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https://www.weforum.org/agenda/2020/01/climate-change-perceptions-europe-china-us/


December 7, 1972,

from Apollo 17

a distance of spacecraft

about 29,000 on its way
to the Moon

kilometers
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https://www.weforum.org/agenda/2020/01/climate-change-perceptions-europe-china-us/

https://en.wikipedia.org/wiki/Apollo_17
https://en.wikipedia.org/wiki/Moon
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What comes to your mind when | say "Climate Change"?

Nobody has responded yet.

Hang tight! Responses are coming in.

.. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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What comes to your mind when I say "Climate Change"?
https://www.polleverywhere.com/free_text_polls/Fn0zfFhCBvhzu5PVpq98y
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Control variable x slow variable – described here http://www.ecologyandsociety.org/vol17/iss3/art30/
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems
https://climate.nasa.gov/vital-signs/carbon-dioxide/


.ﬂ

How would you define concept of planetary boundaries?

n

The lowest layer of the troposphere where wind is
influenced by friction.
l 0%

Crossing boundaries increases the risk of

generating large-scale abrupt or irreversible
environmental changes.

l 0%

Crossing boundaries decreases the risk of Earth ’s
vulnerability.

l 0%

"Safe operating space' seeMmore - |jty.

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
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How would you define concept of planetary boundaries?
https://www.polleverywhere.com/multiple_choice_polls/VwTZJ9uLBh7YDwMNnD8Mw?display_state=chart&activity_state=closed&state=closed&flow=Instructor&onscreen=persist


2009 § 2015

3 boundaries crossed : 4 boundaries crossed : 6 boundaries crossed

According to the WWF's Living Planet Report, if we haven't changed our
habits by 2050, we would need 2.5 planet Earths to sustain our activity.
Things like deforestation, unsustainable agriculture and illegal exploitation of
resources have widened the biodiversity gap. For instance, the number of
vertebrate species in nature has declined by 68% since 1970.



https://www.santander.com/en/stories/our-effort-to-revive-nature

B
ll. Climate Change (CC)

Earth Systerm Control varable Threshold avoided Planetary State of knowledge™
process or influenced by Boundary (zone of
slow variable uncertainty)
Climate Atmospheric COz  Loss of polarice sheets.  Atmospheric COz - 1. Ample scientific
change concentration, Regional climate concentration: 350 evidence,
ajaluik disruptions. alaly 2. Multiple sub-system
Loss of glacial freshwater [350-550 ppr) thresholds,
Energy imbalance  supplies, 2, Debate on position of
at Earth’s surface, Weakening of carbon Energy houndary)
W2 sinks. imbalance:+1 W
M2 (+1.0-+1.5 W
m =)

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

Current level : Oct. 28,2024:  422.72 ppm

Mauna Loa Oct 28, 2023: 418.84 ppm

Oct. 28, 2014 399.97 ppm
Diagnosis: Boundary exceeded

August 2024 Temperature [l WM ONECTHERTN E:F: {0 B Kb 1o, S e

(The warmest Aug since 1800) [ sowsmmn

CLIMATE CHANGE

aaaaaa

RATOSPHERIC O
DEFLETION

AERDSOL

LAND-S¥STEM LCADING

CHANGE

ATMDSPHERIC



Předvádějící
Poznámky prezentace
Control variable x slow variable – described here http://www.ecologyandsociety.org/vol17/iss3/art30/
http://www.newscientist.com/special/ocean-to-ozone-earths-nine-life-support-systems
https://climate.nasa.gov/vital-signs/carbon-dioxide/

https://climate.nasa.gov/vital-signs/carbon-dioxide/
https://www.co2.earth/daily-co2
https://www.co2.earth/daily-co2
https://www.co2.earth/daily-co2

History of
climate
change and
research
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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
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Parmenides (~515–450 BCE) developed the idea of the so-called “solar climate,” dividing the earth into five zones with different inclination categories, guiding life on earth. Eratosthenes (276–195 BCE) used the difference of the solar angle at different locations to calculate the circumference of the earth, and Aristotle (384–322 BCE) w


The Greenhouse Effect

Climate

Long-term
weather
condition

Greenhouse effect Greenhouse Climate change Global change }
gases




Q-

Can you guess the year when the greenhouse effect was DISCOVERED?

Nobody has responded yet.

Hang tight! Responses are coming in.

.. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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Can you guess the year when the greenhouse effect was DISCOVERED?
https://www.polleverywhere.com/discourses/FdpabHupAmecoRrJiTDmR


CC - history

1753 — discovery of CO, (heating of CaCO,)

1824 — Joseph Fourier - greenhouse effect in the atmosphere

TEMPERATURE RELATED! Tyndall’Centre’

for Climate Change Research

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 CO, 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

1937 — term ,,GREENHOUSE EFFECT“ (Trewartha)


Předvádějící
Poznámky prezentace
http://media.gettyimages.com/photos/circa-1903-svante-arrhenius-nobel-prizewinning-electrochemist-at-work-picture-id3272591?s=594x594

It took nearly a century of research and data to convince the vast majority of the scientific community that human activity could alter the climate of our entire planet

He linked the temperature of the atmosphere to the atmospheric gases and their conservation of radiation, suggesting that the system acted like a large bell jar. 
While we, in our heated, airconditioned homes and offices, feel untouchable by a change in the climate, the reality is that nearly all of our day-to-day existence depends on its relative stability. The harvesting of our food, our health, the availability of water, mobility, and subtler aspects of our economy, such as tourism, urban design, and insurance all depend on weather and climate.

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

.

CC - history

1957 — oceanographer
Roger Revelle and
chemist Hans Suess
shown that oceans can
not absorb entire CO,
produced by people

"Human beings are now
carrying out a large scale
geophysical experiment.,,
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http://media.gettyimages.com/photos/circa-1903-svante-arrhenius-nobel-prizewinning-electrochemist-at-work-picture-id3272591?s=594x594
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1950 — Charles David Keeling

continuous measurements taken at the
Mauna Loa Observatory since 1950

(till now)
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https://www.esrl.noaa.gov/gmd/ccgg/trends/

https://en.wikipedia.org/wiki/Charles_David_Keeling
https://en.wikipedia.org/wiki/Mauna_Loa_Observatory
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INTERGOVERNa’ﬂENIAL PANEL ON
climate change

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

Hundreds 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 Vulnerabllliy,

Working Group lll: Mitigation of Climate Change f{h\




CC... and politics

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

e Creation of United Nations Environment Programme (UNEP)

1990 — 15 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 rq’rify!

2013 - 5MIPCC 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 - 6™ IPCC report
Nov 2024 — United Nations Climate Change Conference, Baku
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http://www.bbc.com/news/science-environment-15874560
he 1972 United Nations Conference on the Environment in Stockholm was the first world conference to make the environment a major issue. The participants adopted a series of principles for sound management of the environment including the Stockholm Declaration and Action Plan for the Human Environment and several resolutions


The Special Report on Global Warming of 1.5°C was released in October 2018, Climate Change and Land in August 2019, and The Special Report on the Ocean and Cryosphere in a Changing Climate in September 2019.
The three Working Group contributions to AR6 will be released in 2021, with the Synthesis Report completing the cycle in April 2022.
More information about the AR6 Synthesis Report is available here:�https://www.ipcc.ch/report/sixth-assessment-report-cycle/

The Paris Agreement sets out a global framework to avoid dangerous climate change by limiting global warming to well below 2°C and pursuing efforts to limit it to 1.5°C. It also aims to strengthen countries' ability to deal with the impacts of climate change and support them in their efforts.

The Intergovernmental Panel on Climate Change (IPCC) is an intergovernmental body of the United Nations[1][2] that is dedicated to providing the world with objective, scientific information relevant to understanding the scientific basis of the risk of human-induced[3] climate change, its natural, political, and economic impacts and risks, and possible response options.[4]

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

How Do Greenhouse Gases Actually Work?

RADIATIVE
FORCING
(Wm2)
A measure of the
influence a given
climatic factor has
on the amount of
downward-directed
radiant energy
impinging upon
Earth’s surface.
+ /-
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https://www.youtube.com/watch?v=sTvqIijqvTg
climate changes – observed changes in the climate systém with consequent changes regional an local weather patterns
http://environment.nationalgeographic.com/environment/global-warming/gw-overview-interactive/
The IPCC summarised the current scientific consensus about radiative forcing changes as follows: "Human-caused radiative forcing of 2.72 W/m2 in 2019 relative to 1750 has warmed the climate system. This warming is mainly due to increased GHG concentrations, partly reduced by cooling due to increased aerosol concentrations

https://www.youtube.com/watch?v=sTvqIijqvTg
https://www.britannica.com/science/radiant-energy
https://www.britannica.com/place/Earth
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@ When poll is active, respond at pollev.com/lindan443 ..
55 Text LINDANA443 to +420 736 350 959 once to join

What is an average temperature on the
Earth?

A L ‘)) ‘5A au)H

26°C 0°C 15°C -2°C

Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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What is an average temperature on the Earth?
https://www.polleverywhere.com/multiple_choice_polls/hTKKxGBG5Rg0bhrF3opuD?state=opened&flow=Default&onscreen=persist


.

Greenhouse Gasses (GH) in the atmosphere

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

- however H,0O(g) concentration in the atmosphere is not
significantly influenced by human activities

- second most important GHG is CO, (~ 25 % GH effect)

- last 8 % of GH effect — mainly gases like CH,, N,O, CFC

Atmospheric
Concentration

Rate of Increase

Atmospheric
Lifetime

Global Warming
Potential (GWP)

o e X  eee

‘ 0.01-4%"* 385 ppm 1797 ppb 322 ppb
n/a 1.5 ppmiyr 7.0 pphiyr 0.8 ppb/yr
Very short Variable
1-5 days 5-200 yr 1= e 120y
n/at 1 21 310

" The amount of water vapor in the air varies according to temperature and density of air (usually ~1=3% of troposphere)
T Water vapor levels vary strongly according to region, so rates of change and warming potential cannot be assessed
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http://upload.wikimedia.org/wikipedia/commons/e/e0/Greenhouse_Gas_by_Sector.png
https://ib.bioninja.com.au/standard-level/topic-4-ecology/44-climate-change/greenhouse-gases.html


Annual Greenhouse Gas Emissions by Sector
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https://ourworldindata.org/emissions-by-sector

World Greenhouse Gas Emissions in 2020 (Sector | End Use | Gas)
Total: 47.5 GtCO2e
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https://www.wri.org/data/world-greenhouse-gas-emissions-2020

..... Problem?

MAJOR CARBON STORES AND TRANSFERS( estimates)

: Vegetation, c
increase Qf CO2 sail arbon transfer {in billions of tonnes per year)
I { Fﬂ.l-lll.hlil

cement production Almosphere 6528y

level in the

atmosphere due to
the antropogenic
action - disruption

of the balance
between release
and absorption of
CO, in the carbon
geochemical cycle

Into solution 92.2

Fossil fuel combustion is responsible for approximately 80% of this increase



Global warming / cooling rates over the past 2,000 years
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https://www.extremetech.com/extreme/295564-climate-scientists-current-warming-trend-is-not-part-of-earths-natural-cycle



CC indicators

Climate Change Indicators

@ Sea Level @ Temperature: Air & Ocean

@ Water Vapor @ Ocean Acidity

@ Snow Cover @ Glaciers and Ice Sheets

@ Permafrost @ Arctic Sea lce
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https://www.climatecentral.org/gallery/graphics/climate-change-indicators


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

- level of other greenhouse gases increases as well

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

420 -4+— Today
Data source: NOAA, measured at the Mauna Loa Observatory
lce Core Data
380 . Modern Instrumental Data
-4+—— 1958 420 Sep 16, 2024
422.03 ppm
For millennia, atmospheric carbon dioxide 400 L
— had never been above this line
oL e e R R L e LRt B +— 191 _
] £ 380
@ £
£ 260 &
C‘ \g 360
O g
220 N 340
180 320
1960 1970 1980 1990 2000 2010 2020
800 700 600 500 400 300 200 100 0 VEAR
Thousands of years before today PROXY

Historical: memos, newspaper, diaries
Biological: tree rings, corals, ice cores
Geological: ocean sediments,

ice sheets, past glaciers, stalactites
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http://climate.nasa.gov/keyIndicators/


https://learn.weatherstem.com/courses/wxstem_meteorology_01/module-08/04/08.html
https://climate.nasa.gov/vital-signs/carbon-dioxide/?intent=121

Q-

What about other CC indicators?

Nobody has responded yet.

Hang tight! Responses are coming in.

.. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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What about other CC indicators?
https://www.polleverywhere.com/free_text_polls/8qYjCSQb2h35KqcAWJuTm


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 (102 mm/1993-2023) py————
-  humidity rise y  sealceextent
- melting of permafrost
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http://climate.nasa.gov/keyIndicators/
https://www.climaterealityproject.org/blog/10-indicators-that-show-climate-change
https://www.newscientist.com/article/mg22730324-200-earth-now-halfway-to-un-global-warming-limit/
https://www.youtube.com/watch?v=J_WWXGGWZBE
L-OTI maps show SAT anomalies over land and sea ice, and show SST anomalies over (ice-free) water.


https://earthobservatory.nasa.gov/world-of-change/global-temperatures
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://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold
https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold
https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold
https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold
https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold
https://public.wmo.int/en/media/press-release/wmo-update-5050-chance-of-global-temperature-temporarily-reaching-15%C2%B0c-threshold
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H s the Arctic region becomes more accessible
Le s s I ce I n Breaklng the lce Afmm reduced ice cover, nations with Arctic
: real estate are looking to develop their remote
ANGING ARCTIC landscapes, Here are the trade routes and
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the Arctic ocean
new naval routes

Underneath the Arctic Clrcie there lies massive oll and
g il gas formations. The harsh conditions and
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Global Agenda  Arctic  Future of the Environment  Geo-economics

The final frontier: how Arctic ice melting is opening
up trade opportunities

In ice year round is diminishing,
allowing for new routes and langer

According to the USGS, seven basin
provinces host over B7% of the
Arctic’s oll and natural gas
resources (approximately
360 billlon barrels ofl equivalent).
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http://www.bbc.com/news/science-environment-26814742
http://zpravy.idnes.cz/ledy-taji-lode-testuji-severni-cestu-z-asie-do-evropy-p0l-/zahranicni.aspx?c=A090910_100532_zahranicni_btw
However, aside from the fact that many people confuse land ice, sea ice and ice shelves, it’s important to note that there are huge differences between the Arctic and the Antarctic. The Arctic is an ocean surrounded by land. The Antarctic is land, covered by ice, surrounded by ocean. Sea ice in the Arctic is generally thick, multi-year sea ice that survives several seasons, whereas the sea ice in Antarctica largely melts away each summer. Antarctic sea ice is mostly thin (~0.6 m thick [2]), single-year sea ice. It’s also warmer, more saline and more mobile than Arctic sea ice [3].
Changes in atmospheric dynamics and winds are an important driver of regional sea-ice trends. Ozone and greenhouse forcings cool the Antarctic stratosphere, which increases the stratospheric vortex and tropospheric zonal winds. This results in an increase in the Southern Annular Mode [6]. Increases in the Southern Annular Mode (SAM) signify increased westerly winds [7] and a rigorous isolation and cooling of parts of the Antarctic continent [6]

http://www.antarcticglaciers.org/glaciers-and-climate/antarctic-sea-ice/

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

S
Glacier calving in Arctic ocean

Glacier \Vatching Ilay 11

¢ 0:02/441

"CHASING ICE" captures largest glacier calving ever filmed - OFFICIAL VIDEO
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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

(b) Temperature probabilities

Likelihood of projected warming until 2100

Schematic for Global
rjected Atmospheric Model
warming until N —— .
2100 relative Horizontal Grid (Latitude-Longitude) |
ta preindusirial 3
levels Vertical Grid (Height or Pressure ]

W 1-1.5"C
1.5-2°C
2=3°C
34°C

=4°C

* 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
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- scientific vs. political uncertainty
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CC consequences
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Do you personally feel any consequences of CC? If yes, which
ones?

Nobody has responded yet.

Hang tight! Responses are coming in.

.. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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Do you personally feel any consequences of CC? If yes, which ones?
https://www.polleverywhere.com/free_text_polls/41dL5yCgb7m4792mDSxuU


B

Consequences of CC

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

Likely Scenarios if Climate Change Continues v SELECT CLIMATE IMPACTS
s _{ }TEBEHEHED I‘.IULTU.FIES s e “FREDUCTIONSINSER IGE
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‘® CHANGES IN PRECIPITATION | ) " #L0SS OF BIODIVERSITY
® RISING SEA LEVELS | _oFLOODING L

y © DROUGHT } __ (@CHANGING FORESTS
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~ WHAT YOU CAN DO TO HELP »
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http://environment.nationalgeographic.com/environment/global-warming/gw-impacts-interactive/

Main consequences of CC - summary

Phenomena
Present trends

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)

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

Increased heat-related human mortality

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

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

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

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

Hot extremes including heatwaves have intensified in cities

Confidence level

High confidence

High confidence
Medium

confidence

High confidence

Medium cofidence

High confidence

Very high
confidence!!

High confidence

Phenomena
Future trends

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

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

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

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

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

Confidence level

Very high
confidencelll

High confidence

High confidence

High confidence

Medium confidence

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



»...more heat will damage crop growth in
many warmer climates, but it means better
agricultural production in cold countries. And,
CO, is a fertiliser — commercial greenhouses
pump in extra CO, to grow bigger tomatoes.
So overall, we can expect agriculture to gain
from global warming in the short and medium
term... B. Lomborg
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Let's discuss!
https://www.polleverywhere.com/free_text_polls/xTSHERr4Ltw8ODSJp5Kdz


B
Moral dimension of CC

»-..more heat will damage crop growth in many warmer climates, but it means better

agricultural production in cold countries. And, CO, is a fertiliser — commercial
greenhouses pump in extra CO, 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

RESPONSIBILITY?
Estimated impact of +3 degrees C change on crop yields by 2050
LB
-50% change 100% change No data

. i
==

Interactive Map: Tracking World Hunger and Food Insecurity

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

HISTORIES 1 August 2012

Climate change: The great

civilisation destroyer?

War and unrest, and the collapse of many mighty empires, often followed changes in local

climes. Is this more than a coincidence?

More than coincidence?

e
© NewScientist

The decline and fall of many civilisations coincided with periods of climate change, and there are also correlations between climate change, population size and

the frequency of wars, as data from Europe shows {right)

Mycenaeans ~1100 BC|

Centuries-long dry period

Hittites
~1200 BC
Centuries-long

A
: dry period
i . 4, F

Western Roman Empire
~250 to 500 AD

Climate became
extremely variable

Maya s EEH -
~900 AD ”\
Century-long Egyptian New Kingdom
dry period d ~1100 BC
Centuries-long dry period
Mache Akkadian Empire
~500 AD ~2200 BC

Floods and drought s, Centuries-long dry period

A Harrappan
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Tiwanaku ~1100AD & Shift in monsoon rains
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Tang Dynasty
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&

Khmer Empire
~1300AD
Floads and drought

Temperature in northern hemisphena
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Year
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Food: greenhouse gas emissions across the supply chain Our World
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https://ourworldindata.org/environmental-impacts-of-food
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Cocoa and Coffee Prices Have Surged. Climate Change

Will Only Take Them Higher.

Some chocolatiers and coffee makers say they will have to pass on the extra cost to consumers

Harvesting of Robusta coffee in Central Java, Indonesia. Extreme droughts in Southeast Asia—particularly in Vietnam and Indonesia—are resulting in lower coffee bean harvests, hurting producers’
output and global exports. DASRIL ROSZANDIZUMA PRESS

By Joseph Hoppe and Giulia Petroni

April 11, 2024 1:18 pm ET

Share Resize Listen (1 min .
e A b (mm Robusta coffee futures price
Global prices for cocoa and coffee are surging as severe weather events hamper $4,000 a metric ton
production in key regions, raising questions from farm to table over the long-term 3750
damage climate change could have on soft commodities. ’

3,500
Cultivating cocoa and coffee requires very specific temperature, water and soil
conditions. Now, more frequent heat waves, heavy rainfalls and droughts are 3,250
damaging harvests and crippling supplies amid ever growing demand from 3000
customers worldwide. '

2,750
“Adverse weather conditions, mostly in the Southern Hemisphere, have played an
important role in sending several food commodities sharply higher,” said Ole 2,500
Hansen, head of commodity strategy at Saxo Bank. 2250
The spikes in prices are a threat to coffee and chocolate makers across the globe. 2,000

' N ' N ' N N N I
] o ) May 2023 24
Swiss consumer-goods giant Nestlé was able to pass only a fraction of the cocoa
.. . . L Note: London, continuous contract
price increase to customers last year, and it may need to adjust pricing in the
) . ) . Source: FactSet

future due to persistently high prices, a spokesperson said.



https://www.wsj.com/articles/cocoa-and-coffee-prices-have-surged-climate-change-will-only-take-them-higher-d9b77e24

Solutions of CC?
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Solutions?
https://www.polleverywhere.com/free_text_polls/qZs2n9eKYYXxmZ00U3Y5f
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“for the physical modelling “for the discovery of the
of Earth’'s climate, quantifying interplay of disorder and
variability and reliably fluctuations in physical
predicting global warming” systems from atomic
to planetary scales”

THE ROYAL SWEDISH ACADEMY OF SCIENCES
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®
Politics on CC

- main aim — decrease the GHG emissions, mainly CO,

- 1992: UN Framework Convention on Climate Change

- The signatories undertake to make efforts to reduce CO,, emissions

- 1997: Kyoto protocol (in force from 2005, 37 countries)

- industrial countries should decrease their GHG emissions until the year
2012 by 5.2% compared to the year 1990
- different threshold for different countries (e.g. EU 8%)

- however, industrial countries (Annex | countries with Kyoto targets) contributed
wonly* with 24 % of global CO, emission (2010)

Participation in the Kyoto Protocol
B Signed and ratified

Signed, ratification pending
B Signed, ratification declined

[citation needed]
Non-signatory

Annex | (OECD-economies in tra’}
Annex Il (OECD helping EIT counti
Non-Annex (developing countries) §
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Temperature rise scenarios to 2100
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- scientific vs. political uncertainty
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Kyoto protocol — result (2012)

- industrial countries (Annex | 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 CO,, emissions
increased by 32 % from 1990 to 2010 ® (by 51% by 20141l

- extension of the Kyoto Protocol until 2020 (Doha)

- certain countries (the EU and a few other countries) have committed themselves to
further reducing CO,, emissions.

- EU e.g. by 20-30% compared to 1990

- Average — 18% - generally achieved

ALL THE NEWS WITHOUT FEAR OR FAVOR e 160

: TheJapanTunes 4" % changein CO,em.(2014)

- |160 nations adopt Kyoto Protocol s Srannnl
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https://unfccc.int/news/kyoto-s-second-phase-emission-reductions-achievable-but-greater-ambition-needed



S
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

e s "

- came into force in November 4th 2016 Shift in the rhetoric

0

15
Nat'onsu t¢ Clima tfiques 20
ne

< Change

paris, Franté

The Paris Agreement works on a 5- To stay below 1.5 °C of global warming,

year cycle of increasingly ambitious emissions need to be cut by roughly 50% by |
climate action carried out by countries 2030

=
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,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.

X

The annual mean global near-

surface temperature for each
ear between.2022 and 2026 is

g

r’edié’red to be between 1.1 °C
and 1.7 °C higher than

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

. State parties

|:| Signatories
. Parties also covered by European Union ratification

|:| Agreement does not apply



https://en.wikipedia.org/wiki/Paris_Agreement
https://en.wikipedia.org/wiki/Kyoto_Protocol
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Topics > Global Stocktake > Aboutthe Global Stocktake

Why the Global Stocktake is Important for Climate
Action this Decade.

The first global stocktake of the Paris Agreement concluded at the UN Climate Change
Conference (COP28) in December 2023 with the adoption of a decision. The global
stocktake is a process for countries and stakeholders to see where they're collectively
making progress towards meeting the goals of the Paris Climate Change Agreement — and
where they're not. The first global stocktake affirmed that we are not on track to limit global
warming to 1.5 degrees Celsius and the window for meaningful change quickly closing. It

“&  outlines bold actions for Governments and stakeholders to urgentlyundertakein this
critical decade to keep 1.5 within reach, securing lives and livelihoods. The global stocktake decision, provides benchmarks and
outlines guidance for countries to consider in the next round of climate action plans due in 2025.

.1 he first global stocktake affirmed that we are not on track to limit global warming
to 1.5 degrees Celsius and the window for meaningful change quickly closing.*

,IPCC indicates that greenhouse gas emissions must peak before 2025 at the
latest and decline 43% by 2030 to limit global warming to 1.5°C."

Tripling renewable energy and doubling energy efficiency by 2030; moving away
from fossil fuels; low-emission technologies; sustainable behaviors and nature-

based actions. Adaptation efforts should be scaled up significantly.


https://unfccc.int/topics/global-stocktake/about-the-global-stocktake/why-the-global-stocktake-is-important-for-climate-action-this-decade

European Green Deal (December 2019)

Striving to be the first climate-neutral continent

The European Commission

adopted a set of proposals
EUROPEAN 5 make the EU's climate,

GREEN energy, transport and
- ui.i‘i‘i‘!f_" ’ . . I. o fo f
=/ S DEAL taxation policies fit for
) N 1t g reducing net greenhouse
gas emissions by at least
55% by 2030, compared to
1990 levels and become first
climate-neutral continent by

2050.



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

An important iniciatives of Green Deal are:

The European Commission has adopted a package of proposals to help the EU achieve
a 55% reduction in greenhouse gas emissions by 2030 compared to 1990 levels
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Sustainable
Food Production EU Strategy on Adaptation to Climate Change.
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CIRCULAR
ECONOMY

Bringing nature
back into our lives

EU 2030 Biodiversity strategy

RESIDUAL WASTE

May 2020

A new Industrial Strategy
for a globally competitive,
green and digital Europe



https://energy-cities.eu/the-european-climate-law-is-it-enough-to-get-to-climate-neutrality/
https://ec.europa.eu/newsroom/jrc_drm/items/705617
https://www.europarl.europa.eu/committees/fr/eu-biodiversity-strategy-for-2030-/product-details/20201026CDT04342
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_416
https://watereurope.eu/european-commission-releases-a-new-circular-economy-action-plan/
https://environment.ec.europa.eu/strategy/chemicals-strategy_en
https://efi.int/forestquestions/europe
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- Timala — Ochrana klimaty a encrgetika — Zména klimaty — Mitigace zmény Kimatu

Politika ochrany klimatu v Ceské republice

Kimatu v £R 2 roku 2004, Definuje hlavni cile a opatfent v oblasti ochrany kiimatu na ndrodni drowmi

tak, aby zojiéfovala spindni cild snipovini jeh plynd v n i na

ypljvalici £ 2 d 4 Grnlueva OSN o zmiéné kiimatu a jeji Kjdtsky protokol,
Pafitskd dohoda a révazky vyphjvalici 2 legislathy Eviopské unie). Tato strategie v ablasti ochrany
Klimatu se zaméfuje na obdobi 2017 a2 2030, s vibledem do roku 2050, a méla by tak phspdt k
dlouhadobému plechodu na udrditeing nizko-emisni hospodidstv GR

WVyhodnoceni Poiftiiy ochrany kiimatu v CR bylo zpracovano a pledio2eno viadé v roce 2021 a

o rd
E KA R E p B L I KA 2 aitualizace Politiy ochrany kimatu v 5 je v ndvaznosti na plezkum zévazki v rimei Pafifské
dohody naplanovina do konce roku 2023,

SPOLEENE - UDREITELNE Vyhodnoceni ukazuje, 3e il pro rok 2020, odpovidajicl snizeni emisi o 20 % oprot roku 2005, se 5
nejwétsi pravdépodobnosti padafile napinit. Cile Pelitiky ochrany kiimatu pro rok 2030 (sni2eni o 30
% oproti roku 2005) je moliné die aktudlnich scénahi dosahnout jen pfi naplndni scéndfe s
dodateénymi opatfenimi. Ve scéndfi s soutasnymi politikami a opatfenimi chybi k jeho napinéni
zhruba o 2.5 % Rovni? dosadend ho cile k roku 2040 pledpoklddd pouze scéndf s

Eriymi opatfenimi. Traj I2ovani emisi vEak nenl v souladu & dosadenim inddkativido
cile sniteni emisi do roku 2050 o 80 % oproti roku 1990 a CR dosud nemd k dispozicl scéndfe, kterd
by poditaly £ dosalenim klimatické neutrality.

UDRZITELNY ROZVO3] JE KLICEM
K BUDOUCNOSTI CESKE REPUBLIKY!

KLICEM K UDRZITELNEMU ROZVOJ! JE STRATEGICKY RAMEC
CESKA REPUBLIKA 2030. NA TETO WEROVE STRANCE MATE
K | AKTUALNI E PLANY A
ZAPOIEN| VSECH.

Politika echrany klimaty obsahuje celkemn 41 opatfeni, od prifezovich Wémat a politik, pfes opatfeni v
jednatlivich sekiorech ak po vizkum a vivel. menitorovini a opatfeni v oblasti mezindredni echrary
klimatu a rozvajové spolupedce. 73 % opatfeni se podie vyhodnoceni podafilo napinit, 22 % opatfeni
bylo pintna Edsteéné a 5 % netiylo pinéno vilbec.

ZAJIMA VAS, JAK NA TOM JSME? V TOM PRIPADE PRO VAS
MAME PRIPRAVENOU ZPRAVU O KVALITE 2ivoTA A 1621
UDRIITELNOSTI!

Ministerstvo Hivotniho prostiedi etk Q
STRATEGICKY RAMEC ZIJEME UDRZITELNE
: Ministerstvo Temata Kontakty mosh @ O OO

[ pokratovat

Adaptace na zménu klimatu

DOBROVOLNE ZAVAZKY Adaptace na zménu klimatu Je na narodni drovni fedena Strategil pfizpdsobeni se zméns klimatu v
podminksch CR (déle 13 * éni strategie®). D byl pi v rmel ni

- ind pipravy ; i bylo Ministerstvo Fvotniho prostiedi.
Adaptatni strategie a jajl absah vychazi z Bilé knihy Evropske Komise _Prizpisobeni se zmens

klimatu: sméfovanl k evropskému akEnlimu rdmcl® (2009) a |e v souladu s Adaptatni strajegil ELL

( pokraavar )

piicema reflek méfitka a pedminky CR. Vytvofeni a daptacnich pland a opatfeni
je nedilnou sousdsti zévazki piijatych v rémei Rdmeové Gmiuyy OSN o zméné klimatu (UNFCCC) a
Pafizské dohody.

Implementaénim dokumentem adaptaéni strategle Je Narodni akénl pldn adaptace na zmény

klimaty (déle 16 ,akeni plin™). Akéni plin obsahuje seznam adaptagnich opatieni a dkoll, a to
véetné adpovédnost! ra plnéni, termind, uréeni relevantnich zdrojl financovéni a odhad nékladd na

A d d p 1' a 1'i on realizaci opePeni

13. z4ti 2021 byla Viddou CR prni strategie a akéniho pldnu. Na
aktualizac! obou dokumentl s podielo vice neZ 170 odbormdkl z vefejnych, védeckjch a
neziskovych instituci, Materidly se opiraji zejména o odbomné podklady zpracované rezortnimi
organizacemi MZP (CHMU a CENIA) s podporou Akademie vid CR (zejm. CZECHGLOBE - Ustav
wizkurnu globalni zmény AV CR, vl a fady dalgich vyzkummych organizaci,



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

Adaptation and mitigation

Mitigation options have synergies with many Sustainable Development Goals, but some options
can also have trade-offs. The synergies and trade-offs vary dependent on context and scale.

Summary for Policymakers

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

Wind energy

Solar energy

Bioelectricity

Hydropower

Geothermal energy

Nuclear energy

Carbon capture and storage (CCS)

Bioelectricity with CCS

Reduce CH, emission from coal mining
L Reduce CH, emission from oil and gas

Energy

[ Carbon sequestration in agriculture
Reduce CH, and N,0 emission in agriculture

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

L Shift to balanced, sustainable healthy diets

AFOLY

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

Buildings

[ 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 optimisation
Aviation = energy efficiency
Biofuels

Transport

[ 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

Industry

L Reduction of non-CO; emissions

Reduce emission of flucrinated gas
Reduce CH, emissions from solid waste
Reduce CH, emissions from wastewater

Other

Reduced conversion of forests and other ecosystems

Potential contribution to net emission reduction, 2030 (GtCO,-eqyr )

0

2

GtCO,-eq yr™'

4

Net lifetime cost of options:

I Costs are lower than the reference

[ 0-20 (USD tCO-eq )

I 20-50 (USD tCOeq™)

I 50-100 (USD tCOxeq ')

I 100-200 (USD tCO,-eq™")

I 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

Figure SPM.7 | Overview of mitigation options and their estimated ranges of costs and potentials in 2030.

Agriculture, forestry and

Energy systems

other land use (AFOLU)

7
H
E
5
5

Sectoral and system mitigation options

Wind energy

Salar energy

Bicenergy

Hydropower

Geathermal energy

Nuclear power

Carbon capture and storage (CCS)

Carbon sequestration in agriculture”

Reduce CH, and N,0 emission in agriculture
Reduced conversion of forests and other ecosystems?
Ecosystem restoration, reforestation, afforestation
Improved sustainable forest management

Reduce food loss and food waste

Shift to balanced, sustainable healthy diets
Renewables supply*

[ Urban land use and spatial planning
Electrification of the urban energy system
District heating and cooling networks
Urban green and blue infrastructure
Waste prevention, minimisation and management
Integrating sectors, strategies and innovations

Relation with Sustainable Development Goals

12
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3
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]
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]
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[ Demand-side management [ +]
Highly energy efficient buiding envelope o
Efficient heating, ventilation and air conditioning (HVAC) | | 1
Efficient appliances [- ] +]
Building design and performance oaan
On-site and nearby production and use of renewables [-§-0 ]
Change in construction methods and circular economy
Change in construction materials a
Fuel efficiency — light-duty vehicle [+ .+ |
Electric light-duty vehicles a
Shift to public transport [+ .+ |
E | Shift to bikes, e-bikes and non motorised transport a
E Fuel efficiency — heavy-duty vehicle
& | Fuel shift (including electricity) — heavy-duty vehicle [+]
Shipping efficiency, logistics optimisation, new fuels
Aviation — energy efficiency, new fuels
Biofuels on
[ Energy efficiency [ +]
2 | Material efficiency and demand reduction
&
2 Cireular material flows
£ | Electrification [+ =N+ ]
| €CS and carbon capture and utilisation (CCU) o
Type of relations: Related Sustainable Development Goals:
I Synergies
B Trade-offs

B Both synergies and trade-offs*
Blanks represent no assessment®
Confidence level:

W High confidence

B Medium confidence

I tow confidence

1 4 Quality education
11 5 Gender equality

1 3 Good health and wellbeing

11 6 Clean water and sanitation
7 Affordable and clean energy
11 8 Decent work and economic growth

19 Industry, innovation and infrastructure

5 6 7 8B 3 BN RMWBE BT

Doooooro mooEooa

1]

4]
ooooon

110 Reduced inequalities
1 cities and

Chapter source

Sections 642, 6.7.7
Sections 642, 6.7.7
Sections 6.4.2, 125, Bax 6.1
Section §.4.2

Section 5.4.2

Section §.4.2, Figure 6.18
Section 6.4.2,6.7.7

Sections 7.3,7.4,7.6
Section 7.4
Section 7.4
Section 7.4
Section 7.4
Section 7.5
Section 7.4
Section 7.6

Sections B.2,6.4,8.6
Sections 8.2,8.4,86
Sections 8.2, 6.4,86
Sections 8.2, 8.4, 86
Sections 82, 6.4,86
Sections 8.2,8.4,86

Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Sections 9.4,9.5
Section 9.4

Sections 103, 10.4, 108
Sections 103, 104, 108

Sections 10.2, 10.8, Table 103
Sections 10.2, 103, Table 10.3
Sections 103, 10.4, 108

Sections 103, 10.4, 108

Sections 10,6, 10.8

Sections 105, 10.8

Sections 103, 104, 105,106,108

Section 1153
Section 115.3
Section 1153
Sections 1153, 6.7.7
Section 115.3

*Sail carbon management
in cropland and grasslands,
aqroforesty, biochar

11 12 Responsible consumption and production
1 13 Climate action

114 Life below water

115 Life on land

116 Peace, justice and strong institutions
117 Partnership for the goals

Figure SPM.8 | Synergies and trade-offs between sectoral and system mitigation options and the 5DGs.

This pre-final-publication version of the AR6 WGIII SPM approved text is subject to error correction.

loss and
degradation of peatlands
and coastal wetlands

*Timber, biomass, agri. feedstock.

“Lower of the twa confidence
levels has been reported

*Not assessed due
to imited lterature

45



How to decrease CO, 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 CO, -
makes polluters pay for their greenhouse gas emissions, helps bring emissions down
and generates revenues to finance the EU’s green transition

- bio-fuels? Probably not...

ETS prices in €/tCO2

8 4
- —— EU-ETS
New Zealand
. J— Kazakhstan
Atmos. Chem. Phys. Dlsquss., 7, 11191-11205, 2007 ﬂ Atmospheric phapmiil
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&
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<
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replacing fossil fuels 4
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https://ec.europa.eu/clima/policies/ets_en
http://www.atmos-chem-phys-discuss.net/7/11191/2007/acpd-7-11191-2007.pdf

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

Q-

Do you know what is geo-engineering?

Nobody has responded yet.

Hang tight! Responses are coming in.

.. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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Poll Title: Do not modify the notes in this section to avoid tampering with the Poll Everywhere activity.
More info at polleverywhere.com/support

Do you know what is geo-engeneering?
https://www.polleverywhere.com/free_text_polls/e64wdrAriFTKvhD2JtNwc


Transforming Earth PLANTTREES @ siocar

It is now possible to identify the
methods and locations where
planetary geoengineering will

acts as afertiliser.
. Location: unused farmland

Plant forests and regularly harvest them. Burn plant material without oxygen to
Trees are a carbon sink as long as they are make charcoal-like "biochar". This carbon
growing, and not allowed to rot. store can then be buried in soil, where it

@ IRON FERTILISATION

sinks, carbon is stored.

ENHANCED WEATHERING

Trigger photosynthetic plankton blooms Crush common minerals like olivine
in the ocean by dumping iron into areas to powder to increase surface area
that don't have much. If the plankton for reacting with CO2 and water.

Location: proceeds fastest in warm,

have to take place
“ AXCREC % Location; anywhere with rich plant growth Location:iron-depleted regions of the wet conditions, so areas such as
BECCS (Bioenergy with carbon ocean humid coasts and rivers are best
‘: %‘ capture and storage) DAC (Direct air capture)
ﬁ ) \ . S " Suck out atmospheric CO2 by growing Build shipping-container-sized boxes full . OCEAN' L"V."NG '
Y i,a - » biofuel crops like sugar cane, burn them of achemical "sponge" that sucks CO2 Throw limeinto the ocean. It reacts with
X ] for energy, capture the resulting CO2, out of the air, ready for burial. You may dissolved CO2 to form carbonates. This'

e 3 and bury it. need 100 million of them.

boxes, increasing uptake

Annual carbon savings by 2100

Bars show maximum possible for each technology -
Cost per tonne of CO, captured

Plant trees 1171 $20-100

sEces $50-250

Biochar [} $10-300
Direct air capture I $40-600
Iron fertilisation $30-300
Ocean liming [l $50-180
Enhanced weathering [l $80-2000

0 2 4 6 8
Gigatonnes of carbon per year
(2010 annual emissions were 10 Gt)

Location: the tropics, where growth is P Location: windy and dry areas. More wind
= fastest means maore air is driven through the

-| acidification.

may also help corals by reducing ocean

Location: coral habitats

Brightening of clouds
above the oceans

Spraying of sulphate
aerosols to the atmosphere
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http://www.newscientist.com/article/mg22029382.500-terraforming-earth-geoengineering-megaplan-starts-now.html#.U60tZLEQPJt
Climate engineering or climate intervention,[1] commonly referred to as geoengineering, is the deliberate and large-scale intervention in the Earth's climate system. The most prominent subcategories of climate engineering are solar radiation management and carbon dioxide removal. Solar radiation management refers to offsetting the warming effect of greenhouse gases by reflecting more solar radiation (sunlight) back into space. Carbon dioxide removal refers to removing carbon dioxide gas (CO�2) from the atmosphere and sequestering it for long periods of time. 

https://sitn.hms.harvard.edu/flash/2022/reversing-climate-change-with-geoengineering/


Tra I"]S]CO i 3 I’J[h @ PLANT TREES BIOCHAR @ IRON FERTILISATION ENHANCED WEATHERING

Iti . Plant forests and regularly harvest them. Burn plant material without oxygen to Trigger photosynthetic plankton blooms Crush common minerals like olivine

tis now possib S Trees are a carbon sink as long as they are make charcoal-like "biochar", This carbon in the ocean by dumping iron into areas to powder to increase surface area
methods and growing, and not allowed to rot. store can then be buried in soil, where it that don't have much. If the plankton for reacting with CO2 and water.
planetary ge acts as afertiliser. sinks, carbon is stored.

haveto ta pcation: unused farmland - Location: proceeds fastest in warm,

Location: anywhere with rich plant growth Location: iron-depleted regions of the wet conditions, so areas such as
ioenergy with carbon ~  ocean humid coasts and rivers are best
age) DAC (Direct air capture)
L by growing Build shipping-container-sized boxes full . OCEANLIMING

of achemical "sponge" that sucks CO2 Throw lime into the ocean. It reacts with

out of the air, ready for burial. You may dissolved CO2 to form carbonates. This >
need 100 million of them. may also help corals by reducing ocean
2 | acidification.

ocation: windy and dry areas. More wind
ore air is driven through the
asing uptake

Location: coral habitats

Annual carbon savings by 2100

Bars show maximum possible for each technology -

Cost per tonne of CO, captured
Plant trees |1} $20-100

seccs [ $50-250
Biochar [ $10-300 @

Direct air capture [ $40-600
Iron fertilisation $30-300
Ocean liming [l $50-180
Enhanced weathering JJ| $80-2000

0 2 4 6 8
Gigatonnes of carbon per year
(2010 annual emissions were 10 Gt)
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http://www.newscientist.com/article/mg22029382.500-terraforming-earth-geoengineering-megaplan-starts-now.html#.U60tZLEQPJt


Criticism

Link between global warming
and human activity

Uncertainity of
consequences, their form,
pros/cons

Fear of solutions such as
tradable emissions permits,
subsisies for renewable energy
and geoingeneering (carbon
capture and storage)

"climate sceptics, (material
prosperity is more important
than maintaining a stable and
predictable environment)

Friends, we
must prepare for
climate change.

Even if the 1.5 degree goal
is met, our habitat will
be disappearing.

RN AE

We could move
to our friends, the
penguins!

Later on the ocean.



https://climateanalytics.org/press-releases/comic-artists-respond-to-the-climate-crisis

SYSTEM CHANGE
NOT CLIMATE
CHANGE

»CHANGE OUR OWN
PRACTICES
OF HOW WE WORK
WITH KNOWLEDGE*
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https://www.youtube.com/watch?v=3vDWWy4CMhE
https://www.osce.org/oceea/446296
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