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Key Concepts

e Earth’s ocean and atmosphere are unevenly heated
by the sun—more solar energy is absorbed near the
equator than near the poles

— The atmosphere circulates in response to this
difference In heating

 The atmosphere circulates in six large circuits (three
In each hemisphere)

e Storms can form between two air masses (frontal
storms) or within one air mass (tropical cyclones)
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The Atmosphere and Ocean Interact with Each Other

* The Interactions of the atmosphere and ocean
Influence our weather and climate.

 Wind — mass movement of air
 Atmosphere — gases that envelop Earth

Weather: state of the atmosphere at a
specific time and place

Climate: the long-term
statistical view of weather

* Average temperature

« Average precipitation



« Atmosphere: volume of gases,
water vapor, and particles
surrounding the Earth
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Troposphere Is Composed Mainly of Nitrogen, Oxygen,
and Water Vapor

« The lower atmosphere is a fairly homogeneous mixture of
gases.

Argon
Water Vapor | ~1%
Carbon Dioxide _|

| | Oxygen 21%

L e Helium
EE Meon

i 0
Nitrogen 78% Methane

Nitrous Oxide _]

—Traces

— Nitrogen = 78%
— Oxygen = 21%

— Other compounds =less than 1 %
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Atmosphere Is Composed Mainly of Nitrogen, Oxygen, and
Water Vapor

« \Water vapor can occupy up to 4% volume of air
— Enters air through evaporation

— If evaporation is high, percentage of water vapor will be
higher.

e Temperature and water content influence air
density

 Warm air can hold more water vapor than cold
air

 Precipitation results from air rising and cooling
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“Expansion and Compression of Air

. . Density = mass/volume
Warm air Is less dense than cold air y

Humid air Is less dense than dry air at the same temperature

Water vapor has less mass 2000m+
10°C
than nitrogen and oxygen

Water vapor rises, A ]
Expands Compresses
—_ and and
expands, and cools e cools 20°C warms
Cold air holds less water : |

| ) 4

It condenses and comes

down as precipitation
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Figure 8.4 Expansion and cooling (or compression and warming) occur as an air parcel moves up (or down). Descending air warms as it compresses—the droplets (clouds) may evaporate.


The Stratosphere and the Ozone Layer
 Ozone Layer: Blocks UV rays from hitting the Earth

— Ozone = Og4

— Hole (“thinning”) in the Ozone Layer over the poles

— Allows more UV rays to reach the Earth
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QAtmosphere Moves Iin Response to Uneven
Solar Heating and Earth’s Rotation

 Earth’s heat budget

Incoming short-wave solar radiation (light) at top of atmosphere: 7 million
calories per square meter per day, averaged for the Earth as a whole
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Outgoing radiation
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Figure 8.5 An estimate of the heat budget for Earth. On an average day, about half of the solar energy arriving
at the upper atmosphere is absorbed at Earth’s surface. Light (short-wave) energy absorbed at the surface
is converted into heat. Heat leaves Earth as infrared (long-wave) radiation. Since input equals output over long
periods of time, the heat budget is balanced.


‘How Solar Energy Input Varies with Latitude

Sun’s rays hit the Earth at varying angles — more direct at the
equator.

Equal amounts of sunlight are spread over a greater surface
area near the poles than in the tropics.

Ice near the poles reflects much of the energy that reaches the surface.

.\

\‘ This ray strikes parallel to surface.

Rays strike surface at angle

Ray strikes surface at angle

This ray strikes parallel to surface.
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Figure 8.6 How solar energy
input varies with latitude. Equal
amounts of sunlight are spread
over a greater surface area near
the poles than in the tropics.
Ice near the poles reflects much
of the energy that reaches the
surface there.


The Solar Heating of Earth Varies with Latitude

Earth as a whole is in thermal equilibrium, but different latitudes are not.

Polar latitudes lose more heat to space than they gain

Tropical latitudes gain more heat than they lose

North Pole

Net heat loss

S i e

South Pole

Only at about 38° N and 38° S
latitudes does the amount of
radiation received equal the amount

lost.

Since the area of heat gained
equals the area of heat lost, Earth’s

total heat budget is balanced.
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Figure 8.8 The seasons (shown for the Northern Hemisphere) are caused
by variations in the amount of incoming solar energy as Earth makes
its annual rotation around the sun on an axis tilted by 231/2Åã. During the
Northern Hemisphere winter, the Southern Hemisphere is tilted toward
the sun, and the Northern Hemisphere receives less light and heat. During
the Northern Hemisphere summer, the situation is reversed. The satellite
images clearly show the significant difference in illumination angles in
December, September, and June.


“Convection Currents
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Figure 8.9 A convection current forms in a room when air flows from a hot radiator to a cold closed window and back. (For a practical oceanic application of this principle, look ahead to Figure 8.20.)

Figure 8.10 A hypothetical model of Earth’s air circulation if uneven solar heating were the only factor to be considered. (The thickness of the atmosphere is greatly exaggerated.)


Earth’s Uneven Solar Heating Results in Large-Scale
Atmospheric Circulation

Descending cold air North Pole

If uneven solar heating were the

only factor to be considered...

— At the equator, air would

warm, expand, and rise.

Rising .
— It would move toward the
poles, where it would cool,

become more dense and fall.

Descending cold air

However, we must consider...

the Earth’s rotation.
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Earth’s Uneven Solar Heating Results in Large-Scale
Atmospheric Circulation

» Global circulation of air is controlled by 2 forces:
1. Uneven solar heating

2. Earth’s rotation

— The Coriolis effect is the observed deflection of a moving
object is caused by the moving frame of reference on the

spinning Earth.

Corriolis effect

no rotation: no coriolis effect rapid rotation: significant coriolis effect

On a planet with little or no rotation, the global air circulation pattern is very simple.
On a planet with rapid rotation, the coriolis effect creates large-scale eddies with
belts of wind and belts of calm.
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https://www.youtube.com/watch?v=mPsLanVS1Q8

Eartn’'s uneven solar neating Results In Large-scale
Atmospheric Circulation

e Coriolis effect: Because the Earth is rotating, instead of
objects traveling in a straight path, the air is deflected.

— In the Northern Hemisphere air turns to the right (clockwise).

— In the Southern Hemisphere air turns to the left
(counterclockwise).

A Projectile fired northward B Projectile fired southward
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Uneven Solar Heating Results in Large-Scale Atmospheric Circulation

/i B

N 7

rapnd rotation: significant coriolis effect

no rotation: ne corolis effect

On a planet with little or no rotation, the global air circulation pattern is very simple.
On a planet with rapid rotation, the coriolis effect creates large-scale eddies with
belts of wind and belts of calm.
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Global Air Circulation Iin the Six-Cell Circulation Model

Three air cells circulate in each hemisphere

Air rises at the equator and falls at the poles, but instead of one great circuit in
each hemisphere from equator to pole, there are three in each hemisphere.
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Figure 8.15 Global air circulation as described in the six-cell circulation model. As shown in Figure 8.10, air rises at the equator and falls at the poles. But instead of one great circuit in each hemisphere from equator to pole, there are three in each hemisphere. Note the influence of the Coriolis effect on wind direction. The circulation shown here is ideal—that is, a long-term average of wind flow. (Contrast this view with Figure 8.18, an excerpt from a computer simulation of true atmospheric flow.)


The Coriolis Effect Influences the Movement of Air in
Atmospheric Circulation Cells

 Wind patterns found WITHIN cells:
— Trade winds are surface winds of Hadley cells.
— Westerlies are surface winds of Ferrel cells.
— Polar Easterlies are surface winds of Polar cells.
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The Coriolis Effect Influences the Movement of Air in Atmospheric
Circulation Cells
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‘Seasonal Changes in the Position of the
Intertropical Convergence Zone (ITCZ)

Cell circulation centers on meteorological equator
Thermal equator
Changes position throughout the year

Doldrums — equatorial low
ITCZ (Intertropical convergence zone)

: Geographical
Geographical January equator
equator

jaﬂUaW
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Figure 8.17 Seasonal changes in the position of the intertropical convergence zone (ITCZ). The zone reaches
its most northerly location in July and its most southerly location in January. Because of the thermostatic effect
of water, the seasonal north–south movement is generally less over the ocean than over land.


Monsoons Are Wind Patterns That Change with the Seasons

« Monsoons: local seasonal wind pattern caused by heating

or cooling of the continents

*Results in summers with significant

rainfall and winters with very little.

«Caused by different specific heats of

land and water.

Example: In spring, land heats more rapidly than

ocean leading to summers with heavy rain.

Common on W. coast of India and southeast Asia.
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®

he Flow of Air in Coastal Regions During Stable
Weather Conditions

e Sea breeze is cool air from over the water moving toward land.

In the afternoon, the

land Is warmer than

the ocean surface, }

and the warm air
Warm air

rising from the land is BCOOI 2t ascends J

descends

|~

L~ |~
Warmer land

.~

replaced by an
Onshore flow

onshore sea breeze.

Cooler sea
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Figure 8.20 The flow of air in coastal regions during stable weather
conditions


The Flow of Air in Coastal Regions During Stable Weather
Conditions

 Land breezes occur after sunset when air warmed by land
blows toward the water.

At night, as the land cools,
the air over the ocean is

now warmer than the air

i Cool air *
over the land. The ocean air [ I l LU
_ ] ascends
rises. Air flows offshore to Offshore flow g’
replace it, generating an o ///// —
offshore land breeze. Warmer sea
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Storms Are Variations in Large-Scale Atmospheric
Circulation

e Storms — reqgional disturbances

o AIr mass — uniform temperature, humidity, and
density

 Front — boundary between air masses
1.Tropical cyclones occur in tropical regions.

2.Extratropical cyclones occur at the polar front, between
Ferrel and Polar cells, and are winter weather
disturbances.

e Both types of storms are cyclones, or rotating masses of
low-pressure air.
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Formation of a Mid-Latitude Cyclone

1. Stationary
polar front 2. Cyclogenesis

boundary as the oppos-
ing air masses interact.
Cyclogenesis (the birth
of a cyclone) begins. (3)
The faster-moving cold

air forces the warm air
NG Collegiate Atlas p. 33

intense, heavy precipita-
tion, cold polar air—with
a boundary known as

a front—meets warm
tropical air. (2) A wave
develops along the frontal

Mid-latitude cyclones are
found between 35" and 70°
of latitude in the zone of
the westerly winds. Most
are occluded fronts.

(1 Characterized by

4. Low pressure
cell—developed 5. Occlusion

3. Low pressure
cell—undeveloped

from the surface, the char-
acteristics of the cold

occlusion occurs as the
warm air, fully caught-up

to lift above the cold. (&)
Full rotation develops,

© 2016 (

counter-clockwise in the

Morthern Hemisphere and
clockwise in the Southern
Hemisphere. (5) Complete

by the cold air, has been
lifted away from the sur-
face. Because the warm
air is completely separated

air are felt on the ground
in the form of unsteady,
windy, and wet weather.

NG Collegiate Atlas p. 33
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Figure 8.22 Formation of a mid-latitude cyclone. These cyclonic (spinning) storms form between air masses and are responsible for most of the weather in the temperate zones.


Extra-tropical Cyclones Form between Two Air Masses

North

oy

T
o @
o aQr
D g5 :
=y b= Cold air
= =]
<

=5
‘ w i i ;rﬁﬂt; ;

i
o @
= W
s —
o B Warm air
o T | >
Ed3

o South
Stage 1

© 2016 Cengage Learning. All Rights Reserved.

26,000 fi

Widespread
precipitation

@

0
B
old ingT/

e ] 1 —6°C
600 km (32°F) (22¢F)

—
air reced
(2]

9°C
(48°F)



Tropical Cyclones Form Within One Warm, Humid Air Mass

e Form within the warm, humid Hadley Cells

e Multiple names depending on location:
— Hurricanes = North Atlantic and eastern Pacific
— Typhoons = western Pacific
— Tropical cyclones = Indian Ocean

= Gales may ci sircle the eye af
speeds in excess of 250




“Tropical Cyclones Form in One Air Mass

The internal structure of a mature northern hemisphere tropical cyclone
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Figure 8.26 Tropical cyclone structure
a The internal structure of a mature northern hemisphere tropical cyclone, or hurricane. In this diagram the storm is moving to the
northwest. (The vertical dimension is greatly exaggerated.)
b A cross section of the storm showing wind speed and atmospheric pressure. Because the storm is moving northwestward and is rotating counterclockwise, the greatest destruction from wind and storm surge will occur to the east of its center.


@he Dynamics of a Tropical Cyclone I
N

Equator

l

Core of tropical
cyclone rotating to
the left, counter-
clockwise

Stepped Art
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Figure 8.28 The dynamics of a tropical cyclone, showing the influence of the
Coriolis effect. Note that the storm turns the “wrong” way (that is, counterclockwise)
in the Northern Hemisphere, but for the “right” reasons.
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