etkili olmustur. DKMP4BM ve bagli sube miidiirliiklerinde
toplam 327 personel gorev  yapmaktadir. Omek
biiyiikliigiiniin belirlenmesinde Karasar (2005) ve Yazicioglu
ve Erdogan (2004)’dan yararlanilmigtir.

N=Z2Npq / ND*+Z%pq (1)

Burada;

n: Ornek biiyiikligiinii,

Z: Giiven katsayisini (%95°1ik giiven diizeyi i¢in Z=1,96),

N: Ana kiitle biyiikligiinii,

p ve q Olgiilmek istenilen biiyiikligiin, ana kiitlede
bulunma olasiligini (0,5),

D: Kabul edilen
gostermektedir

ormekleme  hatasimi  (%10)

Formiile (1) gore yapilmasi gereken en az anket sayis1 74
olarak hesaplanmstir. Bununla birlikte anket giivenilirliginin
yiikseltilmesi amaciyla anket sayisi arttirilmis toplamda 93

kisiyle c¢evrimi¢i (online) olarak anket yapilmigtir.
Literatiirde arastirmalar incelendiginde, ana kiitle {izerinden
geri donils oranlarinin %20 ile %45 arasinda degistigi
goriilmektedir (Bal ve Gundry, 1999; Hum ve Leow, 1996).
DAF analizi ve YEM analizlerinde 6rneklem biiyiikliigiiniin
belirlenmesi literatiirde farkli goriisler bulunmaktadir.
Anderson ve Gerbing (1984)’e gore en az 100 olmasi
gerekirken, bazi aragtirmacilara gore 6lgme aracinda yer alan
madde sayisina gore degisecegi savunulmaktadir. Catell
(1978) en az madde sayisinin 3 kati, Kline (1994) ise bu
oranin  10:1 tutulmasint  Onermekle Dbirlikte oranin
azaltilabilecegini ve en az 2:1 olmasi gerektigini
belirtmektedir. DFA i¢in 6rneklem biiyiikliiglinin madde
sayisinin belli kat1 seklinde veya belli kisi sayisi olarak ifade
edilmesinde problemlere neden olabilecegi, bu yaklagimlarin
hizli ve kullanish olmasma karsin uygun olmadig: ifade
edilmektedir (Wolf vd., 2013). Literatirde DFA igin
oreklem biiylikligiiniin ~ belirlenmesinde  basit  belli
kurallarin olmadigi, uyum indeksleri, standardize edilmis
yiikler, hatali tanimlama durumu ve Onerilen kisi sayisinin
serbest parametrelere (N/q) oraninin birlikte
degerlendirilmesi gerektigi belirtilmistir (Jackson, 2001).
Literatiirdeki tiim goriisler ve arastirma modeli bir biitiin
olarak degerlendirildiginde Orneklem sayisimin DFA i¢in
yeterli oldugu goriilmektedir.

Anket formlar1 hazirlandiktan sonra Isparta Uygulamali
Bilimler Universitesi Bilimsel Arastirma ve Yaym Etigi
Kurulu’nun 02.05.2024 tarih ve 192/05 no’lu karar ile etik
kurul izni alinmigtir. Anket formunda katilimcilarin profil
ozelliklerini belirmeye yonelik sorular ile KAB, IYM ve 1D
diizeyini 6lgmek i¢in onermeler bulunmaktadir. Kurumsal
aidiyet bilinci 6lgegi i¢in Oztop (2014)un caligmasinda
kullandig1 6lgekten yararlamlmistir. Minnesota Is tatmini
Olgegi Weiss vd. (1967) tarafindan gelistirilen Kocoglu
(2015)’in ¢aligmasinda kullandig1 6lgekten yararlanilmustir.
Is yeri mutlulugu 6lceginde ise Salas Vallina ve Alegre Vidal
(2018) tarafindan gelistirilen Bilginoglu ve Yozgat (2020)
tarafindan Tiirkceye uyarlanan Isyerinde Mutluluk Olgegi
kullanilmigtir. Sorularin hazirlanmasinda 5°1i likert tipi Slgek
kullanilmistir (1: Hi¢ katilmiyorum, 2: Katilmiyorum, 3:
Kararsizim, 4: Katiliyorum, 5: Tamamen katiliyorum).

Arastirma kapsaminda elde edilen veriler SPSS 22.0 ve

AMOS  istatistik  paket  programlari  yardimiyla
degerlendirilmigtir. Olgeklerin faktor yapilarinin
belirlenmesi, giivenilirligi ve gegerliliginin  ortaya

koyulmasinda agiklayici faktor analizi (AFA) (Bliylikoztiirk,
2002), faktor yapilarinin dogrulanmasi ve diizenleyici etki
analizinin gerceklestirilmesinde dogrulayict faktor analizi
(DFA) ile yol analizleri kullamilmistir. AFA, gizil ve
gozlenen degiskenler arasindaki iligkiyi ve gozlenen
degiskenlerin faktorii temsil yetenefini ortaya koymak
amaciyla yapilan istatistiksel analizdir (Henson ve Roberts,
2006). Olgeklerin faktdr yapilarinin belirlenmesinde AFA, bu
faktor yapilarinin dogrulanmasinda ise DFA
kullanilmaktadir. Diizenleyici etki analizi, etkilesim
(interaction) degiskeni olarak da bilinen diizenleyici degisken
farkl1 degerler aldik¢a, bagimsiz ve bagimli degiskenler
arasindaki iligkiler de degismektedir. Bagimsiz degiskenin
bagimli degisken tlizerindeki etkisinin ne zaman artacagi; ne
zaman azalacagl ya da bu etkinin neye bagl oldugunu
gosteren degisken, diizenleyici degiskendir. Bu analiz AMOS
programi yardimi ile olusturulan yol analizi ile analiz
edilmigtir. Arastirma modeli Hayes (2013) tarafindan
gelistirilen Model 1 kullamilarak analiz edilmistir. Oncesinde
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¢oklu regresyon analizi yapilarak Onemli degerler
hesaplanmistir. Bunlar, lgeklerin benzesme gegerliliginin
ortaya konulmasi igin Average Variance Extracted (AVE) ve
Composite Reliability (CR) degerleridir. AVE degerinin
0,40’tan CR degerinin 0,70’ten fazla olmasi benzesme
gegcerliliginin saglandigini gostermektedir. Faktor yapilarinin
dogrulanmasinda DFA  yapilmis ve wuyum indeks
degerlerinden (x2/sd<5, CFI, GFI, <0,80 SRMR<O0,10,
RMSEA<0,10) (Schermelleh ve Moosbrugger, 2003; Shevlin
vd., 2000; Simon vd., 2010; Meydan ve Sesen, 2015)
yararlanilmistir. Diizenleyici etki analizi AMOS programi
kullanilmis ve Aiken ve West (1991), Dawson (2014) ve
Dawson ve Richter (2006) tarafindan gelistirilen etkilesim
etki grafiginden yararlamilmistir. AFA ile 6lgeklerin faktor
yapilari belirlenirken her bir nermenin faktor yiikiiniin 0,30
ve lizerinde olmasi yeterli kabul edilmistir (Neale ve Liebert,
1980; Harrington, 2009). Bunun disinda toplam agiklanan
varyans orani (AVO), binisik deger, Kaise-Meyer-Olkin
(KMO) ve Bartlett testi faktdr yapilariin belirlenmesinde
dikkate alinmigtir. Olgeklerin giivenilirliginin
degerlendirilmesinde crochbach’s alfa katsayisi (0,60-0,79
arasit olmast giivenilir kabul edilmektedir) kullanilmistir
(Ozdamar, 2002). AVO’nun %40 olmasi (Biiyiikdztiirk,
2012; Eroglu, 2008) ve KMO degerinin en az 0,50 olmasi
(Field, 2000) yeterli kabul edilmektedir. Faktor analizi
sonuglarinin yetersiz bulunmasi durumunda faktdr déndiirme
islemi varimax yontemiyle yapilmustir.

3. Bulgular
3.1. Katilimcilarin sosyo-demografik dzellikleri

Katilimeilart tanimlayan 6zellikler (profil), bir bireyi
i¢sel ve digsal etkenleri g6z Oniine alarak irdeleme ve bireyin
ayirt edici Ozelliklerini tanimlayarak ortaya koyma islemi
olarak ifade edilmektedir (Keskin vd., 2010; Alkan, 2013).
Aragtirmada  profil belirlemeye yonelik irdelemeler
katilimcilarin cinsiyet, yas, egitim durumu, gérev yaptigi il
ile sinirh tutulmustur (Cizelge 1). Zira, daha ayrintili denek
tanimlamalarinin  yapilmasi durumunda ankete katilim
ve/veya sorulart cevaplamadaki istekliligin azalabilecegi
distiniilmiistiir.

Cizelge 1. Katilimcilar1 tanimlayan bazi 6zellikleri
Table 1. Some characteristics that define the participants

Ozellikler Deger Say1 Yiizde
Cinsiyet Kadm 28 30,10
Erkek 65 69,90

18-24 6 6,50

Yas 25-35 26 28,00
36-44 33 35,50

45 ve lizeri 28 30,00

Lise 22 23,60

Egitim On lisans/Lisans 58 62,40
Lisansiisti 13 14,00

. Bekar 41 44,10
Medeni Durum Evli 52 55.90
Manisa 22 23,70

. : Aydin 28 30,10
Gorev Yapilan 11 M}lllgla 3 30,10

[zmir 15 16,10

Cizelge 1’e gore katilmcilarin %30,10°u kadin ve
%69,90°1 da erkektir. Anket ¢aligmasina 25-35 ve 36-44 yas
araliginda personelin daha fazla katilm gosterdigi
goriilmektedir. Katilimcilarin  %62,40’1 6n lisans-lisans
mezunu olmakla beraber ilgili sube miidiirliiklerinden katilan
personel sayilar1 dengeli bir dagilima sahiptir. Ankete
katilanlarin %30,10 Aydin ve Mugla, %23,70’i Manisa,
%16,10’u fzmir Sube Miidiirliiklerinde gérev yapmaktadir.

3.2. Olceklerde sunulan énermelere katilim durumlar:

Katilimeilarin kurumsal aidiyet 6l¢egine iliskin goriisleri
Cizelge 2’de verilmistir.

Cizelge 2°de goriildiigii gibi kurumsal aidiyet 6lgegine
iligkin sunulan &nermelere katilim oldukea iyi durumdadir.
En fazla katilimin oldugu ifade 3,92 ortalama ile “Kurumum
benim fikirlerimi dikkate almaktadir.” Snermesi olmustur.
Nitekim katilimcilarin =~ %38,70°1  Onermeye kesinlikle
katildiklarini ifade ederken, %30,10°u katildiklarini ifade
etmistir. Onermeye katilmayanlarm yiizdeleri katilmiyorum
ve kesinlikle katilmiyorum segenekleri icin sirastyla %6,50
ve %4,30’dur. Katilimcilarin %20,40°1 ise Onermeye ne
katildiklarmi ne de katilmadiklarimi ifade etmislerdir.
Katilimin yiiksek oldugu ikinci 6nerme ise 3,83 ortalama
deger ve %699 ile “Kurumum benim menfaatlerimi
gozetmektedir.” dnermesidir. Bunu ¢ok yakin ortalama deger
(3,82) ve %69,90 yiizde ile “Kurumum igin gosterdigim
cabalar takdir gormektedir.” Onermesi takip etmektedir.
“Kurumdaki ~ ¢alisma  kosullarindan memnunum”’,
“Kurumumu bir aile, kendimi de ailenin bir parcasi olarak
goriiyorum.” 6nermelerine katilim durumlari ortalama deger
ve ylizde olarak (say1-%) sirasiyla 3,75 (%65,6), 3,76(%64,5)
seklindedir.

Katilmcilarin is yerinde mutluluk 6lcegine iliskin
goriisleri ise Cizelge 3’teki gibidir.

Is yerinde mutluluk 8lgegine yonelik sunulan énermelere
katilm ortalamas1 3,60 olup; orta degerin (3) iizerindedir.
Katilimin en fazla oldugu 6nerme 3,97 ortalama ve %73,10
yiizde ile “Isim konusunda hevesliyim.” dir. Bunu 3,9
ortalama ve %73,10 yiizde ile “Calisirken kendimi ise
kaptiririm” ve 3,82 ortalama ve %65,6 yiizde ile “Isimde
kendimi giiclii ve enerjik hissediyorum” Onermeleri takip
etmektedir. Ote yandan bazi 6nermelerde katilm diizeyi
kurumsal aidiyet 6lgegindeki Onermelere nazaran nispeten
daha az olmustur. Katilimin en diisiik oldugu 6nerme orta
deger olan 3’e¢ yakin bir degerle (3,19) “Kariyerimin geri
kalanini bu kurumda gegirmekten mutlu olurum” olmustur.
Katilimin diger 6nermelere kiyasla daha diisiik oldugu diger
bir ifade ise 3,30 ortalama puan ve %54,8 yiizde ile “Aldigim
ticretten memnunum”’ 6nermesidir.

Katilimcilarin is doyumu &lgeginde sunulan dnermelere
katilim durumlari ise Cizelge 4°teki gibidir.
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Cizelge 2. Kurumsal aidiyet 6lgegine iliskin goriisler
Table 2. Views on the scale of institutional belonging

1 2 3 4 5 Ort. Genel ort.
1.Kurumum benim menfaatlerimi gozetmektedir 5,40 11,80 12,90 33,30 36,60 3,83
2.Kurumum igin gosterdigim ¢abalar takdir gormektedir 6,50 8,60 15,10 35,50 34,40 3,82
3.Kurumum benim fikirlerimi dikkate almaktadir 4,30 6,50 20,40 30,10 38,70 3,92 3,82
4 Kurumdaki ¢aligma kosullarindan memnunum 6,50 14,00 14,00 29,00 36,60 3,75
5. Kurumumu bir aile, kendimi de ailenin bir pargasi olarak gorityorum 6,50 10,80 18,30 29,00 35,50 3,76
1: kesinlikle katilmiyorum 2: katilmiyorum 3: kararsizim 4: katiliyyorum 5: kesinlikle katiliyorum
Cizelge 3. Is yerinde mutluluk 6lgegine iligkin goriisler
Table 3. Opinions on the happiness scale at work
1 2 3 4 5 Ort. Genel ort.
1.Isimde kendimi giiglii ve enerjik hissediyorum 2,20 7,50 24,70 36,60 29,00 3,82
2.Isim konusunda hevesliyim 1,10 7,50 18,30 38,70 34,40 3,97
3.Calisirken kendimi kaptiririm 2,20 5,40 19,40 39,80 33,30 3,96
4.Yaptigim isin dogasindan memnunum 14,00 8,60 11,80 37,60 28,00 3,56
5.Aldigim ticretten memnunum 16,10 14,00 15,00 33,30 21,50 3,30 3,60
6.Calistigim kurumdaki terfi olanaklarindan memnunum 14,00 8,60 14,00 25,80 37,60 3,64
7 Kariyerimin geri kalanmni bu kurumda gec¢irmekten mutlu olurum 11,80 24,70 20,40 18,30 24,70 3,19
8.Calistigim kuruma duygusal olarak bagl oldugumu hissediyorum 7,50 17,20 15,10 30,10 30,10 3,58
9.Calistigim kuruma dair giiclii bir aidiyet hissediyorum 14,00 15,10 17,20 24,70 29,00 3,39
1: kesinlikle katilmiyorum 2: katilmiyorum 3: Kararsizim 4: katiliyorum 5: kesinlikle katiliyorum
Cizelge 4. Is doyumu 6lgegine iliskin goriisler
Table 4. Opinions on job satisfaction scale
1 2 3 4 5 Ort.  Genel ort.
1.Beni her zaman mesgul etmesi bakimindan 14,00 15,10 23,70 20,40 26,90 3,31
2.Bagimsiz ¢alisma imkaninin olmasi bakimindan 11,80 0 1720 32,30 38,70 3,97
3.Ara sira degisik seyler yapabilme imkani bakimindan 2,20 540 11,80 37,60 43,00 4,13
4.Toplumda "saygin bir kisi" olma sansin1 bana vermesi bakimindan 7,50 8,60 12,90 2580 45,20 3,92
5.Yoneticinin emrindeki kisileri iyi yonetmesi bakimindan 430 11,80 19,40 28,00 36,60 3,80
6.Yoneticinin karar verme yetenegi bakimindan 15,10 16,10 18,30 24,70 25,80 3,30
7.Vicdani bir sorumluluk tagima sansini bana vermesi yoniinden 3,20 8,60 18,30 33,30 44,10 4,06
8.Bana garantili bir gelecek saglamasi yoniinden 1,10 7,50 18,30 35,50 37,60 4,01
9.Bagkalart1 i¢in bir seyler yapabildigimi hissetmem yoniinden 15,10 17,20 23,70 22,60 21,50 3,18
10.Kisileri yonlendirmek i¢in firsat vermesi yoniinden 3,20 12,90 30,10 29,00 24,70 3,59 361
11.Kendi yeteneklerimle bir seyler yapabilme sans1 vermesi yoniinden 6,50 10,80 20,40 26,90 35,50 3,74 ?
12.Isimle ilgili alinan kararlarin uygulamaya konmasi yoniinden 15,10 540 19,40 33,30 26,90 3,51
13.Yaptigim is karsiliginda aldigim ticret yoniinden 9,70 18,30 21,50 19,40 31,20 3,44
14.Terfi imkaninin olmasi yoniinden 15,10 18,30 20,40 21,50 24,70 3,22
15.Kendi fikirlerimi rahat¢a kullanma imkan1 vermesi yoniinden 2,20 14,00 15,10 30,10 38,70 3,89
16.Caligsma sartlar1 yoniinden 8,60 22,60 18,30 30,10 20,40 3,31
17.Calisma arkadaglarinin birbirleriyle anlagmalar1 yoniinden 12,90 15,10 28,00 28,00 16,10 3,19
18.Yaptigim is karsiliginda takdir edilmem yoniinden 11,80 15,10 21,50 17,20 34,40 3,47
19.Yaptigim is karsiliginda duydugum basari hissi yoniinden 7,50 10,80 11,80 21,20 38,70 3,82
20.Meslegimi yaparken kendi yontemlerimi kullanabilme imkani vermesi a¢isindan 10,80 12,90 26,90 26,90 22,60 3,37
1: Hig tatmin edici degil 2: tatmin edici degil 3: ne tatmin edici ne degil 4: tatmin edici 5: son derece tatmin edici
Katilmceilarin i3 doyumu diizeyleri genel olarak durum Olgeklerin  normal dagilima sahip oldugunu
ortalamanin {izerinde (3,61)’dir. Puan1 3’lin altinda olan gostermektedir.

onerme bulunmamaktadir. Dolayisiyla tiim Onermelere
katilim saglandigi s6ylenebilir. Katilimin fazla oldugu ifade
%77,60 ylizde ve 4,13 ortalama puan ile “Ara swra degisik
seyler yapabilme imkdni bakimindan” 6nermesidir. Katilimin
en az oldugu ifadeler ise “Baskalari icin bir seyler
yapabildigimi  hissetmem yoéniinden” (3,18) ve Calisma
arkadaglarimin birbirleriyle anlagmalar: yoniinden” (3,19)
onermeleri olmustur.

3.3. Arastirma modeline iliskin bulgular

Olgeklere iliskin tanimlayict bulgular Cizelge 5’te
verilmigtir.

Cizelge 5’te 6l¢eklere iligkin bazi tanimlayicr istatistikler
verilmigtir. Olgeklerin ¢arpiklik ve basiklik katsayilar
incelendiginde +1/-1 araliginda yer aldig1 goriilmektedir. Bu

Arastirma kapsaminda kullanilan o6l¢ekler olan KAB,
IYM ve ID arasinda istatistiksel olarak anlamli bir iliskinin
olup olmadiginin belirlenebilmesi amaciyla yapilan
korelasyon analizinin bulgular1 Cizelge 6’da verilmistir.
Buna gore kurumsal aidiyet bilinci, is yerindeki mutluluk ve
is doyumu arasindaki iligki 0,01 diizeyinde anlamli ve
pozitiftir.

Kurumsal aidiyet Olgegi faktor analizi bulgular ise
Cizelge 7’deki gibidir.

Cizelge 7°de goriildigi gibi KAB olgegi tek faktorli
yapidan olusmaktadir. Olgegin faktor yiikleri 0,492-0,808
arasinda yer almaktadir. Olgege iliskin KMO degeri 0,839,
Cronbach’s Alpha katsayisi 0,867 ve AVO %66,277 olarak
bulunmustur. KAB i¢in DFA modeli Sekil 2’deki gibi
olusturulmustur.
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Cizelge 5. Tanimlayici istatistik bulgulari
Table 5. Descriptive statistics findings

Min. Max. St.Hata  Carpiklik  Basiklik
KAB 1,40 5,00 0,969 -0,849 -0,269
iYm 1,00 5,00 0,787 -0,819 0,560
iD 1,90 4,90 0,662 -0,400 -0,374
Cizelge 6. Korelasyon analizi bulgulari
Table 6. Correlation analysis findings
KAB iym iD

KAB  Pearson Correlation 1

p (Cift yonlii)

N 93
iym Pearson Correlation 0,684%%* 1

p (Cift yonlii) 0,000

N 93 93
iD Pearson Correlation 0,728%*  (,745%* 1

p (Cift yonlii) 0,000 0,000

N 93 93 93

#%p<0,01.

Cizelge 7. Kurumsal aidiyet 6lgegi faktor analizi bulgular
Table 7. Institutional belonging scale factor analysis findings

ifadeler Madde yiikleri
KAB

Kurumsal aidiyet Olcegi
1.Kurumum benim menfaatlerimi

. . 0,807
gozetmektedir.
2.Kurumum igin gosterdigim ¢abalar takdir

. . 0,808
gormektedir.
3. Kurumum benim fikirlerimi dikkate 0679 . % 0,664
almaktadir. ’ Ozdeger;3,314
4.Kurumdaki galigma kosullarmdan 0.592
memnunum. ’
5.Kurumumu bir aile, kendimi de ailenin bir 0.492

pargasi olarak goriiyorum.
KMO; 0,839 a: 0,867 AVO;%66,277 AVE; 0,47 CR; 0,81

Kurumsal aidiyet bilinci dl¢egi dogrulayic faktor analizi
bulgularina gore Slgegin tiim Onermeleri 0,05 diizeyinde
anlamli olarak bulunmustur. Onermelerin  standardize
regresyon katsayilar1 0,564-0,901 araliginda yer almaktadir.
Dogrulayici faktor analizi uyum indeks degerleri x2/sd;1,211
GF1;0,976 CFI;0,996 RMSEA;0,048 SRMR;0,0327 olarak
tespit edilmistir. Buna goére uyum indeks degerlerinin
miikemmel bir uyum gdsterdigi sdylenebilir. TYM dlcegi
faktor analizi bulgular1 Cizelge 8’de ve DFA modeli ise Sekil
3’te verilmistir.

Cizelge 8’de goriildiigii gibi IYM o&lgegi iki faktorlii
yapidan olusmaktadir. Olgekte yer alan 3. madde binisik
deger oldugu icin dlcekten cikarilmistir. Olgegin varimax
yontemiyle dondiiriilmiis faktdr yiikleri 0,628-0,895 arasinda
yer almaktadir. Olcege iliskin KMO degeri 0,744,
Cronbach’s Alpha katsayis1 0,808 ve AVO %59,587 olarak
bulunmustur.

Is yerindeki mutluluk dlgegi dogrulayici faktor analizi
bulgularina gore Olgegin tiim Onermeleri 0,05 diizeyinde
anlamhdir. Onermelerin standardize regresyon katsayilari
0,306-0,851 araliginda yer almaktadir. Dogrulayici faktor
analizi uyum indeks degerleri x2/sd;1,939 GFI;0,919
CF1,0,928 RMSEA;0,10 SRMR;0,0577 olarak tespit
edilmigtir. Buna gore uyum indeks degerlerinin miikemmel
uyum gosterdigi sdylenebilir. Cizelge 9°da ID blgegi faktor
analizi bulgular verilmistir.

81 , 81 , .55 ! A7 32
kab3 kab4

kab1 kab2

kab5

Sekil 2. KAB odl¢egi DFA modeli
Figure 2. CBC scale CFA model

Cizelge 8. Is yerinde mutluluk 6lgegi dondiiriilmiis faktdr analizi bulgular
Table 8. Findings of rotated factor analysis of happiness scale at work

ifadeler Madde Yiikleri

fym1 IYym2
Is yerinde mutluluk Slcegi
4.Yaptigim isin dogasindan memnunum 0,895
5.Aldigim ticretten memnunum 0,867 . ao . .
6.Calistigim kurumdaki terfi olanaklarindan memnunum 0,820 o: 0,872 Ozdeger;1,334 AVE; 0,69 CR; 0,90
7 Kariyerimin geri kalanini bu kurumda gecirmekten mutlu olurum 0,746
1.Isimde kendimi giiclii ve enerjik hissediyorum. 0,685
2.Isim konusunda hevesliyim. 0,628 ) s ) i
8.Calistigim kuruma duygusal olarak bagl oldugumu hissediyorum 0,664 o: 0,571 Ozdeger;3,433 AVE; 0,43 CR; 0,74
9.Calistigim kuruma dair giiclii bir aidiyet hissediyorum. 0,637

KMO; 0,744 o: 0,808 AVO;%59,587
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Sekil 3. T'YM bl¢egi DFA modeli
Figure 3. WPH scale CFA model

Cizelge 9. Is doyumu 6l¢egi dondiiriilmiis faktdr analizi bulgular

Table 9. Job satisfaction scale rotated factor analysis findings

ifadeler

Madde Yiikleri

D1 ID2 D3

Is yerinde mutluluk 6lgegi

6.YOneticinin karar verme yetenegi bakimimdan

9.Bagkalart i¢in bir seyler yapabildigimi hissetmem yoniinden
14.Terfi imkaninin olmasi yoniinden

18.Yaptigim is karsiliginda takdir edilmem yoniinden

0,813
0,674
0,713
0,752

a: 0,803 Ozdeger;1,608 AVE; 0,54 CR;
0,82

20.Meslegimi yaparken kendi yontemlerimi kullanabilme imkén1 vermesi agisindan 0,709

1.Beni her zaman mesgul etmesi bakimindan

2.Bagimsiz galigma imkaninin olmasi bakimindan

3.Ara sira degisik seyler yapabilme imkani bakimindan

4.Toplumda "saygin bir kisi" olma sansin1 bana vermesi bakimindan
5.Yoneticinin emrindeki kisileri iyi yonetmesi bakimindan

8.Bana garantili bir gelecek saglamasi yoniinden

0,578

0,652

0,759 a: 0,780 Ozdeger;2,378 AVE; 0,45 CR;
0,720 0,83

0,773

0,517

11.Kendi yeteneklerimle bir seyler yapabilme sansi vermesi yoniinden
12.Isimle ilgili alinan kararlarin uygulamaya konmasi yoniinden
13.Yaptigim is karsiliginda aldigim iicret yoniinden

0,695
0,781
0,724

a: 0,762 Ozdeger;4,345 AVE; 0,54 CR;
0,77

KMO; 0,760 a: 0,868 AVO;%59,507

Is doyumu 6lgegi faktor analizi sonucunda faktor yiikii
0,30’un altinda olan 16 ve 17. maddeler ve binisik deger olan
7, 10, 15 ve 19. maddeler olgekten ¢ikarilarak analiz tekrar
edilmistir. Cizelge 5’te goriildigi tizere 3 faktorlii yapiya
sahip is doyumu &lgegi elde edilmistir. Olgegin varimax
yontemiyle dondiiriilmiis faktor yiikleri 0,517-0,813 arasinda
yer almaktadir. Olgege iliskin KMO degeri 0,760,
Cronbach’s Alpha katsayis1 0,868 ve AVO %59,507 olarak
bulunmustur. D 6l¢egi DFA modeli Sekil 4’te verilmistir.

Is doyumu &lgegi dogrulayici faktdr analizi bulgularina
gore dlgegin tiim Onermeleri 0,05 diizeyinde anlamli olarak
bulunmustur. Onermelerin standardize regresyon katsayilari
0,332-0,867 araliginda yer almaktadir. Dogrulayici faktor
analizi uyum indeks degerleri x2/sd;1,894 GFI;0,837
CF1,0,855 RMSEA;0,099 SRMR;0,0965 olarak tespit

edilmistir. Buna gore uyum indeks degerlerinin kabul
edilebilir sinir araliginda oldugu séylenebilir.

Arastirmada diizenleyici etki analizine iliskin YEM
modeli kurulmadan Once degiskenlere regresyon analizi
uygulanmistir. Ik 6nce bagimsiz degisken (IYM)’nin
bagimli degisken (KAB) iizerindeki etkisi incelenmistir.
Daha sonra moderatér degisken (ID) ile birlikte bagimsiz
degiskenin bagimli degisken {iizerindeki etkisinin ortaya
koyulmasi amaciyla regresyon analizi ger¢eklestirilmistir.
Regresyon analizi bulgular Cizelge 10 ve Cizelge 11°de
verilmistir.

Cizelge 10 ve Cizelge 11°de regresyon analizinde Model
1 incelendiginde I'YM’nin KAB iizerinde anlamli ve pozitif
etkisinin oldugu goriilmektedir (p; 0,000 R%; 0,575). Model 2
‘de analize diizenleyici degiskeni (W) de dahil edildiginde
anlamli ve pozitif etkinin devam ettigi goriilmektedir. Ancak
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R? degerinde bir farklilik meydana gelmektedir (p;0,048 R
0,593). R? degisimi incelendiginde 0.018 oranmda bir artis
meydana gelmistir. Tolerans<0,20 ve VIF>10 olmasi
durumunda ¢ok baglanti probleminin oldugu kabul
edilmektedir (Gujarati, 2004). Bulgulara bakildiginda
Tolerans ve VIF degerlerinin kabul edilebilir deger araliginda
olmast c¢oklu baglantinin olmadigimi ifade etmektedir.
Yapilan ¢oklu regresyon analizinde iki model arasinda
diizenleyici degisken dahil edildiginde R? degerinde meydana
gelen artis diizenleyici etkinin var olabilecegini ortaya
koymaktadir. Bu etkinin detayli incelenmesi i¢in YEM
yardimiyla yol analizi gergeklestirilmistir. Cizelge 12°de
diizenleyici etki analizi bulgulari, Sekil 5’te diizenleyici etki
analizi istatistiksel modeli ve Sekil 6’da diizenleyicilik
etkisini gosteren etkilesim etki grafigi yer almaktadir.

Sekil 6’daki grafik incelendiginde is yerinde mutluluk
diizeyi yilikselmesine ragmen is doyumu diisiikse personelin
kurumsal aidiyet bilincinde anlamli bir degisiklik meydana
gelmezken (t; 0,900 p; 0,371) is yerinde mutluluk diizeyi
yiikseldikge is doyumu da yiikseliyorsa personelin kurumsal
aidiyet bilincinin de yiikseldigi goriilmektedir (t; 2,952 p;
0,004). Bu durumda is doyumunun is yeri mutlulugu ile
kurumsal aidiyet bilinci arasindaki iliskide diizenleyici etkiye
sahip oldugu sdylenebilir.

Cizelge 10. Regresyon analizi bulgulari
Table 10. Regression analysis findings

34 M ! 53 ! 70 ! 51

[isas ||sd9| [isd14] ||sd18| isd20]

51 33 B
[isd13] [isd12] [isd11]

Sekil 4. ID 6l¢egi DFA modeli
Figure 4. JS scale CFA model

Model 6zeti

Degisim istatistikleri

Diizeltilmis ~ Tahminlerin st. Sig. F Durbin-
Model R R? R? hatalar Degisimi  F degisimi dfl df degisimi  Watson
Model 1 0,758* 0,575 0,566 0,63889 0,575 60,880 2 90 0,000
Model 2 0,770° 0,593 0,580 0,62845 0,018 4,016 1 89 0,048 1,372
Predictors: (Constant), Zscore(ID), Zscore(IYM),
Predictors: (Constant), Zscore(IDO), Zscore(IYM), W,
Cizelge 11. Hiyerarsik regresyon analizi bulgular
Table 11. Hierarchical regression analysis findings
Standardize edilmemis Standardize Coklu baglanti
katsayilar katsayilar Giiven Araligi degisimi
Model B Std. Hata Beta t Sig. Alt smir Ust siir Tolerans VIF
(Constant) 3,822 0,066 57,683 0,000 3,690 3,953
1 Zscore(IYMORT) 0,310 0,100 0,319 3,102 0,003 0,111 0,508 0,445 2,245
Zscore(IDORT) 0,475 0,100 0,490 4,758 0,000 0,277 0,673 0,445 2,245
(Constant) 3,905 0,077 50,458 0,000 3,51 4,059
2 Zscore(WMORT) 0,235 0,105 0,243 2,240 0,028 0,027 0,444 0,390 2,566
Zscore(IDORT) 0,481 0,098 0,496 4,898 0,000 0,286 0,676 0,445 2,247
W -0,114 0,057 -0,153 -2,004 0,048 -0,226 -0,001 0,779 1,284

Bagiml Degisken: KAB p<0,05
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Sekil 5. Diizenleyici etki istatistiksel modeli
Figure 5. Statistical model of moderator effect
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Sekil 6. Etkilesim etki grafigi
Figure 6. Interaction effect graph

Cizelge 12. Diizenleyici etki yol analizi bulgular
Table 12. Regulatory impact path analysis findings

Tahmin SE. CR. P SUI%

atsayilari

KAB < ZIYM(X) 0235 0,103 2277 0,023 0,243

KAB <-- ZID(Y) 0,481 0,097 498  *** 0,496

KAB <--—- W -0,114 0,056 -2,037 0,042 -0,153
P<0,05

4. Tartisma ve sonu¢

Arastirma bulgularma gore kurumsal aidiyet 6lgeginde
yer verilen tiim Onermelere katilim (3,82) orta deger olan
3’lin {lizerindedir. Ortalamas: 3’iin altinda bulunan dnerme
bulunmamaktadir. Dolayisiyla personelin kurumsal aidiyet
bilincinin varhgmmdan séz etmek miimkiindiir. s yerinde
mutluluk 6l¢egi kapsaminda yer verilen bazi Onermelere
katilim bir 6nceki dlgege nazaran nispeten diisiik olsa da
onermelere  katilim ortalama ve ylizdelerine gore
katihimeilarin is yerinde mutlu olduklar soylenebilir. s
doyum o&l¢egi 6nermelerine katilimda iyi diizeydedir (3,61).
Bagka bir ifadeyle katilimcilarin is doyumlarn yiiksek
diizeydedir. Calisanlarin aldiklar iicret, kariyer olanaklari,
calisma ortami sartlari, basarinin takdir
edilmesi/ddiillendirilmesi, vb. hususlar kurumsal aidiyet
bilincini, is doyumunu ve is yerindeki mutlulugunu etkileyen
etmenlerdir. Is doyumu yiiksek, isyerinde mutlu ve kurumsal
aidiyete sahip kisilerin ise igine karsi olumlu bir tavra sahip
olmasi beklenir. Literatiirde benzer bulgulara sahip

aragtirmalar bulunmaktadir. Korkmaz ve Baykal (2018)’e
gore is doyumu ticret, caligma kosullari, is yeri arkadashigi ve
takdir edilme gibi unsurlardan etkilenmektedir. Is doyumu ile
orgiitsel baglilik arasinda ise pozitif bir iliski bulunmaktadir.
Alkan (2018)’e gore orgiitsel baghlik; fazla is yiikii, diisiik
licret ve liyakatsiz atama-yiikseltmelerden olumsuz yo6nde
etkilenmektedir. Cakir ve Go6zoglu (2019) caligmalarinda
algilanan kurumsal itibarin is performansini pozitif, isten
ayrilma niyetini ise negatif olarak etkiledigini saptamiglardir.
Kogoglu (2015)’e gore akademisyenlerin is tatmin diizeyleri
yiiksek olup is tatmin diizeyleri; yas grubu, akademik unvan
ve caligtigl birime gore istatistiksel olarak anlamli farklilik
gostermektedir. Ote yandan arastirmada kurum kiiltiirii, is
performansi ve is tatmini arasinda pozitif bir iligki olup,
calisanlar tarafindan kurum kiiltliriiniin kabul edilmesi
performans ve is doyumunu olumlu olarak etkiledigi
belirtilmektedir (Khan vd., 2024).

Arastrmada H; ve H, hipotezleri desteklenmesi
degiskenler arasinda istatistiksel olarak anlamli bir iligki
bulundugunu géstermektedir. Arastirma bulgularina gore; is
yeri mutlulugu ile kurumsal aidiyet bilinci arasinda ve is
doyumu ile kurumsal aidiyet bilinci arasinda istatiksel olarak
pozitif ve anlaml bir iligski s6z konusudur. Ayrica i yeri
mutlulugu, is doyumu ve kurumsal aidiyet bilinci arasinda
istatistiksel olarak anlamli (p<0,01) ve pozitif bir iligskinin
oldugu ortaya koyulmustur. Literatiirde benzer sekilde, is
stresinin i goren performans: iizerinde kurumsal aidiyet
bilincinin diizenleyici etkiye sahip oldugunu (Canbolat,
2023) yesil insan kaynaklari yonetimi ile siirdiiriilebilir
performans arasindaki istatistiksel olarak anlamli ve pozitif
bir iliski oldugunu ayrica bu iligkide calisan refahi ve ise
katilimin kismi araci etkiye sahip oldugunu (Martinez-Falco
vd., 2024) calisanlarin sosyal sorumluluk algilarinin ig
performansi ile onemli Olgiide iligkili oldugunu ve bu
iliskinin yeterlilik ve oOrgiitsel 6zdeslesme tarafindan da
desteklendigini (Guo vd., 2024) kurumsal aidiyet bilinci
yliksek calisanin degisime ve yeniliklere agik olmasini
olumlu etkiledigini ayrica orgiitsel degisimin saglanmasinda
etkili bir unsur oldugunu (Oztop, 2014) DKMPGM
personelinin rol belirsizligi ile i doyumu arasinda negatif
yonli, rol ¢atismasi ile is doyumu arasinda negatif yonlii ve
rol belirsizligi ile tiikenmislik arasindaki pozitif yonlii ve
istatistiksel olarak anlamli bir iligki oldugunu (Topaloglu,
2017) ortaya koyan arastirmalar bulunmaktadir.

Arastirmada yapilan regresyon analizi bulgularina
bakildiginda TYM ve ID bagimsiz degiskenlerinin KAB
bagimli degisken fiizerinde anlamli ve pozitif etkisinin
bulundugu goriilmektedir. Coklu regresyon analizi ile TYM
ve ID degiskenlerinin ¢arpimindan elde edilen moderatdr
degiskeni analize dahil edildiginde anlamliligin devam ettigi
ve R? degerinde bir degisim, bir artis meydana geldigi tespit
edilmistir. Ayrica analizde elde edilen tolerans ve VIF
degerleri ¢oklu baglanti probleminin olmadigini ortaya
koymaktadir. Bu bulgular 1s18inda regresyon analizi ile
diizenleyicilik etkisinin varligi ortaya koyulmus ve
diizenleyici etkinin detayl incelenmesine iliskin olusturulan
yol analizi ile ig yeri mutlulugu ile kurumsal aidiyet bilinci
arasindaki iliskide is doyumunun diizenleyici bir etkiye sahip
oldugu tespit edilmistir (H3 hipotezi desteklenmistir).

Literatiirde degiskenler arasindaki iligki incelenirken
daha ¢ok araci etkinin arastirildigi goriilmektedir. Giiltekin
(2022) kamu sektoriindeki orman miihendisleri iizerinde
yaptig1 arastirmada is tatmini ve Orgiitsel baglilik arasinda
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dogrudan pozitif etkinin oldugunu ¢alisma kosullart ve isten
ayrilma niyetlerinin aract etkiye sahip oldugunu tespit
etmistir. Ma vd. (2024) yaptiklar1 arastirmada uyumlu bir
calisma ortaminin algilanan asirt niteliklilik ile calisan
yenilik¢i davranig ve yaratici 6z giliven ile ¢alisan yenilik¢i
davranis1 arasindaki baglantida diizenleyici bir rol oynadigini
saptamiglardir. Ayrica Xing vd. (2023) yaptiklar aragtirmada
is tatmininin isten ayrilma niyeti lizerinde Onemli etkisi
oldugunu ve is motivasyonunun isten ayrilma niyeti
iizerindeki etkisinde is tatmininin araci rolii listlendigini
tespit etmislerdir. Yildiz ve Demirtas, (2022) etik liderligin is
performansini pozitif yonde etkiledigini ve orgiitsel aidiyetin
ise diizenleyici etkiye sahip olmadigini ortaya koymuslardir.
Glimiis vd. (2024) is motivasyonunun is tatmini ilizerinde
istatiksel olarak anlamli ve pozitif etkisinin oldugunu
Erselcan ve Siiral Ozer (2018) ise iste mutlulugun calisan
performansinit pozitif olarak etkiledigini ve is doyumu ile
¢alisan performansi arasinda tam araci rolii listlendigini tespit
etmislerdir.

Literatiirdeki diger arasgtirmalara bakildiginda, kisi ile
orgiit uyumu ve is performansi arasinda mutlulugun kismi
araci etkisi gosterdigini (Cindiloglu Demirer, 2019) Cin’de
bir yiiksekdgretim kurumunda yapilan aragtirmada psikolojik
refah ve Orgiitsel iklimin i memnuniyeti iizerinde istatiksel
olarak anlamli ve pozitif etkiye sahip oldugunu ve orgiitsel
iklim ile i memnuniyeti arasinda psikolojik refahin aracilik
etkiye sahip oldugunu (Yiming vd., 2024) ortaya koyan
benzer bulgulara sahip arastirmalar bulunmaktadir.

Arastirma bulgular ¢alisma alani olan DKMP4BM ve
bagli sube miidiirliikleri kapsaminda degerlendirildiginde
Olceklerde yer verilen ve ortalamalari 3’{in iizerinde olmasina
ragmen digerlerine nazaran daha diisiik olan Onermeler
arasinda yer alan; iicretin yapilan isle uyumlu olmasi, ¢aligma
ortami refahmin arttirllmasi, basarmin takdir edilmesi,
kariyer olanaklarinin tanimlanmis olmasi, vb. hususlara
yonelik calismalarin  yapilmasi  personelin  Is  yeri
mutlulugunu, is doyumunu ve kurumsal aidiyet bilincini
olumlu yonde etkileyecegi diisiiniilmektedir. Ayrica bu
¢aligmalarin kurum performansina da olumlu katki saglamast
beklenmektedir.
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Rutubete dayamklh PS tipi yonga levhalarin baz1 6zellikleri iizerine melamin iire

formaldehit (MUF) recinesinin etkisi

Mehmet Erdal Kara®*

1. Giris

Oz: Bu calismada, yonga levhalarin su ve neme kars1 direng ozelliklerini iyilestirmek igin 6zel olarak iiretilen melamin iire
formaldehit (MUF) reginesinin etkisi aragtirilmistir. Bu amagla hazirlanan yonga taslaginin tam kuru yonga agirligina oranla tist
tabakada %13, orta tabakada dort farkli oranda (%9,5, %10, %10,5, %,11) kati madde igerigi %62 olan MUF re¢inesi ilave
edilmigtir. Daha sonra yonga taslaklar1 195+5 oC sicaklik, 30 kg/cm? basing ve 5 dakika hidrolik deney presinde preslenerek
550x550x19 mm ebatlarinda 650 kg/m® yogunlugunda PS5 tipi ii¢ tabakali deney 6rnekleri iiretilmistir. Deney 6rneklerinin ¢ekme
direnci testi (TS-EN 319), kaynatma sonrasi ¢ekme direnci (TS EN 1087-1), kalinlik artis1 ve su emme testi (TS-EN 317), serbest
formaldehit testi (TS EN 12460-5) standardina gore test edilmistir. Test sonuglari kontrol 6rnekleri ile karsilastirildiginda 6zel
olarak sentezlenen MUF reginesinin yonga levhalarin test edilen tiim 6zellikleri tizerine olumlu yonde belirgin bir etkisi oldugu
anlagilmistir. Buna gore, kaynatma oncesi ve sonrasi en yiiksek ¢ekme direnci degerlerine sirasiyla %13 ve %55 artis ile %11
oraninda tutkal kullanilan A4 deney 6rneklerinde, kalinlik artigt ve su emme zelliklerinde en iyi sonuglara ise sirasiyla %15 ve
%7 diigiis gosteren %10,5 oraninda tutkal kullanilan A3 deney numunelerinde goriilmistiir. Serbest formaldehit degerlerinde en
diisiik degerlere %23 oraninda diisiis goriilen %10,5 oraninda tutkal kullanilan A3 deney 6rneklerinde tespit edilmistir. Aragtirma
sonucunda P5 tipi yonga levhalarin standartlarda belirtilen limit degerleri saglamasi agisindan MUF reginesi kullanim oraninin
6nemli bir faktor oldugu anlagilmigtir.

Anahtar kelimeler: Yonga levha, MUF reginesi, Rutubet, Yogunluk, Mekanik ve fiziksel 6zellikler

Effect of melamine urea formaldehyde (MUF) resin on some properties
moisture resistant PS5 type particle boards

Abstract: In this study, the effect of specially produced melamine urea formaldehyde (MUF) resin was investigated to improve
the water and moisture resistance properties of particle boards. For this purpose, MUF resin with a solids content of 62% was added
at a ratio of 13% in the top layer and four different ratios (9.5%, 10%, 10.5%, 10.5%, 11%) in the middle layer to the full dry chip
weight of the prepared particleboard. Then, the chip drafts were pressed at 195+5 °C temperature, 30 kg/cm? pressure and 5 minutes
in a hydraulic test press to produce P5 type three-layer test specimens with 550x550x19 mm dimensions and 650 kg/m* density.
The test specimens were tested according to tensile strength test (TS-EN 319), tensile strength after welding (TS EN 1087-1),
thickness swelling and water absorption test (TS-EN 317), free formaldehyde test (TS EN 12460-5). When the test results were
compared with the control samples, it was understood that the specially synthesized MUF resin had a significant positive effect on
all tested properties of the particle boards. Accordingly, the highest tensile strength values before and after boiling were observed
in A4 test samples using 11% glue with 13% and 55% increases respectively, while the best results in terms of thickness swelling
and water absorption properties were observed in A3 test samples using 10.5% glue with 15% and 7% decreases, respectively. The
lowest values in free formaldehyde values were found in A3 test specimens with 10.5% glue, which showed a 23% decrease. As a
result of the research, it was understood that the rate of use of MUF resin is an important factor for P5 type particleboards to meet
the limit values specified in the standards.

Keywords: Particleboard, MUF resin, Humidity, Density, Mechanical and physical properties

yontemleri,

of

yogunluk vb. degisik parametrelere gore

Yonga levhanin tanimi {izerine aragtirmacilar tarafindan
pek ¢ok tanim yapilmistir. Yonga levha, farkli odun
tiirlerinden elde edilen yongalarin termoset bir yapistirici ile
yiiksek sicaklik ve basing altinda firetilen, mobilya ve
binalarin farkli alanlarinda kullanilan kompozit bir
malzemedir (Juslin ve Lintu, 1997). Yonga levha
endiistrisinde odun, orman atiklari, yillik bitkiler, sanayi
artig1 (kapak, citalar, testere talasi, planya talagi) maddeler
kullanilmaktadir. Yonga levhalar kullanim yeri, iiretim

smiflandirilmaktadir (Goker, 2000). TS EN 312 (2012)
standardina gdre yonga levhalar kullanim sartlarina uygun
olacak sekilde P1, P2, P3, P4, P5, P6 ve P7 olarak 7 smifa
ayrilmigtir. PS5, yiiksek boyutsal kararlilik ve saglamlik ile
kuru ve nemli kosullar altinda yiik tastyici panel olarak tercih
edilmektedir. Suya ve neme kars1 standart yonga levhalara
gore daha yiiksek mukavemet gosteren bu levhalar iiretim
agamasinda 6zel islemlerden gegirilir. Bu islemler arasinda,
yiiksek yogunluk, suya ve neme dayanikli melamin igerikli
regine kullaniminin yan1 sira yesil renkli boyalar kullanilir.
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Yesil renkli boyalar, genellikle suntalarin yiizeyine
uygulanarak su ve nem gibi dis etkenlere karsi daha dayanikli
hale gelmesini saglar. Cevre dostu olup, diisiik VOC (ugucu
organik bilesikler) igerigine sahiptirler. Bu nedenle suya
dayanikli yiizeyler olusturulabilir. PS5 sinifi suya dayanikli
yesil sunta {iretiminde kullanilan yesil boya, genellikle epoksi
veya akrilik regineler, yesil pigmentler, antifungal ve
antibakteriyel ajanlar, UV stabilizatérleri ve koruyucu
kimyasallar igerir. Boyalarin igerigi, boya ve iireticiye bagl
olarak degisiklik gosterebilir (Gorgiilii Orman Uriinleri,
2024). Sekil 1’de P5 yesil sunta 6rnegi gosterilmistir.
Diinyada yonga levha tiretimi 2020 yilinda 100 milyon
m?3’ii asmig bulunmaktadir (FAOSTAT, 2020). Tiirkiye, 2020
yili itibariyle diinya yonga levha diretiminin %6,5unu
gerceklestirmistir. Tiirkiye’de ahsap esasli levha sektoriinde
son yillarda artan yatirimlarla tesislerin toplam kurulu
kapasitesi 2023 yil1 itibariyle 16.329.280 m?/y1l’a ulagsmistir
(Yomsad, 2021). Yonga levhalarin mekanik ve fiziksel
Ozellikleri hammadde tiiri, regine ve katki maddelerinin
ozellikleri ile iretim sartlarina bagli olarak degisiklik
gosterebilmektedir. Bu nedenle yonga levhalarin {iretim
sartlarinin gok iyi takip edilmesi gerekir. Ozellikle yiik tasima
gerektiren ingaat uygulamalari, banyo panelleri ve mutfak
projelerinde iire formaldehit (UF) tutkali yeterli mekanik
direng 6zelligi gosterse de 6zellikle su ve neme karsit daha
fazla direng gosteren melamin formaldehit (MF) ya da
melamin katkili melamin iire formaldehit (MUF) regineleri
tercih edilmektedir (Ozliisoylu ve Istek, 2018). Yonga
levhalarin su ve neme karst dayanimini iyilestirmek igin,
polimerik izosiyanat veya MUF regineleri tercih edilmektedir
(Silva vd., 2014). MF tutkallarinin rutubete ve suya karsi
oldukga direngli olmalari nedeniyle kontrplak ve yonga levha
iretiminde baglayict olarak kullanildig1 bilinmektedir
(Demirkir vd., 2005). MUF tutkalinin MF tutkalindan daha
ekonomik, suya karsi direng agisindan MF tutkalinin daha
giiclii oldugu vurgulanmustir (Pizzi, 1983). Pan vd. (2007)
yonga levhalarin mekanik ve fiziksel Ozellikleri {izerine
yaptig1 arastirmada tutkal kullanim artigina bagl olarak
levhalarin  mekanik direng ozelliklerinin  iyilestigini
belirtmistir. Young ve Kim (2007) yonga levha iiretimlerinde
MUF ve UF tutkali ile yaptiklar1 aragtirma sonucunda MUF
tutkali ile daha iyi mekanik 6zellikler, boyutsal kararlilik ve
serbest formaldehit degerleri elde etmislerdir. Hse vd. (2008)
formaldehitin iire ve melamine molar oran1 (F/U/M) farkli
MUF reginesi ile yaptiklar ¢alismada melamin igeriginin
artmasi ile daha hizli jel siireleri sonucu yonga levhalarin
¢ekme direncinde artiga, kalinlik artisi, su emme ve
formaldehit degerlerinde ise dislise yol actigini
belirtmislerdir. Saldanha ve Iwakiri (2009) yaptiklar
calismada kalinlik¢a sisme degerinin kullanilan tutkal tiirii ve
ozellikleri ile baglantis1 oldugunu ifade etmislerdir. Zhang
vd. (2013) diisiik oranda melamin katilmig UF tutkali ve
melamin katilmamis UF tutkali ile tiretilen kontrplaklara gore
daha yiiksek yapisma direnci ve daha diisiik serbest
formaldehit degeri elde edilmistir. Nemli ve Akbulut (2004)
yaptiklari ¢aligma ile UF tutkalina melamin ilavesinin yonga
levhanin mekanik ve fiziksel Ozellikleri iizerine etkisini
aragtirmigtir. Caligma ile melamin reginesinin kimyasal
reaksiyonundaki bag yapisindan dolayr aciga c¢ikabilecek
serbest formaldehit degerinin azaldigi, UF reaksiyonunda
olusan melamin igerikli baglar nedeniyle mekanik ve fiziksel
ozelliklerinin 1iyilestigini belirtmistir. Kara, (2018) nano
driinlerle modifiye ettigi MUF ve fenol formaldehit (FF)
reginelerinin lamine malzemelerin mekanik ve fiziksel

Ozellikleri iizerine etkisini arastirmistir. Caligma sonunda
optimum degerlere MUF reginesi ile iretilen deney
orneklerinde  tespit etmistir.  Ozgif¢i  vd.  (2017)
yonlendirilmis yonga levhalarin (OSB) mekanik ve fiziksel
ozellikleri iizerine tutkal ve parafin artiginin 6nemli bir
etkisinin oldugunu belirtmistir. Iswanto vd. (2014) yonga
levha iretiminde regine tiirii, pres sicakligi, pres basinci,
presleme siiresi gibi parametreler levhanin Kkalitesini
etkileyen 6nemli faktorler oldugunu agiklamistir. Dogan ve
Kaymake1 (2023) melamin igerigi %0, 2,5, %5, %15, %20
olan MUF tutkali ile farkli yogunluklarda elde ettikleri
yonlendirilmis yonga levhalarda (OSB) en iyi sonuglara
melamin igerigi %15-20 olan ve yiiksek yogunluklu deney
orneklerinde tespit etmislerdir. Ayrica F/U mol orani diisiik
tutkallarla tiretilen deney gruplarinin formaldehit emisyonu
degerlerinin daha disiik sonuglar verdigini belirtmiglerdir.
Sahin ve Cavdar (2019) MUF ve izosiyanat tutkallari ile
yaptiklart benzer c¢aligmada kalinlik artis1 degerlerinin
standartta belirtilen limit degerden (%14) diisiik oldugunu
belirtmislerdir. Giiler vd. (2016) yaptiklar1 aragtirma sonunda
nemli ortamlarda ve yiiksek mekanik direng 6zellikleri
istendiginde MUF tutkalinin tercih edilmesinin daha uygun
oldugunu ifade etmislerdir.

Yapt ve mobilya sektoriinde mekanik ozellikleri ve
boyutsal kararliliklar bakimindan literatiirde kuru ve nemli
ortamlar i¢in farkli oranlarda melamin ihtiva edilen MUF
recinelerinin kullanildigi rapor edilmistir. Bu ¢alismada MUF
recinesinin suya ve neme dayanikli yiiksek yogunluklu P5
kalite TS EN 312 (2012) yonga levhalarin mekanik, fiziksel
ve teknolojik Ozellikleri iizerine etkisi arastirilmigtir. Bu
amagla %23 melamin katkili MUF recinesi 6zel olarak
sentezlenerek kuru yongaya oranla dort farkli oranda (%9,5,
%10, %10,5 ve %11) yonga taslaginin orta tabakasina ilave
edilerek standartlara uygun optimum tutkal kullanim orani
tespit edilmistir. Deney Orneklerinin kaynatma Oncesi ve
sonrasi ¢ekme direnci, kalinlik artig1 ve su emme ile serbest
formaldehit ozellikleri tespit edilerek kontrol ornekleri ile
karsilastirilmastir.

Sekil 1. P5 yesil sunta dmegi (Gorgiilii Orman Uriinleri,
2024)

Figure 1. P5 green chipboard sample (Gorgiilii Orman
Uriinleri, 2024)
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2. Materyal ve yontem
2.1. Materyal

Hammadde: Arastirmada hammadde olarak kullanilan
karacam (Pinus nigra A.) ve titrek kavak (Populus tremula
L.) agac tiirlerinden elde edilen odun talasi ve endiistriyel
sanayi atif1 olan piyasa talasinin boyutlar1 Cizelge 1’de
verilmistir.

Boya pigmenti: Yonga levhanin neme dayanikli bir
malzeme oldugunu belirtmek amaciyla %53 kati madde
icerigine sahip yesil boya pigmenti kullanilmistir.

Regine ve kimyasallar: Deney numunelerinin {iretiminde
%23 melamin ihtiva eden 1,05 mol (%62 kat1 madde igerigi)
oranina sahip MUF re¢inesi kullanilmistir. Sertlestirici olarak
katt1 madde igerigi %20 olan Amonyum kloriir (NH4Cl)
¢ozeltisi, su itici olarak kati madde icerigi %60 olan parafin
emiilsiyonu tercih edilmistir. Calismada kullanilan odun
talast ve kimyasallar Kastamonu Entegre Aga¢ Sanayi
A.S’den, boya pigmenti ise ticari olarak bir tedarik¢iden
temin edilmistir. Kimyasallara ait 6zellikler Cizelge 2’de
verilmistir.

Deney 6rneklerinin iretimi igin hazirlanan iiretim deseni
Cizelge 3’te verilmigtir.

Deney levhalarinin iiretimi: Deney levhalarinin {iretimi
laboratuvar ortaminda gergeklestirilmis olup, {retim
asamalari sirasiyla agagida verilmistir.

Tutkallama: Reg¢ine ve kimyasallarin odun talasina
verilmesi Ozel olarak tasarlanmis karistiric1 ve iizerindeki

Cizelge 1. Hammaddelerin boyutlari
Table 1. Dimensions of raw materials

pndmatik enjektorlerle yapilmstir. Ik olarak tam kuru talag
agirligina oranla %0,8 parafin emiilsiyonu verilmistir. Daha
sonra bir beher igerisine tam kuru talas agirhigmma oranla
ylizey tabakaya %13, orta tabakaya sirayla; %9,5, %10,
%10,5, %11 MUF reginesi alinmustir. Sertlestirici olarak
tutkala oranla orta tabakada %3 iist tabakada %0,5 Amonyum
kloriir (NH4CI) ¢ozeltisi ve tam kuru talas agirligina oranla
orta tabakaya %0,1 boya pigmenti katilarak DLAP OS20
marka 2200 rpm mekanik karigtiricida 5 dakika karistirilip
odun talagina ilave edilmistir.

Yonga taslaginin hazirlanmasi: Tutkal ve diger
kimyasallar ile karistirilmig ince formdaki piyasa talaslar: alt
ve st yiizeyde, kaba formdaki odun yongalari orta tabakada
olacak sekilde ii¢ kathh yonga levha {iretimine gore
550x550x300 mm hazirlama kabinda elle serilerek
gerceklestirilmigtir.

Presleme: Presleme islemi Alman menseili Biirkle marka
hidrolik pres ile gergeklestirilmistir. Buna gore yonga
taslaklar1 195+5 °C sicaklik, 30 kg/cm? basingta 5 dakika
boyunca preslenerek 550x550x19 mm ebatlarinda 650 kg/m?
yogunlukta deney 6rnekleri elde edilmistir.

Yiizey islemleri: Deney ornekleri 20£2 °C ve 6545 bagil
nemde 4-7 giin kondisyonlanma i¢in bekletilmistir. Daha
sonra net kalmlik 18+0,1 mm olacak sekilde Italyan menseili
EMC Explorer 1100 marka zimpara makinesinde 80-100
kum zimpara bantlar1 ile kalibre edilmistir. Yonga
taslaklarinin preslenmesi ve elde edilen deney orneklerin test
edilmesi Sekil 2°de gosterilmistir.

Hammadde tiirii Yonga kalinligi (mm) Yonga eni (mm) Yonga uzunlugu (mm)
Piyasa talas1 (ylizey tabaka) 0,15-0,3 0,5-1,0 0,15-1,5
Odun talas1 (orta tabaka) 0,4-1,0 1,0-5,0 5,0-25

Cizelge 2. Kimyasallarin 6zellikleri

Table 2. Properties of chemicals
Kimvasal Kat1 madde Yogunluk pH Akma zamani Mol orani Melamin orani Serlz;;;lfor.

y (%) (gferm’) (sm) (M) %) hmar)

Tutkal (MUF) 62 1,297 9,09 50 1,05 23 0,10
Boya pigmenti (su bazli) 53 1,300 8,80 33 - - -
Parafin emiilsiyonu 60 0,950 9,50 12 - - -
Sertlestirici (NH4Cl) 20 1,020 8,30 33 - - -

Cizelge 3. Uretim deseni
Table 3. Production design

Hammadde kullanim orani (%)

Tutkal kullanim orani (%)

Deney gruplari

Yiizey tabaka Orta tabaka Yiizey tabaka Orta tabaka
9,5 Al (Kontrol)
10 A2
33 65 10,5 A3

11 A4
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Sekil 2. Dney srneklerinin tiretimi (Burkle pres)k 7

Figure 2. Production of test samples (Burkle press)

2.2. Yontem

TS-EN 312 (2012) standartlarinda uygun olarak her grup
icin 10 deney Ornegi iiretilerek test edilmistir. Deney
orneklerinin  mekanik  Ozelliklerinden ¢ekme direnci
deneyleri ftalyan mengeili IMALPAL firmasima ait IBX600
tiniversal test cihazi ile gergeklestirilmistir. Kaynatma sonrasi
¢ekme direnglerinin testleri TS-EN 1087-1 (1999)
standardina goére yapilan kaynatma isleminden sonra
gerceklestirilmistir. Fiziksel ozellikleri belirlemek i¢in test
ornekleri hassas dijital terazi ve 1/20 hassasiyette kumpas
yardimiyla ilk ve 24 saat sonraki degerleri 6lgiilerek kalinlik
artist ve su emme yiizdeleri belirlenmistir. Teknolojik
ozelliklerinden serbest formaldehit igerigi perforatdr yontemi
ile tespit edilmistir TS EN 12460-5 (2016). Deney 6rnekleri
iizerinde yapilacak testlere ait standartlar ile limit degerler
Cizelge 4’te verilmistir.

Arastirmada MUF recinesinin kullanim oranmin deney
orneklerinin mekanik ve fiziksel 6zellikleri tizerine etkisi ¢ok
yonlii ANOVA analizi, faktorler arasindaki farkliliklar ise
%095 giivenle DUNCAN testi ile belirlenmistir.

3. Bulgular ve tartisma

Deney oOrneklerinin  mekanik, fiziksel ve serbest
formaldehit 6zellikleri lizerine MUF reg¢inesinin etkisinin
arastirildig1 ¢alismada test sonuglarina ait ortalama degerler
ve istatiksel analizler Cizelge 4’te verilmistir.

Cizelge 5’te verilen istatistiksel analiz sonuglarina gore
tutkal verilme oraninin deney Orneklerinin mekanik ve
fiziksel 6zellikleri tizerine olumlu yonde belirgin bir etkisinin
(p<0,05) oldugu anlagilmistir. Yapilan DUNCAN testi
sonuglarina gore deney Orneklerinin fiziksel ve mekanik
degerleri arasinda anlamli farklarin (p<0,05) oldugu tespit
edilmistir.

3.1. Fiziksel ozellikler

Deney numunelerinin fiziksel 6zelliklerinden kalinlik
artist ve su emme, teknolojik oOzelliklerden serbest
formaldehit testlerine ait ortalama degerler Sekil 3 (a, b) ve
Sekil 4’te verilmistir.

Cizelge 5’e gore 24 saat kalinlik artis1 degerleri {izerine
tutkal kullanim oraninin etkisi istatiksel olarak anlamli
bulunmustur. Test sonuglarindan tiim degerlerin TS EN 312
(2012) standardinda P5 sinifi yonga levhalar i¢in belirlenen
ist limitin altinda oldugu goriilmiistiir. Sekil 3 (a, b)’te
verilen test sonuglarindan en diisiik kalinlik artis1 degerine
%38,79 ile kontrol drneklerine gore %15 diisiis gosteren A3
deney Orneklerinde goriilmiistiir. Su emme degerlerinde ise
en diisiik degerler %41,29 ile kontrol drneklerine gore %7
azalig gosteren A3 deney Orneklerinde tespit edilmistir. Test
sonuglarina gore tutkal kullanim orani arttik¢a kalinlik artigi
ve su emme degerlerinde iyilesme goriilmiistir. Bu durum
kontrol Ornegine gore tutkalin birim hacimde yongalar
arasindaki bag yapma kabiliyetinin artmasi dolayisiyla i¢
yapismanin artmast ile agiklanmigtir. Bu sayede serbest su
molekiilerinin yonga ile temasi giiglesmis levhalarin boyutsal
kararliliklar1 artmistir. Elde edilen bulgularin literatiirde
yapilan bir 6nceki ¢aligmalarin sonuglartyla uyumlu oldugu
anlagilmistir. Nemli ve Akbulut (2004) yaptiklar ¢alismada
MUF reaksiyonunda olusan melamin igerikli baglar
nedeniyle yonga levhanin kalinlikca sisme degerlerini
iyilestirdigini belirtmistir. Dogan ve Kaymake¢1 (2023)
yaptiklar1 benzer aragtirmada en diisiik su emme ve kalinlik
artis1 degerlerine melamin igerigi yiiksek MUF reginesi ile
iiretilen deney Orneklerinde tespit etmistir. Young ve Kim
(2007), Sahin ve Cavdar (2019) yaptiklar1 ¢alismada, MUF
tutkali ile elde edilen drneklerin suya dayanimin arttigini ve
standartlarda belirtilen degerlerden daha iyi oldugunu
belirtmislerdir. Hse vd. (2008) melamin i¢eriginin artmasi ile
yonga levhalarin formaldehit degerlerinde diisiisten
bahsetmistir. Saldanha ve Iwakiri (2009) yaptiklar1 aragtirma
ile kalinlik artisinin tutkal tiiri ve 6zellikleri ile dogrudan
iligkisi oldugunu belirtmistir. Serbest formaldehit testine ait
ortalama degerler Sekil 4’te gosterilmistir.
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Cizelge 4. Testlere ait standartlar ve limit degerler
Table 4. Standards and limit values of tests

Limit deger

Mekanik ve fiziksel testler Standart no Ornek boyutlar1 (mm) Ormek sayist (P5 tipi)
Cekme direnci (N/mm?) TS EN 319 50x50 10 >0,45
Cekme direnci-kaynatma sonrast (N/mm?) TS EN 1087-1 50x50 10 >0,14
24 saat kalmlik artis1 (%) TSEN 317 50x50 10 max. 10
24 saat su emme (%) TS EN 317 50x50 10 max. 45
Serbest formaldehit testi (mg/100gr) TS EN ISO 12460-5 20x25 (150gr) 10 E-D<8
P5: Suya ve neme dayanikli yonga levha
Cizelge 5. Test sonuglarina iligkin istatiksel analizler
Table 5. Statistical analysis of test results
i\é[:tll(;mk ve fiziksel Faktor tutkal orani (%) Deney gruplari Ornek sayist Ortalama Standart sapma p<0,05
9,5 Al: Kontrol 10 0,84° 0,04
Cekme direnci 10 A2 10 0,94* 0,04 0.001"
(N/mm?) 10,5 A3 10 0,92¢ 0,07 ’
11 A4 10 0,95° 0,04
«me direnci 9,5 A1l: Kontrol 10 0,09¢ 0,01
gfa rlrlljtrnlerteslz)cliram) 10 A2 10 0,11 0,01 0,001"
(N/i,nmz) 10,5 A3 10 0,12° 0,01 ’
11 A4 10 0,14° 0,01
9,5 Al: Kontrol 10 10,39* 0,21
Kalinlik artigt 10 A2 10 9,86% 1,17 0.007"
24 saat (%) 10,5 A3 10 8,79¢ 1,32 ’
11 A4 10 9,05% 0,55
9,5 Al: Kontrol 10 44,44 1,15
Su emme 10 A2 10 45,40° 3,17 0.002*
24 saat (%) 10,5 A3 10 41,29¢ 1,18 ’
11 A4 10 42,84 1,73
9,5 Al: Kontrol 10 6,70* 1,02
Serbest formaldehit oran 10 A2 10 5,66° 0,87 0.003"
(mg/100gr) 10,5 A3 10 5,17 0,95 ’
11 A4 10 5,35° 0,65
Kalinlik artis1 (%) (24 saat) Su emme (%) (24 saat)
12 @ 55
11 50
10 45
9
; \ \ 0
- AN \ 45 NN
Al (Kontrol) A2 A3 Ad Al (Kontrol) A2 A3 Ad
9,50 10,00 10,50 11,00 9,50 10,00 10,50 11,00
Tutkal kullanim oran1 (%) Tutkal kullanim oran1 (%)
Sekil 3a. Kalinlik artis1 ortalama degerler Sekil 3b. Su emme ortalama degerler
Figure 3a. Average values of thickness swelling Figure 3b. Average values of water absorption

Serbest formaldehit orani (mg/100gr)

- \\\\
=\ L
Al (Kontrol) A2 A3 A4

9,50 10,00 10,50 11,00
Tutkal kullanim oran1 (%)

Sekil 4. Serbest formaldehit ortalama degerler
Figure 4. Average values of free formaldehyde
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Cizelge 5’e gore serbest formaldehit degerleri iizerine
tutkal kullanim oraninin etkisi istatiksel olarak anlamli
bulunmustur. Test sonuglarindan tiim degerlerin TS EN ISO
12460-5 (2016) standardinda E1 smifi i¢in belirlenen {ist
limit degerin (E1< 8) altinda oldugu tespit edilmistir. Sekil
4’te verilen test sonuglarindan en yiiksek degerlere 6,7
mg/100g ile Al kontrol orneklerinde tespit edilmistir. En
diistik 5,17 mg/100gr ile kontrol drneklerine gore %23 diisiis
gosteren A3 deney Orneklerinde gOriilmiistiir. Test
sonuglarindan orta tabakada MUF reginesinin artigina bagl
olarak formaldehit salinim degerlerinde belirgin diisiisler
tespit edilmistir. Bu durum melamin igerigine sahip MUF
tutkalinin kimyasal reaksiyonunda bag yapisi giiclendiginden
yongalar arasi yapigsma kabiliyetinin artisina neden olmustur.
Buna bagli olarak serbest haldeki formaldehit yapilarinin
levha i¢inde kalmasi olarak degerlendirilmistir. Elde edilen
bulgularin literatiirde yapilan Onceki g¢aligmalarla uyumlu
oldugu anlasilmistir. Dogan ve Kaymake1 (2023) yaptiklari
aragtirmada MUF tutkalinin kimyasal reaksiyonundaki bag
yapisindan dolay1 agiga cikabilecek serbest formaldehit
oraninin azalig gosterdigini belirtmistir. Aym1 zamanda F/U
mol orami diisiik reginelerle {iretilen Orneklerin serbest
formaldehit emisyonunun daha disiikk sonuglar verdigini
tespit etmislerdir. Nemli ve Akbulut (2004) melamin
recinesinin kimyasal reaksiyonundaki bag yapisindan dolay1
formaldehit baglanmakta bu sayede agiga ¢ikabilecek serbest
formaldehit oraninin azaldigini belirtmistir. Young ve Kim
(2007), Zhang vd. (2013) ve Hse vd. (2008) MUF tutkali ile
yaptiklar1 c¢alismalarda melamin igeriginin artisina bagl
olarak  serbest  formaldehit  degerinin  diigtligiinii
belirtmislerdir. Kara (2018) nano iiriinle modifiye edilen
MUF reginesinin lamine malzemelerin serbest formaldehit
emisyonu iizerine olumlu etkisinden bahsetmistir.

Cekme Direnci (N/mm?) (kaynatma Oncesi)

1.1
! 0§4 0.92 Oﬁs
I
0.9 0.84
0.8 .
0.7
Al (Kontrol) A2 A3 A4
9,50 10,00 10,50 11,00

Tutkal kullanim oran1 (%)

Sekil 5-a. Cekme direnci ortalama degerler
(kaynatma Oncesi)
Figure 5-a. Average values of tensile strength (before boiling)
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3.2. Mekanik ozellikler

Deney orneklerinin mekanik 6zelliklerinden kaynatma
Oncesi ve sonrasi ¢ekme direncine ait ortalama degerler
sirasiyla Sekil 5 (a-b)’de gosterilmistir.

Cizelge 5’te ¢ekme direncleri iizerinde tutkal kullanim
oraninin istatiksel olarak anlamli etkisi goriilmistiir. Test
sonuglarindan tiim degerlerin TS EN 312 (2012) standardinda
P5 smifi igin belirlenen {ist limitin {izerinde oldugu
goriilmiistiir. Sekil 5 (a, b)’ten de anlasilacagi iizere en
yiiksek ¢ekme direncine 0,95 N/mm? ile kontrol 6rneklerine
gore %13 artig gosteren A4 deney numunelerinde
goriilmiistiir. Kaynatma sonrasi ¢gekme direncinde en yiiksek
deger 0,14 N/mm? ile kontrol &rneklerine gore %55 artis
gosteren A4 deney Orneklerinde tespit edilmistir. Test
sonuglarindan tutkal artigina bagl olarak ¢ekme direncinde
artts oldugu ve literatiirde yapilan Onceki calismalarin
sonuglariyla uyumlu oldugu anlagilmistir. Pan vd. (2007),
Ozgifci vd. (2017) yonga levhalarm mekanik 6zellikleri
lizerine tutkal artisinin olumlu etkisinden bahsetmistir.
Young ve Kim (2007) melamin katkilt UF regineleri ile
iiretilen yonga levhalarin mekanik 6zelliklerinin iyilestigini
belirtmistir. Hse vd. (2008) melamin igeriginin artmasi ile
daha hizli jel siirelerinin elde edildigi ve bu durumun yonga
levhalarin ¢ekme direncinde artiga yol actigini belirtmistir.
Kara (2018) nano firlinle modifiye edilen MUF reginesinin
lamine malzemelerin ¢ekme direnci iizerine olumlu
etkisinden bahsetmistir. Dogan ve Kaymakg1 (2023) melamin
icerigi yilksek MUF regineleri ile iiretilen (OSB)’lerin ¢ekme
direnci degerlerinde 6nemli artiglar oldugunu belirtmistir.
Giiler vd. (2016) mekanik direng ozellikleri yiiksek yonga
levhalar istendiginde MUF tutkalinin tercih edilmesinin daha
uygun oldugunu ifade etmislerdir.

Cekme Direnci (N/mm?) (kaynatma sonrasi)

0.2
014
0.15
N 0.11 0%2 I
0.1 : x
0.05
0
Al (Kontrol) A2 A3 A4
9,50 10,00 10,50 11,00

Tutkal kullanim oran1 (%)

Sekil 5-b. Cekme direnci ortalama degerler
(kaynatma sonras1)
Figure 5-b. Average values of tensile strength (after boiling)
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4. Sonuclar

Bu calismada PS5 sinifi yonga levhalarin mekanik, fiziksel
ve teknolojik ozelliklerini iyilestirmeye yonelik MUF
recinesinin etkisi aragtirilmigtir. Yapilan ¢calisma sonucunda;
e PS5 sinifi yonga levhalarin mekanik, fiziksel ve teknolojik
ozellikleri lizerine MUF reginesi artisinin olumlu yonde
belirgin bir etkisi oldugu ve standartta TS EN 312 (2012)
belirtilen limit degerleri karsiladig1 anlagiimistir.

Test sonuglar1 kontrol Ornekleri ila karsilastirilarak
optimum degerlere ulasilmistir. Buna gore mekanik
ozelliklerde ¢ekme direncinde %13, kaynatma sonrasi
¢ekme direncinde ise %55 artig goriilmiistiir. Fiziksel
ozelliklerde 24 saat kalinlik artis1 ve su emme degerlerinde
strasiyla %15 ve %7 iyilesme tespit edilmistir. Son olarak
teknolojik o6zelliklerden formaldehit emisyon degerinde
%27 diisiis gerceklesmistir.

Calisma ile elde edilen yonga levhalarin tim ozellikler
bakimindan yiiksek performans gostermesinde MUF
recinesinin ozelliginin ve kullanim oraninin 6nemli bir
etkisi oldugu anlagilmistir. Bu sayede standartlarda
belirtilen limit degerlere yakin degerlerde ve istenilen
ozelliklerde yonga levhalarin elde edilebilecegi
anlasilmustir.

Sonug olarak yonga levhalar kendini temsil eden kontrol
ornekleri karsilastirildiginda MUF  reginesinin  kullanim
oranina bagl olarak yonga levhalarin mekanik, fiziksel ve
teknolojik 6zelliklerinde iyilesmeler tespit edilmistir. Bu
dogrultuda yonga levhalarin su ve neme karsi boyutsal
kararliliklart ve mekanik mukavemetlerini iyilestirmeye
yonelik farkli regine tiirleri ve kimyasallar ile yeni
¢aligmalarin yapilmasi tavsiye edilmistir.
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Hidrotermal hidroliz yonteminde amonyum kloriir kullaniminin lif levhalarin
geri doniisiimiine etkisi

Cagri Olgun®™”*

The effect of ammonium chloride usage on the recycling of fiberboards in the

Oz: Lif levhalar, kullanim 6miirlerinin sonunda bertaraf edilmelerinde hava kirliligi gibi baz1 6nemli ¢evresel sorunlara neden
olmaktadir. Bu sorunlarin ¢6ziimiinde lif levhalarin geri doniisiimii en etkili yontem olmakla beraber, heniiz kendine yaygin bir
uygulama alan1 bulamamuigtir. Literatiirde odun esasli levhalar i¢in gesitli geri doniisiim metotlari bulunmakla olup, bunlar arasinda
en ¢ok aragtirilanlardan biri de hidrotermal hidroliz yontemidir. Bu ¢aligmada, hidrotermal hidroliz yontemi ile geri donistiirme
isleminde farkli (%0, %2.,5, %5, %7,5, %10, %15, %20 ve %25) konsantrasyonlara sahip amonyum kloriir ¢ozeltilerinin
kullaniminin elde edilen lifler tizerine etkisi arastirilmistir. Geri kazanilan liflerin 6zelliklerinin tespiti amaciyla elementel analiz
(%C, %H, %N), FT-IR analizi, SEM (taramal1 elektron mikroskobu) ve SEM EDS (enerji dagilim spektrometresi) analizleri
gerceklestirilmistir. Elde edilen sonuglara gore, amonyum kloriir miktarindaki artis lif levhanin yapisinda bulunan toplam azot (N)
oranini %4,198’den %0,268’e kadar azalttig1 gdzlemlenmistir. Buna ragmen, amonyum kloriir miktarindaki atis ile elde edilen
liflerin morfolojilerinde bozulmalar oldugu gozlemlenmistir. SEM EDS analizi sonuglarinda %20 ve %25 konsantrasyonda
amonyum kloriir ¢ozeltisi ile muamele edilerek geri kazanilan liflerin yiizeyinde azot elementinin olmadig1 ve tim sonuglar
degerlendirildiginde, bu iki ¢ozelti optimum islem konsantrasyonu olarak tespit edilmistir.

Anahtar kelimeler: Geri doniistim, Lif levha, Lif 6zellikleri, Hidrotermal hidroliz

hydrothermal hydrolysis method

Abstract: Fiberboards, when disposed of at the end of their service life, cause some significant environmental issues such as air
pollution. The recycling of fiberboards is the most effective solution to these problems; however, it has not yet found a widespread
application. In the literature, there are various recycling methods for wood-based panels, but one of the most researched is the
hydrothermal hydrolysis method. In this study, the effect of ammonium chloride solutions with different concentrations (0%, 2.5%,
5%, 7.5%, 10%, 15%, 20%, and 25%) on the fibers obtained through the recycling process using the hydrothermal hydrolysis
method was investigated. Elemental analysis (C%, H%, N%), FT-IR analysis, SEM (scanning electron microscope) and SEM EDS
(energy dispersive spectrometry) analyses were conducted to determine the properties of the recovered fibers. According to the
obtained results, it has been observed that the increase in the amount of ammonium chloride significantly reduces the total nitrogen
(N) content in the structure of the fiber board from 4.198% to 0.268%. Nevertheless, it has been observed that there are distortions
in the morphologies of the fibers obtained with the increase in the amount of ammonium chloride. In the SEM EDS analysis results,
it was found that there was no nitrogen element on the surface of the fibers recovered by treatment with ammonium chloride solution
at concentrations of 20% and 25%, and when all results were evaluated, these two solutions were determined to be the optimum
processing concentrations.

Keywords: Recycling, Fiberboard, Fiber properties, Hydrothermal hydrolysis

| Research article (Arastirma makalesi)

1. Giris

Birlesmis Milletler Gida ve Tarim Orgiitii (FAO) 2023
yili istatistiklerine goére 1961 yilindan giiniimiize diinyada
yaklagik olarak toplam 6,7 milyar m*’liik yongalevha, OSB
ve lif levha iiretimi gergeklestirilmis durumdadir. Bu rakamin
yaklagitk 2,7 milyon m*¥ii cesitli smiflardaki 1if levha
dretimlerine aittir. FAO’nun 2023 yili istatistiklerine gore,
2022 yilinda 6,25 milyon m® iiretimle Tiirkiye, lif levha
iretiminde diinyada Cin’den sonra ikinci en fazla iiretim
yapan lilke konumundadir (FAOSTAT, 2023). Rakamlardan
anlagilacag lizere Tiirkiye mobilya sektoriiniin en dnemli
hammaddelerinden biri olan lif levhanin en bilyik
ireticilerinden biridir. Lif levhalarin mobilya {retimi

sirasinda fire olarak veyahut kullanim Omrii sonunda atik
olarak ¢op deponi alanlarina terk edilmesi ya da yakilarak
bertaraf edilmesi hava kirliligi konusunda ¢esitli
problemlerle yol agmaktadir (Demirkir ve Colak, 2006;
Olgun vd., 2023). Ayrica bir¢ok farkli aragtirmaci tarafindan
yakin gelecekte orman iriinleri sanayisindeki gelisime
paralel olarak odun hammadde tedariki konusunda bir
darbogaz yasanilmasi beklenilmekte ve bu noktada yeni
hammaddelerin degerlendirilmesi konusunda ¢aligmalar
yiritilmektedir (Cigekler vd., 2022). Atik yonetimiyle
iligkili artan ¢evresel endiseler nedeniyle odun esash
levhalarin geri donlisiimii geleneksel bertaraf yontemlerine
gore daha siirdiiriilebilir bir ¢dzliim Onerisi olarak 6n plana
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¢ikmaktadir (Demirkir ve Colak, 2006; Lubis vd., 2020a;
2020b; Sala vd., 2020).

Son yillarda, mekanik, kimyasal, hidrotermal ve bunlarin
kombinasyonlar1 seklinde bir¢ok yenilik¢i odun esash levha
geri doniisiim yontemi gelistirilmistir (Antov ve Savov, 2019;
Olgun vd., 2023). Bu yontemlerden en ¢ok ¢alisilanlarindan
biri olan hidrotermal hidroliz yontemi, diisiik karbon ayak izi
ve siirdiiriilebilirlik acisindan daha fazla 6n plana ¢ikmaktadir
(Savov vd., 2023a; 2023b). Termoset yapilari sebebi ile
formaldehit igerikli tutkallarla iretilen odun esasli levhalarin
geri  donligiimii, kagit vb. gibi driinler gibi kolay
olmamaktadir. Teorik olarak hidrotermal hidrolizde tutkalin
i¢ matris yapisindaki baglarin hidrolizi amaglansa da
(Besserer vd., 2021; Savov vd., 2023a), uygulama esnasinda
uygulanan faktorlerin etkisi ile liflerin morfolojilerinde
bozulmalar meydana gelmektedir (Lubis vd., 2018a;
Moezzipour vd., 2018; Zeng vd., 2018; Hagel vd., 2021;
Glirsoy ve Ayrilmig, 2023; Troilo vd., 2023). Olgun vd.
(2023) yaptiklari ¢alismada 5 farkli geri doniisiim metodunun
lif boyutlar1 ve yeniden iiretilen levha ozelliklerine olan
etkisini incelemislerdir. Caligmada, %25 konsantrasyona
sahip amonyum kloriir ve amonyum siilfat ¢ozeltileri ile
hidrotermal hidroliz yontemi ile geri kazanilan lifleri
boyutlarindaki degisimin ve bu liflerden elde edilen levha
ozelliklerinin ¢dzelti konsantrasyonu, islem sicakligi ve
zamanindaki degisimlerle iyilestirebilecegini
vurgulamiglardir (Olgun vd., 2023). Odun esasli levha
sektorlerinde geri doniislimii yayginlastirmak igin farkli geri
doniisiim yontemlerinin, geri kazanilmis lif ve yeniden elde
edilecek levhalarin 6zelliklerine olan etkilerinin daha fazla
incelenmesi ve bu yontemlerde uygulanan iglem sartlarinin
etkilerin degerlendirilerek optimize edilmesi hususunda,
mevcut bilimsel ¢caligmalara ek daha fazla bilimsel ¢aligmaya
ihtiya¢ vardir (Savov vd., 2023a; 2023b). Bu c¢alismada
hidrotermal geri  dontisim islemi sirasinda  farkl
konsantrasyonlardaki ~amonyum  kloriir  ¢dzeltilerinin
kullaniminin geri kazanilmis lifler iizerine etkisi aragtirilarak
optimum amonyum kloriir konsantrasyonunun belirlenmesi
amagclanmistir.

Sekil 1. MDF Geri Doniisiim agamalari (A: islem 6ncesi, B: hidrétermal islem C: islem Sonraél)

2. Materyal ve yontem
2.1. Materyal

Geri doniisiim materyali olarak %100 yaprakli agag lifi
ile iire formaldehit tutkali kullanilarak iretilmis oldugu
bilinen orta yogunluklu lif levha (MDF) 6rnekleri atik parga
olarak temin edilmistir. MDF Ornekleri, geri doniisiime
hazirlanmalar1 i¢gin CEL marka Power 8 (WS4E) model
tasinabilir atdlye (UK) yardimiyla 1 cm genisliginde ve 2-4
cm uzunlugunda seritler haline getirilmigtir. Calismada
kullanilan geri doniisiim prosediirleri igin analitik saflikta
Scharlau marka amonyum kloriir Gengcbay Medikalden
(Zonguldak/Tiirkiye) temin edilerek kullanilmistir.

2.2. Hidrotermal hidroliz metodu ile geri doniisiim

Hidrotermal hidroliz yontemi ile geri doniisiim islemi igin
hazirlanan lif levha numuneleri, Sekil 1°deki gibi %0, %2,5,
%S5, %7,5, %10, %15, %20 ve %25 konsantrasyonlardaki
amonyum Kkloriir ¢ozeltilerine, ¢ozelti/MDF atik orani 10:1
olacak sekilde eklendikten sonra 110 °C'de, 0,4 bar basingta
30 dakika otoklavda muamele edilmistir. Islem sonrasinda
atik MDF ornekleri siserek biitiinliiklerini kaybetmis, elde
edilen lifler distile su ile yikanarak mekanik olarak
dagitilmistir. Lifler, oda kosullarinda kurutulduktan sonra
yapilan analizler icin etiivde degismez agirliga gelinceye
kadar bekletilerek firin kurusu halde hazirlanmstir.

2.3. Elementel Analiz

Lif levhanin ve geri dondstiiriilen liflerin yapisinda
bulunan karbon (%C), azot (%N) ve hidrojenin (%H) tespiti
Kastamonu Universitesi Merkezi Arastirma Laboratuvarinda
bulunan Eurovector CHN Elemental Analyzer cihazinda
gergeklestirilmistir.

2.4. Fourier transform infrared Sprektrum (FT-IR) Analizi

Elde edilen lif 6rneklerinin fonksiyonel gruplarindaki
farkliliklart belirlemek i¢in Fourier dontsiimlii kizilotesi
spektroskopisi (FT-IR) ile analiz edildi. FT-IR deneyleri
Isparta  Siileyman Demirel Universitesi, Yenilikgi

Teknolojiler Uygulama ve Arastirma Merkezinde bulunan
ATR aksesuarina sahip JASCO FT/IR 4700 spektrometresi
yardimiyla 400-4000 cm™ dalga boylar1 arasinda, 4 cm'’
¢ozliniirliikte ve Ornek iizerinde 32 tarama yapilarak
gergeklestirilmistir.

Figiire 1. MDF Recycling stages (A: before the treatment, B: hydrothermal treatment C: after the treatment)
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2.5. Taramali Elektron Mikroskobu Analizleri

Liflerin morfolojik 06zelliklerinin belirlenmesi  igin
Kastamonu Universitesi Merkez Arastirma Laboratuvari’nda
bulunan Quanta FEG 250 (FEI, ABD) taramali elektron
mikroskobu (SEM) kullanilmistir. Geri doniigiim islemleri
sonrasinda birbirine yakin Ozellikler gosteren gruplarin
arasinda ayrim yapabilmek amagl lif yiizeylerinin elementel
kompozisyon taramasi, Isparta Siileyman Demirel
Universitesi, Yenilik¢i Teknolojiler Uygulama ve Arastirma
Merkezi, Malzeme Karakterizasyon Laboratuvarinda
bulunan QUANTA FEG 250 (FEI, ABD) marka taramali
elektron mikroskobu enerji dagilim spektrometresi (SEM -
EDS) yardimiyla gerceklestirilmistir.

3. Bulgular ve Tartisma
3.1. Elemental Analiz Sonuglari

MDF o6rneklerinden alinan toz numunenin ve geri
doniistiiriilen liflerin elemental analiz sonuglar Cizelge 1°de
verilmistir. Oransal olarak azot miktari, direkt olarak levhada
kullanilan {ire formaldehit miktar1 ile iliskili olup, geri
doniisiimde bu oranin azalmasi uzaklasan tutkal miktar ile
iliskilendirilmektedir (Lubis vd., 2018b). Calismada
kullanilan MDF atiklarindan elde edilen numunelerin azot
orant %4,198 olarak tespit edilirken, hidrotermal geri
doniigiim islemi sonucu elde edilen en yiiksek deger %0,924
ile sadece su ile islem goren gruptan, en diisiik oran ise
%0,268 ile %25 amonyum kloriir ile muamele goren gruptan
elde edilmistir. Islem sonras1 oransal olarak azot miktarindaki
azalma, uygulanan hidrotermal geri doniisiim isleminin
basarili  oldugunu gdstermektedir. Amonyum  kloriir
miktarindaki artiga baglh olarak yilizdece azot miktar1 belirli
bir miktara kadar gerilemis ve %7,5 amonyum kloriir ile
muamele gormiis gruptan sonra degisimlerde anlamli bir
farklilik gbzlemlenmemistir. Bu degisimlerin daha ayrintili
anlagilabilmesi agisindan Orneklerin yiizde azot miktarlar
Sekil 2’deki grafikte gosterilmistir.

Literatiirde, yonga levhanin sadece su ile hidrotermal geri
doniisiimii ile elde edilen yongalarda azot oraninin 100 °C 1
saat bekletme ile %1,3, 120 °C’de 30 dk bekletme ile %0,99,
160 °C’de 20 dk bekletme ile %0,66 oranina kadar azaldig1
rapor edilmistir (Fu vd., 2020). Farkli kalinliktaki lif
levhalara, farkli ¢ozelti/levha oranlarinda ve siirelerde 95 °C
sicaklikta uygulanan geri doniiglim iglemi sonucunda elde
edilen liflerin azot oranin % 1,0 ila %2,5 arasinda degistigi
belirtilmistir (Biitiin Buschalsky ve Mai, 2021). Hagel, vd.,
2021 yilinda yaptiklari c¢alismada, buharlama sonrasi
liflendirme ile geri doniistiiriilen liflerdeki azot oranini %0,9
ila 1,2 arasinda bulmuslardir. Farkli bir ¢alismada,
hidrotermal geri doniisiim yontemiyle farkli sicakliklar ve
siirelerde elde edilen liflerin azot oraninin %3,68 le %3,94
arasinda oldugu rapor edilmistir (Savov vd., 2023a). Lubis,
vd. (2018b) yaptiklar1 ¢alismada, 100 °C’de sadece su ile
yapilan hidrotermal geri doniisiimde elde edilen liflerin azot
oranin1  %1,04 olarak tespit ederken, ayni ¢alismada
kullanilan 0,1 M’lik siilfiirik asit ¢ozeltisi yardimi ile 100
°C’de yapilan hidrotermal geri doniisimden elde edilen
liflerde %0,26, 0,1 M’lik oksalik asit ¢dzeltisi yardimi ile 100
°C’de yapilan hidrotermal geri doniisimden elde edilen
liflerde ise %0,08 oraninda bulmuslardir. Calismada
kullandiklar alkali ¢ozeltilerle (0,1’er molar sodyum siilfit ve

sodyum hidroksit) yapilan muamele sonucunda ise, sadece
suya gore azot oraninin tiim denemelerde yiiksek oldugu
sonucuna ulasmiglardir (Lubis vd., 2018b). Literatiirdeki
bilgilere parelel sekilde caligmada kullanilan amonyum
kloriiriin sulu ¢ozeltilerinin zay:f asidik karakteri (pH= 4-6)
liflerdeki azot oraninin azalmasindaki en muhtemel sebebi
olarak diisiiniilmektedir (Barnartt, 1986; Olgun vd., 2023).

3.2. FT-IR Analiz Sonuclar:

Sekil 3'te, attk MDF o6rnegi (kontrol) ve hidrotermal
hidroliz metodu ile elde edilmis 6rneklerin FT-IR ATR analiz
grafikleri, gegirgenlik orani (%T) seklinde gosterilmistir.
Sekil 3’te oOzellikle MDF tozundan elde edilen ve iire
formaldehit kaynakli, C=O gerilme bandin1 (amid I), N-H
biikiilmesini ve C-N gerilmesini ve (amid II) gruplarini
(1647-1542 cm™') temsil eden dalga boylarinda 6nemli
farkliliklar oldugu gozlenmistir. 1647cm™ en yiiksek ilk ii¢
yilizdece gegirgenlik degeri sirast ile %20, %10 ve %7,5
konsantrasyona sahip amonyum kloriir kullanilarak geri
doniistiiriilen 1if gruplarindan elde edilmistir. 1541 cm™’de en
yiiksek ilk ti¢ yiizdece gegirgenlik degerleri ise %20, %7,5 ve
%10 konsantrasyona sahip amonyum kloriir kullanilarak geri
doniistiiriilen lif gruplarindan elde edilmistir. Literatiirdeki
geri doniisiim caligmalarinda da ¢alismamiza paralel sekilde
FT-IR analizlerinde en ¢ok fark bu iki dalga boyunda
gozlemlenmistir (Moezzipour vd., 2017; Lubis vd., 2018a;
2018b; Lubis ve Park, 2018).

3.3. Liflerin morfolojik ozellikleri ve yiizey elementel
kompozisyonlar

Attk MDF o6rnegi ve farkli konsantrasyonlardaki
amonyum kloriir ¢ozeltileri ile hidrotermal hidroliz
yontemiyle elde edilen liflerin SEM goriintiileri Sekil 4°te
verilmistir.

Cizelge 1. Elementel analiz sonuglar
Table 1. Results of elemental analysis
Ornek Amonyum kloriir

0, 0, 0,
ad1 konsantrasyonu (%) N (%) € (%) H (%)
Kontrol MDF Levha Tozu 4,198 45,512 5,869
A %0 0,924 46,174 6,139
B %2,5 0,687 46,520 6,145
C %5 0,521 46,509 6,251
D %7,5 0,374 47,047 5,938
E %10 0,448 47,062 6,264
F %15 0,300 46,408 5,950
G %20 0,358 46,585 6,325
H %25 0,268 46,535 6,058
% N %
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Sekil 2. Liflerin azot miktarindaki degisim
Figure 2. Change in nitrogen content of fibers
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Figure 4. SEM images (K: Control, zoom ratio 3000x; A 0%, B 2.5%, C 5%, D 7.5%, E 10%, F 15%, G 20%, H 25%, A-H
zoom ratio 4000x, unit length in each photograph: 40 pm)
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Sekil 4’te yer alan SEM fotograflarinda, %0, %2,5, %5 dagilim spektrometresi (SEM-EDS) metodu ile daha ayrmtili

konsantrasyonlarinda muamele gormiis liflerin yiizeylerine bir sekilde belirlenebilmektedir (Troilo vd., 2023). Calismada
tutkal artiklart gézlenmektedir. Tutkal artifi parcaciklarin elde edilen elementel analiz, FT-IR spektrumlart ve SEM
sayist ve boyutlarinin, amonyum kloriir miktar1 artik¢a fotograflarinin incelenmesi sonucu birbirine yakin 6zellikler
azaldig1 gozlemlenebilmektedir. Ayni zamanda, gosterdigi diistiniilen %7,5 den %25 konsantrasyona kadar
konsantrasyon artikga liflerde morfolojik deformasyonlarin olan gruplardaki liflerin yiizey alanlarinin elemental
artigl goriilebilmektedir. Hatta %20 (G) ve %25 (H) kompozisyonu SEM EDS analizi ile gergeklestirilmis, analiz
konsantrasyonlarindaki  ¢6zelti ile hidrotermal  geri sonucu elde edilen grafikler Sekil 6°da ve grafiklerde tespit
doniigiimden elde edilen liflere ait fotograflar (Sekil 4 ve edilen elementlerin agirlik¢a yiizde ve atomca yiizdeleri ise
Sekil 5) incelendiginde, lifler yiizeylerinde yer yer genis Cizelge 2’de sayisal olarak verilmistir.

catlaklar goriilmektedir. Geri doniisiim iglemi sonras liflerin Genel olarak Cizelge 2’de yer alan bilgilere gore liflerin
ylizeyinde kalan kalint1 tutkal geri kazanilmig lifin tekrardan ylizey alanlarinda azot miktarlart islem kimyasalinin
lif levha liretiminde degerlendirilmesini zorlagtirmaktadir. konsantrasyonu artikga azalmaktadir. Buradaki sonuglar
Hatta ¢ok diisiik oranlarda dahi olsa, odun yiizeyindeki tutkal elementel analiz sonuglarina benzer olmakla beraber G ve H
kalintis1 yapigma direncini ciddi oranda etkilemektedir gruplar1 icin elementel analizde azot miktar1 ylizdeleri
(Besserer vd., 2021, Troilo vd., 2023). Dolayis1 ile sadece mevcut iken SEM EDS sonuglarinda bu iki gruba ait liflerin
elementel analiz yapmak genellikle yetersiz kalmaktadir, ylizey taramasinda azot tespit edilememistir. Bu durum temel
¢linkii elementel analiz elde edilen kiitlenin igerisindeki azot olarak hidrotermal geri doniisim islemi sonrasi hidrolize
miktarin1  vermektedir. Lif ylizeyindeki kalint1 tutkal, ugrayan tutkal parcalarmin lifler arasinda yer almasina
elementlerin X 1ginlarini yansitma prensibine gore secilen ragmen lif ylizeylerinden geri doniisiim islemi ve kimyasalin
bolgedeki elementel kompozisyonunun belirlendigi, enerji etkisi ile uzaklagtigini gostermektedir.

Cizelge 2. SEM EDS analiz sonuglari
Table 2. Results of SEM EDS analysis

C N o Diger*
Numune Adi Agirlikga Atomca Agirlikga Atomca Agirlikga Atomca Agirlikga Atomca
% % % % % % % %
D (%7.,5) 56,39 63,13 2,67 2,56 40,21 34,22 0,23 0,08
E (%10) 52,13 59,03 2,81 2,73 44,93 38,19 0,13 0,04
F (%15) 55,46 62,46 2,40 2,32 41,13 34,78 1,00 0,44
G (%20) 57,72 64,63 n.d. n.d. 41,91 35,23 0,37 0,14
H (%25) 55,00 62,47 n.d. n.d. 41,40 35,30 3,59 2,25

n.d.: tespit edilemedi, * Ilgili 6rnekte tespit edilen diger (F, Mg, Al, Si, Cl, Ca) elementlerin toplam yiizdesi.

det Y mag
7 LFD | 10.00 kV | 5000 x

] o t wD
n 00 X 2.5 | L um | 14.8 mm

5. %20 (G) ve %25 ( konsantrasyonlarlndaki ¢ozelti ile islem gormiis liflerin etay 1 SEM fotograflar1 (zoom: 5000X;
birim uzunluk 20 pm)
Figure 5. Detailed SEM photos of fibers treated with solutions at 20% (G) and 25% (H) concentrations (zoom: 5000X; scale bar
20 um)
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Sekil 6. SEM EDS analizi grafikleri (D %7,5, E %10, F %15 G %20, H %25)
Figure 6. SEM EDS analysis graphs (D 7.5%, E 10%, F 15%, G 20%, H 25%)

[N

. Sonuclar

- Elementel analiz sonucunda azot miktar1 ag¢isindan
amonyum klorilir kullanimmm %7,5 konsantrayondan
sonraki dozlarinin uygulanabilir oldugu,

- FT-IR analizi sonuglarina gore iire formaldehite ait dalga
boylarinda en ¢ok degisiklik gésteren gruplar uygulanan
¢oOzelti konsantrasyonlarna gore siralandiginda %7,5,
%10 ve %20 oldugu,

- SEM fotograflarina gore ¢ozelti miktar1 artikga liflerde
morfolojik deformasyonlarin olustugu, Buna ragmen
SEM EDS analizine gore %20 ve %25
konsantrasyonlardaki ¢ozeltiler ile geri doniistiiriilmiis
liflerin  yiizeylerinde tutkal artigmma dair izlere
rastlanmadi tespit edilmistir.

Sonu¢ olarak atik lif levhalarin hidrotermal geri
doniigiimiinde amonyum Kkloriiriin yardime1 kimyasal olarak
%20 ile %25 oranlarinda kullanimin optimum oldugu tespit
edilmistir. Bu oranlardaki ¢ozeltiler ile muamale edilerek
hidrotermal geri doniisim yapilan liflerin yeniden levha
iretiminde kullanilabilirligi, iiretilecek levhalarin fiziksel ve
mekaniksel  Ozelliklerine etkilerinin  degerlendirilmesi
Tiirkiye'nin levha sektoriindeki 6ncii konumunu korumasi
acisindan 6nem arz etmektedir.
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Biyolojik c¢esitliligi korumak icin yeni bir politika araci: Diger etkili alan bazh
koruma onlemleri

Yunus Aydin® ©, Ayhan Akyol™"

Oz: Korunan alan uygulamalari, biyogesitlilik kaybmin 6nlenmesi igin diinyada yaygin olarak tercih edilen alan temelli bir koruma
onlemidir. Ancak korunan alanlarin yaklasik bir asirdir birincil koruma stratejisi olmasina ragmen, biyolojik cesitliligin azalmakta
oldugu ve istenilen koruma hedeflerine ulasilmasinda bu araglarin yeterli olamayacag: gercegi ortaya ¢ikmaktadir. Bu nedenle, bu
alanlar i¢in ek farkli koruma araglarinin gelistirilmesi gabalari baglatilmistir. Bu gelismeler kapsaminda Birlegsmis Milletler
Biyolojik Cesitlilik Sozlesmesine taraf olan iilkeler, biyolojik ¢esitliligin korunmasi ve siirdiiriilebilir kullanimi i¢in belirlenen
kiiresel amag ve hedeflere ulagma araci olarak geleneksel korunan uygulamalarinin yanina “Diger Etkili Alan Bazli Koruma
Onlemlerini (OECMs: Other Effective Area-Based Conservation Measures-2010) de eklemislerdir. Bu ¢alismada biyolojik
cesitlilik kaybi ile miicadelede yeni bir in-situ koruma yaklasimi olarak ortaya ¢ikan OECMs kavraminin; tanimu, tarihgesi, koruma
degerleri, giincel uygulamalar, biyolojik cesitliligi korumadaki rolii ve saglayacagi katkilar ortaya konulmaya ¢alisilmistir. Dogay1
insanlarla birlikte koruma anlayis1 igeren OECMs’ler, daha genis katilimla daha genis alanlarda biyogesitliligin korunmas: firsatini
yaratmaktadir. Ayrica OECMs alanlarinin sadece kendi aralarinda degil, korunan alanlar arasinda da baglantilar saglayarak kiiresel
koruma sistemlerinin genel etkinligini artiracagi degerlendirilmektedir. OECMs’lerin, korumanin temel tasi olan “Korunan
Alanlar” i¢in rakip bir ara¢ olmadigi aksine mevcut koruma sistemine 6nemli katki saglayacagi ve tamamlayici bir rol olusturacagi
ortaya ¢ikmaktadir. Tiirkiye agisindan ise OECMs tanimi ve kriterlerini kargilayabilecek birgok karasal ve deniz alaninin var
olabilecegi degerlendirilmektedir. Ancak, bu yeni koruma aracinin hem kiiresel hem de yerel diizeyde yayginlasmasini saglayacak
politikalara, rehberliklere, finansal desteklere ve arastirmalara ihtiyag vardir.

Anahtar kelimeler: Alan bazli koruma, Biyogesitlilik, Koruma politikalari, Korunan alanlar, OECMs

A new policy tool for conserving biodiversity: Other effective area-based
conservation measures

Abstract: Protected areas are an area-based conservation measure that is widely preferred in the world to prevent biodiversity loss.
However, although protected areas have been the primary conservation strategy for nearly a century, it is becoming clear that
biodiversity is decreasing and that these tools will not be sufficient to achieve the desired conservation goals. Therefore, efforts
have been initiated to develop additional different conservation tools for these areas. Within the scope of these developments,
countries that are party to the United Nations Convention on Biological Diversity have added OECMs (Other Effective Area-Based
Conservation Measures-2010) to traditional protected areas applications as a tool to achieve the global goals and targets determined
for the conservation and sustainable use of biodiversity. In this study, the definition, history, conservation values, current practices,
role in biodiversity conservation and contributions of the OECMs concept, which has emerged as a new in-situ conservation
approach in combating biodiversity loss, have been tried to be presented. OECMs, which include the concept of protecting nature
together with people, create the opportunity to protect biodiversity in wider areas with wider participation. In addition, it is evaluated
that OECMs areas will increase the overall effectiveness of global protection systems by providing connections not only among
themselves but also between protected areas. It is revealed that OECMs are not a rival tool for “Protected Areas”, which are the
cornerstone of protection, but on the contrary, they will make a significant contribution to the current protection system and create
a complementary role. In terms of Turkey, it is evaluated that there may be many terrestrial and marine areas that can meet the
OECM definition and criteria. However, there is a need for policies, guidance, financial support and research that will ensure the
dissemination of this new protection tool at both global and local levels.

Keywords: Area based conservation, Biodiversity, Protection policies, Protected areas, OECMs

1. Giris toplanti, konferans diizenlenmis ve bazilarinin sonucunda
taraflarin ortak aldigi kararlar ile bildirgeler, sdzlesmeler,

Kiiresel ¢evre problemlerinin &zellikle son 50 yilda eylem planlari, hedefler, amagclar, protokoller, stratejiler
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Yonelik Kyoto Protokolii vb.) gelistirilmistir (Hakverdi,
2020; Aydin ve Akyol, 2024). Ozellikle 20. yiizyiln
sonlarina dogru 6nde gelen cevresel problemlerin basinda,
biyolojik ¢esitlilik kaybi ve yok olmast kendini
gostermektedir. Yapilan bir¢ok bilimsel caligma, kiiresel
degerlendirme ve biyolojik ¢esitliligin korunmasina kendini
adamug kiiresel kuruluglar (WWEF, IUCN vb.) biyogesitliligin
ekosistemlerin iglevleri ve hizmetleri igin gerekli oldugu ve
canli ¢esitliliginde yasanacak kayiplarin ciddi sonuglari
olabilecegi konusunda, tiim taraflarda (birey, topluluk,
hiikiimet, devlet, birlik vs.) bir anlayis gelismesine yardimci
olmustur (Ash ve Jenkins, 2007; Skogen vd., 2018).
Nihayetinde biyolojik g¢esitlilik kaybma iliskin duyulan
endiseler ve olusan hassasiyet, uluslararasi ve ¢ok katilimcili
seviyede diizenlenen ve 6nemli bir tarihsel zirve olan 1992
yil1 BM Cevre ve Kalkinma Konferansi’'nda (Rio de Janerio),
yasal bir ¢ergeve sunan Biyolojik Cesitlilik S6zlesmesi'nin
(The Convention on Biological Diversity (CBD))
imzalanmasini saglamistir (Wood vd., 2000). BM Biyolojik
Cesitlilik S6zlesmesi'nin temel amaci; siirdiiriilebilir sekilde
biyolojik ¢esitliligin korunmasini, genetik kaynaklarin
kullanimini ve sagladigi faydalarin diinyada tiim taraflar igin
esit Oleekli paylasimini igeren ulusal/uluslararasi strateji,
eylem ve programlarin gelistirilerek siirecin yonetilmesinden
olusmaktadir (Leveque ve Mounolou, 2023). Neredeyse
evrensel bir katilimla ortaya ¢ikan CBD, biyolojik cesitliligin
korunmast i¢in “Korunan Alanlari (KA)” temel bir
mekanizma olarak tanimlayarak sézlesmenin in-situ koruma
bashig1 altinda (8. madde) “Biyolojik ¢esitliligin korunmasi
icin ozel dnlemlerin alinmasi gereken alanlar veya korunan
alanlar sisteminin olusturulmasi” tim taraflar igin
vurgulamistir (The Secretariat for CBD, 2011; MacKinnon
vd., 2015).

Korunan alan uygulamalari her ne kadar ¢ok eski tarihlere
dayansa da 19. yiizyilin sonlarindan itibaren giiniimiiz
anlayisiyla olusturulmaya baslanmistir (Yiicel ve Babus,
2005; Yesil, 2016; He ve Min, 2022). 1872 yilinda diinyanin
ilk milli parkinin ilan edilmesinin ardindan (ABD-
Yellowstone Milli Parki) bir¢ok kitada (Kuzey Amerika,
Avrupa, Avustralya ve Giiney Afrika), Oncelikle ikonik
manzaralara veya yaban hayatina sahip yerleri korumak
amaciyla birgok korunan alan olusturulmustur (Kurdoglu,
2007; Gurney vd., 2023). Korunan alan sayilar1 ve kapsama
alan1 devam eden siiregte giderek artmigtir. Yaklagik 30 yil
once ortaya ¢ikan CBD’den buyana ise KA’lar (milli park,
doga rezervleri, yabanil alanlar, tabiat aniti, habitat/tiir
yonetim alani vb.) katlanarak geniglemistir. Ancak kiiresel
olarak artan kapsamina ragmen korunan alanlarin, tiir ve
ekosistem kayiplarin1 istenilen Olgiide azaltilmasini ve
durdurulmasini saglayamadigi da bilimsel arastirmalarca
ortaya konulmaktadir (Alkan ve Korkmaz, 2009; Butchart
vd., 2010; Lemieux vd., 2022; Cook, 2024).

Korunan alanlar yaklagik bir asirdir biyolojik gesitlilik
koruma stratejisinde birincil tercih olmasina ragmen,
biyolojik ¢esitliligin azalmakta oldugu gercegi koruma
hedeflerine ulasilmasinda bu araglarin yeterli olmadigini
ortaya koymus ve yeni araglar gelistirilmesi icin gesitli
girisimler baslatilmigtir. Yapilan bilimsel ¢alismalar, resmi
tanimlari ve statiileri olan geleneksel alan bazli koruma (KA
(milli park, doga rezervleri, vahsi doga alanlar1 vb.) ile
gerceklestirilen doga koruma ¢alismalarinin  haricinde,
giiniimiizde biyolojik ¢esitliligin etkili bir sekilde ve yerinde
korunmasini, diger bir ifadeyle in-situ korumanin
saglanabildigini belirlemistir (IUCN-WCPA Task Force on

OECMs, 2019; Dudley ve Stolton, 2020). Sonug olarak son
yillarda yasal olarak bir koruma statiisiine sahip olmasa da
mevcut alan yonetimi (birincil ve/veya ikincil yonetim amaci
koruma veya hicbir yonetim araci ve amaci koruma olmayan)
sayesinde biyolojik ¢esitliligin yerinde ve siirdiiriilebilir
korunmasin1 saglayan bircok saha oldugu ve bununda
koruma toplulugunca yeni bir koruma yaklagimi olarak kabul
edilebilecegi degerlendirilmistir. “Diger Etkili Alan Bazh
Koruma  Onlemleri  (Other  Effective  Area-Based
Conservation Measures (OECMs))” olarak ifade edilen bu
yeni koruma anlayisi kiiresel boyutta gelismeye baslamistir
(Laffoley vd., 2017; Lemieux vd., 2022). Bu gelismeler
1s1iginda Birlesmis  Milletler  Biyolojik  Cesitlilik
Sozlesmesine (BMBCS) (UN Convention on Biological
Diversity (UNCBD)) taraf olan iilkeler, biyolojik cesitliligin
korunmasi ve belirlenen kiiresel amag ve hedeflere ulagma
aract olarak geleneksel KA uygulamalarinin yanina
OECMs’leri  de ilave ederek koruma araglarmi
genisletmislerdir (Jonas vd., 2021).

Bu caligmanin amaci; diinyada alan bazli korumada yeni
bir paradigma olan OECMs kavramini irdeleyerek, mevcut
durumu ortaya koymak ve 6zellikle korunan alanlardan farkl
olarak  biyolojik  ¢esitliligi ~ koruma  yaklagimini
degerlendirmektir. Ayrica, OECMS’lerin iilkemiz agisindan
uygulanabilirligini ortaya koyarak sahip oldugumuz zengin
biyolojik ¢esitliligin daha genis alanlarda, insan-doga uyumu
igerisinde siirdiiriilebilirliginin desteklenmesi amaglanmistir.

2. Diger etkili alan bazli koruma o6nlemleri (OECMs)-
Kavramsal cerceve

Biyolojik gesitliligin korunmasi 6zellikle 20. yiizyilin son
ceyreginde kiiresel ¢cevre politikalarinin ana konularindan biri
olmustur. Geleneksel olarak, milli parklar ve doga rezervleri
gibi “Korunan Alanlar (KA)” uygulamalari, biyolojik
cesitliligin korunmasi igin ilgili tiim taraflarca genellikle ilk
secenek olmustur (He ve Min, 2022; Adams vd., 2023).
Ancak son zamanlarda tiirleri ve ekosistemleri tam olarak
korumak i¢in 6lgek, baglanti ve yonetisim agisindan KA larin
yetersiz kaldigi ortaya ¢ikmaktadir (Dudley vd., 2018; Garcia
vd., 2022; Dalton vd., 2023). Diger yandan resmi statiilii
korunan alanlar haricinde yonetimin birinci amacinin koruma
olmadig1 veya higbir amacin dogrudan koruma hedefi olarak
belirlenmedigi bazi alanlardaki yonetim mekanizmalarinin
(yerli bolgeleri, 0zel araziler, topluluk tarafindan ydnetilen
alanlar ve korumanin amaglanmadig1 veya ikincil bir etki
olarak ortaya cikt1g1 diger arazi kullanimlar1 vb.) yerinde ve
uzun vadeli biyolojik ¢esitliligi koruma c¢iktis1 sagladigi
degerlendirilmistir (Dudley vd., 2018; He ve Min, 2022).
Boylelikle korumaya yonelik daha esnek ve kapsayict bir
yaklasim sunan OECMs’ler ortaya ¢ikmustir. Diger etkili alan
bazli koruma 6nlemleri, biyolojik ¢esitliligin korunmasinda
bir paradigma degisimini temsil etmekte ve koruma
sonuglarinin elde edildigi gesitli kara ve deniz alanlarini
kapsayacak sekilde resmi statiilii korunan alanlarin Gtesine
gecmektedir (Cook, 2024). Geleneksel korunan alanlarin
kiiresel koruma hedeflerine ulasmadaki sinirlamalarina yanit
olarak ortaya ¢ikan bu fikir; 2020 yilina kadar karasal ve i¢
su alanlarinin en az %17’sinin ve deniz ve kiy1 alanlarmin
%10’unun “Korunan Alanlar” ve “Diger Etkili Bazh
Koruma Onlemleri” yoluyla korunmasmi amaglayan
Biyolojik Cesitlilik S6zlesmesi (CBD) kapsamindaki Aichi
Biyolojik  Cesitlilik Hedeflerinin (Hedef 11) kabul
edilmesiyle resmi olarak taninmistir (CBD, 2010). KA ile
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OECM’leri birbirinden ayiran en temel 6zellik ise KA’larin
birincil hedefi koruma iken, OECM’in birincil hedefi koruma
olabilecegi gibi, farkli bir yonetimsel bir faaliyetin yan {iriinii
olarak da biyogesitliligin korunmasmna yonelik sonuglar
saglayabilmesidir (Jonas vd., 2017; Maxwell vd., 2020;
Alves-Pinto vd., 2021;). Ozetle; KA’da hedef/amag koruma
iken OECMs’lerde ¢ikti, koruma olmaktadir. Oncesinde
korunan alanlar vasitasityla yapilan koruma c¢abalari artik
resmi koruma alani aginin disinda bulunan ve biyogesitliligin
korunmasi ag¢isindan Snemli sonuglar elde edilen OECMs
sahalari ile geniglemistir.

Her ne kadar 2010 yilinda OECMs’ler yeni bir koruma
anlayisi olarak kabul gérmeye baslasa da bu aracinin resmi
bir tanimdan yoksun olmasi kiiresel Olgekte alan
uygulamalarinin yavas ilerlemesine neden olmustur. Bu
durumun farkima varan CBD ve Uluslararas1 Dogay1 ve
Dogal Kaynaklar1 Koruma Birligi (International Union for
Conservation of Nature and Natural Resources (IUCN)) gibi
koruma 6rgiitleri, OECM’lerin nasil tanimlanacagi ve kiiresel
koruma stratejilerine nasil entegre edilecegi konusunda
tartigmalar baslatmistir (Jonas vd., 2018). Ozellikle CBD
teknik rehberlikler olusturmak i¢in IUCN’i ortak ¢aligmaya
davet etmistir. [UCN 2014 yilindan itibaren bir gorev ekibi
kurarak ilgili konu hakkinda birgok arastirma, toplanti,
bilimsel ¢alisma yapmis ve ¢iktilar dogrultusunda olusturmus
oldugu raporlari, Onerileri ve hazirladig: taslak rehberleri
BMBCS taraflarina sunmustur (Jonas vd., 2018; Donald vd.,
2019). Nihayetinde 2018 CBD Taraflar Konferansi’nda
(COP 14), OECM'lere iliskin ilk net tanim ve uygulama
kilavuzu hazirlanmistir (CBD, 2018).

Korunan alanlar haricinde, uzun vadeli olarak biyolojik
cesitliligin etkili bir sekilde ve yerinde korunmasini saglayan
“Diger Etkili Alan Bazli Koruma Onlemleri (OECMs)” 14.
Taraflar Konferansi'nda;

"Biyolojik ¢esitliligin yerinde korunmast i¢in olumlu ve
stirdiirtilebilir uzun vadeli sonuclar elde edecek sekilde,
iliskili ekosistem iglevleri ve hizmetlerinin uygulanabilir
oldugu yerlerde, kiiltiirel, manevi, sosyo-ekonomik ve yerel
olarak ilgili diger degerlerle idare edilen ve ydnetilen,
korunan alanlar diginda kalan cografi olarak tanmimlanmig
bir alan.” olarak tanimlanmistir.

Cizelge 1. OECMs’lerde etkili koruma saglayan yaklagim tiirleri

Benzer sekilde, diger etkili alan tabanl koruma onlemi
terimi, korunan bir alan i¢inde olmayan, adil y6netim ve idare
altinda, uzun vadeli biyolojik ¢esitliligin korunmasini
saglayan cografi bir alan1 tanimlar. OECM'ler, Yerli halklar
ve yerel topluluklar, devlet kurumlari, sektorel aktorler, dzel
kuruluslar ve bireyler de dahil olmak tiizere cesitli hak
sahipleri ve aktorler tarafindan yonetilebilir (WWF, 2025).
Bu tanimlar, OECM'lerin geleneksel korunan alanlardan
farkli oldugunu, oncelikle koruma (birincil amag) igin
belirlenmediklerini, ancak yine de biyogesitliligin
korunmasma etkili bir sekilde katkida bulunduklarmi
vurgulamaktadir. KA tamimi incelendiginde, koruma
hedeflerinin belirlenmesi ve bu alanlarin cografi olarak
tanimlanmas1 agik¢a ifade edilmektedir. Hatta ITUCN,
korunan alan taniminda; alan yonetiminin uzun vadeli
olmasini ve doganin korunmasina yonelik daha agik bir hedef
icermesi gerektigini 6n plana ¢ikarmaktadir (Dudley, 2008).
TUCN igin, yalnizca ana amacin dogay1 uzun vadeli korumak
oldugu alanlar korunan alanlar olarak kabul edilmekle
birlikte, ayni diizeyde baska hedefleri (kiiltlirel, manevi,
turistik vb.) olan bir¢ok alan da korunan alan olarak kabul
edilmektedir (Stolton ve Dudley, 2010; Dudley ve Stolton,
2016). Ancak, catisma durumunda IUCN onceligi doga
korumaya vermektedir (Lausche, 2011). OECM’lere 6rnek
olarak; yerli topluluklar tarafindan yodnetilen kutsal dogal
alanlar, gemi enkazlari, ticari/iiretim faaliyetlerine konu
edilmeyen dogal orman alanlari, sorf bolgeleri, balikgilik
diizenlemelerinin bir sonucu olarak koruma sonuglarinin elde
edildigi siirdiiriilebilir balik¢ilik bdlgeleri, biyogesitlilik
odakli yonetim ile 6zel miilkiyete ait araziler, kisitli insan
faaliyetleri nedeniyle biyolojik cesitliligin korundugu askeri
bolgeler veya tampon alanlar verilebilmektedir. OECM’ler
dort yonetisim tilirlintin (devlet, 6zel, yerli ve topluluk ve
ortak  yOnetisim) tiimii tarafindan yoOnetilebilir ve
biyocesitliligi igeren ve igermeyen yonetim hedeflerinden
dogabilmektedir. OECMs olarak taninacak bir sahada
biyocesitliligin korunmasi ile sonuglanabilecek {ii¢ farkli
yoOnetim amaci kargimiza ¢ikmaktadir. Bu kapsamda olumlu
koruma ¢iktis1 saglayabilecek koruma yaklasim tiirlerine
Cizelge 1’de yer verilmistir (Jonas vd., 2017; 2024).

Table 1. Types of approaches that provide effective protection in OECMs

Koruma yaklagimi  Aciklama

Saha, [IUCN’nin KA tammunin tiim prensiplerini karsilar, ancak herhangi bir nedenle alandan sorumlu ydnetisim yetkilisi
veya yetkilileri alanin resmi olarak taninmasini veya rapor edilmesini istemeyebilir. Ornek; bazi durumlarda yerli halklar ve

Birincil koruma

yerel topluluklar, yonettikleri yiiksek biyogesitlilik degerine sahip alanlarin korunan alan olarak belirlenmesini veya hiikiimet

tarafindan korunan alan verisi olarak kaydedilmesini istemeyebilir. Ayrica bir alanin, OECM kriterlerini karsilamasi
durumunda yonetisim yetkilisi, alanin OECM olarak taninmasini engelleme veya buna izin verme hakkina sahiptir.

Alandaki aktif yonetiminin birincil hedefi biyogesitlilik sonucu igeren bir ¢ikt1 olmayabilir. Bu hedef ikincil bir yonetim
hedefi olarak belirlenebilir. Ornegin; kalict havza koruma politikalar1 ve yénetimine sahip alanlar oncelikli olarak

ikincil koruma

biyogesitliligi koruma disindaki amaglar i¢in yonetilse bile, havzalardaki biyolojik ¢esitliligin etkili bir sekilde korunmasiyla

sonuglanabilir. Ayrica “Korunan Alanlar” veya diger alanlar arasinda ekolojik baglanti saglamay1 basaran sahalardan
biyocesitliligi yiiksek olan ve dolayisiyla yasayabilirliklerine katkida bulunanlar da OECM olarak nitelendirilebilir.

Alanda, ydnetim hedeflerinin higbiri biyolojik gesitlilifin korunmasini amaglamasa da y6netim faaliyetlerinin bir yan tiriinil

Yardimei koruma
kutsal alanlar vb.

olarak yerinde koruma saglayan alanlar1 ifade eder. Ornegin; gemi enkazlari, petrol boru hatti, sorf merkezleri, askeri sahalar,
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Ayrica bir alanin OECM olarak taninmasi1 ve koruma
faydalar1 sagladigindan emin olmak igin belirli kriterleri
kargilamas1 gerekir. [UCN-WCPA Kilavuzuna (2019) gore,
OECM’leri tanimlamak i¢in 4 temel kriter asagida
aciklamigtir (IUCN-WCPA Task Force on OECMs, 2019;
Hoesen vd., 2023):

Alan su anda Korunan alan olarak tammmamaktadir:
Korunan alanlar olarak belirlenmis veya korunan alanlar
icinde yer almayan alanlarin OECM olarak taninmasi veya
rapor edilmesi gerektigi anlamina gelir.

Idare ve yonetim: Alan, hiikiimetleri, yerli halklar, yerel
topluluklari, 6zel kuruluslari veya birden fazla paydas
arasindaki is birliklerini igerebilen tanimlanabilir bir
yOnetisim sistemi tarafindan yonetilmelidir. Alanin pozitif ve
siirekli uzun vadeli biyolojik cesitlilik saglayacak seklide
yonetildigini  belirtir. Ayrica bir OECM, haritalarda
tanimlanabilen ve yonetim makamlari tarafindan taninan net
siirlara sahip olmalidir.

Etkili ve uzun vadeli koruma sonuglari: Biyogesitliligin
korunmasi kasitli olmali veya mevcut yonetimin dolayl bir
sonucu olmalidir. Bu sonuglar uzun vadede siirdiiriilebilir
olmali ve ani veya Ongoériilebilir bozulmaya maruz
kalmamalidir TUCN-WCPA Task Force on OECMs, 2019).
OECM’ler koruma agisindan Onem tasiyan tiirleri ve
habitatlar1 desteklemeli, ekosistem islevlerine Kkatkida
bulunmali ve Kunming-Montreal Kiiresel Biyogesitlilik
Cergevesi (2022) gibi kiiresel koruma 6ncelikleriyle uyumlu
olmalidir.

iliskili ekosistem islevleri ve hizmetleri ile Kiiltiirel,
manevi, sosyo-ekonomik ve yerel olarak ilgili diger
degerler: OECM’ler, kilit tiirlerin ve habitatlarin korunmasi
ve biyolojik cesitliligin yonetiminin kiiltiirel, manevi sosyo-
ekonomik ve yerel olarak ilgili diger degerler ve
uygulamalarin bir pargast olarak gergeklestirilebilecegi
alanlari igerir.

Bir OECM’in tanimlanabilmesi igin temel 4 kriterin
altinda, 26 alt kriterden olusan 10 kategorili saha diizeyinde
bir degerlendirme sistemi bulunmaktadir (CBD, 2018). Bir
alanin OECMs olarak degerlendirilebilmesi i¢in 26 alt kriteri
karsilayan ii¢ asamali bir tarama ve degerlendirme siirecini
tam olarak karsilamasi gerekmektedir. Ozellikle iiciincii
agsama biyolojik cesitlilik degerlerinin birgok uluslararasi
normda karsilanmasini ve kanitlanmasini iceren detayli bir
tam degerlendirme siirecine sahiptir. Bu asamalar1 gecen bir
saha ise OECM olarak onaylanir (Sekil 1) (Jonas vd., 2024).
Tlim asamalar1 basari ile gegen OECMs sahalarinin “The UN
Environment Programme-World Conservation Monitoring
Centre (UNEP-WCMC)” tarafindan yonetilen ve gelistirilen
“World Data Other Effective Area-Based Conservation
Measures (WDOECM)” veri tabanina tekliflerinin yapilmasi
ile de uluslararasi siire¢ tamamlanmaktadir.

Sonug olarak, Aichi hedefleri 2020 yilinda son bulsa da
Kunming-Montreal Kiiresel Biyogesitlilik Cercevesi (2022)
giiniimiizde daha da iddial1 bir hedef belirlemistir. 2030 yilina
kadar diinya kara ve okyanuslarinin %30’unu korumak
(30x30) ve bunu basarmak i¢in esnek koruma firsatlari
saglayan OECMs’ler geleneksel KA’lar1 tamamlayan kilit bir
mekanizma olarak giindemini korumaktadir (CBD, 2022).

1. Asama: Onerilen OECM sahasinin taranmasi

* Tarama kriterlerini karsilayan bir saha potansiyel bir OECM'dir.

2. Asama: Tam degerlendirme igin onay

*Y6netim otoritesinin, onay verdigi potansiyel bir OECM, artik aday bir OECM'dir.

3. Asama: Tam degerlendirme

* Tiim kriterleri karsilayan aday bir OECM, OECM olarak onaylanir.

Sekil 1. OECMs degerlendirme siireci
Figure 1. OECMs assessment process
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3. Diger etkili alan bazh koruma onlemleri ve
siirdiiriilebilir kalkinma hedefleri

OECM'ler son yillarda uluslararast koruma hedeflerine
ulagsmak i¢in dnemli bir ara¢ haline gelmistir. Yeni koruma
aracinin Onemi Ozellikle Aichi Biyocesitlilik Hedefleri
(2011-2020) ve Kunming-Montreal Kiiresel Biyogesitlilik
Cercevesi (2022) baglaminda daha da belirginlesmistir
(CBD, 2010;2018;2022). OECM'ler, resmi koruma aglarinin
disindaki etkili biyogesitlilik alanlarini tamyarak ve entegre
ederek koruma kapsaminin genisletilmesine yardimeci
olmustur (Jonas vd., 2014; 2024; Adams vd., 2023). Ayrica
OECM'ler sadece yaban hayatina ve ckosistemlere fayda
saglamakla kalmayip, ayn: zamanda insan refahini da
artirmaktadir. Birgok OECM korumay siirdiiriilebilir tarim,
balik¢ilik ve ormancilikla biitiinlestirerek yerel topluluklarin
biyolojik  ¢esitliligi  korurken dogal kaynaklardan
yararlanmaya devam edebilmelerini desteklemektedir
(IUCN-WCPA Task Force on OECMs, 2019). Kutsal alanlar
ve geleneksel avlanma alanlar gibi yerli halkin dnciiliik ettigi
koruma ¢abalari ise biyolojik ¢esitliligi bir yandan korurken,
kiiltirel ve manevi faydalar saglamaktadir. OECM'ler
bozulmamis ekosistemleri koruyarak iklimi diizenlemeye,
karbon depolamaya, sel ve kuraklik gibi agir1 hava olaylariin
risklerini azaltmaya da yardimci olmaktadir. 2015 yilinda
kabul edilen ve 2030 yilma kadar yoksullugun
azaltilmasindan ¢evrenin korunmasina, baris ve adaletten
gliclii kurumlara kadar uzanan 17 Siirdiiriilebilir Kalkinma
Hedefi (SKH) kapsaminda, 11 hedef ile OECMS’lerin
arasinda giiglii baglanti kurulmaktadir. Biyogesitliligin
korunmasiyla  agik¢a  baglantili  ¢esitli  SKH'lerin
gerceklestirilmesi ve siirdiiriilmesinde (SKH 15-Karasal
Yasam, SKH 14-Sudaki Yasam, SKH 2-A¢liga Son, SKH 6-

Karasal ve I¢ sular

17.62

\

12.38

70

= Mevcut Durum = Hedef

Temiz Su ve Sthhi Kosullar, SKH 13-fklim Eylemi, SKH 1-
Yoksulluga Son, SKH 3-Saglikli Bireyler, SKH 10-
Esitsizliklerin  Azaltilmasi, SKH 5-Toplumsal Cinsiyet
Esitsizligi, SKH 11-Siirdiirtilebili Sehir ve Yasam Alanlari,
SKH 16- Baris, Adalet ve Gii¢lii kurumlar) OECMs’lerin kilit
bir role sahip olacag:1 degerlendirilmektedir (Dudley vd.,
2022).

Diger yandan Diinya, entegre koruma planlamasina dogru
ilerledik¢e, biitiinciil bir koruma gelecegi acisindan
OECM'lerin rolii daha da énemli hale gelmektedir. Korunan
alanlar ve OECM'lerden olusan bir ag, daha genis ve birbirine
bagl koruma alanlan yaratacaktir (Mackinnon vd., 2021;
Marnewick vd., 2021). Parcalanmig habitatlar1 birbirine
baglayarak ekolojik baglanabilirli§i arttiracak ve yerli
topluluklar, 6zel sektdr aktorlerini ve yerel paydaslar da
dahil ederek yonetisim yaklagimlarini ¢esitlendirecektir.
Koruma etkisini kat1 koruma bélgelerinin 6tesine tagiyarak
biyogesitliligin ¢oklu arazi kullanim tiirlerinde gelismesini
saglayan OECMSs’lerin, biyolojik ¢esitliligin korunmasina
diger bir ifadeyle yasamin korunmasma ¢ok Onemli
katkilarda bulunmakta oldugu degerlendirilmektedir (Jonas
ve Sandwith, 2019; Jonas vd., 2021).

Biyolojik ¢esitlilige yonelik tehditleri azaltmak igin
uygulamada olan OECMs’ler karasal ve deniz alanlarinda
artmaya devam etmektedir. Yapilan son caligmalara gore
2019 yilindan itibaren raporlama siirecine giren OECMs’ler,
Kunming-Montreal Kiiresel Biyogesitlilik Cercevesi Hedef 3
icin kiiresel ilerlemeye karasal koruma kapsama alaninda
%1.18, deniz koruma kapsama alaninda %0.11 oraninda
katkida bulunmaktadirlar. Karasal ve i¢ sular icin KA ve
OECM toplam1 %17.62, deniz ve kiy1 KA ve OECM toplami
ise %8.45°tir (Sekil 2) (UNEP-WCMC ve IUCN, 2025).

Deniz ve Kiy1
8.45

21.55

70

= Mevcut Durum = Hedef

Sekil 2. Kiiresel koruma hedefi (%30) kapsaminda mevcut ilerleme
Figure 2. Current progress towards the global conservation target (30%)
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4. Sonug ve oneriler

OECM'lerin ortaya ¢ikis1 kiiresel koruma politikalarinda
onemli bir degisimi temsil etmektedir. Korunan alanlar
onemini korumakla birlikte, OECM'ler resmi KA aglari
disindaki etkili koruma c¢abalarimi taniyarak biyolojik
cesitliligin korunmasindaki kritik bosluklari doldurmakta ve
koruma cabalarina katki saglamaktadirlar. Ayrica kiiresel
koruma c¢abalarinin genisletilmesi icin kapsayict ve
uyarlanabilir bir g¢erceve sunan OECMs’ler; esnekligi,
yoOnetisim  ¢esitliligi, korumayi siirdiiriilebilir  arazi
kullanimiyla bitiinlestirme becerisini ekolojik etkinlik
ilkelerinden 6diin vermeden saglayarak, biyolojik ¢esitliligi
koruma hedeflerine ulagmada degerli bir ara¢ haline
gelmektedir. Diinya 30x30 gibi iddiali koruma hedeflerine
dogru ilerlerken, OECM'lerin ulusal ve uluslararasi
stratejilere entegre edilmesi hem biyogesitliligin hem de
insan refahinin korunmasi agisindan 6nem tagimaktadir.

“Diger Etkili Alan Bazli Koruma Onlemleri” olarak
adlandirilan bu yeni koruma anlayis1 kiiresel boyutta
gelismeye baglamigtir. Bu gelismeler kapsaminda CBD’ye
taraf olan iilkeler, biyolojik ¢esitliligin korunmasi ve
belirlenen kiiresel hedeflere ulasma araci olarak geleneksel
KA uygulamalarmin yanma OECMs’leri de (2010 yilinda)
ekleyerek yeni koruma araglari gelistirmeye ¢alismaktadirlar.
Diinyanin dort bir yaninda uygulamaya gegen bu yeni
koruma anlayisinin iilkemizde de biyolojik ¢esitliligi
korumak adina, ilan edilen geleneksel KA araclarinin yanina
ilave edilmesiyle koruma aginin genisletilmesi énem arz
etmektedir. Konu iilkemiz i¢in yeni olmakla birlikte taraf
oldugumuz uluslararasi sozlesmeler kapsaminda karasal
sistemlerden orman ekosistemleri igin de bilimsel
calismalarin yapilmasi gerekmektedir. Bu ger¢evede Mugla
ili 6zelinde yapilan “Doga Korumada Yeni Bir Paradigma
Olan Diger Etkili Alan Bazli Koruma Onlemlerinin
(OECMs) Tiirkiye I¢in Degerlendirilmesi” baslikli doktora
caligmas1 devam eden Onemli bir ¢aligmadir. Yapilan bu
calismanin ilk sonuglarina gbére ve ¢ok az sayidaki diger
caligmalardan hareketle, Tirkiye’de OECMs tanimi ve
kriterlerini karsilayabilecek karasal ve deniz alanlarinin
bulunabilecegi degerlendirilmektedir (Tosunoglu vd., 2022).
Ancak OECMs’lerin ulusal Olgekte tamimlanmasmi ve
raporlanmasimi saglayacak politikalarin, mevzuatin ve
kilavuzlarin gelistirilmesi gerekmektedir. Bu kapsamda
biyolojik ¢esitliligin korunmasi ve gelistirilmesi adina hem
uygulayicilar hem de kurumlar arasinda yetki karmasasina
neden olmadan, konu ile sorumlu bir kurum belirlenerek tiim
caligmalarin tek elden yiriitiilmesi O6nem tagimaktadir.
Ulkemizde biyolojik ¢esitliligin korunmasi admna resmi
mevzuat geregi birgok gorevi bulunan ve 6zellikle korunan
alanlarin yonetiminden sorumlu kamu kurulusu olan Doga
Koruma ve Milli Parklar Genel Miidiirligi’niin koruma
aglarmin genisletilmesi kapsaminda OECMs’ler ile ilgili
(tiim taraflarla is birligi i¢erisinde) her tiirlii is ve islemlerden
sorumlu kurulus olmasi, ilgili kurumun teskilat yapisi,
uzmanlik alan1 ve kurumsal tarihi g6z Oniine alindiginda
dogru bir politika olacag tarafimizca degerlendirilmektedir.

Son olarak dnemle lizerinde durulmasi gereken diger bir
nokta ise OECM'lerin, Hedef 3'liin kritik bir pargasi olan
korunan alanlara bir alternatif ya da onlarin yerine gegecek
bir unsur olmadigidir. OECM'lerin belirlenmesi ve
raporlanmasi; korunan alanlarin belirlenmesi, adil ve etkin
bir sekilde yonetilmesi yerine degil, mevcut koruma agina
destek olmas1 ve gelistirilmesine katki  sunmay1

hedeflemektedir. OECM'ler, korunan alanlarla
karsilagtirilabilir 6neme sahip biyolojik ¢esitlilik sonuglari
saglamali ve bu alanlar1 tamamlayici nitelikte olmalidir. Bu
nedenle degerlendirmeye alinacak bir OECMs alanimin;
ekolojik temsile katkisina, karasal ve deniz koruma alanlari
arasinda daha genis bir baglanti olusturmasina, biyolojik
cesitlilik ve ilgili ekosistem iglevleri ve hizmetleri i¢in nemli
alanlarin kapsamina/entegrasyonuna, yonetim etkinligine ve
esitlik gerekliliklerine sahip oldugu dogrulanmalidir.
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