Examples sheet for EART30351 – Atmospheric thermodynamics and Tephigrams

1.   (i) In a particular atmospheric sounding, temperature falls from -5(C at 700 mb to -12(C at 600 mb.  Calculate the two potential temperatures and the Brunt-Vaisala frequency in the layer.
      θ1 = 268.15(1000/700)0.286 = 296.95 K;  θ2 = 302.23.
    Taking a mean pressure of 650 mb and mean temperature of 265 K in the layer (we are not seeking highly precise answers here):
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    So N = 0.012 rad s-1, corresponding to a period of 8 minutes
(ii) The airstream in (i) flows at 20ms-1 over a hill.  Calculate the horizontal wavelength of the resulting lee wave. 
 λν = U in this case since the wave is stationary wrt the ground (so can be thought of as propagating upstream wrt the air at speed –U). Hence λ =10  km.
2.  Air at 900 mb has a temperature of 10(C.  Calculate the saturated adiabatic lapse rate. (S.V.P. of water at 10(C = 12.27mb).  What fraction is this of the dry adiabatic lapse rate?

This may be solved algebraically but the practical solution is to use a tephigram. Estimate the slope of the SALR line at the point p=900, T= 10. A slope of 4.6°C in 100 mb corresponds to 5 K km-1 on applying the hydrostatic equation.
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3.  Surface air at 15(C with dew point 12(C is lifted by flow over a hill.  Both T and TD decrease with height: ​calculate​ the lifting condensation level using a tephigram. 
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The tephigram on the right is more detailed than the one on the left hence higher precision.
4.  Air with the following temperature and humidity profile flows over a hill whose summit is at 930mb. 

p, mb             T, °C           TD, °C 

1000                 8                 2

900                   2                 0

850                   2                -7

700                 -10               -25

Using a tephigram, plot this profile and lift each point by 70 mb. Hence find the extent of: 

(i) the cloud layer

(ii) convective instability above the hill. 
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Cloud layer develops in the point lifted from 900 mb. In fact it develops in a layer lifted from 970 to 880 mb, ending up at 900-810. On the next page is shown the original tephigram in green and a detailed calculation of the lifted tephigram in black, lifting points at 10 mb intervals along the original profile (I wrote a program to do this!). Most of this layer is not convectively unstable so we would see a hill cap cloud on this day. There is a shallow unstable layer at the top of the cloud which we could expect to be mixed out in a real profile.
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5.  Plot the following temperature profile on a tephigram: 

Temperature: 1000mb, 28(C;  950mb, 24(C;  900mb, 21(C.  

The humidity mixing ratio is 20gkg-1 from 1000 to 950 mb and 17gkg‑1 from 950 to 900 mb.

Would you expect to see cloud?  If so, what kind and at what height? (Consider carefully the assumptions underlying the parcel approximation).
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At 950 mb TD is slightly less than T, so cloud will not form in situ. If air at the surface is lifted to 950 mb it exactly reaches saturation. As the plume rises it will entrain ambient air – but this air has exactly the same mixing ratio as the surface air so will not dry it. So some cumulus clouds would be expected to form.

6. A radiosonde ascent from a land station at 0600 on June 21 measured the following profile:


p, mb                       T, °C                   TD, °C

        1000                18.9               15.0 


         970                18.7               12.7

         850                12.0                7.0

         830                12.0                5.0

         700                 1.0              ‑10.0

         400               ‑30.0              ‑42.0

         280               ‑50.0

         210               ‑52.0

Plot the tephigram and mark the tropopause.  Use the parcel method to estimate the type of clouds seen that day and their heights if the maximum temperature reached the following afternoon was (a) 25.5 °C (b) 28 °C.
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a) cumulus clouds at 850 mb

b) cumulonimbus (thunderstorms) reaching the stratosphere (260 mb)
7. Plot the following temperature profile on a tephigram and annotate significant features


p, mb                       T, °C                   TD, °C


1000

 15.0

 10.5


 950

 12.0

  8.1


 900

 12.0

  6.6


 860

  9.5

  2.6


 800

  5.0

 ‑2.5


 700

 ‑4.0

‑13.0


 600

‑14.0

‑21.0


 570

‑15.0

‑29.0


 450

‑30.0


 280

‑60.0


 210

‑64.0

The air stream in which this profile was measured flows over a mountain which raises each column of air through 70 mb.  Find the resulting regions of a) saturation and b) instability. Comment on the kind of weather experienced upstream and over the mountain.
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Dry and sunny upstream.

Over the mountain, saturation below 880 mb, with convective instability in the lowest layer. This will give shallow rain rather than hill fog.

Note: the program lifting the profile has scaled the displacement according to pressure, which is more realistic for air flow over a hill. Had this not been done, the point at 600 mb in the original profile would reach saturation when lifted by 70 mb
Cloud layer
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