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= Incoming Solar Radiation at

Annual Solar Radiation at Earth’s Surface (kcal/cm2/year)
"'“F(-)-[}of Earth’s Atmosphere

® Global variation in the amount of solar energy striking
Earth’s surface is controlled by the , season,
atmospheric conditions, and altitude.






*' Insolation is incoming solar radiation. The
amount of insolation received at the surface of the
earth is primarily controlled by the sun angle.
Sun angle is a function of latitude and
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7‘Heat dlf'ference causes pressure differences in the overlying atmosphere

Vv Overheating of equatorial regions forms belt of low pressure
v Under-heating of polar regions creates centers of high pressure
v’ Pressure differences in lower atmosphere cause air masses to moves

v’ Air masses move from regions of high pressure to regions of low pressure
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1) Air masses move from regions of high pressure to
regions of low pressure

2) Severity of pressure gradient between adjacent
regions of high and lows controls how strong of
wind will blow between the high and low
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v O Overheated equatorial air

~  rises and moves horizontally
aloft toward the poles

v" Overcooled polar air sinks
and moves horizontally at

surface towards equator Single-Cell Hemispheric Convection Model
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\/ - Similar convection process

v Smaller convective cells  Triple-Cell Hemispheric Convection Model

v" Two surface convergence zones v Spinning causes the Coriolis effect

v' Two surface divergence zones v’ Coriolis effect deflects air currents



" The Coriolis

Coriolis Force

Caused by the earth's rotation

Deflection to Right
(Marthem Hemisphers)

Objects deflect to
the right in the

Morthern hemisphere

Northern Hemisphere
Deflection to Left

(Southern Hermispher)

Southern Hemisphere
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-Deflection of Flying Deflection of

—  Projectiles _ _ _ Moving Air Masses
— The apparent deflection of moving

objects relative to an observer on the earth

Department of Northern Hemisphere Southern Hemisphere
Jeparitment o
University of 11in

v" Objects deflect to the right in N. Hemi

v" Objects deflect to the left in S. Hemi
v" Moving air masses have curved paths

DOM —
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v" Objects deflect to the right in N. Hemi i
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v' Objects deflect to the eft n . Hemi Earth Rotation

v" Moving air masses have curved paths
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:';;H'Edley, Ferrel, and Polar

: \/ - Similar convection process
v Smaller convective cells  Triple-Cell Hemispheric Convection Model
v" Two surface convergence zones

v" Two surface divergence zones
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~ Landless Circulation Model Landmass Circulation Model

1) Polar Easterlies
2) Mid-latitude Westerlies
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Divergence = Blue Arrows
Convergence = Orange Arrows
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;"? 2 Ié"'" mds and Calms
V' Wﬁnﬁ;nuld dry weather

v Heavy precipitation
v Light winds and Calms
v Tropical cyclone nursery

v Stormy, wet, hot weather
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Key ldeas
v Narrow fast-moving ribbons of wind

v Travel west to east between cells

v" Controls position and movement of
high and low pressure systems
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atic Changes in an Air Mass Vapor Pressure Changes in an Air Mass

r\/'l'-\s_cending (rising) air expands, cools, and becomes less dense

v Descending (falling) air contracts, heats, and becomes more dense
v Warm air can hold more water than cold air

v Water vapor in rising and cooling air will condense into clouds

v Further rising and cooling of cloud-rich air will lead to precipitation
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e Splnnlng Air Mass Disturbances
— Tropical Cyclones
— Extratropical Frontal Systems
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3) Fully-developed Cyclone

4) System Begins to “Occlude” 5) Advanced “Occlusion” Example
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Map — April 24, 2007

Cold Air Mass

1) Blue lines with triangle hatchers are moving cold fronts
2) Red lines with semicircle hatchers are moving warm fronts

3) Mixed colored lines are stationary fronts



1) Red “L" symb
2) Blue "H” sym
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High Pressure Centers
ols correspond to low pressure “bull's-eyes”

bols correspond to high pressure “bull's-eyes”

ne number of tightly spaced isobars, the

pressure system, the stronger the winds.
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- Ranges of air pressure
+ QR0 - 1050 mb
+ Exlreme rangés
Lewwest B0 mb, Inslde a typhoon/hursane
Highest 1084 mb in Siberia




Wind Speed =
ticks and flags
on wind shaft







Surface Weather HMap and Station Weather at 7:00 A.H. E.S.T.
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‘Tropical Cyclones
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3) :-, j’-; s s 'of storm develops
___ er oceans 8° to 15° North
— aﬂﬁSouth of the equator.

- 4) Hurricanes draw their energy
from the warm water of the
tropics and latent heat of
condensation.
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irricanes feed off the Ia%t:ﬁeat of water — hotter the better!

atmosphere that cools quickly with height.
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cal wind shear.
s at all levels of the atmosphere from the ocean up to 30,000 feet or
?js. ‘blowing at the same speed and from the same direction.

ar than 500 kilometers to the equator.
'_ - e Coriolis Force is too weak close to the equator.
— _|s the Coriolis Force that initially makes the cyclone spiral and maintains

: : +ow pressure of the disturbance.
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Arr upper atmosphere high pressure area above the growing storm.

_ ¥ The airin such high pressure areas is flowing outward. This pushes away
the air that is rising in the storm, which encourages even more air to rise from
the low levels.

\

6) Hurricanes will not always form in these conditions. However, a will
hurricane only form if these conditions are present.
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Varm m, h Lll”nld surface winds spiral towards eye.

| o t winds occur in the eye wall at the surface.
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’37A" ir in the eye sinks which inhibits wind and cloud formation
: 4) Body of hurricane divided into concentric rain bands
5) Surface rotation direction depends on hemisphere

6) All hurricanes move toward the west



Cy of Tropical Cyclones
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4) Decay
v Dissipation into weaker and weaker
system
v’ Entire cycle typically lasts between
1 to 2 weeks



Which ocean basin has the most tracks? Why?

Which ocean basin has the least tracks? Why?
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Review of Concepts

"Wij

> Earth’s atmosphere consists mostly of N, and O,
» Water in the ocean and atmosphere plays a paramount role in both,

weather systems and moderating Earth’s climate .
> Differential solar heating of Earth’s surface produces an over-heated
equator (low pressure) and under-heated poles (high pressure).

> Air pressure differences across Earth’s surface power the winds.

> Earth’s rotation causes moving air masses to curve — left in the N.
Hemisphere and right in the S. Hemisphere, a.k.a. the Coriolis Effect

» The Earth has three major atmospheric wind belts in each hemisphere

— a total of six around the planet
» Atmospheric circulation is responsible for the transfer of 2/3rds of

Earth’s surface heat from the equator to the poles
» Colliding cold and warm air masses create cyclonic frontal systems

» Surface pressure and temperature maps used to track frontal systems
» Cold and warm fronts coincide with regions of stormy weather
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