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Sprememba kulture in okolje
3 velike spremembe

e Kmetijska revolucija
— Zacela pred 10-12 tisocC leti

e Industrijska revolucija
— Pred 150 leti

* Informacijska in globalizacijska revolucija
— Pred 50 leti
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Svetovna primarna energija
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Podnebne spremembe Tanjsanje ozonske plasti

325 ppm CO, < 1IW m? < 5 % predindustrijske 290 DU
(300 — 350 ppm CO, (0-10%)
1-1.5Wm?)

Antropogeni
Biogeokemijsko Pos

: . Atmosferski
obremenjevanje aerosol
ciklovNinP ?

Omejitev ind. fiksacije
N, na 35 Tg N leto™

P < 20 % dotoka v Zakisanje oceanov

Aragonitno razmeje

oceane
zasicenosti < 20 % pod
predindustrijsko ravnjo
Izguba
Biodiverzitete
< 10 E/Mio leto Globalna raba sladke vode
<4000 km?3/yr
Raba tal (4000 — 6000 km?3/yr)
<15 % kopnega S
pod poljs¢inami | Kemijsko onesnazenje
Plastika, homonski motilci, jedrski
odpadki

?
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PARTS PER MILLION
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Atmospheric CO, at Mauna Loa Observatory

- Scripps Institution of Oceanography
NOAA Earth System Research Laboratory
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Kljucna vprasanja prihodnosti

Povecano povprasevanje

+ 50% do 2030 (IEA)
Energija

Beddington, 2009

Hrana Voda
+ 50% do 2030 + 30% do 2030

(FAO) (IFPRI)




Smer opazovanih sprememb podnebja

' Increasing
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January-December Precipitation Anomalies
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Globalna
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Vir: NOAA, 2013



Temperature Anomaly (°C)

Temperature Anomaly

Temperature Anomaly

].2 1 1 I I
1.0} Northern Latitudes ._E . ]
al (90°N-23.6°N) rhd
(a) |
6l Low Latitudes i "o
' (23.6°N-23.6°5) "'
4t B VT
2t
LOF
(b)
gapmnvma .
4t " Southern Latitudes
o (23.6°5-90°5)
LOF
_2t

1900 | ° 1920

Temperature Change for Three Latitude Bands

(€)1

1940 1960 1980 2000

Ogrevanje planeta ni
povsod enako veliko,
najmocnejse je na
severni polobli

Vir: NASA, 2013

http://data.giss.nasa.gov/gistemp/
graphs_v3/
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Decadal Mean Surface Temperature Anomaly (°C):Base Period = 1951-1980
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Vir: NASA, 2013

Annual Global Temperature Anomalies
1950 - 2012
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Sea level (mm)
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The Levitus methodology fills data gaps with the averaged value of the
available data, which has the tendency to underestimate any anomalies. The
Lyman methodology infills the data gaps with anomalies from nearby grids.

14 0-700 Meter Ocean Heat Content

L2 et ayitus

skepticalscience.com

0-700 meter OHC Change (1072 Joules)

2001 2003 2005 2007 2009 2011 2013

http://thinkprogress.org/tag/climate-change-deniers/?mobile=nc



Dogajanje na Arktiki in Antarktiki (morski led)
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—— Greenhouse Gases
3+ ——— Human-Made Aerosols

o Volcanoes
NE 2 Solar Imadiance
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graphs_v3/



Vpliv vulkanov na stratosferski aerosol

Monthly—Mean Stratospheric Aerosol Optical Depth at 550 nm

20 | ] I
[ Global Mean -
k] N e Morthern Hemisphere .
A L e Southern Hemisphere | L
S . ; y
<,

www.columbia.edu/~mhs119/StratAer/




Natural

Human activities

processes

Radiative forcing of climate between 1750 and 2005
Radiative Forcing Terms

Long-lived
greenhouse gases

Ozone Stratospheric

- (0.05)
Stratospheric I
water vapour :
|

Surface albedo

Direct effect
Total
Aerosol | Cloud albedo | |
effect !

Linear contrails

Land use

Halocarbons
Tropospheric

Black carbon
on snow

Solar irradiance

Total net
human activities

|
I
I
I
|
I
I
I
I
I
I
il
|
I
|
|
I
I
|

-2 -1

Radiative Forcing (watts per square metre)

0

1

2

IPCC AR4, 2007



Enacbe za raCunanje sevalnega
prispevka (radiative forcing)

Table 1: Equations to calculate radiative forcing relative to a preindustrial (1750 A.D.)
reference concentration (Cp). Lhe overlap in absorption bands between N>O and CHy 1s
taken into account using the overlap function f(A,N)=0.47 In(1+2.01x10
(MN)*P+5.31x107° M(MN)"%). For many practical purposes, this correction term can be
neglected. Formulations for additional greenhouse gases can be found 1 [Joos ef al.,
2001; Ramaswamy et al., 2001 ]

agent equation C,
CO, RF =535 Wm™ In(CO./CO;,,) 278 ppm
CH, RF = 0036 Wm?(/cH, - [cH,,) -
- . ; PP
- (fl('H4, ) NzOuJ - fl('HJr.U, N,0, D
N0 RF =0.12 W m?(/N,0 - /N,0, )
e 272 ppb
- (flCHﬂr,a, » Nzo J_ f[CH4.0: ,NEOU D
CFC-11 RF =025 W m™ (CFC-11 — CFC-11y) 0 ppt

CFC-12 RF =0.32 W m> (CFC-12 — CFC-12y) 0 ppt




Anthropogenic

Natural

Radiative forcing of climate between 1980 and 2011

Forcing agent

Well Mixed
Greenhouse Gases

QOzone

Stratospheric water
vapour from CH,

Land Use (Albedo)
BC on snow

RFari
Aerosols

Total (Ari+Aci)

CH,

Stratospheric

Halocarbons
Tropospheric

Solar irradiance

0.5 1.0

Radiative Forcing (W m™?)

IPCC AR5, Second Draft
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Censity Func

Frobability

o

M0

Anthropogenic

Natural

[

Radlative forclng of climate between 1750 and 2011

Forcing agent

Wl Mbad
Greenhousa Gases

Ozone

Siratospheric water
vapour from CH,

Surface albedo

Contralls

» Radiative Forcing for the well-
mixed greenhouse gases
depend on how their
concentration have evolved,
and are very well understood.

* Aerosoli ustvarjajo
“negativni” sevalni prispevek
(radiative forcing )

Solar Irradlance

0 1
Radlative Forcing (W m™)

:t—u T-“’f:lil asrosol HF
— = Totol asrosoc| 4F i
' — Total anthraépogenic RF
e finils .-'Z-.E'

- = [ptal anthrap:

__: Ta2dl =.'_:|1:4:.: FF
— e TR GHG CAF

4 IPCC AR5, Second Draft



Temperature (°C) relative to 1961-1990 mean
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Sunspot Mumbers

Sunspot Numbers

Sunspot Numbers
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Razlike v kompleksnosti ter negotovosti pri dejstvih,
napovedih, projekcijah, scenarijih in ekstrapolacijah

high 4

Complexity

low

low Uncertainty high

EEA, 2008



Climate and IPCC Socio-economic Scenarios (SRES)

Climate model Had CM2 2050

Temperature change

SRES A2

SRES Scenarios
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Global surface warming (°C)
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2013 Novi scenariji
Representative Concentration Pathways

e Zamenjali bodo SRES scenarije, ki so se
uporabljali v cetrtem IPPC porocilu (AR4)

* Interpretacija RCP scenarijev
— Scenarij visokih izpustov (RCP 8.5)
— Scenarij srednjih izpustov (RCP 6.0)
— Scenarij nizkih izpustov  (RCP 4.5)
— Scenarij u€inkovitega blazenja (RCP 2.6)
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Representative Concentration Pathways

RCP8.5 Rising radiative forcing pathway leading
to 8.5 W/m* (~1370 ppm CO, eq)
by 2100.

RCP6 Stabilization without overshoot pathway

to 6 W/m? (~850 ppm CO, eq) at
stabilization after 2100

RCP4.5 Stabilization without overshoot pathway to
4.5 W/m* (~650 ppm CO, eq) at

stabilization after 2100

RCP2.6 Peak in radiative forcing at ~3 W/m”
(~490 ppm CO, eq) before 2100 and

then decline (the selected pathway
declines to 2.6 W/m” by 2100).

Vir: Van Vuuren et al (2011) The representative concentration pathways: an overview.
Climatic Change DOI 10.1007/s10584-011-0148-z



Global surface warming {°C)
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CMIF3 models, SRES scenarios
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Primary energy consumgtion (EJ)
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Global Atmospheric CO2 Concentration (ppmv)
and Carbon Emissions (GtC)
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Atmospheric CO2 Concentration [parts per million by volume)
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KLIMATSKA OBCUTLJIVOST

Energijska enacba

AT 1
— _— et —
AQ = C A 3 AT

Sprememba = VskladiS €ena + lzgubljena
En. bilance toplota toplota
V ravnovesju je temperatura v ¢asu stalna Intrinsic uncertainty in climate sensitivity
(prVI CIen:O) torej e .l\ IEq.SibrSodHJand Helél.'(]s
B Eq. 3 for Colman, '03
C e Sanclerson et al., ‘07
051 D — — —Eq.a fit to Sanderson et al., '07 |-

04t

AT = AIAQ

A Mera klimatske obcutljivosti;
K (ali °C) na Wm=
sevalnega prispevka ali kar RF

03r

02t

Probability density (°C-1)

01

0

Climate sensitivity to 2 x CO, (°C)

nd Baker Science 2007



Globlal Surface Warming Since 1750 (°C)

Global Surface Warming Since 1750 (°C)

Best Case (2°C Sensitivity) Warming for RCP Scenarios
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Most Likely (3°C Sensitivity) Warming for RCP Scenarios
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Global surface warming (°C)
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NAS LAHKO RESI GEO-INZENIRING?
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Neka] predlogov shem geoinzeniringa

A. VESOLJE
Modifikacija sonCnhega sevanja
B. STRATOSFERA
Stratosferski aerosoli (sulfatni, saje, prah)
Stratosferski baloni ali ogledala
C. TROPOSFERA
Modifikacija skupnega albeda nad morji z stratusii
D. POVRSJE
Povecevanje albeda puscav
Spreminjanje albeda oceanov
Reforestacija (CO, ucinek, problemi z albedom..,)
Direktna absorbcija CO,
Gnojenje oceanov



2 0oshovna na cina geoinzeniringa v
zvezl z podnebnimi spremembami

ZmanjSati vsebnost toplogrednih plinov v ozracju al
zmanjsati absorbtivnost atmosfere za DV sevanje
- ghojenje oceanov
- ekstrakcija iz zraka
- povecCanje ponorov

Spremeniti klimatski sistem
- zmanjSanje solarne konstante ( nad ozracjem)
- povecevanje odbojnosti KV sevanja (albeda)



FERTILIZING OCEANS
FOR FUN AND PROFIT

Aboat goes out to the

middle of the ocean and

sprinkles micron-size iron

shavings onto the surface
of the water.

The iron shavings

stimulate the growth
of photosynthesizing
algae, which uses syl
sunlight to draw carbon |~
dioxide out of the air.

it bleaches and mnks i
into the sea. Ifitsinks
to 1,000 feet, the carbon

should be trappﬁﬁr
decades.

Gnojenje oceanov

e HNLC (high-nutrient low-chlorophyll zones)

« 1 tona dodanega zeleza veze 30,000-
110,000 t ogljika iz atmosfere

http://earthtrends.wri.org/updates/node/282

http://www.eco-groove.com/index.php?option=com_content&view=article&id=152:fertilizing-oceans-to-save-the-planet&catid=39:rokfeature&Itemid=112



Koliko CO, bi lahko torej na ta na cin shranili
v oceane na J polobli?

« Ce bi ves nitrat v zgornji premesani plasti (~150 m)
spremenili v biomaso planktona,
 In Ce bi vsa ta biomasa potonila na dno
* In Ce bi se ves nastali deficit CO, kompenziral z
odvzemom iz ozracja
POTEM
Najvecja koliCina CO, ki bi jo tako zajeli bi bila
1 (ena) Gigatona CO,
* to Je ~15 % letnega Clovekovega vnosa v klimatski sistem
e Ta “maksimum bi lahko odstranili le vsake 4 leta.

Vir: V. Smetacek




Atmosferski zajem CO, (Umetna drevesa)

o Zrak s CO, se precCrpa preko
filtrov (lonski izmenjevalci),
 Filtri vezejo CO,, Cist zrak pa

se precrpa ven.

 Filtri se nato sperejo z vlaznim
zrakom, ki odstrani CO, iz filtra.

ht.tp://www.thebreakthrough.org/blog/2008/03/from synth e Ta COZ Se tako |ahk0 pOtem
e skladisci ali drugace porabi.

 Razlika od CCS je,da ni
vezanosti na industrijski obrat

http://www.earth.columbia.edu/news/2007/story04-24-07.php




Spreminjanje neto soncnega sevanja:
mozno na Stirih visinskih ravneh

Solarnl Interceptom
Vthatmosfere %\ /\ ﬁ

raven 2 —Stratosfera
Sipanje na
aerosolu

raven 3 —Troposfera
Albedo oblakov

raven 4 -tla

raven 1 - vesolje

Vegetacija, pus¢ave, urbanizacija — sprememba albeda




Zmanjsanje solarne konstante -
zasencevanje (1)

Med Sonce in Zemljo bi namestili 16
milijard tankih silicijevih transparentnih
diskov (premera 60 cm).

Z njimi bi za 1,8 % zmanjsali sonCevo
sevanje, ki pride na Zemljo.

Prozorne diske bi zlozili v pakete po
milijon kosov in jih z elektromagnetnimi,
tirnimi topovi izstrelili v vesolje.
Daljinsko vodenje bi napajali z mini
soncnimi paneli

Cena: cca 100 Milijard $ letno

Roger Angel, University of Arizona



Solarni interceptori
(zasencevanje)

Oblak zelo majhnih plovil
(Angell, 2007)

Ali

Velika ogledala

Tocka, kjer so v ravnovesju
gravitacijske in centrifugalne sile
(Lagrange-va tocka)



Masa vsake ploSce cca 1 gram
~15 trillijonov kosov v obliki 100,000 km
“oblaka”.

“It seems feasible that it could be developed and deployed in

25 years at a cost of a few trillion dollars”
[Angel, PNAS, 2006]



Zmanjsanje solarne konstante -
zasencevanje (2)

US National Academy of Sciences

55,000 orbitalnih ogledal
bi zmanjSalo toplotno
bilanco planeta in
kompenziralo polovico
ucinka podvojitve
vsebnosti CO,

Ampak vsako ogledalo bi bilo
velikosti 10 x 10 km!!




Glb Avg Temperature (°C)
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Temperature anomaly (°C)

Stratosferski aerosoli
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KAKO DEJANSKO SPRAVITI SULFATNI AEROSOL V
STRATOSFERO?

Artilerija?
Letala?
|zstrelki?

Baloni?

Geoengineering methods

Privezani baloni z cevmi za
. . to reduce giobal warming
brlzganje’? » refarestation; greening of

deserts, creation of algae lakes
to convert CO2 to oxygen.

s sequestering of CO2 in deep
ocean trenches as dry ice siurry.
= space based mirror arrays

= dust and soot dust delivered
inta atmosphere with high-

A5E L-|

ron oxide to oceans to stimulate mass plankton g rowth,




Stratosferski aerosoli

o SO, iz industrijskih
obratov, ki uporabljajo
premog

 Vnos v stratosfero
(baloni, letala,...)

e Hitri rezultati

http://www.wired.com/print/science/planetearth/magazine/16-07/ff_geoengineering

« Kemijske reakcije: SO, + druge molekule >->H,SO, +
H,O - kapljice z aerosoli

e Te absorbirajo/odbijejo 1-3 % soncnih zarkov nazaj v
vesolje



Temp anomalija (° C) glede na 1951 -1980

GISS Globalna povpre €na T anomalija
+ ¢lovekov vpliv,
3 Mt/yr nad Arktiko, 5 Mt/yr v tropih, 10 Mt/yr v tropih

Geoinzeniring
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Stratosferski aerosoli — nezazeljeni
stranski ucinki

e PovecCanje ozonske luknje
e Kisel dez
e Znacilna modra barva neba

http://www.wired.com/print/science/planetearth/magazine/16-07/ff_geoengineering



Pove €evanje obla ¢nosti

Naprave za produkcijo
30 kg/sec aerosola

0.8 mikronskih
kondenzacijskih jeder iz

morske vode.

ok ¥
[ 8

Odboj soncnega
sevanja na stratusnih
oblakih nad morjem
bi hladil Zemljo.

Center for Environmenta | Stewar dship
Thomas Jefferson Institute for Public Policy



Morsko beljenje oblakov

 Mocni, a lokalizirani ucinki hlajenja

Figure 3.2. Five-year mean difference (W/m?) in radiative forcing at the top of the atmosphere between a control simulation

fwith CCN of 100/cm?®) and a test run with CCN of 375/cm? in regions of low-level maritime cloud (an extension of results
from Latham et al. 2008).
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Spreminjanje albeda
kmetijskih povrsin

(povecan odboj — tudi gensko
spremenjene rastline?)

90°N

b
60°N

30°N -
0°N -
30°S -+

120°W

60°W

0°E

60°E

60°S - -

180°W

120°E

180°E

Q.9 =
w o o

2P P LoD PoDR
= kW B 0~

Crop fraction

World Cropland Area

Global distribution of croplands,
transformed onto the HadCM3
global climate model land
surface grid.

Only C3 (taken to represent
crops such as rice, wheat, and
soybeans) and C4 (e.g.,
maize, sorghum, sugarcane,
and millet) grasses are allowed
to grow in the model within
areas designated as cropland
(if vegetation is predicted to be
present at all).



Spreminjanje
albeda
kmetijskih
povrsin
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Global anomalies of summer (JJA) and winter (DJF) surface air temperature
resulting from a +0.04 increase in maximum crop canopy albedo
atmospheric CO2 concentration of 700 ppm, calculated relative to the (700 ppm
CO2) control experiment.

Ridgwell et al. 2009

and an elevated



Ocene za povrSine povezane z
spreminjanjem albeda

’ Sevalni prispevek 2xCO, =4 W m~?
» PovrSina Zemlje = 5 x 1014 m?

o Skupni sevalni prispevek =2 x 101> W

a Sprememba albeda tal (racunano na vrhu atm. = 0.1
@ Sonc¢no sevanje na vrhu atmosfere = 340 W m-2

e Potrebna povrSina = 0.6 x 1014 m?

» PovrSina kopnega skupno = 1.6 x 10 m?

e Odstotek povrsin, ki bi jih potrebovali za
spremembo albeda = 37%

Bi pa ne bilo zelo drago, ipd.



Ocene za stratosferske aerosole

@ Son¢no sevanje na vrhu atmosfere = 340 W m-2
« PovrSina, da bi blokirali sevanje 2 x 10> W =6 x 10 m?

a Velikost delcev = 10" m
« Volumen, ki je potreben = 6 x 10° m3

o Zivljenski ¢as delcev v ozragju - stratosferi = 3 x 107 s
e Jakost injiciranja = 0.02 m3 s1

Tezava : mednarodno soglasje, kako upravljati?
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Subjektivha mnenja
na temo soncnega odboja

Primernost | Hitrost Tveganje | Denarna | Mednaro
prostorske |razvoja |naenoto |[ucinkovit |dno

skale ucinka upravljan

Reflektorji v

vesolju O ‘
Stratosferski

aerosoli

Pristopi beljenja

oblakov

Pristopi beljenja ‘ ‘
kopnega

_ Caldeira, 2009
poge () (O O @ stavse




Geoinzeniring - premisleki

Gnojenje  Aerosoliv  Ustvarjanje Atmosfersk Geokemiéni
oceanov stratosferi ablakovy =3'LJ|‘|"'1 oalik
y. -

Utemeljitev

UCINKOVITOST .
Stopnja

testiranja

Zacetna

DOSTOPNOST ~ cena
Zajeti

stranski ucinki

Stranski
ucinki

VARNOST Kompleksnost
sistema

Preverjenost

Stopnja : - 1
CAS blaZitve

Nujne
ustavitve




KAKO OBVLADATI OKOLJSKE
PROBLEME npr. EMISIJE TGP?

;: = P x (BDP/P) x (E/BDP) x (C/E)

vsebnost ogljika v emisijah CO,

4 glavne
spremenljivke

P populacija

BDP /P gospodarska aktivhost na osebo

E/BDP energijska intenzivnost gospodarstva

C/E ogljikova intenzivnost vira energije




C =P x (BDP/P) x (E/BDP) x (C/E)

P = populacija, osebe

BDP / P = gospodarska aktivhost na osebo, $/0sebo
E / BDP = energijska intenzivnost gospodarstva, GJ/$
C / E = ogljikova intenzivnost vira energije, kg/GJ

Leto 2005

6.4x10° oseb x $6500/osebo x 0.012 GJ/$ x 15 kgC/GJ
= 7.5x1012 kgC = 7.5 milijard ton C




IZBIRE ZA ZMANJSEVANJE EMISIJ

Zmanjsati rast rabe energije z...
- ZmanjSanjem rasti prebivalstva
- zmanjsano rastjo BDP na prebivalca

Zmanjsati energijsko intenzivnost gospodarstva

— Povecana ucinkovitost pri pretvarjanju energije v
koncno obliko

— PovecCana ucinkovitost koncne rabe energije
— Sprememba sestave gospodarskih aktivnosti
Zmanjsati ogljikovo intenzivnost vira energije z
zamenjavo ...
- nafte in premoga s plinom
- fosiinih goriv z obnovljivimi
- fosiinih goriv z jedrsko



Z/AKAJ SO GLOBALNI DOGOVORI
(SKORAJ) NEMOGO Cl
Uvoz/izvoz ogljika (Mt CO, y)
2004

DrZave, ki izvazajo emisije (modro) in uvoznice (rdece)

Davis & Caldeira 2010, PNAS; See also Peters & Hertwich 2008, Environ, Sci & Tech.




Balance of Emissions Embodied in Trade (BEET)

Year 2004

Warm colors - Net exporters of embodied carbon MtC
Cold colors —> Net importers of embodied carbon BEET

300
200
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T ———
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i 20T
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1-100

-200
-300

Peters and Hertwich 2008, Environ, Sci & Tech., updated



Primer VB

Britanski URADNI ogljicni odtis
11 ton CO.e na leto na osebo
+

Varajeni CO, v uvozenih izdelkih

6.2 ton CO,e na leto na osebo
(najviSja ocena 16 ton COZ2e letno na osebo)

MacKay, 2008

SUSTAINABLE | ENERGY-
mmmmull DEFRA, 2008

'[mmm.q



125 kWh,/d

Clonsumption

Heating,
cooling:
38 kWh /d

‘Defernce": 4

Transporting
stutf: 12

Jet Hights:
30 kWh /d

DE.I':
40 kKWh/d

Stuff: 454+

Fertilizer: 3

Food: 12

Cadgeta: 5

Light: 4

*Povprecni Evropejec 125 kWh/dan
*Povprecje za ZDA 250 kWh/dan

*Povprecni Slovenec ???

125 kWh/dan= 12, 5t CO,/ leto

MacKay, 2008



1,2 ha na
osebo

- '_. — e =Ty
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140 kWh/d
peak 25 kW



1,5 ton CO, na leto

¥What you

4 tone CO, na leto

3,5 ton CO, na leto

4 tone CO, na leto

Before After
cando
Food: eatl vegetarian,
15k Wh/d six days out of seven
| 5kwWh/id |
Heating:
40kWh'd put on a siveater,
(keeping a be creative with
leaky home the thermostats,
and workplace read your meters
at20°=C) 20 kkWh/d
Flying:
35kWh/d
(London to
Los Angeles, video-conference
Fome, and instead
Malasa, vearl
By ¥) 1 kWhid
4{]5,?;]:_1!:1 join a car club,
3 cycle, walk, and
{z\;’f‘rﬂglel:g use public fransport
per day)
| 5kWhid |

13 ton CO, na leto

3,1 tone CO, na leto



