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> Sera Etkisi
» Sera Gazlari

* Dogal sera gazlari
* Sentetik sera gazlari
* Dolaylh sera gazlari
» Biyojeokimyasal donguler
* Karbon doéngusi
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Dunyanin Ortalama Sica

» Bir onceki derste Jean Fourier'in, diinyanin bu kadar sicak
olmamasi gerekir seklindeki distncesi belirtilmisti...

» Dunyayi bir Kara Cisim (Blackbody) olarak kabul edersek
DUnyanin ortalama sicakligint hesaplamak icin Stefan Boltzman
<anunu'nu kullanabiliriz.

» Kara Cisim: lizerine gelen tim dalga boylarindaki radyasyonu
%100 absorbe eden gercekte olmayan ideal (teorik) cisim.
Daha sonra kara cisim radyasyonu sicakligina bagli olarak yayar.
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All incident
radiationis
absorbed
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Emitted Radiationis only a function
of Radiator’s Temperature

https://pages.uoregon.edu/imamura/123cs/lecture-1/bb.html
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Diinyanin Glnesten gelenMu abs”

» Glnesten Diinyaya gelen yillik radyasyon:
»S=1372 W /m?
»S: Solar sabit

» GUnes radyasyonunun Dlinya Uizerinde tR% disk alanina ulastig
diustnuldiginde, absorplanan enerji

>E = SttR?

absorplanan



Stefan Boltzman !anun_n -

>FE = gAT*

» E: Kara cismin toplam enerji yayma hizi (Watt veya J/sn)
» o Stefan Boltzman sabiti (5.67x10°% W m? / T4)

» T: Sicaklik (K)

» A: Kara cismin ylzey alani

» Yilizey alani olarak 4nR? yazilirsa Diinyanin yansittigi eneriji:
> E = o(47tR?)T* olarak yazilir.

yansiyan



Dunyanm Ortalama Sica

» Eabsorplanan = Eyansiyan
» SnR? = o(4nR?) T4
= (S/4c) V4 = (1372 W/m?2 /(4 x 5.67x108 W m?2 / T4)) = 297 K
» Gercekte giines radyasyonunun %100'l absorbe edilmez.
%30'u albedo (A) sebebiyle uzaya yansir.

» Bu bilgi dikkate alininca diinyanin ortalama sicakligi:

= (S*(1-A)/4c) Y4 = (1372 W/m? *(1-0.3) / (4 x 5.67x108 W
m? / T4)) = 255 K (-18°C) hesaplanir.



Sera Etkis

» Sera etkisi, 1sinin "sera gazlari" olarak bilinen maddeler
tarafindan Dunya yuzeyinin yakininda hapsedildigi strectir.

» Sera gazlar1 gezegeni saran bir battaniye gibi diistintlebilir.

» Sera etkisi hic olmasaydi Diinya'nin ortalama sicakligi 15°C
verine -33°C daha soguk olacakti (-18°C) ve Dinya yasam icin
elverissiz olacakti.



Sera Etkisi

The greenhouse effect makes life on Earth possible
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Greenhouse effect
H,0 20.6 °C
CO, 1.2°C
0, 24°C
N,O 1.4 °C

CH, 08°C 4 The most important =i & ' =
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ATMOSPHERE

o greenhouse gases
" others 06°C C0,CH, N.0 O,
Summed up: 33.0°C

>

15 °C - 33 °C = - 18°C|

Temperature now — Greenhouse effect = Temperature without greenhouse effect




» Komir, petrol ve dogalgaz gibi fosil yakitlarin yakilmasi
havadaki CO, miktarini artirir. Bu yakitlari neden yakiyoruz?
Elektrik Gretimi, 1sitma, ulasim ve endustriyel faaliyetler icin.

» Gubre uygulamasi gibi hayvancilik ve tarim faaliyetleri havadaki
sera gazi miktarini artirir.

» Ormansizlagsma: Ormanlar CO, yutaklaridir. Ormanlarin yok
edilmesi havada daha fazla CO, kalmasina neden olur.

» Duzensiz atik depolama alanlari.



Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into space’ ’.‘ into space




Dogal Sera Gazlar

> Karbondioksit (CO,) Nitrous oxide (N,0)
» Metan (CH,)

O CO=0
» Diazot monoksit (N,0) m m

» Su buhari (H,0) Water vapor (H,0)
» Ozon (0O,)

Carbon
dioxide (CO,)

Methane (CH,)



entetik Sera Gaz}arl - I -

» 1930'lu yillardan sonra sanayi B 8?:6
faaliyetleri sonucu atmosfere - *_,
gonderilen gazlardir. | I o
.Y F_|_F
» Kloroflorokarbonlar (CFC'ler) T e Tl F/ ? \F
» Hidroflorokarbonlar (HFC'ler) \ I h F

» Perflorokarbonlar (PFC'ler)
» Kikurt hegzaflorur (SF)

sulfr herafluoride



Dolayll S

era Gazlar
> Kgndi baslarina sera etkisi » Azot oksitler (NOx)
gostermezler. > Metan disi ucucu organik
» Yer seviyesinde ozon bilesikler (NMVOC)

olusumuna sebep olduklarii¢in 3 Karbon monoksit (CO)
dolayli sera gazi olarak

bilinirler.

> Yer seviyesi ozonu azot
oksitlerin ucucu organik
bilesikler ile glines 1s1g1
altindaki reaksiyonu sonucu
olusur.

» CO, ozon olusumunda katalizor
gorevi gorur.



m oOzellikleri

‘Sera gazlari ve titresi

» Sera gazlari, diinyanin yaydigi
dalga boylarinda 1sig1 emen
"kizilotesi aktif" titresim
modlarina sahip molekullerden
olusur.

» Kizilotesi aktif modlar asimetrik
olarak titresir ve bu asimetrik
titresimler 6nemli miktarda isig
emebilen tek titresimlerdir.

Asymmetrical stretch
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Symmetrical stretch
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Vertical bend

https://teara.govt.nz/en/diagram/6142/vibrating-molecules
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Sera Gazi Emilim Spe
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Kiresel Isinma Po!ansF I -

» Sera gazi emisyonlarini 6lcmek icin ortak bir 6lcege ihtiyac
vardir.

» Genellikle CO, referans gazi olarak alinir.

» Diger gazlarin miktarlari ise Kiiresel Isinma Potansiyeli (GWP)
degerleri sayesinde "CO, esdegerine” donusturalir.



Kliresel Isinma Potan

Global warming potential (GWP) values relative to CO;

GWP values for 100-year time horizon

Industrial

desi _ hemical | Second Fourth Fifth Assessment
esignation Chemical formula Y Agcessment Assessment | Report (AR5)
e, Report (SAR) [ Report (AR4)

name

Carbon dioxide CO, 1 1 1

Methane CHq4 21 25 28

Nitrous oxide N>O 310 298 265

Detayli liste igin:
https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-
Values%20%28Feb%2016%202016%29 1.pdf



https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20(Feb%2016%202016)_1.pdf
https://www.ghgprotocol.org/sites/default/files/ghgp/Global-Warming-Potential-Values%20(Feb%2016%202016)_1.pdf

Global greenhouse gas emissions by gas

Greenhouse gas emissions are converted to carbon dioxide-equivalents (CO,eq) by multiplying each gas by its

100-year ‘global warming potential’ value: the amount of warming one tonne of the gas would create relative to
one tonne of CO, over a 100-year timescale. This breakdown is shown for 2016.

Our World
in Data

F-gases
(HFCs, CFCs, SF,)
2.1%

Carbon dioxide (CO,) Methane (CH,)

74 AY, 17.3%

|
Nitrous oxide (N,O)
6.2%
OurWorldinData.org - Research and data to make progress against the world’s largest problems.
Source: Climate Watch, the World Resources Institute (2020).

Licensed under CC-BY by the author Hannah Ritchie.



Global greenhouse gas emissions by seclor SUMGEE

- . - In Data
4 This is shown for the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
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OurWorldinData.org - Research and data to make progress against the world's largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).
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Sera Gazl Emisyon

World Total: 37150 MtCO:

https://globalcarbonatlas.org/emissions/carbon-emissions/



https://globalcarbonatlas.org/emissions/carbon-emissions/

Sera Gazl Emisy

Territorial (MECO:)

Rank Country MECO-
1 11397 =
2 5057
3 2830
= Russian Federation 1652
s Japan 1054
¢ Indonesiz 729
T Iran 691
8 Germany 666
3 5audi Arabia 663

10 -Korea 601
11 [Canada 548
12 JMExito 512
13 ['Brazil 484
14 Turkey 436
15 South Africa 404
16 | Australia 392
17 [Wigtnam 344
18 | Italy 338
19 Poland 323
20 | United Kingdom 319
21 France 298
22 -laysia 291
23 -l'wan 278

https://globalcarbonatlas.org/emissions/carbon-emissions/
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Emisyon miktan (milyon ton CO,

esdegeri)
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https://cevreselgostergeler.csb.gov.tr/seragazi-emisyonlari-i-85722
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https://cevreselgostergeler.csb.gov.tr/seragazi-emisyonlari-i-85722

Turkiye'nin !era !!zlulm -

(Mt CO; esd.) (Ton CO, esd /kisi)
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https://data.tuik.gov.tr/Bulten/Index?p=Sera-Gazi-Emisyon-Istatistikleri-1990-2022-53701
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https://data.tuik.gov.tr/Bulten/Index?p=Sera-Gazi-Emisyon-Istatistikleri-1990-2022-53701

Sektorlere Gore Emis_
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1990 yilina gore degisim orani (%)

 Endistriyel islemer ve Grin kullanim — Tarumsal faalyetier e Atk 1900 valina gore degisim (36)

https://cevreselgostergeler.csb.gov.tr/sektorlere-gore-toplam-seragazi-emisyonlari-i-101864
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Sanayi Devriminden !U !am Sfere Ath

n N M m
> Crp, = €02 — Nc _ Ma ¢
Ng Nq M, mg

» CO, :422.71 ppm (Agustos 2024 - https://www.co2.earth/)

g 12x1073
29%x10~3

> Amg = mg - ACgo; = 5.2 X 10
280 x 1076)
> Am, = 3.07 x 10Y*kg = 307 milyar ton

. (422.71 x 1076 —

Daniel J. Jacob'un "Introduction to Atmospheric Chemistry"
kitabindan uyarlanmistir.


https://www.co2.earth/
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Biyojeokimyasal Dongule -- -

» Organik molekullerin yapisinda bulunan 6 temel element
(karbon, oksijen, hidrojen, azot, fosfor, kukdrt) cesitli kimyasal
formlarda hava kirede (atmosfer), su kiirede (hidrosfer) ve tas
kurede (litosfer) yer alir.

» Maddelerin bu kiirelerde ve canli varliklar icerisindeki hareketi
donglisel olarak gerceklesir.

» Bu dongllerde biyolojik ve kimyasal reaksiyonlar ile jeolojik
surecler rol oynar.
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Karbon Dongusu

Karbon

» Atmosferde karbondioksit formunda

» Hidrosferde karbondioksit ve bikarbonat halinde

» Litosferde komur, dogalgaz, petrol ve kirectasi olarak
» Biyosferde organik maddelerin temel yapitasi halinde
yer alir.
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5306 P. Friedlingstein et al.: Global Carbon Budget 2023

The global carbon cycle

9.6+05 / Atmospheric CO,
+5.2
885 GtC
3.3+ 0.8 o 28+0.4
¢ | )

0.000003

Vegetation 80
. o0 G Dissolved
Gas reserves ® O ) inorganic carbon
115 GtC . J 80 37 000 GtC
® Organic carbon Marine
Oil reserves Permafrost . Rivers . O g700 GtC biota
230 GtC 1400 GtC Soils and lakes 3GtC
Coasts ()
1700 GtC 10-45 GtC  Surface
® sediments
Coal reserves 1750 GtC
560 GtC

Budget imbalance -0.4

Anthropogenic fluxes 2013-2022 average GtC per year

A Fossil CO, E J/ Landuptake S, @ Stocks GtC
Land-use change E 4, Ocean uptake S, + Atmospheric increase G,;,,
L CDR notincludedin E, Carbon cycling GtC per year B Budgetimbalance B,

Figure 2. Schematic representation of the overall perturbation of the global carbon cycle caused by anthropogenic activities, averaged
globally for the decade 2013-2022. See legend for the corresponding arrows. Flux estimates and their | standard deviation uncertainty are
as reported in Table 7. The uncertainty in the atmospheric CO, growth rate is very small (+£0.02 GtC yr_l) and is neglected for the figure.
The anthropogenic perturbation occurs on top of an active carbon cycle, with fluxes and stocks represented in the background and taken from
Canadell et al. (2021) for all numbers, except for the carbon stocks in coasts, which is from a literature review of coastal marine sediments
(Price and Warren, 2016). Fluxes are in gigatonnes of carbon per year (GtC yr‘l) and reservoirs in gigatonnes of carbon (Gt C).

https://doi.org/10.5194/essd-15-5301-2023
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Ozetle
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» Atmosferdeki sera gazlarinin miktarinin artmasi bir hava kirliligi
problemidir ve sera etkisini kuvvetlendirmektedir.

» Fosil yakitlarin tiketilmesi tas kiirede bulunmasi gereken
karbonu, karbondioksit olarak hava kiireye gondermektedir.

» Karbon donglisiiniin bozulmasi sera etkisini
cuvvetlendirmektedir.
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