Topic#12
How Climate Works

A “Primer” on
How the Energy Balance Drives
Atmospheric & Oceanic Circulation,
Natural Climatic Processes

Pp 63-68 in Class Notes



How do we get energy from this . . ..

....to drive this ?



....o0orthis ?

CCSM CAM3_ _ . —— o Mar 20 Hour 21
- ‘\ . |- - :
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http://www.vets.ucar.edu/vag/T341/index.shtml



http://www.vets.ucar.edu/vg/T341/index.shtml

. . . .wWhich leads to Global Climatic Regions:

| Tropical Wet Humid Subtrop.
Tropical Dry Cool Summer
Semiarid Subarctic
Arid B Tundra
Mediterranean "0 Highlands
Marine W Coast lce

www.theodora.com/maps

www.theodora.com/maps

. .. .and CHANGES in these regions!




PRECIPITATION PROJECTIONS

AVERAGE MOD{L-PROJECTED CHANGES IN PRECIPITATION
(MM PER DAY){FOR 2080-2099 RRELATIVE TO 1980-1999.
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It all happens because of changes in
the RADIATION / ENERGY BALANCE'!

W Sw  sw
RNET"-'J,"'J, -V‘ - ?

All components

are referring to
<4 c¢lectromagnetic

radiation

All components are “ 99
referring to modes of Energy Balance” part

heat energy transfer or
heat energy storage < Ruer= H + LE + G
involving matter |




Start out here, . ,
with energy “Radiation Balance” part
from the SUN SW SW sw

radiated to
Earth and so
forth . ..

The B is then able to
be used in thermal «
energy “heat transfer” E£nerg
processes which
manifest themselves
as weather & climate!

alance” part



‘hermal Energy Review

Heat (def) = the thermal energy that Is
transferred from one body to
another because of a temperature
difference.

* Sensible Heat transfer (H)
 Latent Heat transfer (LE)

plus (after transfer) thermal
energy can be STORED (G)

H + LE + G Review




ENERGY IN THE EARTH-ATMOSPHERE SYSTEM

Ultimate source

of energy is the

SUN (SW) Atter
absorption of

SW, LW energy
is radiated in &

Any Goes into
out by EARTH NET the HEAT
& Atmosphere TRANSEER
(leftover)
energy processes that
drive
WEATHER &

CLIMATE'!



The Earth

[as viewed from space]

. . . has the organized, self-
contained look of a live creature,
full of information, marvelously
skilled in handling the sun.

~ Lewis Thomas



LINKING THE ENERGY
BALANCE TO ATMOSPHERIC
CIRCULATION. ..

We’'ll start with the SUN
(SOLAR INSOLATION)

IN-SOL-ATION =

Amount of incoming solar energy
received by a point on Earth’s surface




To drive the circulation, the initial
source of energy is from the Sun:

SW Ssw SW
|
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23.5¢
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zz.5° _ 4 - .quinnx N (:2(23.5'3'
/e . /o ez EARTH-
SUN
Not to scale! / S Relationships
Equi nox

4 Things to Know about Earth-Sun Relationships:

1) Earth orbits Sun in one year
2) Orbitis not a perfect circle (= an ellipse)
3) Earth’s orbit around Sun can be “traced” on a plane
(“Plane of the Ecliptic” — plane passes thru the center of Sun & Earth)

4) Earth’s axis tilts 23.5° from a 1 to the “Plane of The Ecliptic”

http://mesoscale.agron.iastate.edu/agron206/animations/01 EarthSun.html



http://mesoscale.agron.iastate.edu/agron206/animations/01_EarthSun.html

These 4 Earth-Sun Properties lead to:
the 2 factors that determine the
AMOUNT OF SOLAR INSOLATION

as the seasons progress:

(1) INTENSITY of sun’s rays

(perpendicular to surface = more intense)

(2) DURATION of daily insolation

(longer day length = more insolation)




Zenith point
changes with A useful term:

latitude
ZENITH =

The point
directly
overhead

INTENSITY is
greatest at any
spot on Earth
when sun is

closest to the
ZENITH!

©




QUICKIE LATITUDE REVIEW:

North Pole 900 N

Arctic Circle + 66.50 N
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EARTH-SUN RELATIONSHIPS
& The SEASONS:

VIEW THE ANIMATION:

http://mesoscale.agron.iastate.edu/agron206/animations/01 EarthSun.html



http://mesoscale.agron.iastate.edu/agron206/animations/01_EarthSun.html
http://mesoscale.agron.iastate.edu/agron206/animations/01_EarthSun.html

JUNE SOLSTICE

As viewed from one
side of Sun



JUNE SOLSTICE

As viewed from the
other side of the Sun




JUNE SOLSTICE

24 hrs of daylight
north of Arctic Circle

24 hrs of darkness
south of
Antarctic Circle

Vertical rays of Sun
striking Tropic of ——_ |
Cancer (23.5 N)

Equator has —
12 hours of daylight

Light
I ;
from Sun

June 215




24 hours
of sunlight

Circle of illumination

...................

intense :
solar
radiation

June Solstice

(a)



MARCH EQUINOX

All locations on

EqUinox - Earth experience
“equal night,, 12 hours of daylight

AN

Vertical rays of Sun
striking equator ———— |




SEPTEMBER EQUINOX
different seasonal position in orbit ...

4 "a\

. . . but same latitudinal
insolation as March Equinox




MARCH & SEPTEMBER
EQUINOXES

12 hours
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|

.

/‘f“"'",_\\

Arctlcl_:,Cir'c:_gu._”._’.
Most Tropic o:fC3“ v%‘f;-‘
= 3-, R o N
L

intense
solar
radiation

Sun'gRays

Equ iﬂoxes




DECEMBER SOLSTICE

24 hrs of darkness
north of Arctic Circle

Equator has
12 hours of daylight ]

Vertical rays of Sun
striking Tropic of ——_
Capricorn (23.5 S)

24 hrs of daylight
south of
Antarctic Circle

December 21°!




DECEMBER SOLSTICE

24 hours of
darkness

X (IC C"
Most lgs = e Cle

intense 22— B Com i
solar

radiation

Sun sfitays

S Oecember Solstice
{c)




June 22 ¥ - December 22
Solstice Solstice

2z 5"

Oy
7 . September 23
Equinox



http://mesoscale.agron.iastate.edu/agron206/animations/01_EarthSun.html

THE RADIATION
BALANCE

SW SW SW

L+d

& THE GENERAL
CIRCULATION OF THE ™ 8%,
ATMOSPHERE .~ #%




HOWITALL FITS TOGETHER:

SW Sw SW

L+i -V

Over the course of ayear. .. The amount of outgoing
TERRESTRIALLW/IR
The amount of INCOMING

. varies by latitude too --
SW (Insolation) absorbed by
EARTH varies by LATITUDE MORE LW /IR is

(MORE comes in near the emitted at warmer
Equator, less near the Poles) LOW LATITUDES,

LESS in cooler
2> LOW LATITUDES HIGH LATITUDES

absorb MORE energy

than HIGH LATITUuDEs HOWEVER. ..

p 64




The EQUATOR-POLE
DIFFERENCES of what _ ?

goes OUT from the LW
EARTH

are less than the

EQUATOR-POLE
DIFFERENCES of what
comes IN from the SUN

p 64




e BUT the amount of
'4/7/; o o
oo { atoss” S outgoing LW is only
g';g . f "’9% slightly different from
- ¥ latitude to latitude &

LESS SW b/, Equator to Pole
coming in >

SW in <LW out

Gigajoules/m?
o = N W

MORE SW coming in
. SW in> LW out




e, The resultis a NET

_ Netloss \°3fg% SURPLUS of energy in
~f~_ %, thelow latitudes & a
~~ > NET DEFICIT in the
"~y high latitudes

X

—
—
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Gigajoules/m?




EQUATOR POLE

POLE

Now lets look at a
Pole to Pole Transect

64




Net radiation

- surplus Net radiation
Net radiation Q deficit

deficit

areas represent?

50 30 10 10 30 580
South Latitude (°)

Absorbed solar energy

----=====~= EMitted infrared energ
(at top of atmosphere)




Short-Wave Radiation Dec

Met Radiation

Long-Wave Radiation

00 50 25 0 25 50 100 125 150 200 Wim™2
B T [ T

Data; MCEP/NCAR Reanalysiz Project, 1959-1387 Climatclogies
Animation: Department of Geography. University of Oregon, March 2000



http://geography.uoregon.edu/envchange/clim_animations/

Air Temperature Dec

Data: MCEP/MCAR Reanalysis Project, 19591997 Climatologies
Animation: Department of Geography, University of Oregan, March 2000



Global-scale air motions are driven
by thermal differences:

90

Northern Hemisphere EQUATOR  Southern Hemisphere
COLD HOT CcOLD
POLAR TROPICS POLAR
REGIONS REGIONS

o



Polar front Polar front
zone zone

Surface[ High  High/ High Low High High/ High

pressure{ pressure low pressure pressure pressure low pressure

90 60 30 0 30 60 90
Northern Hemisphere Southem Hemisphere
Latitude(s)

COLD HOT COLD
POLAR TROPICS POLAR
REGIONS REGIONS

From SGC-| Chapter 4




~__Airsinks over

the subtropical
desert zone

Tropical air
flows north in
this Hadley cell

Dry desert air
flows south

Warm, moist

air rises at the
intertropical
convergence zone,
near the Equator

~Tropical air carries
heat south

Air sinks over the

subtropical desert zone

cold polar air
VS.
warm low lat air

sinking dry
subtropical air

sinking dry
subtropical air

warm low lat air
VS.
cold polar air




LOW PRESSURE AREAS:

Hot surface = Rising air
= expansion and cooling
of air, and condensation J)dy
of water vapor

= clouds, and
possibly
precipitation ...

HUMID REGIONS

CROSS-SECTION VIEW




The opposite of rain = subsidence (sinking air)
In HIGH PRESSURE ares!

HIGH PRESSURE
AREAS:

Forced sinking

(e.g.in HADLEY CELL)
leads to “compaction” and
warming of the sinking air

CROSS-SECTION VIEW

Air warms = increase in the

water vapor holding capacity

=» clear skies, dry air and
ARID REGIONS / DESERTS!




In general: Winds tend to flow from
HIGH = LOW Pressure areas

MAP VIEW
(values in millibars, mb)

zsobar

joo%
/ao




_— Polar hlgh \
~/Polar easterhes \\

Subpolar low
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i BUT -Hadley cell

Polar high __ ™\ circulation does
‘ﬁolar easterh?k ~J\ "ot reach high n
Subpolar low latitudes!
S 7/ /
// esterlles/ /// HADLEY

Subtropncat hngh

CELLS =
key drivers!

Convection cell
transfer of
o | thermal energy
Subtroplcal high from low

\\\\\\\\Westerhes \\\\\ / latitude area of

energy
Subpolar low Hadley cell
\WM circulation S1V{x RUAT (o)
Polar high ~ = il higher latitude
\»
liiiaiidd area of enero




Why Hadley convective
cell transport breaks

down at higher latitudes:

Cooling cylin

H edtl lrl Direction of rotation

(h) Faster rotation

/-




UPPER LEVEL CIRCUMPOLAR WINDS'!

n “Wave” transport of thermal energy
instead of Hadley cell transport! | pes



Hadley Cells are
only efficient in
transporting
energy to the
mid-latitudes

Hadley Cells +
Rossby Waves
together are
needed!

Warm Air



Energy is transported from areas of surplus to deficit in
form of: [}] (sensible heat) & (latent energy)

IN TWO MAIN WAYS:

Atmospheric circulation moves warm & cold
air north & south across latitudes

H,O is evaporated in
low latitudes H = LE




The Community Climate System Model (CCSM)
is a coupled climate model for simulating Earth's climate system.
It simulates the earth's atmosphere, ocean, land surface and sea-ice

water vapor = WHITE precipitation rate = ORANGE.

—_

CCSM CAM3_ _ .,

= d .
-

Mar 20 Hour 21

http://Iwww.vets.ucar.edu/vg/T341/index.shtml|



http://www.vets.ucar.edu/vg/T341/index.shtml

Net radiation

- surplus Net radiation
Net radiation Qo deficit

deficit

.
10 10

Latitude (°)

Absorbed solar energy
-===nu=seaw EMitted infrared energ)

(at top of atmosphere)




THERMAL ENERGY IS TRANSPORTED
FROM LOW = TO HIGH LATITUDES
TO BALANCE OUT THE DEFICIT!




H + LE + GEER:IURGTAUR-\-1el0) Ncls

G is a STORAGE component, not a transfer
component BUT energy stored in the OCEAN, can

later be transported via ocean currents as H!

— Warm currents
— Cool currents

January conditions
Iy 9 based on 30-year record I
1= p ]| (after U.S. Hydrographic Office) |




WARM & COLD SURFACE OCEAN CURRENTS:

MAJOR CURRENTS

Gulif Stream 9. Agulhas
Canaries 10. West Ausiralian
North Atlantic Drift 11. Kuroshio (Japan)
Labrador 12 Ovyashwo
Brazilian 13. North Pacific
Benguela 14. Alaska

Falkland 15. Califomia

West \Wind Orift 16. Humboidt (P

QI QN $ £ Bt

N, Pacific
/Dfllt 15.
10"-y/—
— 7= Tropic of Cancer, i
/

£quator |

== A= —— Troprc of Capricorn— ———
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\ / OCEAN CURRENTS /Cb—*'/
Antarctic Circlems———r ————— g ————— — E-—-————-T‘- —————— ;/— ——————— /— —————— 7=

Cold Currents =

Warm Currents




= Large OCEAN GYRES -- driven by Trade
Winds & Westerlies in Oceanic Subtropical
HIGH PRESSURE CELLS (STH)

Leads to SURFACE ocean currents

<\
Polar high

/Pola r easterlies
Subpolar low

Subtroplcal high

\\ \\W esterlies \\\\\ /

Subpolar low
\\ Polarpeasterl es\« / /

P lar hgh
—




Energy is transported from areas of surplus to deficit via:

H (sensible heat)




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

6

N ‘ ATMOSPHERE more
£ ol jmportant in
= gl . mid = high latitudes
5 /
% ' ~~, Atmosphere
g \\\ Q\/
.,g 5 \\\ \‘/
OCEAN —= | %
transports £ | h- 3
£ ~
MOSTof s o R
the energy . ,
in LOW = o 30° N 60° N 90° N
subtropical Latitude

Poleward transport of energy in N.H.

latitudes - P67




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

ZOMBIE
BREAK'!




T00 HOT

© NOT TO HANDLE

§ P Turn to

; ) Page 30

in Class
= Notes ....




As you watch the segments of this film. . ..

Check off the changes
on p 30 in CLASS NOTES :

Checklist of Direct Observations of
Recent Climate Change:

Checklist of Direct Observations of Recent Climate Change ¢
]

TEMPERATURE: [davtime nighttime heat waves # cold davys/ frosts "
PRECIPITATION: |[watervapor  drought  heavyrains 1 ] etc., etc.
HYDROLOGY: [streamflow  snowmelt  floods reservoirs/dams  watersupply ]
CRYOSPHERE: |[snowpack mt glaciers __ seaice_ icecaps__ frozengroumd ]
OCEAN: [sealevel = seasurfacetemps  salimty  corals  fishedes ]
BIOSPHERE: |[plant/animalranges  phenologv  cropdates  disease

OTHER: [ atmospheric circulation wind belts / storm tracks hurricanes




Watch the video carefully
— at some point a
feedback loop
process is described.

T00 HoT
NOT TO HANDLE

Can you recognize it ?7??

A
0
0
1
o}
4
z
e
p
0
s
>
4
v}
r
m

(HINT: it is one of the loops
shown on p 56 in Class Notes)

Make anoteof it.....



AFTER THE FILM: GROUP BONUS
POINT CHALLENGE - PART 1:

State which feedback loop was
described in the film and sketch the
FEEDBACK DIAGRAM for it on one side
of the INDEX CARD provided.



REMEMBER FEEDBACK LOOPS:
Is this one positive or negative?

Reduced
albedo /2

Increased
absorption of

Decline in the
perennial 1ce

cover ‘ solar radiation

GROUP BONUS
POINT CHALLENGE
- PART 2:

NOW - on the back of
the index card, as a
group, complete the
feedback loop on the
bottom of page 58 by
linking the components
with the proper
coupling arrow symbols
as used in the SGC text

p 58




Extent of SW
ice cover radiation

absorbed

melting temperature



