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1. Co vieme o klime v minulosti

2. Co sa deje s klimou dnes
(t.J. v poslednych dekadach)

3. Populacia, ropa a klima
4. Co z toho vyplyva pre blizku budtcnost

(horizont A.D. 2050) fudstva — human
predicament a moznosti dalsieho vyvoja



Caveat na uvod:

Zivot a svet su komplexné a klima samozrejme
zdaleka nie je jediny faktor, ktory bude
vyznamne formovat' zivoty nas a nasich deti.

Mimoriadne vyznamnu rolu zohra aj mnoho
inych faktorov, napriklad ropny zlom,
vycerpanie zasob vody a inych surovin, pod,
nicenie ekosystemoyv, rast acidity oceanov atd.

Doélezité medzi nimi budu aj adaptacie a
maladaptacie ludskych spolocnosti



Napriklad: Kolaps spolocnosti
podla J.Diamonda

5 okruhov klucCovych faktorov:

- Degradacia zivotneho prostredia

- Zmeny klimy

- Nepriatelski susedia

- Obchodni partneri

- Reakcie spolocnosti na faktory prostredia

(Jared Diamond, Collapse — How Societies
Choose to Fall or Succeed, 2005 - bold J.M.)



Global Warming — realita alebo
,konspiracia” vedcov"?
Na tomto fore asi zbytoCne, ale predsa “ako vieme?
- Priame merania teplot na kontinentoch a oceanoch,
globalne ccal50 rokov, na oceanoch kratsie,
v hibkach este kratsie
- Satelitné merania — cca 40 rokov
- Paleoklimatologia - proxy metody:
- kroniky (Little Ice Age era, Laki, Tambora)
- dendrochronoldgia
- ladovcove jadra — cca milion rokov
- jadra sedimentov — foraminifera, pely etc.
- koraly, 1zotopy C, O,




Proxy metody: rekonstrukcia priemernej globalnej
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http://www.ucar.edu/news/releases/2009/imaqges/Fiqg.final 11.jpg
Note: 1810-1820 — najchladnejsia dekada - Mt.Tambora
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http://www.ucar.edu/news/releases/2009/images/Fig.final_11.jpg

.Berkeley Earth project”
vysledky analyzy vyvoja klimy financované ,denyers”
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The Berkeley Earth Project - deniers response to ,Climategate scandal” - has used
new methods and some new data, but finds the same warming trend seen by groups
such as the UK Met Office and Nasa, October 2011 http://www.bbc.co.uk/news/science-
environment-15373071
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Rekonstrukcia kolisania globalnych tepl6t pomocou analyzy
fadovcovych jadier, 400 000 roCny horizont (Omo, 195 000 rokov)

Antarctic (Vostok) Temperature
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Europa cca 20 000 rokov BP

Priemerna globalna teplota o cca 6 C nizsia
ako dnes (Slovensko / CR o0 10-12 C chladnejsie)
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| Areas covered with glacial npezohladriuje nizsiu hladinu
ice during the Pleistocene e300y







Glacialne - interglacialne oscilacie: teplota delta 6 C,
CO2 od 180 do 280 ppm, metan od 400 do 700 ppb

Antarctic Time Series for CO,, CH,4 and Temperature
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KluCove faktory prirodzenych
zmien klimy:

- Slnecdné Ziarenie (Sporer Minimum (1460-1550), Maunder
Minimum (1645-1715) — dnes 1366 W/m2, 240 W/m2

- MilankoviCove cykly : Zmeny orbity (0 az 6%, 96.000 z
127.000 roCny cyklus) , sklonu zemskej osi (41.000 rokov, 22.1
to 24.5 stupnov) a precesie zemskej osi (26 000 rokov)

- Zmeny koncentracie sklenikovych plynov - CO2, CH4, N20
- polCas v atmosfére desiatky rokov, forcing +2-3 W/m2
- Zmeny koncentracie aerosolov - polCas v atmosfere tyzdne,
ich klimaticky forcing otazny - minusl W/m2 (?)
73.000 BC, 1783, 1815, 1883, 1991...
- Mars - 50 C, Earth +15 C (33 C less without GHG),
Venus +450C (97% CO2)



Zhrnutie prvej casti

Poznatky o klime Zeme v minulosti su

- Robustneé — opieraju s o masivne a dlhodobée sady
dat z rozlicnych prostredi a laboratorii

- Opieraju sa o spektrum metodoldgii, ktoré davaju
konzistentny obraz

- Potvrdzuju rychlost sucasnych zmien klimy
bezprecedentnu dokonca aj v geologickych
casovych horizontoch

- Vysvetlené prebiehajucimi fyzikalnymi a
chemickymi procesmi



Sucasnost: vzostup priemernej globalnej teploty za
storoCie o cca 0.8 C - rast od 1980 akceleruje
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http://www.nasa.gov/centers/goddard/images/content/208488main_global temp change
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Atmospheric CO, at Mauna Loa Observatory
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http://www.esrl.noaa.gov/news/2007/img/co2_data_mlo.2007.m.qgif
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http://www.eoearth.org/files/145501 145600/145558/methane eoe atmosphere.jpg
(Encyclopedia of Earth)
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MILLIONS

Vyvoj populacie Homo sapiens 10 000 BC po dnesok
Agrarna revolucia — od 10 miliénov k 1 miliarde
okolo roku 1800

World Population 10,000 BC to 2000 AD
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Vyvoj populacie Homo sapiens —
Priemyselna revolucia 1800 - 2012

Interval between

Pop. Size... Reached in... next 1 BIn people
1 Billion 1804

2 Billion 1927 123 years later
3 billion 1960 33 years later
4 Billion 1974 14 years later
5 Billion 1987 13 years later
6 Billion 1999 12 years later
7 Billion 2013 14 years later

8 Billion 2028 15 years later



Téza: rast svetovej populacie a spotreby energie
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Data: Fopulation and Enengy, Graham Zabel
Graph: PostPeakl ving, com

http://www.postpeakliving.com/peak-oil-primer Note: do roku 1900 hrala vyznamnu
ulohu aj geograficka expanzia — napr. zapad USA, Juzna Afrika, Australia...
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Rast svetovej populacie a spotreby ropy

7.5 100
=
[ i
6.0 80 O
—

o

= / a
i
B A 2
qa 45 7 ?— B0 g
r— 4]
o 0
£ e 5
A= 40 40 -
= -
L A=,
15 20 =

0 _/ u

1800 1840 1880 1920 1960 2000 2040 2080
_ World Population B Oil

www.PostPeakLiving.com

Dixta from UL BF Siatisiical Review



Rast a svetovej populacie a emisii CO2
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http://www.worldclimatereport.com/index.php/2008/01/30/what-the-future-holds-in-store/
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Co sa deje s klimou v poslednych dekadach?
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Average of NOAA, GISS, and HadCRUT annual global surface temperature
anomalies. Blue bars indicate years influenced by La Nifia events. 2011 is the
warmest La Nina-influenced year on record (Source: WMO)

(2011 - the 5th-largest La Nifa influence since 1950, and the largest since 1974)
http://www.skepticalscience.com/prediction-new-surface-temperature-record-2013.html
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Co sa deje s klimou v poslednych dekadach?
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http://www.skepticalscience.com/new-remperature-reconstruction-vindicates.html
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Arktida: kanarik v uholnej bani:
Vyvoj rozlohy plavajuceho fadu —
satelitné merania 1979 — 2012 4.11.2012
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Vyvoj a prognoza objemu plavajuceho ladu v
Arktide - leto 2012: zmena albeda, akceleracia
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http://e360.yale.edu/slideshow/arctic tipping poymt heading to an ice-free north pole/120/2/
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Percentage of U.S. in severe drought or extremely wet
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Percentage of the contiguous U.S. either in severe or greater drought (top 10%
dryness) or extremely wet (top 10% wetness) during the period January - November,
as computed using NOAA's Climate Extremes Index. Remarkably, more than half of
the country (56%) experienced either a top-ten driest or top-ten wettest year, a new
record. Image credit: NOAA/NCDC http:/imww.wunderground.com/blog/JeffMasters/article.html
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U.S. Drought Monitor SePtnnei, 212

[rtensity.
|| DO Abnormally Dry
1 D1 Drought - Moderate

r~ Delineates dominant impacts
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The Drought Monitor focuses an broad-scale conditions,
Local conditions may vary. See accompanying text summary
for forecast slatements.

Released Thursday, September 13, 2012
http:/idroughtmonitor.unl.edu/ Author: David Simeral, Western Regional Climate Center

http://droughtmonitor.unl.edu/12 week.qif



http://droughtmonitor.unl.edu/12_week.gif

Sucha: hrozba potravinovej bezpecnosti pre 7 miliard fudi
(USA: najvacsi svetovy exportér zrnin)

U.S. Corn Areas Experiencing Drought

Reﬂects J“b, 17, 2012 Approximately 88% of the corn grown in the U.S.

is within an area experiencing drought, based on
U.S. Drought Monitor data historical NASS crop production data.
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Sucha: hrozba potravinovej bezpecnosti pre 7 miliard fudi
(USA: najvacCsi svetovy exportér zrnin)

All Wheat for Grain, Harvested Acres: 2002
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Dust Bowl, 1930 - 1936
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Index cien potravin FAO:
Drahé potraviny = ,nova“ realita (92012

Ruska tepelna vina 2010

FAO Food Price Index
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* The real price index is the nominal price index detlated by the World Bank Manufactures Unit Value Index (MUY)



Mark Lynnas - Six Degrees

+1 C: droughts and deserts expanding in the
USA up to Saskatchewan
hurricanes in S. Atlantic (Catarina 2004)

+2 C: wild fires In Amazon region,
desert expanding in northern China,
massive floods in Southern China,
Sahara crosses Mediterranean Sea



Ako rychlo sa moze klima
menit? Do akej vysky?

Co vieme z ,velkého topenia“:

- Rychlost stupania hladin pred cca 15.000 rokmi
dosahovala az + 5 metrov za storocCie (+1m v 2030?)

- Ked bolo naposledy okolo 360 az 400 ppm CO2 v
atmosfére - v Pliocéne pred 3 a viac milionmi rokov -
hladina oceanov bola o 25 m vyssie ako dnes



Velka neznama je rychlost dnesnych zmien, ale z
geologického hladiska je bezprecedentna:

Ekosystemy nemaju Cast na evolucnu adaptaciu
a mnohé druhy ani na migraciu k polom a do
vyssich poloh

Plati to aj o agrarnych ekosystemoch, na ktorych
civilizacia zavisi.

Pozitivne spatné vazby oteplovanie zrychluju:
- Sucha a lesné poziare (Amazonia etc.)
- Topenie permafrostu a metanhydratov

- Topenie [adu a snehu - zmena albeda




Ako rychlo sa mdéze klima menit? Do akej vysky?
Palmerov index sucha — dnesny stav
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http://climatechange.foreignpolicyblogs.com/tag/palmer-drought-severity-index/



http://www2.ucar.edu/sites/default/files/news/2010/2000-2009wOceanLabels.jpg

Ako rychlo sa mo6ze klima menit? Do akej vysky?

Palmerov index sucha — prognoza |
2030-2039
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Which regions face Dust-Bowlification - Palmer Drought Severity Index
- reading of -4 or below is considered extreme drought
*Much of Latin America, including large sections of Mexico and Brazil
*Regions around Mediterranean Sea, which could become especially dry
sLarge parts of Southwest Asia, most of Africa and Australia
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Ako rychlo sa mo6ze klima menit? Do akej vysky?

Palmerov index sucha — prognoéza |l
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The PDSI in the Great Plains during the Dust Bowl apparently
spiked very briefly to -6, but otherwise rarely exceeded -3 for the
decade...

http://climateprogress.org/2010/11/11/veterans-day-2030/
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By the end of the century, many populated areas, including parts
of the United States, could face readings in the range of -8 to -10,
and much of the Mediterranean could fall to -15 to — 20

http://climateprogress.org/2010/12/14/southwest-drought-global-warmin/
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Populacny rast za ostatnych 100 rokov
—z menej ako 2 na 7 miliard ludi —
a s nim uzko previazana uroven sucasnej
globalnej (post)industrialnej, konzumnej (etc.
etc.) civilizacie fundamentalne zavisia na:

Prebytku lacnych potravin
a
Prebytku lacnej energie
ktoré navzajom uzko suvisia

Prebytok lacnych potravin vsak konci v
chronologickej suhre akcelerujucich zmien
klimy a zlomu v produkcii fosilnych paliv



Comparison of Food and Oil Prices
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Vyvoj indexu cien potravin a vybuchy nasilia v
chudobnych krajinach — ,Arabska jar 2011"
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http://grist.org/food/u-s-drought-could-cause-global-unrest/
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Alternativna prognoza vyvoja populacie zohladnujuca
vycerpanie dostupnych fosilnych paliv.
Eliminacia efektu priemyselnej revolucie
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Alternativna prognoéza vyvoja populacie zohladnujuca
vycerpanie dostupnych fosilnych paliv a kapacity ekosystémov.
Eliminacia efektu priemyselnej a agrarnej revolucie
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http//www.paulchefurka.ca/WEAP/WEAP.html



Predpokladané odpovede:

Mozu zmeny klimy ,zlomit vazy® moderne;
civilizacii?
Ano, mozu.

,Je pravdepodobnég, ze sa tak stane?
Ano, zda sa, ze je to pravdepodobné

Je to nevyhnutne?
Zda sa, ze nie
Ale zostava vela otvorenych otazok.



Niektore z otvorenych otazok:

M&ze sucCasna civilizacie prezit klimaticku a energeticku (a

nasledne potravinovu a socialno-ekonomicku) krizu — rychly

ekonomicky a socialny pokles - bez krvavych revolucii a vojen?
- MENA ponuka ram obrazov buducnosti uz dnes

Dokaze to bez revolucii a vojen Eurdpa/ krajiny mierneho
klimatického pasma?
- zvladnutie vnutroeuropske] migracie na sever,
schudobnenia strednej triedy, socialnej polarizacie

Dokazu sa USA, Cina a EU dohodnut na udinnom a rychlom
znizovani emisii CO2 a CH4? Kyoto, Kodan etc. nedavaju
d6évody k optimizmu.

Alebo naopak nahradime pokles tazby ropy zvysenim
spalovania uhlia?



Niektore z otvorenych otazok:

- Ake je riziko abruptnej zmeny klimy? Dimming efekt 0.9 C
moOze skokovo eliminovat hlboky pad vyroby a dopravy
spOsobeny napr. bankovym kolapsom, pandémiou chripky,
revoluciou alebo velkou vojnou v S. Arabii/ Perzskom zalive.

Abruptna zmena by znamenala ovela menej Casu na adaptaciu
a pripadné mitigacné opatrenia!

- Dokaze civilizacia ak sa to ukaze nevyhnutné zrealizovat
ucinné geoinzinierske opatrenia na timenie CC? Zachova si na
ne industrialne kapacity? (Last man on the moon)

- Kakej CC sme ,committed™? Kolko metanu bude uvolneného z
topiaceho sa permafrostu a metanhydratov v selfovych
moriach? Aky rozsah nadobudnu poziare lesov? — Je ,Venusin
syndrom” realnou moznostou?



Welcome...

... to the shining future !



