Global Climate Change

Introduction and Implications




The Greenhouse effect
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Energy Balance More energy 1n the
system leads to warming
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Three Climate Basics

1) Earth and Sun are at different temperatures,
therefore radiate energy at different wavelengths
Earth — long-wave — infrared radiation
Sun — short-wave — visible light radiation
2) Certain gases (GHG) in the atmosphere respond to

energy at different wavelengths (passing short,
absorbing long)

3) The concentration of greenhouse gases in the
atmosphere is increasing
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Carbon dioxide
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2) Certain gases 1n the atmosphere respond to energy
at different wavelengths



Carbon Dioxide Demonstration
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http://www.youtube.com/watch?v=Ot5n9m4whaw

3) The concentration of greenhouse gases in the atmosphere 1s increasing

Atmospheric CO, at Mauna Loa Observatory
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http://www.esrl.noaa.gov/gmd/ccgg/trends/weekly.html
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Four main anthropogenic GHGs:
1) Carbon Dioxide (CO,) — 76%
2) Methane (CH,) — 16%
3) Nitrous Oxide (N,O) — 6%
4) F-gases — 2%

Hydrofluorocarbons, perfluorocarbons, sulfur
hexafluoride didn’t exist pre-industrial




Correlation between CO, concentration, temp, and sea
level over the past 400,000 years
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These facts together lead to the climate
change observed

Global Surface Temperature
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All Figures © IPCC 2013

Figure SPM.1b

Observed change in surface temperature 1901-2012
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Extreme heat events are becoming more common

Shifting Distnbution of Summer Temperature Anomalies

0.5
9511980
0.4
03
0.2

il

0,
-S4 -32-2-10 1 2 3 4!



Daily Temperatures in the US Brci
More Record Highs than Lows
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Heat capacity of water is higher than that for air so
most of the additional energy is going to heat the
oceans (>90%)
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Is this human (anthropogenic) or natural?
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World Primary Energy Supply by Source, 1850-2000
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WorLD GHG EMissions FLow CHART
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ALL THE WORLD'S CARBOMN EMISSIONS IN ONE CHART
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All Figures © IPCC 2013

Figure SPM.6

Comparison of observed and simulated climate change

e Arctic Global averages
22
s ob - Land surface
= 2
8.1 i
, _North America !-4 S ~1F
1810 1960 2 2010 Eyrope 21
L =
B Asia or
=0 o . i = T
=
= 1

T{"C)
=

. i : : . L -1 1 1 L 1 1
C pth Saokto 4910 1880 2010 North Atlantic 5 e 4 o 1o e
L d etn 1m0 2010 e e
d %_ 2t f y Africa a0 1se0 2010 Land and ocean surface
ook 2
2

1810 1960 2010 Eh""'gi- — I
1810 1960 2010 =g Uy

South America

OHG (10%J)

MoS N A
T

(]
T°C)
(=]

-1
South Pacific 1910 1960 2010 Australia
If aF it South Atlantic Indian Ocean 2 L
2t e M S4r
= -0 =4F =3 =k Al L 1 1 1
g o il g, %o} -zz,o A 1910 1960 2010
& 1 L L 1 L L z Tt L
- B P 1910 1980 22010 o 0 F hJ g” "d
'S L 'l ' 'l
1910 1960 2010 S2b, ., ., - PR || Ocean heat content
Antarctic 1810 1960 2010 i it Bl -
Southern Ocean =0
2F Antarctica _ =
2 =4l Lok
0r %2} T
§1 - = 2 ot
2} oot J z
F b il | 3 s
4 L | 1 1 1 G2EE S0 G -10
1910 1960 2010 e 1910 1960 2010 ! ! . t -
1910 1960 2010 1910 1960 2010
= Observations HEl Models using only natural forcings Medels using both natural and anthropogenic forcings

Computer models match observed AT on all continents



WHAT DOES ALL THIS MEAN?



Potential climate changes impact
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From: Feeling Warmth, Subtropical Plants Move North

The zones in the maps correspond to low temperatures. As warmer zones cover mora of the United States, different
types of plants will grow in many areas.
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Impact of 2018 heat wave on vegetation
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Impact on mountain vegetation zones
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Climate change impacts on Europe

Arctic

Temperature rise much larger than global average

Decrease in Arctic sea ice coverage

Decrease in Greenland ice sheet

Decrease in permafrost areas

Increasing risk of biodiversitY loss

Intensified shipping and exploitation of oil and gas resources

Coastal zones and regional seas
Sea-level rise

Increase in sea surface temperatures
Increase in ocean acidi

Northward expansion of fish and plankton species
Changes in phytoplankton communities v
Increasing risk for fish stocks

North-western Europe

Increase in winter precipitation

Increase in river flow

Northward movement of species

Decrease in‘ener]:gy demand for heating
Increasing risk of river and coastal flooding

Mediterranean region
Temperature rise larger than European average
Decrease in annual precipitation
Decrease in annual river flow
Increasing risk of hiodiversity loss
Increasing risk of desertification
Increasing water demand for agriculture
Decrease In crop yields
Increasing risk of forest fire
Increase in mortality from heat waves
Expansion of habitats for southern
disease vectors
Decrease in hydropower potential
Decrease in summer tourism and
potential increase in other seasons

’

v -
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Northern Europe

Temperature rise much larger than global average
Decrease in snow, lake and river ice cover
Increase in river flows

Northward movement of species

Increase in crop yields )

Decrease in energy demand for heating

Increase in hydropower potential

Increasing damage risk from winter storms
Increase in summer tourism

Mountain areas

Temperature rise larger than European average
Decrease in glacier extent and volume
Decrease in mountain permafrost areas
Upward shift of plant and animal species

High risk of species extinction in Alpine regions
Increasing risk of soil erosion

Decrease In ski tourism

Central and eastern Europe

Increase in warm temperature extremes
Decrease in summer preci{)itation
Increase in water temperature
Increasing risk of forest fire

Decrease in economic value of forests



Projected wheat yield to 2050
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Viiv klimatickych zmén
na moznosti péstovani cukrové Fepy v Ceské republice

THE WMPACT OF CLIMATE CHANGES OM SUGAR BEET GROWING CONDITIONS IN THE CZECH REPUBLIC

Veronika Kopeckd', ko Machar, Antonin Buek®, Alois Kopecky*
*EVUT Praha, *Univerzita Palackého Olomous, *Mendelova univerzita Bmo, ‘Ministerstvo mistniho rozvoje GR
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Pro hodanecsst viivh mofafeh klimarioleieh zmEn sa mismve
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CLIMATE'S TOLL ON BEER

Madels show that during years of drought and heat waves driven by climate
change, the global supply of barley — and therefore beer — will decrease and
prices will rise,

Low-emissions High-emissions
scenario (RCP*2.6) scenario (RCP&.5)
Ireland Ireland -
Canada Italy
Poland Canada
Italy : 5 FPoland
Japan Estonia
Denmark Japan
Bealgium - Belgium

UK . Denmark
Estonia UK
Czech Republic .1 Portugal Bl 0
g 1 2 o 1 2 3 4 5
Changes in beer price (US% per 500 millilitres)

*RCF, representive concentration pathway

mate Change Impacts on Beer
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o lHIEL SEA LEVEL RISE & GLOBAL WARMING

Global warming is the primary couse of current sea

TEHPERATURES ARE RISING _
haman sotvioy pave noreased | WAL

global average temperatures
by 1.47 F since the 1880s.

(CEANS ARE WARMING

Sea water expands as its
temperature rises.

CONTRIBUTIONS TO GLOBAL SEA LEVEL RISE
MELTING LAND ICE: 521

WARMER OCEANS: 38

OTHER: 10

@ Union of Concemned Scientists 2013; www.ucsusa.org/sealevelrise



Global Mean Sea Level Change
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Potential impact of sea level rise: Nile Delta

Population: 3 800 000
Cropland (Km2): 1 800
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Male, Maldives

Photograph by Peter Essick, Aurora Photos

The island of Male, capital of the Maldives Islands in the Indian Ocean, is at ground zero in Earth's sea level rise dilemma. With a maximum

elevation of only 8 feet (2.4 meters), even a modest increase in ocean heights would submerge a majority of its territory. To combat the
threat, the government erected a seawall around the entire island.



Record decline of ice sheets

For the first time scientists map elevation changes of Greenlandic and Antarctic glaciers
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The snows of Kilimanjaro, Tanzania

http://news.nationalgeographic.com/ne
ws/2003/09/0923 030923 kilimanjarog
laciers.html




The Pasterze, Austria'a longest glacier,
was much longer in the 19th C. but is
now completetely out of sight from
this overlook on the Grossglockner
High Road.

Pasterze Glacier :".':ﬂ'e-jl, Austria ™
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PORTAGE GLACIER AK, 1914 * NOAA

o

PORTAGE GLACIER AK
© 2004 GARY BRAASCH
[AERIAL ESTEMATION OF 10914 )

Portage Glacier, near Anchorage, Alaska, in about 1914 and in 2004.

https://www.youtube.com/watch?v=JMwneiXMzo0

http://www.worldviewofglobalwarming.org/pages/glaciers.html



Videos!

https://climate.nasa.gov/climate_resource center/earthminute



https://climate.nasa.gov/climate_resource_center/earthminute

TEMPERATURE ANOMALY (°C)

1000 years of Earth temperature history...and 100
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Stabilization of atmospheric concentrations
requires moving away from the baseline —
regardless of the mitigation goal.
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Figure SPM.10

Temperature increase and cumulative carbon emissions
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model mean results

Maps of CMIP5 multi-

Figure SPM.8a,b
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Projected change in annual, summer and winter temperature for the forcing scenarios RCP 4.5 and RCP 8.5
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Participatory Climate Change Impact Assessment in Three Czech
Cities: The Case of Heatwaves 2018. Lorencova, et al.

Brno in-city comparison of potential climate change impacts of
heatwaves for the baseline (2015) and RCP 4.5 and RCP 8.5 (2030).


https://www.semanticscholar.org/paper/Participatory-Climate-Change-Impact-Assessment-in-Lorencov%C3%A1-Whitham/bb5fa064bd8df234dee9196113cdbd2e0e5161c9
https://www.semanticscholar.org/paper/Participatory-Climate-Change-Impact-Assessment-in-Lorencov%C3%A1-Whitham/bb5fa064bd8df234dee9196113cdbd2e0e5161c9

WHAT TO DO ABOUT IT?

Scientific, policy and people response



The Intergovernmental Panel on Climate Change (IPCC)

Scientists sound the alarm

oIt fell to scientists to draw international attention to the threats
posed by global warming. Evidence in the 1960s and "70s that
concentrations of carbon dioxide in the atmosphere were
increasing first led climatologists and others to press for action. It
took years before the international community responded.

*1988, IPCC was formed (World Meteorological Organization and

the UN Environment Programme).
« first report in 1990 reflecting views of 400 scientists stating that
global warming was real and urged that something be done about it.



IPCC Assessment Reports since 1990: WGI Contribution

CLIMATE C

ipcc

i1 on climate change




IPCC

*The Panel's findings spurred governments to create the United
Nations Framework Convention on Climate Change. It was
ready for signature at the 1992 UN Conference on Environment and
Development -- the "Earth Summit" -- in R1o de Janeiro.

*The IPCC's findings, because they reflect global scientific
consensus and are apolitical, form a counterbalance to the highly
charged political debate over what to do about climate change.
IPCC reports played a major role in the negotiations leading to the
Kyoto Protocol, in 1997 a second, more far-reaching international
treaty on climate change.



Kyoto Protocol had 192 countries — entered into force 16 February 2005
and ended in 2012

- P
.

set legally binding targets and timetables for

f:utting.GHG emissiqns - got the world’s
industrialized countries agreed to reduce GHG attention but
emissions by 5.2% compared to 1990 by 2012 largely failed to



Million Tons of Carbon
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Politics of climate change — who’s responsible?
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Politics of climate change — who’s responsible?

Estimates there are $27 Trillion of proved fossil fuel
reserves, yet to keep climate change below 2C, 80% of
that must stay in the ground: stranded assets

CARBON BUBBLE

Emissions from burning all known reserves
of coal, oil and natural gas.

'‘Carbon Budget' per generation for 2°C

Remaing carbon budget

This is how much C02 can be emitted until 2050
and still give a reasonakble chance of staying
below 2 degrees Celsius of global warming,

Source: Carbon Tracker

...............



IPCC |

Climate Change - an integrated framework

Climate Change
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Mitigation Measures

O More efficient use of energy

A
( Greater use of low-carbon and no-carbon energy
* Many of these technologies exist today

D Improved carbon sinks
* Reduced deforestation and improved forest management

and planting of new forests

* Bio-energy with carbon capture and storage
-

<’

Lifestyle and behavioural changes

ARS WGIIT SPM
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United Nations Climate Change

Conference was in Paris, Nov 30
to Dec 11, 2015.

Bottom-up approach based
on “intended nationally
determined contributions"

(INDCs)

y

PARIS2015
COP21-CMP11



Climate Change

4 C‘& United Nations
{Z c \J!V / Framework Convention on

195 have signed and 169 Parties have ratified of 196 Parties
to the Convention

On 5 October 2016, the threshold for entry into force of the
Paris Agreement was achieved. The Paris Agreement entered
into force on 4 November 2016. S @ Cimasphers

The Paris Agreement: 101

O fuprll E3nd — Earth Day — beaders repre s ntlng mane than
W0 cowttries will gather at the United Nations i Mew Yok 1o
gn the Paris Agreoment on ¢ limato change.
The event is expected o be the largest single-day sigring
inthe higtery of Intemat lenal accorde.
But what does it all mean?

In June 2017, U.S. President Donald Trump
announced his intention to withdraw the US.

Under the agreement, the earliest effective date -
of withdrawal for the U.S. 1s November 2020. O T e

Exm



Local efforts at Global Climate Change

Legend

City with mitigation LCP only

City with adaptation LCP anly

City with separate mitigation and adapiation plans
City with joint mitigation and adaptation LCP

City without LCP
Capital
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March 15, 2019 —
student protest
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E] alamy stock photo
May 12. 2019 — family protest



Discussion questions

» How to convince the world that action is needed?

How to align international support for developing
countries?

» What are the synergies between climate change
mitigation and energy and agricultural crises?

What are bottlenecks to implementation?

» How have local people responded to climate
change?
Adaptation
Mitigation



Homework #3

» What are some things that Brno has done to address
Climate Change?

What else do you recommend?

» What can you personally do to affect climate
change?
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THANK YOU FOR YOUR ATTENTION




