WRAP UP
of
PREVIOUS TOPICS....



G-5
APPLYING THE
ENERGY BALANCE
ANSWERS

p 58



Sw SW Lw
The LEFT side of the equation: g = l_, i ﬂ 3 g'

o

1. $ gases of atmosphere
scatter shorter blue wavelengths

SW
. |
W
SW ol
4. Noon: more l & dusk: more &
dir tly O_ DAWN or Sun just
NoBL' kS:La;;i::z uuuuuu . PUSK “:'k')‘;:;*
, @{ﬁ Wﬁzﬁ:ﬁ:ﬁm £
; .-body



SW

|
6. | (dust, thicker atmosphere
W
scatters longer red/orange wavelengths)

7. S radiates day & night; camera senses IR
LW

SW

8. \

SW i i
0. lleads to distinct shadows, m

while diffuse SW S,w radiation does not

|
b d
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SW

|
10. ,# All wavelengths of visible part

of spectrum are scattered & transmitted in
a colored spectrum by raindrops

11. Attempt to increase absorption &

W
reduce s\/' into eyes; reduces glare

SW g
12. More l Is absorbed, leads to more
which can then warm up car




The RIGHT Side of the Equation:
= H + LE + G

13. H Hot air (less dense than surrounding
cool air) rises in a convection current & lifts balloon ¢

e 41 S
~ B2
- Bt
' J
(RS ) S
i ’i‘ TR, e
\ N 0 0 ;‘ W s
R e R 3 S
".. L e -~ =

14. wet mud evaporates ols him: LE
also heat from pig’s body is conducted into soil: G

15. Juneis hot & dry in Tucson. Dry, hot air can

“hold” more water vapor, so water in cooler pads
is evaporated easily. Hence more energy goes
into | E instead of |-| This cools the house!
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REMEMBER FEEDBACK LOOPS:

Is this one positive or negative?

Decline in the
perennial 1ce

Increased
absorption of
solar radiation

Wind blown
dust/soot

BONUS POINT
CHALLENGE
WRAP UP

NOW - on the back of
the paper, in your
group, complete the
feedback loop on page
65 by linking the
components with the
proper coupling arrow
symbols as used in the

SGC text

p 65




albedo START

HERE

Extent of SW
ice cover radiation

absorbed

melting temperature



The
ANSWER!

SW
radiation
absorbed

* Ocean
temperature

Extent of
ice cover

Amount of
melting




TOPIC #12

Wrap Up on GLOBAL
CLIMATE PATTERNS




SW SwW

Ultimate source
of energy is the

SUN (SW) LW energy IS
radiated Goes into
in & out Any the HEAT
by EARTH & NET TRANSFER
Atmosphere (leftover)  Processes that
energy drive
Review WEATHER &

CLIMATE'!



Earth-Sun Relationships Review

(Astronomical Forcing):

INTENSITY
This determines the v
LATITUDAL & SEASONAL
DIFFERENCES of what
comes IN from the SUN E .
and is absorbed ... Incoming

SOLAR energy

SW Sw SW

90 70 5 30 16 10 30 50 70 9
South Latitude (°) North

. . at each latitude
To WARM the Earth

L+i -V




Earth + Atmosphere
Temperature

& the Greenhouse Effect

This determines the

LATITUDINAL & SEASONAL
DIFFERENCES of 0
what goes OUT :
from the EARTH ... § RRESTRI

TERRESTRIAL
energy

LW

-1 each Iatltude
To COOL the Earth



Put them together

»
O
©
=
£
«
- |

p 69




ENERGY BALANCE & CLIMATE REGIONS
(wrap up)

tropics

Polar

70 580 30 10 10 30

Absorbed solar energy South Latitude (°)
--== Emitted infrared energy

Global climate patterns are determined

(in part) by regions of surplus and deficit
in the ENERGY BALANCE



EQUATOR

Now lets look at a
Pole to Pole Transect



/—> 4\
Polar high
AT e

ROSSBY
WAVES

HADLEY
CELLS

ROSSBY
WAVES
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Both ATMOSPHERE & OCEAN play
important roles in BALANCING OUT
ENERGY SURPLUS & DEFICIT AREAS:

6

R \ ATMOSPHERE more
£ ; ol important in
= 4t . mid <> high latitudes
e ' *~, Atmosphere
g \\\ \\/
_.g 5 \\\\\\‘/
OCEAN —= | % o
transports ¢ | R
B N
MOSTof s o ——
the energy
in LOW 2> o o 60°N 90° N
subtropical Lafilae ,
Iatitudeps Poleward transport of energy in N.H.




Energy is transported from areas of surplus to deficit via:

H (sensible heat)




To ponder....

RECAP: Can you explain how each of the processes involved in these climate
change indicators would occur with a warming world?

Indicators of a Warming World

.G.aciers - m

Temperature Over Land

. oM S Air Temperature Near Surface (troposphere)

, , , Tree-lines shifting poleward and upward

Pe?

’ - Qf‘. E ', Spring coming earfier
fgf ¥ @ i b

Species migrating poleward and upward

Temperature Over Oceans

Sea Surface Temperature

Sea Level

Ocean Heat Content

lce Sheets



TOPIC #13

NATURAL CLIMATIC
FORCING




Global climate variability and change
are caused by changes in
the ENERGY BALANCE that are “FORCED”

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

forcing in SW or LW

10 10 30 50
Latitude (°)




FORCING = a persistent disturbance
of a system

Windblown
Clouvds and Dusi 505 from

Precipitation Volcanoes

Solt from. ‘
Specry %l

(a longer term disturbance
than a perturbation) =



NATURAL CLIMATIC
FORCING

VS.

ANTHROPOGENIC
FORCING



Natural Climatic Forcing =
changes due to natural earth-
atmosphere-sun processes

= Earth-Sun orbital relationships
= Solar variability
= Changing land-sea distribution
(over long time scales: due to plate tectonics)
* Volcanic eruptions

also: internal atmosphere-ocean variability (i.e., El Nino
& La Nina), clouds, dust, etc

p 73




Anthropogenic Climatic Forcing =
changes due to human causes or
enhancement of the processes involved

= Enhanced Greenhouse Effect due to
fossil fuel burning

* Land use changes due to human activity
(deforestation, urbanization, etc.)

= Soot and aerosols from industry

= Chemical reactions in stratosphere
involving human-made compounds
(ozone depletion)

p 73




All things are connected.
Whatever befalls the earth,
befalls the children of the
earth.

~ Chief Seattle

p 75




The 3 main drivers of
NATURAL CLIMATIC FORCING:

1) ASTRONOMICAL FORCING
2) SOLAR FORCING

3) VOLCANIC FORCING



The 3 main drivers of
NATURAL CLIMATIC FORCING:

1) ASTRONOMICAL FORCING €
2) SOLAR FORCING

3) VOLCANIC FORCING



Changes in Solar “Astronomical” Forcing
have driven natural climate variability
(ice ages, etc.) on LONG time scales
(5,000 to 1 million years)

What has varied over time?

#1 OBLIQUITY OF EARTH’S AXIS
#2 ECCENTRICITY OF EARTH’S ORBIT

# 3 Timing of Seasons in Relation to Orbit:
“PRECESSION OF THE EQUINOXES”

p75




Q1. What is being represented
by this diagram ?

1 - One of the Equinoxes, where every
latitude on Earth experiences 12 hours
of daylight and 12 hours of darkness.

2 - Northern Hemisphere winter.

3 -Northern Hemisphere summer.



Q1. What is being represented
by this diagram ?

1 - One of the Equinoxes, where every
latitude on Earth experiences 12 hours
of daylight and 12 hours of darkness.

2 - Northern Hemisphere winter.

3 -Northern Hemisphere summer.



1. OBLIQUITY OF EARTH’S AXIS

o axis “tilts” 23.5 degrees
from plane of ecliptic
e causes the seasons
e has varied in the past from more
“tilted” to more “vertical” (~24.5°to ~22.59)

Obliquity Cycle (41 k.y.)

-»

Normal to Ecliptic




Q1 HOW dO y ou Obliquity Cycle (41 k.y.)
think global
climate would
change with less
of a tilt?

1 - The difference in annual
temperature between polar and
tropical latitudes would be
GREATER

2 — The difference in annual
temperature between polar and
tropical latitudes would be LESS




Q1 HOW dO y ou Obliquity Cycle (41 k.y.)
think global
climate would
change with less
of a tilt?

1 - The difference in annual
temperature between polar and
tropical latitudes would be
GREATER

2 — The difference in annual
temperature between polar and
tropical latitudes would be LESS




2. ECCENTRICITY OF ORBIT

e Earth’s orbit around sun is not
symmetrical

e Has varied in the past from more
circular => elliptical shape
(more “eccentric!”)

Eccentricity Cycle (100 k.y.)
y, h

oo 4
YN
= A ——
T

iy an 1




3. PRECESSION OF THE EQUINOXES
(Timing of Seasons in Relation to Orbit)

Currently the Earth is closest
to the Sun (perihelion) in Jan
& farthest (aphelion) in July.

This has varied in the past.




the Future € TODAY = the Past (in thousands of years)

-;I:iming of NI
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g
&
o
2
G
=
o
£
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degree of axis tilt

VAV

eccenticty

shape of orbit
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Ts0 100 150 —200
(thousands of years)




Summarizing graph of SOLAR INSOLATION calculated
for 65 °N latitude from the present to 1 million years ago

based on “ASTRONOMICAL CLIMATE FORCING”

9,000 years a o) ( 9 ka)

1|

l
\
JI

|| I H‘
ll‘ ||||I| H‘ “HH

In the Northern Hemisphere, peak summer msolatlon
occurred about 9,000 years ago when the last
of the large ice sheets melted.
Since then N. H. summers have seen LESS solar radiation.




INDICATOR INTERLUDE

Denier
Argument #1:

“Climate’s
changed before”




Mid-Holocene Global warming “deniers”
warm period often point out how warm

Y Sp Greenland was in the past :
Generally warmer wimer

than today, but
only in summer
and only in the

northern i &

hemisphere. T S . warmer] uirmer

Cause =

“astronomical T o S
. . 6,000 YEARS B.P. - SUMMER @ Warmer than Present

CI I m ate fo rCI n g 7 @ Cooler than Present

(U Same as Present




Other notable
“naturally forced”
climate changes of
the more recent past:

Medieval Warm
Period (mwp)

“Medieval Climatic Optimum” Medieval Fig 15-1¢
9th-14th centuries Climatic In SGC
(800-1300) OPEIR™ Little Ice

(regionally most evident Age

in Europe)

Little Ice Age (LIA) 1000 1300 1600 1900

15t — 19t centuries Year (A.D.)

(1400-1800)
esp. 1600 -1800 (evidence found globally)



The 3 main drivers of
NATURAL CLIMATIC FORCING:

1) ASTRONOMICAL FORCING
2) SOLAR FORCING €

3) VOLCANIC FORCING



ANOTHER POSSIBLE NATURAL
FORCING: SOLAR VARIABILITY

Near Solar Max - March 2001 Near Solar Min - January 2005

Sunspot maxima Sunspot minima
= MORE solar = LESS solar
brightness brightness
(warmer temps) (cooler temps)

p 76




ANOTHER POSSIBLE NATURAL -
FORCING: SOLAR VARIABILITY

Q2 - Durmg SUNSPOT Maxumum perlods

1. The sun is darker so it gives off less energy and
global cooling is likely.

2.The sun sunspots indicate active solar flares and the
sun gives off more energy leading to warmer periods.

3.There is no link between solar activity and global
warming.




ANOTHER POSSIBLE NATURAL
FORCING: SOLAR VARIABILITY

& 200
g 150
o
o
g 100
i £
£ o
1 G 0 440 1 1980 19 00 2010

Q2 - During SUNSPOT Maximum periods:

1. The sun is darker so it gives off less energy and
global cooling is likely.

2.The sun sunspots indicate active solar flares and the
sun gives off more energy leading to warmer periods.

3.There is no link between solar activity and global
warming.




Su;n S ou:putols Has decreased
not constant: ~.._ since 1980

SUNSPOT CYCLE

D

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Sunspot Frequency
http://www.sidc.be/sunspot-index-graphics/sidc_graphics.php

Sunspot maxima Sunspot minima
= MORE solar = LESS solar
brightness brightness
(warmer temps) (cooler temps)

p 76
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Maunder Minimum (cooler) Sunspot Cycle 1600-2000
(1645 -1715)

linked to “Little Ice Age”
(1600-1800)

But uncertainties remain!
What’s the MECHANISM that
links the Sun’s drop in
brightness to the lower
temperatures on the Earth? 1600 1650 1700 1750 800 1850 1900 1950 2000

Dalton Minimum (1795 — 1825)

-- was also cooler
-- BUT, lots of large volcanic eruptions then too

Since the Dalton Minimum, the Sun has gradually
brightened, e.g., “Modern Maximum” (in 2001)

p 76




BUT...

The increase in solar brightness
during the recent “Modern Maxnmum”
accounted for only:

e about ' of the temperature
increase since 1860, and

e less than 1/3 since 1970

The rest is attributed to greenhouse-
effect warming by most experts in
solar forcing.




" NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

+Home

What is | - Solar Physics

‘Marshall Space Flight Center

+ The Hinode Mission +The STEREQ Mission

o
happen'ng The Sunspot Cycle
tOd aY? (Updated 2010/10/05)

SOLAR STRUCTURE

observations pots. Continuous daily
observations were started at the Zurich
Observatory in 1849 and earlier observations
have been used to extend the records back to
1610. The sunspot number is calculated by

1980 1985 2000 2005 2010 2015
DATE

http:/fwwaw.sidc.befsunspot-index-graphicsfsidc_graphics.php

50

1%{](} 1920 1940 1960 1980 2000 2020

Sunspot Frequency

SEE ALSO: http:/Iwww.sidc.bel/sunspot-index-graphics/sidc _graphics.php
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Indicator Interlude. ..

1367 -

Temperature vs Solar Activity

— Solar Activity (11 yr average)

%)

= — .
g 13665 Temperature (11 yr average) ———p G
2 S
=
ks S
5 2
S 1366 - ©
= 17 3
Denier - / o
. v . . o
Argument H2: = Solar Activity £
5 1365.5 &
gt ~ '_
It's the Sun

1365 J . T

1880 1800 1920 1940 1960 1680 2000
Year

Global temperature { NASA GISS) and Total solar irradiance
(1880 to 1978 from Solanki, 1979 to 2009 from PMOD).

€ “Clearing the Air”
in Lesson 2 D 76

~ 0.9

Solar Cycle Variations

£
v

1975 1980 1985 1990 1995 2000 2005



The Greenhouse Signature

Warming in the Troposphere

What would a SOLAR Warming Signature look like?

Solar Signature:
NTERLUBE.- - = Warming in the upper

The Greenhouse atmosphere & cooling in

Warming Signature:

“Increasing CO2 warms th e Tro pOS p h ere...

the Troposphere and

cools the Stratosphere”

Review p 39




The Solar Irradiance Signature:

With increased Solar Activity

/, P we would expect to see
1 \\‘ “top down” warming:

Warming in the Stratosphere

Cooling in the Troposphere

Solar Signature = Warming in the upper

atmosphere & cooling in the Troposphere.. . .



What has been observed since 19807

Cooling Upper
Atmosphere

T
—

Warming Lower
Atmosphere

T
O
n

———

) uoneue ainjesadwa|

ﬂ
-

=
3
J

T | | | |
1980 1985 1990 1995 2000 2005
Year

(

Temperature variations {(degrees C) in the upper
(stratosphere) and lower (troposphere) atmosphere
(measured by satellites)




It's happening right now...in YOUR town...
L]

ZOMBIE
BREAK'!




TEXAS SHOWDOWN

Google and Microsoft's newest

rivalry: renewable energy

http:/lqgz.com/143251/google-and-microsofts-newest-rivalry-renewable-enerqy/

Texas wind farm operators are feeling ludky. Robert Nickelzberg/Getty
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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-

\\
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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




Q3 - 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



Q3 - 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

Qzone layer
DS

ASH,

\ \ 1' ¥V /

[ F

. : - -

destruction hastened by chemical ~— _
reactions on aerosol surfaces i —

S
swm by
Stratosphere o sulfate aero_snls

Sulfate aerosols 0, + H,0 2 H,S0,

produced: P some incoming SW and outgoing LW

SO, 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" aw

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 79 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 #14)

—
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




Q24- 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



Q4 - 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 @
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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

=
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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
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&3
=
©
=
o
C
©
o
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-
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-
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5
l_

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

p 79




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




QUICKIE
TEST #3 REVIEW:



. This one:

Q5. The Greenhouse effect is
represented by which symbol?

SW LW

. This one: 4
. This one:

H+G

None of the above



Q6. What will this
feedback loop will
lead to:

1. A self-requlated return to an equilibrium

state

2. Anice age followed by a warm period.

3. A self-amplifying change in the Earth’s

surface temperature

4. A runaway Greenhouse Effect!




Q7. This is likely to occur during a sunspot cycle
with a MAXIMUM of sunspots

1. Decreased solar brightness and
cooling on Earth

2. Increased solar brightness and ‘
warming on Earth

3. Glacial advances

4. More volcanic eruptions



SEE YOU ON THURSDAY!



