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Main points about Climate A = ctmosphere

' H = hydrosphere [ocean)
* Uneven solar heating A ingas e

e Heat transported to compensate P = lahesshare laid
(50% atmosphereand 50% in ocean) | @ = biosphere




Simplistic Overview of Global Climate

SUN

*Heatsthe Earth unevenly

ATMOSPHERE
*Circulation actsto redistribute heat

OCEAN

*Circulation actsto redistribute heat

LAND
| nfluencesthe job of the atmosphere and ocean

CLIMATE
Complex state of affairsthat result dueto the above



Temperature

* Most widely recognized variable

* Global average temperature @ surface of earth 288°K, 15°C, or 59°F
e Coldest -128°F in Antarctica towarmest of 136'F in Libya
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Monthly Tem

nerature Extremes for Fairbanks

#years42 JAN | FEB | MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC 'tai\rlrl{e
record
MAX |50 |47 |53 |74 |89 |96 |94 |90 |84 |65 |46 |44 |96
MIN -61 |-58 [-49 |-24 |-1 31 |35 (27 |3 -2/ |-46 |-62 |-62
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Balance at Earth’s surface

Solar - Longwave radiation - Evaporation - Conduction = Tota

| 0Sses

Outgoing Terrestrial
Radiation

>

Evaporation

A

Conduction

A

EARTH'S SURFACE

Ocean temper atur e function of
o Total’ heat
 heat brought by currents



Seasonsresultsfrom 23.° degreetilt of earth’saxis

Sun isclosest to earth in January and farthest in July
What if the earth’saxis did not tilt?

Light is mosi
concentrated from

b fori Tropics get more solar radiation per area than poles.
Light g at Sun ismoredirectly overhead, spread over less area.
g What if the earth’s axis did not tilt?

contantrated.



\mount of Solar radiation arriving at earth inversely proportional to distance squar ed

149,600,000 km from Sun
1.49 x 10" m (Rg g)

 Radiance at sun’s surface (S) is 6.3 x 107 W/m?
' Radius of sun (Ry) 7.0 x 103 m

SR:=SR §-= SRE ~1380Wm~

Solar Constant - amount of solar radiation reaching thetop of the earths atmosphere




Planetary Albedo istotal amount of Solar radiation reflected by earth

* Average global albedo is 30% (0.3)
function of clouds and reflectivity of surfaces
» Average solar radiation reaching surfaceis 241\W/m?
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Area of Earth’s disk being bathed in sunlight
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Total Area of Earth’s surface




Distribution of Solar Energy in Watts per meter squared
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Chemical Composition of Atmosphere

Atmospheric composition (by volume), top three gasses
« 78% Nitrogen (N,)

» 21% Oxygen (O,)

* 1% Argon

Gasses important for absor ption and emission of radiation < 1%
e Water vapor

* CO,, carbon dioxide

e Ozone



|nfrared Radiation emitted by earth some absorbed by atmosphere

< / | ABSORPTION SPECTRA FOR MAJOR NATURAL

GREENHQUSE GASES IN THE EARTH’S ATMOSPHERE
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Net Radiative (Sum of incoming and outgoing) Heat in July

Greenland's ice cap
reflects sunlight; it isn't
Warming up.

Snow and ice have
mefted in other parts of
the Archic; ground is
WA ing,

Greatest warming is in
ocean araas with fow
clouds overhead,

The sun is more directly
overhead here, but
clouds block some of its
Bnergy.

Days are too short, sun
too low in the sky to do
much warming south of
this area.

With little or no sunlight,
Amtarctica grows colder
and colder,

The ool kesvs o bath pistires show the average numbes of wakis
per aquane maeter of enegly being absorbed o lost by the land and
S04, Minus numbers show whese the Earth's surface i ling heat,
Zern shows where the anergy coming in and going out & in balance,
Pluis aumbers shov enengy gain,



Net Radiative Heat in January

««» and in a typical January

Folar regions are still
cooling off even as days

grow longer,

Heat gains and losses
are close to being in
halance for most of the
United States.

Yellow band shows where
SUN's energy is strong
enough to begin heating
the surface.

Deserts of North Africa
and Saudi Arabia reflect
more solar enargy than
nearby oceans; clear
skies allow more infrared
energy 1o escape. Result:
cold desert nights,

Antarctic snow reflects
most sunlight. Nearly 24
hours of sunlight warms
the ground very little.



Global Wind pattern

FIGURE 16.12 :
Names for some of the wind and pressure systems. Shading

denotes area of frequent calms.

Easterlies
(from east)

Westerlies
(from west)

Easterlies




Global Wind pattern

FIGURE 16.12 :
Names for some of the wind and pressure systems. Shading

denotes area of frequent calms.

Easterlies
(from east)

Westerlies
(from west)

Easterlies




Surface Pressure and Wind Patterns

e world’s major pressure pattm > =
JANUARY oy T

R =R




Northern Hemispheric Jet Stream: River of Air

et stream positions Wind speeds
miara than 170 mph
& 150 mph to 170 mph
M 125 mph o 150 mph
B 100 mph o 125 mph
B B0 mph to 100 mph

In summer, the jet weakens and s
tarthar north,

The greater the temperature contrasts, the stronger the pressune
ﬂmarmea buhh:nn the “Emil and eald air. Stronger pressure
erences creabe sironger winds, Thig is o wihiy jet
In the ::"“Wf- "':'“"' its great temperature stream winds vary so wach in speed. If wumﬂwnmlh
pOntrasts, jet streams are stronger and core of & l]rrirﬂ earky winter [et siream, its pattern of wind spesds

Hﬂlﬂmﬂl might look like the map above. The large drawing below shows a
T cross section of such a jet stream In ihe region of highest winds.




Aver age Surface Circulation of World Ocean

Figurs 8.15. Drift currents of the sarth,

e Ocean drift currents- wind generated motion
» Eastward (westward) currentsin westerly (easterly) wind regions
* North equatorial counter current, exception



Alr versus Sea Water and L and

Air Water Land -inorg (org)
Density kg/m?3 1.275 1000 2600(1300)
at0’C
Specific Heat 1004 4182 733 (1921)

¢, (liquid water)
at 0°C, J/kg’C

e Oceanstemper atur es change slower than air (or land)
e Solar radiation absorbed into greater depth of ocean than land
==> faster cooling/warming of land than ocean



Topographic Impactson Climate are | mportant

*Northern Hemisphere ver sus Southern Hemisphere
*Coastal Climates - temperate
«Continental Climates - hot summers and cold winters
Midwestern US Storms
Mountains

Alps - southern Europewarm

Himalayas - monsoon circulation



Global Climate Map Influenced by latitude & topography
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1997-98 El Nino Declared War mest Ever

» Historical Background
e 3-7 yearsirregular
 Tied to Seasonal cycle

WHITE=sealevel 5- 12 in. above normal
water warmer than normal by up to 10 degrees F
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Cold, Neutral, and Warm Equatorial Pacific SSTs

La Nina Conditions LDecember 1985
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North Atlantic Oscillation

\legative Phase Positive Phase

* Positive Phase
Stronger pressure gradien
Morestorms
* Negative Phase
Weaker pressure gradient
Fewer storms

NAQ Index




Volcanic Eruptions act to Cool Climate

0

R T N
Time after Eruption (Years)

Composite global surface temperature change near the time

of the five volcanos producing the greatest optical depths

since 1880: Krakatau (1883), Santa Maria (1902), Agung

(1963), El Chichon (1982) and Pinatubo (1991).

*The main gas emitted by the volcanos, sulfur
dioxide, over a period of weeks combines with
oxygen and water to form sulfuric acid gas.

* This gas then condenses into fine droplets or
"aerosols’ that form ahaze, similar to the haze

Replaying an Eanth-atmosphere intessction that has occurred sinee - Volcanic haze scatters some of the incoming
fime began, Mi. Pinatube in The Philippines cripes on_fure 17, . . .
1991, injeciing swlfur pares and dwist imto Hhe siraiasplare aad wnl | ght ba(:k tO Space, thUS reClUCI ng SOI a.r heatl ng Of

s o pears of moderate global cooléng.

the Earth's
surface.




Summary

e Climate
*Uneven Solar Heating between Equator and Poles

« Heat Balance of the Climate
» ‘Greenhouse’ effect operates naturally

 Heat Transport for Balance
* Ocean and Atmosphere are important for balance

e Examples of Natural Climate Variability
 El Nifio
e North Atlantic Oscillation
e \Volcanic Eruptions

e What next?
« Anthropogenic I ncrease of Greenhouse Gases
* Evidence for Change
e Change vs Natural Variability



