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2021 NOBEL FiziK ODULU

Giorgio Parisi (73) Klaus Hasselmann (89) Syukuro Manabe (90)

“..Kiresel iklim degiskenliginin (klresel isinimin) givenilir
~ ongorulerine yol acan teorik modellemeler.... ”

Stochastic climate models Climatology of a general
Time dependent climate change circulation model

Emergence
over scale

! . Complex Systems

. Self-Organization =
= over time P




SATRANC TAHTASI UZERINDE BUGDAY TANELERI

32 tane =1 gr

1 gram
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DUNYA NUFUSU

~ 170 bin-MO 2000 ~ 160 bin yilda ~ 50 milyar
MO 2000-MS 1800 ~ 4 bin yilda ~ 50 milyar
MS 1800-MS 2020 ~ 200 yilda ~ 18 milyar

M 500 1000 1500 2000 ¢
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GUNES SISTEMI

The Solar System:

Makambke

BAoam

b ]

Phobos

nus  Earh Mars

ijeq Jadiniy

Habitable Zone 50 AU
1 il km. . . . . e .
> eay Giines Sistemi/Evren = *viriis/Diinya ~7.5 milyar km.
7 Lh
Giliines m=2x1030kg (%99,7)
Amc? = 4,3 milyon ton/s

2013 8
E = 3,84 x 1026 Joule/s =



GUNES DUNYA
To= 7757 K r = 6371 km.

9 — 4 2
aEO cly*x4mR e o

P=1,75x101 W

: ®

E,= ®r2/(4 T a?R?) x iEo

ot
Venus
E,= ocT4x4mr?2
’ o =154,4 > T =55 0C
T* = 462 °C
Termodinamik Denge - E, =E,
\ETS
T=To/‘/20t a=213,9;T=279,2°K > T=+6°C o =325,12>T= -47 °C
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GUNES ENERJISI

GUNES
T=5775°K

DUNYA
r=6371 km.

—————— ~ 24 R ———re

S8E/6t = 6 T4 r2 /2142 = 1,75x1017 W
1,372 kW/m2 = 0,20 kW,/m?

175 PW ~ 2; (GNP),

1 saathk Glines enerjisi Diinyada kullanilan toplam1 yillik enerji kadardir.



Karbon ayak czc

2.2013

11



MAVI GEZEGEN

DUNYA ‘SINIR ASIM’ GUNU
Earth Overshoot Day’2021 : 27.July



Busting our Biocapacity Budget

2050
160% 240 %

biocapacity used

73%

biocopocity used

..ll'
/! : EARTH
Global Footprint Mebwork®
% Advvoncing i ng.:_ f Sunlosceshility Saource: Global Footprint Metwark, Maotianzl Faotprnt & Biocopacity Accounts 2019 Eddizn OVERSHOOT
L data footprintnetwark.org DAY

2.2013 13



1 Earth

N
December ! | | l |

Movember
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September
August
July
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March
February

lanvary

N=3,7

milyar

1970
1972
1974

bl

Y
Global Footprinl Metwork
Aoty it 5o prae & Setciabiley

e

Earth Overshoot Day .
1970 - 2020

1.6 Earths -> 2,4
)
i Ve

l Il | |||| 2050
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— — = = = = = = — = — —_— H N ] fn'] o (o] [ o4 ol (] o .
milyar
B Resource demand exceeds Eorth’s biocopaocity
® Resource demand within Earth’s biocapacity
EARTH
Source: Global Faotprint Metwark Mational Faatarint and Biecapacity Accaunts 2019 Edifion @O OVERSHOOT
doto faotprintnetwork.org DAY



Country Overshoot Days 2020

land if the world’s population lived like...

When would Earth Overs

Dec 18 | Indones

Dec 14 | Ecuador

Dec 7 | Irog . l".
Dec 5 | Nicoroguo i
\ Y \

Feb 11 | Qatar
Feb 16 | Luxembourg

Cec 1 | Cuba
Mev 25 | Egypt

Mev 13 | Guatemala

Mov & | Uruguay o

Ot 29 | Ghana \

et 17 | Colombia, El Salvader «+——_ -

ar 7 | United Arab Emirates
Mar 10 | Kuwait

Mar 14 | United States of America
tlar 18 | Canada

Br 28 | Denmark
» Mar 30 | Australio
Apr 2 | Sweden
—= Apr 5 | Finland, Belgium, Saudi Arabia
Apr 9 | Republic of Korea
4 " Apr 11 | Singopore
= Apr 18 | Norway

Apr 25 | Russia

Apr 24 | Slovenia, Ireland
May 2 | lsrael

L —* May 3 | Netherlands, Germany
May 5 | New Zealand

gy 8| Switzedand

Oct 8 | VietMam «—

Sep 23 | Peru a———=
Sep 21 | Panama «
Sep 17 | Gabon ,—

Sep 5 | Djibouti /
Sep 4 | Algeria

Aug 27 | Thailand
Aug 22 | Venezuelo

Aug 17 | Mexico
Aug 10 | Costa Rica

14 | France,

y 19 | Greece

Jun 8 | Bahamas

|
Romania ¢ | | \ "\.Jun 12 | Montenegrg
| South Africa® | ' Jun 13 | Ching
ul 5 | Iran, Belivie® * Jun 26 | Argenting

EARTH
% OVERSHOOT Source: Global Footprint Network National Footprint h Global Footprint Network
Advancing tha Sciance of Sustoinalbility

DAY




Adam basina ekolojik ayak izi (gha) 2>

Global ble-capacity s 1.5 gha
Carloon oot print

TURKIYE 2022

Biyo-kapasite :1,5gha
Ekolojik ayak izi : 3,3 gha

World Biocapacity per person in 1961

[e]
(o]

High Human Very High Human
Development Development

13-USA (0,92/8,2)
2,8 gha

12- Belgium

1
60

Ecological Footprint per Person (gha)

5- Swit@¥rland
86-China (0,75/3,4) / 16
L]

64-Turkey (0,79/3,3)

Global Sustainable
Development Quadrant

07
U.N. Human Development Index (HDI)

insani gelismislik (?) indeksi (HDI) >
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Yasam Kalitesi

OECD ULKELERI
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Maddi élanaklar
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Enere - Ekoloje degkuse
Enerje kaynaklare
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Diinya toplam Enerji kullanimi Turkiye toplam Enerji kullanimi
~600 EJ ~6,6 EJ

B KOmUur M Petrol D. Gaz Gun/Ruz ™ Hidro ™ Nik.



DUNYADA ELEKTRIK URETIMI

~ 0,45 x Toplam Enerji x 3/8

Toplam 28000 Twh 2> ~ 3500 kWh/adam.yil

Renewables

Coal

%35 % 65

Gas

®.2013 20
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Turkiye'de kurulu Gilic 97,3 GWe

TASKOMUR; ASFALTIT
NAFTA; 4,7810,8

MOTORIN; 1,0 s

. —_ATIK ISI; 376,8

LNG; 2,0

JEOTERMAL;
1.647,0

7 BiYOKUTLE;

GUNE; . 1.202,5

7.154,0 :
FUEL
oiL;
251,9

~ 9% 50 YENILENEBILIR KAYNAKLAR !?



KURULU GUG 97 GW

TURKIYE'DE ELEKTRIK ENERJISI
2021

% 80 Uretim kapasitesi > 850 milyar kW
Kayip (Calinti)
~ 4 MILYAR $ /yil
BRUT URETIM NET URETIM NET TUKETIM
350 milyar kWh 330 milyar kWh 305 Milyar kWh
% 15
% 95 % 93
1,07 kW/adam 2.2018



KAYIP ELEKTRIK ORANLARI

MARDIN % 73
SIRNAK % 71
BATMAN % 67
DIYARBAKIR % 65
HAKKARI

CANAKKALE
BILECIK
KARABUK
DENIZLI




YENILENMEYEN ENERJI KAYNAKLARI

DUNYA TURKIYE
KOMUR (10° ton) 750 1,500
LINYIT (10° ton) 300 12,000
PETROL (10° ton) 250 0,300
D.GAZ (1012 m3) 200 0,400
URANYUM (106 ton) 8 0,007
Toplam Exa Joule ~ 44 000 «x 0,005 ~ 250

(~ 70 yil) (~ 40 yil)

Toplam enerji kaynaklari rezervinin ~ %10 u Uranyumdur.
1 kg. Th232 / U235 ~ 2000 tep
Th232/U238 orani ~ 4



TORKIVE'NIN ENERIT ITHALATE ( ~ 4,1 EI/yil)

Varil/adam.yil
8 720 mVaril
7 -
6 v
5 _/
4 ithalat artis hizi
~ 9%2,7/yil !
3
2
1
0 I | I |
2000 2005 2010 2015 2020
1toe=41,9G)J 7,3 varil =1 ton
1m3NG=37,68 MJ 1bbl=1591t=137kg
1 bbl=5,74 GJ d=0,86 1bblOil=1-2g Gold
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PETROL FIYATI ($/bbl)

1550 1960 1970 1980 1990 2000

70 $



100

milyon

TURKIYE’NIN NUFUSU

1950

=201 2000 2020
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EVRENSEL ENERJI YASASI

1.
HAREKET ISI
ENERJISI E Q ENERJISI
2. Q E

sistem verimi
E/Q<1
ATIK

ENERJI 30
AE2003



Figure 2.8 = The global energy system, 2010 (Mtoe) 535 Exa Joules

Coal

Natural
gas

Qil

Nuclear

Renewables

1166

570

1

[_'l

ndustry

Transformation®
(fossil fuels)

818

2204 Transport

-~
Losses and A (7~ 5Q
own use™ v "

368 ; \ 1070

979 Buildings

- : .
Electricity 862
& Heat '
2656
‘ 915
Other
8

Conversion losses

®.2013 31



ENERJI TUKETIM SANTRALLARI

kara elmas

32



Enerji = Isi-1Is
AE = AQ - AW

AE = T AS - p AV

Serbest Enerji :

AG = AH -TAS
AG = 0 >DENGE

AG<O
kendiliginden
olusum !
(Spontaneos)

T.AS > AE

Josiah Willard Gibbs
1839-1903

4fz zhu&%»v{,,siié%i

Enthalpi
AH = AE + p AV

Entropi
AS=AQ/T

* Evrenin toplam
Enerjisi sabittir;
* Evrenin Entropi’si
maksimum degerine
erisim yolundadir.

Rudolf Clausius
1822-1888




AS>0

AS<O

AG = AH -TAS

AH<O AH>O0
T AG
AG<O <0
d?g?_l' Buz - Su
kendiliginden
tepkilesimler
spontenous AG>0
X
AG>0 AG>0
Su > Buz kendiliginden

AG<O

olmayan, zoraki
tepkilesimler




LUDWIG BOLTZMAN
1844 - 1906

ENTROPI

R.Clausius S=Q/T

L.Boltzmann S =k .loge W

k = 1,38 10-23 Joule/Kelvin

C: Shannon H(p) = - £ p; x logs (p;)




FOSIL YAKITLAR

— o .

- ===

9
4 Total ) 5
Petroleum
- Coal 7
Natural gas
\_ 9 J 6
1950-2020 arasi Atmosfere salinan 5
CO, miktan (3102>420)110 ppm !
110 x 5,2 = 570 Gton CO, 4
2,2 x 70 > 156 Gton Fosil yakit
Son 70 yilda 3
Niifus x 3
Fosil Enerji x 8 2
+%3/yil
1
0

1800 1850 1900 1950 2000

2.2013

Metric tons of Carbon/year (Billions)

CO,

C x (44/12)

36



Insan kaynakh Kiiresel CO, salimi

36 milyar ton/yil CO, ... 4,5 ton/adam.yil

Poland
1%
Italy  Turkey °
1% 1%
France
1%
Australia

1%\

United Kingdom .
1% \

South Africa

1%
Indonesia
1% Mexico
1%
Brazil
1% Canada
Saudi Arabia 2% Iran
2% South Korea
2% Germany / Japan
2% 4%

2.2018

Data: IEA
Image: Union of Concerned Scientists
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Newer Hydrogen Production Method

Electr,'c,-ty: 3 No Greenhouse Gas Pollution

1.1 ton H2 pxygen:
$1,497 Gton
(Wholesale - N
Electricity [1 (:,(f‘itfr‘o\] F"/:j L’j

USEIA 2019)
Hydrogen: 1.1 ton

93"
W
Newer Hydrogen Production Method
H No Greenhouse Gas Pollution
eat: n
n at:5.2 Mwp rogen: 1110
i Methane

(Elec $198 +
power gas $746

USEIA 2019)

Solid Carbon: 3.3 ton
Industrial use or to
landfill (no pollution)

Pyrolysis

2.2013
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Glines %25

TURKIYE YILLIK ELEKTRIK ENERJI GEREKSINIMI
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X - ISINLARI

A
H‘?ate'd filament Electrons are accelerated KE,
er'mtst el:?ctrﬂrTs Ifny by high voltage
thermionic emission anode
: é x-rays produced when
high speed electrons 0]
X-ray tube ; % hit the metal target (@)
_ Sy FOTO-ELEKTRIK ETKI
Light
Radiation Syrince Evacuated

Collector

(Rt Glass Tube

| C e
-—
L 630 nm
(1.97 eV) 440 nm

/\7\ (2.82 V) e

) P
Ammeter Voltmeter Io

\\M—/ no electrons ,"

Variable DC Power Supply Sodium - work function 2.75 eV

(a)

(b)

v =~1.6x10° m/s

Y

~3.9x10° m/s
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GUNES PANELI

GUNESTEN YERYUZUNE GELEN ENERGI 175 PW

1,37 kWatt/m2 ~ 200 Watt(el) /m2

Panel fiyati ~ 1 $/W ~ 200 $/m2
Ort. omur 25 yil



FaA S .
No new sales of 2030
fossil fuel boilers | ynjversal energy access

2021 All new buildings are 2035
No new unabated zero-carbon-ready Most applicances and
oal plants approved 60% of global car sales cooling systems sold '.'?D.du g
for development are electric are best in class 50% of existing buildi

. retrofitted to
Most new clean technologies | 50% of heavy truck sales | zerp-carbon-ready le

Gt CO, in heavy industry are electric
50% of fuels used

demonstrated at scale

No new ICE car sales in aviatiog
A0 1020 GW annual solar ( . - - ) g e
and wind additions All industrial electric moto,
sales are best in class » of existin
- Phase-out of unabated coal : g
35 ty in heavy More than 85%

— in advanced economies Cwerall net-zero emy - ks
tries reach end of |:|u|j|:|1r|gﬁ are

Bt investment cycle | zero-carbon-ready

NEt-zE'_H? emissions ore than 90% of heavy
electricity globally industrial production
Phase-aut of all is low-emissions
unabated coal and oil | ‘Almost 70% of electricity
power plants generation globally
from solar PV and wind
2045

50% of heating demand
met by heat pumps

2020 _ 2025 2030 2035 2040 2045 2050
150 Mt low-carbon hydrogen 435 Mt low-carbon hydrogen
850 GW electrolysers 3 000 GW electrolysers

o new oil and gas fieds approved
for development; no new coal (.:] Gt CO, captured ) (‘,-',5 GLCO, capture@

el L T e




Almanya 2030 yilinda
elektrik uretimini
2/3 vyenilenebilir kaynaklardan
1/3 fosil yakitlardan
saglamayi planhyor:

Elektrik Gretiminin %22 sini
dan karsilayan
Almanya 2030 yilinda
Nikleer enerjiyi tamamen
terk etmis ve

Fosil yakit kullanimini da
yariya indirmis olacak.
Enerji kullanimi disurilecek

7500 - 6500 kWh/adam.yil

Energiewende

Stromerzeugung nach Energietragern in Deutschland,
in Terawattstunden pro Jahr

Erneuerbare Energien L€ Fossile Energietrager [l Kemenergie
600
Photovoltaik 12,5
e 3 o 550
— EU:Strom- 35,4
Wasserkaft 20,4 verbund
Biomasse 31,7 Photovoltalk 57,0
Kraft-Wérme- 58,0
Kopplung Frdwarme — 6,6
s b, )
Lsinndain MR Wind 182,0
Erdgas/0l 60,0
davon:
o 0 an Land
! offshore
D
| davon: | — : '
Braunkohle Wasserlraft 23,5
Stelnkahie ol el
Kraft-Wirme- 81,0
mmum
[t
N kb, ()
it asls I
ooy | Edgas(0l 280

. N ;.‘-:'?'Lf:e Koble 80,0
) 20| dajop: Baunkotle

Steinkahie

PROGNOSEN" 2030



PARTS PER MILLION

400

380

360

340

320

Scripps Institution of Oceanography A
NOAA Earth System Research Laboratory * (.

AC (Y) = 267,17 + 42,83 x 1,0178254y

i
Junie 2019

1960 1970 1980 1990 2000 2010 2020



Atmosfer

1/3
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DUNYA ORMANLARI

FA02016

2000-2020 arasinda Dunya ormanlarinin %10 u kayboldu;
mevcut durum ~ 4 milyar hektar



Orman alanlan =

1800

DUNYA ORMANLARI ve NUFUS
Son 30 yilda 240 milyon ha. Orman yok oldu.

2000
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TURKIYE ORMAN ALANLARI-2020

Toplam alan : 78,3 milyon hektar
Toplam Ormanlik alani : 22 milyon hektar
Orman alani : 12,5 milyon hektar (%16)

SANLIURFA™ :—-fi.nm P

Sulak alanlar : 0,3 milyon hektar (%0,4)

1 Hektar = 100 m x 100 m = 10 bin m2
1 km2 =100 ha

2000-2020 doneminde yaklasik 50 bin
orman yangininda 500 bin hektar (%4)
orman yandi
1,4 milyon hektar Orman arazisi (2B)
Devlet mulkiyetinden sahislara
devredildi.










Atmosfer (Troposfer)

%79 N, + %21 0,
CO, ~ % 0,0420

H =10 km
p =13 kg/m3
M = 5,2 1018 kg.

u

pie.2013

» H,CO03> H*+ COy > CaCo,

pPH ~ 8,05

53



Spectrum of greenhouse radiation

He &

be-6

4=

Radiance (W/(cm® srcm™))

deb

&0 BO0O 1000 12040 1400 160 1800 LU0R

Wavenumber (cm ')



A sea—surface pH [—]

—0,12 —-0.1 —0.08 —0.06 —0.0 —0.02 0




1

Son 5 bin yilda AT = +0,0002 derece/yil
Son 40 yilda AT = +0,025 derece/yil!

AT =~ 0,08 x 1,02324y
vo = 1900

2021 de ~ 15,3° C
2050 de ~ 16,5° C
2100 de ~ 21,90 C

L IR
) 3 \ ww ',
|l __,lli‘ * L
—t 14°C —

Data from Berkeley Earth (www.BerkeleyEarth.org)
Global temperature anomalies relative to 1850-1900 average

1860 1880 1900 1920 1940 1960 1980 2000 2020 2040 2060

2.2013

-0.5

56

Global Temperature Anomaly (° C)



KURESEL ORTALAMA SICAKLIK ( °C)

M. Milankowitsch cycles




300 -
280 [\,

260 |+ I"/\

240 A

ppmy

200 b1

180 : :

220 |- \o |

180 ppm > CO2 % 300 ppm

Carbon Dioxide ——

=C

-90C>T>170

peramure Vananon (o)

-10 ' '
400 350

At = + 300 yil
At ~ 5 ppm




cO2 (ppm)

420 ppm

SON 500 BiN YILDA KURESEL SICAKLIK ve
ATMOSFERDE CO, MIKTARI (10¢)

— Temperature in degrees centigrade (compared with 1960-1990 baseline]
350 + —Atmospheric carbon dioxide (COZ in parts per million)
17 oC
y \ |
300 ¢ 300 ppm )
j \ L Son 10 bin yil
: ! 14,0+ 0,5°C

=
=
2

250 =
s
L
o
£
@
=

200 + /}k

vwe=tr 180 ppm
6 oC
150 - -10
450000 400000 350000 300000 250000 200000 150000 100000 50000 0

Years Before Present
+10 ppm = +1 derece *.2013 59



YUZEY SICAKLIGI ORTALAMASI

20 10 0 10
Annual Mean Temperature

2.2018
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Water Stress by Country: 2040

ratio of withdrawals
to supply

Low (< 10%)

Low to medium (10-20%)
W Medium to high (20-40%)
M High (40-80%)
W Extremely high (> 80%)

NOTE: Projections are based on a business-as-usual scenario using SSP2 and RCP8.5.

®.2013 61






=

=]
“5
- i
P I".", T ""\-

. B oF
. .-l. & i

Koppen — Geiger Climate classifizgtion (Turkey)







Kuzey Kutup Deniz buzul alani her yil ~50 bin km2 kuculuyor !



ANTARCTICA




210
¢ Antarctic Ice Sheet Contribution to Global Sea Level

8mm e L - e
Total
West Antarctica
b -
4
2
Antarctic Peninsula
U __“—_

~—— ___/__- East Antarctica

1995 2000 2005 2010 2015




Son 7-8 bin yil boyunca
Deniz seviyesi artisi

< 0,5 mm/yill >

Dengeli iklim 2> Uygarhk

Buzul Cagi

s

24 22 20

18 16 14 12 10 8
Thousands of Years Ago

B ]
® @
o

s 3
Sea Level Change (m)

l

68



Global Mean Sea Level Change

250 p—p——r——qy

Geophys. Res. Lett. 2006; 33: L01602. ' " .

~ 200" ——— Church & White (GRL, 2005)
= . = University of Colorado (2014 Release 2)
=y - Ah ~ 1,028y
z 150 2w
£ . L (1993
= I i 2014)
; 100 0.8 mm/yr
z - (1870-1924) 1.9 mm/yr
3 el (1925-1992)
]
D | L L
7 L e

v oY |

0 # ..._ |
| i | i | I | I | I | i 1

1700 < 1880 1900 1920 1940 1960 1980 2000
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Global Mean Sea Level

90 - WORLD Kiiresel ortalama Deniz seviyesi yiikselisi ~3,6 mm/y
METEOROLOGICAL
ORGANIZATION
80 -
~ 78,4 x[1,03454y -1] mm
70 1 (Yo = 2000)
60 -
E
£ 50
W
=
= 40 A
m
@
@ 3p -
20 A
10
u -
1993 1995 1997 1999 2001 2003 2005 2007 2009 201 2013 2015 2017 2019
Year
>*.2018 70



lce Mass (Gt)

1000r
8007
600r
400r
200r

-200¢
=400t
~600r
-300r

—

KUTUPLARDA BUZULLARIN ERIYiSi (GTon)

1000
GREENLAND Bﬂﬂj. + ANTARCTICA

Bm.

400

g

U.

“*’u
b 9 200t .
2000-2021 arasi son 21 Yilda
Deniz Seviyesi 78 mm ylukseldi

ERIYEN TOPLAM BUZ
78 x 360 Gton/mm - 28 trilyon ton!

Mass (Gt)

Turkiye alani x 36 m !

-1000

1 I 1 1 1 1 |

2003 2004 2005 2006 2007 2008 2009 2003 2004 2005 2006 2007 2008 2009

Calendar Year Calendar Year
*.2013
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Earthquake, tsunami, volcano

100 puatannnn i innnn i N lnnnniinnns

Extreme temperature, drought, fire
100 ettt TNIE
0 innl I

Flood, mass water movements
300

Rl |

Storms
400

> % 2-3 [ yil

*.2013
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Thermohalln Circulation

- __,_-- #.-r..

Y > g:l eep water ormation
deep wak rf@rmatlgn N ~
ﬂ-’k P

@wﬁ@
\ | urrent

@@E@ @EU.]E?ri[fD

20
& 400 bin km

—
"'""" water

f@ i@

Iklim degisikligi , kiiresel 1sinim sonucunda eriyen buzullarin ortam
sicaklhigini, tuz oranini ve yogunlugu degistirerek okyanuslardaki sicak
(kirmizi) ve soguk (mavi) akinti diizenini bozmasindan kaynaklaniyor...
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dy/dt + Q(t).y = f(t)
d2y/dt2 + P(t).dy/dt + Q(t).y = f(t)

DOMINOG ETKIST

pos. feed back

Okyanus di

2.2013
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YIKICI, GEREKSIiZ

URETIM

o ADIiL OLMAYAN
BILINCSiZ, SAVURGAN

TOKETIM PAYLASIM

~
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metre

50

25

1800

KARASAL BUZULLARIN ERIMESI SONUCU
OKYANUSLARIN YUKSELIS]

Ah = 73 x[1,03562y - 1] mm (y, = 2000)

1900 2000 2100

mm cm

2200




254 =18 446 744 073 709 551 616 >

SATRANG TAHTASINDAKi TOPLAM BUGDAY MIKTARI

8 16 24 32 40 48 56 56 64

KARELER(n)
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O yENlkAR]
isSKELESI

Tuzlanan
akiferler
Dz dizeyindeki
wiiksslmes, weralh su
kmynaklanni da tshdit
ediyor, Denizer yakael-
g m, akifererde bulinan
huzu s dizyi ds
wilksalrgar @ temiz ysralh
wru kargreklan tuzha
siryla dolmaya baglor.

AR AS TORR R AA AT B TAD A DTVGS vt A OB T HEIEY S RAGRD Pd e A S Dm0 0 S04 LiRL BUSE Lol TOROCRARHD & WD CRRSLS & 20 l 3
AT RO TifeSe DDASA L DOME BETUARAT Al COATE /s O TwE 857 BOW FRDEFTON WILUME T b L TH .

Tarihi Yannmada ve
Risk Altindaki Kiyilar

Ikt clegigikligl sonucy buzulann srmesstyks
clariz dizeyindekl yiksstne, lstanbulda, Tarhi
Yarnmada'nin kryilarm da stklevacak, Onlmoaz-
ekl 100 il lginde deniz dizwinin 25 metreye
ylkaainasl dururunda, su atincs kalma riskd
cdin alanian (0-10 metre yUikssl arasncds-

KI} piigtaren hartta modsllamas), venikap
sahillerincen girecak Wziu sulann nersceyse
Aksarmy'a kachar ulasabllecsging lsart ediyor,

.
Ay D=

e g o TR

“Istanbul kylan sular altinda

Ietanbul kredarinn sular atinds kalmas,
Terkoa we Kiiglk gekrnece Gild giki kenkin
taith su kaynaklanmin Sremli bSlimaniin tuzdu
sryun istlasna u) ramas anlamina geliyor.
Harita, deriz diizyinds 26 metrsblk bir
wilksslmanin sonudlarm gasterivor.




2050 SENARYOSU ;,-~09 BUYUK COKUS

Niifus 10 milyar asmis,

Petrol ‘eko-teknik’ anlamda bitmis, enerji krizi
Atmosferde [CO,] > 500 ppm,

Gezegende ortalama sicakhik > 169 C

Deniz seviyesi yukseliyor, pH < 8

Iklimde asiri olumsuz degisimler,

Ormanlar % 20 azalmis,

Collesme artmis, ~ 100 tir yok olmus,

~ 1 milyar insan go¢ halinde.... olacak
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GEZEG

Dogal Kaynak

Bes-\\'\

Nufus

Dodga yikimi

1900 1950

ENIN GIDISATI

Y

Z_/N\\_
N

2000 2050 2100



Doga Bilimlerinin Gelisimi

1600 1700 __3800 1900 2000 2100




DUNYA NUFUSU :o: ol6

) J
15 N x (1-0,0138)5° > N/2 o
.. 600"
® = 0,0012 Ortalama Omiiry //q;"‘
0 =00150 Y=(d-2)/c P
¢ =-00138 Y~ 76V R
! .

onceki iklim felaketleri
(milyon yil)
- 65
-210
-250
-365
-440

10

**e 2.3 milyar
1950 2000 2050 2100
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Doga nun bakry agusundan

Howo- sapiens
Gezegen zerunoekn
e teflikell, en ylkacew,
e olivmeild porazuttur ! e

&&&&&&



YENI BIiLIiNC

kliresel kiltur devrimi

™ e

INSAN ESREF-i MAHLUK DEGILDiR! DOGANIN BiR PARCASIDIR'!



Zaman darahyor !
21. Yuzyih esenlikle atlatabilmek (?) icin

ﬂ O[N]ilfus artisini durdurun !
“kadin basina bir cocuk”

Qo@evrenizi agaclandirin !
“Adam basina 1/2 hektar orman”

8oV as

“Az tuke

3 !_,-z'miz. degistirin !
i, dogal yasam”
é}'o Enerji savurganhg: yapmayin !

“Fosilden uzak, etkin kullanim”

5o@i’me§ erjerjisi kullanin !
“isil, kinetik ve foto voltaik”



Evrende trdyonlarca Gezegenw vor, omao...

Baska Dinya yok ! ce

Ay’dan Diinya’nin Goriiniisii
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GO BACK.
WE FUCKED UP
EVERYTHING.
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Population (billion)

11 12 13 14

10

WORLD POPULATION 302
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N x (1-0,0138)30 > N/2

® = 0,0012 Ortalama Omiir y
O =00150 Y=(d=-2)/c
C =-0,0138 y ~ 76yl
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1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090

® 2019 United Nations, DESA, Population Division. Licensed under Creative Commons license CC BY 3.0 IGO
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Hydrological Cycle

: | — Atmosphere
- - o o tang 27
cean to lan
\ \\\“ Water vapor transport
‘* 40 %
- =D
o =
e A
e s /7 ) yLand
K i % // 5 .. '
o / B /4y ¢y Precipitation
/ ;’/ ,-’ﬁ : 113
/
Ocean f * *
gt Evaporation, transpiration 73
373
Ocean e Vegetation
[lce— Evaporation 413 s
=0 . Rivers

T | akes
178
S
oil moisture
Ocean 122

1,335,040 R EICRD  Croundwater 22

15,300
Units: Thousand cubic km for storage, and thousand cubic km/yr for exchanges

Fic. 1. The hydrological cycle. Estimates of the main water reservoirs, given in plain font in 10° km® and the flow of moisture
through the system, given in slant font (10° km® yr™'), equivalent to Eg (10" g) yr—.



Heat Content (1042 Joules)

1 0-2000 m Global Ocean Heat Content
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BM KURESEL ISINIM SENARYOLARI

TR +2 ... + 10 derece

UN-IPCC

B1:2011-2030 ____B1:2046-2065 _ B1: 2080-2099
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ANKARA’DA 1970-2010 ARASI

SICAKLIK DEGERLERiIi ORTALAMASI
Yil Ortalamasi 14°C

20 Ocak
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Kaynak: Met. Gn. Md



regional glaciation === global glaciation === oxygen level
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GEZEGENIN EVRIM SURECI
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archaea
A 7GtC

viruses
0.2GtC

bacteria
70 Gt C



| annelids
0.2GtC

wild birds
0.002 Gt C

fish
0.7GtC

wild
mammals

Ji: 0.007 Gt C

cnidarians livestock humans
0.1GtC 0.1GtC 0.06GtC




Elerments OF The

HUMAN BODY
e
Nitrogen Rydrogen
Carcbon 10%
18% Oxygen
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OIL
1 bbl Oil = 1-2 g Gold

GOLD




DUNYANIN GUCLU ORDULARI

1.ABD **
2.Rusya **
3.Cin **
4.Hindistan *
5.Fransa **
6.Japonya -
7.Kore * Diinya ordularinda toplam asker sayisi 22 milyonun
8.B.Krallik ** lizerinde.. ve Diinya toplam Savunma giderleri 2

9.Tiirkiye trilyon dolar (diinya GNP toplaminin % 2,5 kadari)
10.Almanya

11.italya
12.Misir
13.Brezilya




