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 Section 1.1.6 – Climate Change  
 
Once simply dismissed as a conspiracy theory, climate change today is an accepted scientific based 
global model.  It is based upon decades of research and numerous models that provide us with a 
conclusive finding.  That being the globe is warming and it is our species impact that has altered the 
equilibrium of a global thermodynamic system.  Let’s examine the Physics behind climate change. 

 
Physics Modelling 
Let’s use a very simplistic model and assume the Earth is one solid metallic ball.  We know that the 
radiation coming for the sun that reaches the Earth contains Infra-Red, Visible and Ultra Violet 
radiation. 
 

 
Spectral analysis of the sun radiation  
 

We also know that once heated the Earth will emit Infra-Red radiation, following the principles 
outlined in by Stefan & Boltzmann. 
 
The energy being absorbed and emitted will eventually reach a balance and an equilibrium 
temperature established. 
 
Changes to this system will result in a new equilibrium position and temperature. 
 

Facts: 
At the equator the sun strikes the surface of the Earth with a maximum intensity of 1368 Wm−2. 
However, when factors such as night and day & distance from the sun are considered, the average 
intensity across the entire globe is 342 Wm−2. 
 
Of this 342 Wm-2, 100 Wm-2 is reflected back into space from white objects such as clouds and ice 
sheets.  This leaves 242 Wm-2 available to heat up the Earth. 
 

Calculations: 
Using the Stefan-Boltzmann Law; P = AT4 and substituting in P/A = 242 Wm-2, It is calculated that 

the Earth should have a temperature of 255.6 K, or -18C. Clearly this is far too cold for what we 
know to be true.  So what is missing from our model? 
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Greenhouse Gases 
The previous model using Stefan-Boltzmann’s equation failed to consider the impact of greenhouse gases.  

In fact in the upper atmosphere the predicted temperature of -18C is observed.  However, due to the 
trapped radiation within our atmosphere the globe experiences an extremely comfortable average 

temperature of 15C 
 

 
 
 
The Earth’s atmosphere is mostly comprised of nitrogen (78%) and oxygen (21%).  Both molecules 
are diatomic, meaning they consist of 2 atoms. 

         
 Nitrogen molecule (N2) Oxygen molecule (O2) 

 
Molecules with two atoms such as nitrogen (N2) and oxygen (O2) have very strong bonds. When 
they absorb ultraviolet light, their bonds stretch. The energy of visible light and infra-red radiation 
is too low to affect such molecules. This means the two gases are transparent to visible light and 
infra-red. 
 
Whereas gas molecules such as carbon dioxide (CO2), methane (CH4) and water vapour (H2O) all 
have three or more molecules, so they are more flexible than N2 and O2. These molecules can bend, 
whereas atoms with only two molecules cannot.  
 
When H2O and CO2 absorb infra-red light, their bonds stretch and bend. Other molecules with more 
than two atoms, such as methane (CH4), absorb infra-red radiation in the same way. 
 

 
H2O – modes of vibration 

The water molecule has three different ways of stretching or bending, as well as oscillations about 
three axes. 
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CO2 – modes of vibration 

 
Once a greenhouse gas molecule absorbs infra-red radiation coming from the Earth’s surface, it re-
emits the radiation, but importantly in a random direction. So, accordingly some re-emitted 
radiation goes back down to the Earth to increase its temperature and some is directed towards 
the top of the atmosphere and out into space. 
 
However, other molecules further up in the atmosphere can absorb this radiation and re-emit more 
back to the Earth. The overall effect is that more than half of the radiation emitted by the gas comes 
back to the Earth’s surface 
 

 
Since the industrial revolution in the 18th century, human activities, such as the burning of fossil 
fuels (coal, oil and natural gas), agriculture and land clearing, have increasing the concentrations of 
greenhouse gases in the atmosphere to approximately 400ppm. This increase is sometimes called 
the enhanced greenhouse effect. 
 
Increased carbon dioxide concentration in the atmosphere means that more of the wavelengths 
that CO2 absorbs will be re-emitted back to Earth, increasing the temperature of the Earth. 
 

 

The carbon dioxide molecule also has three different ways of 
stretching. 

H2O, CH4 and CO2 each have their own unique physical 
characteristics and as such each molecule will stretch and bend 
differently.  

This means each molecule will absorb different parts of the infra-
red spectrum. Consequently, water vapour and carbon dioxide 
contribute independently to the greenhouse effect. 
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Radiation Entering & Exiting our Atmosphere 
The diagram below shows the wavelength () of both the solar radiation (shown in red) travelling 
towards the Earth’s surface and the thermal radiation (shown in blue) travelling away from the 
Earth’s surface. 

 

 
As can be seen, between water vapour (H2O), carbon dioxide (CO2), oxygen (O2), methane (CH4), 
nitrous oxide (N2O) and scattering a large percentage of wavelengths between infra-red and ultra-
violet light is either absorbed or scattered. 
 
The red and blue images above indicated the particular wavelengths that are transmitted into and 
out of our atmosphere.  
 
NB: The gases CO2, H2O and CH4 make up a very small proportion of the atmosphere, so the infra-

red radiation emitted from the Earth’s surface has a good chance of reaching outer space 
without being absorbed. However, with increased emissions of CO2 and CH4, interactions are 
more likely to occur. 

 

Proof of Man Made Climate Change 
Carbon has several isotopes: C-12 (approx. 99%), C-13 (approx. 1%), C-14 (trace) etc. 

 The start of the growth in CO2 concentration coincides with the start of the industrial 
revolution, hence man made; 

 Increase in CO2 concentration over the long term almost exactly correlates with cumulative 
emissions, hence man made; 

 Declining C-14 ratio indicates the source is very old, hence fossil fuel or volcanic (ie. not 
oceanic outgassing or a recent biological source); 

 Declining C-13 ratio indicates a biological source, hence not volcanic; 

 Declining O2 concentration indicate combustion, hence not volcanic 
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The Earth’s energy budget 
 
The Earth’s energy budget is an account of: 

 incoming energy from the sun   

 where energy goes (eg. atmosphere and surface) 

 outgoing energy leaving the Earth 
 

The below diagram shows all the different paths that energy takes from arriving at the Earth mainly as 
visible light to being emitted as longwave infra-red radiation or reflected straight back into space. 

 
 
NB:  Values shown in the above energy budget are power per cross section area (Wm-2).  

This measures the amount of Joules striking a squared meter every second. 
 
Let’s perform some “energy checks”. 
 
Example.1 
For the Earth as a whole 
Incoming energy = 342 Wm−2 
Outgoing energy = 77 + 30 + 165 + 30 + 40 = 342 Wm−2 
 
Example.2 
For the Earth’s surface: 
Incoming energy = 168 + 324 = 492 Wm−2 
Outgoing energy = 24 + 78 + 350 + 40 = 492 Wm−2 
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Energy Budget of the Earth by energy category 
 

 


