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The Vertical Structure of the Atmosphere
stratified by temperature (and density)

Temperature

Space Shuttle sunset
Note: 
Scattering of visible light (density + wavelength)
Troposphere =  progressive cooling, 75% mass, 99% water 

vapor, all weather & life
Sea level temperature & pressure average =  18ºC (65ºF)

1013.2 millibars (14.7 lbs per square inch)

• Temperature declines 
with height in 
Troposphere

• Surface air temperature 
about 18oC

• Declines to about -58oC 
near top of troposphere

• This decline in 
temperature is called the 
lapse rate – about -3.5oF 
per 1,000 feet in altitude

• Stratospheric air 
temperature increase with 
height

• Break between 
troposphere and 
stratosphere is called the 
tropopause and is 
determined to be the 
point where temperature 
begins to rise

• The tropopause is an 
inversion layer

• Stratosphere is where 
most of ozone is found

Example of Inversion Layer

Inversion Denver, Colorado Warm Air Rises – Cold Air Sinks
This is a stable configuration

Warm Air

Cold Air
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A simple single-cell convection model for atmospheric circulation (includes Coriolis)

Tropical energy gain ------------

Polar energy loss ----------------------

Polar energy loss ----------------------

(the real world is more complicated)

What is Wind?

• Movement of air
• Wind redistributes heat from equator to 

poles
• It is one of the basic terrestrial 

mechanisms of the global energy balance
• It initiates massive surface currents in the 

ocean that also exchange energy between 
the poles

Measure Wind Velocity With An 
Anemometer and Wind Direction 

With A Weather Vane
• Measured in knots or 

nautical miles – 1 nautical 
mile = 1.15 statute miles

• Wind direction is reported 
as direction from which 
the wind is blowing –
north wind is from the 
north; south wind is from 
the south

Air Parcels and Air Masses

• Small homogeneous units of air – balloon size to 
gymnasium size

• Air masses – large bodies of air with “uniform”
properties

• Characterize Air parcels and air masses in the 
troposphere by:
– Temperature
– Pressure
– Wind speed
– Moisture content
– Aerosol load

Air Masses

• Cover large areas – sub-continental in size
• Mesoscale meteorological features

• Air masses move
• Air masses are a primary factor of weather
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Why Does The Wind Blow?

• Pressure differences between air masses
• Pressure results from effect of gravity on 

mass of air

The Barometer
(mercurial vs. aneroid)

Sea Level Barometric Pressure
(adjusted for the steady decline in air pressure with altitude)

World sea level pressure records and average
(inches of mercury and millibars)

Air has weight and is affected by
gravity.  Torricelli (Galileo school)
believed the atmosphere varied in
density (pressure) of air, and that
weather changed with the density
of air.  Low pressure air is light
and buoyant, high pressure air is
heavy and sinks in the atmosphere.

Aneroid Barometer

Air Moves In Response To A 
Pressure Gradient

• From areas of high pressure to areas of 
low pressure

Friction Impacts Wind Direction 
And Wind Speed
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Coriolis Effect Also Impacts Winds
Sea level pressure map

(corrected for elevation of the barometer)
Distinctive air movement in low

and high pressure cells:

Low pressure High pressure

cyclone anticyclone

Low Pressure:
convergence at surface
counterclockwise flow (NH)
ascending air
divergence aloft
cloudy, wet weather

High Pressure:
divergence at surface
clockwise flow (NH)
descending air
convergence aloft
clear, dry weather

A simple single-cell convection model for atmospheric circulation (includes Coriolis)

Tropical energy gain ------------

Polar energy loss ----------------------

Polar energy loss ----------------------

(the real world is more complicated)

General Circulation of the Atmosphere
(annual climatological average)

Three Great Atmospheric Convection Cells:

Hadley Cell:
equatorial low pressure zone (ITCZ)
doldrums
subtropical deserts
“horse latitudes”
trade winds
ocean currents

Ferrell Cell:
midlatitude westerlies
changing weather

Polar Cell:
polar deserts
polar easterlies
polar front (+ wave cyclones)

XX

Climate and Weather

Three basic properties of the atmosphere:
temperature, moisture content, pressure

Pressure gradient and wind

General circulation of the atmosphere

Mid-latitude wave cyclones, tornadoes, hurricanes
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• Air masses move from source regions in 
response to pressure gradients

• Air masses move as a unit
• Air masses do not easily mix with other air 

masses
• Well defined boundaries develop between 

air masses
• These boundaries extend from the ground 

surface into the troposphere and may 
reach the tropopause

• The boundaries are called weather fronts

Four Types of Weather Fronts
Precipitation “Lifting Mechanisms”

Orographic

Frontal

Convective
(flat base = the lifted condensation level, 
the elevation of the dew point temperature 
where saturation occurs, ice water example)

Lifting Mechanisms

• Convection

Earth 
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Some Types of Precipitation

• Rain
• Snow
• Dew
• Fog drip
• Hoar Frost
• Rime Ice
• Hail
• Sleet

Rime Ice
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Hoar Frost Hoar Frost

Fig. 19-30, p.468

Thunderstorm anatomy:

cumulonimbus convective tower to
base of stratosphere (tropopause)
warm updraft, rear flank downdraft,
wind shear

Average thunderstorm days

Thunderstorms and Tornadoes

Thunderstorms: both frontal and convective
Tornado:  a small, narrow, high speed cyclonic vortex of ultra 
low pressure. Rotating winds converge in a counter-clockwise 
fashion at the surface and rise aloft. Tornadoes extend from 
the base of a cumulonimbus cloud to the ground. Tornadoes 
produce the strongest winds ever actually measured at the 
surface of earth, measured as high as 280mph, but they 
certainly can get higher, and scientists have speculated that 
tornado winds may in some rare cases get as high as 380mph.
Funnel clouds are identical, but do not reach the ground.  
Water spouts are tornadoes over water.  
Dust devils are rotating updrafts of warm air, but they extend 
from the ground up, not from cloud to ground.  
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The synoptic meteorological environment ideal for severe 
thunderstorm and tornado development:
-thunderstorm (cumulonimbus cloud)
-cold front boundary between continental polar and maritime tropical airmasses.
-warm moist air emplaced under cool dry air aloft
-mesocyclone or "supercell" in the middle troposphere of the thunderstorm 

(a gigantic rotating updraft in the heart of the storm, much larger 
than the tornado vortex and it does not extend to the earth surface, 
but mesocyclones often lead to tornadoes).

-divergence aloft of the mid-level and upper-level jet streams
-instantaneous release of surface friction as converging winds at the surface

finally reach the center of the tornado vortex.
-favored by flat topography

Fig. 10-15, p.267

A Supercell Thunderstorm, with Mesocyclone and Tornado

A theory for the development of
mesocyclones
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The distribution of tornadoes,
globally and in the USA

The seasonality of tornadoes 
In the USA

Fig. 10-26, p.279


