Environmental Physics - Problem sheet 3
                                                                                        March 7 2006
1. Estimate of the water vapour feedback parameter based on the Clausius Clapeyron relationship. Using the definition (13.3) of 
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 is the saturation water vapour pressure for a given surface temperature 
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), show that the water vapour feedback parameter can be written as
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 . Calculate 
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 by assuming that 
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increases by 100m for every 10% change in saturation vapour pressure (Hint: use the Clausius-Clapeyron relationship  
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2. Cloud feedbacks. Consider a new (non dimensional) variable C measuring cloud cover on Earth (C=1 if the cloud cover is total, C=0 if there is no cloud at all) which we will assume increases with globally averaged surface temperature 
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(i) Writing the planetary albedo as 
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in which 
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is the surface albedo,  show, using the methodology introduced in lecture 13, that the effect of clouds on albedo introduces a negative cloud feedback 
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 (ii) Considering that clouds are blackbodies and therefore tend to raise the emission level when C increases, show that the effect of clouds on emission level further introduces a positive feedback 
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. (iii) Show that the change in surface temperature caused by a doubling of CO2 concentrations, including water vapour and cloud feedbacks can be written as 
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 and give the expression for the total cloud feedback 
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and that for the surface albedo feedback 
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. NB: The lapse-rate will be set to a constant for all questions.
3. Climate sensitivity (a little bit harder). Feedback analysis allows to write the change in surface temperature caused by a doubling of CO2 concentrations as
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where 
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refers to the collective effect of all temperature dependent feedbacks other than the water vapour feedback 
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. Current climate models predictions of 
[image: image23.wmf]s

T

D

 typically range from 1.5K to 4.5K and all models show a similar water vapour feedback 
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. Use these values to determine the spread in 
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considering that 
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. What would the spread in climate model predictions of 
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 be in absence of water vapour feedback?

4. Efficiency of the atmospheric heat engine (harder). Idealizing the trajectory of an air parcel in thermodynamic space (Temperature/Entropy) as that depicted in a Carnot heat engine operating between the Earth surface (
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),  we write the atmospheric heat engine efficiency 
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as the ratio 
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of the mechanical energy 
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produced (in J/kg) to that of the energy used Q (in J/kg) to moisten the parcel when it flows just above the ocean (energy gain through surface enthalpy flux F). (i) Considering that, every second, a mass 
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of air participates in the loop, show that the production of mechanical energy in units of 
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where 
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is the Earth radius. (ii) Express similarly the heating 
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in units of 
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 and relate it to the surface enthalpy flux F. (iii) Using the definition of 
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, show then that the efficiency of the atmospheric heat engine is 
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. (iv) If the dissipation of kinetic energy in the loop is on the order of 
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, how does 
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compare with the efficiency of a reversible Carnot heat engine operating between the same temperature “reservoirs”?
5. A closer look at an “atmospheric loop”
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(a) Using Fig. 1 above, estimate the change in entropy of a parcel of air of 1kg going from the equator to the pole along the tropopause (black dashed line in Fig. 1): (i) considering only pressure effects (the tropause being at lower pressure in the Tropics and at a higher pressure at the poles) (ii) considering only temperature effects (the tropopause being at a lower temperature at the equator than at the pole). What is the sign of the net entropy change? How good an approximation it is to assume that the journey of the parcel is isothermal? 
(b) In a Carnot cycle the above change in entropy must be equal in magnitude but opposite in sign to the entropy change experienced when the parcel flows from the pole towards the equator above the oceans. Assuming this surface branch of the Carnot cycle to occur at the constant surface temperature Ts=288K, estimate in J/kg the associated heating.
(c) What is the net gain/loss of potential energy by the parcel over its total journey in an atmospheric loop?  NB: Change in entropy of dry air (state 2 - state 1) is 
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Fig. 1 Annual mean temperature (black contours, in K), zonal wind (white contour, in m/s) and the position of the tropopause (dashed black) as a function of latitude (90S to 90N) and height. Data from the European Centre for Medium range Weather Forecast (ECMWF).





�








_1202734395.unknown

_1202736675.unknown

_1202738355.unknown

_1202740571.unknown

_1202741070.unknown

_1202741879.unknown

_1202887598.unknown

_1202890372.unknown

_1202891033.unknown

_1202887628.unknown

_1202887509.unknown

_1202741746.unknown

_1202741853.unknown

_1202741671.unknown

_1202740770.unknown

_1202740809.unknown

_1202740090.unknown

_1202740466.unknown

_1202740168.unknown

_1202739809.unknown

_1202739832.unknown

_1202739991.unknown

_1202738429.unknown

_1202736713.unknown

_1202738161.unknown

_1202738268.unknown

_1202738070.unknown

_1202738120.unknown

_1202736699.unknown

_1202735806.unknown

_1202736150.unknown

_1202736642.unknown

_1202736450.unknown

_1202735872.unknown

_1202735555.unknown

_1202735585.unknown

_1202734495.unknown

_1202733791.unknown

_1202734224.unknown

_1202734250.unknown

_1202734152.unknown

_1202733721.unknown

_1198071454.unknown

