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INTRODUCTIONS - Part 1

* Ed Struzeski: classroom assistant, liaison to me/OLLI
 Logistics: bathrooms, breaks, no open containers, no
peanuts/peanuts snacks
 Ed Struzeski edstruzeski@msn.com
e 720-842-5073

 Paul Belanger:
e PEBelanger@glassdesignresources.com
e ¢.303-249-7966; h 303-526-7996




INTRODUCTIONS - part 2

Intro:
* Yourselves —what brought you here
e Paul

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

e Web page - 10 year history; Resume in “About” tab

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




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

week 1: March 30th, 2017

e 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:

e Simple succinct Summary:

— What We Know About Climate Change (Boston Review
Books) by Kerry Emanuel (Nov 30, 2012)

* Intermediate Level Book:

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

Barthm
emed  Nttp://earththeoperatorsmanual.com/

e More comprehensive book:
Experimenting on a Small Planet: A History of Scientific Exper,memmg

Discoveries, a Future of Climate Change and Global | onaSmall Py@et._
Warming 2nd ed. 2016 Edition sl




Another book to consider:

e Economics:

— Climate Shock; the economic consequence of a
hotter planet

— by Gernot Wagner & Martin Weitzman
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We need a Paradigm shift

 Which led to my email quote from Kerry

Emanuel and the need for a social paradigm
shift:

o “.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






Weather vs. Climate

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

e 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




Weather Climate

£

can change within
a few minutes or hours!




VIDEO - what is climate

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

* And go to 1.4; 2 minutes, 50 seconds
e http://www.metoffice.gov.uk/climate-guide




TAKE AWAY: This is Weather

This is NOT Climate Change

Chair of the Senate Environment Committee




What determines Earth’s climate

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

Jr.,. 4 :>f¢!~,r_-:‘% 0.9% less

100 My ago & sunspots
Obliquity Precession Eccentricity
E Y me————— _
« ¥> 5?52” ® @ ®
Tilt; 40,000 years: Q\————f
21.5-24.5 digrees 20U 100,000 years
ymmer season 400,000 years
2. Greenhouse Gases iGHGs) “0
(gases that absorb radiation in or out) & -
3. Albedo
(reflectivity:30-
85%)

*Feedbacks: INTERNAL dynamics and responses
ee.g. higher water vapor in atm. due to heating of atm




What determines Earth’s climate
TODAY:

e The Sun
 Orbital parameters aka Milankovitch

e Greenhouse Gases (GHGs)



The Sun

Temperature vs Solar Activity
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Milankovitch Cycle
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Precession A gradual

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

bt h's vt and
SCCaninc

Tilt The tilt of Earth’s axis var
between 22 2° and 24.5°. The
greater the tilt angle ks, the more
' salar energy the poles receive,

Eccentricity Earth encounteérs more
variation in the energy that it rece
from the sun when Earth's orly
elongated than it does wi
orbit s 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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FOR THERE TO HAVE NO CLIMATE CHANGE
Energy in (Visible)

Energy out (infrared)

e 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
e Sea level rise
e Extreme weather
e Resources (Energy, food)
e Ocean acidification




Let’s look at our atmosphere

] ]

-N,=78% @O ' |
-0,=21% " =g
—Ar=0.93%

—CO, =-.408%
—H,0 = variable
—Other: CH,, CFCs, O; etc.




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 -0

3 Water vapor (H,0)
— Nitrous oxide- N,0O
— others

Methane (CH,) 3

Nitrous oxide (N 0)

o Carbon

dioxide (CO,)




Some basic Meteorology

 First some facts:
— Atmospheric circulation
— Coriolis forces

 Then Background for some Explanations:
— Gas laws

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

— Latent heat
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Coriolis forces affecting movement

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

— Northern hemisphere —to the RIGHT

— Southern hemisphere —to the LEFT
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Gas laws

 Boyles Law, Charles Law, Gay-Lussac Law

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

PV =R T

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

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




T, P and V relationships with density

PV = iR T

e Temperature: INCREASES HOWEVER:

— Vincreases and thus

 Changes in the

— Density decreases

e Pressure: INCREASES composition of medium

_ V decreases and thus can also cause density to

— Density increase Change
e Volume: INCREASES

— T decreases and thus
— Density Decreases



A TRICK QUIZ

e 2 ROOMS — EQUAL IN SIZE, ELEVATION and
TEMPERATURE

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

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

1. ROOM 17
2. ROOM 2?



A TRICK QUIZ

e 2 ROOMS - EQUAL IN SIZE, ELEVATION and
TEMPERATURE

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

e YOU PROBABLY DON’T REALIZE YOU KNOW THE
ANSWER

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



Our Atmosphere

—N, =78% Mass 14 x 2 =28
—0,=21% Mass l6x2=32

—H,0

— Other: CH,, CFC5;05€tc.



ANSWER as to which weighs more:

e 2 ROOMS —EQUAL IN SIZE, ELEVATION and
TEMPERATURE

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

* WEATHER:

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

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



Air Pressure - Water Vapor
e Waier vapor is lighter than the oxvgen, nitrogen, and hydrogen molecules

that make up our air,

» S0 as you add water vapor to the air, the air becomes lighter

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

air molecules
very hea

e as water vapor increases, air pressure decreases



Hum idity = Nitrogen [NZ) = Oxygon (02) 4, = Waler Vapor (H20)

o

Mass = 440 Mass = 420







TAKE AWAY:

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



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 3.3
( - ) (50) C - )
10 50 7.8
b ~ g
( 20) ( 53) (15)
| — :
30 ) (s6) (27.7)
(40) 104) (49.8)
N N g

What is the volume of 1 kg of air?

Answer:

(95 cm x 95 cm x 95 cm)

0.8562 m3




@ 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

e To meltice (solid to liquid) = 80 calories / gram
e To heat water 1° C = 1 calorie / gram

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



——— Releases latent heat ~ Heat released (680 cal)
= Abgorbs heat

http://www.uh.edu/~jbutler/physical/chapter6notes.html



The Energy in phase changes

frewm Garrisen | 2000)

150
100 - ”
e
latent heat of
— evaporation or
¢ 50 condensation
'E' (540 cal @)
'E
| =
| latent heat of
sion or melting
50 (80 cal g)
-100
0 200 400 600 80O
heat imput (calories per aram)

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



TAKE AWAY:

* |F YOU INCREASE THE AVERAGE
ATMOSPHERIC TEMPERATURE
YOU INCREASE THE AMOUNT OF
WATER VAPOR IT HOLDS

* |FYOU DO THAT YOU INCREASE
THE AMOUNT OF ENERGY IN
THE ATMOSPHERE






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

e COOLING or
e WARMING



How GHGs Blanket the Earth

Blanket Earth:
http://climate.nasa.gov/causes/

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

p U&feature=youtu.be

https://www.youtube.com/watch?v=we8VXw
a83FQ
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RESULTS:

Greater warming at High Latitudes
Reduction Arctic sea ice

Melting glaciers

Rising sea levels

Average temperature increases
Earlier springs / earlier snow melt

Ocean acidification



Simulations of the 20th century: Time A

NCAR
Global Average Temperature
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Meehl et al. 2004
P — “NCAR .
Change in Earth's Climate: Natural and Human Factors August 13, 2007




How global warming stacks up

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

 Published on Sep 15, 2016

o 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.




GLOBAL WARMING CONCERNS
Radiative Forcing Components

Radiative forcing (W/m?)
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3: EMISSIONS FROM HUMAN ACTIVITIES
LARGELY TO BLAME

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

Mauna Loa Record
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5: SURFACE TO STRATOSPH

ERE CHANGES
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Global Surface Temperature Change ["C)
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How "Skeptics" View Glohal Warming
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Where is global warming going?

-0
A Atmosphere Onlv 2/0 Stavs
| 2.3% INn atmosphere

Glaciers & ice caps
0.9%

oo o .
Arttispalen Melting ice

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

O Antarctic Ice Sheet
0.2%

John Cook, from |GPP 2007 data; ~93% to oceans continues (NOAA/NODC, 2012)



Change In heat content, 1958-2011
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Atmosphere + land + ice melting

1960 1970 1980 1990 2000

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



How "Skeptics" View Global Warming
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The Pacific —
‘normal condition’

El Nifio La Nifa

N - Temperature

-4 -2 0 2 4 Anomaly °C




12. ARCTIC ICE vs. ANTARCTIC SEA ICE

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

e Despite > AA is does not compensate for Arctic loss

2015

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

o e
Total extent = 14.8 million 5g km Total exient = 4.6 million sg km



Arctic Sea Ice Is Thinning

Ice depth levels in autumn

-
e

e C—

Sources: NASA, US Navy | More info: www.get2.cc/51

B W Embinal [ By Sopisien Wlomsiiig|

Arctic Saplambar Sea loe Exbent;
Qbsarvations and Model Rinas

— CHrorilkasi
oo Mg of Mprels
([ BB + Eeadare Cevistian of Mecdals
-
L
BB
(=] ] g T [] 1
T b riH E- o xXan o |
by T

Arctic Sea lce Age
September 2007 September 2012

QD climatecentral.org

1 Year Old lca

. . 2YearOldlce
3 Year Old lce =,
——#Year Old loe.

Extant [millians of soueans Kilomaiers)

5+ Year Old lce N

]
B3 84 B5 586 57 24 &9 90 91 UF 9304 05 06 07 08 00 00 01 02 03 08 05 08 07 08 0% 10 11 12
Yom

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

NSIDG courtisty M. Tacfuek and J, Moslani, Ueovirsy of Golorade Boukdsr



Average Monthly Arctic Sea Ice Extent
May 1979 - 2016
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14: HOW FAST IS SEA LEVEL
RISING?

| Global Mean Sea Level Change

s
200 |
| Church & White (GRL. 2005) |
University of Colorado (2012 Release 4)
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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 analysesin satellite era (http://mawww.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.
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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 anomaliesin 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. &ci., 2012.
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