
Lab - AOS 330
Geopotential Heights and Thickness

1 Objectives

• Learn how the hypsometric equation governs real-world pressure/height patterns.

2 Materials

• Access to internet

• Blank height/thickness table

• Blank height cross-section chart

• Blank thickness cross-section chart

3 Introduction

The hypsometric equation relates the vertical spacing (“thickness”) between pairs of pressure levels to the
layer mean virtual temperature.
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Horizontal temperature gradients at lower levels therefore translate into changes in pressure patterns at
higher levels. An east-west jetstream at 500 hPa, for example, is the direct result of strong north-south
temperature contrasts.

This lab allows you to observe the relationship first-hand by analyzing data from a series of North American
upper air stations.

4 Procedure

1. Go to http://weather.uwyo.edu/upperair/sounding.html

2. Set the date/time to 2006 Mar 13/12Z (start) 13/12Z (end)

3. Set the plot type to Available stations and then click on any station to update the map.

4. Set the plot type to GIF:Skew-T

5. For each of the stations whose three-letter ID appears on the left margin of the height/thickness table
provided, do the following

(a) Click on the station on the map in your web browser.

(b) View the sounding. Look for the geopotential heights (in meters) written in the left margin of
the diagram, for the mandatory pressure levels 925, 850, 700, and 500 hPa. Record these in your
height/thickness table. Also record the 500 hPa wind speed. If you have trouble reading the
numbers plotted on the Skew-T diagram, you might prefer to view the tabular listing instead by
setting the plot type to Text: List.)

6. Calculate the thicknesses indicated in the right three columns of the table.
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7. On the chart labeled “Height Cross-section”, plot the heights for each pressure level, first making dots
at the appropriate locations and then connecting them with a smooth curve. Above the height curve
for 500 hPa, write the windspeed that you recorded for that level.

8. Repeat the above process for the thicknesses, using the chart labeled “Thickness Cross-section”.

9. The hypsometric equation tells us that there is a direct proportionality between the layer thickness
and the layer mean virtual temperature. For each layer, determine the number (to four significant
figures) which, when multiplied by the thickness in geopotential meters, yields the layer mean virtual
temperature in Kelvin. That is, find C such that

T v = C · ∆Z − 273.2

gives the T v in degrees Celsius. Record the following on your wrte-up to be handed in:

(a) 925-850 hPa layer: C =

(b) 850-700 hPa layer: C =

(c) 700-500 hPa layer: C =

10. Using the above formula and your computed values of C, add labels to your chart giving the mean
virtual temperatures that correspond to the thickness labels on the opposite side. Labels should be
recorded to the nearest 0.1◦C.

11. A principle of atmospheric dynamics (the subject of another course) is that upper-level wind speeds
are greatest where the pressure at constant height changes most rapidly or, equivalently, where the
height at constant pressure changes most rapidly.

Examine your charts and look for the highest 500 hPa wind speeds. Determine whether the above
principle appears to hold in this particular case, and note your findings on your write-up.

On the bottom of your table sheet, write a paragraph explaining the physical connection between the
wind speeds at the 500 hPa level and the temperature structure of the atmosphere in this cross-section.
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