NATS 101
Section 13: Lecture 14

Air Pressure



What is pressure?

The concept was already
Introduced early in the course,
so let’s review a bit...



What is pressure?

Pressure (P) is the force per unit area (A)

P=_
A

Blaise Pascal

S| Units: mt kg s?= Pa (Pascal)

The typical unit of atmospheric pressure is millibars
1 mb =100 Pa

The air pressure at the surface of the Earth at sea level is
defined as 1 Atmosphere (Atm):

“Atmosphere” > 1 Atm =1013 mb =29.92 in Hg



Air pressure

Given the mathematical definitions we’ve already
discussed, air pressure can be thought of as the
weight of a column of air above you.

Higher elevation
Top Less air above
Lower pressure

Lower elevation
More air above v
Higher pressure

Bottom

Increasing pressure



Change in density and pressure with height
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Density and pressure decrease exponentially with
height. For each 16 km in altitude, the pressure
decreases by a factor of 10..



ldeal Gas Law: Form for Atmosphere
P = pRT

P = Pressure (Pa or mb)

V = Volume (m?3)

p = Density of the gas (kg m-)

R = Constant (dependent on the specific gas or gas mixture)

T = Temperature (K)



Ideal gas law can be broken down into
two parts if either the temperature,
density, or pressure is held constant.

Boyle’s Law: temperature constant
Charles’ Law: density constant
Pressure constant



Boyle’s Law: temperature constant

I\

> Add more mass
< \/ Increase density

<

Adding more molecules, or increasing the density, increases the
number of collisions on the walls of the box - Pressure increases.

PRESSURE IS PROPORTIONAL TO DENSITY



Charles’ Law: density constant

A
> “

Increase
temperature

Increasing the temperature increases the kinetic energy of the
molecules in the box, so they collide with the walls with more
force. - Pressure increases.

PRESSURE IS PROPORTIONAL TO TEMPERATURE.



Pressure is constant

N
— <;<<:\/“§/

Hotter temperature: fewer Colder temperature: greater
number of molecules required number of molecules required to
to exert same pressure exert same pressure they have
because they have more kinetic less kinetic energy.

energy

TEMPERATURE IS INVERSELY PROPORTIONAL TO DENSITY (e.g. 1/p)
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City1 (a) City 2 City1 (b) City2
Same Same Same Same
pressure pressure pressure pressure

Cool column of air above City #1 - density increases and column shrinks.
Warm column of air above City #2 - density decreases and column expands.

CREATES DIFFERENCES IN PRESSURE BETWEEN THE TWO COLUMNS AT
THE SAME HEIGHT, OR A PRESSURE GRADIENT.



Gradient: The change in the value of a
quantity over a distance.

LOW HIGH
GRADIENT

N\

| | Lines of constant value
| | (e.g. isobars, isotherms)
distance

CONCEPT IS FUNDAMENTAL TO UNDERSTANDING
DYNAMICS OF THE ATMOSPHERE!



STRONG
GRADIENT

LOW HIGH

Large change over a
short distance.

WEAK
GRADIENT

LOW HIGH

Small change over a
large distance
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Cold column - relatively less
air above. LOW PRESSURE.

Warm column - relatively more
above. HIGH PRESSURE

Result: Air moves from warm
column to cold column,
changing the total amount of
mass of air in each.

SURFACE

Cold column - more mass
above. HHIGH PRESSURE

Warm column = less mass
above. LOW PRESSURE.



Another Flashback...

CONVECTION

MASS MOVEMENT OF FLUID OR GAS



Surface Pressure and Temperature
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High pressure at the surface is typically associated with cold temperatures.

In winter this cold, dense air originates over the interior of continents (e.qg.
Siberia and Canada). Remember why? So the highest surface pressures

typically occur there.



Upper Air Sounding
Under Arctic High
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Another flashback:

What is the process that
makes the surface
temperatures so lowin a
situation like this?

SKEW-T/LQG-P YALID 1200 UTC Q21572007 KABR Lat = 45,45 |, Lon = -95.42

Hint: no wind + no clouds...



Upper Level Charts

500-mb surface

Average height
‘ " of 500-mb level

Based on the height of a
pressure surface in the
atmosphere.

Lo, Warmer Column: Pressure
. " surface is higher

Colder Column: Pressure
surface is lower.

Constant pressure
(500 mb) map




Upper Level
Chart for
Surface
Arctic High
Example
(300-mb)




Flashback
Sea-Level Pressure in Station Models

Simplified Surface-Station Model

Temperature (°F)

Wind direction (from the NW)
Wind speed (18-22 knots)

Toia
overcast)

Barometric pressure at sea level
1013.8 mb)

48 138
o8- +22 | ——— Pressure tendency during past
45 3 hours (rising)

Amount of pressure change in
past 3 hours (2.2 mb)

Sign indicating whether pressure
is higher or lower than 3 hours ago

Present weather (light rain)
Dew point (°F)

Two “tricks” to the pressure
reading:

You have to know the “typical”
range of sea level pressure on
Earth to be able to plot it right
(which we talked about before)

This reading has been adjusted
to account for the altitude of the
station.



Range of Sea Level Pressure

in. Hg
32.78
32.48
32.19
31.89
31.60
31.30
31.00
30.71
30.42
30.12
29.82
20.53
20.24
28.94
28.64
28.35
28.05
27.76
27.46
2717
26.87
26.58
26.28
25.99
25.69
25.40
25.10

mb
1110
1100
1090

1080

1070
1060
1050
1040°
1030
- 1020
1010°
1000
990
980 -
970
960

1084 mb (32.01 in.) Highest recorded sea level
pressure: Agata, Siberia (December, 1968)

1064 mb (31.42 in.) Highest recorded sea
level pressure in United States: Miles City,
Montana {December,1983)

Strong high pressure system

1013.25 mb (29.92 in.) Average sea
level pressure

Deep low pressure system

Hurricane Wilma (§

October 2005

888 mb (26.230n.) Hurricane Gilbert
(September; )

870 mb (25.70 in.) Lowest recorded sea level
pressure: Typhoon Tip (October, 1979)

182 mb, 26.04 in)




As of 2100Z (5pm EDT), Hurricane Wilma was located 285mi (460km) SE of Cozumel, Mexico and was moving WNW at 7mph (11kph) with maximum
sustained winds of 160mph (260kph) making it a Category 5 major hurricane on the Saffir-Simpson scale.

Latest minimum central pressure reported was 892mb (26.34in of Hg). The eye is extremely small, no larger than 5mi (8km) wide.

Credit: NOAA
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NOAA
image

g This is a geographical reference

OBVIOUSLY...We're not takmg barometer readmgs on a Shlp in the eye of
that monster!! We’ll talk about how they do with dropsondes—and why
hurricanes have such low pressure—later in the semester.



Station sea level pressure
Altitude Adjustment
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The altitude adjustment for the pressure is about 10 mb for every
100 m increase in elevation. Not perfect...and may introduce
error!



Surface (10m) Wind Speed (knots) / MSLP (mb)

Analysis valid 1200 UTG Thu 15 Feb 2007 NAM (WRF-NMM) (122 15 Fab)
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Measuring Air Pressure

Mercury barometer
Aneroid barometer



Mercury Barometer

Vacuum

Glass tube
One atmosphere

760 mm
(29.92 in)

Atmospheric
pressure

Mercury



Aneroid Barometer

Protective case j(_[ _“j ]

Record paper on cylinder
Amplifying levers .

2 Noon 10 8
= Aneroid cell 1@._20 il
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Aneroid cell is partially evacuated
Contracts as pressure rises

Expands as pressure falls

Changes recorded by revolving drum



Summary of Lecture 14

Reviewed the basic concepts of pressure from earlier in the course.

Ideal gas low relates pressure to density and temperature. Breaking this down
(Boyles law, Charles law, etc.) we find:

*Pressure is proportional to density

*Pressure is proportional to temperature

Temperature is inversely proportional to density

Heating (cooling) a column of air expands (contracts) it and decreases (increases)
density. The pressure gradient will force air to go from high to low pressure.

The example of an Arctic high was used to illustrate these concepts. At the
surface, high pressure is associated with very cold temperatures.

Upper air charts show the height of a pressure surface above the ground. In the
Arctic high example, because the air is cold it had a relatively low height at 300-
mb.

Station model sea-level pressure must be adjusted for altitude.

Air pressure can be measured using a mercury barometer and aneroid barometer.



Reading Assignment
and Review Questions

Reading: Chapter 8, pp. 202-216 (8t" ed.)
pp. 204-208 (9t ed.)



