DERS 2: iklim Degisikligi, Kiiresel Isinma ve Sera Etkisi

Lesson 2: Climate Change, Global Warming and the Greenhouse Effect

Program: Sanayide Surdirilebilirlik, iklim Degisikligi ve Karbon Ayak izi Egitimi

Kinye Aciklama

Hedef Ogrenciler, sanayi calisanlari ve uzmanlar
kitle
Bu Hava durumu ve iklim ayrimi, iklim sistemi, dogal ve glclenen sera etkisi, kiiresel iIsinma ve iklim degisikligi, baslica sera

materyalin gazlar, gdstergeler, asiri hava olaylarinin degerlendirilmesi, sanayi ile iklim degisikligi arasindaki iki yonlu iliski. Hesaplama
kapsami yOntemleri sonraki derslerde ele alinir.

Bilgi Eylul 2026

guncelligi

ilgili Sonraki derste iklim degisikligiyle kiiresel miicadele siireci, Paris Anlasmasi, net sifir yaklasimi ve Birlesmis Milletler
dersler Surdurulebilir Kalkinma Amacglari ele alinir. Faaliyet verisi, emisyon faktori, kiiresel isinma potansiyeli ve karbondioksit

esdegeri hesaplari programin ilerleyen derslerindedir.

Ogrenme ciktilari

Bu materyali tamamlayan kisi sunlari yapabilir:

e Hava durumu ile iklim arasindaki farki aciklar.

e iklim sisteminin bilesenlerini ve Diinya'nin enerji dengesini tanimlar.

e Dogal sera etkisi ile insan faaliyetleriyle gliclenen sera etkisini birbirinden ayirir.
e Kiresel iIsinma ile iklim degisikliginin ayni kavram olmadigini aciklar.

e Baslica sera gazlarini ve bunlarin sanayideki kaynaklarini sayar.

e Asiri hava olaylarini tehlike, maruziyet ve kirilganlik gergevesinde degerlendirir.
e Sanayi kuruluslarinin iklim degisikligiyle iki yonli iliskisini aciklar.

1. Giris: iki yaygin soru

iki soru bu dersin cikis noktasidir:

e Bir kis gininun beklenenden gok soguk gegcmesi, kiiresel iIsinmanin olmadigi anlamina gelir mi?
o Belirli bir bélgedeki tek bir sel olayl dogrudan iklim degisikligine baglanabilir mi?

iki sorunun dogru yanitlanmasi icin hava durumu, iklim, kiiresel 1sinma ve sera etkisi kavramlarinin ayrilmasi gerekir.
Gundelik konusmada bu kavramlar birbirinin yerine kullanilir. Oysa her biri farkl bir olguyu agiklar.

iklim degisikligi yalnizca cevresel bir konu degildir. Uretim, kaynak kullanimi, tedarik zinciri ve isletme siirekliligi acisindan
da énemlidir.

2. Hava durumu ve iklim arasindaki fark

Hava durumu, belirli bir yerde ve belirli bir zamanda gdzlenen kisa sureli atmosfer kosullaridir. Yagmur, gtnesli bir gtn,
glclenen riizgar, disen gece sicakligi ve sabah sisi hava durumu gézlemleridir. Hava durumu saatler, glnler veya birkag
hafta icinde 6nemli 6lclide degisebilir. Glnlik hava tahminleri bu kisa dénemli kosullara yoneliktir.

iklim cok daha uzun bir zaman élcegini ifade eder. Bir bélgedeki sicaklik, yadis, nem, riizgar ve mevsimsel kosullarin
uzun yillar boyunca gosterdigi genel 6rlintl o boélgenin iklimidir. Yazlari sicak ve kurak, kislari serin ve yagish olan bir
bdlge bunun érnegdidir. Serin gegen tek bir yaz glinli bu uzun dénemli 6riintlyl ortadan kaldirmaz.

iklim yalnizca uzun dénem sicaklik ortalamasi degildir. Mevsimlerin yapisi, yillar arasindaki degiskenlik, yagislarin
dagilimi, kurak dénemlerin uzunlugu ve asiri olaylarin gértilme bigimi de iklimin pargasidir.

Ozellik Hava durumu iklim
Zaman Olgegi Saatler, ginler, birkag hafta Uzun yillar boyunca 6rintu
Sordugu soru Bugun veya bu hafta ne yasiyoruz? Kosullar uzun yillar iginde nasil bir dizen gdsteriyor?

Ornek Yarin yvagmur vagmasi Boélagenin vazlarinin aenel olarak sicak ve kurak olmasi



Bu ayrimdan iki sonug ¢ikar:

e Tek bir soguk gin, kiiresel isinmanin olmadi§i anlamina gelmez. Tek bir sicak giin de iklim degisikligini tek basina
kanitlamaz.

o iklim degisikligini degerlendirmek icin uzun dénemli gézlemlere bakilir. Bunlar sicaklik egilimleri, yagis dizenleri, kar
ve buz 0rtlsU, deniz seviyesi, okyanus kosullari ve asiri olaylarin zaman igindeki 6rintistdur ve birlikte
degerlendirilir.

Hava durumu ile iklim ayri kavramlardir ama iliskisiz degildir. GUnlik hava olaylari icinde bulundugumuz iklim sistemi
icinde gerceklesir. iklim degistikce belirli hava kosullarinin olusma olasiligi ve ortaya ciktigi ortam da degisebilir.

3. iklim sistemi ve Diinya'nin enerji dengesi

iklim, tek bir degisken tarafindan belirlenen basit bir yapi degildir. Atmosfer, okyanuslar, kara ylizeyi, nehirler ve géller,
kar ve buz 6rtisu ile canli sistemler birbirleriyle strekli etkilesim i¢cindedir. Bu bilesenlerin timu iklim sistemini olusturur.

Bilesen iklim sistemindeki rolii

Atmosfer Hava olaylarinin gergeklestigi ve sera gazlarinin bulundugu katmandir.

Okyanuslar BUyUk miktarda isiy1 depolar ve akintilarla farkli bélgelere tasir.

Kara ylzeyi Bitki ortlsa, toprak yapisi, rengi ve nem durumu, Glines'ten gelen enerjinin ne kadarinin yansitilacagini veya tutulacagini
etkiler.

Kar ve buz Gelen isinimin énemli bir bélimand geri yansitir. Daha koyu kara ve deniz ylzeyleri daha fazla enerji sogurabilir.

ortusu

Canli sistemler Ormanlar, tarim alanlari, sulak alanlar ve diger ekosistemler karbon, su ve enerji dongulerinin pargasidir.
Enerji akisi

iklim sisteminin temel enerji kaynagi Giines'tir. Glines'ten Diinya'ya ulasan enerji ile Diinya'dan uzaya geri yayilan enerji
arasindaki denge, gezegenin sicakliginda temel rol oynar.

Gelen enerjinin bir b6lima bulutlar, atmosfer ve Dunya yuzeyi tarafindan uzaya geri yansitilir.

Kalan b6élim kara ve deniz ylizeyleri tarafindan sogurulur ve ylzeyi isitir.

Isinan ylzey, aldigi1 enerjinin bir b6limdnd yeniden atmosfere ve uzaya yayar.

Yizeyden yayilan bu enerji GUnes'ten gelen isinimla ayni 6zellikte degildir. Dinya ylzeyi enerjiyi blyUk dlctide
kizilotesi 1sinim, yani 1sI enerjisi biciminde geri yayar.

PwnNH

Sera etkisini anlamak icin bu enerji akisini bilmek gerekir.

4. Dogal sera etkisi

Sera etkisi cogu zaman yalnizca olumsuz bir cevre sorunu sanilir. Oysa dogal sera etkisi, Diinya'daki yasamin
surdUrulebilmesi icin gerekli olan temel bir fiziksel strectir.

Nasil isler

Gulnes'ten gelen enerjinin bir bolima ylzeye ulasir ve kara ile denizleri isitir.

Isinan ylzey enerjiyi kizilétesi 1sinim olarak atmosfere geri yayar.

Atmosferdeki bazi gazlar bu kizilétesi enerjinin bir bolGminl sogurur.

Sogurulan enerji farkli yonlere yeniden yayilir. Bir bolimU uzaya gider, bir bélimi ylzeye ve alt atmosfere doner.
Sonug olarak ylzey ve alt atmosfer, sera gazlarinin hic bulunmadigi bir duruma goére daha sicak kalir.

vk wNe

Sera gazlari olmasaydi Dinya'nin ortalama kosullari bugiin bildigimiz yasam bigimleri icin cok daha elverissiz olurdu. Bu
nedenle dogal sera etkisinin kendisi zararh degildir.

Dikkat: Atmosfer cam ortii degildir. Atmosfer, Dinya'nin cevresine gecirilmis kati bir cam 6rti degildir. Isi da
atmosfer icinde tamamen kapali kalmaz. Enerjinin bir b6lumu surekli olarak uzaya ¢ikmaya devam eder. Sera
gazlarinin etkisi, Dlinya'dan yayilan kizilétesi enerjiyle etkilesime girmeleri ve enerji akisini degistirmeleridir.



Dogal sera gazlari

Baslica dogal sera gazlari su buhari, karbondioksit, metan, diazot monoksit ve ozondur. Bu gazlar dogal siireglerle de
atmosferde bulunur. Okyanuslar, topraklar, bitkiler, canhlarin solunumu, sulak alanlar ve dogal yanginlar karbon ve diger
gazlarin dogal dongulerine katkida bulunur.

Dogal kaynaklarin bulunmasi, insan faaliyetlerinden kaynaklanan ilave emisyonlarin 6nemsiz oldugu anlamina gelmez.

iki kavrami ayirmak

Dogal sera etkisi Guclenen sera etkisi
Nedeni Dogal diizeyde sera gazlarinin bulunmasi insan faaliyetleriyle sera gazi yogunluklarinin artmasi
Yasam icin 6nemi Gereklidir Enerji dengesini degistirir ve uzun dénemli sicaklik artisini destekler
Sorun mu? Hayir Evet

iklim degisikligi tartismalarinda sorun sera etkisinin varligi degildir. Sorun, insan faaliyetlerinin bu dogal siireci
guclendirmesidir.

5. Guclenen sera etkisi, kuresel iIsinma ve iklim degisikligi

insan faaliyetleri atmosferdeki sera gazi miktarini artirdiginda Diinya'dan yayilan kizildtesi enerjiyle etkilesim giiclenir.
iklim sisteminde tutulan enerji miktari artar ve uzun dénemli ortalama sicaklklar yikselir.

o Kiiresel isinma, Dlinya'nin ortalama ylizey sicakligindaki uzun dénemli artistir.
« iklim degisikligi daha genis bir siirectir. Sicaklik artisi atmosferde, okyanuslarda, kara ylzeylerinde, buz értiisiinde
ve su donglsilinde ¢ok sayida degisimi harekete gegirebilir.

iklim degisikligi kapsaminda gériilebilecek degisimler:

e Buharlasma kosullari degisebilir.

e Yagislarin miktari, zamani ve mekansal dagilimi farklilasabilir.

e Kar ortlstnin siresi ve buzullarin yapisi degisebilir.

e Deniz seviyesi, okyanuslarin isinmasi ve kara buzlarinin kaybindan etkilenebilir.
e Mevsimsel dongulerde kaymalar olabilir.

e Bazi asiri olaylarin goriilme olasiligi, stresi veya siddeti degisebilir.

iklim degisikligi, havalarin her yerde ayni dlciide 1sinmasi anlamina gelmez. Bazi bélgelerde daha yogun yagislar, bazi
bolgelerde daha belirgin kuraklik ve su stresi gorilebilir. Ayni kiresel egilim farklh bolgelerde farkl yerel sonuglar
dogurabilir.

Neden-sonuc zinciri

insan faaliyetleri sera gazi yogunluklarini artirir.

Artan sera gazlari Dinya'nin enerji dengesini degistirir.

Enerji dengesindeki degisim kiiresel ortalama sicakhgin ytikselmesine katkida bulunur.
Sicakhk artisi ve onunla baglantili siirecler daha genis iklim sisteminde degisikliklere yol acar.

e

Bu nedenle kiresel 1sinma, iklim degdisikliginin tamami degildir. Onun temel bilesenlerinden ve itici streglerinden biridir.

Guncel bilimsel durum (Eylil 2026)

Gosterge Deger Kaynak ve yil
Kiresel ylizey sicakhdindaki artis 1,09 °C (olasi aralik 0,95 ile 1,20 °C). Kara lzerinde 1,59 °C, okyanus lzerinde ' IPCC AR6 WGI, SPM,
(2011-2020, 1850-1900'e gore) 0,88 °C 2021

Tek yil degeri (2025, 1850-1900'e 1,44 + 0,13 °C. Sekiz veri setinin ikisi 2025'i en sicak ikinci yil, altisi Gglinct yil  WMO, 2026
gore) olarak siraladi

Atmosferdeki CO2 (2019) 410 ppm. Son en az 2 milyon yilin en yuksek dizeyi, 1750'ye gore yaklasik IPCC AR6 WGI, SPM,
%47 artis 2021

Atmosferdeki metan (2019) ve CHa 1.866 ppb, N20 332 ppb IPCC ARG Sentez

diazot monoksit (2019) Raporu, 2023

Kiresel ortalama konsantrasyonlar CO02 423,9 ppm, CH4 1.942 ppb, N20 338 ppb. CO: artisi 2023'ten 2024'e 3,5 WMO Sera Gazi
(2024) ppm ile élgiimlerin basladigi 1957'den beri en blylk artistir Bulteni No. 21,



2025

Mauna Loa CO2 (Agustos 2026 aylik 427,55 ppm (Agustos 2025: 425,48 ppm). Aylik degerler mevsimsel dongu NOAA GML, 2026
ortalama) gOsterir, yillik ortalama ile dogrudan karsilastiriimamalidir

Net insan kaynakli sera gazi 59 = 6,6 GtCOz2e. 2010'a gore yaklasik %12, 1990'a gdre yaklasik %54 ylksek IPCC AR6 Sentez
emisyonlari (2019) Raporu, 2023

insan faaliyetlerinin, baslica sera gazi emisyonlari yoluyla, kiiresel isinmaya kuskusuz neden oldugu IPCC AR6 Sentez
Raporu'nda belirtiimektedir.

Not: Bu tablodaki degerler farkl kurumlarin, farkli yontem ve dénemlerle yayimladigi verilerdir. Birbirleriyle dogrudan
toplanmamali ya da karsilastirilmamalidir. Degerler diizenli olarak giincellendigi icin kullanimdan 6nce ilgili kurumun
son yayinina bakilmahdir.

6. Baslica sera gazlari ve insan faaliyetleri

iklim degisikligi acisindan éne cikan baslica insan kaynakli sera gazlari karbondioksit (CO2), metan (CH.), diazot
monoksit (N20) ve florlu sera gazlanidir. Bu gazlarin atmosferde kalma sureleri ve birim miktar basina iklim
Uzerindeki etkileri birbirinden farklidir.

Sanayiyle ilgili

Baslica insan kaynakli emisyon kaynaklari

ornekler
Karbondioksit = Komir, petrol ve dogal gazin elektrik Gretiminde, 1sinmada, ulasimda ve sanayi tesislerinde Kazanlar, firinlar,
(CO2) kullanimi. Cimento gibi bazi proseslerde yakittan bagimsiz proses emisyonlari. Orman kayiplari ve  jeneratorler, cimento
arazi kullanimi degisiklikleri uretimi
Metan (CHa) Petrol ve dogal gaz sistemlerindeki kacaklar, kémur madenciligi, hayvancilik, organik atiklarin Enerji ve atik
ayrismasi, duzenli depolama alanlari, bazi tarimsal faaliyetler sektorleri, gida ve

tarima dayal sanayi

Diazot Tarimsal topraklar ve azotlu gubre kullanimi. Bazi kimyasal ve endustriyel prosesler Kimya sanayi

monoksit

(N20)

Florlu sera Cogunlukla insan Gretimi gazlardir. Sogutma ve klima sistemleri, bazi yangin séndirme sistemleri,  Chiller, soguk oda,

gazlan elektrik ekipmanlari, 6zel sanayi uygulamalari klima, elektrik
ekipmanlari

Orman kayiplari ve arazi kullanimi degisiklikleri, depolanmis karbonun aciga cikmasina ve atmosferden karbon tutma
kapasitesinin azalmasina neden olabilir. Florlu gazlarin salinan miktari disik olsa bile i1si tutma etkileri gtglu olabilir.

Karbondioksit esdegeri

Butln sera gazlarinin iklim Gzerindeki etkisi ayni degildir. Bir kilogram metan ile bir kilogram karbondioksitin etkisi esit
kabul edilmez. Bu nedenle sera gazi envanterlerinde farkl gazlar ortak bir birimde ifade edilir. Bu birim karbondioksit
esdegeridir (COze). Bu yaklasim farkl gazlarin etkilerinin karsilastirilmasini ve tek bir toplam altinda raporlanmasini
saglar.

Bu materyalde hesaplama ayrintisina girilmez. Faaliyet verileri, emisyon faktorleri, kiresel isinma potansiyelleri (KIP) ve
COze hesaplar programin sonraki derslerinde islenir.

Yalnizca fikir vermesi icin, IPCC AR6'daki 100 yillik KIP degerleri soyledir: CO:z icin 1, fosil kaynakl CHa icin 29,8, fosil
olmayan kaynakli CHa icin 27,0, N20 icin 273 (IPCC AR6 WGI, Bolim 7, Tablo 7.15, 2021. GHG Protocol'lin Agustos 2024
tarihli KIP tablosunda da yer alir). Kullanilacak KIP degerleri hangi standart veya diizenlemeye gbre rapor hazirlandigina
baghdir. Bu konu ilgili derste ele alinacaktir.

Temel iliski sudur: Enerji, sanayi, ulasim, tarim, arazi kullanimi, atik ve sogutma sistemleri gibi farkli faaliyetler farkli sera
gazlarinin atmosfere salinmasina neden olabilir.

Giincel durum: Sektorel emisyon paylarn (2019, kiiresel)

Sektor Pay Miktar
Enerji arzi %34 20 GtCOze

Sanayi %24 14 GtCOze



Tarim, ormancilik ve diger arazi kullanimi (AFOLU) %22 13 GtCOz2e
Ulastirma %15 8,7 GtCOze

Binalar %6 3,3 GtCOz2e
Kaynak: IPCC AR6 Sentez Raporu, Uzun Rapor, 2023. Paylar yuvarlandidi icin toplam %100'U biraz asabilir.
7. iklim degisikliginin géstergeleri

iklim degisikligi tek bir gézlem veya gosterge Gzerinden degderlendirilmez. Bilim insanlari iklim sisteminin farkli
bilesenlerinden elde edilen ¢ok sayida uzun dénemli gozlemi birlikte inceler.

Gosterge alani Neye bakilir

Sicaklik Kara ve deniz ylzeyi sicaklik kayitlari

Okyanus Yuzey sicakhiginin yaninda farkli derinliklerde depolanan isi

Buz ve kar Dag buzullari, kutup bolgelerindeki buz 6rtiisti, mevsimsel kar ortlsi

Deniz seviyesi Uzun dénemli degisim. Okyanuslarin isinmasi ve kara buzlarinin degisimiyle baglantili incelenir
Yagis Miktarin yaninda mevsim, stire ve yogunluk

Canlilar Bitkilerin gelisme donemleri, karin yerde kalma siresi, bazi tlrlerin mevsimsel davranislari

Bu goOstergelerin 6nemi, birbirinden bagimsiz cok sayida gézlemin genel olarak tutarli bir tablo ortaya koymasidir.

Kuresel ortalama bir egilim her bélgede ayni sonucun ortaya cikacagl anlamina gelmez. Etkiler bélgenin cografyasina, su
kaynaklarina, arazi kullanimina, ekosistemlerine ve sosyoekonomik kosullarina gore farklilasir. Bu ytzden kuresel
egilimler ile yerel ve bolgesel etkiler ayri degerlendirilmelidir.

8. Asint hava olaylar ve iklim degisikligi

iklim degisikligi ile asir hava olaylari arasindaki iliski dikkatli ve bilimsel olarak dogru bicimde aciklanmalidir.

Belirli bir sel, firtina, kuraklik veya sicak hava dalgasi cogunlukla tek bir nedene bagh degildir. Dogal iklim degiskenligi,
bdlgenin cografi 6zellikleri, hava sistemleri, arazi kullanimi, kentlesme, altyapi kosullari ve insan faaliyetleri ayni olayin
olusumunda veya yaratacadi zararda rol oynayabilir. Bu nedenle her asiri hava olayinin dogrudan ve yalnizca iklim
degisikligi nedeniyle meydana geldigini sdylemek dogru degildir.

Bununla birlikte iklim degisikligi bazi olaylarin meydana gelme olasiligini, stresini veya siddetini degistirebilir:

iklim degisikliginin olasi etkisi

Sicak hava Daha yuksek ortalama sicakliklar nedeniyle daha yuksek bir baslangi¢ dizeyinde olusabilir.
dalgalan

Kuraklik ve su stresi = Artan sicaklik ve buharlasma bazi bdlgelerde toprak nemini azaltarak kosullari agirlastirabilir.

Siddetli yagis Daha sicak bir atmosferin su dongusu tzerindeki etkileri, uygun kosullarda siddetli yagislarin ézelliklerini
degistirebilir.
Yanginlar Sicak, kuru ve rizgarh kosullarin birlesmesi yanginlarin baslamasi ve yayilmasi igin daha elverisli ortam yaratabilir.

Giincel durum (IPCC AR6 WGI, 2021): Sicaklik uclarinin (sicak hava dalgalari dahil) 1950'lerden beri cogu kara
bélgesinde daha sik ve daha siddetli hale geldigi neredeyse kesindir. insan kaynakli iklim degisikliginin bu artisin ana
itici glict oldugu belirtilir. Siddetli yagisin sikhidi ve yogunlugu, yeterli verinin bulundugu ¢ogu kara alaninda
1950'lerden beri artmistir ve insan kaynakli iklim degisikliginin bunun muhtemelen ana itici glicti oldugu
degerlendirilir. Tarimsal ve ekolojik kurakliklardaki artisa insan kaynakli iklim degisikliginin bazi bolgelerde katki
yaptigi orta glivenle degerlendirilir.

Tehlike, maruziyet ve kirilganhk
Bir doga olayinin afete doniismesi yalnizca fiziksel tehlikenin siddetine bagh degildir.

Unsur Anlami Sanayiden oérnek

Tehlike Zarara yol agabilecek fiziksel olay veya egilim Siddetli yagis, taskin, sicak hava



dalgasi

Maruziyet insanlarin, tesislerin, yollarin ve diger varliklarin tehlike altinda bulunan bélgelerde Fabrikanin taskin yataginda kurulu
yer almasi olmasi

Kirilganhk Binalarin, altyapinin, Gretim sistemlerinin ve topluluklarin olaya karsi ne kadar Yetersiz drenaj, bakimi yapiimamis
dayaniksiz oldugu ekipman

Erken uyari, bakim, sigorta, acil durum planlari, altyapi kalitesi ve kurumsal hazirlik kapasitesi olusabilecek zarar 6nemli
Olclide etkiler. Bu nedenle iklim riski degerlendirmelerinde U¢ unsur birlikte ele alinir: tehlike, maruziyet ve kirilganlik.

iklim degisikligi cogu zaman mevcut tehlikeleri yaratan tek neden degildir. Bazi tehlikelerin olasihigini veya siddetini
artirabilen bir risk carpanidir.

Sik yapilan hatalar

e Tek bir soguk giint kiiresel isinmanin yokluguna kanit saymak.

o Tek bir sel, firtina veya sicak hava dalgasini dogrudan ve yalnizca iklim degisikligine baglamak.
o Dogal sera etkisini zararli saymak.

o Atmosferi DUnya'yl saran cam bir 6rtu gibi distinmek.

o Kiresel iIsinma ile iklim degisikligini ayni kavram saymak.

o Afet riskini yalnizca tehlikenin siddetine baglamak, maruziyet ve kirilganlhigi atlamak.

9. Sanayi faaliyetlerinin iklim uzerindeki etkisi

Sanayi ile iklim degisikligi arasindaki iliski iki yonladur. Birinci yon sanayi kuruluslarinin sera gazi emisyonlaridir.

Emisyon kaynagi Ornekler

Elektrik ve yakit Uretim tesisinde kullanilan elektrik ve yakitlar dogrudan veya dolayli emisyona neden olabilir
kullanimi

Yakit yakan Kazanlar, firinlar, jeneratorler, sirket araglari, forkliftler, is makineleri

ekipman

Proses emisyonlari = Cimento, metal, kimya ve benzeri sektorlerde Uretim prosesinin kendisinden olusan emisyonlar
Kagak emisyonlar Klima, chiller, soguk oda ve bazi yangin sondirme sistemlerindeki gaz kagaklari

Deger zinciri Hammadde Uretimi ve tasinmasi, Urtnlerin musterilere ulastiriimasi, ambalaj, atiklarin islenmesi ve disaridan alinan
hizmetler dolayli emisyon yaratabilir

Sanayi yalnizca emisyon kaynadi olan bir aktor degildir. Dlslk karbonlu donlisimin gerceklesecegi temel alanlardan
biridir. Donlsim secenekleri:

e Enerji verimliligi

e Yenilenebilir enerji kullanimi

e Proses iyilestirmesi

o Malzeme verimliligi

e Atiklarin azaltilmasi ve déngusel tretim
e Daha dustk emisyonlu teknolojiler

Amac Uretimi ortadan kaldirmak degildir. Amac Uretimin emisyon yogunlugunu azaltmak, kaynak verimliligini artirmak ve
daha surdurdlebilir Gretim modelleri gelistirmektir.

Turkiye baglami

¢ Ulusal envanter: TUIK verilerine gére Tiirkiye'nin toplam sera gazi emisyonu 2024 yilinda 584,5 milyon ton CO:ze,
kisi basina emisyon 6,8 ton COze olmustur. Sektér paylari enerji %71,8, endustriyel prosesler ve Grtn kullanimi
%12,9, tarim %12,6, atik %2,6 bicimindedir. Bu rakamlar arazi kullanimi, arazi kullanimi degisikligi ve ormancilk
(LULUCF) haric toplam emisyonu gdsterir. Enerji sektdéri COz emisyonlarinin %85,9'unu olusturur (TUIK, Sera Gazi
Emisyon istatistikleri 1990-2024, 27 Mart 2026).

e iklim Kanunu: 7552 sayil iklim Kanunu 9 Temmuz 2025 tarihli ve 32951 sayili Resmi Gazete'de yayimlanmistir.
Kanun, yesil blylime vizyonu ve net sifir emisyon hedefiyle iklim degisikligiyle miicadeleyi diizenler. Ulusal bir
emisyon ticaret sistemi cercevesi kurar, sinir 6tesi karbon diizenleme mekanizmasi kurulmasina imkan tanir ve sera
gazi emisyon izni gibi yakamlulUkler getirir. Uygulama ayrintilari ikincil mevzuatla belirlenir. Uygulama takvimi
degisebilecegdi icin glincel durum resmf kaynaktan kontrol edilmelidir.



10. iklim degisikliginin sanayi Gzerindeki etkisi

iliskinin ikinci yénu, iklim degisikliginin sanayi kuruluslarn (izerindeki etkisidir.

Etki alanm Olasi sonug

Cahlisan saghgi ve Asiri sicakhklar ¢alisanlarin sagligini, is gtvenligini ve Uretkenligini etkileyebilir.

verimlilik

Enerji ve maliyet Yuksek sicakliklar sogutma ihtiyacini artirarak enerji tiiketimini ve maliyetleri yukseltebilir.

Su Su stresi, Uretimde su kullanan isletmeler icin operasyonel kisitlar yaratabilir.

Fiziksel hasar Siddetli yagis ve taskinlar fabrika binalarina, makinelere, depolara, enerji altyapisina ve ulasim baglantilarina zarar
verebilir.

Tedarik zinciri Tesis zarar gérmese bile bir tedarikginin etkilenmesi hammadde akisini durdurabilir. Liman, yol, demiryolu veya

enerji sebekesi kesintileri bitln deger zincirini etkileyebilir.

Ekonomik ve Karbon maliyetleri, yeni diizenlemeler, musteri beklentileri, ihracat kosullari, finansman kriterleri ve raporlama
duzenleyici etkiler yukamlualtkleri rekabet giictini etkileyebilir.

iklim degisikligi sanayi kuruluslari icin yalnizca cevresel bir mesele degildir. Ayni zamanda bir (iretim, maliyet, yatirim,
tedarik zinciri ve isletme sirekliligi meselesidir. iklim riski ayni zamanda isletme riskidir.

Ozet

e Hava durumu kisa siireli atmosfer kosullaridir. iklim ise sicaklik, yadis, mevsimsellik, degiskenlik ve asiri olaylarin
uzun dénemli érintdsadar.

e Dogal sera etkisi Dlinya'daki yasam icin gereklidir. Atmosfer cam ortl degildir.

e Sorun, insan faaliyetlerinin sera gazi yogunluklarini artirarak bu dogal etkiyi gligclendirmesidir.

o Kiiresel 1sinma, Diinya'nin ortalama yiizey sicakhgindaki uzun dénemli artistir. iklim degisikligi bunun yaninda yagis,
su dongusi, buz ortlsl, deniz seviyesi ve asiri olay orlnttlerindeki degisimleri de kapsar.

e Asiri hava olaylari cogunlukla tek nedene baglanmaz. Olaylarin zarari tehlike, maruziyet ve kirilganlikla birlikte
belirlenir.

e Sanayi kuruluslari hem sera gazi emisyon kaynaklarindan biridir hem de iklim degisikliginin fiziksel ve ekonomik
etkilerine maruz kalir.

Bilgi kontrolu (cevaplarniyla)

1. Hava durumu ile iklim arasindaki temel fark nedir? Cevap: Hava durumu belirli yerde ve zamanda kisa sureli
atmosfer kosullaridir. iklim, sicaklik, yagis, mevsimsellik, degiskenlik ve asiri olaylarin uzun yillar icindeki ériintisidr.

2. Olaganiistii soguk bir kis glinii kiiresel isinmanin olmadigini gésterir mi? Cevap: Hayir. Tek bir glin hava
durumudur. iklim degisikligi uzun dénemli gézlemlerle degerlendirilir.

3. Dogal sera etkisi neden gereklidir ve zararli midir? Cevap: Zararl degildir. Yizeyin ve alt atmosferin sera
gazlarinin hi¢ bulunmadigi duruma goére daha sicak kalmasini saglar ve yasam icin gereklidir.

4. Giiclenen sera etkisi nedir? Cevap: insan faaliyetleri sonucunda sera gazi yogunluklarinin artmasiyla dogal sera
etkisinin gli¢clenmesidir. Enerji dengesini degistirir ve uzun donemli sicaklik artisini destekler.

5. Kiiresel 1sinma ile iklim degisikligi ayni1 sey midir? Cevap: Hayir. Kiiresel isinma ortalama ylzey sicakligindaki
uzun dénemli artistir. iklim degisikligi daha genis bir stirectir ve yagis, su déngisi, buz 6értisi, deniz seviyesi ve asiri olay
ortntllerindeki degisimleri de kapsar.

6. Bir metan ile bir karbondioksit kilogrami neden ayni kabul edilmez ve bu sorun nasil ¢éziliir? Cevap:
Gazlarin iklim Gzerindeki etkisi farklidir. Farkli gazlar karbondioksit esdegeri (COz€) biriminde ortak bir dlclye cevrilir.

7. Belirli bir selin nedeni olarak yalnizca iklim degisikligini géostermek neden dogru degildir? Cevap: Olay
dogal degdiskenlik, cografya, hava sistemleri, arazi kullanimi, kentlesme, altyapi ve insan faaliyetleri gibi bircok etkene
bagh olabilir. iklim degisikligi ise olayin olasihdini, siresini veya siddetini degistirebilir.

8. iklim riski degerlendirmesinin iic unsuru nedir? Cevap: Tehlike, maruziyet ve kirilganlik.



9. Sanayi kuruluslar iklim degisikligiyle hangi iki yonden iliskilidir? Cevap: Sanayi hem sera gazi emisyonlarinin
kaynaklarindan biridir hem de iklim degisikliginin fiziksel ve ekonomik etkilerine maruz kalir. Ayni zamanda dislk
karbonlu dontsimun temel alanlarindan biridir.

10. Dogru mu yanlis mi: Sera gazlari atmosferi kapali bir oértii gibi sarar ve i1si uzaya hi¢ cikamaz. Cevap:
Yanhs. Atmosfer kati bir cam 6rtl degildir. Enerjinin bir bolima slrekli uzaya cikar. Sera gazlari, kizilétesi enerjiyle
etkileserek enerji akisini degistirir.

Anahtar kavramlar sozlugu (TR - EN)

Turkge English

hava durumu weather

iklim climate

iklim sistemi climate system

kizilétesi i1sinim infrared radiation

dogal sera etkisi natural greenhouse effect
guclenen sera etkisi enhanced greenhouse effect
sera gazl greenhouse gas (GHG)
kuresel 1Isinma global warming

iklim degisikligi climate change

karbondioksit esdegeri (COze) carbon dioxide equivalent (COze)

kuresel 1Isinma potansiyeli (KIP) global warming potential (GWP)

proses emisyonlari
kagak emisyonlar
dogrudan emisyon
dolayh emisyon
sera gazl envanteri
tehlike

maruziyet
kirilganhk

risk carpani
azaltim / uyum
net sifir

sinir 6tesi karbon dizenleme mekanizmasi (SKDM)

Kaynaklar ve guincellik notu

process emissions
fugitive emissions
direct emission
indirect emission
GHG inventory
hazard

exposure
vulnerability

risk multiplier
mitigation / adaptation
net zero

Carbon Border Adjustment Mechanism (CBAM)

e IPCC, Climate Change 2021: The Physical Science Basis, Working Group | katkisi, Karar Vericiler icin Ozet (SPM) ve
Bolim 7, 2021. https://www.ipcc.ch/report/ar6/wgl/

IPCC, Climate Change 2023: Synthesis Report, Uzun Rapor, 2023. https://www.ipcc.ch/report/ar6/syr/longer-report/
IPCC, Climate Change 2022: Impacts, Adaptation and Vulnerability, Working Group Il katkisi, 2022 (tehlike,
maruziyet ve kirilganlik gercevesi). https://www.ipcc.ch/report/ar6/wg2/

WMO, State of the Global Climate 2025, WMO-No. 1391, 2026 ve basin aciklamasi WMO confirms 2025 was one of
warmest years on record. https://wmo.int/news/media-centre/wmo-confirms-2025-was-one-of-warmest-years-record

WMO, Greenhouse Gas Bulletin No. 21, Ekim 2025. https://wmo.int/resources/publication-series/greenhouse-gas-bull
etin/wmo-greenhouse-gas-bulletin-no-21

NOAA Global Monitoring Laboratory, Trends in Atmospheric Carbon Dioxide (Mauna Loa). https://gml.noaa.gov/ccgg/
trends/

GHG Protocol, IPCC Global Warming Potential Values, Agustos 2024. https://ghgprotocol.org/sites/default/files/2024-
08/Global-Warming-Potential-Values%20(August%202024).pdf

TUIK, Sera Gazi Emisyon Istatistikleri, 1990-2024, 27 Mart 2026.

T.C. Resmi Gazete, 7552 sayili iklim Kanunu, 9 Temmuz 2025, sayi 32951.



https://www.ipcc.ch/report/ar6/wg1/
https://www.ipcc.ch/report/ar6/syr/longer-report/
https://www.ipcc.ch/report/ar6/wg2/
https://wmo.int/news/media-centre/wmo-confirms-2025-was-one-of-warmest-years-record
https://wmo.int/resources/publication-series/greenhouse-gas-bulletin/wmo-greenhouse-gas-bulletin-no-21
https://gml.noaa.gov/ccgg/trends/
https://ghgprotocol.org/sites/default/files/2024-08/Global-Warming-Potential-Values%20(August%202024).pdf

Guncellik notu: Bu materyaldeki giincel degerler Eyltl 2026 itibariyla erisilebilen kaynaklara dayanir. IPCC AR6 degerleri
2019 ve 2011-2020 dénemlerine aittir. WMO, NOAA ve TUIK verileri her yil glincellenir. Mevzuat ve uygulama takvimleri
degisebilir. Kullanimdan dnce ilgili kurumun son yayini kontrol edilmelidir.




ENGLISH VERSION

LESSON 2: Climate Change, Global Warming and the
Greenhouse Effect

Ders 2: Iklim Degisikligi, Kiiresel Isinma ve Sera Etkisi

Program: Sanayide Sirdirilebilirlik, iklim Degisikligi ve Karbon Ayak izi Egitimi

Profile Description
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Scope of The difference between weather and climate, the climate system, the natural and enhanced greenhouse effect, global
this warming and climate change, the main greenhouse gases, climate indicators, how to assess extreme weather events, and the
material two-way relationship between industry and climate change. Calculation methods are covered in later lessons.
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Related The next lesson covers the global response to climate change, the Paris Agreement, the net zero approach and the United
lessons Nations Sustainable Development Goals. Activity data, emission factors, global warming potential and carbon dioxide

equivalent calculations come later in the program.

Learning outcomes

After completing this material, the learner can:

e Explain the difference between weather and climate.

e Describe the components of the climate system and the Earth's energy balance.

e Distinguish the natural greenhouse effect from the greenhouse effect enhanced by human activities.
e Explain why global warming and climate change are not the same concept.

e List the main greenhouse gases and their sources in industry.

e Assess extreme weather events using hazard, exposure and vulnerability.

e Explain the two-way relationship between industrial organizations and climate change.

1. Introduction: Two common questions

Two questions frame this lesson:

e Does an unusually cold winter day mean that global warming is not happening?
e Can a single flood in one region be attributed directly to climate change?

Answering both correctly requires separating the concepts of weather, climate, global warming and the greenhouse
effect. In everyday speech these terms are often used interchangeably, but each describes a different phenomenon.

Climate change is not only an environmental issue. It also matters for production, resource use, supply chains and
business continuity.

2. The difference between weather and climate

Weather is the short-term atmospheric conditions observed at a specific place and time. Rain, a sunny day, stronger
wind, a falling night temperature and morning fog are weather observations. Weather can change significantly within
hours, days or a few weeks. Daily forecasts address these short-term conditions.

Climate refers to a much longer time scale. The general pattern of temperature, precipitation, humidity, wind and
seasonal conditions in a region over many years is that region's climate. A region with hot, dry summers and cool, wet
winters is an example. A single cool summer day does not erase this long-term pattern.



Climate is not only a long-term average temperature. The structure of the seasons, year-to-year variability, the
distribution of precipitation, the length of dry spells and the way extreme events occur are also parts of climate.

Feature Weather Climate

Time scale Hours, days, a few weeks Pattern over many years

Question it answers What are we experiencing today or this week? How do conditions behave over many years?
Example Rain tomorrow A region's summers being generally hot and dry

Two conclusions follow:

e Asingle cold day does not mean global warming is not happening. A single hot day does not prove climate change
on its own.

e Assessing climate change requires long-term observations. These include temperature trends, precipitation
patterns, snow and ice cover, sea level, ocean conditions and the pattern of extreme events over time, evaluated
together.

Weather and climate are separate concepts but they are not unrelated. Daily weather events take place within the
climate system we live in. As the climate changes, the likelihood of certain weather conditions and the setting in which
they occur can also change.

3. The climate system and the Earth's energy balance

Climate is not a simple structure determined by one variable. The atmosphere, oceans, land surface, rivers and lakes,
snow and ice cover and living systems interact continuously. Together these components form the climate system.

Component Role in the climate system

Atmosphere The layer where weather occurs and where greenhouse gases are found.
Oceans Store large amounts of heat and transport it to different regions through currents.
Land surface Vegetation, soil structure, color and moisture affect how much of the incoming solar energy is reflected or retained.

Snow and ice cover Reflect a large share of incoming radiation. Darker land and sea surfaces can absorb more energy.

Living systems Forests, agricultural land, wetlands and other ecosystems are part of the carbon, water and energy cycles.

Energy flow

The Sun is the main energy source of the climate system. The balance between the energy reaching the Earth from the
Sun and the energy radiated from the Earth back to space plays the central role in the planet's temperature.

Part of the incoming energy is reflected back to space by clouds, the atmosphere and the Earth's surface.

The remainder is absorbed by land and ocean surfaces and warms the surface.

The warmed surface radiates part of the energy it received back to the atmosphere and to space.

This energy is not the same kind of radiation as sunlight. The Earth's surface returns energy mostly as infrared
radiation, that is, heat energy.
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Understanding the greenhouse effect requires understanding this energy flow.

4. The natural greenhouse effect

The greenhouse effect is often seen only as an environmental problem. In fact, the natural greenhouse effect is a
basic physical process that is necessary to sustain life on Earth.

How it works

Part of the energy from the Sun reaches the surface and warms land and oceans.

The warmed surface radiates energy back to the atmosphere as infrared radiation.

Some gases in the atmosphere absorb part of this infrared energy.

The absorbed energy is re-emitted in different directions. Part of it goes to space and part returns toward the
surface and lower atmosphere.

5. As a result, the surface and lower atmosphere stay warmer than they would be if no greenhouse gases were
present.

PN



Without greenhouse gases, the Earth's average conditions would be far less suitable for the ways of life we know today.
Therefore, the natural greenhouse effect itself is not harmful.

Caution: The atmosphere is not a glass cover. The atmosphere is not a solid glass cover placed around the
Earth. Heat does not stay completely enclosed in the atmosphere. Part of the energy continues to escape to space all
the time. Greenhouse gases work by interacting with the infrared energy emitted from the Earth and changing the
energy flow.

Natural greenhouse gases

The main natural greenhouse gases are water vapor, carbon dioxide, methane, nitrous oxide and ozone. These gases are
also present in the atmosphere through natural processes. Oceans, soils, plants, respiration of living organisms, wetlands
and natural fires contribute to the natural cycles of carbon and other gases.

The existence of natural sources does not mean that additional emissions from human activities are insignificant.

Separating the two concepts

Natural greenhouse effect Enhanced greenhouse effect

Cause Presence of greenhouse gases at natural levels Rising greenhouse gas concentrations from human activities
Importance for life  Necessary Changes the energy balance and supports long-term warming
Is it a problem? No Yes

In the climate change debate, the problem is not the existence of the greenhouse effect. The problem is that human
activities strengthen this natural process.

5. The enhanced greenhouse effect, global warming and climate change

When human activities increase the amount of greenhouse gases in the atmosphere, their interaction with infrared
energy emitted from the Earth becomes stronger. The amount of energy retained in the climate system increases and
long-term average temperatures rise.

e Global warming is the long-term increase in the Earth's average surface temperature.
¢ Climate change is a broader process. Rising temperature can set off many changes in the atmosphere, oceans,
land surfaces, ice cover and the water cycle.

Changes that can occur within climate change:

e Evaporation conditions may change.

e The amount, timing and spatial distribution of precipitation may differ.

e The duration of snow cover and the structure of glaciers may change.

e Sea level may be affected by ocean warming and loss of land ice.

e Seasonal cycles may shift.

e The likelihood, duration or intensity of some extreme events may change.

Climate change does not mean that every place warms by the same amount. Some regions may see heavier rainfall,
while others may see more pronounced drought and water stress. The same global trend can produce different local
outcomes in different regions.

The cause-and-effect chain

Human activities increase greenhouse gas concentrations.

Rising greenhouse gases change the Earth's energy balance.

The change in energy balance contributes to a rise in global average temperature.

The temperature rise and related processes lead to changes in the wider climate system.

e

Therefore, global warming is not the whole of climate change. It is one of its main components and driving processes.

Current scientific status (September 2026)

Indicator Value Source and year



Global surface temperature increase 1.09 °C (likely range 0.95 to 1.20 °C). Over land 1.59 °C, over oceans 0.88 IPCC AR6 WGI, SPM,

(2011-2020, relative to 1850-1900) °C 2021

Single-year value (2025, relative to 1.44 = 0.13 °C. Two of eight datasets ranked 2025 the second warmest WMO, 2026

1850-1900) year and six ranked it third

Atmospheric CO2 (2019) 410 ppm. Highest in at least 2 million years, about 47% above 1750 IPCC AR6 WGI, SPM,
2021

Atmospheric methane (2019) and CH4 1,866 ppb, N20 332 ppb IPCC AR6 Synthesis

nitrous oxide (2019) Report, 2023

Global mean concentrations (2024) CO2 423.9 ppm, CH4 1,942 ppb, N20 338 ppb. The CO:2 rise from 2023 to WMO Greenhouse Gas

2024 was 3.5 ppm, the largest since measurements began in 1957 Bulletin No. 21, 2025

Mauna Loa CO2 (August 2026 monthly = 427.55 ppm (August 2025: 425.48 ppm). Monthly values follow a seasonal NOAA GML, 2026

mean) cycle and should not be compared directly with annual means

Net anthropogenic GHG emissions 59 = 6.6 GtCOze. About 12% higher than 2010 and about 54% higher than | IPCC AR6 Synthesis

(2019) 1990 Report, 2023

IPCC ARG states that human activities, principally through emissions of greenhouse gases, have unequivocally caused
global warming. This statement appears in the IPCC AR6 Synthesis Report.

Note: The values in this table come from different institutions, methods and periods. They should not be added
together or compared directly. Because values are updated regularly, check the latest publication of the relevant
institution before use.

6. Main greenhouse gases and human activities
The main human-caused greenhouse gases for climate change are carbon dioxide (COz), methane (CHa4), nitrous

oxide (N20) and fluorinated greenhouse gases. These gases differ in how long they stay in the atmosphere and in
their climate effect per unit amount.

Industry-related

Main human-caused emission sources

examples
Carbon Use of coal, oil and natural gas for electricity generation, heating, transport and industrial Boilers, furnaces,
dioxide facilities. Process emissions independent of fuel use in some processes such as cement. generators, cement
(CO2) Deforestation and land-use change production
Methane Leaks in oil and gas systems, coal mining, livestock, decomposition of organic waste, landfills, Energy and waste sectors,
(CHa) some agricultural activities food and agriculture-based
industry
Nitrous Agricultural soils and nitrogen fertilizer use. Some chemical and industrial processes Chemical industry
oxide (N20)
Fluorinated = Mostly human-made gases. Refrigeration and air conditioning, some fire suppression systems, Chillers, cold rooms, air
greenhouse  electrical equipment, specialized industrial applications conditioning, electrical
gases equipment

Forest loss and land-use change can release stored carbon and reduce the capacity to remove carbon from the
atmosphere. Even when released in small amounts, fluorinated gases can have strong heat-trapping effects.

Carbon dioxide equivalent

Not all greenhouse gases have the same climate effect. One kilogram of methane and one kilogram of carbon dioxide are
not treated as equal in effect. Therefore, GHG inventories express different gases in a common unit. This unit is carbon
dioxide equivalent (CO:ze). The approach allows the effects of different gases to be compared and reported under a
single total.

This material does not go into calculation detail. Activity data, emission factors, global warming potentials (GWP) and
CO:ze calculations are covered in later lessons of the program.

For orientation only, the 100-year GWP values in IPCC AR6 are: 1 for COz, 29.8 for fossil methane, 27.0 for non-fossil
methane and 273 for N2O (IPCC AR6 WGI, Chapter 7, Table 7.15, 2021. Also listed in the GHG Protocol GWP table of
August 2024). The GWP values to use depend on the standard or regulation that a report follows. This topic is covered in
the relevant lesson.



The basic relationship is this: different activities such as energy, industry, transport, agriculture, land use, waste and
refrigeration systems can release different greenhouse gases into the atmosphere.

Current status: Sector shares of emissions (2019, global)

Sector Share Amount

Energy supply 34% 20 GtCO2e
Industry 24% 14 GtCOze
Agriculture, forestry and other land use (AFOLU) 22% 13 GtCOze
Transport 15% 8.7 GtCOze
Buildings 6% 3.3 GtCO2e

Source: IPCC AR6 Synthesis Report, Longer Report, 2023. Because shares are rounded, the total may slightly exceed
100%.

7. Indicators of climate change

Climate change is not assessed from a single observation or indicator. Scientists examine many long-term observations
from different components of the climate system together.

Indicator area What is examined

Temperature Land and sea surface temperature records

Ocean Surface temperature and also heat stored at different depths

Ice and snow Mountain glaciers, polar ice sheets, seasonal snow cover

Sea level Long-term change. Studied together with ocean warming and changes in land ice
Precipitation The amount, and also the season, duration and intensity

Living systems Plant growing seasons, duration of snow on the ground, seasonal behavior of some species

The importance of these indicators is that many independent observations give a broadly consistent picture.

A global average trend does not mean the same result will occur everywhere. Impacts differ with a region's geography,
water resources, land use, ecosystems and socioeconomic conditions. Global trends and local or regional impacts must
therefore be assessed separately.

8. Extreme weather events and climate change

The relationship between climate change and extreme weather events must be explained carefully and in a scientifically
accurate way.

A specific flood, storm, drought or heatwave usually does not have a single cause. Natural climate variability, regional
geography, weather systems, land use, urbanization, infrastructure conditions and human activities can all play a role in
how an event forms or how much damage it causes. Therefore, it is not accurate to say that every extreme weather
event occurs directly and solely because of climate change.

At the same time, climate change can alter the likelihood, duration or intensity of some events:

Event Possible effect of climate change

Heatwaves Can occur from a higher baseline because average temperatures are higher.

Drought and water Rising temperature and evaporation can reduce soil moisture in some regions and worsen conditions.

stress

Heavy rainfall The effects of a warmer atmosphere on the water cycle can change the characteristics of heavy rainfall under

suitable conditions.

Fires Hot, dry and windy conditions together can create a more favorable environment for fires to start and spread.



Current status (IPCC AR6 WGI, 2021): It is virtually certain that hot extremes (including heatwaves) have become
more frequent and more intense across most land regions since the 1950s. Human-induced climate change is
identified as the main driver of this increase. The frequency and intensity of heavy precipitation have increased since
the 1950s over most land areas with sufficient data, and human-induced climate change is likely the main driver.
Human-induced climate change has contributed to increases in agricultural and ecological droughts in some regions,
with medium confidence.

Hazard, exposure and vulnerability

Whether a natural event turns into a disaster does not depend only on the intensity of the physical hazard.

Element Meaning Industrial example

Hazard The physical event or trend that may cause harm Heavy rainfall, flood, heatwave

Exposure People, facilities, roads and other assets being located in hazard-prone areas A factory built on a flood plain

Vulnerability How susceptible buildings, infrastructure, production systems and communities are Poor drainage, unmaintained
to the event equipment

Early warning, maintenance, insurance, emergency plans, infrastructure quality and institutional preparedness strongly
affect the damage that may occur. Climate risk assessments therefore consider three elements together: hazard,
exposure and vulnerability.

Climate change is often not the only cause that creates existing hazards. It is a risk multiplier that can increase the
likelihood or intensity of some hazards.

Common mistakes

e Treating a single cold day as proof that global warming is not happening.

o Attributing a single flood, storm or heatwave directly and solely to climate change.

¢ Regarding the natural greenhouse effect as harmful.

e Picturing the atmosphere as a glass cover around the Earth.

e Treating global warming and climate change as the same concept.

e Basing disaster risk only on hazard intensity and ignoring exposure and vulnerability.

9. The impact of industrial activities on the climate

The relationship between industry and climate change is two-way. The first direction is the greenhouse gas emissions of
industrial organizations.

Emission
Examples
source
Electricity and Electricity and fuels used at a production facility can cause direct or indirect emissions
fuel use
Fuel-burning Boilers, furnaces, generators, company vehicles, forklifts, construction machinery
equipment
Process Emissions from the production process itself in cement, metals, chemicals and similar sectors
emissions
Fugitive Gas leaks from air conditioning, chillers, cold rooms and some fire suppression systems
emissions
Value chain Raw material production and transport, delivery of products to customers, packaging, waste treatment and purchased

services can create indirect emissions

Industry is not only a source of emissions. It is also one of the main areas where the low-carbon transition will take place.
Transformation options include:

e Energy efficiency
e Use of renewable energy
e Process improvement



e Material efficiency
e Waste reduction and circular production
e Lower-emission technologies

The aim is not to eliminate production. The aim is to reduce the emission intensity of production, increase resource
efficiency and develop more sustainable production models.

Turkiye context

« National inventory: According to TUIK, Tiirkiye's total greenhouse gas emissions in 2024 were 584.5 million
tonnes CO:ze, or 6.8 tonnes COze per capita. Sector shares were energy 71.8%, industrial processes and product use
12.9%, agriculture 12.6% and waste 2.6%. These figures show total emissions excluding land use, land-use change
and forestry (LULUCF). The energy sector accounts for 85.9% of CO= emissions (TUIK, Greenhouse Gas Emission
Statistics 1990-2024, 27 March 2026).

e Climate Law: Climate Law No. 7552 was published in the Official Gazette No. 32951 on 9 July 2025. The law
regulates combating climate change with a green growth vision and a net zero emission target. It sets up a
framework for a national emissions trading system, allows the establishment of a carbon border adjustment
mechanism and introduces obligations such as greenhouse gas emission permits. Implementation details are set by
secondary legislation. Because the implementation timeline may change, the current status should be checked
against the official source.

10. The impact of climate change on industry

The second direction of the relationship is the effect of climate change on industrial organizations.

Impact area Possible result

Worker health and Extreme temperatures can affect workers' health, occupational safety and productivity.
productivity

Energy and cost High temperatures can increase cooling demand, raising energy consumption and costs.

Water Water stress can create operational constraints for businesses that use water in production.

Physical damage Heavy rainfall and floods can damage factory buildings, machinery, warehouses, energy infrastructure and transport
links.

Supply chain Even if a facility is not damaged, an affected supplier can stop the flow of raw materials. Disruptions at ports, roads,

railways or power grids can affect the whole value chain.

Economic and Carbon costs, new regulations, customer expectations, export conditions, financing criteria and reporting obligations
regulatory effects can affect competitiveness.

For industrial organizations, climate change is not only an environmental matter. It is also a matter of production, cost,
investment, supply chain and business continuity. Climate risk is also business risk.

Summary

o Weather is short-term atmospheric conditions. Climate is the long-term pattern of temperature, precipitation,
seasonality, variability and extreme events.

o The natural greenhouse effect is necessary for life on Earth. The atmosphere is not a glass cover.

e The problem is that human activities strengthen this natural effect by raising greenhouse gas concentrations.

e Global warming is the long-term increase in the Earth's average surface temperature. Climate change also covers
changes in precipitation, the water cycle, ice cover, sea level and patterns of extreme events.

o Extreme weather events are usually not attributed to a single cause. The damage from an event is determined by
hazard, exposure and vulnerability together.

e Industrial organizations are both a source of greenhouse gas emissions and exposed to the physical and economic
effects of climate change.

Knowledge check (with answers)

1. What is the basic difference between weather and climate? Answer: Weather is short-term atmospheric
conditions at a specific place and time. Climate is the long-term pattern of temperature, precipitation, seasonality,
variability and extreme events over many years.



2. Does an unusually cold winter day show that global warming is not happening? Answer: No. A single day is
weather. Climate change is assessed with long-term observations.

3. Why is the natural greenhouse effect necessary, and is it harmful? Answer: It is not harmful. It keeps the
surface and lower atmosphere warmer than they would be without greenhouse gases and is necessary for life.

4. What is the enhanced greenhouse effect? Answer: It is the strengthening of the natural greenhouse effect as
greenhouse gas concentrations rise through human activities. It changes the energy balance and supports long-term
warming.

5. Are global warming and climate change the same thing? Answer: No. Global warming is the long-term increase
in average surface temperature. Climate change is a broader process that also covers changes in precipitation, the water
cycle, ice cover, sea level and patterns of extreme events.

6. Why are one kilogram of methane and one kilogram of carbon dioxide not treated as equal, and how is
this handled? Answer: The gases have different climate effects. Different gases are converted to a common measure in
the unit carbon dioxide equivalent (COze).

7. Why is it inaccurate to attribute a specific flood solely to climate change? Answer: An event can depend on
many factors such as natural variability, geography, weather systems, land use, urbanization, infrastructure and human
activities. Climate change can change the likelihood, duration or intensity of the event.

8. What are the three elements of a climate risk assessment? Answer: Hazard, exposure and vulnerability.

9. In which two ways are industrial organizations related to climate change? Answer: Industry is both a source
of greenhouse gas emissions and exposed to the physical and economic effects of climate change. It is also one of the
main areas of the low-carbon transition.

10. True or false: Greenhouse gases wrap the atmosphere like a closed cover and heat can never escape to
space. Answer: False. The atmosphere is not a solid glass cover. Part of the energy continues to escape to space all the
time. Greenhouse gases change the energy flow by interacting with infrared energy.

Key concepts glossary (TR - EN)

Tirkge English

hava durumu weather

iklim climate

iklim sistemi climate system

kizilétesi isinim infrared radiation

dogal sera etkisi natural greenhouse effect
gugclenen sera etkisi enhanced greenhouse effect
sera gazi greenhouse gas (GHG)

kdresel 1Isinma global warming

iklim degisikligi climate change

karbondioksit esdegeri (COze) carbon dioxide equivalent (COze)
kiresel 1Isinma potansiyeli (KIP) global warming potential (GWP)
proses emisyonlari process emissions

kagak emisyonlar fugitive emissions

dogrudan emisyon direct emission

dolayh emisyon indirect emission

sera gazl envanteri GHG inventory

tehlike hazard

maruziyet exposure

kinlganhk vulnerability

risk carpani risk multiplier

azaltim / uyum mitigation / adaptation



net sifir net zero

sinir 6tesi karbon dizenleme mekanizmasi (SKDM) Carbon Border Adjustment Mechanism (CBAM)
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