Geography 103 - Weather

Summary notes.
Atmospheric Structure, Composition, and Energy Balance
units

conversions (km – mile)

m, cm, mm, μm, nm

temperature scales - °C, °F, K (conversions between these)

typical temperatures – hot, warm, mild ,cold (in °F and °C)

hottest and coldest temperatures (rough idea of)

Elements of weather
(know what each of these means, how they are measured and the symbols on a weather map)

temperature

dew point

relative humidity

wind speed, wind direction

air pressure (lbs/sq inch and mb) – shown by isobars (contours)

(definition = weight of air above, typical sea level pressure = 1013.25 mb, much lower in storms and hurricanes)

incoming sunlight (W per sq m)

precipitation

weather fronts – cold and warm (cross-sections, associated precipitation)

cyclones (centers of low pressure), cyclonic motion, direction of winds around L
anticyclones (centers of high pressure), direction of winds around H

satellite imagery (visible, infrared, radar)

Composition of atmosphere


names and approximate % of the primary gases (78% nitrogen, 21% oxygen)

variable gases (carbon dioxide, ozone, water vapor etc)
ozone – stratospheric and tropospheric ozone

carbon dioxide – fossil fuel burning, photosynthesis and seasonal changes in CO2
air pollution – SO2, O3
history of evolution of our atmosphere
Temperature structure of atmosphere


names of layers (troposphere thru’ thermosphere) and boundaries separating them


approximate altitude of tropopause


why does temperature fall off with altitude in troposphere (avg rate = 6.5 °C/km)

why does temperature increase in stratosphere and thermosphere


in which layer does all weather, winds, rain etc. happen


no (very little) mixing between troposphere and stratosphere

avg temp of Earth (at sea level) = 15°C, 59°F

Radiation


= transfer of energy by electromagnetic waves


heating is caused by absorption of radiation


speed = frequency x wavelength

speed is constant, so frequency varies as 1/wavelength. If wavelength increases frequency decreases and vice versa


energy varies with frequency – 

the higher the frequency, the shorter the wavelength and the higher the energy the lower the frequency, the longer the wavelength and the lower the energy


electromagnetic spectrum –



in order of increasing wavelength,  (decreasing energy):




Xrays, gamma rays ( < 0.2 m)




ultraviolet radiation (UV) (m)




visible light (0.4 <  < 0.7 m)




infrared radiation (0.7 <  < 100 m)




microwaves (mm, cm)




radio waves (m)


radiation is emitted by everything


the wavelengths of radiation emitted by an object depend on the object’s temperature

the hotter the object, the shorter the wavelength of radiation emitted

hotter objects radiate more total energy per unit area than cold objects


Stefan-Boltzman law:  E ~ T4 , E = energy per sec per unit area. (T = temperature in K)


Wien’s law: max= 2900/T. max = wavelength where most radiation is given off.
A “Black Body” is a perfect absorber and emitter of radiation (It absorbs and re-emits all the energy it receives). The earth and sun behave as black bodies (and thus obey the Stefan-Boltzman and Wien’s laws)

solar spectrum – peaks in visible (sun’s surface temperature ~ 6000K – use Wien’s Law)

earth’s radiation – peaks in far infrared (earth’s surface temperature ~ 288K – use Wien’s Law)

The earth emits the energy at infrared wavelengths (because the temperature of the earth is ~288K, the wavelength where the maximum radiation occurs is ~ 10 m – from Wien’s Law)

(Can use infrared detectors to look for warm bodies.)

Gases that absorb in the solar spectrum block incoming radiation from the sun and heat up the atmosphere – these are primarily oxygen (O2) and ozone (O3). They are important because they prevent the highest energy ultraviolet radiation from reaching the earth. Absorption by ozone heats up the stratosphere, absorption by oxygen heats up the thermosphere.

The gases that absorb in the infrared spectrum block outgoing radiation from the earth and re-radiate it back to the earth’s surface, warming the surface. These are greenhouse gases.

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)


 (scattering = deflection of light by gases and particles – gives atmosphere its blue color)

~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 IR radiation at certain wavelengths ) – nitrous oxide, methane, water vapor, carbon dioxide. (These are greenhouse gases.)

There is an ‘atmospheric window’ between 8 and 13 m where most radiation emitted from the earth reaches space without being absorbed.

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


evaporation (provides latent heat of evaporation)


radiation

Most of the 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).

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. 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.

