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1 Overview

Starting with a program (provided to you) that reads and plots a sounding, we
will add the following new functionality:

• The ability to create two plots side-by-side in the same figure.

• The ability to “select” a parcel from an arbitrary level in the loaded sound-
ing.

• A dynamic simulation of the vertical motion of the parcel, given an initial
vertical velocity and ignoring friction and moist processes.

You will then experiment with various starting levels and initial velocities
and interpret the results in terms of local stability.

2 Program modifications

1. From the email sent out this morning, save the attached Python program
to your working directory. Rename it to lab4.py.

2. Ensure that you have the sounding from the previous lab still present
in the same working directory. For consistency, this should be the DDC
sounding from 12Z, 1 May 2012. If you don’t have this sounding, you can
download it again from the Wyoming site (see the instructions from the
preview Python lab.

3. Run the program to verify that it works. Troubleshoot any problems that
emerge.

4. Open the program in EMACS. Scan through it and look for two regions,
each marked with comments ####### BEGIN NEW and ####### END NEW.
All program modifications for this lab will occur within these two regions
(mostly in the second one).

5. First, we want to add the ability to create two plots in the same figure.
Do this by adding the following lines to the first of the above regions.

1



plt.figure(1,figsize=(12,6))

plt.subplot(121)

The first line specifies that the total figure nominal size will be 12 inches
wide and 6 inches tall. The second line specifies that we will be working
with space for two subplots arranged as one row, two columns (the ‘12’
part) and that we are creating the first of these subplots (the final ‘1’).
Run the program and verify that you get your sounding plotted on the
left side of a larger rectangular space.

6. In the second region (near the end of your program), you will be adding
all remaining modifications. Here they are, in order:

(a) For convenience, we will define a constant to represent a hectopascal:
hPa = 100.0.

(b) Specify the starting pressure of a parcel in hPa: pinit = 800*hPa.
You will later change the starting pressure to run experiments, so
make sure you can quickly find this line again.

(c) We now need to use the above starting pressure to find the temper-
ature and dewpoint from the sounding. We will do this using the
np.interp() function, which I will explain in class. This function
requires numpy arrays as inputs, so we create them as follows

x = np.array(pres)*hPa # store values in SI units

yt = np.array(temp)+273.15

ytd = np.array(dwpt)+273.15

(d) The actual interpolation is performed as follows. We stick minus
signs in there, because the np.interp function requires the list of
x values to be increasing, but our original pressures decrease with
height.

Tparcel = np.interp(-pinit, -x, yt)

Tdparcel = np.interp(-pinit, -x, ytd)

(e) Plot the initial parcel values as red circles on the sounding:

plt.plot(Tparcel-273.15, pinit/hPa, "ro",)

plt.plot(Tdparcel-273.15, pinit/hPa, "ro",)

You should run the program now and verify that the red circles show up
in the expected places. Troubleshoot any problems that emerge.

We will now implement a dynamic simulation of the vertical motion of the
parcel as the result of an initial upward or downward push. This portion
of the program will consiste of two parts:

• Initialization of relevant variables and the creation of empty lists to
store time and altitude for plotting purposes.
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• A loop over a specified number of short time steps in which parcel
variables are allowed to evolve according to the appropriate physical
principles.

Here are the detail instructions for this part:

(a) Compute potential temperature of parcel and save it as the variable
Theta. We will keep this value fixed as the parcel moves about.

(b) Initialize the pressure, time and vertical velocity of parcel;

pparcel = pinit

wparcel = 5.0 #You will vary this initial upward velocity

time = 0.0

(c) Prepare to solve vertical equation of motion using finite differences.
Use time step of 10 seconds repeated 200 times.

Dtime = 10.0

NSteps = 200

timemax = NSteps*Dtime

(d) Create the empty lists that will hold your pressure and time values
for plotting.

p = []

t = []

(e) Create a for loop that will cycle over the number of time steps you
specified above. Inside the loop, write the code to do the following:

i. Get the current environmental temperature Tenv correspond-
ing to the current parcel pressure pparcel. You will need the
np.interp() function.

ii. From Tparcel and Tenv, compute the parcel’s vertical accelera-
tion accel due to buoyancy.

iii. Given the current acceleration and the timestep Dtime, adjust
the upward velocity wparcel.

iv. Given the upward velocity and the timestep, compute the change
in altitude DeltaZ.

v. Given DeltaZ and pparcel, compute the change in pressure
DeltaP from the hydrostatic relation.

vi. Given DeltaP, compute the new parcel pressure pparcel.

vii. Given the new parcel pressure, compute the new parcel temper-
ature Tparcel from Theta (which we are assuming constant).

viii. Update the current time time and append it to your list t[].

ix. Append the current parcel pressure divided by hPa to your list
p[].
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(f) We will now create the second subplot, this one to display pressure
vs. time:

plt.subplot(122)

Your plot should have the following properties:

• The horizontal axis should range from 0 to timemax (see above).
The label should be “Time [sec]”.

• The vertical axis should be identical to that for your sounding
plot. (You can reuse the plist and plabels lists that were
already created earlier – no need to create them again.)

• The title of the subplot should be “Pressure vs. Time”.

• It should display t and p as a curve on your plot.

• Add a horizontal black dashed reference line at the starting pres-
sure level of the parcel as follows:

plt.plot([0,timemax],[pinit/hPa,pinit/hPa], ’k--’)

Verify that all of your modifications work; troubleshoot any problems that
emerge.

3 Experiments

You will now vary the starting position and initial velocity of your parcel and
observe the resulting behavior. In particular, for each experiment, estimate and
note the following:

• The period of oscillation.

• The amplitude of the oscillation – i.e., the range of pressures covered.

• The shape of the oscillation. Is is a smooth sinusoid or something else? Is
it symmetric about the initial pressure level, or does it favor levels above
or below the initial pressure?

• In your writeup, provide your physical interpretation for all of the above
features, paying attention to the way they differ from one experiment to
the next. In particular, think about the fact that the parcel remains on a
dry adiabat, and consider what that implies about its bouyancy at various
levels in the sounding.

Here are the experiments (print a sheet for each one):

1. p = 820, w0 = 10 m sec−1

2. p = 780, w0 = 10 m sec−1

3. p = 650, w0 = 10 m sec−1

4. p = 650, w0 = 1 m sec−1

You are encouraged to run other experiments for additional insight, but only
the above need to be turned in.
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