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December 7, 1972, 
from 
a distance of 
about 29,000 
kilometers

Apollo 17
spacecraft 
on its way 

to the Moon

https://en.wikipedia.org/wiki/Apollo_17
https://en.wikipedia.org/wiki/Moon




II. Climate Change (CC)

Boundary: Atmospheric CO2 concentration no higher than 350 ppm
Pre-industrial level: 280 ppm

Current level : September 2022: 415.57 ppm 

Mauna Loa       September 2021: 413.32 ppm

September 2012: 391.02 ppm

(Weekly average value)
Diagnosis: Boundary exceeded

https://climate.nasa.gov/vital-signs/carbon-dioxide/


History of
climate
change and 
research



The earliest interest in “climate” was of a rather pragmatic nature

Greek klinein – „to incline, at an angle“

Aristoteles (384-322 BC) – Meterologica - VALID FOR ROUGHTLY 2000 YEARS





CC - history
1753 – discovery of CO2 

1824 – Joseph Fourier - greenhouse effect in the atmosphere

TEMPERATURE RELATED!

1861 – John Tyndall - water vapour and 
other gases are GREEN HOUSE GASSES

1896 – Svante Arhenius – hypothesis on enhancement of GH effect
due to increase of CO2 in the atmosphere as a consequence of fosil
fuels combustion (HOTHOUSE)

- the prognosis on increase of the temperature by                               
several °C when GHG concentration doubles is still valid

1901 – term „GREENHOUSE EFFECT“ (Ekholm)

http://www.tyndall.ac.uk/


1957 – oceanographer
Roger Revelle and 
chemist Hans Suess shown
that oceans can not 
absorb entire CO2
produced by people

"Human beings are now 
carrying out a large scale 
geophysical experiment.„

CC - history



• The international body for assessing the science related to climate change. 
• Created in 1988 
• To provide governments at all levels with scientific information that they can 

use to develop climate policies
• Thousands of people from all over the world contribute to the work of the 

IPCC. For the assessment reports, experts volunteer their time as IPCC authors 
to assess the thousands of scientific papers published each year to provide 
a comprehensive summary of what is known about the drivers of climate 
change, its impacts and future risks, and how adaptation and mitigation 
can reduce those risks. 

• The IPCC does not conduct its own research.

• Working Group I: the Physical Science Basis; 
• Working Group II: Impacts, Adaptation and Vulnerability; 
• Working Group III: Mitigation of Climate Change 



CC… and politics
1972 – UNCHE (The United Nations Conference on the Human Environment ), 
Stockholm. CC becomes one of the global priorities

• Creation of United Nations Environment Programme (UNEP)

1990 – 1st IPCC report – „Temperature increase by 0.3-0.6 °C is caused also by the 
human activities“

1992 – Earth summit – United Nations Framework Convention on CC, 

Rio de Janeiro

2005 – Kyoto Protocol (1997)

CHINA – developing country, USA – did not sign

2013 - 5th IPCC report „Scientists are 95% certain that humans are the "dominant 
cause" of global warming since the 1950s“

2016 – Paris Treaty came into force

2021-2022 - 6th IPCC report

2021 – United Nations Climate Change Conference, Glasgow

https://www.unenvironment.org/


Greenhouse Effect and Global Climate Change

- Greenhouse effect (GE) – natural atmospheric effect essential for 
life on the Earth

- GE dampens temperature fluctuation between day and night and 
thus provides favorable conditions for life

-117 °C x 100 °C

https://www.youtube.com/watch?v=sTvqIijqvTg




Greenhouse Gasses (GH) in the atmosphere

- the most important GHG is water vapour - H2O(g) that creates
2/3 of greenhouse effect

- however H2O(g) concentration in the atmosphere is not 
significantly influenced by human activities

- second most important GHG is CO2 (~ 20 % GH effect)

- last 13 % of GH effect – mainly gases like CH4, N2O, CFC





….. Problem?

• increase of CO2 
level in the 
atmosphere due to 
the antropogenic
action - disruption
of the balance 
between release
and absorption of
CO2 in the carbon
geochemical cycle



GLACIAL/INTERGLACIAL PERIOD



https://www.youtube.com/watch?v=e7xW1MfXjLA


CC indicators



Increase of CO2 level 
- CO2 level increased more than >40 % since pre-industrial level

- level of other greenhouse gases increases as well

- main source of this increase is fosil fuels combustion + deforestation

PROXY
Historical: memos, newspaper, diaries
Biological: tree rings, corals, ice cores
Geological: ocean sediments, 
ice sheets, past glaciers, stalactites

http://climate.nasa.gov/keyIndicators/
https://learn.weatherstem.com/courses/wxstem_meteorology_01/module-08/04/08.html




Other indicators (variables) of CC

- changes in temperature (land/ocean)
- changes in ice cover in Arctic ocean
- changes in ice cover in North and South pole 
- sea level rise
- humidity rise

The annual mean global near-surface 
temperature for each year between 2022 
and 2026 is predicted to be between 1.1 
°C and 1.7 °C higher than preindustrial 
levels (the average over the years 1850-
1900).

http://climate.nasa.gov/keyIndicators/
http://climate.nasa.gov/keyIndicators/
http://climate.nasa.gov/keyIndicators/
http://climate.nasa.gov/keyIndicators/
https://www.climaterealityproject.org/blog/10-indicators-that-show-climate-change
https://www.youtube.com/watch?v=J_WWXGGWZBE
https://earthobservatory.nasa.gov/world-of-change/global-temperatures
https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold


Less ice in
the Arctic ocean

new naval routes
from Europe to Asia

„The United States Geological Survey estimates that 
the Arctic contains approximately 13% of the world’s 
undiscovered oil resources and about 30% of its 
undiscovered natural gas resources.“

Japan from Rotterdam - Suez Canal - 30 days
- Northern Sea Route - 18 days

https://www.weforum.org/agenda/2020/02/ice-melting-arctic-transport-route-industry/
https://pubs.er.usgs.gov/publication/70035000


Glacier calving in Arctic ocean

https://www.youtube.com/watch?v=hC3VTgIPoGU


Scenario vs model?

• plausible and often simplified 
description of how the future 
may develop, based on a 
coherent and internally consistent 
set of assumptions about driving 
forces and key relationships

• the impact of humans on the 
environment

• the climate models describe how 
the earth's climate functions

• based on physical laws and 
equations, approximation needed! 

If the climate models are combined with 
the emission scenarios, it is possible to 
predict with a certain amount of 
probability how the climate will be in the 
future.



Temperature rise scenarios to 2100

- scientific vs. political uncertainty



a) RCP2.6 – 2,6 W.m-2 – significant lowered concentration of CO2 in atmosphere(421 ppm-2100) 
b) RCP4.5 – 4,5 W.m-2 – stabilization of CO2 levels on lower level (538 ppm) 
c) RCP6.0 – 6,0 W.m-2 – stabilization of CO2 levels on higher level (670 ppm) 
d) RCP8.5 – 8,5 W.m-2 – „bussiness as usual“ (936 ppm)

IPCC AR 5

2014
GHG related



Shared Socioeconomic Pathways (SSPs)

zm
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ěn
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Socioeconomic challenges to 
mitigate vary, e.g., with the 
resource and carbon intensity 
of consumption. 
Socioeconomic challenges to 
adapt vary, e.g., with the level 
of education, health care, 
poverty and inequality in 
societies around the world. 

https://www.carbonbrief.org/explainer-how-shared-socioeconomic-pathways-explore-future-climate-change
https://en.wikipedia.org/wiki/Shared_Socioeconomic_Pathways


CC consequences



Consequences of CC
- regionally specific
- e.g. increasing vs. decreasing yields in some regions

http://environment.nationalgeographic.com/environment/global-warming/gw-impacts-interactive/


Consequences of CC

• Heat waves, floods, drought, storm intensity
• DESERTIFICATION

• CHANGES OF BIODIVERSITY
•
• higher vegetation cover

(Asia, Europe, S Am, SE 
Australia)                                                                                          

• drying of vegetation
(N Eurasia, Central Asia, 

Congo Basin)

(2019)



6th IPCC Assessment Report 





Phenomena
Present trends

Confidence level

The rise in weather and climate extremes has led to some irreversible 
impacts as natural and human systems are pushed beyond their 
ability to adapt.
(increases in the frequency and intensity of climate and weather extremes, 
including hot extremes on land and in the ocean, heavy precipitation events, 
drought and fire weather)

High confidence

Warm-water coral bleaching and mortality and increased drought-
related tree mortality 

High confidence

Increased heat-related human mortality Medium
confidence

Impacts in natural and human systems from ocean acidification, sea 
level rise or regional decreases in precipitation have also been 
attributed to human induced climate change

High confidence

Roughly half of the world’s population currently experience severe 
water scarcity for at least some part of the year due to climatic and 
non-climatic drivers

Medium cofidence

Climate change including increases in frequency and intensity of 
extremes have reduced food and water security, hindering efforts to 
meet Sustainable Development Goals 

High confidence

Climate change has adversely affected physical health of people 
globally and mental health of people in the assessed regions

Very high
confidence!!!

Hot extremes including heatwaves have intensified in cities High confidence

Phenomena
Future trends

Confidence level

Biodiversity loss and degradation, damages to 
and transformation of ecosystems are already 
key risks for every region due to past global 
warming and will continue to escalate with 
every increment of global warming 

Very high
confidence!!!

Risks in physical water availability and water-
related hazards will continue to increase by the 
mid- to long-term in all assessed regions, with 
greater risk at higher global warming levels 

High confidence

Increases in frequency, intensity and severity of 
droughts, floods and heatwaves, and continued 
sea level rise will increase risks to food security

High confidence

Climate change and related extreme events 
will significantly increase ill health and 
premature deaths

High confidence

In the mid- to long-term, displacement will 
increase with intensification of heavy 
precipitation and associated flooding, tropical 
cyclones, drought and, increasingly, sea level 
rise

Medium confidence

Main consequences of CC - summary

Scientific language is very brief and talking in the words of
probability and confidence



C
C

 -
co

nt
ro

ve
rs

y

„How much do we want to spend
on the climate compare to other problems?“

https://www.youtube.com/watch?v=0Te5al2APrQ


„...more heat will damage crop growth in 
many warmer climates, but it means better 
agricultural production in cold countries. And, 
CO2 is a fertiliser — commercial greenhouses 
pump in extra CO2 to grow bigger tomatoes. 
So overall, we can expect agriculture to gain 
from global warming in the short and medium 
term...“ B. Lomborg





„...more heat will damage crop growth in many warmer climates, but it means better 
agricultural production in cold countries. And, CO2 is a fertiliser — commercial 
greenhouses pump in extra CO2 to grow bigger tomatoes. So overall, we can expect 
agriculture to gain from global warming in the short and medium term...“ B. Lomborg

yes, increasing yields, but mainly in countries with the actual
overproduction, while the agrarian countries in developing world (with 

significant hunger) will experience even drop in the production

Moral dimension of CC

https://www.visualcapitalist.com/interactive-map-tracking-global-hunger-and-food-insecurity/


Příčiny environmentální krize



Solutions of CC?





Democratic polititian
Ex-vicepresident USA
Environmentalist

„As I was entering high school, my 
mother was reading Silent Spring and 
the dinner table conversation was 
about pesticides and the 
environment ... The year I graduated 
from college the momentum was 
building for Earth Day. After that, as I 
was entering divinity school, the Club 
of Rome report came out and the limits 
to growth was a main issue.“

Gore held the "first 
congressional hearings on 
the climate change, and 
co-sponsor[ed] hearings 
on toxic waste and global 
warming".

„...was one of the 
first politicians to 
grasp the 
seriousness of 
climate change and 
to call for a 
reduction in 
emissions of carbon 
dioxide and other 
greenhouse gases."



2021



Politics on CC
- main aim – decrease the GHG emissions, mainly CO2

- 1992:  UN Framework Convention on Climate Change

- 1997: Kyoto protocol (in force from 2005)

- industrial countries should decrease their GHG emissions until the year
2012 for 5.2 % compared to the year 1990

- different threshold for different countries (e.g. EU 8%)

- however, industrial countries (Annex I countries with Kyoto targets) contributed „only“ with
24 % of global CO2 emission (2010)

https://en.wikipedia.org/wiki/Kyoto_Protocol#Annex_I_Parties_with_targets


Temperature rise scenarios to 2100

- scientific vs. political uncertainty



Kyoto protocol – result (2012)

- industrial countries (Annex I countries with Kyoto targets) reduced their 
emissions for 24.2 % ! (much more than promissed target 5.2 %)

- however, emission in other countries have risen so fast, that global CO2 emissions
increased by 32 % from 1990 to 2010 

- extension of the Kyoto Protocol until 2020
- certain countries (the EU and a few other countries) have committed themselves to 

further reducing CO2 emissions.
- EU e.g. by 20-30% compared to 1990
- Average – 18% - generally achieved

% change in CO2 em.(2014)

Into force in 2005



Paris treaty (2015)
- continuation of the prolonged Kyoto protocol (2020)
- aim: Limit the temperature rise not more than 2 °C compared to 

pre-industrial era, ideally below 1.5 °C
- came into force in November 4th 2016 Shift in the rhetoric!

The Paris Agreement works on a 5-
year cycle of increasingly ambitious 
climate action carried out by countries

To stay below 1.5 °C of global warming, 
emissions need to be cut by roughly 50% by 
2030



The annual mean global near-surface temperature for 
each year between 2022 and 2026 is predicted to be 
between 1.1 °C and 1.7 °C higher than preindustrial 
levels (the average over the years 1850-1900).

„The 1.5°C figure is not some random statistic. It is rather an 
indicator of the point at which climate impacts will become 
increasingly harmful for people and indeed the entire 
planet,” said WMO Secretary-General Prof. Petteri Taalas.

https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold


In contrast to the 1997 Kyoto Protocol, the distinction between 
developed and developing countries is blurred, so that the latter 
also have to submit plans for emission reductions. 

https://en.wikipedia.org/wiki/Paris_Agreement
https://en.wikipedia.org/wiki/Kyoto_Protocol


Solution
Adaptation and mitigation



How to decrease CO2 emmisions?
- decrease the fossil fuels consumption

- increase efficiency of the industr. production

- end the non-effective industr. production

- save the energy and material

- economic tools to decrease CO2 - EU Emissions Trading System (EU ETS)

- bio-fuels? Probably not...

- Geo-engineering?

https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en
http://www.atmos-chem-phys-discuss.net/7/11191/2007/acpd-7-11191-2007.pdf
http://www.atmos-chem-phys-discuss.net/7/11191/2007/acpd-7-11191-2007.pdf


Geo-egineering – types and opportunities





Tree growth? (Christian Korner, 2022)

• More productive forest – more trees....
• BUT!
• Lower carbon storage

CO2 stimulate growth
Higher growth rate
More dynamic system
Reduced resistence!!!

No higher
carbon sequestration

Tree longevity rather than
growth

rate controls carbon capital of 
the forest

=
Carbon pool size maximum



European Green Deal (December 2019)

Striving to be the first climate-neutral continent

The European Commission 
adopted a set of proposals 
to make the EU's climate, 
energy, transport and 
taxation policies fit for 
reducing net greenhouse 
gas emissions by at least 
55% by 2030, compared to 
1990 levels. 

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en


What
about CR?

Mitigation

Adaptation

https://www.cr2030.cz/strategie/
https://www.mzp.cz/cz/politika_ochrany_klimatu_2017
https://www.mzp.cz/cz/adaptace_na_zmenu_klimatu


Right choice?

• Gas plants must switch to run on low-carbon gases by 2035
• New nuclear plants must receive construction permits before 2045 to get a green investment label, and 

be located in a country with a plan and funds to safely dispose of radioactive waste by 2050.

If approved, the gas 
and nuclear rules 
would apply from 
Jan. 2023.

"This is a poor signal to the rest of the 
world that 
may undermine the EU's leadership 
position on climate action," 
said Anders Schelde, chief investment 
officer
at Danish pension fund Akademiker
Pension.

https://www.reuters.com/business/sustainable-business/eu-proposes-rules-label-some-gas-nuclear-investments-green-2022-02-02/


„SYSTEM CHANGE, NOT CLIMATE CHANGE“

„CHANGE OUR OWN 
PRACTICES 

OF HOW WE WORK 
WITH KNOWLEDGE“
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