Thursday Nov 6" sIT WITH YOUR GROUP TODAY

Topic # 11 Natural Climatic Forcing Part Il

ANNOUNCEMENTS

e NO CLASS next Tuesday Nov 11 (Veteran’s Day) but
don’t forget that RQ-7 is DUE before Midnight that night!

e The G-4 Tree-Ring Wood Kit Activity must be completed
by Wed Nov 12t"  Remaining sessions:

FRI Nov 7 11:00 - 12 Noon MON | Nov 10 2:00 - 3:00 pm
FRI Nov 7 1:00 - 2:00 pm MON Nov 10 3:00 - 4:00 pm
FRI Nov7 3:00 — 4:00 pm WED | Nov 12 2:00 - 3:00 pm

WED Nov 12 3:00 - 4:00 pm
WED Nov 12 4:00 - 5:00 pm

e |-3 LESSON 3 on “Observable Changes” is due in the
dropbox before midnight on Thur Nov 13

 Midterm Exam “Point Recovery” is due in class TODAY



Homecoming
Weather!!

Data | Wind + Temp @ 500hPa
Scale | - T

http://earth.nullschool.net/#current/wind/



http://earth.nullschool.net/

Cover of our other
TEXTBOOK:

-

The Science of

GLOBAL CHANGE : "

An lnyodlx'flon

cmmmmdmm 101

ged by K. K Hirschboeck

The illustrated guide
to the findings

of the [PCC

Intergovernmental Panel
on Climate Change

“Cover’” of
the E-TEXT

" Michael E. Mann and Lee R. Kump




A SHORT VIDEO
BREAK to
Introduce

THE
LINKING-TO-LIFE
PROJECT



SCIENCE FOR THE CURIOUS

Discover

epublicanTa
Denial

By Keith Kloor | November 5, 2014 7:59 am

Politics

Sen. Inhofe, denier of human role in climate
change, likely to lead environment
committee

In his 2012 book, “The Greatest Hoax: How the Global Warming Conspiracy

Threatens Your Future,” Inhofe describes himself as a lonely crusader

that anthropogenic [man-made] catastrophic global warming is a ho
http://www.washingtonpost.com/politics/inho et
fe-an-epa-foe-likely-to-lead-senate-
environment-
committee/2014/11/05/d0b4221e-64f4-11e4-
836¢c-83bc4f26eb67 story.html

Shortly after becoming chairman of the committee in 2003, Inhofe took

issue with the theory that increasing carbon dioxide emissions causes

to mankind,” leading to improvements in the environment and the economy.
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“It’s each one of us!

- Photographic artist Chris Jordan

LINKING-TO-LIFE PROJECT
OVERVIEW:

* Part A: Calculate your “Ecological Footprint”

 Part B: Watch a movie (ortwo .. .)

« Part C. Research your consumer choices
about a product or activity that interests you

GOAL: Becoming a GC Savvy Consumer!



R » Q'G
CALCULATE F

YOUR le.;ﬁredwtwns
FOOTPRINT! @ g

"’ s Clizmate Clasgw
,sk.-,
-f’ L

Michael E. Mann and Lee R. Kump

Linking-to-Life PART A: YOUR FOOTPRINT

http://www.footprintnetwork.org/en/index.php/GEN/page/calculators/

Turnto: APPENDIXP 119


http://www.footprintnetwork.org/en/index.php/GFN/page/calculators/
http://www.footprintnetwork.org/en/index.php/GFN/page/calculators/

A Tool for Quantifying Global Change Impacts:
"The Footprint" Concept

Examples: Ecological Footprint, Carbon Footprint, Water Footprint

Your Ecological Footprint = A measure of how much area
of Earth's biologically productive land and water you
require . ..

(a) to produce all the RESOURCES you consume , and
(b) to absorb the WASTE you generate

.. .. using prevailing technology and resource
management practices.

p 119



The Ecological Footprint
MEASURES

How fast we consume resources and generate waste

Settlement Food & fiber Seafood

) L1 A

COMPARED TO

how fast nature can absorb our waste and generate new resources

Carbon footprint Builtup Land Forest Cropland & pasture  Fisheries



USA AVERAGE Ecological Footprint (based on 2008 data)

Many activities impact our Footprint. If everyone Here is how your Ecological Footprint breaks down:
lived like you, we‘c‘nca 5 Planet Eartﬁs'o provide

enough resources. Mobility (13%)

B Food

B Shelter
Mobility

B Goods

B services o
To support your lifestyle, i‘takes 22.1global acres I Can you reduce your Ecological Footprint?
of the - i a
(23tons of carbon dioxide) edit your footprint go back and 'etake
parts of the quiz

Energy Land

i s l le actions t
2 explore simpie acaions to
W Grazing Land explore scenarios e vouk Fodtnitat
‘ ‘ Forest Land

»@ Fishing Grounds o exploring

The Ecological Footprint calculator “represents the amount of land and sea area
needed to provide the resources a person needs (food, shelter, etc.), and absorb the
wastes they create (including carbon dioxide)”

SOURCE: http://www . footprintnetwork.org/enfindex.php/GFN/page/footprint_calculator_frequently_asked_questions/




Linking-to-Life Project
PART A:

USA AVERAGE Ecological Footprint (based on 2008 data)

Here is how your Ecological Footprint breaks down:

-
1) Compute Your Footprint O &:

Can you reduce your Ecological Footprint?

- : go back and retake
edit your footprint parts of the quiz

€ and
Ny © 2 explore simple actions to
. Grazing La explore scenarios changey tprint
ave I n a O C u ’ oy
Fishing Grounds

3) Write a short summary of what you noticed about
what's contributing to YOUR footprint



Linking-to-Life Project
PART B:
Watch a movie (or two . . .

FLIMS & VIDEOS for the LINKING-TO-LIFE PROJECT

WHAT THE FILM OR VIDEO IS ABOUT

mat 55:21 ... unle

Film-relzt,

manipuls
I pro
inIn




Linking-to-Life Project PART C:
Research your “GC Savvy Consumer” Choices:

Example: Linking to Life Project “Deliverable”:
a single PowerPoint Slide

Inspired by “Toothpicks”

Here’s STELLA STUDENT in Group # 0 asks. . . e il

Shows 8 million toothpicks,

Stella’s What can | do to reduce all | T

cut in the U.S, to produce one
the ma iI (9] rder Cata logs I get? month of mail order catalogs
example
° U.S. forests are now
fo r Pa rt C ° Globally, - ' g 5 400 €02 “Sinks” — Catalog

Bfnmmmw[c reduction will help to

| investigated several organizations: Link to GLOBAL CHANGE:

What you can do: Stop Junk Mail forestry G vl B slustatn St pie
I’ < = reduce waste, and
‘ ) contributes = 2000 save energy & water!
Complete . |
p Economic action to end deforestation GHG . el B ||||| M.,

d. t. 50 D ~ emissions s f 1000 VR |
'rec 'Ons B s _ toss 1900 1950 1995 [§

CATALOG CHOICE “works” and shows you the benefits

0 MY BOTTOM LINE f red talogs in terms of: # grown trees,
will be A i 5 g

posted this | . i
()

www.catalogchoice.org Gy, UL L

@m Is the best choice!! S Vo dis U oy “m
weekend. D = TS B

—




DETAILED DIRECTIONS
TO BE
POSTED IN D2L

DUE the week after Thanksgiving



TOPIC #11
Natural Climate Forcing
Wrap Up



The 3 main drivers of

NATURAL CLIMATIC FORCING:

Last _

week

" 1) ASTRONOMICAL FORCING

2) SOLAR FORCING

3) VOLCANIC FORCING



Maunder Minimum (cooler)
(1645 -1715)
linked to

the “Little Ice Age”

Sunspot Cycle 1600-2000

1600 1650 1700 1750 1800 1850 1900 1950
Year
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Edward Walter Maunder
(1851-1928)
& Annie Scott Dill Maunder

http://en.wikipedia.org/wiki/Edward Walter Maunder

Maunder
Minimum
¥

Sunspot Cycle 1600-2000

Maunder
1900 Minimum

Lo
o

Ay

1600 1650 1700 1750 1800 1850
Year

1900 1950 2000

Andrew E. Douglass
(1867 - 1962)
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http://en.wikipedia.org/wiki/Edward_Walter_Maunder
http://en.wikipedia.org/wiki/Edward_Walter_Maunder

Little Ice Age

15th — 19th centuries
(1400-1800)

et esp. 1600 -1800

g " =] Maunder Minimum

GLOBAL
Another DIFFERENT period: COOLING EVENT '

Medieval “Warm” Period:

Medieval Climatic '\gﬁ?r::;il |
Optlmum Optimum ange'ce
oth.414th centuries
(800-1300)
BUT ..
SRS L 1000 1300 1600 1900
REGIONAL &

MOSTLY IN EUROPE Year (A.D.)



The 3 main drivers of
NATURAL CLIMATIC FORCING:

1) ASTRONOMICAL FORCING
2) SOLAR FORCING

3) VOLCANIC FORCING €



Enhanced Greenhouse
Warming Signature

Solar Signature

N\ '/
3 O S With increased Solar Activity
& . we would expect to see

At
1 \ “top down” warming:

Warming in the Stratosphere

Cooling in the Troposphere

What'’s the
“SIGNATURE”
of
FORCING
from
Volcanic
Eruptions?

A







Volcanoes are one way the
Earth gives birth to itself.

~Robert Gross




Volcanic eruptions Volcanic “outgassing”

contribute to the natural ~  ©f CO,
Greenhouse Effect by Into atmosphere

adding CO, into the 0.06 Gtons

atmosphere:

N
W)
)

’)
2)
O}

)

G-

\\

D)




Is CO2 emitted by volcanoes an important
natural cause of the recent global
warming observed?

Volcanoes
are causing
climate change

3. Increase in atmospheric CO,
of >>500 000 million
| tonnes since 1850




Q1 - Are volcanic eruptions an
important cause of recent global
warming?

1-YES! The CO2 they give off is a key
cause of the enhanced GH Effect

2 - NO! It’s the ash (not CO2) that
volcanic eruptions eject thatis important
& it causes global cooling not warming.

3- NO! The CO2 that volcanic eruptions
emit is a natural part of the carbon cycle
and it balances out



Q1 - Are volcanic eruptions an
important cause of recent global
warming?

1-YES! The CO2 they give off is a key
cause of the enhanced GH Effect

2 - NO! It’s the ash (not CO2) that
volcanic eruptions eject thatis important
& it causes global cooling not warming.

3- NO! The CO2 that volcanic eruptions
emit is a natural part of the carbon cycle
and it balances out



Volcanic outgassing

Carbon flux from of CO
volcanic eruptions 010 atmos ;here
What about the
CO, emitted into the 0.06 Gtons
atmosphere?

Over time, this .
natural carbon flux (@@@_/@—\
balances out & is AR

absorbed by other
natural processes
inthe carbon
cycle \




But eruptions can have a more direct
climatic effect under certain conditions. ..




How the Climatic EffectOccurs ....

through the ENERGY BALANCE

N \1'; /
LY i
Ozone layer destruction hastened by chemical —
o reactions on aerosol surfaces - ~—

3

SNFS
Swm by
Stratosphere o sulfate aero_snls

Sulfate aerosols 0, + H,0 D H,50, ; !
produced: P some incoming SW and outgoing LW

ASH, 50, absorbed by aerosols

¢ ‘,"f; y Troposphefe

I ASH falls out relatively
/ guickly in Troposphere
1 o ¥~ —— ‘mml




Large volcanic eruptions inject sulfur
gases, water vapor, HCL into the
stratosphere:

water vapor (H,0)

sulfur dioxide (SO,),
hydrochloric acid Ash Stratosphere
(HCI) SO,

mineral ash |'|20

Hc._ . Troposphére

into the
stratosphere
l ash aggregates falls
out within 10s to 100s

of km from eruption




Albedo of ejected

ASH in the

STRATOSPHERE Stratosphere
is not the reason 7'7_—
for cooling after "/ Troposphere
an eruption! 4/ N

(most ash falls out /|

early)

What DOES reflect the incoming
shortwave radiation after an

eruption?




SO, remains gaseous and is eventually
converted to sulfuric acid (H,SO,) which
condenses in a mist of fine particles
called sulfate aerosols.

Stratosphere




the sulfate aerosols reflect some of
the incoming solar SW radiation back
to space, cooling the troposphere
below

N\

SWreﬂected by aerosols

Stratosphere \ 7" 7" sw

Hp '-.'.‘ @M ‘;
SW & LW absorbed by aerosols
*  ASH, 802

s A




Volcanic aerosols in stratosphere from
sulfur dioxide gases in eruption can
REFLECT back incoming solar radiation =
global cooling

Graph is on
p 75 in Class
Notes

Stratogpheric Volcanic Aerosol
(NASS GISS Aerosol Optical Thickness)

Krakatoa, [ St. Helens }» 511“]]? }I

others El Chic ho\ /
3 ALLINe
Sants AABUNE,
Martia others

BBGHEG0BTRRGEEEE

Volcanic aerosols in the htgh aanosphere block solar radfation and
increase cloud cover leading to widespread cooling, especially
significant in summer



Laki (Iceland) 1783

SOME MAJOR EI Chichon? (Mexico) 1809

VOLCANIC

ERUPTIONS R
OF THE PAST Cosiguina (Nicaragua) 1835

250 YEARS: Krakatau (Indonesia) 1883

Tambora (Indonesia) 1815

Agung (Indonesia) 1963
El Chichon (Mexico) 1982
Mt Pinatubo (Philippines) 1991



BUT - the AEROSOLS in the stratosphere also
ABSORB certain wavelengths of the incoming
SW radiation and some of the Earth’s outgoing

LW radiation, this warms the stratosphere
(not the troposphere)

SW -ref.lécte[l::‘g
Stratosphere - suifete acrosols

-~ VTN TN X e

| Sulfate aerosols 0, + H,0 D H,5Q .

l\. produced: 7 some incoming 5W and outgoing LW
ASH, SO, absorbed by aerosols

J - Troposphefe

ASH falls out relatively
: t guickly in Troposphere L




Chemical effects of the sulfate aerosol cloud
can also produce responses in the climate
system through OZONE destruction (Topic #12)

—
ozone destruction hastened by chemical reactions on aerosol surfaces

SW reﬂected by aerosols

Stratosphere

SW & LW absorbed by aerosols

i' Troposphere

AN

PETROLOGY VOLCANIC DEPOSITS ﬁm LW

S T N e e
OCEAN HEAT STORAGE AND TRANSPORT




Q2- How can an eruption in one spot on
earth have a GLOBAL COOLING effect?

1- The cold air from the eruption’s
local cooling effect gets circulated to
other locations around the globe by
winds

2 — The aerosols in the stratosphere
get circulated around the globe by
winds , which influences the radiation
balance globally



Q2 - How do you think an eruption in one spot on
earth have a GLOBAL COOLING effect?

1- The cold air from the eruption’s
local cooling effect gets circulated to
other locations around the globe by
winds

2 — The aerosols in the stratosphere
get circulated around the globe by
winds , which influences the radiation
balance globally



HEIGHT in km

How an eruption’s effects can become GLOBAL.:

LOWER
STRATOSPHERE

an Tropopause i

©°
-

WIND SPEED in knofs TEMPERATURE in °C @




DUST TRAJECTORIES JAN. 1976 )/:»a;thP\\\

i S Y &
j Mt. St.Augustine */ " ::pil:dgh 0 )
(ﬁ! eruption //////////// // /\\

? \\\\\\\;.s};m S \\\\\\ )

Eruptyon ¢t 3ubtopclhgh

1At 14580 .lm' \\\\\\W\\\\ \\\\
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Surface wind circulation

old Air

Through the
atmospheric
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Mt Pinatubo Eruption in the Philippines,
June, 1991

Satellite-derived image of
sulfur dioxide thickness in the atmosphere

red = higher thickness
. ©




By Sept 21, 1991 increased levels of
sulfur dioxide had dispersed worldwide

Mt Pinatubo
©




Mt Pinatubo eruption June 1991

=
ha

Celsius

Finatubo l I

1991

199

Surface
Temperature
Changes

Observed
TEMPERATURE

change (blue line)

J Predicted
COMPUTER
MODEL change
(red line)

1993 1994




Typical Global Cooling Pattern after a
major explosive Volcanic Eruption

. Average changes in temperature! (based on 5 major eruptions)

COOLING |

</.E 5 E i E
Ve : | : :

4N

~5 —4 =3 —2 | 0 1 2 3 4 5
€ Years before eruption \vears relative to eruption Years after eruption =

&3
=
©
=
o
C
©
o
p—
-
-+
©
-
)
Q.
5
l_

This graph shows the global mean temperature changes for
years before (-) and after a large eruption (at year zero)

p 75




Stratospheric Aerosols (optical depth) Temperature Anomaly (" C)

Krakatoa
Pinatubo

hll E) Chichin |
_ﬁ,gung| I.I |"|I

http://earthobservatory.nasa.gov/
Features/Aerosols/

f- .50



http://earthobservatory.nasa.gov/Features/Aerosols/
http://earthobservatory.nasa.gov/Features/Aerosols/

WHICH ERUPTIONS ARE THE
MOST CLIMATICALLY
EFFECTIVE?

 EXPLOSIVE

e high SULFUR contentin
magma

e whose eruption clouds inject
into the STRATOSPHERE

e Low Latitude Eruptions




eThe GEOGRAPHIC
LOCATION of the
erupting volcano
influences the
climatic
effectiveness of an

eruption because of

the General
Circulation of the
Atmosphere.

e Low latitude eruption
clouds get circulated
more broadly & in both
hemispheres

e N

30° / Subtropical high \

///////Ty“"??‘?" /////&\

Intertropical convergen 7\

\N\\\‘s}\m}m S

30°\ Subtropica lhgh

AN AR~

60°

Subpolar low
“ Plapatels\“&/




See boxonp 75
for a good summary of
which eruptions are
CLIMATICALLY EFFECTIVE
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Vol307 No5947 121January1984 £180 8450

TREE
RINGS AND
- VOLCANOES

Natur Vi ) N( SUJ¢ pp

Macmillan Journals Lid., 1984

Frost rings in trees as records of
major volcanic eruptions

Valmore C. LaMarche Jr' & Katherine K. Hirschboeck’
* Laboratory of Tree-Ring Research and t Department of Geosciences, University of Arizona, Tucson, Arizona 85721, USA

New data about climatically-effective volcanic eruptions during the past several thousand years may be contained in
frost-damage zones in the annual rings of trees. There is cood agreement in the timing of frost events and recent eruptions,
and the damage can be plausibly linked to climatic effects of stratospheric aerosol veils on hemispheric and global scales.
The cataclysmic proto-historic eruption of Santorini (Thera), in the Aegean, is tentatively dated to 1628-26 BC from

frost-ring evidence



Energy Balance Effects & Global
tmospheric Circulation

*1o

PTEMBER 1965




“FROST RINGS”

Growing cells get crushed and 2

damaged during an
unseasonable FREEZE event
(1 -2 days) of below freezing
temperatures =» leaves
permanent mark in the wood!




G-5 ACTIVITY ON
VOLCANISM & CLIMATE



Comparison Table of Eruptions

How much
aerosol got into
each hemisphere

Estimated N.H.
temperature
change °C
Sulfur-rich

if high

How much

magma = how

Latitude Pig an eruption

COM

ARISON TABLE OF ERUPTIONS

H,SO,

Eruption Year Amount of Stratospheric H,S0, Estimated [§.H.
& Latitude Magma Aerosol (Mt) estimaie | Temp charige
Erupted (km?) SH.  N.H. (M1t) (°C)
Tambora (8°S) 1815 50 150 150 52 -0.4 10 -0.7
Krakatau (6°S) 1883 10 ~34 55 2.9 0.3
Santa Maria {15°N) 1902 9 22 <20 0.6 0.4
Katmai (86°N) 1912 15 0 <30 12 -0.2
Agung (8°S) 1963 0.6 30 20 2.8 0.3
Mt St. Helens (46°N) | 1980 0.3 0 (o infd) 0.08 0to-0.1
El Chichén (17°N) 1982 ~03 <8 v 0.07 0.2
Pinatubo (15°N) ~5 o infd ~25 ~0.3 0.5
{Large eruption if {How much got into {Sulfur-rich
lots of magma) each hemisphere) if high)

IMPORTANT: if

NO INFORMATION IS AVAILABLE,
this does not mean the value is zero!




#1. List 4 reasons why Tambora in 1815
resulted in the largest GLOBAL cooling:

# 2. Give at least two reasons why the
eruption of Mt St. Helens was NOT a
very climatically effective eruption:

P.S. This is one of my favorite questions to
ask on the FINAL EXAM!!!!



Focus on these ti/vo ERUPTIONS #3. Which levels

( \ show a COOLING
and which
B Lower troposphere temperature show a WARMING

Pina‘ubo

Agung (1963) Pinatubo (1991)

immediately after the
eruption?
**NOTE: Atthe time of the
\/\ [ El Chichon eruption, there
\/V\/ El Chichon ** was warming taking place
: due to a strong El Nino,
19560 1970 1980 1990 2000 hence the temperature

change after this eruption
shows a different response.

P-natdbo W&l When ANSWERING

W"J # 3 & #4 — focus on

€ Ghidnon Agung & Pinatubo
o]]1Y,

____};,________

A Surface temperature

- —— - ——e————————

1960 1970 1980 1990 2000 p 77




Focus on these two ERUPTIONS .
| #4. Explain WHY

{ Agung (1963) Pinatubo (1991) \ each level’s
C Lower stratosphere temperature TEMPERATURE
: responded
as it did to the
Agung & Pinatubo
eruptions?

(by referring to the
Radiation Balance)

1960 1970 1980 1990 2000

When ANSWERING # 3 & #4 —focus on
Agung & Pinatubo only




REMEMBER THIS IMPORTANT GRAPH?

Net radiation
Net radiation deficit
surplus

Net radiation
deficit

| I |
10 10
Latitude (°)

Absorbed solar energ

-===nu=seaw EMitted infrared energ)

(at top of atmosphere)




SKETCH A NEW CURVE A OR NEW CURVE B to show
how the energy balance would change if a major

volcanic eruption occurred .

Curve A or Curve B
can move Up or Down
due to a radiative

forcing in SW or LW

10 10 30
Latitude (°)

CURVEA




IFCURVEA S sy 3w
moves down: ~L+ + -V

Smaller Surplus

"~-" N
~
4

y
& -~

Ny
-’ A moves down Larger

Larger Deficit
Deficit l l

0 70 50 30 10 10 30 50 70 9
South Latitude (°) North
sSw S\.N SW
l+§ VI incoming energy
represented by Curve A is
reduced (A curve goes down)




If CURVEB 3 0y
movesdown i

Larger
Surplus

Smaller

Smaller - R - Deficit

Deficit

J, l B moves down l lgﬁ

80 70 50 30 10 10 30 50 70 9
South Latitude (°) North

g If outgoing energy represented
I by Curve B is reduced
(B curve goes down)



IFCURVEA 5" sy &%
moves up: l+3 -V

t Larger t

I Surplus

% | Smaller e NmeT N
e

L

Smaller

Deficit \ Deficit

~
’f' A moves up 4&

80 70 50 30 10 10 30 50 70
South Latitude (°) North

sSw sw SW

l* ¢ -Vl incoming energy
represented by Curve A is
increased (A curve goes up)

9



If CURVEB 3
movesup: &

y
-~

~
Larger

Larger B moves up Deficit
Deficit

& SmallerSurplus

80 70 50 30 10 10 30 50 70
South Latitude (°) North

If outgoing energy represented
by Curve B is increased
1 (B curve goes up)



Assume:

* long-lived aerosol veil in stratosphere
over both hemispheres

e aerosols reflect incoming solar radiation
back to space before solar SW enters the
troposphere

e you do not need to worry about
stratospheric warming for this question.




IF CURVE A
is affected:

Larger

Surplus

A moves up

L 1

Smaller
Deficit

10 10
Latitude (°)

L1 1 1

If CURVEB
is affected:

SmallerSurplus

B moves up

L

10 10
Latitude (°)

Larger
Surplus

1 R | i

30 10 10
Latitude (°)

Four scenarios are possible for how you

30 10 10
Latitude (°)

should sketch the new graph




IMPORTANT REMINDERS:

e NO CLASS next Tuesday Nov 11 (Veteran’s Day) but

don’t forget that RQ-7 is DUE before Midnight that

night!

The G-4 Tree-Ring Wood Kit Activity must be
completed by Wed Nov 12th  Remaining sessions:

11:00 - 12 Noon

MON

Nov 10

2:00 - 3:00 pm

1:00 - 2:00 pm

MON

Nov 10

3:00 - 4:00 pm

3:00 - 4:00 pm

WED

Nov 12

2:00 - 3:00 pm

WED

Nov 12

3:00 - 4:00 pm

WED

Nov 12

4:00 - 5:00 pm

e |-3 LESSON 3 on “Observable Changes” is due in
the dropbox before midnight on Thur Nov 13

« Midterm Exam “Point Recovery” is due in class TODAY




HAPPY
HOMECOMING!!

/A




