Radiation Balance + Introduction

Learning Goal 0: Some basic knowledge you need to know for the duration of the EOSC course

The Kelvin Scale is where absolute zero (0K) is -273 degrees Celsius. 
· To convert to Kelvin temperature scale, add 273 degrees

Learning Goal 1: State and describe the functionality of the four (4) parts of the Earth system and how they comprise to form an integrated system driven by a continuous supply of energy

Looking at the Earth system, we’ll move from the outside POV to inside POV. The Atmosphere, 1, is the thin layer of gases that envelop the Earth. The hydrosphere, 2, is all of the water in sum that is found on Earth, whether it be: liquid form, solid form (ice), or gaseous form (water vapour within the atmosphere, which we’ll look at later!). The Geosphere (solid earth) represents the sum of the solid materials that make up the Earth’s crust (outer layer) as well as the Earth’s insides (it’s guts, the mantle and core). Finally, we have a part of the Earth many people leave out, which is the Biosphere, or Biota, which is the land that gives home to us humans and other organisms. 

Learning Goal 2: What are the three factors that control Earth’s climate and describe them in depth and how to measure them

1) Amount of solar radiation received by Earth is controlled by:
a) Intensity of electromagnetic solar radiations (the type the sun gives off)
b) Earth’s particular orbit

2) Amount of solar radiation absorbed by Earth is controlled by:
a) Earth’s albedo (reflectiveness) 
b) Atmospheric greenhouse gases

3) Redistribution of solar radiations and heat around Earth’s surface is done by:
a) Atmospheric + Oceanic circulation


Learning Goal 3: DESCRIBE electromagnetic radiations and compare them in terms of FREQUENCY + WAVELENGTH 

Electromagnetic Radiation(s) are the type of solar radiations that the sun emits to the Earth. It determines Earth’s habitability by directly controlling the mean temperature of the Earth. 
· Fact: Anything that has an absolute temperature over zero emits ER’s! 

Q: What determines how much sunshine, or, Electromagnetic Radiation, Earth receives? 

A: That would be the solar constant, the amount of energy (in Joules) that the Earth receives per second, per unit surface area. 
· Joules/second = Watts
· Watts/m2 = Solar Constant Unit

So, how do electromagnetic radiations compare in terms of frequency and wavelength? Well, a long wavelength = small frequency, and small frequency = short wavelength!

From HIGH frequency (short wavelength) to LOW frequency (long wavelength):

Gamma > X-Rays > UV Rays > Visible Spectrum > Infrared  > Radio Wave
[image: ]
*This figure shows the proportionality between wavelength and frequency, since speed of a wave in a vacuum (our case) remains constant at (3*10^8 m/s)
**NOTE: the crooked “v” pertains to frequency, not velocity as it seems! This a greek symbol, nu





Learning Goal 4: COMPARE the amount and type of energy emitted by objects at different temperatures and CALCULATE the flux of solar radiation that reaches Earth, determine its solar constant (342 W/m^2)

Wait a minute.. So how do we find out the sun's temperature?

1) Wien's Law! (as temperature increases, the wavelength of radiation decreases)

How can this help us figure out the Sun’s temperature? We could MEASURE the wavelength of maximum intensity of radiation coming from the Sun, then use Wien’s law to calculate its temperature. Wavelength of MAX intensity from sun is within the visible spectrum and peaks at 0.5 micrometers. 
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2) So we got the temperature of the sun. But we really wanna know the solar constant. How to figure this out? Use the information we got from Wien's Law in.. Stefan-Boltzmann's Law.
[image: ]
This tells us how much energy leaves the sun per second per unit area.

3) But, what if we don't really care about the area and we just want to know how much energy leaves the sun in total? Since the equation is W/m^2, and we want simply Watts, we must multiply by a quantity that has the measurement in metres squared. This is the sun's total surface area. After doing this, we get the total amount of energy, in Watts, leaving the Sun at all times.

4) The closer something is to the sun, the more energy it will get. So this is why we have to take into account the distance between the sun and the Earth's surface and treat that as a radius of a sphere, and then divide total energy leaving the sun by SA of Earth to calculate how much energy the Earth receives from the sun.

4*Pi*(radius between sun and earth)^2 = Surface Area of spherical orbit of Earth

Total energy leaving the sun / Above Calculation = 1370 W/m^2 = Amount of energy that reaches the Earth per second = Solar CONSTANT

5) Now, how much total energy does the surface of the earth capture? Just multiply it's solar constant (1370) by the area OF THE EARTH as a 2D DISC. 

1370 * Pi(r^2) = Total amount of energy hitting one spot on the Earth

6) Now, this number is what we get if we treated earth as a flat, 2D, non-rotating piece of cardboard. Since the earth is 3D and always spinning, we need to divide this number by the SURFACE AREA OF THE EARTH.

We get 342 W/m^2, which is how much reaches the top of Earth’s atmosphere








Radiation Balance 2

Learning Goal 1: PREDICT the effective radiating temperature and mean surface temperature of the Earth

Earth’s Albedo: Is it’s relative reflectiveness via clouds, water, ice, etc. Earth’s albedo is a factor of 0.3, meaning 30% of all solar radiation is bounced back to space. That means that actually, only 240 W/m^2 of solar radiation reaches the top of the atmosphere. 

· Important to know that lighter coloured surfaces reflect better (obviously)
· Snow, Ice, Clouds, Desert Sands are the most reflective/highest Albedo
· Forests, Grasses, Oceans and Rivers are least reflective/low Albedo


To keep its temperature constant, Earth must emit to outer space the same flux of electromagnetic radiation (Fem) as it absorbs from the Sun (Fabs), otherwise Earth’s temperature would keep increasing. Since Earth absorbs 240 W/m2 of solar radiation (Fabs), this is also the flux of radiation that it must emit to outer space (Fem)
 
Fabs = Fem. This is what we call the Earth’s radiation balance. 

Earth’s Effective Radiating Temperature: This is how hot the Earth must be in order to emit 240W/m2 to keep its radiation balance. We use the Stefan-Boltzmann equation to figure out this specific temperature:

, where F = 240 W/m2  and (= Boltzmann constant = 5.67*10-8)

We get 255K = -18 C. Cold! Remember this is the mean planet temperature, NOT the mean surface temperature. 

Mean Surface Temperature of the Earth: The temperature of Earth’s surface, what we live on. It is +15o C. Warmer than Radiating Temperature due to Greenhouse Warming


Learning Goal 2: DESCRIBE how incoming and outgoing electromagnetic radiations interact with Earth’s surface and it’s atmosphere

Sun's peak emissions are in the UV Visible Range, while Earth only emits IR radiation
· This means that if Earth didn’t reflect light from the sun, it would be black, as IR isn’t visible to the human eye

The atmosphere is very transparent to the visible light emitted by the Sun (this is why we can see the sun in the sky on cloudless days) and some of its infrared radiation.
The atmosphere effectively absorbs the Sun’s ultraviolet radiation (in part because of the presence of ozone layer in the stratosphere). The atmosphere absorbs nearly all the energy at the infrared wavelengths emitted by Earth.

It is this atmospheric trapping of infrared radiation emitted by the Earth’s surface which produces greenhouse warming.

The major absorber of incoming solar radiation is ozone (O3), which absorbs the ultraviolet radiation coming from the Sun. As noted before, most of the visible light coming from the Sun passes directly through the Earth’s atmosphere. Some of the Sun’s incoming infrared radiation is also absorbed by water vapor (H2O). 

The outgoing, infrared radiation emitted by Earth is absorbed by a variety of different gases. These are the so called “greenhouse gases”. The most important ones are: 

· Water vapor, H2O (whose concentration in the atmosphere increases with temperature, up to 4% in the tropics) 
· Carbon dioxide, CO2 (concentration presently about 0.04%, or 400 parts per million (ppm)) 
· Methane, CH4 (0.00018%, or 1.8 parts per million (ppm)) 

Learning Goal 3: PREDICT how changes in albedo, greenhouse gases, and solar constant will affect Earth’s mean surface temperature

With an increase in greenhouse gases, particularly IR radiation, there is no longer a 240 W/m2 going in and out. While 240 will go in, while it’s coming out, get’s trapped in the atmosphere. The earth emits IR radiation (half out, half back to the surface). This mixes with the 240 that was supposed to come out and we end up with 480 W/m2 that the Earth receives thanks to greenhouse gases!
Learning Goal 4: EXPLAIN the differences between latent and sensible heat

Sensible Heat: Heat that we can feel
Latent Heat: Heat needed to melt things, heat that is released when things freeze

How is latent heat transferred to the atmosphere? 

Solar heat warms surface water and forms water vapor which is released in the atmosphere (no need to reach boiling temperature as water vapor is also produced at lower temperature when water is warming up..)
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\m = Wavelength of maximum intensity (um)
w = Wien’s constant (2897 um K)
T = absolute temperature (K)
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Stefan-Boltzmann's law (very usefull)

(The energy per unit time emitted by a star is proportional to
its temperature to the 4™ power)

F=cT*

F is the energy emitted by the Sun, per unit
time, per unit area, expressed in W/m?2

o is a constant [5.67*10¢ W/m?K]

T is the absolute temperature (k)




