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Vazlat

* Az eddigi tortenet

* A tudomanyos alap

* Globalis problema

* Hatasok, alkalmazkodas es sebezhetoseq

* Lokalis kovetkezmenyek — terepmunka Nagy-Hagymas

* Az eghajlatvaltozas merseklése Ill. — terepmunka
(Nagyhagymas) es szamitogepes munka (https://en-
roads.climateinteractive.orgy/).
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Az eddigi tortenet

Charles David Keeling (1928-2005)

Svante Arrhenius (1859-1927) 1958! — Pontos CO, mérés a légkorbdl
Svéd fizikus és kémikus, 1903- Nobel-dij
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Az eddigi tortenet

Keeling gorbe
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CO, fraction in dry air (umol/mol)

Monthly mean CO, concentration
Mauna Loa 1958 - 2022
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Data : Dr. Pieter Tans, NOAA/ESRL (https://gml.noaa.gov/ccgg/trends/) and
Scripps Institution of Oceanography (https:/scrippsco2.ucsd.edu/). Accessed 2022-12-19
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Az eddigi tortenet

A 70-es evek beli problema ami mai napig velUnk tart

* ideiglenes enyhe hulés az
aeroszolok (szilard réeszecskek)
miatt a 20-ik szazad kozepe fele.
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ressed to keep up with it. In England,
armers have seen their growing season
decline by about two weeks since 1950,
with a resultant over-all loss in grain
production estimated at up to 100,000
tons annually, During the same time, the

average temperature around the equator
hae ricon huv a fraction of a deoreo—n

Fern & Freser

a study released last month by two
NOAA scientists notes that the amount of

sunshine reaching the ground

in the

continental U.S. diminished by 1.3 per

cent between 1964 and 1972,

To the layman, the relatively small
changes in temperature and sunshine
can he hichlv misleadine. Reid Brvson of

Verea & Yreper

the weather variable than it was even
five years ago.” Furthermore, the growth
of world population and creation of ne
national boundaries make it impossible
for smn'in}z '?co})lcs to migrate from thei
devastated fields, as they did during
famines.
Climatolocists are nessimistic that no-
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Az eddigi tortenet

1988 — IPCC (Intergovernmental Panel on Climate Change /
Eghajlatvaltozasi Kormanykozi Testulet ) megalakulasa

l-es jelentés. 1990
ll-es jelentés. 1996
lll-es jelentés. 2001

IV-es jelentés. 2007 — Beke Nobel dij— Al Gore

0
V-es jelenteés. 2013/2014
Vl-es jelentes. 2021:
1. Tudomanyos alapok (The physical science basis)
1 p , INTERGOVERNMENTAL PANEL ON
234 szerz0 66 orszagbol, 2049 oldalas, climate chanee

14.000 tudomanyos cikkre alapszik.

2. Hatasok, alkalmazkodas es sebezhetoseq (3068 oldal)

3. Az eghajlatvaltozas merséklése (2042 oldal) (_,&,Wa(dw
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Tudomanyos alap
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Tudomanyos alap —hdmerseklet es legkori CO, novekedes
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Atmospheric CO, concentration and global surface temperature change

during the last 60 million years and projections for the next 300 years SSP5-8.5
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IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on

Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.l. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2391 pp.
doi:10.1017/9781009157896.



Tudomanyos alap —homerseklet novekedes

Changes in global surface temperature relative to 1850-1900

(a) Change in global surface temperature (decadal average) (b) Change in global surface temperature (annual average) as observed and
as reconstructed (1-2000) and observed (1850-2020) simulated using human & natural and only natural factors (both 1850-2020)
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IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2391 pp.
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Tudomanyos alap
Mi okolhato?
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(c) Contributions to 2010-2019
warming relative to 1850-1900,
assessed from radiative

forcing studies
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IPCC, 2021: Climate Change 2021: The Physical
Science Basis. Contribution of Working Group | to the
Sixth Assessment Report of the Intergovernmental
Panel on

Climate Change [Masson-Delmotte, V., P. Zhai, A.
Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y.
Chen, L. Goldfarb, M.l. Gomis, M. Huang, K. Leitzell, E.
Lonnoy, J.B.R.

Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R.
Yu, and B. Zhou (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA,
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Tudomanyos alap - forgatokonyvek, eghajlatmodellek
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IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2391 pp.

dei:10.1017/97§HK)2R57896. Add a footer



Tudomanyos alap - forgatokonyvek, eghajlatmodellek
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Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2391 pp.
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Tudomanyos alap - elorejelzesek

(a) Annual mean temperature change (°C)

at 1°C global warming
Observed change per 1°C global warming Simulated change at 1°C global warming

._;..:;" T

Warming at 1°C affects all continents and
is generally larger over land than over the
oceans in both observations and models.
Across most regions, observed and
simulated patterns are consistent.

(b) Annual mean temperature change (°C) Across warming levels, land areas warm more than ocean areas, and the
relative to 1850-1900 Arctic and Antarctica warm more than the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
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IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on

Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2391 pp.
d9i:10.1017/97§]HKf21557896. Add a footer



Tudomanyos alap - elorejelzesek

(c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
Pacific and parts of the monsoon regions, but decrease over parts of the

relative to 1850-1900 subtropics and in limited areas of the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
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may appear as large % changes in o _ E B
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(d) Annual mean total column soil Across warmilr;g Ie\llels, |::hanges in dstf)fil moistu:je Iargel}/] foll?]w changes in
. P precipitation but also show some differences due to the influence of
moisture change (standard deviation) evapotranspiration.

Simulated change at 4°C global warming

Simulated change at 2°C global warming

Relatively small absolute changes

JEGEEE S GEEEE  c gs  l  s 0 05 10 1.5 >
in units of standard deviation in dry ne el
regions with little interannual (W e e T

variability in baseline conditions.

IPCC, 2021: Climate Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 2391 pp.

dgi:10.1017/9782157896. Add a footer



Tudomanyos alap - elorejelzesek
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Hot temperature extremes over land

10-year event

Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence
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Frequency and increase in intensity of extreme temperature
event that occurred once in 50 years on average
in a climate without human influence
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Heavy precipitation over land

10-year event

Frequency and increase in intensity of heavy 1-day
precipitation event that occurred once in 10 years on
average in a climate without human influence
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Agricultural & ecological droughts in drying regions

10-year event

Frequency and increase in intensity of an agricultural and ecological
drought event that occurred once in 10 years on average across
drying regions in a climate without human influence
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Tudomanyos alap - elorejelzesek
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For scenarios with
higher cumulative
CO, emissions...

...the amount of CO, emissions
taken up by land and ocean
carbon sinks is larger,

but more of the emitted

CO, remains in the
atmosphere...

...meaning that the proportion
of CO, emissions taken up by
land and ocean carbon sinks
from the atmosphere

is smaller in scenarios

with higher CO, emissions.
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Tudomanyos alap - elorejelzesek
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Long-term consequences: Sea level rise

Today, sea level has already
increased by 20 cm and

will increase an additional

30 cmto 1 m or more by 2100,
depending on future emissions.

Sea level reacts very slowly to
global warming so, once started,
the rise continues for thousands
of years.
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Tudomanyos alap - elorejelzesek
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Koppen-Geiger climate classification Terrestrial biodiversity hotspots
desert and semiarid (hot) Mediterranean E—Caucasus-Anatolian-Hyrcanian Temperate Forests
i. Northern Europe (NEU) desert and semiarid (cold) subartic £ Uropean-Mediterranean Montane Forests
ii. Eastern Europe (EEU) humid subtropical tundra ‘B B Fenno-Scandia Alpine Tundra and Taiga
iii. Western and Central Europe (WCE) temperate oceanic dry summer continental editerranean Forests, Woodlands and Scrub
iv. Southern Europe (SEU) subpolar oceanic continental " Ural Mountains Taiga and Tundra
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CO2 emissions by sector, World
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Source: Our World in Data based on Climate Analysis Indicators Tool (CAIT).
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Methane emissions by sector, World

Methane (CH,) emissions are measured in tonnes of carbon dioxide-equivalents' .
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1. Carbon dioxide-equivalents (CO,eq): Carbon dioxide is the most important greenhouse gas, but not the only one. To capture all greenhouse gas
emissions, researchers express them in ‘carbon dioxide-equivalents' (CO,eq). This takes all greenhouse gases into account, not just CO,. To express all
greenhouse gases in carbon dioxide-equivalents (CO,eq), each one is weighted by its global warming potential (GWP) value. GWP measures the amount
of warming a gas creates compared to CO,. CO, is given a GWP value of one. If a gas had a GWP of 10 then one kilogram of that gas would generate
ten times the warming effect as one kilogram of CO,. Carbon dioxide-equivalents are calculated for each gas by multiplying the mass of emissions of a
specific greenhouse gas by its GWP factor. This warming can be stated over different timescales. To calculate CO,eq over 100 years, we’d multiply each
gas by its GWP over a 100-year timescale (GWP100). Total greenhouse gas emissions — measured in CO,eq — are then calculated by summing each
gas’ CO,eq value.
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Direct emissions by sector (59 GtCO,-eq)

Buildings | Transport Agriculture, forestry and Industry Other energy | Electricity+heat
5.6% 15% other land use (AFOLU) 22% 24% 10% 23%

Electicitysheat by sector ——

— Energy systems 8.5%

— Industry 43.0% 5
—AFOLU 0.0%
—Transport 1.6% |
— Buildings 46.9% !

Direct+indirect emissions by sector (59 GtCO,-eq)

: Indirect o Indirect
Direct Indirect Direct Direct Direct Indirect Direct
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Buildings Transport Agriculture, forestry and Industry Other energy
16% 15% other land use (AFOLU) 22% 34% 12%
— Non-CO, (all buildings) — Inland shipping 0.3% — Biomass burning — Cement (process only) 2.6% — Petroleum
0.1% — Rail 0.4% (CO,, CH,) 0.1% —Waste 3.9% refining 1.1%
— Non-residential 5.9% — Domestic aviation 0.7%  — Synthetic fertiliser — Chemicals 6.3% — Coal mining fugitive
— Residential 11% — Other (transport) 0.9% application (N,0) 0.75% — Metals 7.8% emissions 2.2%
— International aviation — Manure management — Other (industry) 13% - 0il and gas fugitive
1.1% (N,0, CH,) 0.7% emissions 4.4%
— International shipping — Rice cultivation (CH,) 1.7% — Other (energy systems)
1.3% — Managed soils and pasture 4.7%
—Road 10% (CO,, N;0) 2.5%
— Enteric fermentation (CH,) 5%
— LULUCF CO, 1%
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