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Concerns and Solutions

Week 2: Wednesday January 802019
Paul Belanger

Earth's past climate history and what

caused those changes

4,500 to 600 millionyea’d 9 NI KQ& RSSLJ LJ
(600MaBB: hot and cold

600 to 65 million yearsmostly hothouse Earth;100sparts per
million (ppm)

65 million to 1 million yearslong continuous drop with notable
exceptions; CQlevels were possibly as high as 3600 ppm to
recent times as low as 200 ppm.

1 million to present 180280 part per million from ice core data
Today 412 ppm and growing ~3ppm/year



But first

A Finishing slides from last week; slide # 58
onward In a cursory fashion

A If you have further questions please email me.
raise your hand, etc.

A To do that | have to review this slide next:



Radiation Transmitted by the Atmosphere
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GLOBAL WARMING CONCERNS
Radiative Forcing Components

Radiative forcing (W/m2)
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Incoming Solar irradiance: 342 WAm IPCC, 2007



http://upload.wikimedia.org/wikipedia/commons/b/bb/Radiative-forcings.svg

How GHGs Blanket the Earth

Blanket Earth:

A NASAcGlobal Climate Change Cause:
http://climate.nasa.gov/causes/

Denial 101x Video includes First handout Global

warming:

A https://www.youtube.com/watch?v=agkGoCqglp U&fea
ture=youtu.be

Denial 101x Second handouwt Increasing Greenhouse
Effect:

A https://www.youtube.com/watch?v=we8VXwa83FC



http://climate.nasa.gov/causes/
https://www.youtube.com/watch?v=aqkGoCglp_U&feature=youtu.be
https://www.youtube.com/watch?v=we8VXwa83FQ

Increasing GHGs 1 of 3

DENIAL101x - 3.3.2.1 - Animation 1 v3

1 b sec
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I[\foioe Over:
Gresnhouse gasss let sunlight through to warm
the surface.

Visual: White arrows continually maove into the
Earth's surface. Earths surface glows white.

i Y

7 sec

Yoice Over:

But greenhouze gases absorb some of this infrared.
At the same time, they glow with their own infrared.

Visual:

Glow reappears and a single arrow continually moves
up from the ground in the greenhouss gas. The a
amall section of the greenhouse gas glows where the
arrow collides,

2 3sec

W

Woice Owver:
The surface then glows with infrared light.

Wisual:

Earths surface glows red. Bed arrows move away
from the ground reducing in speed as they mowe
through the greenhouze gas.

5 8 sec

Woice Owver:

They glow in all directions, and the part of the glow
that goes up can be absorbed by greenhouse gases
further up in the atmosphers.

Wisual:
Arows are emitted from the glow in the greenhouse
gas.

10f3

3 4 sec

Woice Over
Qur evesaren't tuned o its frequency 2o it's invisible
to us.

Visual:
All arrows and glows disappear,

6 3 sec

Woice Over
It's useful to think of the atmosphers as layers,

Visual:
Cut to new scene showing layers of atmosphere.

animation by Daniel Greenup, University of Queensland for Denial101x



DENIAL101x - 3.3.2.1 - Animation 1 v3
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Voice Over:
Each layer of the atmosphere has a greenhouse glow
in every direction.

Visual:
Layers separate more and arrows are emitted.

10 9 sec

Voice Over:

Low down in the atmosphere, the air is thicker than
higher up. Each layer has enough greenhouse gas to
absorb much of the infrared going through it

Visual:

Glow and arows are removed. Dots appear in layers
to indicate air thickness. A new arrows moves through
the bottom layer and reduce in size. The bottomn of the
layer glows.

8 6 sec
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Voice Over:

Meanwhile, each layer absorbs some of the infrared
glow that comes from the layer above,

Visual:
Top of layers glow.

| 11 sec
Voice Over:

Higher up in the atmosphere, the air gets thinner.
That's why it's harder to breathe af the top of
a mountain. Each layer doesn't have enough
greenhouse gas to fully trap passing infrared.

Visual:
Arrows move through all of the layers reducing in size.
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Voice Over:
and some from the layer below.

Visual:
Bottoms of layers start glowing.

Voice Over:

Buming coal, oil and gas releases carbon dioxide,
a greenhouse gas. Stirred by the winds, it mixes
through the atmosphere.

Visual:
Arrows and glows are removed and extra dots appear
in each layer.

animation by Daniel Greenup, University of Queensland for Denial101x



DENIAL101x - 3.3.2.1 - Animation 1 v3 30of3
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Voice Qver: Voice Over:
The higgest effect is high up where the air is thinner. This upper layer now glows a little more brightly, A
This is where infrared previously escaped to space. little more heat is recycled back into the atmosphere.
Adding more greenhouse gases captures this infrared. This is how adding more greenhouse gases makes us
warmer,
DENIAL101x - 3.3.2.1 - Animation 2 v2 1of1
1 9sec
[ ]
Voice Over: Voice Over: Voice Over:
In the upper layers of the atmosphere, the Adding greenhouse gases blocks the infrared's Some of the infrared that used to escape to space
greenhouse effect isn't saturated. The concentration escape path to space. has now been trapped. The layer's greenhouse glow
of greenhouse gases s a lot kss than in Angstrom's sends some of it back down to warm us up.
tube. Visual:
Layers of atmosphere and greenhouse gases appear. Visual:
Visual: Arrows move through layers.

Layers of atmosphere appear.



5: SURFACE TO STRATOSPHERE CHAI
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3: EMISSIONS FROM HUMAN ACTIVITIE
LARGELY TO BLAME

A 40% increase in GO
A Dead carbon altering atmospheri¢*C
A That Carbon is more negative/enriched #% C

Mauna Loa Record
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Where is global warming going?

~20
Atmosphereé Onlv 2 /O Stavs
2.3% INn atmosphere

Continent ~2% warms
' 222/O|nens é

the land
Glaciers & ice caps
0.9%
Arcti [ I I
prfesealos Melting ice

® Greenland Ice Sheet ab SOr b S ~2%
0.2%

O Antarctic lce Sheet
0.2%

John Cook, from IGPP 2007 data; ~93% to oceans continues (NOAA/NODC, 2
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14: HOW FAST IS SEA LEVI
RISING?

Global Mean Sea Level Change
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Blue: Sea level change from tidggauge data(Church J.A. and White N.J.GeophysRes.Lett. 2006; 33: L01602)
Red: Univ. Colorado sea level analyses in satellite efattp://www.columbia.edu/~mhs119/Sealevel/)



Loaded Climate Dice: global warming is increasing extreme weather events.
Extreme summer heat anomalies now cover about 10% of land area, up from O.
This is based on observations, not models.

Shifting Distribution of Summer Temperature Anomalies
0.5

1951-1980 1981-1991 1991-2001 2001-2011
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Frequency of occurrence (vertical axis) of local Jdunlg-August temperature anomalies
(relative to 19511980 mean) for Northern Hemisphere land in units of local standard
deviation (horizontal axis). Temperature anomalies in the period 1980 match closely the
normal distribution ("bell curve", shown in green), which is used to define cold (blue), typ
(white) and hot (red) seasons, each with probability 33.3%. The distribution of anomalies
shifted to the right as a consequence of the global warming of the past three decades su
cool summers now cover only half of one side of assibed die, white covers one side, red
covers four sides, and an extremely hot-{ealvn) anomaly covers half of one side.
Source: Hansen, J., Sato, M., and Ruedy, R., Proc. Natl. Acad. Sci., 2012.



Resume week 2



Past Earth History Objectives:

tNBasSyid eé2dz gA0K GKS 3S
past
. Educate / That the science Is sound

. Understand the denial movement and how to
counter It

. Motivate you
. Give you hope / look at potential game changers
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WHAT CONTROLS
CLIMATE



Years Graenhouss almosphere
10,000,000,000 Sofar systam geometry

Bi”ions O f ...... l' Firft-Drdaf Solar luminosity
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Second Order

Glaobal distribution of
gonfinents and oceans

Third Qrder
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Orbital and solar variability

Large-scale ovsanographic
oscillations
Long ocean tide cycies

MORE LESS

Fourth Order
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Years Decades

—
Clouds, water vapour,

Centuries

Millennia

Multi-millennia

1° Forcings

solar
Inosity

. Comp.

Plate tectonic§

ﬁ
Biological evolufgp
of vegetation

Rohling, et al., (PALAESENS Project mbrs), 2012
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2. 600 million to 65 mllllon years mostly hothouse
Earth; 100s parts per million (ppm)

3. 65 to 1 million yearsClimate trend in the Cenozoigthe

ast 65 million yearsproxy data from 3600ppm to <200

opm.

4. Last Million years 180280 ppm; how do we know
empirical datag ice core data

5. Today (last 100 years#0% increase to 412 ppm and
growing
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A Scientific American articlesee your email

A https://www.youtube.com/watch?v=mX3pHD7NH58t
at Better description of cause:
http://www.sciencechannel.com/tysshows/howthe-
universeworks/videos/snowbatkearth/

A 3-4 minutes each




