Thursday Oct 23
Sit with your Group again to finish up G-3
Topic#9 Systems & Feedbacks (cont.)
+ Intro to Topic #10 How Climate Works

ANNOUNCEMENTS

Self Test & RQ-6 on Natural Climate Processes &
Forcing are now available.

RQ-6 is due NEXT Tuesday. (For RQ-6, there’s a fair amount
of reading — plus the I-2 Tutorial- to prepare, so you are
encouraged to get started early)

The ANSWER SHEETS for Assignments I-2, 1-3, and 1-4
will be posted tonight & the I-2 Dropbox will open
I-2 is DUE before Midnight a week from today.

Exam grading continues . . . To be returned next week




TOPIC#9

UNDERSTANDING
SYSTEMS
&
FEEDBACKS (cont.)

Class notes pp 57-61



Review:

WATER VAPOR Feedback

In the Earth-Atmosphere
What kind of FEEDBACK LOOP IS THIS?

Positive + OR Negative -

POSITIVE FEEDBACK LOOP that amplifies

the effect! ,
Atmospheric
Ts =~ H20

1

Greenhouse e

effect




START HERE:

If the temperature of

the Earth’s surface (Ts)

DECREASES V. . ..

. . . the colder temperatures will

reduce evaporation, which will
resultin a DECREASE WV in the

amount of Water Vapor in the

atmosphere. . ...
Atmospheric
Ts H,0
(+)

And so we f‘ ;
START THE
LOOP ALL Greenhouse | _
OVER AGAIN: effect .. ..and since Water

- Vapor is a GHG, the
AMPLYFYING ---andwitha Greenhouse Effect
the initial weaker GHE, the will then DECREASE

perturbatio

an temperature (Ts) will
" DECREASE furtherV¥

p 59



FEEDBACK LOOPS CAN BE
“IN EQUILIBRIUM” ....or NOT

Defined:

EQUILIBRIUM STATE:

the state in which the system will remain

UNLESS something disturbs it.

An equilibrium state can be:
stable or unstable.




A negative feedback loop

(can also be described as)
a STABLE EQUILIBRIUM STATE :

A modest response that
disturbance tends to return the
(short-term system to its

perturbation) equilibrium state

Stable equilibrium
state




A LARGE or more persistent

disturbance (a forcing) can carry the
system to a different equilibrium state

(so there area some limits to stability,
even in a stable state!)

Stable equilibrium
Stable equilibrium state
state




If a system is characterized by a
positive (self-amplifying) feedback loop
itisinan....
= UNSTABLE EQUILIBRIUM STATE :

- Stable equilibrium
Stable equilibrium state
state




Ok, so what’s this Daisyworld
Climate System all about and

p 60




HIGH ALBEDO LOW ALBEDO

Review



HIGH albedo, \“} s

HIGH reflectivity, ~ ~
& LOW absorption ~N Q Ny FEW or NO
> cooL S ”{‘l* DAISIES

TEMPERATURES

Lots of
WHITE
DAISIES

LOW albedo,

LOW reflectivity,

& HIGH absorption
Lead to = HOT
TEMPERATURES!



HOW DAISY
COVERAGE
AFFECTS
TEMPERATURE:
Only a few daisies

will lead to (=)
HOT temps

As
daisy
coverage
Increases. ..

Gray soil

Temperature
Average surface temperature

Lots of daisies
= COLD temps

Daisy coverage —>

NEGATIVE

ey COUPLING

coverage

average
surface
temperature

(b)

An increase in daisy coverage. . ..
= a decrease in surface temperature

WHY? If albedo increases,
more sunlight is reflected,
=> less sunlight is
absorbed
=> cooler temps

These “in between” processes

A\

Average
surface
temperature

Daisy
coverage

Daisyworld
albedo

l € Explain this coupling

p 60




Now, let’s think about the relationship
between temperature & daisies in the
OTHER direction and make a LOOP!

After :
Daisy coverage = (affects) Temperature

Daisy Average
coverage surface
temperature

How does:
Temperature = (affect) Daisy coverage ?

Average

surface ? Daisy
e | Ccoverage

temperature |




—

Average + Daisy
surface || coverage

temperature
HOW DOES Coupling is positive
TEMPERATURE g‘\s temp 5
increases

AFFECT DAISY daisy coverage
COVERAGE? increases
Daisies thrive in warm
temperatures . . .

. .. until they §

reach some 3

threshold 2

temperature, =

then they start

dying if it gets | .

TOO HOT' Minimum temperature Maximum

Average surface temperature ——




tocgs |+ [l omey | Ao Doy
temperature Gove e temperature - g
HOW DOES Coupling is positive Coupling is negative
Optimum As tem
TEMPERATURE As temp 5 P
Increases f increases 9
AFFECT DAISY daisy coverage .
COVERAGE? . daisy coverage
: increases decreases
Daisies thrive in warm
temperatures . . .
Q
: &
. .. until they 5
>
reach some 3
threshold 2
temperature, =
then they start
dying if it gets ;
TOO HOT! Minimum temperature Maximum @
Average surface temperature ——



Initial response of Daisy

Coverage to Daisyworld é"‘:{age "|  Daisy
. urrace
“global warming”=>» temperature [ Geverags

Clicker Q1. Four choices: Which one
properly describes this LOOP?

A) NEGATIVE LOOP C) NEGATIVE LOOP
in Stable NOT in Equilibrium =
Equilibrium UNSTABLE

B) POSITIVE LOOP D) POSITIVE LOOP
in Stable NOT in Equilibrium =
Equilibrium UNSTABLE




Initial response of Daisy

Coverage to Daisyworld Average
surface

(13 H »
global warming”=>» temperature

Y

Daisy
coverage

@)

Clicker Q1. Four choices: Which one
properly describes this LOOP?

A) NEGATIVE LOOP C) NEGATIVE LOOP
in Stable NOT in Equilibrium =
Equilibrium UNSTABLE

B) POSITIVE LOOP D) POSITIVE LOOP
in Stable NOT in Equilibrium =
Equilibrium UNSTABLE

Initially, Daisyworld CAN adapt
to an increase in global temperature




Later response of Daisy
Coverage to Daisyworld
“global warming”=>

Average
surface
temperature

O

Clicker Q2. Four choices: Which one
properly describes this LOOP?

A) NEGATIVE LOOP

in Stable
Equilibrium

B) POSITIVE LOOP
in Stable
Equilibrium

C) NEGATIVE LOOP

Daisy
coverage

NOT in Equilibrium =

UNSTABLE

D) POSITIVE LOOP

NOT in Equilibrium =

UNSTABLE




Later response of Daisy

. Average £ :
Coverage to !Dalsyworld surface | Co?lzlrzy /
“global warming”=> temperature [~ J

Clicker Q2. Four choices: Which one
properly describes this LOOP?

A) NEGATIVE LOOP C) NEGATIVE LOOP

in Stable NOT in Equilibrium =
Equilibrium UNSTABLE

B) POSITIVE LOOP D) POSITIVE LOOP
in Stable NOT in Equilibrium =
Equilibrium UNSTABLE

But with INCREASED WARMING . .. a threshold is
reached (the point when it’s too hot for the daisies)
and they begin to die off!



MAIN LESSON OF DAISYWORLD!

If certain thresholds are crossed:

NEGATIVE FEEDBACK loops that
normally regulate temperature

Can be replaced by POSITIVE FEEDBACK loops
that amplify temperature!

THOUGHT QUESTION:

Could this happen on
OUR PLANET EARTH??



The final segment of:

@ PBS HOME PROGRAMS A-Z TV SCHEDULES WATCH VIDEO

HOME TV SCHEDULE SUPPORT SHOP WATCH ONLINE TEACHERS PODCA

Is it time to take

solar enerqy

seriously?

SUPPORT PBS



http://www.pbs.org/wgbh/nova/solar/

S0 what's going on ISSSEveAN )
SOLAR-W'SE In our ' Incentives/Policies for Renewables & Efficiency
own STATE?

See. www.dsireusa.or

DSIRE: Database of State Incentives for Renewables & Efficiency

AZ’s RENEWABLE ENERGY STANDARD:
15% Renewables by 2025!

(enacted in 2006) 30% distributed!

Prior to the 2006 rules, Arizona's original Environmental Portfolio Standard
required regulated utilities to generate 0.4% of their power from
renewables in 2002 , increasing to 1.1% in 2007-2012.

“Renewable Energy Standard”
(Renewable portfolio standard - RPS)

Require UTILITIES to use or procure RENEWABLE ENERGY
(or renewable energy credits) to account for:
-- a certain % of their retail electricity sales or
-- a certain amount of generating capacity

According to a specified schedule



http://www.dsireusa.org/

So what’s going on SOLAR-WISE in our own STATE?

We are currently at 3%
and a bit ahead of schedule!

Most is SOLAR:

Photovoltaic (PV) (12 — 30 % efficiency)
Solar Thermal w/ storage (up to 75%)

(Plant is near Gila Bend)

—Even though SOLAR may not be
highly efficient (YET!)

SOLAR has extra benefits because
IT IS MODULAR! (can generate electricity
CLOSE to the point of use!)




AZ’s RENEWABLE ENERGY STANDARD:
15% Renewables by 2025 ?

AZ # 2 in country on utility side, but very far behind
on the consumer (US!) side! Can we do better?

Renewable Podfolia Standard Policies

www.dsireusa,org / September 2014
: / Sep ME: 30% x 2000
A: 15% x 2020* New RE: 10% x 2017
h MN: 26.5% x 2025 (IOUs)
M[. 15% x 2015 31.5% x 2020 (Xcel) — — S/ NH: 24.8% x 2025

25% x 2025 (other utilities)
F o -_— =

MA: 22.1% x 2020
+1% annually thereafter

3 sD: 2015 O A o RI: 16% x 2020
WI: 10% x 21]15 NY: 29% x 2015 ) CT:27% x 2020
NV: 25% x 2025* IA: 105 MW # OH: 12.5% x 2026 PA:18% x 2021t

; h . NJ: 20.38% REx 2021
P ( IL: 25% x 2026 .. s + 4.1% solar x 2028

OR: 25% x 2025 (large utilities)*
5% - 10% x 2025 (smaller utilities)

WV

DE: 25% x 2026*
MD: 20% x 2022
DC: 20% x 2020

L K5:20%x 2020 IS
¥

NM: 20% x 2020 (10Us)
10% x 2020 (co-ops)

U.S. Territories
IR TRINEN  Guam: 25% x 2035
AR USVI: 30% x 2025 g

oA
e

. Renewable portfolio standard %' = Minimum solar or customer-sited requirement

. Renewable portfolio goal %K Extra credit for solar or customer-sited renewables

& Solar water heating eligible T Includes non-renewable alternative resources




Arizona

LINKING Arizon:
orporation Commission

TO L' F E ! http://www.azcc.gov/

In AZwe VOTE

for our Corporation Commission !!

Arizona Wins Back Its Renewables

And, if you are Standard

interested in seeing \\' ,/ “Score a victory for an
engaged citizenry.”

SOLAR (In 2013 there was an

increasein AZ ... attempt by one of the
commissioners to roll

back the 2006 standard!)

THERE IS A
R E ASO N TO “Poll after poll shows Arizonans want more solar,” former ACC policy advisor

Nancy LaPlaca noted. That is equally true of polls about solar throughout the

VO l E ! ! ! country. The surveys show that voters know, as LaPlaca put it, that “solar

displaces fuel costs, which are in fact ‘'monstrous’ because of the uncounted

enormous health costs, dirty air and water, and climate change” that they also

entail.


http://www.azcc.gov/

Now we’ll WRAP UP G-3
and move on to

TOPIC #10
HOW CLIMATE
WORKS!



More complex applications of
the ENERGY BALANCE

Components. ..

.. .and how they link to
Topic #10: CLIMATE!

Flip to p 54



AMAZON RAIN

Tropical
Climates

Some Key Global Climate Regions



guardian
US | World | Sports | Comment | Culture | Business | Money

Environment Amazon rainforest

Amazon deforestation picking up pace,
qatelhte data rev ealq

st and



http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil
http://www.theguardian.com/environment/2014/oct/19/amazon-deforestation-satellite-data-brazil

How does DEFORESTATION change the
LEFT SIDE of the local energy balance???

1975 o B 1986

o - o
s g T o

Ql. Will albedo INCREASE or DECREASE
after deforestation? Why?

Q2. Would this lead to local COOLING or WARMING ?
Why?

More => cooler
temperatures? p 54




WARMTH + MOISTURE - EVAPORATION
H + water > phase change = LE + water vapor

TREES + MOISTURE = TRANSPIRATION

TRANSPIRATION = plants absorb water through
the roots and then give off H,O water vapor
through pores (“stomates”) in their leaves.



j) 4 Transpiration:
\ y % Watervaporesca[)es
, .
Taty . 7

ENERGY W {
STORED %

nLE: ¥

L dan? 1B ____—TRYTHIS..

from pores under leaves

. A If you cover an
Evaporation: ‘K ‘g} ' | entire leaf of a green
' Watetr in the S%IIS ) ) 4% plant, you will notice
change to gas as the that the plastic bag
the ground surface will look foggy after
warms up a while.

Soil moisture-——

Warm ground surface /

TRANSPIRATION = plants absorb water through
the roots and then give off H,O water vapor
through pores (“stomates”) in their leaves.




How does DEFORESTATION change the
RIGHT SIDE of the local energy balance???

More => cooler
temperatures? p 54




Estimates from Amazon Baisn
indicate that ~1/2 of its
precipitation is derived from
transpiration

abowve forest in Amazon Basin

Q3. Willthe proportion of energy stored in LE {at the expense of
H) INCREASE or DECREASE after deforestation? Why?

Q4. Would this lead to local COOLING or WARMING ? Why?




How does DEFORESTATION change the
RIGHT SIDE of the local energy balance???

More => cooler More => warmer
temperatures? temperatures?



l— ' '*"" Fax™
B 0

el
0
% S
g \
5 aamn

B =
Subtropical
Desert
Climates



(O  DESERT
/1 N\ LE 9= I[higher/ lower ] than in forest

S

VN rTs /l '/////7/1//

(Assume G=0 %)

AL

//t\\
R net=100 %
1 LE=49%
H=51% 033550
""" H+ LE + G

AIR HEATING AND | —1
= APOTRANSPIRATION
OTHER PROCESSES | — ! bl 2 |

121 ] ] "’o"’oa t
‘“"v‘ { v‘n ¢ V <\/ V V %, a;:°:°°

(Assume G = O%) *‘;° "y

OA) = [ higher/ lower ] than in forest

it

How would the distribution of energy
in the right side of the equation differ
in the Sonoran desert vs. the Amazon rainforest?

Q5. Choose the correct response below. Why?
al Inthe desert, LE will be higher and H will be lower
(b) Inthe desert, LE will be lower and H will be higher

) Energy Transfer eachday
above forest in Amazon Basin

FOREST

Q6. Which environment do you think can reach the highest
temperatures during its warm season? Why?

(a) The Amazon Rain Forest? [{b) The Sonoran Desert?




Note whe
the hott
temperatu
ocC




What if humans put
in canals (CAP),
lakes, & artificial
water bodies in a
desert?

il .—'—""'\-. 212
CENTRAL ARIZO!
JELT CRNAL

gy

¥
]

More energy
inH? or

—~ More energy

in LE?



Let’s visit one more global
climate region . .. ..

Greenland

& surrounding
Arctic Sea lce

Climates




Remember this feedback. . . .

SNOW AND ICE ALBEDO
Feedback

Snow and
.
(J
Planetary

albedo




GROUP BONUS POINT
CHALLENGE



REMEMBER FEEDBACK LOOPS:

Is this one positive or negative?

Wind blown
dust/soot

GROUP BONUS
POINT
CHALLENGE !!

As a group, complete
the feedback loop on
the bottom of page 61
by linking the
components with the
proper coupling arrow

symbols as used in the
SGC text.




Extent of SW
ice cover radiation

absorbed

melting temperature



GROUP BONUS POINT DIRECTIONS

(1) WRITE YOUR GROUP # ON CARD

(2) Sketch in the component boxes

(3) Link them with proper + or — coupling symbols
(4) State if entire loop is + POSTIVE or - NEGATIVE

(5) Give Cardto Dr H

GROUP #0 albedo

Extent of SW
ice cover radiation

absorbed

Amount of Ocean
melting temperature




THEN GO ON
TO COMPLETE G-3



Extent of SW
ice cover radiation

absorbed

melting temperature



BONUS POINT
ANSWER!

SW
radiation
absorbed

' Ocean
temperature

Extent of
ice cover

Amount of
melting




Go CATS ...

A\

ARIZONA
Beat the Cougars!




