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External Energy & Weather & Climate

Solar Radiation Received by Earth

· All sources of internal heat flow on Earth are dwarfed by 5,300 times great heat flow to Earth from the sun

· 43% of all solar radiation is in the visible wavelengths

· About 30% of incoming solar radiation is reflected back to space (albedo)

· About 47% is absorbed as heat

· About 23% evaporates water & begins the hydrologic cycle

Solar Radiation

· Short wavelengths are absorbed (heating the ground)

· Heat is radiated at long wavelengths and absorbed by greenhouse gases (water vapor, CO2, methane) heating the atmosphere
· Hydrologic Cycle

· Sun’s heat evaporates water

· Plants transpire water into atmosphere

· Atmospheric moisture condenses and precipitates

· Sun’s energy is stored in water and water vapor

Solar Radiation Received by Earth

· Polar regions: 

· Incoming solar radiation spread out

· Snow reflects a lot

· Longer path in atmosphere
· Equatorial belt

· Faces Sun

· Receives more Energy

· Tilt of the Earth's axis causes the seasons

Imbalance  of heat between equatorial and polar regions 

· Causes circulation patterns in the ocean and atmosphere  which moves heat to the poles

· Factors



Gravity



Earth’s rotation



Pressure gradients

· Circulation patterns determine weather and climate

Hydrologic Cycle

97.1% of Earth’s water is in oceans

Of remaining 2.9%:

68% in glaciers

21% underground

10% in atmosphere

1% in rivers, lakes, inland seas and soil moisture

The area of Arctic Summer sea ice has been declining rapidly since satellite observations began.

Water- The Most Peculiar substance in the Universe
Present as liquid, solid and gas states

Highest heat capacity except liquid ammonia

Highest heat conduction

Highest latent heat of vaporization

Highest latent heat of fusion except ammonia

Bipolar molecule easily able to bond with ions

Highest surface tension of liquids

Expands 9% when frozen (most substances shrink)
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Sun powers hydrologic cycle

• Weather: short-term processes

– 
Tornadoes, hurricanes, floods, a hot day (what we experience)

• Climate: long-term processes

– 
Ice ages, droughts, atmosphere changes, ocean circulation shifts


(e. g. average annual temperature for Galveston Texas)

Gravity drives the agents of erosion
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Greenhouse effect raises Earth's surface temperature

Short wavelengths

absorbed (heating ground)

Heat is radiated at long wavelengths

absorbed by greenhouse gases (water vapor, CO2, methane)

heating atmosphere

Water and Heat
Convection


transmission of heat in flowing water or air

Conduction


direct transmission of heat through contact

Radiation


Tranmission of heat through electromagnetic waves (like light)

· Water vapor in the atmosphere: between 0 and 4% by volume.
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Measures of Humidity

· Specific Humidity - the mass of H2O contained in a chosen mass of air (gm/kg)

· Relative Humidity - the ratio of the water vapor content to its capacity



-it is a function of both Specific Humidity & Temperature.

Dewpoint - the temperature to which air has to be cooled to reach saturation.

· Dewpoint temperature can be used to predict the mourning low temperature

· Latent heat is released when the temperature drops to the dewpoint temperature

· Temperature will not drop below the dewpoint temperature

· When freezing temperatures are expected

· Water your plants to protect them (the water will freeze and give off latent heat)

· When freezing temperatures are expected, water your plants to protect them.

Chapter 9

Changes of State
· H2O - Solid, Liquid, Gas

· Latent Heat - Heat may be added or removed without an accompanying temperature change if a change of phase occurs.



Latent heat of Evaporation/Condensation - 600 cal/gm



Latent heat of Melting/Freezing - 80 cal/gm



Latent heat of Sublimation/Deposition - 680 cal/gm

Specific heat of water - 1 calorie is required to raise the temperature of 1 gm of H2O by 1 degree C. (high value)

V ertical Movement of Air

· Air: More dense close to Earth’s surface

· As heated air rises, it expands (like a balloon)

· Expansion causes adiabatic cooling (no change of heat with the environment)

· Descending air is compressed and undergoes adiabatic warming

· Air undergoes about 10oC/km change as it rises/falls

· Vertical Movement of Air

· As air cools, can hold less and less water vapor ( relative humidity increases

· When a parcel of air is lifted and reaches 100%  relative humidity water vapor condenses and latent heat is released, which slows rate of cooling to about 5oC per km as it rises.

· Vertical movement of air is small compared to horizontal movement: wind (visualize a globe)
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General Skills

-Conversion of  Temperature


Method to convert temperature deg C to deg F


or deg F to deg C

· Add 40

2)
for deg C to deg F multiply by 9/5



   for deg F to deg C multiply by 5/9



3) Subtract 40

Expressed as formulas



F = ((C+40)*9/5)-40



C = ((F+40)*5/9)-40

Perceived Temperature


High humidity makes the temperature feel warmer because there is less evaporation from your skin.
Atmospheric Structure


Meteors burn up at altitudes near 90 km


Spacecraft reentry also occurs near 90 km altitude


Ozone layer (good Ozone) is near 25 km altitude


Two regions of cold temperatures



Tropopause near 11 km



Mesopuse near 90 km

Atmosphere transports heat: low latitudes to high latitudes

· Excess Solar radiation at equator powers circulation pattern of Hadley cells

· Middle and High Latitudes

· Hadley cells create bands of high pressure air at 30oN and 30oS  (deserts on West side of continents)

· Air flows away from high pressure zones

· Cold air flows over land from poles to rise at subpolar low around 60oN and 60oS

Global wind pattern is disrupted by continental masses
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Land and Sea Breezes

· Land heats up faster than water
· Sea Breezes occur during the day

· Land Breezes occur at night. 

General Circulation of the Atmosphere

· Monsoons are when wind direction changes with seasons

· Summer: hot, dry air rises over land and pulls in moist air from ocean to cause rain (summer monsoons in India and Arizona)

· Winter: reverse of summer pattern (cool, dry air sinks toward land surface) warming as it sinks and makes it warm and dry. 

Coriolis Effect

· Northern hemisphere: moving objects veer to the right

· Southern hemisphere: moving objects veer to the left

· Magnitude is proportional to speed of moving body and increases away from the equator (zero there).

· Determines paths of ocean and air currents

(can be seen in sinks or toilets if symmetrical and perfectly still)

Merry-go-round analogy:

· Analogous to rotation of Earth’s northern hemisphere viewed from North Pole

· Outside edge of merry-go-round (equator) spins much faster than center of merry-go-round (North Pole)

· Person at center tosses ball at person on edge: person on edge has rotated away and ball curves to right
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Air Masses

· Four kinds of air masses

· Maritime (wet air)

· Continental (dry air)

· Tropical air (warm air)

· Polar air (cold air)

· Dry air masses form over land, wet air masses form over ocean

· Dominant air-mass movement direction is west to east
· Pacific Ocean air masses have more impact than Atlantic Ocean on North America
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Fronts

Sloping surface separating air masses with different temperature and moisture content (defined by change in wind direction).

Cold front: (left) cold air mass moves in and under warm air mass, lifting it up (tall clouds, thunderstorms)

Warm front: (right) warm air flows up and over cold air mass (widespread clouds & light rain)

Air Pressure

is due to the weight of the air above a point.  This is why there is lower pressure, on average in Denver Colorado (at 5,000 feet altitude) than in Houston Texas.

Highs and Lows

· Northern hemisphere: 

· Rising warm air creates low pressure area ( air flows toward low pressure, counterclockwise

· Sinking cold air creates high pressure area ( air flows away from high pressure, clockwise
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Jet Streams

· Relatively narrow bands of high-velocity winds flowing from west to east at high altitudes in both the northern and southern hemispheres

· Subtropical jet: at about 25oN

· Polar jet: more powerful, about 55oN, changing path

· Migrate north in the summer and south in winter

· Northern hemisphere: 

· Meanders in jet stream indicate where instability exists

· East of Trough

· Region of bad weather

· West of Trough



       Region of good weather
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General Circulation of the Ocean

· Surface and near-surface ocean waters absorb and store huge amounts of solar energy

· Surface- and deep-ocean circulation transfers heat throughout oceans, affects global climate

· Surface circulation driven by winds

· Wind-driven flow directions are modified by Coriolis effect and deflection off continents

· Carries heat from low latitudes toward poles

· Oceans: layered bodies of water with progressively denser layers going deeper

· Water density is increased by:

· Lower temperature

· Increased dissolved salt content

Deep-ocean water flow is thermohaline (from heat, salt) flow

· Ocean water has higher density at

· High latitudes (lower temperature)

· Arctic and Antarctic (fresh water frozen in sea ice, remaining water made saltier)

Warm climates (fresh water evaporated, remaining water made saltier)

