Geography 101 – Physical Geography

Study Guide.

Energy Balance, Global Temperatures, Atmospheric and Ocean Circulation

(Christopherson: Chpts 4 – 6)

Energy balance


Solar radiation budget

albedo of earth-atmosphere ~ 30% (20% reflected by clouds, 10% by earth’s surface and scattered back by gases)


(albedo = % of radiation striking a surface which returns back = % reflected)


 (scattering = deflection of light by gases and particles – gives atmosphere its blue color.  Scattering and reflection of light are responsible for the colors we see.)

(refraction = bending of light – causes rainbows)

~20% of incoming solar radiation is absorbed by gases, dust and clouds in the atmosphere



~50% absorbed at the earth’s surface (and heats earth)

Earth absorbs ~ 50% of solar energy which reaches the top of the atmosphere. It then radiates this energy back into the atmosphere at infrared (IR) wavelengths. (The solar radiation is at short wavelengths because the sun is hot. The earth’s radiation is at long wavelengths because the earth is much cooler.)

Some gases in the atmosphere absorb the outgoing infrared (IR) radiation at certain wavelengths) – water vapor, carbon dioxide, methane, nitrous oxide. (These are greenhouse gases.)

Earth’s energy budget –

Solar energy heats the surface of the earth. The earth is in equilibrium (it is not continuously heating up or cooling down) so it gets rid of the same amount of energy as it takes in. (There is a balance of incoming and outgoing energy over the whole earth’s surface over the year, but at any particular location at any particular time there will be a net intake or outflow of energy – eg. during the day the incoming energy exceeds the outgoing energy and vice versa at night.)

The earth loses energy by:


conduction and convection (contact between surface air and surface of earth and resulting upward motion of warm air)


evaporation (provides latent heat of evaporation)


IR radiation

Most of the IR radiation emitted by the earth is absorbed in the atmosphere by greenhouse gases and clouds. Some of this energy will be re-radiated back to the surface of the earth. This raises the temperature of the earth to an average of ~ 288K (15 ºC).  This keeps the Earth 33°C than it would be of there was no atmosphere.

The greenhouse effect is a natural phenomenon which is necessary to sustain life on earth (otherwise it would be too cold). The reason that we are concerned with rising CO2 levels is that we are enhancing the natural greenhouse effect and thus warming up the earth (Global Warming). If the earth warms up by even 1 or 2 degrees our climate will change dramatically and ice caps could melt, sea levels rise, and coastal cities flood.

Temperatures could rise as much as 5°C by the end of this century – we need to reduce our consumption of fossil fuels and our emissions of carbon dioxide to limit global warming.  If the earth warms too much California will have severely reduced snow pack and our water supply will be threatened.

Heat balance

There is a net surplus of radiation energy reaching tropical regions (up to ~ 40º latitude) over the year and a net deficit at high latitudes. But for the earth as a whole incoming energy = outgoing energy. Therefore energy must be transferred from tropics poleward.

Winds and ocean currents move heat from tropics towards poles, and bring cold air and water back equatorward.

Temperature

global pattern of air temperatures – all places at same latitude receive same amount of sun, but can have vastly different temperatures.

Local temperature is also controlled by:



1. land and water heating



2. altitude



3. cloud cover

On average, temperature decreases from tropics to pole. 

1. effect of land and water

in winter temperatures are a lot lower in middle of continent than on W coast (continental climate vs marine climate)
in summer temperatures are a lot higher in middle of continent than on W coast (continental climate vs marine climate)
annual range of temrpatures much greater in middle of continent than on coast





Why the difference?

Because land heats more rapidly and to higher temperatures than water, and cools more rapidly and to lower temperatures than water, so temperature variations over land are very much greater than over water. Winds are from the west, so west coast has strong ocean influence (marine climate). The middle of continents and E coast are not influenced much by the ocean (continental climate).




Why are temperature changes much smaller over ocean?
1. specific heat of water is high compared to land 


2. water is highly mobile (shares its heat over large volume)



3. water is more transparent (shares its heat over large volume)



4. evaporation greater over water (some heat goes into latent



 heat)

Compare annual temperature variations of coastal and inland cities

2. altitude


temperature drops an average of 6.5 ºC per km as you go up in altitude 

3. cloud cover

clouds keep Earth cool during the day because they reflect incoming sunlight

clouds keep Earth warm at night because they trap the outgoing infrared radiation from the Earth

generally cloudy places are cooler because not as much sunlight reaches the ground

Air Pressure

pressure is exerted by weight of air above

surface pressure is high when air is sinking – clear weather

surface pressure is low when air is rising – cloudy weather

pressure charts are used for sea-level (i.e. 0 m), all surface data is converted to 0 m altitude.

lines of constant pressure are isobars (know typical surface pressures and their range)

‘H’ = center of high pressure = anticyclone

‘L’ = center of low pressure = cyclone

Winds

wind is caused by horizontal differences in pressure – which are caused by unequal heating

if earth did not rotate and there was no friction, air would go directly from high -> low pressure

pressure gradient force: pushes air from higher pressure to lower pressure

spacing of isobars shows pressure gradient = difference in pressure/distance. The closer the isobars the greater the pressure gradient, and the greater the pressure gradient force, and the stronger the wind. pressure gradient force is perpendicular to isobars – is in a direction from isobar of higher to isobar of lower pressure.

Coriolis force:

apparent force due to rotation of earth (if we were fixed out in space we would not see this force. It is ‘apparent’ because it exists only because we are on a rotating earth and so to us free-moving objects are deflected from straight-line travel.)

in NH objects (winds) are deflected to the right

in SH objects (winds) are deflected to the left

CF – is at right angles to direction of movement and affects only direction, not speed of the wind

Upper level (Geostrophic) wind = wind generated aloft by balance between PGF and CF.




flows parallel to isobars




stronger for closely-spaced isobars

To find direction of wind – in NH stand with low pressure on your left, high on your right and you will face the direction the wind is going (opposite for SH)

For a High pressure system, flow is clockwise in NH, anticlockwise in SH

For a low pressure system, flow is counterclockwise in NH, clockwise in SH

Surface wind = wind at/close to earth’s surface where friction is important



(friction caused by trees, buildings, topography)
Now there are 3 forces – pressure gradient force (PGF), Coriolis force (CF) and friction


PGF directed from H to L


CF at right angles to wind


friction directly opposes wind

Causes wind to blow at an angle to isobars (in towards L, out away from H)
Surface winds spiral IN towards a surface LOW, OUT from a surface high

Vertical air motion

surface lows (cyclones) cause air to spiral inwards = convergence -> air must rise -> as it rises it cools. If it cools enough water vapor condenses and form clouds. Therefore surface lows are associated with rising air, clouds, precipitation.

surface highs (anticyclones) cause air to spiral outwards = divergence at surface -> subsidence of air (which causes it to compress and warm). If it warms water vapor cannot condense.  Therefore surface highs are associated with sinking (and warming) air and fair (clear) weather.

Scales of Atmospheric motion


global scale (Fig 6.13):



3-cells of vertical circulation
Equatorial low, subtropical high (30(), subpolar low (60(), polar high (90().

Surface winds – Trade winds, Westerlies, Polar Easterlies


Zones of precipitation: wet in equator, dry in subtropical high, wet at midlatitudes, dry at 



poles

isolated highs over at ~ 30( latitude

zonal low at ~60(S latitude


Jet Stream – high speed westerly wind at ~30(N (subtropical jet) and 60(N (polar jet – 



moves further south in winter)

set up by temperature difference between equator and pole

synoptic (regional scale) – shown on weather maps
monsoon (Fig 6.21)

wind system in the Arabian Sea that blows from the SW for ½ a year (summer) and NE for the other ½ (winter)

In summer the air over the land is warmer so get H aloft, L on surface. Over the cooler ocean get L aloft, H on surface. Drives thermal circulation from ocean to land bringing in moist air from ocean – heavy rain.

In winter, situation reverses and dry cold air from land flows over ocean.

local scale:

land and sea breezes (Fig 6.19)
mountain and valley breezes (Fig 6.20)
Ocean Currents 

drag exerted by winds blowing across ocean causes surface water to move -> forces ocean currents. Leads to motion several 100m deep into water. 

Ocean currents have strong effect on climate –

N. Atlantic Drift/Gulf Stream = warm current: keeps Britain and N. Europe warm

Cold currents along W. side of continents

Warm currents along W. side of continents

Oceans transfer heat from tropics to poles.

