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Tirkiye Kamu Projelerinde Yapay Sinir Aglari
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Oz - Tiirkiye'de kamu projelerinde siire tahmini, projenin basarryla tamamlanmasi agisindan kritik bir rol oynar. Proje siiresinin
dogru tahmin edilmemesi, maliyet artiglarina ve zaman kayiplarina yol agabilir. Maliyet ve siire arasinda giiclii bir iliski
bulunmakta olup, bu iliskinin dogru modellenmesi proje yonetimi agisindan biiyiik dnem tasir. Yapay sinir aglart (YSA),
karmagik ve dogrusal olmayan iligkileri modelleyebilme kapasitesi ile bu siirecte 6nemli bir aragtir. Bu ¢alismada, Tiirkiye’deki
25 kamu projesine ait maliyet ve ihaleyi yapan ilgili birim verileri kullanilarak yapay sinir ag1 modeli ile siire tahmini yapilmustir.
Elde edilen sonuglar modelin hizli ve giivenilir oldugunu géstermektedir.

Anahtar Kelimeler: Proje yonetimi, yapay sinir aglari, maliyet tahmini, siire tahmini, kamu projeleri.
Duration Estimation with Artificial Neural Networks in Turkish Public Projects

Abstract - Duration estimation in public projects in Turkey plays a critical role in the successful completion of the project.
Failure to estimate the project duration correctly can lead to cost increases and time losses. There is a strong relationship between
cost and duration, and correct modeling of this relationship is of great importance in terms of project management. Artificial
neural networks (ANN) are an important tool in this process with their capacity to model complex and non-linear relationships.
In this study, duration estimation was made with an artificial neural network model using the cost and tendering unit data of 25
public projects in Turkey. The results obtained show that the model is fast and reliable.

Keywords: Project management, artificial neural networks, cost estimation, duration estimation, public projects.
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1. Giris

Proje yonetimi, projelerin baglangicindan bitimine kadar
olan siireglerin planlanmasini, organize edilmesini ve kontrol
edilmesini icerir. Kamu projelerinde, proje siiresinin dogru bir
sekilde tahmin edilmesi, kaynaklarin etkin kullanimi ve biitge
asiminin dnlenmesi agisindan kritik bir dneme sahiptir. Siire
tahmini, ayn1 zamanda proje planlamasinda ve karar alma
stireclerinde kilit bir rol oynar.

Insaat sektorii, yapisi geregi son derece karmasik, degisken
ve rekabetci bir alandir. Bu sektorde karsilasilan zorluklar, proje
yonetim siireglerini ve verimliligi 6nemli dl¢lide etkileyebilir.
Insaat projelerinin karmasikhig1 ve sektdrdeki rekabetin
yogunlugunun, yoneticileri siirekli olarak yeni ¢6ziim
arayislara yonelttigini belirtmektedir. Insaat projeleri, siirekli
degisen kosullara uyum saglamak zorunda olan ¢ok bilesenli ve
uzun soluklu siiregleri igerdigi i¢in, geleneksel yontemlerin bu
zorluklarla baga ¢ikmakta yetersiz kalmasi olasidir. [1]

Geleneksel proje yonetim yoOntemlerinin ve veri analiz
yaklagimlarinin, modern endiistriyel iiretimin ihtiyaglarina artik
cevap vermedigini vurgulamaktadir. Bu durum, verimliligin
azalmasina ve projelerde maliyet asimlari, siire uzamalart gibi
sorunlara yol agmaktadir. Geleneksel yaklasimlar, projelerin
karmagsikligin1 ele alirken yeterince esnek olmadigindan,
degisen piyasa kosullari, tedarik zinciri aksakliklar1 veya teknik
zorluklar karsisinda projenin bagarisini saglamakta yetersiz
kalmaktadir. [2]

Insaat projelerinde, yapim siiresinin uzun olmasi, program
gecikmeleri ve proje basarisizliklari, karsilasilan baslica riskler
arasinda yer alir. Dinh ve arkadaglar1 [3] ile Li ve arkadaslar [
2], proje yonetiminde risklerin etkin bir sekilde yonetilmesinin,
projenin zamaninda ve biit¢e dahilinde tamamlanmasinda kritik
bir rol oynadigini vurgulamaktadir. Proje yonetimi, her bir proje
ozelinde ihtiya¢ duyulan bilgilerin etkin sekilde islenmesini ve
karsilagilan problemler igin stratejik ¢oziimler gelistirilmesini
icerir [2]. Basarili bir insaat projesi yonetimi, risklerin erken
tanimlanmas1 ve etkili bir sekilde ele alinmasi ile dogrudan
iligkilidir.

Son yillarda, yapay zeka (YZ) teknikleri, insaat sektoriindeki
bu zorluklarla basa ¢ikmada onemli bir ¢6ziim olarak One
¢ikmaktadir. Darko ve arkadaglari [1], yapay zekanin diger
sektorlerde oldugu gibi ingaat projelerinde de karmagik ve zorlu
problemlerin ¢odziilmesine yardimci olabilecek bir arag
oldugunu belirtmektedir. Yapay zeka, biiyiikk veri analizi ve
tahmin modelleriyle, projelerin daha etkin yonetilmesine olanak
saglar. Ornegin, insaat projelerinde siireclerin daha hizli analiz
edilmesi, risklerin daha dogru bir sekilde tahmin edilmesi ve
olas1 gecikmelerin dnceden ongoriilmesi, yapay zeka tabanli
sistemler sayesinde miimkiin hale gelmistir.

Yapay zeka tekniklerinin, proje performansini artirmada
onemli bir rol oynadigini, O6zellikle zaman ve maliyet
tahminlerinin dogrulugunu gelistirdigini gostermektedir. Bu
tekniklerin kullanilmasi, insan hatalarinin azaltilmasi, veri
odakli karar verme siireclerinin iyilestirilmesi ve projelerin

genel basarisini artirmada dnemli bir potansiyele sahiptir. [4]

Sonug olarak, insaat projelerini yonetmek icin yapay zeka ve
makine 6grenmesi gibi yeni tekniklerin uygulanmasi, geleneksel
yontemlere gore daha fazla avantaj saglamaktadir. Dinh ve
arkadaslar1 [3] ve Li ve arkadaglari [2], yapay zeka tabanli proje
yOnetim araglarinin  insaat projelerinde risklerin etkin
yonetilmesi ve genel verimliligin artirilmasinda biiyilk 6nem
tasidigini vurgulamaktadir. Bu tiir yenilik¢i yaklagimlar, ingaat
sektoriinde rekabet avantaji elde etmek ve projelerin basari
oranini artirmak acisindan kritik bir rol oynamaktadir.

Kamu projelerinde teklif veren yiikleniciler, dogru bir
maliyet analizi yapip proje siiresini isabetli bir sekilde tahmin
ederek, projedeki riskleri en aza indirme sansina sahip olurlar. Bu
nedenle, miithendislerin hizli ve dogru siire tahmini yapabilmesi,
ihale siireclerinde stratejik avantaj saglar. Geleneksel tahmin
yontemlerinin yerini, yapay zeka (YZ) tabanli yontemler almakta
ve bunlar daha hizli ve isabetli sonug¢lar sunmaktadir. Bu
caligmada, yapay sinir aglari (YSA) modeli kullanilarak, 25
kamu projesinin maliyet ve ihaleyi yapan ilgili idare verilerine
dayali siire tahmini yapilmistir. Modelin girdisi maliyet ve
ihaleyi yapan ilgili idare verileri olup, ¢iktis1 proje siiresidir.

2. Yapay Sinir Aglar1

Yapay sinir aglari, insan beynindeki sinir hiicrelerinin
bilgisayar ortamimnda matematiksel modelleridir. Kullanilan
O6grenme algoritmalari, klasik bilgisayar algoritmalarindan
farklidir ve insan beyninin sezgisel yeteneklerini yansitir. Bu
nedenle, yapay sinir aglari zaman serisi analizi, optimizasyon,
siiflandirma gibi alanlarda yaygin olarak kullanilmaktadir [5].

Yapay sinir aglari, 6grenme ve kesfetme yeteneklerini
otomatik olarak ger¢eklestirmek igin tasarlanmigtir. Geleneksel
programlama yontemleriyle bu islemlerin gergeklestirilmesi
zordur. Bu nedenle, YSA’lar genellikle programlanmasi zor olan
durumlar i¢in gelistirilmis bir disiplin olarak goriilmektedir [6].

Sonug olarak, yapay sinir aglari, biyolojik sinir sistemini
taklit eden etkili bir modelleme teknigi olup, veri sikistirma,
tanima ve tahminleme gibi birgok alanda kullanilmaktadir.
Geleneksel yontemler, eksik veya hatali verilerde sorun
yasarken, YSA’lar karmasik iliskileri 6grenme ve genelleme
yetenegine sahiptir [6].

2.1. Yapay Sinir Aglar1 Genel Yapisi

Yapay sinir hiicreleri, yapay sinir aglarinin (YSA) temel
bilesenlerini olusturarak belirli bir diizen i¢inde bir araya gelirler.
Bu yapi, genellikle {i¢ ana katmanda organize edilir: girdi
katmani, ara katmanlar ve c¢ikti katmani. Girdi katmani, dis
diinyadan gelen verileri alir ve bunlari herhangi bir islem
yapmadan ara katmanlara aktarir. Bazi aglarda bu katman
yalnizca bilgi alimi yapar. Ara katmanlar, girdi katmanindan
gelen verileri isler ve ¢ikti katmanina iletir. Bu katmanlar birden
fazla olabilir, bu da agin karmasikligimi artirarak daha derin
ogrenme yetenekleri saglar. Cikti katmani ise, ara katmandan
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gelen bilgileri alarak belirli bir girdi setine karsilik gelen ¢iktiy1
iiretir ve bu ¢ikt1 dis diinyaya gonderilir [6].

Yapay sinir aglari, farkli kriterlere gore smiflandirilabilir.
Bu smiflandirmalar arasinda agm yapisi, ileri beslemeli
(feedforward) veya geri beslemeli (feedback) olmasi, agirlik
matrislerinin simetrik veya asimetrik olusu, agirlik degerlerinin
sabit veya degisken olusu, agda yer alan diigiimlerin 6zellikleri,
kullanilan esik fonksiyonu, diiglimlere uygulanan deger tiirleri
(analog, ikili veya siirekli) ve egitim ya da 6grenme kurallar1 yer
alir [8]. Bu yapilandirmalar, yapay sinir aglarmm farkli
problemlere uyum saglamasina olanak tanir. Ozellikle, girdi, ara
ve cikt1 katmanlari ile karmasik verileri isleyebilme yetenegi,
YSA'larin birgok alanda, 6zellikle makine 6grenimi ve yapay
zeka uygulamalarinda yaygin olarak kullanilmasini miimkiin
kilar [7].

Basit bir yapay sinir ag1 modeli, Sekil 1'de gosterildigi gibi,
girdi ve ¢ikt1 katmanlarindan olusan temel bir yapidir. Bu agda,
her bir girdi birimi (X), ¢iktiya ulagsmak i¢in kullanilirken, her
agin bir veya daha fazla girdi ve ¢ikti {initeleri bulunmaktadir.
Cikt {initeleri (C), tiim girdi tniteleriyle baglantilidir ve bu
baglantilar, her bir girdi ile ¢ikti arasindaki iliskiyi belirleyen
agirhik degerleri (W) tasir.

Agirhikl
Girigler proar

& Esik=1
X ._.

Toplama
Fonksiyonu

Aktivasyon
Fonksiyonu

I

Cikig

— 0,

Sekil 1. Yapay sinir hiicresinin yapisi [7]

2.2. Yapay Sinir Aglan ile flgili insaat Projelerinde
Yapilan Calismalar

Yapay Sinir Aglar1 (YSA), insaat projelerinin yonetimi ve
analizinde 6nemli bir rol oynamaktadir. YSA'nin, karmasik veri
setlerinden Ogrenme yetenegi, insaat miihendisligi alaninda
cesitli uygulamalara olanak tanimaktadir. Ozellikle, projelerin
stire ve maliyet tahminleri konusunda YSA'nin kullanimi,
geleneksel yontemlere gore daha hizli ve dogru sonuglar
sunmaktadir.

Arslan ve Ince [9] tarafindan gerceklestirilen calismada,
YSA kullanilarak tek eksenli bilesik egilme altindaki betonarme
kolonlarin donati hesabi incelenmistir. Caligmada elde edilen
sonuglar, yapay sinir aglarinin bu alandaki uygulamalarinda ne
kadar etkili oldugunu gostermistir. YSA, karmagik donati
hesaplama siireglerini daha hizli ve dogru bir sekilde
gergeklestirebilmistir. Bu, miihendislerin projelerdeki donati
hesaplarini yaparken karsilastiklar1 zorluklar: azaltmaktadir.

Hegazy ve Ayed [13], insaat maliyetlerinin tahmin
edilmesinde YSA’nin etkinligini gostermistir. Bu sayede, biitce
planlamasi ve maliyet kontrolii daha etkin bir sekilde
gerceklestirilebilmektedir.

Boussabaine ve Cheetham [14], YSA kullanarak proje
stirelerinin tahmin edilmesine yonelik bir ¢aligma yapmuislardir.
Bu tiir tahminler, projelerin zamaninda tamamlanmast i¢in kritik
Oneme sahiptir.

YSA modeli kullanarak Singapur’daki insaat projelerinin
performansini aragtirmistir. Bu ¢alisma, ileri beslemeli geri
yaythmli  bir ag kullanarak firmalarin  performansim
degerlendiren bir sistem gelistirmistir. YSA, projelerin ¢esitli
agamalarindaki  performans  verilerini  analiz  ederek,
miihendislerin projelerdeki zayif noktalar1 tespit etmesine
yardimc1 olmustur. Bu sayede, projelerin daha verimli bir sekilde
yonetilmesi miimkiin hale gelmistir [11].

Plak tasiyict sistemlerin hem dogrusal hem de dogrusal
olmayan analizini YSA kullanarak yapmislardir. Calismalari, bu
tir  sistemlerin  6n  boyutlandirma ve  optimizasyon
problemlerinde kullanilabilecegini gostermektedir. YSA'nin bu
tir mithendislik ve mimari tasarimlarda nasil kullanilabilecegi,
projelerin  daha etkin bir sekilde tasarlanmasma ve
uygulanmasina olanak tanimaktadir [10].

Graham ve digerleri [12]t arafindan yapilan bir ¢aligmada,
hazir beton dagitim sebekesi olusturmak i¢in YSA modeli
kullanilmistir. Bu ¢aligmada, ileri beslemeli aglar ile Elman ag1
modelinin karsilastirilmasi yapilmistir. Bu tiir bir uygulama,
beton dagitim siireglerinin daha etkili bir sekilde yonetilmesini
ve kaynaklarm daha verimli bir bigimde kullanilmasin
saglamaktadir.

3. Yontem

Yapay sinir aglar1 (YSA), 6grenme kabiliyeti ve genelleme
yetenegi sayesinde bircok alanda uygulanmaktadir. Temel
avantajlar1 arasinda bilginin saklanmasi, Ornekler iizerinden
6grenme, matematiksel modele ihtiya¢ duymama, eksik veri ile
calisma, siniflandirma yapabilme ve yeni durumlara adapte olma
yer alir [6]. Yapay sinir aglar1 (YSA'lar) i¢in 6nemli bir 6zellik,
girdiler ve ¢iktilar arasindaki iliskileri 6grenebilmesidir. Egitim
siirecinde ag, giris verilerine uygun dogru cikiglar iiretmeyi
ogrenir [15].

YSA en biiyiik avantajlarindan birisi de deney veya verilerin
sonuglarimi direkt olarak kullanarak hesaplamalar1 6grenerek
sonug iiretebilmesidir. Ayrica, verileri daginik veya yetersiz olan
ve tanimlanmug bir teorisi olmayan problemlere dogruya yakin
¢oziimler saglamasidir [16].

Bu caligma kapsaminda, YSA kullanilarak maliyete dayali
stire tahminleri yapilmistir. Veri setinde, kamu ihalelerine ait 25
proje incelenmistir. Girdi verisi olarak projelerin maliyetleri ve
ilgili idare tiirii alinmis, ¢ikt1 olarak ise projelerin tamamlanma
stireleri kullanilmistir. YSA modeli, bu girdilerle egitilerek, proje
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stiresi lizerinde etkili olan faktorleri 6grenmis ve siire tahminleri
yapmuigtir.

Veri seti, rastgele bir sekilde ii¢ boliime ayrilmistir: egitim
seti, dogrulama seti ve test seti. Egitim seti, modelin egitildigi
veri setidir; burada 25 gbézlemden 15'1 egitim i¢in kullanilmistir.
Dogrulama seti, modelin egitim esnasinda genelleme
kabiliyetini degerlendirmek i¢in kullanilan bir set olup, 5
gbzlem dogrulama setine ayrilmistir. Bu set, asir1 6grenmeyi
(overfitting) Onlemeye yardimci olur. Test seti ise modelin
tamamen bagimsiz ve hi¢ gérmedigi veriyle test edildigi set
olup, son 5 gozlem test setine ayrilmistir. Rastgele veri bolme
islemi, egitim, dogrulama ve test setlerinin her seferinde farkli
veri drneklerinden olusmasini saglar; bu da modelin genelleme
yetenegini daha iyi anlamaya yardimci olur.

Egitim algoritmasi olarak Scaled Conjugate Gradient (SCG)
kullanilmistir. Bu algoritma, yapay sinir aglarinin egitilmesinde
kullanilan optimize edilmis bir 6grenme algoritmasidir. Klasik
algoritmalarla karsilastirildiginda, SCG daha hizli bir 6grenme
stireci sunar ve ozellikle ikinci derece tiirev bilgisine (Hessian
matrisi) gerek duymadan tiirev kullanarak daha verimli
optimizasyon saglar. SCG, agirlik giincellemelerinde eslenik
gradyan (conjugate gradient) kullanarak Ogrenme hizinm
optimize eder ve bilyiik veri setlerinde hesaplama maliyetini
azaltmak i¢in tercih edilir. Ayrica, SCG algoritmast asiri
ogrenmeyi 6nlemede yardimceidir ve yiiksek boyutlu parametre
uzaylarinda iyi performans gdsterir.

Modelin performansi, Mean Squared Error (MSE) ile
Olciilmiistiir. MSE, modelin tahmin ettigi degerlerle gergek
degerler arasindaki farkin karesinin ortalamasini alarak modelin
dogrulugunu 6lger. Diisiik MSE degerleri, modelin daha dogru
tahminler yaptigim1 gosterir. Egitim ve dogrulama siireci
boyunca MSE degerleri izlenmis ve modelin genel performansi
degerlendirilmistir. Bu siiregte, veri setindeki iligkileri
o6grenmek ve asirt grenmeyi dnlemek amaglanmaistir.

4. Bulgular

Bu boliimde, yapay sinir agt modeli ile yapilan siire
tahminlerinin sonuglar1 sunulmustur. 25 kamu projesi lizerinde
yapilan analizlerde, maliyet ve siire verileri arasindaki iliski
incelenmis ve modelin tahmin performansi degerlendirilmistir.

Tiirkiye'deki kamu projelerinin maliyet verilerine dayali
olarak yapay sinir ag1 (YSA) modeli ile yapilan siire
tahminlerinin sonuglar1 dort farkli set (egitim, dogrulama, test
ve tiim veri) i¢in sunulmaktadir. Her bolimde modelin basarisi
korelasyon katsayis1 (R) ve determinasyon katsayis1 (R?) ile
degerlendirilmektedir.

Training: R=0.87782
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Sekil 2. Egitim seti sonuglari

Egitim seti (Training), modelin 6grenme siirecinde kullanilan
verileri temsil eder. Korelasyon katsayist R=0.87782, modelin
egitim verileri lizerinde hedef degerlerle tahmin edilen degerler
arasinda giicli bir dogrusal iliski oldugunu gosterir.
Determinasyon katsayist R?=0.7706, modelin egitim verilerinde
%77 oraninda hedef degiskenin varyansini agikladigini gosterir.
Yani, modelin tahmin yetenegi olduk¢a iyidir ve diiz ¢izgiyle
gosterilen tahminler gergek veri noktalarina yakin bir sekilde yer
almaktadir.

Validation: R=0.95422
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Sekil 3. Dogrulama seti sonuglart

Dogrulama seti (Validation), modelin yeni ve daha once
gormedigi veriler {izerindeki performansint Olgmek igin
kullanilir. Korelasyon katsayist R=0.95422, modelin dogrulama
verileri izerinde ¢ok gii¢lii bir dogrusal iliski kurdugunu gosterir.
R2=0.9105 ise modelin dogrulama verilerindeki hedef
degiskenin %91'ini agikladigini ifade eder. Bu sonug, modelin
genelleme yeteneginin ¢ok yiiksek oldugunu gosterir. Diiz ¢izgi,
modelin tahminlerini ve daireler gercek verileri temsil eder;
model tahminleri hedefe oldukca yakindir.
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Sekil 4. Test seti sonuglari

Test seti, modelin hi¢ gdrmedigi veriler {izerinde yapilan
performans  degerlendirmesidir. ~ Korelasyon  katsayist
R=0.87589, test verileri iizerinde gii¢lii bir dogrusal iliski
oldugunu gosterir. R?=0.7672, modelin test verilerindeki hedef
degiskenin %76.7'sini agikladigin1 ortaya koyar. Diiz ¢izgi
modelin tahminlerini, daireler ise test verisindeki gergek
degerleri ifade eder. Model, egitimde 6grendigi bilgiyi yeni
veriler iizerinde de basariyla uygulamaktadir.
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Sekil 5. Tiim veri seti sonuglari

Tim veri seti (All), egitim, dogrulama ve test verilerinin
birlestirilmis halini gosterir. Korelasyon katsayisi R=0.8608,
tim veri setinde tahmin edilen degerlerle gercek degerler
arasinda giiclii bir iliski oldugunu ifade eder. R?=0.7409 ise tiim
veri setinde modelin hedef degiskenin %74'tinii agikladigini
gosterir. Bu, modelin genel performansinin yiiksek oldugunu
kanitlar. Diiz ¢izgi, modelin tiim veri tizerindeki tahminlerini ve
daireler gergek verileri gosterir.

Best Validation Performance is 2442.3851 at epoch 5

Mean Squared Error (mse)

11 Epochs
Sekil 6. Dogrulama perfirmansi grafigi

Bu grafikte, yapay sinir agi modelinin egitim siirecindeki
performansi, ortalama kare hata (MSE) metrigi iizerinden
degerlendirilmektedir. Grafik, egitim (train), dogrulama
(validation) ve test verileri iizerindeki hatalarin iterasyonlar
boyunca nasil degistigini gostermektedir.

X Ekseni modelin egitim siirecinde kag iterasyon gectigini
gosterir. 1 iterasyon, tiim veri setinin model tarafindan bir kez
islenmesi anlamina gelir. Grafikte toplam 11 iterasyon
gozlemlenmistir.

Y Ekseni modelin tahmin ettigi degerlerle gergek degerler
arasindaki ortalama kare hatayr (MSE) ifade eder. Y ekseni
logaritmik &lgekte (1077 ile 1072 arasinda) yer alir ve hata
miktarindaki diislisiin daha net gozlemlenmesini saglar. Diisiik
MSE, modelin daha iyi performans gosterdigini ifade eder.

Grafik iizerinde modelin dogrulama setinde en diisiik hatay1
(en iyi performansi) verdigi iterasyon vurgulanmistir. Bu noktada
dogrulama hatast (MSE) en diisiik degere ulasmig ve modelin
genelleme kabiliyetinin en iyi oldugu an tespit edilmistir.
Modelin en iyi dogrulama performansinin 5. iterasyonda
gerceklestigi gozlemlenmistir. (MSE = 2442.3851). Dogrulama
hatast bu noktada minimum seviyededir. Bu, modelin dogru bir
sekilde genelleme yapabildigini gosterir.

[lk iterasyonda egitim, dogrulama ve test setlerindeki hatalar
oldukca yiiksektir (yaklasik 1077 civarinda). Bu, modelin
baslangicta veriyi iyi 6grenemedigini, ancak birkag iterasyondan
sonra hatalarin hizla azaldigini gosterir.

Genelde, dogrulama hatasinin en diisiik seviyeden sonra
tekrar artis gdstermesi durumunda overfitting(asir1 dgrenme)
olustugu soylenir. Bu grafikte, 5. iterasyondan sonra dogrulama
hatasinda c¢ok fazla artis gozlenmemektedir, ancak test seti
tizerindeki hata bir miktar sabitlenmektedir. Bu da modelin
overfitting'e ¢ok meyilli olmadigin1 gosterir.
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Sekil 7. Hata histogram grafigi

Grafikte, kamu projelerinin maliyet verilerine dayali olarak
yapilan siire tahminlerinin hatalarin1 gosteren bir histogram yer
almaktadir. Histogramda hatalar, hedef degerlerle modelin
tahmin ettigi degerler arasindaki farklar1 (Errors = Targets -
Outputs) temsil eder. Bu farklar 20 ayr1 kategori icinde
toplanmustir.

X Ekseni (Errors) hatalarin biiylikliigiini ifade eder. Sol
taraf biiyiik negatif hatalar1 (modelin tahmini gercekte
oldugundan ¢ok daha diisiik), sag taraf ise pozitif hatalari
(modelin tahmini ger¢ekte oldugundan daha yiiksek) gosterir.

Y Ekseni (Instances) her bir hata kategorisindeki 6rnek
sayisint gosterir. Yani, belirli bir hata biiylikliigiinde kag¢ 6rnegin
bulundugunu ifade eder.

Sifir hata (0) ekseni, modelin tahminlerinin gercek
degerlerle birebir eslestigi noktay1 gosterir. Grafikteki gubuklar
sifir hata ¢izgisine ne kadar yakinsa, model o kadar dogru
tahminlerde bulunmus demektir.

Histogramim merkezinde, hatalarin sifira yakin oldugu bir
bolge dikkat ¢ekmektedir (6rnegin -7.235 hata kategorisi). Bu
bolgede egitim (mavi), dogrulama (yesil) ve test (kirmizi)
verileri lizerindeki hatalarin toplandig1 goriilmektedir. Sifira en
yakin bu hata bdlgesinde en fazla drnegin yer almasi, modelin
¢ogunlukla dogru tahminlerde bulundugunu gostermektedir.

Sol taraftaki negatif degerler modelin hedeften diisiik
tahminler yaptig1 durumlari gosterir. Ozellikle -33.61 ve -20.42
hata kategorilerinde belirgin bir hata sayis1 mevcuttur, ancak bu
hatalarin sayisi sinirhdir ve genellikle daha diigiik hatalar
alinmstir.

Sag taraftaki pozitif hatalar modelin hedeften yiiksek
tahminler yaptig1 durumlari gosterir. Ornegin 58.69 ve 71.88
hata kategorilerinde bazi hatalar géze ¢arpmaktadir. Ancak bu
pozitif hatalar da sayica gok fazla degildir.

5.  Tartisma

Modelin her bir veri setindeki performansi yiiksek korelasyon
katsayilar1 ile gosterilmistir. R degerleri, modelin hedefle
tahminler arasinda gii¢lii dogrusal iliskiler kurdugunu ifade eder.
Ozellikle dogrulama setindeki R=0.95422degeri, modelin
genelleme basarisinin ¢ok yliksek oldugunu gostermektedir.

Hedef degiskenin aciklanan varyans oranmm gdsteren R?
degerleri, her set igin %74 ile %91 arasinda degismektedir.
Yiksek R? degerleri, modelin her veri setinde oldukca giiglii
tahminler yaptigin1 dogrulamaktadir.

Sonu¢ olarak, yapay sinir agi (YSA) modeli, maliyet
verilerine dayali siire tahminlerinde giivenilir ve giiglii bir arag
olarak One ¢ikmaktadir. Egitim, dogrulama ve test verileri
iizerindeki yiiksek R ve R? degerleri, modelin hem &grenme
asamasinda hem de yeni veriler iizerinde bagarilt oldugunu
kamitlar. Ozellikle dogrulama setindeki performansin ¢ok yiiksek
olmasi, modelin asir1 6grenmeden (overfitting) kagiarak
genelleme kapasitesinin yiiksek oldugunu gdstermektedir.

Grafik, modelin dogrulama setindeki en iyi performansi 5.
iterasyonda yakaladigini ve ardindan modelin egitim ve test
verileri lizerinde dengeli bir sekilde ¢alistigini gostermektedir.
Egitim siirecinde dogrulama hatasinin artmamasi, modelin
genelleme kabiliyetinin iyi oldugunu ve overfitting yapmadigini
gostermektedir.

Genel olarak, YSA modelinin yaptig1 hatalarin biiyiik bir
kismi sifira yakin bolgede toplanmistir. Bu, modelin gerek
egitim, dogrulama, gerekse test verileri iizerinde genellikle dogru
tahminlerde bulundugunu goéstermektedir. Yiiksek ve asirt
hatalarin sayisi azdir ve bu da modelin genel performansinin
olduk¢a iyi oldugunu kanitlamaktadir. Modelin sifir hata
eksenine yakin tahminler yaptigi alanlar, 6zellikle modelin
giivenilirligini ortaya koymaktadir.

Grafiklerle desteklenen sonuglar, kamu projelerinde YSA'nin
basarili tahminler sundugunu gostermektedir.

6. Sonug

Bu ¢alisma, Tiirkiye'deki kamu projelerinde yapay sinir aglart
kullanilarak maliyet ve ihaleyi yapan ilgili idare verilerine dayali
siire tahmini yapilmasini amaglamaktadir. Yapilan analizler,
Y SA'nin proje siirelerini tahmin etmek i¢in hizli ve gilivenilir bir
yontem oldugunu ortaya koymustur. 25 kamu projesine ait
maliyet ve ilgili idare verilerinin kullanilmasi ile gergeklestirilen
bu calisma, gelecekte yapilacak projelerde siire tahmininde
yapay sinir aglarmimn etkili bir ara¢ olarak kullanilabilecegini
gostermektedir. Modelin sagladig: yiiksek dogruluk orani, kamu
ihaleleri siirecinde daha rekabetgi tekliflerin verilmesine ve
projelerdeki risklerin minimize edilmesine katki saglayabilir.

Kamu projelerinde siire tahminlerini daha kapsamli hale
getirmek icin farkli veri tiirlerinin analize dahil edilmesi faydali
olacaktir. Proje biiylikliigii, 6rnegin ingaat alan1 veya hacmi,
proje siiresini dogrudan etkileyen faktorler arasinda yer alir.
Bunun yaninda, proje tiirii (konut, altyapi, enerji gibi) ve
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kullanilan ekipman ve isgilicii miktar1 gibi kaynak verileri de
stire tahminlerine katki saglayabilir. Mevsimsel ve hava durumu
verileri, 6zellikle dig mekan projelerinde siireyi uzatabilen kritik
degiskenlerdir. Projenin sdzlesme kosullari, ihale sartlari ve
idari biirokratik siiregler de projelerin zamanlamasinda 6nemli
rol oynar. Ayni sekilde, malzeme tedarik siireleri, lojistik
sorunlar ve finansal durum da gecikmelere neden olabilir.
Ayrica, projelerde karsilagilan riskler, kazalar veya dogal afetler
gibi beklenmedik olaylar ve bu tiir durumlarla ilgili alinan
onlemler de siire tahminlerinde dikkate alinmalidir. Tiim bu ek
verilerin analize dahil edilmesi, yapay sinir ag1 modellerinin
daha dogru ve kapsamli siire tahminleri yapmasina olanak
tanityacaktir.
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Abstract- The growing urgency of addressing environmental challenges highlights the need for research on their impacts on
the built environment, particularly in urban areas where these issues adversely affect residents’ well-being. Despite increasing
recognition of climate-related challenges, limited attention has been given to adaptive strategies that harness local ecological
resources, such as indigenous flora and green infrastructure, to promote energy efficiency and sustainability. This study
examines strategies to enhance Nigeria’s urban landscapes through energy-efficient approaches in response to ongoing
environmental changes. The objectives include: (i) identifying key factors influencing climate change and (ii) evaluating
adaptive strategies for enhancing energy efficiency and resilience in urban environments. This research employs a total of
235 surveys amounting to 78.30 per cent of the sample that was gathered and examined. The Logistic regression analyses of
Statistical Package for the Social Sciences (SPSS) software package Version 22 were used to analyze the collected data from
online survey distributions. The results reveal that all factors related to climate change adaptation are statistically significant
(p-values < 0.05), underscoring their critical role in fostering energy efficiency and resilience. The findings provide robust
evidence for prioritizing national and regional adaptation strategies. Recommendations include integrating the significant
factors into urban planning policies, emphasizing energy-efficient solutions, and fostering community engagement and
education to promote awareness and adoption of adaptive measures. Future research should explore emerging technologies
and interdisciplinary approaches to address energy efficiency, and climate risks, and offer a comprehensive framework for
sustainable urban transformation.

Keywords Energy efficiency, Climate change adaptation, Sustainable urban planning, Ecological resources, Resilient urban
ecosystems
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1. Introduction

The impact of environmental change remains a vital issue
confronting nations throughout the world today.
Environmental change refers to significant alterations in
long-term patterns and characteristics. These changes
manifest through various empirical indicators, including
shifts in average temperatures, and precipitation patterns in
the distribution of climatic zones over extended periods.
Unlike short-term fluctuations or natural variability, climate
disruption denotes persistent and often unprecedented
deviations from historical norms, driven primarily by human-
induced factors such as carbon emissions, and alterations to
land use [1],[2]. Consequently, these impacts result in
heightened environmental heat, intensified winds, increased
pollution, and habitat destruction, among other adverse
outcomes [3]. In response to these challenges, numerous
developing nations worldwide are actively working to
combat the consequences of environmental change.

The development of an energy-efficient urban
environment is crucial for the reduction of energy
consumption, promotion of sustainability, and enhancement
of urban resilience in the face of climatic challenges. Being
great consumers of energy, urban areas, which account for
more than 70% of global energy consumption, contribute
much to greenhouse gas emissions and environmental
degradation [4]. It has been identified as one of the major
concerns of urban planners, policymakers, and researchers to
apply strategies that can reduce energy consumption and
carbon emissions in urban settings. A basic strategy for
increasing energy efficiency in urban environments is
through the use of green building practices. In a more specific
sense, these buildings, featuring environmentally friendly
building materials, optimization of energy consumption, and
integration with renewable sources of energy, such as solar
panels and wind turbines, could substantially lower the
energy impact that characterizes urban environments [3-4].
The adoption of energy-saving technologies, such as LED
lighting, smart HVAC, and automated energy management
systems, enables urban environments to lower both operating
expenses and their environmental impact [5]. Second, the
technologies help in exercising better control over energy use
and make buildings increasingly responsive to dynamic
environmental conditions and user needs, features that are
particularly valuable in cities facing increasingly uncertain
climates.

Beyond the concept of green buildings, urban design
contributes to creating environments that help to use energy
efficiently. Several green spaces planned in cities, such as
urban parks, green roofs, and tree canopies, could help
moderate the effect of urban heat islands by reducing cooling
energy needs while improving air quality. For instance, urban
trees bring shade, reduce the need for air conditioning in
nearby buildings, and assist natural ventilation, all of which
lead to energy savings [4-5]. In addition, using green
infrastructure in urban settings, such as permeable pavement
and city wetlands, helps in managing stormwater and reduces
the energy consumption associated with water treatment
plants. The adoption of these sustainable practices helps to

conserve biodiversity and increases the resilience of urban
areas to climate change, including extreme weather events
like floods and heatwaves. Nevertheless, urban resilience
goes in tandem with energy efficiency, for cities that are well-
prepared to lower energy consumption and cope with their
resources efficiently are also well-ready to handle the effects
of climate change.

Resilient urban environments combine the synergy of
smart technologies, sustainable materials, and forward-
thinking policies to address the challenges brought about by
rising temperatures, flooding, and other climate-related
stresses. For instance, climatically responsive architecture
using passive design strategies, like natural shading,
daylighting, and thermal insulation, can greatly lessen the
requirement for mechanical heating and cooling systems,
thus increasing the resilience of buildings resisting changing
the climate [1-2]. In addition, urban public transport systems
that major in energy-efficient and low-carbon options, such
as electric buses and trains, can greatly reduce energy
consumption within cities. Non-motorized transportation,
like cycling and going on walks, encourages the reduction in
the use of private vehicles and thus cuts down energy
consumption and traffic congestion. Moreover, smart grids
and energy storage systems can enable cities to optimize
energy distribution, reduce energy waste, and integrate
renewable energy sources, which enhance overall energy
resilience.

There are strong signals that the effects of the changing
climate in Africa are likely to continue unless important
preventive steps are taken. This was a result of the fact that
African cities are important producers of greenhouse gases;
while environmental issues have equally increased due to the
pollutants traceable to urbanization [6]. Despite these
challenges, African nations lack sufficient financial and
human capital needed to counteract the effects [2]. Nigeria's
coastal areas are especially susceptible to the effects of
environmental change because of the threat posed by rising
sea levels and coastal erosion to nearby residences,
commercial buildings, and vital infrastructure. For example,
coastal flooding and erosion are already causing damage to
property and infrastructure, displacing communities and
disrupting economic activities. Furthermore, the energy
consumption associated with heating, cooling, and powering
buildings contributes to greenhouse gas emissions,
exacerbating climate change. Thus, lowering the built
environment's carbon footprint is crucial for lessening the
effects of environmental degradation in Nigeria, where
population increase and urbanization have pushed up energy
demand.

The land usage dynamics in Nigeria exhibit a concerning
trend, with a degradation rate of 4000 km2 per year, far
outpacing the reforestation efforts which stand at a mere 10
km2 annually [7]. This imbalance has led to a decline in
forested areas, with only 10.80% remaining as of 2008,
indicating a significant loss of crucial ecosystems over the
years. In terms of demographic shifts, the urban population
has been experiencing rapid growth, with an annual increase
of 3.80%. In 2004, urban dwellers comprised 45% of the total
population, a figure that rose to 48.9% by 2010 [8]. This
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urbanization trend highlights the ongoing migration from
rural to urban areas, reflecting changes in economic
opportunities and lifestyle preferences. The Agenda 2030
Millennium Development Goals (MDGs) serve as a critical
framework for addressing persistent environmental
challenges. However, despite these global initiatives,
effectively mitigating the impacts of urban pollutants,
flooding, and other environmental issues remains a
significant hurdle in achieving environmental sustainability
and the Sustainable Development Goals (SDGs) [9].
Integrating environmental considerations into urban
planning, infrastructure development, and public health
strategies is vital for building climate-resilient and
sustainable cities that enhance the well-being of present and
future generations.

Studies have shown that developing nations, including
Nigeria, lack the accurate data needed to establish goals,
strategies, and action plans for the protection of the
challenges associated with the environment [9], [10], [11].
Thus, the rationale behind this research lies in the necessity
for mitigation and adaptation interventions, which require the
direct involvement of key climate change experts and other
related professionals. The quantity and type of pollutants
released into the atmosphere affect the composition of
greenhouse gases and particulate matter, which in turn
influence temperature patterns, precipitation levels, and
overall climate dynamics. Therefore, understanding and
mitigating the impacts of human activities on environmental
balance and climate change are crucial for promoting
sustainable development and preserving ecosystems.

The methodology employed in this study aims to
document preventive measures within the context of climate
change, with a focus on fostering environmentally
regenerative practices in Nigeria's urban landscape. This
empirical investigation seeks to uncover the influence of
climate change on the urban landscape within the
Southwestern region of Nigeria. The objectives are twofold:

(i) To identify drivers of climate change, and

(if) To explore and evaluate adaptive strategies that
leverage local ecological assets, to enhance energy
efficiency and resilience in urban environments in the
South-western region of Nigeria.

Therefore, the study’s findings are significant in
creating an energy-efficient urban environment that
requires collaborative efforts from local government, urban
planners, architects, engineers, and the community. It is,
therefore, a must for policymakers to focus on initiatives
that enhance the adoption of energy-efficient technologies,
embed sustainability in urban planning frameworks, and
create awareness of the importance of energy conservation.
With investment in green technologies, improvement in
public infrastructure, and implementation of comprehensive
energy-saving programs, urban centres can reduce their
ecological footprint, strengthen urban resilience, and create
more livable cities. Similarly, by prioritizing environmental
stewardship and adopting transformative approaches to
sustainable development, communities can overcome the
barriers to achieving the Agenda 2030 goals and create a

more equitable, resilient, and thriving planet for all. In
response to the challenges posed by UHIs, policymakers,
urban planners, researchers, and community stakeholders in
Nigeria are increasingly prioritizing sustainable urban
development strategies that mitigate heat island effects
while promoting climate resilience and an energy-efficient
environment.

2. Literature Review
2.1 The Process of Urbanization and Changing in the
Climate System

Authors  Urbanization poses challenges such as
congestion, pollution, and inadequate infrastructure, which
require innovative solutions to ensure the well-being of
urban populations and the sustainability of urban
environments [8], [12]. This phenomenon has profound
implications for resource consumption, environmental
sustainability, and social equity. Nigeria's present growth
rate is 2.62 per cent of the overall population and is not
predicted to diminish beyond the year 2050 by 2.04 per cent
[13]. Urbanization will have disastrous consequences for
humanity and the preservation of landscapes in the
upcoming decades [12]. Urbanization has spurred the
proliferation of Urban Heat Islands (UHIs) in several
Nigerian cities, with a notable concentration in the Southern
regions [12], [14]. The Nigerian’s total population density
has witnessed a steady rise over the years, indicating
increased human settlement and concentration. In 2004, the
population density was recorded at 137.6 persons per square
kilometre, which rose to 167.5 persons per square kilometre
by the Year 2009, reflecting an annual growth rate of 2.5%
[15]. Figure 1, depicts the temperature difference in degrees
Celsius from 1900 to 2022 based on six data sets for Africa’s
1991-2020 climatological period.
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Fig. 1: African temperature difference in degrees Celsius from
1900 to 2022. Source: [43]
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2.2 Energy-Efficient Built Ecosystems

Recent years have witnessed significant strides in energy-
efficient building design that involve a paradigm shift from
traditional approaches towards holistic and environmentally-
conscious strategies aimed at reducing the ecological footprint
of built environments on human health and natural ecosystems
[16],[17]. Based on this ecological view, the concept of
regenerative sustainability has become a core framework
through which to address urban challenges with a specific focus
on energy efficiency. A regenerative built environment is
created based on structures and spaces that not only reduce
energy consumption but also replenish resources to nurture the
ecosystem. These programs essentially involve the planning
and management of green spaces, urban forests, and natural
landscapes in the urban setting to increase ecological function
and facilitate environmental stewardship [18]. Integrated into
urban planning, indigenous landscaping and green
infrastructure can reduce the use of energy-consuming systems
like air conditioners by creating better local microclimates and
supporting natural cooling. These approaches also help
preserve biodiversity, sequester carbon, and treat stormwater,
further reducing the energy needs of urban areas.

By putting regenerative principles into focus, urban areas
can strengthen their resilience to environmental stressors while
raising the quality of life for all inhabitants. By adopting
energy-efficient, sustainable materials, in combination with
green roofs, solar panels, and advanced technologies in
buildings, it supports the regenerative methodology by
lessening the dependency on fossil fuels, reducing emissions,
and enhancing energy conservation over the urban landscape.
Further, it is within these international sustainability
frameworks, such as the SDGs and the Paris Agreement, that
have put a call to action on issues around climate change
mitigation, biodiversity loss, and inequality. Adoption of the
principles of regenerative design within built-up urban
environments helps not only with global climate initiatives but
also supports developments that are resilient, adaptive, and
more energy-efficient. This holistic approach assists the
evolving urban morphology in becoming better prepared for
meeting complicated sustainability challenges in the coming
future, which guarantees a built environment that does not
simply reduce energy consumption but is actively proactive in
the regeneration of nature. Figure 2 shows how urban and
natural systems evolve toward a regenerative state. It
emphasizes the connection between exergy use and waste
formation. In which the system evolves toward sustainability
and regeneration, as evidenced by an increase in exergy
efficiency, structural order, and exergy accumulation and a
decrease in entropy creation.
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Fig. 2: Ecological and urban succession reducing entropy while
increasing exergy efficiency, structural order, and regenerative
system potential. Source: [45]

2.3 The Context of the Environmental Challenges

Environmental difficulties have culminated in ongoing
rises in air temperature, thawing glaciers, increased sea levels,
flooding, exhaustion, outbreaks of pandemics, and desert
appearance. The causes of Nigeria's climate change were
ascribed to a variety of environmental issues that had a
detrimental impact on the country's space, particularly in the
Southern regions. As long as climate change threatens the
planet, problems like land degradation [19]; biodiversity loss
[2]; pollution [17]; droughts [20]; deforestation/desertification
[21]; urbanization [12],[14]; health issues [5]; among others
will become worse. Moreover, human activities are a major
driver of environmental degradation and deterioration.
Activities such as deforestation, industrial emissions, and
pollution from transportation contribute to the release of
pollutants into the atmosphere, soil, and water bodies. These
pollutants disrupt the balance of the environment and
exacerbate climatic changes [17]. The presence of
contaminants in a particular environment has a direct impact on
its balance and can contribute to climatic shifts.

Sub-Saharan Africa's vulnerability to these adverse effects,
with escalating temperatures and sea levels intensifying
existing challenges was revealed by [22]. As climate conditions
worsen, the health and safety of populations are increasingly
jeopardized, underscoring the urgent need for proactive
measures to mitigate climate-related health threats and help
communities at risk become more resilient. Global
environmental change is anticipated to cause malnutrition and
impact negatively people’s health in South Asia and SSA
regions [20], [23]. Similarly, [23], noted that the number of
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infectious diseases in people has increased compared with the
period when there has been no climatic variability. With the
current global warming of 1.2-1.9°C predicted, food insecurity
is predicted to rise by 25-90% in Sub-Saharan countries by
2050 compared to this current year. Figure 3, presents the EM-
DAT global database on natural and technological disasters as
revealed by [42]. It substantiates vital core data on the incidence
and consequences of over 21,000 disasters in Africa.

Reported events Deaths

Affected people

Economic damages

20%

80 &

BFlood = Storm = Landslide ®Drought ® Wildfire

Fig. 3. Weather, climate and water-related disasters in Africa
in 2022 for Emergency Event Database. Source: [44]

3. Theoretical Framework

This research employs a sustainable framework,
highlighting methodologies that improve energy efficiency and
promote resilient urban ecosystems. Key strategies recognized
include the augmentation of urban tree canopies, the
enhancement of functional green spaces, the application of
innovative landscaping methods, and the restoration of
wetlands. The integration of green infrastructure into urban
design is highly important in terms of energy efficiency. Green
building technologies and materials reduce energy
consumption by enhancing insulation and reducing emissions,
while functional green spaces and urban tree canopies create
natural cooling systems that reduce reliance on artificial air
conditioning. This integrated approach not only minimizes
energy demand but also greenhouse gas emissions, thus making
the urban environment more sustainable and livable.

The concept of resilience within the urban landscape is one
of the most important focuses. The architectural and landscape
design that accommodates extreme weather phenomena
ensures that the urban regions keep their adaptability in
response to climate change. Resilience-focused land-use
planning enhances the capacity of the urban environment to
deal with environmental challenges while encouraging
sustainable development at the same time. Such strategies
protect infrastructure and improve community well-being by
reducing energy efficiency. As supported by [24]; the
framework lays the groundwork for an environmentally
sustainable paradigm. Additionally, the EPM framework
emphasizes goal-setting, management, and citizen engagement
through organized participation [25]. The framework was
utilized extensively in several cultural and natural studies;
while the conclusion drawn was based on sustainable landscape

ecological planning that specifically intervenes with various
biotic, abiotic, and cultural objectives (Figure 4). As depicted
in the figure; a variety of ecological planning together with a
regenerative paradigm drive, encompassed by a triangle that
combines the abiotic, biotic, and cultural built environment
concepts. The regenerative objectives for biotic, abiotic, and
cultural resources are all rooted in individuals and address
environmental issues associated with the built environment.

The framework effectively encapsulates key elements by
emphasizing the value of adaptation, resilience, and
regenerative resources, alongside the importance of sustainable
landscape planning, ecosystem management, and public
participation and engagement. This holistic approach
underscores the necessity of addressing environmental
challenges while promoting resilience and sustainability.
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Sustainable Environment "
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Planning
Ecosystem | Energy-Efficient .| Resilience
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Fig. 4. The study’s theoretical framework. Source: Authors’
conceptualisation

4. Data Collection, Distribution, and Analysis

The Logistic regression analyses were conducted using the
Statistical Package for the Social Sciences (SPSS) software
package Version 22 to analyze the collated data from online
survey distributions. Logistic regression is a statistical
technique used to model the relationship between one or more
independent variables and a categorical outcome variable.
However, an initial pilot survey was conducted in September
2019 in the designated research areas to assess and refine the
survey instrument's effectiveness and suitability. Feedback
obtained from the pilot survey participants informed
refinements to the main survey (between November and
December 2019), enhancing its reliability and validity for
subsequent data collection phases. Given the practical
constraints and limitations in obtaining exhaustive lists of
professionals within the built environment sector, convenience
sampling was deemed a suitable approach for this study [26].
A total of 235 surveys amounted to 78.30 percent of the sample
were gathered and examined. Cronbach's alpha coefficient (c)
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and Composite Reliability (CR) are widely recognized
methodologies for evaluating the internal consistency and
dependability of an instrument. In this study, all variables
demonstrated a high level of reliability, exceeding the
minimum threshold of Cronbach's alpha coefficient (o) of 0.6,
indicative of credible and consistent results. According to [27],
reliability scores falling within the range of 0.6 to 0.7 are
considered acceptable. The utilization of Cronbach's alpha not
only enhanced the clarity and precision of the questionnaire
instrument but also underscored the robustness of the data
obtained. This rigorous testing procedure ensured the reliability
and validity of the survey instrument, thereby bolstering the
credibility of the study's findings and conclusions.

The Kaiser-Meyer-Olkin (KMO) measure of Exploratory
Factor Analysis (EFA) sampling adequacy yielded a value of
0.706, which is considered acceptable according to [28],
indicating the suitability of the questionnaire for factor analysis.
Additionally, Bartlett's sphericity test was significant at the
0.001 level, further affirming the reliability of the latent
constructs being analyzed. A threshold of 0.7 was utilized as
the cutoff point for evaluating the adequacy of the factor
analysis. In addition to assessing the psychometric properties of
the questionnaire, demographic data for all 235 respondents
were subjected to descriptive analysis. Beyond demographic
data, respondents provided feedback on a set of 49 dependent
measurement variables, evaluating their perceptions of climate
change predictors and mitigation strategies. These
measurement variables were adapted from previous studies.
Participants' responses were scored using a 5-point Likert scale,
with options ranging from "Strongly agree" (5) to "Strongly
disagree" (1), providing a comprehensive understanding of
their attitudes and perspectives regarding climate change
predictors and adaptation strategies.

5. Results and Discussion

5.1. Demographic Characteristics

The demographic analysis of respondents presents a diverse
group across various professions and backgrounds (Table 1).
Among the respondents, 20% are environmentalists (47
respondents), 16% are educators (37 respondents), 19% are
meteorologists or climate scientists (44 respondents), 14% are
architects or urban planners (32 respondents), 14% are
sustainability consultants (32 respondents), and 17% are public
or environmental health experts (39 respondents). Regarding
marital status, 25.6% of the respondents are single, 72.3% are
married, and 2.1% are either divorced, separated, or widowed.
Geographically, the respondents come from various states: 18%
from Oyo (42 respondents), 10% from Osun (24 respondents),
10.0% from both Osun and EKkiti (24 respondents each), 23.0%
from Lagos (54 respondents), and 21.0% from Ogun State (49
respondents); while 10% from Ondo (24 respondents) as shown
in Figure 5. In terms of education, 10% of respondents have a
high school education (23 respondents), 15% hold
undergraduate degrees (35 respondents), 39% are graduates (91
respondents), and 36% have postgraduate qualifications (84
respondents). Professional experience is also varied: 45.7%
have 1-5 years of experience (105 respondents), 28.6% have 6-
10 years (65 respondents), and 25.7% have more than 10 years
of experience (63 respondents). Out of 235 respondents, the
majority, 126 (53.61%), rated themselves as "Very familiar"
with  Climate-Resilient and  Energy-efficient  Urban
Landscapes. Meanwhile, 91 respondents (38.72%) indicated
they were "Somewhat familiar." Only a small proportion, 18
respondents (7.65%), reported being "Not familiar at all” with
the concept as shown in Figure 6. This shows that most
participants have a moderate to high level of familiarity with
climate resilience and energy efficiency in urban landscapes.

Table 1: Demographic characteristics of respondents

Demographic Variable Category Frequency | Percentage
(%)
Gender Male 124 53.0
Female 110 47.0
18-25 35 15.0
26-35 65 28.0
Age 36-45 58 25.0
46-55 42 18.0
56 and above 32 14.0
High School 23 10.0
Undergraduate 35 15.0
Educational background Graduate 91 39.0
Postgraduate 84 36.0
Environmentalists 47 20.0
Educators 37 16.0
Architects/Urban Planners 32 14.0
Professional background Meteorologists/Climate Scientists 44 19.0
Sustainability Consultants 32 14.0
Public/Environmental Health 39 17.0
Experts
Years of Professional 1-5 years 105 45.0
Experience 6-10 years 65 28.0
11 years and above 63 27.0
Oyo 42 18.0
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Fig. 5: Respondents’ geographically states’ affiliations
5.2. Multivariate Regression

The factors that outweigh were found using Principal
Component Analysis. Each item was made up of different
variables that combined to generate a single variable with a
designation based on content. Several independent variables
were extracted for subsequent analysis using this method.
The Pearson Bivariate Correlation Analysis was
subsequently applied to assess the research variables'
connections. This is to demonstrate the model prediction
used for the result parameter. The findings of the statistical
analysis of climate change drivers are presented in Figure 7.
It revealed that climate change exhibits through degradation
of land with a mean value of 4.25 and standard deviation
(SD) of 0.52; biodiversity loss having a mean value of 4.23,
and SD of 0.26; and pollution with a mean value of 4.07,
and SD of 0.59. Others include drought with a mean value
of 4.04 and SD of 0.52; deforestation /desertification with a
mean value of 4.08, and a standard deviation of 0.46. In
addition, urbanization exhibited mean values of 4.10, with a
corresponding SD of 0.63; population growth with mean
values of 4.09, and SD of 0.74. Overall, all these factors
exhibited high mean scores.

On the contrary, transport disruption showed a mean
value of 3.67, with a standard deviation of 0.64; health
challenges showed a mean value of 3.84, and a standard
deviation of 0.59; and Stratospheric ozone depletion had a
mean value of 3.08, and a standard deviation of 0.57; were
factors with low mean scores. Despite their lower average

very familiar | ——

0 50 100 150 200 250

B Percentage (%) M Frequency (f)
Fig. 6. Respondents’ rating of their knowledge of the
climate-resilient and energy efficient urban landscapes

scores, these factors are confirmed to be predictors of climate
change. The descriptive statistical results in Figure 8,
demonstrated the highest mean scores of rise in the adverse
effect of pollutants consequences had a mean value of 4.81
and standard deviation of 0.55; while the rise in the adverse
effect of heat-related health consequences had a mean value
of 4.85 and standard deviation of 0.52.

The rise in the adverse effect of mental-health
consequences had a mean value of 4.94, with an SD of 0.23;
the rise in the adverse effect of nutritional infectious
consequences had a mean value of 4.83 and a standard
deviation of 0.41; while the rise in the adverse effect in water
borne related consequences had the mean values of 4.75 and
standard deviation of 0.70. Lower mean scores, on the other
hand, were recorded on the rise in the adverse shortages food
production consequences with mean values of 3.82, and SD of
0.60; while the rise in the adverse effect of low level of
economic-related consequences had the mean values of 3.85
and standard deviation of 0.51, and rise in the adverse effect
of CO2 emissions consequences had the mean values of 3.87,
and SD of 0.42.
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Assessment of the indicators of environmental change
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Fig. 7. Assessment of the drivers of climate change

Assessment of the Adverse Negative effects of Environmental Related
Problems
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Fig. 8. Assessment of the adverse negative effects of
environmental related problems

Table 2 was prepared using factor analysis, specifically
principal component analysis (PCA), to examine respondents’
backgrounds and drivers of climate change. First, the data set
comprising various survey items was subjected to PCA, which
extracted factors based on the correlation matrix. The initial
eigenvalues represent the total variance explained by each
extracted factor before any rotation. Kaiser’s criterion
(eigenvalues greater than 1) was applied to retain significant
components. In this case, four components were identified:
Component 1 (Demographics), ICC2, ICC3, and ICC4. The
table shows each component's initial eigenvalue, the
percentage of variance it explains, and the cumulative variance
explained. Subsequently, the extraction sums of squared

loadings were calculated, reflecting the variance accounted for
by each factor after the extraction process, providing a more
refined measure of the factors’ contributions.

The findings of a Principal Component Analysis (PCA)
indicated that the PCA is used to classify and identify
significant components derived from a dataset. In this analysis,
49 variables were initially identified as important components.
However, 19 variables were finally extracted; achieving four
iterations of rotation with all having the eigenvalues exceeding
1. These collectively account for 86.99 per cent of the total
variation in the data. The variance explained by these factors
is distributed as follows: 26.45%, 21.22%, 18.63%, and
20.69% for each respective component. The initial component,
also known as the ‘Demographics’, includes several variables
such as education attainment, gender, age, academic history,
employment history, and length of residency status. The
second component called the ‘Indicators of Changes in the
Climate 2’ (ICC2), consists of variables such as degradation of
land, destruction of biodiversity, and pollutants. The third
component, known as the ‘Indicators of Changes in the
Climate 3’ (ICC3), considers characteristics such as severe
weather, deforestation/desertification, and urban expansion.
Also, the fourth key component, known as the ‘Indicators of
Changes in the Climate 4’ (ICC4), includes variables such as
ozone layer loss, health difficulties, population expansion, and
transport disruption. This extensive investigation explores
numerous aspects of climate change and its predictions,
emphasizing the many dimensions that influence the dynamics
of the environment.

The regression study of predictors of environmental
changes influences on energy-efficient urban environment is
presented in Table 3. The table displays standardized
coefficients obtained from a multiple regression analysis. In
this analysis, both the independent and dependent variables are
standardized, meaning they are converted to z-scores with a
mean of zero and a standard deviation of one. This process
allows for a common scale to compare the effects of each
predictor variable on the dependent variable. The standardized
beta coefficient reflects the expected change in the dependent
variable (measured in standard deviation units) for a one
standard deviation change in the predictor variable while
keeping all other predictors constant. Statistical software like
SPSS automatically calculates these coefficients, along with
their standard errors, F-values, and significance levels, which
helps researchers evaluate the relative importance and
influence of each predictor on the outcome variable.

However, the significance of predictors in the regression
analysis is evident from the p-values. Specifically, the
following variables were identified as significant predictors;
Adoption of Renewable Energy Integration (B coefficient of
0.401;p =0.001), Green Building and Sustainable Architecture
(B coefficient of 0.367; p = 0.002), Promotion of Sustainable
and Energy Efficient Transportation (B coefficient of 0.247; p
= 0.002), Sustainable Urban Planning and Zoning (B
coefficient of 0.350; p = 0.003) and Sustainable Energy-
efficient Buildings (f coefficient of 0.202; p = 0.004).
Additionally, Community-Based Ecological Solutions (f
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coefficient of 0.204; p = 0.012), ideas about operational green
areas (B coefficient of 0.436; p = 0.003), the usage of
indigenous flora (B coefficient of 0.499; p=0.001), enhancing
urban tree coverage (B coefficient of 0.467; p = 0.002),
fostering thriving wetlands (§ coefficient 0of 0.314; p=0.001),
Water Resource Management and Conservation (3 coefficient
of 0.470; p = 0.002), and Climate Resilience and Disaster
Preparedness (P coefficient of 0.512, p = 0.003) were all found
to be significant predictors. Moreover, the analysis reveals that
usage of Indigenous flora holds the highest § coefficient of
0.480, succeeded by Water Resource Management and
Conservation (0.470), enhancing urban tree coverage (0.467),
and Operational green area (0.436), Climate Resilience and
Disaster Preparedness (0.412), and fostering thriving wetlands
(0.314), respectively.

The regression analysis reveals several important
implications for enhancing the sustainability of built
environments towards energy-efficient urban environments.
One of the most significant findings is the dominant role of
indigenous flora (B = 0.480), which emerged as the strongest
predictor. This suggests that incorporating native plant species
in urban landscapes is a key strategy for increasing ecological
resilience. Indigenous plants, being adapted to local climates
and ecosystems, require fewer resources such as water and
maintenance, and they support local biodiversity. This
highlights the crucial role of biodiversity in mitigating
environmental impacts and fostering sustainable urban
environments. The study also highlights the importance of
water resource management and conservation (f = 0.470).
Efficient water management systems and resilient
infrastructure are essential for ensuring that urban areas can
adapt to the increasing frequency of extreme weather events
while safeguarding essential resources for future generations.
The results also underscore the importance of enhancing urban
tree coverage (B = 0.467) and maintaining operational green
areas (B = 0.436). These factors significantly contribute to
environmental sustainability by improving air quality,
reducing urban heat, and creating healthier living spaces.
Nature-based solutions, such as increasing green spaces and
tree coverage, are essential to mitigating the urban heat island
effect, which is exacerbated by climate change. By prioritizing
these strategies, cities can reduce temperature extremes,
manage stormwater, and improve the overall quality of life for
residents.

The analysis further reveals the significant influence of the
adoption of renewable energy integration (f = 0.401) and
green building and sustainable architecture (B = 0.367). These
findings highlight the importance of integrating renewable
energy sources, such as solar and wind, into the built
environment. Moreover, the adoption of sustainable
architecture is crucial for reducing energy consumption and
emissions. By employing energy-efficient design and
sustainable materials, cities can move toward greener
construction practices that support long-term environmental
goals. These strategies are central to reducing the carbon
footprint of buildings and promoting sustainability. The
promotion of sustainable and energy-efficient transportation (3
= 0.247) and sustainable urban planning and zoning (B =
0.350) are also significant predictors of sustainable built
environments. Reducing reliance on carbon-intensive
transportation through the promotion of electric vehicles,
public transit, and pedestrian-friendly infrastructure is crucial
for lowering emissions. At the same time, addressing urban
heat through innovative materials and landscaping can help
cities remain livable as global temperatures rise. These
findings support the need for comprehensive urban planning
reforms that prioritize both environmental sustainability and
public health. Climate resilience and disaster preparedness (§
= 0.512). These predictors indicate that cities must develop
proactive strategies for conserving water and preparing for
climate-related disasters such as flooding, droughts, and
storms.

Finally, the significance of fostering thriving wetlands ( =
0.314) underscores the importance of preserving and restoring
natural ecosystems. Wetlands act as natural buffers against
flooding, improve water quality, and provide habitat for
wildlife. By integrating wetland conservation into urban
planning, cities can enhance their resilience to climate change
while promoting biodiversity and ecosystem services. In
conclusion, this study highlights the need for a comprehensive
approach that combines nature-based solutions with
technological innovations to create sustainable and resilient
urban environments. The predictors identified in the regression
analysis emphasize the importance of biodiversity, renewable
energy, green infrastructure, and disaster preparedness in
mitigating the effects of climate change and ensuring the
sustainability of the built environment.

Table 2. Respondents’ background and drivers of climate change

Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance | Cumulative % | Total | % of Variance Cumulative %

1 (Demographics) | 12.328 | 39.691 38.582 5.723 | 26.45 34.782

2 (ICC2) 6.807 | 23.593 53.814 4.472 | 21.22 46.428

3 (ICC3) 1.266 | 22.188 48.871 3.253 | 18.63 63.512

4 (ICC4) 1.748 | 19.400 56.342 2.187 | 20.69 78.340
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Table 3. The correlation between the environmental impact evaluations of respondents and the energy-efficient urban
environment

Drivers Standardized Coefficients df f Sig.
value
()
Beta Estimate of Standard
coefficients error
Adoption of Renewable Energy Integration 0.401 0.028 2 3.019 0.001*
Green Building and Sustainable Architecture 0.367 0.021 3 3.622 0.002*
Promotion of Sustainable and Energy Efficient 0.247 0.005 3 2.200 0.002*
Transportation
Sustainable Urban Planning and Zoning 0.350 0.088 2 3.001 0.003*
Sustainable Energy-efficient Buildings 0.202 0.070 3 3.893 0.001*
Community-Based Ecological Solutions 0.204 0.009 1 3.230 0.012*
Operational green area 0.436 0.016 1 5.207 0.003*
Usage of Indigenous flora 0.480 0.025 5 4.899 0.001*
Enhancing Urban Tree Coverage 0.467 0.203 4 5.492 0.002*
Fostering thriving wetlands 0.314 0.030 3 6.954 0.001*
Water Resource Management and Conservation 0.470 0.055 2 3.683 0.002*
Climate Resilience and Disaster Preparedness 0.412 0.068 2 3.100 0.003*

*Significant predictors (p < 0.05)

5.3. Predictors of Climate Change Strategy Indicators

The findings of this study have uncovered the various
anticipated indicators of environmental change. These
anticipated indicators are consistent with prior research by
[21], [29]. The studies concurred with the fact that
environmental climatic indicators pose serious threats to the
ecosystem and sustainable cities in Nigeria. This climate
change and ecosystem degradation include desertification,
deforestation,  floods,  erosion,  urbanization, and
overpopulation [30], [31]. This study confirmed that
significant loss and deterioration of natural ecosystems
provide unmistakable evidence of indicators of impending
environmental change. This  degradation includes
deforestation,  habitat  destruction, and  ecosystem
fragmentation, all of which contribute to the alteration of
ecological processes and biodiversity loss, exacerbating the
impacts of climate change. Additionally, the loss of natural

ecosystems often lead to a reduction in ecosystem services
vital for human well-being, such as carbon sequestration,
water purification, and flood regulation. These urban
environmental issues will continue to be a menace to the
sustainability initiative’s goals, especially in developing
countries if appropriate measures are not sought. The fact that
desertification is mostly a man-made phenomenon that is
exacerbated by climate change must be noted. As agreed by
[19], further land degradation will come from an increase in
weather extremes like drought and severe rain brought on by
climate change.

Temperatures are rising, the land is drying up, and fertile
soils are eroding across sub-Saharan Africa as a result of
climate change, land degradation, and over-exploitation. This

escalates catastrophic issues like starvation and severe
droughts. In addition, biodiversity loss and increasing
urbanization problems are linked to climate change, as
demonstrated by earlier research by [2],[17]. Considering the
importance of residents’ health; the destruction of ecosystems
has negatively impacted their health. This was in tandem with
the findings of the previous studies by [20], [23]. Human
health is being affected by climate change in Nigeria. Extreme
weather conditions including droughts, heatwaves, and
temperature increases have negatively impacted human health,
which is in line with the previous studies [32].

Additionally, creating a sustainable environment is
connected to urbanization, advancement of the economy,
human capital development, and preservation of nature.
Urbanization is intertwined dynamics of economic expansion,
human progress, sustainable development, and preservation of
biodiversity. These were complemented by earlier reports by
[61,[31],[33]. In Nigeria, as populations concentrate in urban
areas, there is a heightened focus on infrastructure
development, resource utilization, and land management
practices, all of which significantly influence environmental
outcomes [31],[34],[35]. In connection to the transport system,
pedestrian-friendly settings where fewer numbers of
automobiles are used would continue to be one of the finest
methods for decreasing cities' carbon footprints; while
enhanced urban-rural links can assist in mitigating climate
change [35],[36]. Sustainable urban planning and design can
mitigate environmental degradation by promoting energy
efficiency, waste reduction, and green infrastructure
implementation. Furthermore, urbanization often correlates
with economic growth, as cities become hubs for commerce,
innovation, and employment opportunities. However, ensuring
inclusive economic growth is essential to prevent disparities
and enhance overall societal well-being. Investments in
education, healthcare, and social services are critical for
fostering human development and improving the quality of life
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in urban settings.

In parallel, urbanization presents unique opportunities for
nature conservation. Strategically designed green spaces,
urban trees, and playgrounds improve the area's aesthetic
attractiveness, improve vital habitats for biodiversity, and
contribute to ecosystem resilience. Integrating nature-based
solutions into urban development plans can mitigate the
adverse effects of urbanisation on natural ecosystems while
promoting  environmental  sustainability.  Summarily,
urbanization acts as a catalyst for multifaceted
transformations, presenting both challenges and opportunities
for achieving sustainable development goals. Effective
governance, stakeholder engagement, and innovative solutions
are vital for urban landscape sustainability. A future approach
to habitat sustainability is required with lower carbon dioxide
emissions, minimal health-related issues; and a high-quality
indoor and outdoor environment. Overall, the need for
coordinated efforts toward mitigation and adaptation strategies
arises from the fact that all climate change predictors present a
significant challenge; and taking proactive efforts will lessen
its adverse effects on raising the quality of life.

5.4. Adaptive Strategies to Enhance Energy Efficiency
and Resilience in Urban Environments

With its diverse ecosystems, rapid urbanization, and
vulnerability to extreme weather events, the need for
sustainable development strategies has become increasingly
urgent in Nigeria. In response, there is a growing interest in
fostering regenerative practices within Nigeria's built
environment to enhance climate change’s adaptations. This
study explores the concept of regenerative built environments
in the Nigerian context and examines strategies for advancing
climate change adaptation through sustainable urban
development. Therefore, this study outlined the climatic
conditions that pose significant risks to both inhabitants and
ecosystems at large. Consequently, this study identified seven
pivotal strategies for climate change mitigation and energy
efficiency, drawing support from previous research by [1],
[17]. These strategies include fostering environmental
consciousness, maximizing operational green spaces, utilizing
indigenous flora, expanding urban tree coverage, revitalizing
wetlands, implementing smart landscaping practices, and
embracing a biophilic approach. These measures are deemed
essential for addressing the impacts of climate change
effectively. Fostering environmental consciousness is a
multifaceted strategy aimed at raising awareness, changing
attitudes, and promoting behaviours that contribute to climate
change mitigation and adaptation. This approach recognizes
the interconnectedness of human actions and their impacts on
the environment, emphasizing the importance of individual
and collective responsibility in addressing climate-related
challenges [36],[37]. This inferred that fostering
environmental consciousness is a vital strategy for climate
change mitigation and adaptation, as it empowers individuals,
communities, businesses, and institutions to take proactive
steps toward building a more sustainable and resilient future.
By raising awareness, promoting behavioural change,
advocating for policy action, engaging stakeholders, and

enhancing community resilience, environmental
consciousness can significantly impact how we handle the
intricate problems brought on by climate change.

This study revealed that maximizing operational green
spaces entails the deliberate integration of vegetation and
natural elements into urban and industrial environments to
enhance energy efficiency and resilience. This strategy in line
with the study of [38], recognizes the multifaceted benefits of
green spaces, including carbon sequestration, temperature
regulation, stormwater management, biodiversity
conservation, and human well-being enhancement. In tandem
with the study of [19]; prioritizing green infrastructure
investments, integrating nature-based solutions into planning
and development processes, and fostering cross-sectoral
collaboration, cities, and industries can leverage the power of
green spaces to address the complex challenges posed by
climate change and create a more resilient, and energy-
efficient environment. The findings of this study underscore
the potential for achieving sustainable communities through
environmental greening and reduced reliance on motorized
transportation, thereby contributing to a decrease in global
carbon emissions as corroborated by the study [39].

This study highlights the role of native vegetation in
making urban ecosystems energy-efficient by including
indigenous plant species in landscaping, reforestation, habitat
restoration, and ecosystem management practices. Native flora
is naturally adapted to the local environmental conditions, such
as temperature ranges, soil types, and precipitation patterns,
which will enhance their ability to withstand climatic changes
and thus reduce the need for costly energy inputs to maintain
the landscape. Integration of native plant species into urban
environments allows energy efficiency to be improved through
natural cooling and shading processes, thereby reducing the
use of artificial air conditioning and heating systems. It also
supports carbon sequestration by indigenous vegetation,
further taking some pressure off the urban carbon footprint and
contributing to efforts to fight against climate change. This
provides not only a more robust urban ecosystem but also
supports biodiversity conservation, leading to long-term
environmental and community benefits. Harnessing native
plant species within a Green Infrastructure strategy is
beneficial both in terms of reduced cost, maintenance, and
resource consumption as a means of attaining an increase in
energy efficiency; it also creates increased ecosystem
resilience through the role that native plants play, finally
preparing urban areas to develop sustainably with more
potential to be resilient against climate-driven stressors.

Moreover, according to the results in [40], the focus on
native species of plants in land management and restoration
efforts  strengthens ecosystem resilience, safeguards
biodiversity, sequesters carbon, and supports sustainable
development while respecting and conserving local ecological
heritage. It is also critical that urban landscapes utilize native
plants for energy-efficient environments because such species
are already adapted to local climatic conditions, require less
water, and need fewer maintenance activities, thereby reducing
demand for energy-intensive resources. Increased urban tree
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cover can play a large role in energy efficiency: by providing
shade, and cooling urban heat islands, the need for air
conditioning in nearby buildings becomes less, therefore
reducing energy consumption. In addition to that, urban trees
bring relief to stormwater drainage systems, reduce urban
flooding, and improve water quality by filtering pollutants
before reaching water bodies.

Notably, urban green spaces with a dense tree cover
provide recreation opportunities, cultural amenities, as well as
aesthetic value, hence improving the quality of life among the
citizens of a metropolitan area. Such places are vital in
enhancing environmental quality and stimulating sustainable
urban development. As stated by [41], municipalities that
emphasize tree planting and investment in green infrastructure
can enhance resilience in the cities while creating a less
energy-consuming  environment. They have several
ecological, social, and economic benefits, hence consideration
in the development of sustainable and resilient communities.
This would raise an increasing call for the adoption of a
biophilic approach to bring in ecological resilience and
alleviate the consequences of climate change. In addition,
incorporating natural elements into urban designs, such as
natural lighting, plants, water features, and views of nature,
could significantly improve energy efficiency. As pointed out
by [42], biophilic design emulates natural ecosystems and
increases human well-being and happiness by fostering a
relationship with the natural world. Also, integrating biophilic
principles into urban and architectural settings can stimulate
community interaction, provide open outdoor areas that are
accessible, and offer social spaces for activities, recreation,
and cultural events all of which reinforce a sustainable and
energy-efficient urban environment.

6. Conclusion

The contribution of this study shows that adaptive
strategies using local ecological assets, such as native plant
species and green infrastructure, provide a feasible manner of
achieving energy efficiency and resilience. By integrating
these strategies into urban planning and design, municipalities
can address climate-related challenges while enhancing
ecological health, social well-being, and economic vitality at
the same time. These methodologies not only reduce
environmental impacts but also foster a more sustainable
future for both urban and rural communities. This research
employs a sustainable framework, highlighting methodologies
that improve energy efficiency and promote resilient urban
ecosystems. Key strategies recognized include the
augmentation of urban tree canopies, the enhancement of
functional green spaces, the application of innovative
landscaping methods, and the restoration of wetlands. These
interventions are meant to mitigate the adverse effects brought
about by urbanization and align with the SDGs, specifically
Goal 11 (Sustainable Cities and Communities), Goal 13
(Climate Action), and Goal 15 (Life on Land). With a focus on
sustainability, these goals address high-priority environmental
concerns and long-term urban resilience.

The integration of green infrastructure into urban design is
highly important in terms of energy efficiency. Green building

technologies and materials reduce energy consumption by
enhancing insulation and reducing emissions, while functional
green spaces and urban tree canopies create natural cooling
systems that reduce reliance on artificial air conditioning. This
integrated approach not only minimizes energy demand but
also greenhouse gas emissions, thus making the urban
environment more sustainable and livable. The preservation of
native plant species and restoration of wetland areas form
integral parts of this methodology. In maintaining biodiversity
and reinforcing the ecosystems, these initiatives inherently
stabilize urban temperature fluctuations, enhance air quality,
and develop habitats for indigenous species. Wetlands, in
particular, are important regulators of stormwater and flood
impact reduction, hence strengthening both ecological and
urban resilience. Through the incorporation of these
environmentally conscious approaches, the research highlights
the significance of merging ecological conservation with
energy-efficient and resilient urban design. Such initiatives not
only protect Nigeria's natural heritage but also establish a
foundation for improving urban sustainability and responding
to forthcoming environmental challenges.

The findings of this study have shown the need for
collaboration among Nigerian policymakers, educational
administrators, instructors, business people, and researchers to
initiate a campaign to create awareness in the country of
climate change and its impact on energy efficiency in urban
areas. Further collaboration among governmental, para-
governmental, and non-governmental organizations is thus
indispensable to encourage the formation of climate-resilient
infrastructure that enhances energy efficiency in urban areas
for sustained urban development. For instance, the Nigerian
Government’s National Climate Change Policy and Response
Strategy should integrate specific measures to improve energy
efficiency in the built environment while, at the same time,
building resilience to the effects of climate change.

In addition, the professional bodies should be advised: the
Nigerian Institute of Architects and the Nigerian Society of
Engineers; to adopt building standards or regulations that
prescribe  energy  efficiency  within  construction
methodologies. These can help in making buildings use less
energy and enable the provision of lower emissions and other
structures that have been engineered to respond fittingly
towards the challenges faced due to climate change. Moreover,
the application of efficient innovations in adaptation and
mitigation strategies should be one of the major focuses while
upgrading human capacities and infrastructure energy
efficiency. This is in line with the National Adaptation Plan
(NAP) adopted by the Nigerian Federal Ministry of
Environment in 2020, which called for collaborative efforts in
addressing the energy challenges presented by climate change.
In this regard, regional training workshops are needed to build
the capacities of stakeholders so that they can integrate energy-
efficient measures into state development plans. The study,
however, is mindful of some limitations, including the lack of
meteorological data in the study region and the non-existence
of comprehensive databases of experts in the built
environment. Despite these challenges, the study marks the
requirement for good policy and practice designs to improve
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energy efficiency and reduce climate change in urban Nigeria.

A future research project-based case study proposed in this
study focuses on implementing and evaluating adaptive
strategies for enhancing energy efficiency and resilience in
Nigeria’s urban landscapes. For example, a pilot project could
be conducted in a densely populated Lagos neighbourhood
where environmental challenges are acute. The study would
begin with a baseline assessment of energy consumption,
building performance, and the existing state of green
infrastructure. Subsequently, adaptive interventions such as
integrating indigenous flora, installing green roofs, and
retrofitting buildings with energy-efficient Technologies
would be implemented in collaboration with local authorities
and community stakeholders. This case study would offer
practical insights into the real-world impacts of adaptive
strategies, serving as a model for similar initiatives in other
developing urban areas.
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Abstract - Silicon-based electronic devices as a three-terminal field-effect transistor is predictably reached to its extreme
limitation by getting its channel length below the 10nm regime technology and suffering from numerous scaling drawbacks. As
a technology progress, replaced of a new material in transistor channel is considered. Therefore, due to excellent properties, new
material as a Nano Scrolls are purposed. These replacements for the traditional silicon-based FET, plays a significant role to
increasing the electronic devices speed and performance. However, shrinking of the device dimensions led to challenges such as
leakage current, short channel effects, high power consumption, interconnect difficulties and quantum effects, these Nano-device
and Nano-structures are the perfect candidate to overcome the scaling problems. In the present paper investigation of the channel
scaling and the charge carrier mobility behavior as one of the most remarkable characteristics for modeling of nanoscale Metal
Oxide field-effect transistors is considered. This numerical mobility model of charge carrier is modeled analytically for the
Graphene Nano scroll Field-Effect Transistor, in which the carrier concentration, channel length and channel’s resistance
characteristics are highlighted. According to these carrier mobility model of GNS-based FET transistor, the carrier’s mobility
versus carrier concentration is decreased. Moreover, the channel length increasing caused to growing the channel current. By
increasing the channel length, the channel resistance and carrier mobility is ignorable declined. The temperature rising decreases
the carrier’s mobility and the channel length expanding increases the mobility. Finally, comparison of the model by experimental
results, supports the acceptability of model and can maintenance the appropriately of the model outcomes by experimental.

Keywords: Graphene Nano Scroll, Carrier mobility, MOSFET, carrier concentration, channel length, temperature.

14]. The metallic and semiconductor performance are
considered by changing in overlapped surface of rolling in
GNS. The edge forms of GNS can be zigzag or armchair types
and GNSs are specified by them. The zigzag GNS (ZGNS)

: Ll . - tallic and semiconductor properties. It is described
and thermal properties, has applications in many scientific possess metalll . . .
fields, such as nan electronics devices. Graphene Nano scrolls by (n, 0) ch_|ra||ty nur_nber. Wh'le (n-1) is multiple of 3 . ZGNS
(GNSs)and Graphene Nano Ribbons (GNRs), as a new have metallic properties and in the other value of n, the ZGNS

category of quasi-one-dimensional (1D) carbon-based material is semiconducting[15].
by their excellent electrical and optical properties, have
attracted academics attention in the fields of materials science
as shown in Fig.1. There are superior properties such as high
optical, electrical and mechanical possessions of GNSs like as
graphene and Carbon Nano Tube(CNT). The armchair (n, n),
zigzag (n,0), and chiral (n, m), as an open multi-walled carbon
nanotubes (MWCNTS) are different morphologies of a GNSs
with tubular[1] [2, 3]. For example, the structural stability of
some of GNS is depended on overlapped surface of rolling. [4-

1. Introduction

One-atom-thick of carbon atoms by sp2-hybridized in the
honeycomb network with promising electrical, mechanical,

Short channel effects in the transistor channel of Metal
Oxide Semiconductor Field effect transistors as an important
challenge in Silicon technology is considered.

Moreover, hot carrier effects and self-heating are main
device problems on Silicon based technology. The efforts for
replacing the new ways to overcome to this delinquent by
candidate material lead to consideration to graphene derivation.
The Graphene Nano scroll based transistor channel, due to their

123


mailto:balizadeh@gelisim.edu.tr

INTERNATIONAL JOURNAL of ENGINEERING TECHNOLOGIES-UET

Arashloo, Vol.9, No.4, 2024

uniformity and atomically perfect edge structure, very slim
width below 1 nm, and necessary electronic properties is an
appropriate assortment to FET. In the present work, it is
proposed GNS based as a novel replacement channel structure
to overwhelmed the short channel effect problems[16, 17].

Graphene Nano Scroll

Figure 1: graphene sheet Structure and made of GNS by rolling it
into spiral form.

In this case, a better guaranty to performance of Nano
scale(FETSs) device is determined than the other micro scaling
devices. As was mentioned, challenges such as short channel
effects due to reduction the device dimensions led to short
channel effects, quantum effects, leakage current, high power
consumption, interconnect difficulties. Selecting of new
materials and device structures to resolve these complications
plays a respectable role in achievement of greater productions.
As a nomination the GNS structure can satisfy our focus ideas
as a channel in Nano scale MOSFETSs. As designated, single-
gated structure and GNS-based channel MOSFET considered
in Figure 2(a, b). The MOSFET based on GNS is assumed and
modeled the channel resistance and delay time of carrier in the
channel by carrier concentration and mobility. The result is
compared by experimental which are in agreement with the
recent theoretical predictions [1, 18-20].

2.  Model

The carrier's route between crashes will lead to unilateral
movement under applied field. Therefore, a drift velocity is
produced by them. This drift velocity v, is in the direction of
force gE and so that the transmission carriers will produce
current. By average velocity of carrier, v,, at any non-zero
value of field E, the mean time between interaction or

dispersion t and an effective mobility linking the velocity to E
is considered as [21]v,, = pE = an E , where q is the charge
carrier, and m* is effective mass. Furthermore, delay time
relation in low-field by p0 is determined by [21]7T = m by

assumptiont = V—,where LO is the mean free path dlstance of
T

the carrier (which this amount varies between 0.5 and 5nm [22]
amounts) and V- is the thermal velocity. Moreover ,we calculate
the mobility of GNS for small amount of E as;

UoGNR = q*—L‘;vl- that is linked by the thermal energy
m*Vry
Vr = M) [21] ; where v; represents the intrinsic velocity.

In this work for presenting of the mobility in small amount of
E, the GNS parabolic band energy model is hired. By

considering v; = VT ,the delay time and the mobility [21]

is obtained as a functlon of Vras;

q Lo (O(TD
Hogns = Vo 1(@ €]
Ly Go(m)
Ty 1o @

where LO is the mean free path distance of the carrier , the
thermal energy(V;) , ¢ is fermi integral order 0 and _71 and 7 is
delay time of carrier.

Furthermore, the ion migration flux based on electron drift
is given by Jo; = uFn; ;where F = 297 s the gradient of the

local electrostatic potential and « is flxmg factor [23] (-V¥)
which is its limit at the top and bottom electrode voltages is
between 0V and V¢ (source and drain electrode), respectively
[24];therefor the drain to source ion flux is achieved by [24];
Joa = —HEVW.ny = —ptng Vg ®3)
ch ch
where q is the electric charge, L., = L is the channel length, u
is the mobility of the carriers and n; is the carrier concentration

which is defined as [25];

kB (x) 12
= 3h2 J 1+ exp (x—rlf)
_ 2m*kgT 4
= T 1(77) 4

By considering the (3) equation can obtain the resistance of
channel as:
w W q%alL,

R=—— =1 —
Lo, T Low V7

2kyT
m*mh?

() &)
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Where w is the channel width. By plotting the resistance of
channel and carrier mobility by changing channel length and
L, = 3nm , reducing of the resistance by growing in amount
of the carrier mobility is performing. These variation is plotted
for channel length between 20 and 100nm in Fig.3.As shown
in Fig.3 by increasing the channel length the variation rate is
more intense than shorter channels, although these changing
are not more noticeable.

S Gate

(b)

Figure 2 (a, b): Schematic of proposed GNR- based
MOSFET. (a)device and (b)the cross section.

As asignificant note , the carrier mobility rises with overlap
region and remains constant as it reaches GNS Fermi mobility.
Therefor signifying ballistic transport near the Fermi point is
occurred. According to degenerate and non-degenerate
regimes definition, within the band gap, Fermi level with the
distance more than 3KBT from either the conduction or
valence band edge demonstrates a non-degenerate condition,
and within 3KBT of either band edge or lies inside a band is
performed the degenerate regime[24]. As shown in the Fig.4(a)
the mobility of carrier is reduced by carrier concentration at
room temperature and in the shorter channel with less mobility
the slop of variation is more tense than longer channel.

<1076
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Figure 3. plotting the resistance of channel and carrier
mobility by changing channel length.lt means that in the
transistor by shorter channel current is higher than extended
one.

Moreover, the temperature effect on the mobility is shown
in the Fig.4(b). The mobility variation by carrier concentration
by temperature variation between 300°K < T < 700°K is
shown in the Fig.4(b). According to model result by growing
the temperature mobility is reduced and the amount of

decreasing for shorter channel is larger. The (1-V) characteristic
of channel plotted in the Fig4. (c). The linear relation between
current and voltage is seen in the channel. The shorter channel
has higher current.

The light emission controlled, powerfully anisotropic
optical absorption, charge-carrier transport limitation and/or
ballistic transport, make one-dimensional nanostructures
perfect building blocks for applications in electronic,
optoelectronic and highly photonic integrated circuits.
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Figure 4. The carrier mobility variation in the channel by
carrier concentration. (a) The channel length variation by
carrier concentration for different channel length in Nano scale
from (20nm < L < 100nm).(b)the mobility variation by
temperature in the 40nm channel length in the room
temperature.(c) The Current-voltage characteristics of channel
for different channel length(20nm < L < 100nm).

Recently, is focused on the high (terahertz) frequency
devices based on these one-dimensional nanostructures,
mainly the semiconductor nanowires and carbon nanotubes
[17, 26]. As an alternative, these study results confirmed the
significant potential of GNS applications in the silicon-based
FETSs. It can be concluded that the proposed GNS-based FET
would be proper for being employed in different applications
of Nano-biotechnology. To support the analytical model
results, it is compared by experimental consequences which
are shown in the Fig.5. Ballistic transport is defined as freely
particle traveling in one direction without more collision by
another atom, impurities and defects. It means the mean free
path of particles can be reduced and also, it is extended rather
to the dimension of particle moving route in the Nano-scale.
According to comparison the model supports the experimental
grades and the suitable and acceptable outcomes are obtained
in the ballistic transports of carriers in the concentration higher
than 10°cm™=2[27]. The model is following the general model
by a good approximately as shown in Fig. (5).

3.  Conclusion

The GNS can be an innocent candidate to promising
material of the Nano electronic devices in the new subsequent
generation. The notable thermal, electrical, mechanical
properties such as, high carrier mobility, quantum transport,
long spin-diffusion length and thermodynamic stability made
great potential applications in Nano electronics. In this
research, the charge carrier mobility, delay time and
concentration of carrier’s charge of graphene Nano scroll-
based MOSFET is analytically modeled and the carrier
concentration, resistance of the channel dependency on
mobility are emphasized. According to analytical results, the

charge carrier mobility is improved by channel length and also,
channel resistance is decreased by charge carrier mobility. In
the other words the shorter channel length by shrinking device
dimension and less carrier’s mobility and then high channel’s
resistance is obtained. The carrier mobility is increased due to
the current flow and extra carrier creating in the channel length
by increasing the applied voltage in the across of the channel.
Therefore, in the shorter dimension the applied voltage is
smaller and power consumption is less than the others.
Furthermore, by increasing the applied voltage across the
channel the mobility is increased due to the current flow and
extra carrier creating in the channel length. By -carrier
concentration falling, carrier mobility is amplified in GNS-
based FET. As a consequence, the analytical model is
appropriate for being employed in different applications of
nanotechnology. Consequently, the model is compared by
experimental results and shown the acceptable outcomes to
support the model.
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