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INTRODUCTIONS - Part 1

Shelly McHugh; classroom assistant, liaison to me/you

and OLLI

* Logistics: bathrooms, breaks, no open containers,
Shelly McHugh, mchugh3693@centurylink.net ;
home (303) 337-0885

Paul Belanger:

 PEBelanger@glassdesignresources.com

* ¢.303-249-7966; h. 303-526-7996
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mailto:PEBelanger@glassdesignresources.com

INTRODUCTIONS - part 2

Intro:
* Yourselves — what brought you here
 Paul

e http://denverclimatestudygroup.com/ (OLLI tab)

* Web page - 11 year history; Resume in “About” tab

* Facebook -
https://www.facebook.com/denverclimatestudygroup/



http://denverclimatestudygroup.com/
https://www.facebook.com/denverclimatestudygroup/

Earth’s Climate: Past, Present and Future —
concerns and solutions

Week 1: January 239, 2019

* Introductions

* Key principles of climate change

The difference between weather and climate

* Climate system: feedbacks, cycles and self-regulation
(climate, not government)

 What determines Earth’s climate



A thought — passed on from Warren Hamilton

“In this age of specialization, men
who thoroughly know one field are
often incompetent to discuss another.
You must not fool yourself--and

you are the easiest person to fool”

Richard Feynman, 1974

My comment:

We’ve become a country of self-
proclaimed experts on everything.



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: }

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

Barthg
SE———— http://earththeoperatorsmanual.com/

* More comprehensive book:
Experimenting on a Small Planet: A History of Scientific Expenmentmg
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

Another book to consider:

e Economics:

— Climate Shock; the economic consequence of a
hotter planet

— by Gernot Wagner & Martin Weitzman

Gemot w

MartinL. We-tzman



We need a Paradigm shift

 Which led to my email quote from Kerry

Emanuel and the need for a social paradigm
shift:

e “.there are few, if any, historical examples of
civilizations consciously making sacrifices on
behalf of descendants two or more
generations removed”

e Recent discussions for a new Presidential
candidate: Secretary of the future



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.

e 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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VIDEO - what is climate

IF we have time:

e https://www.futurelearn.com/courses/climate
-change-challenges-and-solutions/todo/123

— Requires my loging: and go to 1.4; 2 minutes, 50
seconds

* http://www.metoffice.gov.uk/climate-guide



https://www.futurelearn.com/courses/climate-change-challenges-and-solutions/todo/123
http://www.metoffice.gov.uk/climate-guide

What determines Earth’s climate

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

P W :> ‘A,,* 0.9% less
L ;_4} ‘é’-'s::h',”“"""ﬁ}"*, 100 My ago & sunspots
Obliquity Precession Eccentricity
e é _;3:); . ’\/\’I
Q\\_ ;-_/\/‘ ‘:é;ri};?j_z—_:?r:::"@:nx» ® e &
Tilt; 40,000 years: 20,666 Qéérs: 100,000 years
21.5-24.5 degrees
yummer, season 400,000 years
2. Greenhouse Gases fGHGs) ‘0
(gases that absorb radiation in or out) P -

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




What determines Earth’s climate
TODAY:

* The Sun
* Orbital parameters aka Milankovitch

 Greenhouse Gases (GHGSs)



The Sun

Temperature vs Solar Activity
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Milankovitch Cycle

2.7 235
v 1 2458
~ 1,

-iulh

Precession A gradual

ge, or “wobble,” in the
ation of Earth's axis

e relationship
betw h's ult and
eccentr

Tilt The tilt of Earth's axis var
between 22.2° and 24.5°. The
greater the tit angle is, the more
s solar energy the poles receive,

Eccentricity Earth encounters more
variation in the energy that it recel

from the sun when Earth’s orby
elongated than it does wi
orbit Is more circular,

https://www.slideshare.net/syadur/milankovitch-theory



Thus it leaves it to Greenhouse Gases

And so we will explore this a little further



Thus it leaves it to Greenhouse Gases

And so we will explore this a little further
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http://www.skepticalscience.com/Milankovitch.html

FOR THERE TO HAVE NO CLIMATE CHANGE
Energy in (Visible)

Energy out (infrared)

* Relatively stable last 10,000 years

e GHGs Now Changing our climate — but at an
unprecedented rate

— Threatens our sustainability as DO other factors:
e Population
* Sea level rise
e Extreme weather
e Resources (Energy, food)
* Ocean acidification




Let’s look at our atmosphere

N,=78% @@ .-

-0,=21% "= =
—Ar =0.93% o

—CO, = -.408%

—H,0 = variable a
—QOther: CH,, CFCs, O, etc. = =9




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,

Nitrous oxide (N 0)

— Ozone -0

3 Water vapor (H,0) /
— Nitrous oxide- N,0O Carbon
dioxide (CO,)
— others

Methane (CH,) ,y




Some basic Meteorology

 First some facts:
— Atmospheric circulation
— Coriolis forces

 Then Background for some Explanations:
— Gas laws

— Weather: Highs and Lows —
* Causes
e Coriolis effect

— Latent heat



FERREL CELL

POLAR CELL

CIRCULATING CELLS

The Hadiey colls have the most regular patiern of ar movement,
and produce exdremae wel waather at the equalor and axtrema
andty an he deserts The polar colls are the least wel-defned

HADLEY CELL

HADLEY CELL

http://maps.unomaha.edu/Peterson/geogl

000/Notes/Notes Exam1/Seasons&Climate

.htm


http://maps.unomaha.edu/Peterson/geog1000/Notes/Notes_Exam1/Seasons&Climate.htm

Coriolis forces affecting movement

* As fluids on a rotating sphere change latitude
they have different momentum

— Northern hemisphere —to the RIGHT

— Southern hemisphere —to the LEFT



Gas laws

* Boyles Law, Charles Law, Gay-Lussac Law

BUT THIS IS THE RELATIONSHIP YOU NEED TO KNOW:
* IDEAL GAS LAW (COMBINED):

PV = nR T

http://chemistry.bd.psu.edu/jircitano/gases.html

For more info: https://en.wikipedia.org/wiki/Gas laws



http://chemistry.bd.psu.edu/jircitano/gases.html
https://en.wikipedia.org/wiki/Gas_laws

TAKE AWAY:

air cools 10°C for every km
elevation gain due
to decrease pressure



A TRICK QUIZ

2 ROOMS - EQUAL IN SIZE, ELEVATION and
TEMPERATURE

1. ROOM 1-10% HUMIDITY
2. ROOM 2 -95% HUMIDITY

* WHICH ONE WEIGHS MORE (I.E. IS DENSER:
DENSITY = MASS/VOLUME)

1. ROOM 17
2. ROOM 2?



A TRICK QUIZ

* 2 ROOMS — EQUAL IN SIZE, ELEVATION and
TEMPERATURE

1. ROOM 1-10% HUMIDITY
2. ROOM 2 —95% HUMIDITY

* YOU PROBABLY DON’T REALIZE YOU KNOW THE
ANSWER

* HINT:
* WEATHER:
* WHAT'S A STORM ASSOCIATED WITH
* HIGH PRESSURE
* Or LOW PRESSURE?
e WHY?



Our Atmosphere

—N, = 78% Mass 14 x2 =28
—0,=21% Mass l6x2=32

— Other: CH,, CFC5;05€tc.



ANSWER as to which weighs more:

* 2 ROOMS — EQUAL IN SIZE, ELEVATION and
TEMPERATURE

1. ROOM 1-10% HUMIDITY WEIGHS MORE
2. R

* WEATHER:

* WHAT’'S A STORM ASSOCIATED WITH
e LOW PRESSURE? MOISTURE: STORMS, HURRICANES

e WHY? WATER VAPOR WEIGHS LESS THAN N, & O,



Air Pressure - Water Vafor' Huenidify),

e Water vapor is lighter than the oxygen, nitrogen, and hydrogen molecules
that make up our air.

e So as you add water vapor to the air, the air becomes lighter

e Lighter air does not push down as hard, and the pressure is lower

e as water vapor increases, air pressure decreases



Humidity = Nitrogen (N2) = Oxygen (02) J& = Water Vapor (H20)

Mass = 440 Mass = 420




TAKE AWAY:

adding decreases
density



Water vapor

The amount of water vapor
that the atmosphere can hold
DOUBLES FOR EVERY 10°C



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
(10) (50) (78)
(20) (63) (15)
30 ) (s6) (27.7)
PRy X \
(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)



@ 30°C +1°C
= 8%
Increase in
vapor

10°C = 20°C = 30°C = 40°C =
(50°F) (68°F) (86°F) (104°F)
7.8 cC 15 cc 27.7 cC 49.8 cc



TAKE AWAY:

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



The Energy involved with
WATER VAPOR

* To melt ice (solid to liquid) = 80 calories / gram
* To heat water 1° C = 1 calorie / gram

* To go from 100° C liquid to 100° C
steam/vapor — 540 calories / gram



The Energy in phase changes

Eublima'{inn
/ Heat ahsr::rl:lecl (680 cal)
SOLID LIQUID
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v i Heat absorbed Haat aba::-rt:e-d o ,‘. 72 ”
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P s B - T
AT pr—m b
| o i 2dl release
s 80 cal) ' £ 4 %

c LY (500 cal)
‘\ D‘Epﬂsltlﬂﬂ ’//
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Releases latent heat Heat released {EED cal)

m—— A bsorbs heat

http://www.uh.edu/~jbutler/physical/chapterénotes.html



The Energy in phase changes

from Gamson (2002)
150
|
100 Hl s = |
SN
‘ latent heat of
= | evwgeratios or
condensation
rm ‘ (540 cal g')
@ |
=
B
:
0 200 400 600 800
heat imput (calories per aram)

http://www.agob.com.au/details.php?p_id=371



TAKE AWAY:

IF YOU INCREASE THE AVERAGE
ATMOSPHERIC TEMPERATURE
YOU INCREASE THE AMOUNT OF
WATER VAPOR IT HOLDS

IF YOU DO THAT YOU INCREASE
THE AMOUNT OF ENERGY IN
THE ATMOSPHERE



EARTH’S HEAT BUDGET



RADIATION RECEIVED
VS.
RADIATION EMITTED BACK TO SPACE
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IF EARTH’S HEAT BUDGET
CHANGES OVER TIME WE HAVE
EITHER:

e COOLING or
 WARMING



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:

* https://www.youtube.com/watch?v=agkGoCglp U&fea
ture=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

DENIAL101x - 3.3.2.1 - Animation 1 v3

1 b sec

W\

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

7 4 sec

-
\

N\

P

Voice Over:
Each layer of the atmosphere has a greenhouse glow
in every direction.

Visual:
Layers separate more and arrows are emitted.

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.

6 sec

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.

20f3

3sec

Voice Over:
and some from the layer below.

Visual:
Bottoms of layers start glowing.

9 sec

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
13 10 sec 9 sec

I i B

4

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

9sec 6 sec 3 8sec

.

il

Voice Over: Voice Over: Voice Over:
In the upper layers of the atmosphere, the Adding greenhouss 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.
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Global Warmng Results:

Greater warming at High Latitudes:
— Due to CO, being more important as a GHG

— Increase in H,0O over time as average temperature
increases

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



Simulations of the 20th century: Time I

Caspar M Ammann, NCAR

Change in Earth’s Climate: Natural and Human Factors
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How global warming stacks up

e 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

3: EMISSIONS FROM HUMAN ACTIVITIES
LARGELY TO BLAME

* 40% increase in CO,
* Dead carbon altering atmospheric C*
* That Carbon is more negative/enriched in C1?

Mauna Loa Record

30 ,
e
[N ff&“
= 370F “\ ' ) ﬁiﬁﬂs :
P ’\ o/ 4 ' s 11, ﬁfl :
B M
£ d *Pgr
g %0 ‘-’Vﬂ{?
g 34 2 *ffﬂtﬁ
5 gl
Q a0 Wﬁffﬁf
Y,
ntﬁ g"’ﬁﬁﬂf '
310360 165 e85 18e0 1995 200
Year



Air — The Standard Atmosphere

The Standard Atmosphere The Standard Atmosphere
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5: SURFACE TO STRATOSPHERE CHANGES
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o e @ e
= LY - o o

=3
e}

.4
1970 1873 1976 1979 198  1SE5 1988 1991 1954 1997 HOd 2003 2006 2009 g

How "Skeptics" View Global Warming




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, 2012)




Change In heat content, 1958-2011

20 1

-3

5-year moving averages

Oceans, 0-700 m depth
Oceans, 700-2000 m depth

(Increasing heat, not
shown, goes deeper
than 2000 m)

Atmosphere + land + ice melting

1960 1970 1980 1990 2000

(NOAA 2012 data, Nuccitelli et al. 2012 plot)



1.0

How "Skeptics" View Global Warming
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12. ARCTIC ICE vs. ANTARCTIC SEA ICE

* Ans. More moisture in air around Antarctica (AA) to
nucleate sea ice

* Despite > AA is does not compensate for Arctic loss

g
3
;
:
:
g
i

2015

http://nsidc.org/arcti
cseaicenews/2015/

median 5 o 3 median

ice edge ice edge
Total extent = 14.9 million sq km Total extent = 4.6 million sq km


http://nsidc.org/arcticseaicenews/2015/

12. ARCTIC ICE vs. ANTARCTIC SEA ICE

* Ans. More moisture in air around Antarctica (AA) to
nucleate sea ice

* Despite > AA is does not compensate for Arctic loss

Sea Ice Extent, Sep 2018
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Figure &. Tha graph abowve shows Antarctic sea ice extent as of Cctobar 7, 2018, along
with daily ice extent data for four previous years. 2018 is shown in blue, 2017 in green,
2016 in orange, 2015 in brown, and 2014 in dotted purple. The 1981 to 2010 median is in
dark gray. The gray areas around the median ling show the interguartile and interdacila
rangas of the data. Sez Ice Index data.

Credit: Mational Snow and Ice Data Center
High-resclution image
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Average Monthly Arctic Sea ice Extent
September 1979 - 2018

Extent {millans of square klometers)
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http://nsidc.org/arcticseaicenews/2018/10/

For more see: http://www.skepticalscience.com/melting-ice-global-warming.htm



http://www.skepticalscience.com/melting-ice-global-warming.htm
http://nsidc.org/arcticseaicenews/2018/10/

Average Sea Surface Temperature (SST) in Barents Sea
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Arctic Sea lce Is Thmmng

Ice depth levels in autumn ..

Sources: NASA, US Navy | More info: www.get2.cc/51 QD climatecentral.org
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14: HOW FAST IS SEA LEVEL
RISING?

Global Mean Sea Level Change
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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/).



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
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1951-1980 1981-1991 1991-2001 2001-2011

G'—5—4—3—2—1 012 3 45 4-3-2-1012 3 45 4-3-2-101 2 3 45 4-3-2-101 2 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.
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