Podnebne spremembe v Sloveniji
- oris Sirse problematike

Ziga Zaplotnik



Podnebne spremembe - indikatoriji

Changes emerging across the climate system
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Podnebne spremembe — dokazi za vpliv ¢loveka
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Vir: Rubino et al. Earth Syst. Sci. Data, 11, 473-492, 2019

Zmanjsevanje deleZa izotopa '3C napram 12C. Izotop 3C
se v fosilnih gorivih nahaja v relativno manjsih kolicinah.



Podnebne spremembe — dokazi za vpliv cloveka
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Meg = FF/N x 106;
FF = mol O,, ki se porabijo pri gorenju fosilnih goriv
N = st. vseh molekul kisika v atmosferi

Vir: IPCC AR6 WG1; Keeling & Manning, 2014



Podnebne spremembe - projekcije

(a) Global surface temperature change relative to 1850-1900
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Podnebne spremembe - projekcije

Najbolj verjeten scenarij
glede na trenutne politike

(a) Global surface temperature change relative to 1850-1900
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Podnebne spremembe

SLOVENUA:
ogreva se mnogo hitreje
od globalnega povprecja
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Ogrevanje v Sloveniji i
Observations Scenarios 6
—e— Annual average Increasing Global Carbon Dioxide Emissions
——— 10-year smooth Stabilized Carbon Emissions and Slow Decline

—— Quick Decline, Zero Emissions by ~2080 -5
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Vir: Berkeley Earth

Annual Average Temperature Increase (°C)



Ogrevanje v Sloveniji .

Observations Scenarios /
—e— Annual average Increasing Global Carbon Dioxide Emissions
——— 10-year smooth Stabilized Carbon Emissions and Slow Decline

—— Quick Decline, Zero Emissions by ~2080
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Vir: Berkeley Earth, prirejeno po IPCC AR6, WGI Interactive Atlas

Annual Average Temperature Increase (°C)



Premik temperaturnih klimatskih pasov

Desetletno povprecje temperature na 2 metrih
med leti 1961 in 1970
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Premik temperaturnih klimatskih pasov

Povprecna letna temperatura na 2 metrih, 1850-1859

\

CMIP6 ansambelsko
povprecje

Sredniji (najverjetnejsi)
emisjki scenarij: SSP2-4.5




Pogostejsi ekstremni vremenski dogodki

LETNO POVPRECJE
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Vir: Taszarek et al. (2021). Differing Trends in United States and European
Severe Thunderstorm Environments in a Warming Climate, BAMS 102(2),

Frekvenca mocnih
nevihtnih dogodkov (toca,
mocan veter, ekstremni
nalivi) se je na obmodju
Evrope Ze povecala,
najbolj na obmodju

S. Jadrana



Pogostejsi ekstremni padavinski dogodki

Vir: IPCC AR6 WG1

Relative frequency (pre-industrial = 1)

(b) Heavy precipitation events
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precipitation deviation from 1981-2010 [mm]
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Bolj soncna, vroca in susna poletja

ERA5 summer 1950-2020, Slovenia
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Fizikalni razlog:
* razsiritev Hadleyjeve cirkulacije
* Premiki ciklonskih poti proti severu

Posledice:

* Povecana evapotranspiracija

* Nizja vlaznost tal

» DaljSe trajanje soncnega obsevanja
e 7Zmanjsana vetrovnost

e Zmanjsani pretoki rek



Bolj soncna, vroca in susna poletja
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Fizikalni razlog:
* razSiritev Hadleyjeve cirkulacije
* Premiki ciklonskih poti proti severu

Posledice:

* Poveclana evapotranspiracija

* Nizja vlaznost tal

* DaljsSe trajanje soncnega obsevanja
* ZmanjSana vetrovnost

* Zmanjsani pretoki rek



Obeti —obmocja, kjer bo clovesko zivljenje
Ogrozeno’?

Vir: Russo et al., Nature
Scientific Reports (2017)

Probability {%
Verjetnost, da se v obdobju enega leta pojavi vrocinski val, pri katerem bi mgl{(si}malna vrednost temperature
mokrega termometra (TMT) presegla vrednost 35°C. Pri tej TMT ¢lovek (na prostem) dozZivi v nekaj urah
spontani vroCinski udar ze v mirovanju, v senci, pri popolni ventilaciji, kar vodi v hitro smrt. Hlajenje telesa ni
teoreti¢no mozno niti s potenjem.

Po RCP 8.5 scenariju (,,business as usual”) za obdobje 2070-2100 (+3.2 = 5.4 °C glede na predindustrijsko dobo).



Temperature mokrega termometra

Verjetnostna porazdelitev T, po empiricni formuli, JJA (1971-2000),
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Dvig morske gladine

d) Global mean sea level change relative to 1900
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Satelitski monitoring koncentracij
TGP in inverzen izracun lokacij emisij

-, OPEINICUS

Europe’s eyes-on Earth



Emisije TGP na ozemlju Republike Slovenije

emisije [kt ekvivalent CO;]
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Zgodovinske vrednosti
Skupaj - brez biomase

in mednarodnega prometa Kmetijst.vo

Oskrba z energijo Odpadki

Industrija in gradbeniitveo I Ostalo

Promet HEl Mednarodni letalski promet
Industrijski procesi 777, Mednarodni ladijski promet
Raba goriv v gospodinjstvih, v qumgsa (kurjenje lesa,
komercialnih stavbah, kmetijstvu, poZzari)

gozdarstvu, ribistvu

2020 2030

Projekcije/zaveze
skupaj - scenarij NEPN 'business as usual'
skupaj - scenarij NEPN obstojedi ukrepi

skupaj - scenarij NEPN dodatni ukrepi,
nuklearka

skupaj - scenarij NEPN
ambiciozni dodatni ukrepi, nuklearka

skupaj - cilji Evropske komisije
skupaj - Pariski sporazum AT = 2°C (SLO:AT=3.2°C)
skupaj - Pariski sporazum AT=1.5"C (SLO:AT=2.4°C)



* Energetika predstavlja le priblizno 1/3
emisij — njihovo zmanjsanje je
tehnolosko resljivo

Vir: IPCC AR6 WGIII

Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
term compared to 2030.

Mitigation options

Potential contribution to net emission reduction (2030) GtCO,-eq yr
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Energy

' [ Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)
Bioelectricity with CCS

Reduce CHs emission from coal mining
Reduce CH4 emission from oil and gas

AFOLU

Buildings

Transport

Industry

Other

[ Carbon sequestration in agriculture

Reduce CHs and N0 emission in agriculture

Reduced conversion of forests and other ecosystems

Ecosystem restoration, afforestation, reforestation
Improved sustainable forest management
Reduce food loss and food waste

L Shift to balanced, sustainable healthy diets

[ Avoid demand for energy services

Efficient lighting, appliances and equipment
New buildings with high energy performance
Onsite renewable production and use
Improvement of existing building stock

L Enhanced use of wood products

[ Fuel efficient light duty vehicles

Electric light duty vehicles

Shift to public transportation

Shift to bikes and e-bikes

Fuel efficient heavy duty vehicles
Electric heavy duty vehicles, incl. buses
Shipping — efficiency and optimization
Aviation — energy efficiency

Biofuels

[ Energy efficiency

Material efficiency

Enhanced recycling

Fuel switching (electr, nat. gas, bio-energy, H,)
Feedstock decarbonisation, process change
Carbon capture with utilisation (CCU) and CCS
Cementitious material substitution

L Reduction of non-CO; emissions

[ Reduce emission of fluorinated gas

Reduce CH4 emissions from solid waste
Reduce CH. emissions from wastewater

GtCOz-eq yr'

Net lifetime cost of options:

[ Costs are lower than the reference
0-20 (USD tCO,-eq™)

I 20-50 (USD tCO-eq")

I 50-100 (USD tCO-eq")

I 100200 (USD tCO,-eq")
Cost not allocated due to high
variability or lack of data

——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty




* Energetika predstavlja le priblizno 1/3
emisij — njihovo zmanjsanje je
tehnolosko resljivo

* Zmanjsanje emisij iz kmetijstva,
gozdarstva in ostale rabe tal ter

transporta zahteva bolj radikalne
spremembe nasega zivljenjskega sloga

Vir: IPCC AR6 WGIII

Many options available now in all sectors are estimated to offer substantial potential to reduce
net emissions by 2030. Relative potentials and costs will vary across countries and in the longer
term compared to 2030.
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Cost not allocated due to high
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——— Uncertainty range applies to
the total potential contribution
to emission reduction. The
individual cost ranges are also
associated with uncertainty



Sklepne misli

e 200 drzav na tem svetu bo moralo sodelovati, vsaka s svojo racunico. TakSnega izziva v
Cloveski zgodovini Se ni bilo!

 Ce Zelimo doseti potrebne cilje, moramo hitro in radikalno transformirati celotno ekonomijo,
prehranske sisteme, transport in energetiko

* Pritem mora biti prvi kriterij brezogljicna energija — uporabiti vse brezogljicne vire, ki so na
voljo!

* Vlagati v raziskave in razvoj

 Sprememba ekonomske cenilke: okolju bo potrebno pripisati ceno (ogljicni davek se bo
scasoma razsSiril tudi na druge panoge, na ,,uvozene” emisije)



Sklepne misli

* Fizika podnebnih sprememb znana od 2. pol. 19. st. dalje
(Eunice Foote, John Tyndall, Svante Arrhenius)

e Leta 1990 prvo IPCC porocilo, leta 2021 Nobelova nagrada za fiziko snovalcem prvih
klimatskih modelov (Manabe, Hasselmann)

e Prvic¢ v zgodovini imamo dovolj dobra orodja, da znamo dobro napovedati, kaj se nam obeta
— nasa prednost napram nekaterim prejsnjim civilizacijam, ki so klavrno koncale

e Pogosto sliSimo, da je Slovenija v svetovnem smislu nepomembna pri zmanjsevanju emisij
toplogrednih plinov... tudi Kitajsko lahko razdelimo na 700 majhnih kosckov in deklariramo
vsak del kot ,,nepomemben”



Ideja algoritma ,deli in vladaj“ je razdeliti problem na mnozico
podproblemov in RESITI vsakega posebe,;...

... in ne razdeliti problem na mnozico podproblemov ter se pretvarjati,
da problem ni ve¢c pomemben.



