THERMAL ENERGY TRANSFER BY CONDUCTION,
CONVECTION AND RADIATION

AFTER THE LAND AND WATER ABSORB SOLAR ENERGY, MOLECULES FROM THE LAND AND WATER COLLIDE MORE
FREQUENTLY WITH MOLECULES IN THE AIR THAT ARE CLOSE TO THE SURFACE. THESE COLLISIONS TRANSFER ENERGY FROM
THE SURFACE TO THE AIR BY

* AS A RESULT, THE TEMPERATURE OF THIS LOWEST LEVEL OF AIR EVENTUALLY COMES CLOSE TO THE TEMPERATURE OF THE

LAND AND WATER BENEATH IT.

e THEN OCCURS AS AIR CIRCULATES AND DISTRIBUTES THE HEAT.
* AS THE LOWER LAYER OF THE AIR WARMS, IT EXPANDS, BECOMING LESS DENSE.
e AS THE COOLER AIR FALLS, IT TAKES THE PLACE OF THE RISING WARMER AIR.

Short-wave solar radiation

heats the ground. Convection moves

warm air from close to
the ground upward and
cool air from higher in
the atmosphere
downward.

t

Long-wave Conduction heats
infraredradiation the air throligh
from the ground collisions vy »-
" heats the air. between molecules
”A"/N iy ViA in the ground and

in the air.
-

Figure 1.7 Conduction,
convection, and radiation
transfer thermal energy in
Earth’s atmosphere.

Explain Solar energy passes
through the atmosphere, but
it does not have much of an
effect on heating it. Instead,
radiation of thermal energy
from Earth’s surface is the
major source for heating air
close to the surface. Why?




THERMAL ENERGY TRANSFER BY CONDUCTION,
CONVECTION, AND RADIATION

« RADIATION ALSO PLAYS A PART IN TRANSFERRING THERMAL ENERGY TO AIR (THE ATMOSPHERE).

e GREENHOUSE GASES ARE GOOD AT ABSORBING LONGER-WAVELENGTH INFRARED ENERGY
EMITTED BY EARTH'S SURFACE.

* THIS ABSORPTION OF LONGER-WAVE ENERGY IS THE MAJOR SOURCE OF THERMAL ENERGY FOR

THE AIR CLOSE TO THE SURFACE.

Figure 1.7 Conduction,
convection, and radiation
transfer thermal energy in
Earth’s atmosphere.

Explain Solar energy passes
through the atmosphere, but

Short-wave solar radiation

heats the ground. Convection moves

warm air from close to

the ground upward and

cool air from higher in
the atmosphere

NNy L

downward.

t

Conduction heats
the air throligh
collisions vy »-
between molecules
“/x¢~ inthe ground and
in the air.

Long-wave
infraredradiation
from the ground
heats the air.
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it does not have much of an
effect on heating it. Instead,
radiation of thermal energy
from Earth’s surface is the
major source for heating air
close to the surface. Why?
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ATMOSPHERIC PRESSURE

e ATMOSPHERIC PRESSURE THE Atmospheric Pressure and Density Pressure  Densi

(kPa) (kg/m3)
PRESSURE EXERTED BY AIR ON ITS Jonoq [ 0-000001
thermosphere 0.0001
SURROUNDINGS DUE TO THE WEIGHT 0.000 01
OF THE AIR 0.001 '
0.0001
* THE S| UNIT FOR ATMOSPHERIC _
PRESSURE IS THE PASCAL (PA). %
» PASCALS ARE USED TO MEASURE THE E
FORCE PER UNIT AREA. : stratosphere
« ONE PASCAL HAS A FORCE OF ONE Mount 0
Everest
NEWTON PER SQUARE METRE. THIS IS woposph ﬁg
oposphere -
A VERY SMALL AMOUNT, SO MOST 0 101
MEASUREMENTS ARE GIVEN IN Figure 1.8 Atmospheric pressure and density at increasing altitudes. On average, the atmospheric
pressure at the top of the troposphere is only about 10 percent of that at sea level. However,
KILOPASCALS (KPA)- TH ERE ARE pressure differences vary throughout the troposphere due to the movement of air.

‘| OOO P A PER KP A. Interpret What happens to the pressure and density of the atmosphere as allitude increases?



ATMOSPHERIC PRESSURE AND ALTITUDE

e AT SEA LEVEL, THE ATMOSPHERIC PRESSURE IS
ABOUT 101.3 KPA, WHICH IS EQUAL TO |
KG/CM?Z2,

e THIS MEANS THAT THERE IS ABOUT 1 KG OF AIR
PUSHING ON EACH SQUARE CENTIMETRE OF YOUR
BODY.

e |F YOU HAVE EVER BEEN ON A DRIVE UP A
MOUNTAIN ROAD, FLOWN IN AN AIRPLANE, OR
EVEN GONE UP IN AN ELEVATOR, YOU MAY HAVE
EXPERIENCED “POPPING" IN YOUR EARS.

e AS YOUR ALTITUDE INCREASES, THE DENSITY OF THE
AIR DECREASES. THE GAS MOLECULES IN THE AIR
ARE SPREAD FARTHER APART AND COLLIDE WITH
NEARBY SURFACES LESS OFTEN. THEREFORE, THE
ATMOSPHERIC PRESSURE DECREASES.

* YOUR EARS “POP" TO BALANCE THE HIGHER
ATMOSPHERIC PRESSURE WITHIN YOUR MIDDLE EAR
WITH THE LOWER EXTERNAL ATMOSPHERIC
PRESSURE OUTSIDE YOUR BODY.

AIR PRESQURE




TEMPERATURE AND ATMOSPHERIC PRESSURE

 WHEN WARM AIR PUSHES INTO AND

REPLACES AN AREA OF COLD AIR NEAR ensity of Air St bl et LempErEIures And Aressures
THE GROUND, THE ATMOSPHERIC 0 P "oal
PRESSURE IN THAT LOCATION DECREASES. . 0
s 88
e WHEN COLD AIR PUSHES INTO AND = . : =
REPLACES A REGION OF WARM AIR, THE | o
ATMOSPHERIC PRESSURE IN THAT | —a
LOCATION INCREASES. | —o
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HUMIDITY AND ATMOSPHERIC PRESSURE

e HUMIDITY THE AMOUNT OF WATER
VAPOUR IN THE AIR

*  SOMETIMES HUMIDITY IS EXPRESSED AS
GRAMS OF WATER VAPOUR IN 1M3 OF
AIR.

AS

WATER VAPOUR IS ADDED TO A REGION
OF THE ATMOSPHERE, IT DISPLACES
(PUSHES OUT) AN EQUAL VOLUME OF
DRY AIR.
GAS MAKE UP ABOUT 99 PERCENT OF
DRY AIR. THEY ARE HEAVIER THAN WATER
VAPOUR, SO

FROM
A CERTAIN VOLUME OF AIR, THE AIR WILL
BECOME LESS DENSE. THEREFORE,

Humidity at Increasing Temperatures
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Figure 1.9 The capacity of air to hold
water vapour is directly related to the
temperature of the air. For every 11°C
increase in temperature, air doubles
its capacity to hold water vapour.

For example, a kilogram of air has

a capacity to hold 11 g of water at
15.5°C. At 26.5°C, the same air could
hold 22 g of water vapour.




METEOROLOGISTS - SCIENTISTS
WHO STUDY WEATHER

USE ATMOSPHERIC PRESSURE
READINGS TO PREDICT CHANGES
IN THE WEATHER.

A DECREASE IN ATMOSPHERIC
PRESSURE SUGGESTS THAT WARM,
HUMID AIR IS APPROACHING AND
THAT THE TEMPERATURE WILL
INCREASE.

AN INCREASE IN ATMOSPHERIC
PRESSURE SUGGESTS THAT COOQOL,
DRY WEATHER IS ON ITS WAY.




SPECIFIC HUMIDITY IS EXPRESSED
AS THE NUMBER OF GRAMS OF
WATER VAPOUR IN 1 KG OF AIR.

AS THE TEMPERATURE OF THE AIR
INCREASES, ITS CAPACITY TO
HOLD WATER VAPOUR ALSO
INCREASES

DEW POINT TEMPERATURE AT
WHICH AIR IS SATURATED WITH
WATER VAPOUR SO THAT IT
CONDENSES AND FALLS AS
PRECIPITATION
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4.6 Saturation-specific humidity and temperature
The maximum specific humidity a mass of air can have—the
saturation-specific humidity—increases sharply with rising
temperature.




USUALLY, THE AMOUNT OF WATER VAPOUR IN
THE AIR IS LESS THAN THE AMOUNT REQUIRED
TO SATURATE THE AIR AT A GIVEN

TEMPERATURE. .
68°f
METEOROLOGISTS REFER INSTEAD TO RELATIVE

HUMIDITY, WHICH
Water

Vapor

100 % 52 %
Relative Relative
THE AIR IS ABOUT 50 PERCENT SATURATED. Humidity Humidity

A RELATIVE HUMIDITY OF 50 PERCENT MEANS

A RELATIVE HUMIDITY OF 100 PERCENT MEANS
THAT THE AIR IS COMPLETELY SATURATED.

Water
Vapor

28 %
Relative
Humidity




THE ROLE OF WATER IN TRANSFERRING ENERGY IN THE

ATMOSPHERE

e [N NATURE, WATER FREEZES TO
FORM ICE, SNOW, AND HAIL.
THESE PROCESSES RELEASE
THERMAL ENERGY INTO THE
ENVIRONMENT. AS WELL, WHEN
SNOW AND ICE MELT OR WHEN
LIQUID WATER EVAPORATES,
THERMAL ENERGY IS ABSORBED.

e [HE LATENT HEAT OF FUSION IS THE
AMOUNT OF HEAT NEEDED TO
CAUSE A PHASE CHANGE
BETWEEN SOLID AND LIQUID.

e [HE LATENT HEAT OF
VAPORIZATION IS THE AMOUNT OF
HEAT NEEDED TO CAUSE A PHASE
CHANGE BETWEEN LIQUID AND
GAS.

thermal energy released

condensation freezing

—
&, r

solid water

_

water vapour

_

liquid water
evaporation melting

—

thermal energy absorbed

Figure 110 The changes of state
of water in the water cycle involve
the gain (absorption) and release of
thermal energy.



THE ROLE OF WATER IN TRANSFERRING ENERGY IN THE
ATMOSPHERE

 EVAPORATION

e A LARGE AMOUNT OF ENERGY IS
NEEDED TO BREAK THE FORCE
ATTRACTING WATER MOLECULES
TOGETHER. LIQUID WATER
BECOMES A GAS.

e CONDENSATION

* WATER MUST LOSE A LOT OF
ENERGY FOR MOLECULES TO COME
TOGETHER TO FORM ATIRACTIVE
FORCES. GASEOUS WATER VAPOUR
BECOMES A LIQUID

e MELTING — SOLID TO LIQUID
e SOLIDIFICATION — LIQUID TO GAS
e SUBLIMATION — SOLID TO GAS




THE ROLE OF WATER IN TRANSFERRING ENERGY IN THE
ATMOSPHERE

o WATER EVAPORATES WHENTS
MOLECULES ABSORB-ENOUGH
ENERGY TO:BREAKAWAYFROM
NEIGHBOURING MOLECULES:THIS .
ENERGY CAN BE ABSORBED FROM _Hot Dry Air
SUNLIGHT, FROM AIR AT-THE
WATER'S SURFACE, OR :FROM
OTHER WATER MOLECULES. WHEN Evaporative Cooling it
ENERGY IS ABSORBED FROM ain
OTHER WATER MOLECULES, THEY
LOSE ENERGY AND COOL. THIS
PROCESS, CALLED EVAPORATIVE
COOLING, CAUSES BODIES OF
WATER TO REMAIN AT A FAIRLY
STABLE TEMPERATURE.




THE ROLE OF WATER IN TRANSFERRING ENERGY IN THE
ATMOSPHERE

e (OCEANS, PONDS, AND RIVERS HAVE A LOW ALBEDO
AND ABSORB ABOUT 925 PERCENT OF THE INCOMING
SOLAR ENERGY.

* DUE TO ITS HIGH SPECIFIC HEAT CAPACITY, A LOT OF
ENERGY IS NEEDED TO CHANGE THE TEMPERATURE OF
WATER.

e THUS, OCEANS AND LARGE PONDS HAVE AN EFFECT ON
THE AIR TEMPERATURE OF NEARBY LAND COMMUNITIES.

* WATER ABSORBS A LARGE AMOUNT OF THERMAL ENERGY
DURING THE DAY AND DURING THE SUMMER.

 WATER RELEASES THIS ENERGY SLOWLY AT NIGHT AND
DURING THE WINTER.




THE ROLE OF WATER IN TRANSFERRING ENERGY IN THE
ATMOSPHERE

e WHEN WATER EVAPORATES,
ENERGY IS ABSORBED.

I'RANFORMATION

-

Condensing Water Yopour

e WHEN IT DOES, THERMAL ENERGY

A
TR »\*Il-‘()ll{l:\'l ION
J ] J
/ f

IS RELEASED INTO THE % ’ \ ‘:’ Z“::ﬁw..:
SURROUNDINGS. witer vapous = ar
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THE CAUSE OF WEATHER

-

T

=7 <.
e

al =

" »

* AIR MASS VERY LARGE MASS OF
AIR WITH NEARLY UNIFORM
PROPERTIES OF TEMPERATURE,
HUMIDITY, AND PRESSURE

!
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* THE AIR OVER A WARM SURFACE
CAN BE HEATED BY CONDUCTION
AND RISE BECAUSE IT IS LESS DENSE
THAN THE SURROUNDING AIR.

« THIS PROCESS CAN TAKE PLACE N
OVER THOUSANDS OF SQUARE oo N
KILOMETRES FOR DAYS OR WEEKS. (Atiantic)

: air masses

e MOST AIR MASSES FORM OVER at [ naine o
TROP|CAL REG|ONS OR POLAR b 3 airmuasses

maritime tropical

REGIONS. (Paciig

air masses




Table 1.2 Types and Characteristics of Air Masses

Air Mass Winter Summer
Characteristics Characteristics

Arctic bitter cold, dry cold, dry

Maritime Tropical hot, humid




HIGH PRESSURE SYSTEMS

* HIGH PRESSURE SYSTEM WHEN AN AIR MASS COOLS OVER AN OCEAN
OR A COLD REGION ON LAND.

e ASTHE . PARTICLES IN THE AIR LOSE KINETIC
ENERGY, AND THE AIR BECOMES . THE AIR MASS
CONTRACTS, AND THIS N
FROM THE UPPER TROPOSPHERE. —
 THE ADDED WEIGHT OF THE EXTRA AIR ks
THE DENSE, HIGH PRESSURE AIR MOVES OUTWARD ;
TOWARD AREAS OF LOWER PRESSURE. sinking

air
e THIS ’ V .
IS WHAT PEOPLE COMMONLY REFER TO L
) surface

AS WIND. %
e [N THE NORTHERN HEMISPHERE, EARTH'S ROTATION CAUSES THE WIND
TO MOVE IN A CLOCKWISE AROUND THE HIGH PRESSURE

CENTRE IN THE AND COUNTER CLOCKWISE

e AS THE HIGH PRESSURE AIR SINKS, IT BECOMES WARMER AND DRIER.
AS A RESULT, HIGH PRESSURE SYSTEMS OFTEN BRING CLEAR SKIES



LOW PRESSURE SYSTEMS

* AIR MASSES THAT TRAVEL OVER WARM LAND OR OCEANS MAY
DEVELOP INTO LOW PRESSURE SYSTEMS.

 WHEN AN , , MAKING THE ki
LAYER OF AIR THICKER. air mass

« HOWEVER,

air pushed

o THIS IS WHY

* THE EXPANDING AIR MASS PUSHES AWAY AIR IN THE UPPER
TROPOSPHERE.

e THE
LOWER-PRESSURE AREA AT THE SURFACE

e AS HIGHER-PRESSURE AIR IN THE ATMOSPHERE FLOWS TOWARD A LOW
PRESSURE AREA, EARTH'S ROTATION CAUSES THE AIR FLOW TO CURVE.

e AS A RESULT, THE WIND FLOWS COUNTER CLOCKWISE
AND CLOCKWISE




THE CORIOLIS EFFECT AND WIND

e AIR SINKS AT DIFFERENT LATITUDES: 30°
(N AND S), 60° (N AND S), AND THE
POLES.

Air masses moving

toward the equator are . northern
deflected to the right in . hemisphere
the northern

« OVER LONG DISTANCES, WIND IS ALSO [
AFFECTED BY EARTH'S ROTATION.

Air masses moving

* THE CORIOLIS EFFECT IS A CHANGE IN - away from the equator
THE DIRECTION OF MOVING AIR, WATER, R EGRadRG o te
' right in the northern
OR ANY OBJECTS ON EARTH'S SURFACE hensphiers
DUE TO ITS ROTATION.
 AS EARTH ROTATES, ANY LOCATION AT | equator
FASTER

southern
hemisphere

* AIR MOVING NORTHWARD FROM THE
EQUATOR TRAVELS EAST QUICKLY IN THE
SAME DIRECTION THAT EARTH ROTATES.
AS A RESULT, THE CORIOLIS EFFECT
DEFLECTS WINDS TO THE RIGHT IN THE
NORTHERN HEMISPHERE
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polar easterlies

GLOBAL WIND SYSTEMS S

7 e

e  WIND SYSTEMS ARE WIDE ZONES OF
PREVAILING WINDS.

* WIND IS DESCRIBED BY THE
DIRECTION FROM WHICH IT BLOWS

e EARTH HAS THREE MAJOR WIND
SYSTEMS, WHICH OCCUR IN BOTH
HEMISPHERES.

« SAILORS CREATED THE TERM ‘‘TRADE
WINDS'' TO NAME THE DEPENDABLE _ -
WINDS THAT HELPED THEM S - olar easterlies
TRANSPORT AND TRADE GOODS. South Pole

e THE PREVAILING WESTERLIES IN THE
NORTHERN HEMISPHERE ARE
RESPONSIBLE FOR MUCH OF THE
WEATHER IN NORTH AMERICA.

Figure 116 Earth’s global wind
systems.

Interpret What evidence can you see
that the global wind systems are the

e THE POLAR EASTERLIES ARE COLD, result of both convection currents and
POLAR WINDS. the Coriolis effect?




Table 1.3 Global Wind Systems

North Pole

Trade winds Between the equator and « Air at the equator warms, rises, and

Prevailing
westerlies

Polar
easterlies

307 north latitude
Between the equator and
30° south latitude

Between 30° and 60°
north latitude
Between 30° and 60°
south latitude

Between 60° north latitude
and the North Pole
Between 60° south latitude
and the South Pole

travels to 30° north or south latitude.
At 30° north or south, the air cools,
sinks, and moves west toward the
equator and is deflected west.

Air circulation pattern is opposite to
that of the trade winds.

Surface winds blow from west to east
and toward the Poles.

Air circulation pattern is similar to
that of the trade winds.

Surface winds blow from east to west
and away from the Poles.

‘9\ olar easterlies

trade winds P

prevailing

. westerlies

bolar easterlies
South Pole




JET STREAMS

A LARGE TEMPERATURE GRADIENT IN
UPPER-LEVEL AIR COMBINED WITH THE
CORIOLIS EFFECT RESULTS IN STRONG
WESTERLY WINDS CALLED JET STREAMS.
A JET STREAM IS

A NARROW BAND OF FAST-MOVING
WIND. TS SPEED VARIES WITH THE
TEMPERATURE DIFFERENCES BETWEEN
THE AIR MASSES AT THE WIND ZONE
BOUNDARIES.

A JET STREAM CAN HAVE A SPEED UP
TO 300 KM/H OR GREATER, AT
ALTITUDES OF 10 KM TO 12 KM.




THE OF A JET STREAM

IT GENERALLY IS

ON A LINE FROM THE
EQUATOR TO A POLE.

THE JET STREAM CAN MOVE ALMOST jet stream
DUE '='

FLOW.

IT ALSO CAN SPLIT INTO BRANCHES AND
RE-FORM LATER. WHATEVER FORM OR
POSITION IT TAKES,

STRONGEST

subtropical | N




FRONTS

warm air

e FRONT A ZONE THAT DEVELOPS AS A RESULT OF THE
MEETING OF TWO AIR MASSES WITH DIFFERENT
CHARACTERISTICS

Cold Front: When cold, dense air displaces
warm air, it forces the warm air, which is less
dense, up along a steep slope.

 EACH AIR MASS HAS ITS OWN

e THESE CONDITIONS CHANGE AT THE FRONT.

* AN APPROACHING FRONT MEANS A CHANGE IN THE
WEATHER, AND

e FRONTS USUALLY BRING PRECIPITATION.

. AT THE FRONT IS e

. THE CASIT , WATER
VAPOUR IN THE AIR :

e UNDER THE RIGHT CONDITIONS, THE CONDENSED WATER

VAPOUR WILL FALL TO EARTH'S SURFACE AS ‘ ot s
PRECIPITATION. Warm Front: Advancing warm air displaces

cold air along a warm front, which develops a
gradual boundary slope.




FRONTS

warm air

W warm air " cool air
cold air . Q cold air ' il

Stationary Front: When two air masses meet but Occluded Front: Sometimes a cold air mass
neither advances, the boundary between them moves so fast that it overtakes a warm front,
stalls. The resulting stationary front often occurs forcing the warm air up. As the warm air is
between two modified air masses with small lifted, the advancing cold air mass collides

temperature and pressure differences. The air with the cold air mass in front of the warm
masses can continue moving parallel to the front. front. (Occluded means obstructed.)




SURFACE CURRENTS IN THE OCEAN

e LIKE WIND, OCEAN CURRENTS ALSO MOVE THERMAL
ENERGY AROUND EARTH.

* SURFACE CURRENTS ARE CREATED BY WIND.

* THERE ARE FIVE MAJOR SETS OF SURFACE CURRENTS,
ONE IN EACH MAIN OCEAN BASIN

e THE NORTH PACIFIC BASIN
e THE SOUTH PACIFIC BASIN
e THE NORTH ATLANTIC BASIN
* THE SOUTH ATLANTIC BASIN
* THE INDIAN OCEAN BASIN.

» DUE TO THE CORIOLIS EFFECT, THE MAJOR CURRENTS IN
THE NORTHERN HEMISPHERE MOVE IN A CLOCKWISE
DIRECTION, AND THOSE IN THE SOUTHERN HEMISPHERE
MOVE IN A COUNTERCLOCKWISE DIRECTION.

* ANOTHER RESULT OF THE CORIOLIS EFFECT IS THAT
CURRENTS ON THE WESTERN SIDE OF OCEAN BASINS
TEND TO BE NARROW AND FAST-MOVING. CURRENTS
ON THE EASTERN SIDE OF OCEAN BASINS ARE WIDER
AND SLOW-MOVING.




IN ALL OF THE OCEAN BASINS, THE WARM WATER CURRENTS NEAR THE EQUATOR FLOW IN A
WESTERLY DIRECTION. WHEN THESE CURRENTS REACH A LANDMASS, SUCH AS A CONTINENT,
. THESE POLEWARD-FLOWING WATERS CARRY

THEY ARE

WARM, TROPICAL WATER TO HIGHER, COLDER LATITUDES.

Figure 119 Surface
currents circulate in
predictable patterns in
each ocean basin. The red
arrows represent warm
water currents, and the
blue arrows represent cold
water currents.
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