Weather and Climate
Jim Keller & Paul Belanger

Classroom assistant: Fritz lhrig

Week 8 March: 5th, 2019
PART B

* LECTURE 23: PREDICTION AND PREDICABILITY
* LECTURE 24: THE IMPERFECT FORECAST
* CLIMATE CHANGE



So What is Climate Change



Weather vs. Climate

* Weather: consists of the short-term (minutes
to months) changes in the atmosphere.

* temperature, humidity, precipitation,
cloudiness, brightness, visibility, wind, and
atmospheric pressure, as in high and low
pressure.

* Climate: long-term averages of daily weather.

* The statistics of weather

https://www.nasa.gov/mission pages/noaa-n/climate/climate weather.html



https://www.nasa.gov/mission_pages/noaa-n/climate/climate_weather.html
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So what’s the issue today — what’s the big deal?
It’s always changed?

...in the bigger picture of things it’s about our sustainability
* Climate change is only one part to the bigger picture: SUSTAINABILITY

e Climate change

* Population

* Resources limits

* Limits to growth

* Economics

* Energy

* Environment

* Ethics

* Habitat loss; ecological impacts
* ETC.



So let’s look at our history of Discovery and
Understanding



1820s - Greenhouse gas analogy

1820’s — Joseph Fourier

» Showed that
solar heat
alone isn’t
enough to
explain
Earth’s warm
climate

e Coined the
“Greenhouse”

analogy

From Where has all the carbon gone: Scott.Denning@ColoState.edu
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1860’s - John Tyndall

e Firstdirect
measurements of
the absorption of

infrared radiation = S SSNEREF

by CO, gas in the
laboratory

 CO, absorbs IR
the wavelengths = = '
emitted by Earth '\ W T

N

From Where has all the carbon gone: Scott.Denning@ColoState.edu
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1890’s — Svante Arrhenius

e Measured IR
absorption by
the Earth’s

atmosphere

 Showed
doubling CO,
would warm
global average
temperature by
3 Celsius

From Where has all the carbon gone: Scott.Denning@ColoState.edu
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Well then what? ...sort of disappeared off the radar!

A 100 PLUS YEARS WENT BY:
* We had 2 World Wars
* We wanted a breather / recovery



Discovery: Paleoceanography & Paleoclimate

Then in the 1950s, 1960s and 1970s we studied the science of climate change
through ocean cores, mapping and stable isotopes. A few examples:

The sun changes: luminosity, sunspots
Relationship of climate change to Milankovitch cycles/Orbital parameters

Ice core data in the 1990s; rediscovery and understanding of Green House Gases
(GHGS)

Yet 1975: Wally Broecker raised concerns; others too: Bill Ruddiman:

— Wally Broecker’s ebook — What Drives Glacial Cycles Broecker

— Wally Broecker’s 1975 paper BroeckerSciencel975 Are we on the brink of a pronounced GLOBAL
WARMING

1990s-2000s — International Panel on Climate Change (IPCC) reports

Bipartisan agreement went the way of becoming a political issue vs. science


https://denverclimatestudygroup.com/wp-content/uploads/2019/02/What-Drives-Glacial-Cycles-Broecker.pdf
https://denverclimatestudygroup.com/wp-content/uploads/2019/02/BroeckerScience1975-Are-we-on-the-brink-of-a-pronounced-GLOBAL-WARMING.pdf

Scientific Discoveries & Observations

We found out about Snow Ball Earth Episodes before O, dominated our atmosphere
We found out that most of Earth History has been a Hot-House Earth with Episodes of Glaciation

We found out that we are currently in an Interglacial of one of those Ice-House / Glaciated episodes

We found out that atmospheric gases are very important in moderating our climate

We found out that our current emissions of GHGs is:
* Nearly unprecedented — not unlike the PETM (Paleocene-Eocene Thermal Maximum)
https://en.wikipedia.org/wiki/Paleocene%E2%80%93Eocene Thermal Maximum
* It’s causing ocean acidification, fisheries, marine life
* It threatens our coastal cities with sea level rise
* It threatens our sustainability:
* Extreme weather events: floods, droughts, wildfires, farming challenges
* It will lead to mass migrations and refugees problems



https://en.wikipedia.org/wiki/Paleocene%E2%80%93Eocene_Thermal_Maximum

Scientific Discoveries & Observations

Earth History — deep time to present

* From Jim Keller - How we evolved to have O, in our Atmosphere:

* https://earthsky.org/earth/when-where-earths-o02-oxygen-rise-
began?utm source=EarthSky+News&utm campaign=ecbfc8e82e-
EMAIL CAMPAIGN 2018 02 02 COPY 01&utm medium=email&utm term=0 c643945d79-
ecbfc8e82e-395269909

e Other links from Earth’s Climate; Past, Present and Future: Concerns and solutions:

* From SNOWBALL EARTH, to HOTHOUSE EARTH to today’s Glacial/Interglacials: Particularly week 2 — see
these slides: https://denverclimatestudygroup.com/wp-content/uploads/2019/01/Belanger-OLLI-
EASTCLIMATE-week2-slides.pdf



https://earthsky.org/earth/when-where-earths-o2-oxygen-rise-began?utm_source=EarthSky+News&utm_campaign=ecbfc8e82e-EMAIL_CAMPAIGN_2018_02_02_COPY_01&utm_medium=email&utm_term=0_c643945d79-ecbfc8e82e-395269909
https://denverclimatestudygroup.com/wp-content/uploads/2019/01/Belanger-OLLI-EASTCLIMATE-week2-slides.pdf

So — WHAT Controls Climate



What determines Earth’s climate

* Primary Influences (3):
1. SOLAR input:

0:> 0.9% less 2
. 100 My ago sunspots

Obliquity Precession Eccentricity
O @ CX ) @
Tilt; 40,000 years: 20,000 years: 100,000 years

21.5 - 24.
>~ 24.5 degrees ummer. season 400,000 years
2. Greenhouse Gases fGHGs)

(gases that absorb radiation in or out)

3. Albedo
(reflectivity:30-
85%)
*Feedbacks: INTERNAL dynamics and responses
*e.g. higher water vapor in atm. due to heating of atm




Long-term Carbon Cycle: rocks

Two generalized reactions...

Photosynthesis/Respiration
CO, +H,0 - CH,O + O,

Weathering/Precipitation
CO, + CaSIO,; « CaCO, + SIO,



Long-term carbon cycle: rocks

Conversion of CO2 to dissolved HCO3- by Volcanic
Ca-Mg silicate weathering CO9

CO»9 from sedimentary organic C weathering

-
-

CaCO3 7 ///7
e __Z/ CO9 and CHy4 from

Metamorphism &
Org C 1/ /! Deep Diagenesis
Burial

T

Subduction
of CaCO3
& Organic C

Berner, 2001



Scientific Discoveries & Observations

Phanerozoic Climate Change
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Greenhouse Gases (GHGS)



Let’s look at our atmosphere

DOMINATED BY NON-GHGs:
*N, =78%
*0,=21%
+ Ar = 0.93% ‘
GHGs: N
* CO, =-.408%
* H,0 = variable
* Other: CH,, CFCs, O; etc. ™™™

oxide (N,0)

00-0

dioxide (CO,)

Methane (CH,) 3



GREENHOUSE GASES (GHGs)

* Water — H,0 —the amount is a feedback of temperature
held in by the “blanket” of other GHGs

Carbon dioxide - CO,
Methane - CH,
Ozone - Oq

Nitrous oxide- N,O
others

Nitrous oxide (N 0)

Water vapor (H,0) M
Carbon

dioxide (CO,)
Methane (CH,) 3




Table 1 Specific humidity of a kilogram of air (at average sea level pressure)
Temp. (°C) Temp. (°F) Grams of water vapor per kg of air (g/kg)
-40 -40 0.1
-35 -31 0.2
-30 -22 0.3
-25 -13 0.51
-20 -4 0.75
-10 14 1.8
0 32 3.8
@ € @D,
10 50 7.8
o = g
( 20) ( 63 ) (15)
30 ) (s6) (27.7)
- )~ =
(40) (104) (49.8)
N’ N’ —
> What is the volume of 1 kg of air?

Answer: 0.8562 m3
(95 cm x 95 cm x 95 cm)




TAKE AWAY:

Water vapor in the atmosphere
~ DOUBLES WITH EVERY +10°C




How GHGs Blanket the Earth

Blanket Earth:

* NASA —-Global Climate Change Cause:
http://climate.nasa.gov/causes/

Denial 101x - Video includes First handout Global warming:

e https://www.youtube.com/watch?v=agkGoCglp U&feature=youtu.be
Denial 101x - Second handout — Increasing Greenhouse Effect:
 https://www.youtube.com/watch?v=we8VXwa83FQ



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

DENIALIONX - 3.3.2.1 - Animation 1 v3

1 G sec

W

Waice Over:
Greenhouss gases ktsunlight tvough t wam
the surfaca,

Vizml White arrows continually miove inta the
Earth's surface. Earths surface glows white,

4 T 566G

/

Waice Over:
But greenhouse gases abaorb some of thiz infrared.
At the same time, they glaw with their awn infrared

Viaual:

Glow reappears and a sing ks arrow continually moves
up from the ground In the greenhouss gas. Thea
srmal section of the: greenhouse gas glows whane the
arrow collices,

2 Jsec

W

Waice Cuer:
The surface then glows with infrassd light,

Wisual

Earths sufacs glows red, Red arrows move away
from the ground reducing in speed as thay mowe
through the gresnnouss gas,

5 8 sec

Woice Over:

They glow in gl dirsctions, and the part of the glow
that goes up can be abserbed by greenhouse gases
furthar up In the atmoephars

Wigual:
Arrows are emitted from the glow in the greenhauss
fr =N

1of3
3 4580

Waice Dver:
Qur eyss aren T tuned to its frequency so its Invisibls
to U=

WsLgl
Al arrgws and glows I:I'Ea:rpcarl

Vokoe Qwer
It's ugeful to think of the atmospher az layers:

Wizl
Cut to mew scane showing leyers of atmoaphers,

animation by Dansel Greenup, University of Queenstand for Denial101x



Increasing GHGs 2 of 3

DENIAL101x - 3.3.2.1 - Animation 1 v3

7 4 sec

N W O\
\

\oice Over.
Each layer of the atmosphere has a greenhouse glow
In every direction.

Visual:
Layers separate mome and arrows are emitted.

=

Voikee 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 ame removed, Dots appear in ayers
to indcate air thickness. A new arrows moves through
the bottom kyer and reduce in size. The bottom of the

layer glows,

BIlE

Voics Qwer:
Meanwhile, each layer absoros some of the infrared
glow that comes from the layerabove,

Visual:

Top of layers glow.
1

Voice Qwer;

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

Visual!
Arrows move through all of the layers reducing in size.

20f3
3sec
Volce Quer:
and some fromthe layer below,
Visual:
Bottoms of layers start glowing.
12 9sec
I ;:zsg‘v“‘
Voice Ouer:

Buming cod, olf and gas releases carbon dioxide,
a greenhouse gas. Stirred by the winds, It mixes
through the atmosphers.

Visuak
Arrows and glows are emoved and extra dots appear
ineach layer.

amimation by Daniel Greenup, University of Queensland for Denial101x



Increasing GHGs 3 of 3

DENIAL101x - 3.3.2.1 - Animation 1 v3

10 sec

Voice Over;

The biggest effect is high up where the air is thinner.
This is where Infrared previously escaped to space.
Adding more greenhouse geses captures this infrared.

DENIAL101x -3.3.21 - Animation 2v2

Voice Over:

In the upper layers of the atmcsphere, the
greenhouse effect isn't saturated. The concentration
of greenhouse gases k& a lot kssthan in Angstrom's
tube.

Visua:
Layers of atmosphere appear.

3of3
14 9sec
[ = ]
Voice Ower:
This upper layer now glows a litte more brightly. A
Iktle more heat is recycled back into the atmosphere.
This Is how adding more greenhouse gases males us
warmer,
1of1

Voice Over: Voice Over:

Adding greenhouse gases blocks the infrared's Some of the infrared that used to escape to space

esacape path o space. has now been trapped. The layer's greenhouse glow
sends sorme of it back down to warm us up.

Visual:

Layers of atmosphere and greenhous: gases appear, Visual:

Arrows move through layers,
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How global warming stacks up

* https://www.youtube.com/watch?v=-gHUHoqgBn-Y
* Published on Sep 15, 2016

» Skeptics of manmade climate change offer various natural
causes to explain why the Earth has warmed 1.4 degrees
Fahrenheit since 1880. But can these account for the
planet’s rising temperature? Watch to see how much
different factors, both natural and industrial, contribute to
global warming, based on findings from NASA’s Goddard
Institute for Space Studies.



https://www.youtube.com/watch?v=-gHUHoqBn-Y

GLOBAL WARMING CONCERNS
Radiative Forcing Components

Radiative forcing (W/m2)
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http://upload.wikimedia.org/wikipedia/commons/b/bb/Radiative-forcings.svg
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Climate Changes from Ocean Sediment Cores, since
5 Ma. Milankovitch Cycles

the last time inferred temperatures will have
been this high — once equilibrium is reached, will
have been 3-5 million years ago or more

1 P o "l | M‘N\M\\\, W l”g

Climate Change
From Sediment Cores

5'%0 Benthic
Carbonate (per mil)

o

5.0Ma 4.0Ma 3.0Ma 2.0Ma 1.0Ma

When CO, levels get below ~400-600 ppm Orbital
parameters become more important than CO,



IT’S REALLY I

ACCELERATE

D

PPENING — AT AN

PACE



Departure of Temperature From Average (*C)

Global Temperature Change From 20,000 B.C. to 2012 A.D.

3 ¥
IPCC Prediction /
5 for the year 2100
1 Observations
as of 2012 ——
0 -
Ice Age Ends
-1 -
2D -
Ice and Sediment Cores From Shakun ef al. (2012, Nature)
— Sediment Cores From Marcott ef al. (2013, Science)
-3 - — Observations From 1880 - 2012
T —— Prediction up to the Year 2100 by the IPCC A1B Scenario
_4 1 1 1 1 1 1
20000 B.C. 16000B.C. 12000 B.C. 8000 B.C. 4000 B.C. 0 2000 A.D.

Year




2/3 rds of that since 1970



Climate Connections
click on link for more

Worrisome first quarter of 2017 climate trends

The year is off to a toasty start globally ... and not in a comforting way for those concerned
about another year of high temperatures, sea ice record lows at both Poles, and mounting
risks to coral reefs.

@00000O

By Zeke Hausfather
Thursday, April 27, 2017

TOPICS
Oceans, Polar Ice, Science

Recent Posts

 Reversing climate change

o Columnist: "‘Swamped’ coastal

Louisiana
With the first quarter of 2017 now past. the year is shaping up to be one of climate extremes:

= Georgiaisiand conkonts biue high temperatures. low sea ice. and coral bleaching.

T o o S o o o

https://www.yaleclimateconnections.org/2017/04/worr
isome-first-quarter-of-2017-climate-trends/



https://www.yaleclimateconnections.org/2017/04/worrisome-first-quarter-of-2017-climate-trends/

Plants and Animals are Responding to a Warming
Climate
1990 vs. 2012

USDA Plant Hardiness Zone Maps
2012

Spring is springing forward: Spring events, like bird and butterfly
migrations, flower blooming times, and frog mating, have been advancing
by about three days per decade over the past 30 years.

SOUICE: Jeong et al., 2011, “Phenology shifts at start vs. end of growing season in temperate vegetation over the

Northern Hemisphere for the period 1982-2008" .
https://www.arborday.org/media/zones.cfm



https://www.arborday.org/media/zones.cfm

Plants and Animals are Responding to a Warming
Climate
1990 vs. 2015

USDA Plant Hardiness Zone Maps

1990 s

Spring is springing forward: Spring events, like bird and butterfly
migrations, flower blooming times, and frog mating, have been advancing
by about three days per decade over the past 30 years.

SOUICE: Jeong et al., 2011, “Phenology shifts at start vs. end of growing season in temperate vegetation over the

Northern Hemisphere for the period 1982-2008" .
https://www.arborday.org/media/zones.cfm



https://www.arborday.org/media/zones.cfm

CONSEQUENCES:

It’s causing ocean acidification, fisheries, marine life

It threatens our coastal cities with sea level rise

Extreme weather events: floods, droughts, wildfires, farming challenges
It will lead to It threatens our sustainability:

species extinctions, mass migrations and refugees problems

...and more
...l.e. our sustainability and way of life



Ocean Acidification
What’s will be its impact on the food chain?

cidification

0.12 0.1 ~008  —0.06 ~0.04 002 0

From Where has all the carbon gone: Scott.Denning@ColoState.edu



mailto:Scott.Denning@ColoState.edu

14: HOW FAST IS SEA LEVEL
RISING?

Global Mean Sea Level Change

e
200 -
] Church & Whate (GRL. 2005) i
Umniversity of Colorado (2012 Release 4)
150 | 31 o
3.1 mm/yr
- (1993— .
mid 2012)
100 | .

0.8 mm/vyr

(1870—1924)

1.9 mm/yr
(1925—-1902)

LA
o

Sea Level Anomaly (mm)

1880 1900 1920 1940 1960 1980 2000

Blue: Sea level change from tide-gauge data (Church J.A. and White N.J., Geophys. Res. Lett. 2006; 33: L01602)
Red: Univ. Colorado sea level analyses in satellite era (http://www.columbia.edu/~mhs119/Seal evel/).



EXTREME WEATHER EVENTS AND COSTS

* floods,

* droughts,

* wildfires,

e farming challenges



Refugee problems




Re-iterating - Global Warming Results:

e Greater warming at High Latitudes:

* Due to CO, being more important as a GHG
* Increase in H,0 over time as average temperature increases

e Reduction Arctic sea ice changing albedo (reflectivity)
* Melting glaciers changing albedo
* Rising sea levels

* Average temperature increases also changes amount of moisture in
atmosphere

* Earlier springs / earlier snow melt
* Ocean acidification



Loaded Climate Dice: global warming is increasing extreme weather events.
Extreme summer heat anomalies now cover about 10% of land area, up from 0.2%.

This is based on observations, not models.

Shifting Distribution of Summer Temperature Anomalies

{].S T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
04 1951-1980 1981-1991 1991-2001 2001-2011

0.3}
0.2}

0.1}

l1—5—4—3—2—1 012 3 45 4-3-2-1012 3 45 4-3-2-1012 3 45 4-3-2-1012 3 45

Frequency of occurrence (vertical axis) of local June-July-August temperature anomalies
(relative to 1951-1980 mean) for Northern Hemisphere land in units of local standard
deviation (horizontal axis). Temperature anomalies in the period 1951-1980 match closely the
normal distribution ("bell curve", shown in green), which is used to define cold (blue), typical
(white) and hot (red) seasons, each with probability 33.3%. The distribution of anomalies has
shifted to the right as a consequence of the global warming of the past three decades such that
cool summers now cover only half of one side of a six-sided die, white covers one side, red
covers four sides, and an extremely hot (red-brown) anomaly covers half of one side.

Source: Hansen, J., Sato, M., and Ruedy, R., Proc. Natl. Acad. Sci., 2012.



So What can WE do?



More Water Vapor
and Clouds

Warmer Air,
Warmer Water
(Global Warming)

HUMAN RESPONSES ‘L
Personal Atmosphere
own and City : "Hydrosphere
State Cryosphere
National (Climate Change)

International

Courtesy Phil Nelson



60 MINUTES, March 379/19: The climate change
lawsuit that could stop the U.S. government from

supporting fossil fuels

e Mel Mandell: comment

* YouTube — 13 minutes
https://www.cbsnews.com/news/ju

liana-versus-united-states-the-
climate-change-lawsuit-that-could-
stop-the-u-s-government-from-
supporting-fossil-fuels-60-minutes/

e 37 second snip:
https://www.cbsnews.com/video/la

wsuit-could-put-u-s-governments-
role-in-climate-change-on-trial/

THE CLIMATE CHANGE LAWSUIT THAT
COULD STOP THE U.S. GOVERNMENT FROM
SUPPORTING FUSSIL FUELS

A lawsuit filedon b 1 kids alleges the U.S. government knowingly
failed ropmr ...... ~,mz.a{€c‘ha,'rge Ifthe ple ffs win, it could
- & | E p -3 7



https://www.cbsnews.com/news/juliana-versus-united-states-the-climate-change-lawsuit-that-could-stop-the-u-s-government-from-supporting-fossil-fuels-60-minutes/
https://www.cbsnews.com/video/lawsuit-could-put-u-s-governments-role-in-climate-change-on-trial/

Jim Hansen, Bill McKibben
among others: activists

STURMS

Q‘w

Jim Hansen BILL MCKIBBEN

AUTHOR.EDUCATOR.ENVIRONMENTALIST.

https://en.wikipedia.org/wiki/James Hansen
http://www.columbia.edu/~jeh1/

https://350.org/



https://en.wikipedia.org/wiki/James_Hansen
http://www.columbia.edu/~jeh1/
https://350.org/
http://www.billmckibben.com/index.html

March 24, 2017

Common Dreams | Colorado Youth Score Decisive Legal Victory
Against Fracking Industry

Xiuhtezcatl Martinez, 16-year-old plaintiff and youth director of the Boulder-based Earth Guardians,

https://www.ourchildrenstrust.org/news



Most don’t have a geologic perspective

* It’s the rate of change
* It’s about our sustainability
* Our limits to growth



Solutions - Adoption of 7 policies

Europe's phase-out of HFCs

* https://www.nytimes.com/interactive/2019/02/13/climate/cut-us-
emissions-with-policies-from-other-countries.html?smid=fb-
nytimes&smtyp=cur&fbclid=IwAR13rNqUxYrKOomsaKQKotuuYQ1SBUK Iid
dhZbLOE9SINp70f9NHhuy8 Nw



https://www.nytimes.com/interactive/2019/02/13/climate/cut-us-emissions-with-policies-from-other-countries.html?smid=fb-nytimes&smtyp=cur&fbclid=IwAR13rNqUxYrKOomsaKQKotuuYQ1SBUK_lIddhZbL0E9lNp70f9NHhuy8_Nw

Adoption of 7 policies

Carbon tax: The tax on coal, oil and natural gas starts at $7.50 per ton of carbon
dioxide in 2020 and reaches $37.50 per ton by 2033. This is based on the rates and
schedule for British Columbia’s carbon tax, which began in 2008. ...

Clean electricity standard: This policy is partly modeled after existing state-level
standards. It requires utilities to increase the amount of electricity the?; produce
from carbon-free sources — including wind, solar, nuclear, hydro, geothermal and
biomass — until they reach 100 percent clean electricity in 2050. For comparison,
California is steadily increasing its clean electricity requirements to 100 percent by
2045, while New York has announced a 2040 goal.

Electric vehicle push: Rather than model Norway’s specific set of electric vehicle tax
incentives, this scenario assumes that the United States makes a push to match the
rapid recent growth in Norway’s electric vehicle sales over the next eight years.
(Between 2011 and 2018, electric vehicles and plug-in hybrids went from 1.6
percent of new sales in Norway to 49 percent.) After 2027, ....

Industrial efficiency standards: The industrial efficiency gains are based on a 2016
Department of Energy study .....

Buildin% codes: This policy reduces energy use in new homes and buildings. In 2016,
the California Energy Commission calculated that the state’s stricter building codes
would reduce energy-use intensity by 29 percent for residential buildings and 13
percent for commercial .....

Methane standards: Canada’s methane rules aim to reduce emissions from oil and
gas operations 40 to 45 percent below 2012 levels by 2025. ...

HFC phaseout: This....



https://www2.gov.bc.ca/gov/content/environment/climate-change/planning-and-action/carbon-tax
https://www.nytimes.com/2018/08/28/business/energy-environment/california-clean-energy.html
https://www.governor.ny.gov/news/governor-cuomo-unveils-agenda-first-100-days-2019-justice-agenda
https://elbil.no/english/norwegian-ev-policy/
http://www.ofvas.no/bilsalget-i-2018/bilsalget-i-2018-article866-788.html
https://www.energy.gov/eere/analysis/downloads/state-level-electric-energy-efficiency-potential-estimates-0
https://www.energy.ca.gov/business_meetings/2017_packets/2017-06-14/Item_03/ENERGY%20EFFICIENCY%20COMPARISON__Residential%20Draft%205%2025%2017.pdf
https://obamawhitehouse.archives.gov/the-press-office/2016/03/10/us-canada-joint-statement-climate-energy-and-arctic-leadership

Why it's not enough

PAST: MONDAY March 26TH: CO2 Removal and Nature
Conservancy presentation by Betsy Neely + What is and
the Need for Biochar by Paul Belanger

slides and links added below
Handout: 2018.03.26x Nat Climate Solutions Forum handout half-

page

Part A: Why PRICING IS NOT ENOUGH & WHY WE NEED
SEQUESTRATION! — Paul Belanger

» Pptx: TROUBLE LOADING contact me pebelanger@glassdesignresources.com if
copy desired
= Pdf: 2018.03.26 Belanger-why pricing is no enough EEEF

Part B: NATURAL CLIMATE SOLUTIONS - Betsy Neely

How great a contribution can nature itself—e.q., forests, grasslands, wetlands, etc.—

make to storing and reducing global carbon emissions?

https://denverclimatestudygroup.com/?page id=683



https://denverclimatestudygroup.com/?page_id=683

IPCC — Intergovernmental Panel on Climate
Change

IPCC — Intergovernmental Panel on Climate Change --
https://www.ipcc.ch/

IPCC — Intergovernmental Panel on Climate Change

https://www.ipcec.ch ~
The Intergovernmental Panel on Climate Change The Intergovernmental Panel on Climate Change

(IPCC) is the United Nations body for assessing the science related to climate change.

Publications and Data Mitigation of Climate

The IPCC prepares comprehensive ARS Climate Change 2014: Mitigation of
Assessment Reports about knowledge on ... Climate Change The Working Group IlI ...
Fifth Assessment Report Report

The Working Group | contribution to the Fifth AR5 Synthesis Report: Climate Change 2014
Assessment Report of the ... The Synthesis Report (SYR) of the IPCC Fifth ...
Organization Data

The IPCC is an organization of governments IPCC Data The Task Group on Data and

that are members of the United Nations or ... Scenario Support for Impact and Climate ...



https://www.ipcc.ch/
https://www.ipcc.ch/

IPCC REPORTS

Assessment reports (AR #) with 3 working groups:

>
IDCC REPORTS WORKING GROUPS ACTIVITIES NEWS CALENDAR (@ FoLLow A SHARE

LATEST AND UPCOMING SIXTHIASSESSMENT REFPORT FIFTHRSSESSMENT REFORT

REPORT

ARG Synthesis Report: Climate ARB Synthesis Report: Climate
Glo!]alWal'ming of 1.56°C Chaf‘lgﬁ 2022 Change 2014
2019 Refinement to the 2006 IPCC ARS Climate Change 2021 ARS Climate Change 2013: The
Guidelines for National Impacts, Adaptation and Physical Science Basis
Greenhouse Gas Inventories Vulnerability

ARB Climate Change 2014:
Climate Change and Land ARG Climate Change 2021: Impacts, Adaptation, and

The Ocean and Cryosphereina Mitigation of Climate Change Vulnerabilicy

Changing Climate ARG Climate Change 2021: The ARS Climate Change 2014:

Physical Science Basis Mitigation of Climate Change

IPCC — Intergovernmental Panel on Climate Change -- https://www.ipcc.ch/



https://www.ipcc.ch/
https://www.ipcc.ch/

Solar Radiation Management vs. Carbon dioxide
Removal (SRM VS. CDR)

Three proposals to reduce temperature
prop P Three proposals to reduce CO2
(1) Ocean fertilisation (2)Enhanced weathering  (3) Carbon Sequestration
&) Space reflector New surface
co2 on hill side

coz2 Qil rig

s ‘S:
o %
S

Albedo s
modification e

Which is the best way to control climate change
Evaluating gecengineering techniques for temperature and carbon

Biochar &

MORE
EFFECTIVE
Space reflector @ I|E.|I'1 hanced .gémiﬁ’:mc o - o
weathering « https://en.wikipedia.org/wiki/Biochar
HORE  Sequestration fos «  https://en.wikipedia.org/wiki/Bio-
EXPENSIVE | ¢ EXPENSIVE energy_with _carbon_capture and_storage

Surface albedo

(desert) @ Ocean fertilisation

® Surface albedo

(urban) LESS

EFFECTIVE Source: Royal society


https://en.wikipedia.org/wiki/Biochar
https://en.wikipedia.org/wiki/Bio-energy_with_carbon_capture_and_storage

OLLI West — Spring 2017/

* Spent 6 of the 8 weeks on solutions
* https://denverclimatestudygroup.com/?page id=2224

[ OLL-ARCHIVE- x [ Microsoft Pows X [ PowerPoint Pre: X [ PowerP

* WEEK 1-adapt intro

s:f/denverclimatestudygroup.com,/7page_id=2224

ne Digi.. (G ESO Pro - Index Page News [9 netDuty Main Page . WxCo . WEEK 2-heat extreme wx

yGroup  Customize €312 B 3 <4 New " EditPage s Week 3-too much water

" Week 4 - carbon tax Energy intro
" Week 5 - Wind and Solar

MONDAYS: 2017 OLLI WEST — ADAPTING TO
CLIMATE CHANGE: Extreme Weather Events,
Worldwide Energy Revolution, and

* Week 6 - nuclear grid vs storage

Geoengineering Options — Particularly Week 7 20170508 NREL VISIT

BIOCHAR -Paul Belanger and Phil Nelson " Week 8 - solutions BIOCHAR

weelk 1 March 27, 2017



https://denverclimatestudygroup.com/?page_id=2224

« READ:

Climate of Hope — Solutions
Drawdown — and associated web
DALES

RON CITIES, BUSINESSES, AND CITIZENS
CAN SAVE THE PLANET n n A w n u w N
'_;-_.::.:"Z ' . e b Ahsd
v = £

M e
~ 1

s LS REVERSE LOBAL WARMING

EDITED BY PAUL RAWKEN

(' \V" ", 4 »
AL T ODC
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Drawdown

http://www.drawdown.org/solutions-summary-by-rank

EEEEEEEEEEEEEEEEEEEEEE

ANDONN

THEMOST COMPREHENSIVE
PLAN EVER PROPOSED TO
REVERSE GLOBAL WARMING
ENITED BY PAUL HAWKEN

Drawdown video: 60 minutes
h Paul Hawken:
https //youtu.be/4XrFnK1RrLE



http://www.drawdown.org/solutions-summary-by-rank
https://youtu.be/4XrFnK1RrLE

Soil Restoration: BIOCHAR and Other Short &
Long- term practices

“A SAND COUNTY ALMANAC OF lﬂ'ﬂlﬂﬂl(. A WALDEN POND OF LOAM AND
~~PABL BAWKEN, AUTHOR OF THE ‘C‘(“’”m

GROWING A
REVOLUTION

A . - BRINGING OUR SOIL BACK TO LIFE

,4?“-,'»'--!#.-!‘4'.'\& D FV LS

oo Vot Cua w4 e tnon @ Vo B hpond
G o R0k S " Tehnne Lood SN e The”
"'wi‘l-‘: ot Beenld s St

https://www.yesmagazine.org/issues/dirt

BIOCHAR PAGE: e Al il oo b et SIS YRS T N il
https://denverclimatestudygroup.com/?page id=28 e ‘B,AV]D R MONTGOMERY =~



https://www.yesmagazine.org/issues/dirt
https://denverclimatestudygroup.com/?page_id=28

What if?

C LM

SUMMLT

WHAT \F 1T
A B\G HOAR AND
we C(ReAle A BeTTer
WORLD FoR NOTRING ?

—

" ENERGY INDEPENDENCE

* PRESERVE RAIN
e 5”'5"A|NA8lUTyF° KESTS

* GREEN Jops

" UVABLE Cimeg

* RENEWABLES

* CLEAN WATER. AR

* €TC erc.

(A ﬁ‘fﬂ,’(

1IN wsAEway

Joel Pett



In closing

“ASK NOT WHAT YOU OUGHT TO DO, RATHER ASK WHAT YOU MUST DO
(attributed to a philosopher — please let me know who)

AND

For those that say “it can’t be done” | say: Stay out of the way of those that are
DOING IT!



Web Links Energy/Other

U.S. Energy Information Administration https://www.eia.gov/

CRES https://www.cres-energy.org/
* YouTube https://www.youtube.com/channel/UCr81EUb2gVIVfmmIJMxEHVw
* NREL Presentation: GREG WILSON https://www.youtube.com/watch?v=7CDPHxcnq4c&t=23s
* Governor Ritter Presentation https://www.youtube.com/watch?v=agowW1QKwms&t=6s

https://www.skepticalscience.com/
* https://skepticalscience.com/How-Green-is-My-EV.htm|

http://energyshouldbe.org/

 Why Storage is Key for a Renewable Energy Future:
https://www.youtube.com/watch?v=Yc hULwykvQ&t=13s

* Clean Energy through Open Electricity Markets: https://www.youtube.com/watch?v=seGWTKTm38A



https://www.cres-energy.org/
https://www.cres-energy.org/
https://www.youtube.com/channel/UCr81EUb2qVJVfmmlJMxEHVw
https://www.youtube.com/watch?v=7CDPHxcnq4c&t=23s
https://www.youtube.com/watch?v=agowW1QKwms&t=6s
https://www.skepticalscience.com/
https://skepticalscience.com/How-Green-is-My-EV.html
http://energyshouldbe.org/
https://www.youtube.com/watch?v=Yc_hULwykvQ&t=13s
https://www.youtube.com/watch?v=seGwTKTm38A

M B s

Ken Regelson links

e EnergyFreedomCO.org

Innovation and lower costs through competition.

Beginners, start here

The U.S. electricity system

Energy Freedom basics

Why restructure monopolies?

Terms and definitions

* EnergyShouldBe.org - 100% Renewables

Penguins & 100% Renewable Energy in 20 Years -
https://youtu.be/sRJqQuTFAGVU

To Allow Lots of Renewables, Baseload Coal & Nuclear
Must Go https://youtu.be/deWtgpheDJM

Modeling Electric Load & Renewables. Video and free
spreadsheet model to download  (scroll down for
the link to the spreadsheet itself). (13 minutes)
https://youtu.be/RVdJeAcuUZI

others

We need to think differently about electricity.

Colorado is an electricity monopoly state,

In Retadl Choice states — Many ol ity spph wuln for * based on
ot and ansrgy sourcs  Indviduds. busineases & commurilas can chacse

Enargy Freadam Colorada & working % bring more Electricity Chaice 1o Colorado

Click Here for

General Audience Videos

Mildly Technical Videos

Technical Audience Videos

Newest Videos

Most Popular Videos



http://energyfreedomco.org/
http://energyfreedomco.org/elec-system.php
http://energyfreedomco.org/principles.php
http://energyfreedomco.org/why-restructure.php
http://energyfreedomco.org/definitions.php
http://energyshouldbe.org/
https://youtu.be/sRJquTFAGVU
https://youtu.be/deWtgpheDJM
https://youtu.be/RVdJeAcuUZI

CRES YouTube Channel:

https://www.youtube.com/channel/UCr81EUb2qVJVfmmIIMxEHVw/videos

* Tony Seba: Clean Disruption - Energy & Transportation
* https://youtu.be/2b3ttqYDwWFO

Ramping Up Solar to Power the World - Greg Wilson, NREL
* https://youtu.be/7CDPHxcng4c

* Driverless Cars and the Environment - Rutt Bridges, Futurist
* http s://youtu.be/OBWIcpesr6A

* Bill Ritter - Powering Forward. The Clean Energy Revolution can't be
stopped
* https://youtu.be/agowW1QKwms

* Drawdown: 60 Minutes with Paul Hawken
e https://www.youtube.com/watch?v=4XrFnK1RrLE

e Can Hydrogen Save our Energy System Mark Ruth, NREL
* https://www.youtube.com/watch?v=4u93y-I0cwM&t=199s

* 100% Renewables: Let's Go! (Ken Regelson - 2/6/16)
* https://yvoutu.be/xDBPE6ZUGXQ

 Why Storage is Key for a Renewable Energy Future
* https://voutu.be/Yc hULwykvQ



https://youtu.be/2b3ttqYDwF0
https://youtu.be/7CDPHxcnq4c
https://youtu.be/agowW1QKwms
https://www.youtube.com/watch?v=4XrFnK1RrLE
https://www.youtube.com/watch?v=4u93y-l0cwM&t=199s
https://youtu.be/xDBPE6ZUGXQ
https://youtu.be/Yc_hULwykvQ
https://www.youtube.com/channel/UCr81EUb2qVJVfmmlJMxEHVw/videos

Links to active groups

* https://citizensclimatelobby.org/

* Fb -https://www.facebook.com/CitizensClimateLobbyDenverChapter/

* https://www.eldersclimateaction.org/

* Fb - https://www.facebook.com/eldersclimateaction/

* 100 solutions:
https://www.ted.com/talks/chad frischmann 100 solutions to clim
ate change



https://www.eldersclimateaction.org/
https://www.eldersclimateaction.org/
https://www.eldersclimateaction.org/
https://www.facebook.com/eldersclimateaction/
https://www.ted.com/talks/chad_frischmann_100_solutions_to_climate_change

Powering Forward: ...America's Energy
Revolution

* A historic energy revolution
is underway in the United
States & THE WORLD:

* Wind, sunlight, and other sustainable resources /

POWERING

* Power plants on their roofs FO RWAR D

* Entire communities are switching to 100 percent ket o
renewable energy; Hawaii has such a commitment! BILLRlTTER JR.

* Urgent need to prevent climate change is causing
people around the planet to question their reliance
on carbon-intensive oil, coal, and natural gas.



Three books to consider:

* Simple succinct Summary:
 What We Know About Climate Change (Boston Review
Books) by Kerry Emanuel (Nov 30, 2012)
* Intermediate Level Book:

s Earth: The Operators' Manual by Richard B. Alley (Apr
s 18, 2011)

Barthj
pemeenl  Nttp://earththeoperatorsmanual.com/

* More comprehensive book:

Experimenting

Experimenting on a Small Planet: A History of on'a Smal lgpet

Scientific Discoveries, a Future of Climate Change
and Global Warming 2nd ed. 2016 Edition



http://www.amazon.com/About-Climate-Change-Boston-Review/dp/0262018438/ref=sr_1_1?ie=UTF8&qid=undefined&sr=8-1&keywords=what+we+know+about+climate
http://www.amazon.com/Earth-Operators-Richard-B-Alley/dp/0393081095/ref=sr_1_1?ie=UTF8&qid=1410149890&sr=8-1&keywords=earth+an+operator+manual
http://www.amazon.com/Richard-B.-Alley/e/B001H6NKY4/ref=sr_ntt_srch_lnk_1?qid=1410149890&sr=8-1
https://www.amazon.com/Experimenting-Small-Planet-Scientific-Discoveries/dp/3319274023/ref=sr_1_1?ie=UTF8&qid=1490879063&sr=8-1&keywords=william+hay

We are a planet with brains

* Climate change is only the most
visible of the modifications we've
made--up until this point,
inadvertently--to the planet.

 And our current behavior threatens
not only our own future but that of

EAHTH i
countless other creatures. H “ M A i‘
e ....shows what a strange and novel 1

development it is for a species to A
evolve to build machines, and
ultimately, global societies with

world-shaping influence.
SHAPING DUR PLANET’S FUTURE

BTW — David Grinspoon will be at Conf. World Affairs (CWA), nAV|n nm“spﬂ[m

Boulder NEXT week of 4/8: http://www.colorado.edu/cwa/

( FrgTod M 3


http://www.colorado.edu/cwa/

Another book to consider:

e Economics:

* Climate Shock; the economic consequence of a hotter

planet
* by Gernot Wagner & Martin Weitzman

[LIMATE
SH0CK

THE ECORABE © ON“W‘ i
oF A W)‘

Gernot Wagner
Martin L. Weitzman




QUIZ

* What do you call it when a fast food hamburger hits your windshield?

..answer: A WINDSHIELD WHOPPER



