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     Activity.  Can we predict the climate?
In this sheet we will look at a simple model for the climate and will see if we can work out the temperature of the Earth in the future..

1. What things do you think matter when trying to predict the climate 
                       (a)   a lot        (b)     a bit         (c)   not at all? 

2. In the talk I introduced an energy balance model for the climate, so that the Earth’s average temperature T (averaged over space and time) is given by solving the equation
                                  e ( T4 = (1-a) S        
where 
 T                         is the Earths average temperature in degrees Kelvin,
                            which is 273+the temperature in degrees Centigrade.

 S = 342 W/m2     is the average amount of energy from the Sun hitting a square metre,
 ( = 5.67*10-8        is the Boltzmann constant, which is always the same
 e =  0.605           is the emissivity of the atmosphere, 
                            which decreases  when the Carbon Dioxide level increases,  
 a =  0.31             is the current albedo of the Earth, 
                            which decreases as the amount of ice decreases.

Using these values, calculate the current average temperature of the EARTH.
3.On the MOON there is no atmosphere and e = 1. Using the formula (assuming that the albedo is the same), calculate the Moon’s temperature.  Marvel at your powers of prediction!!
NOTE. The Moon’s temperature varies a lot over a month as it keeps one face always towards the Earth. However, the above gives a remarkably good estimate for the average temperature

4. Suppose that the albedo decreases by 10% due to the melting of the ice.
(a)   What happens to the Earth’s average temperature? 
(b)   What will happen to the ice then?  
(c)   How will this affect the albedo a?
(d)   What do you conclude, and why is it scary.
5.Current levels of Carbon Dioxide are about 1.4 times pre industrial levels.
 Here is a plot of the level of Carbon Dioxide over prehistory to the present day measured from ice core samples. You can see that in the past it went up and down, but in recent years the level has been steadily rising.
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Data for 2013 shows that the annual average Carbon Dioxide concentration was around 396 parts per million (ppm). In recent years, Carbon Dioxide concentrations have been growing at a rate of about 2.5 ppm each year due to burning fossil fuels.  However, the rate of increase over the past half century has not been steady; it's been accelerating by about 0.5 ppm per year per decade as we burn more and more fuel.
(a)  When do you think the industrial revolution started?

(b) Can you estimate when the Carbon Dioxide concentration will reach 550ppm?

           This is double pre industrial values?

(c)  It is predicted that when the Carbon Dioxide level reaches this level, the emissivity of the atmosphere will drop from its current value of e=0.605 to the lower value of   e = 0.57 as more energy is reflected back to Earth.

Using this new value of e, and the formula in Q.2, with the same values for the other parameters, calculate the new average temperature of the Earth. How much will the temperature change from its present day value?
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