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Materials Needed:

Computer with internet access

Scientific Calculator

Paper and Pen/Pencil

Optional: Access to online weather maps showing pressure level heights (e.g., 500 hPa charts)

Introduction: Why Doesn't the Sky Squish Us?

We live at the bottom of an ocean of air! This atmosphere exerts pressure on us, but it also has
thickness. Have you ever wondered why weather maps show 'highs' and 'lows' not just at the
surface, but way up high? Or why cold air tends to be shallow near the ground while warm air
expands upwards? The key lies in understanding how temperature affects the thickness of layers in
our atmosphere, and we can describe this using a fascinating tool called the Hypsometric Equation.

Pressure and Altitude Basics

First, let's remember that atmospheric pressure decreases as we go higher up. Imagine a column of
air pressing down - the higher you go, the less air is above you, so the lower the pressure.
Meteorologists often think about altitude not just in meters or feet, but in terms of pressure levels
(like 1000 hPa near the surface, 500 hPa around 5.5 km up, etc.).

Introducing the Hypsometric Equation

The Hypsometric Equation relates the vertical distance, or **thickness (AZ)**, between two pressure
levels (pl and p2, where pl < p2) to the **average virtual temperature (T,)** of that layer. 'Virtual
temperature' is a way to account for the effect of moisture, but for simplicity, think of it as the
average temperature of the air layer.

A common form of the equation looks like this:
AZ = (R, * T,/ go) *In(p, / p,)
Let's break it down:

e AZ: The geometric thickness of the layer between pressure level p,; (lower altitude, higher
pressure) and p, (higher altitude, lower pressure).

R,: The specific gas constant for dry air (a fixed value, approximately 287 J kg™ K%).

T,: The mean (average) virtual temperature of the layer in Kelvin. *This is the crucial part!*
go: The standard acceleration due to gravity (a fixed value, approximately 9.81 m s?).
In(p, / p;): The natural logarithm of the ratio of the pressures. Since p, > p,, this ratio is
always greater than 1, and its logarithm is positive.

The Key Takeaway: Temperature Rules Thickness!

Look closely at the equation. R, and go are constants. For any two *given* pressure levels (say, 1000
hPa and 500 hPa), the term In(p, / p,) is also constant. What's left?

AZ is directly proportionalto T, !

This means:
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¢ Warmer Air = Thicker Layer: If the average temperature (T,) of the layer between pl and
p2 is higher, the thickness (AZ) will be greater. The warm air expands vertically.

¢ Colder Air = Thinner Layer: If the average temperature (T,) of the layer is lower, the
thickness (AZ) will be smaller. The cold air contracts vertically (it's denser).

Visualizing Atmospheric Columns

Imagine two columns of air side-by-side, both extending from the 1000 hPa level up to the 500 hPa
level.

e Column 1 (Warm): Is filled with relatively warm air. It needs to be TALLER to reach the 500
hPa level because the warm air is expanded.

¢ Column 2 (Cold): Is filled with relatively cold air. It will be SHORTER to reach the 500 hPa
level because the cold air is compressed.

This tells us that the height of a given pressure surface (like 500 hPa) will be *higher* above warm
air masses and *lower* above cold air masses. This is exactly what creates the ridges (high heights)
and troughs (low heights) you see on upper-air weather maps!

Real-World Connection: Cold Air Sinks, Warm Air Rises

This principle explains why large masses of cold air (like Arctic outbreaks) are often relatively
shallow, hugging the ground, while warmer air masses extend higher into the atmosphere. The
hypsometric equation quantifies this relationship between temperature and the vertical structure
(thickness) of the atmosphere.

Activity/Thought Experiment

Consider the layer between the surface (approx. 1000 hPa) and 500 hPa:

1. Where would you expect this layer to be thicker: over the warm equator or over the cold North
Pole? Why?

2. How does this relate to the typical height of the 500 hPa pressure level found on weather maps
for these regions? (You can look this up online!)

3. If you have a surface high-pressure system (associated with sinking, warming air aloft) and a
surface low-pressure system (associated with rising, cooling air aloft), how would you expect
the thickness of the 1000-500 hPa layer to differ between them?

Summary

The Hypsometric Equation is a fundamental tool in meteorology that links the thickness of an
atmospheric layer between two pressure levels directly to the average temperature of that layer.
Warmer layers are thicker (expanded), and colder layers are thinner (compressed). This simple
relationship governs the structure of weather systems and explains why pressure surfaces are found
at different altitudes across the globe.
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