Meteorology 3510
Exercise 10: Due April 17, 2008

This exercise deals with the saturation adiabatic lapse rate, stability, buoyancy oscillations,
CAPE, and maximum updraft speeds.

1. Write (and hand in a listing of) a program to calculate the saturation-adiabatic lapse rate 'y
(in K km~1) for the following pressures and temperatures: 1000, 850, 700, 500, 300, 100 mb;
+40, +30, +20, +10, 0, -10, -20, -30, -40 ° C. Present your results in a table similar to the
one in the text, or as a contour plot, clearly labeled.

2. In a stable unsaturated atmospheric layer, a parcel displaced vertically from its equilibrium
level will oscillate with a frequency

N = [Z(0a )2
called the Brunt-Vaisdld frequency. The corresponding period of oscillation is 7 = 27/N.
Calculate N and 7 for the following values of v using 7" = 288 K:
(a) v = 6.5 K/km (standard atmosphere value),
(b) v =3 K/km (stable layer),
(¢) v =0 K/km (isothermal, very stable layer),
(d) v =9 K/km (weakly stable layer).

3. Plot the Tropical Atmosphere sounding (temperature and from the accompanying table) on
your skew T-log p diagram and determine the LCL, LFC, and LNB for a parcel that is
displaced upwards from the surface. You may plot values at 1-km intervals, except plot at
0.25-km intervals when necessary in order to determine the LCL, LFC, and LNB to the nearest
10 mb. Copy or scan or photograph the chart with the sounding and the parcel properties
plotted on it, and the LCL, LFC, and LNB indicated.

4. Calculate the maximum parcel vertical velocity for the following values of PA: 500, 1000,
1500, 2000, 2500, 3000, 3500, 4000 J/kg.

5. Calculate the initial parcel updraft speed required for a parcel to just reach its LFC if the
NA is: 50, 100, 150, 200, 300, 400, 500 J/kg.

6. In a well-mixed (that is, constant potential temperature) boundary layer 2 km deep, a parcel
rises from near the surface with a potential temperature 1 K greater than that of the mixed
layer. The mixed layer is capped by a thick isothermal (constant temperature) layer that is 1
K warmer than the mixed layer at 2 km.

(a) What is the upward speed of the parcel due to its CAPE at the top of the mixed layer?
(b) How far does the parcel penetrate (overshoot) into the overlaying isothermal layer?

Hint: The parcel buoyancy can be expressed using potential temperature as
0—0
0o
where no subscript indicates parcel properties, an overbar indicates environment properties,
and subscript 0 indicates the reference profile, equal to a constant (288 K) in this case.
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