
Unit 5: Upper Level Air Flow

5.1 Ridges and Troughs %

Imagine a super highway in the sky like the +
one in the figure at the right. Imagine that
traffic always flows from west to east, clockwise
around High and counter clockwise around
Low. Suppose that there are six lanes of traffic
around High which converge to three lanes at

;GsE

accelerating -
Low. The smooth flowing traffic around High converging flow diverging flow
will begin to back up as it approaches Low. here here
After passing Low, the traffic stretches out
again, or diverges, as the highway widens.

In the mid latitudes, upper level air flow is like this imaginary highway. Air flow is from
west to east, and is referred to as “westerly flow” or “the westerlies.” The location where
upper level air flow changes direction from northwesterly t o  southwesterly around a low
pressure zone, is called a trough. (In the Southern Hemisphere, the wind shifts from
southwesterly behind the troughline to northwesterly ahead of it.) The line where the wind
shift takes place is the troughline. Trough lines are marked on an image with a dashed line
(. _ _ -). The location where the curvature of air flow around a high pressure zone is
greatest is called a ridge. The marking for a ridge line is a saw-tooth line (AAAA”AA).

The major difference between the ‘highway in the sky’ and upper level air flow is that traffic
can only move horizontally from west to east, never vertically. But air can move up and
down in the vertical direction as well. As air moves away from the high pressure ridge
towards the trough, it can move down a level to avoid bunching up. Like the highway traffic
example, when air leaves the low pressure area it will stretch out again. To the right of the
troughline, air will rise up from below to fill in the spaces.

Vertical air flow beneath the “highway in the
sky” is depicted here. Sinking air results in
high pressure at the surface and rising air
results in a surface low pressure area. Surface
pressure patterns are shifted to the east of the
upper level pressure zones. Troughs and ridges
shift at each level so that the troughline itself
may be sloped or tilted, usually to the west.
To see this effect, connect the L’s on the
picture to the right with a dashed line and the
H’s with a saw-tooth line. Because of vertical
air flow patterns, both troughs and ridges can
be identified in satellite images.
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Image 5.2 Troughline over the Atlantic Ocean seen in an infrared image.

Image 5.1 Troughline over the Pacific Ocean seen in a band 2 image.
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Strong vertical motions associated with troughs result in distinct cloud patterns. Air sinks
to the west of a trough and, in accordance with the ideal gas law, compresses and warms.
If this sinking air is not saturated, or if it warms above its dew point temperature, the air
will be clear. To the east of the troughline air rises from below and often cools below its
dew point temperature resulting in cloud formation. Based on these vertical motions,
troughlines can be located by finding;

0 the place on the upper level wave pattern where air flow appears to shift from
the northwest to the southwest direction,

a clear areas to the left or west, and

   cloudy areas to the right or east.

Upward vertical motion to the east of the troughline marks the location of the surface low
pressure system which often triggers the development of storm systems.

Both satellite images used as examples for locating troughs are over oceans. Oceans present
a flat surface to the air masses flowing over them. There are few distortions due to terrain,
differential heating, and other perturbations caused when air flows over land areas. Once
you are comfortable locating troughs over oceans, it will be easy to adapt your skill to
weather conditions influenced by land areas.

Image 5.1 is a visible band image of the West Coast of the United States and the eastern
Pacific Ocean from a NOAA 11 pass on March 12, 1991. You can almost feel the cold air
mass out over the ocean where open cell cumulus clouds are abundant. On this day the
maximum temperature in Los Angeles was 71° F compared to 57” F in San Francisco and
46° F is Seattle. The location where warmer air over the southwestern United States meets
colder air is called a cold front. Regions north of San Francisco experienced mixed rain and
snow. The troughline is located where the wind shifts from a northwesterly direction to a
southwesterly direction. Can you guess whether showers were forecast for Los Angeles on
March 13th? The answer is yes, as the cold front passed through the area.

Image 5.2 is an infrared image of the East Coast of the United States and the western
Atlantic Ocean from a NOAA 11 pass on December 12. 1990. The troughline where the
wind shifts from the northwest to the southwest is marked by clear air to the west and a
cloudy frontal region to the east.
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Image 5.3 Ridgelines are marked by upper level cirrus clouds.

Ridgelines can be a little more difficult to locate on satellite images because vertical
motions are generally weaker around high pressure systems and the air tends to be drier and
therefore less cloudy. Various clues for identifying clockwise the direction of air flow (in
the Northern Hemisphere) on satellite imagery can be used to position ridgelines.

Most are oriented in a north-south direction. Upper level ridgelines can be located from
cirrus cloud patterns or plume blowoff from cloud formations which indicate a clockwise
flow. Because cirrus clouds are easier to see on infrared images, ridgelines are easier to see.

The ridgeline in Image 5.3 captured on the December 25th has a north-south orientation
across the State of Georgia. This ridge is visible because of the cirrostratus cloud pattern
which marks the clockwise flow. The ridgeline occurs where the change in curvature of the
flow is a maximum. In this image we also observe the gulf stream edge and low lying stratus
clouds which have formed over the warmer waters to the east.

5.2 Waves

In Unit 2 we described wave motion in the atmosphere and we estimated the wavelength
and the amplitude of an upper air wave pattern. The wavelength of most mid-latitude
weather wave patterns ranges from about 50 degrees to 75 degrees of longitude (about 5,000

5-4



kilometers or 3,000 miles). Wave amplitudes typically vary from 5 degrees to 25 degrees
latitude. The amplitude of upper air wave patterns has a direct bearing on weather
conditions below.

(a) Zonal flow (b) Meridional flow

Upper level wave amplitude gives
rise to weather beneath.

When the amplitude of an upper level wave is low, air masses tend to move in an east-west
direction. This is called zonal flow referring to air flow from time zone to time zone. As
illustrated in the figure above, low amplitude waves aloft do not result in much mixing of
colder northern air with warmer air to the south. Low amplitude waves are generally
associated with strong westerly winds aloft called a jet stream. Usually when there is a low
amplitude wave aloft, weather at the surface tends to be mild. Low pressure storm systems
are either very weak or non-existent.

When the amplitude of a wave pattern aloft is large, troughs and ridges are deep. During
these conditions, cold polar air moves southward filling into the trough and warmer tropical
air moves north into the ridge. This condition is referred to as meridional flow.
Eventually, the amplitude increases until the wave breaks up, leaving pools of cooler air in
the south and warmer air in the north. Meridional flow tends to result in stormy weather
at the surface.

Images 5.1 and 5.2 are good examples of high amplitude wavelike meridional flow. In both
cases the wave amplitude exceeded 15 degrees latitude. Examples of low amplitude zonal
flow are shown in Images 5.4 and 5.5. Image 5.4 was captured on February 10, 1991. The
streaks of high cirrus clouds across the southern states and over the Gulf of Mexico mark
the location of the jet stream. On this day the jet stream at 200 millibars was in excess of
100 knots. Surface winds across the middle of the country ranged from 10 to 20 miles per
hour under clear sunny skies.

Image 5.5 showing upper level zonal flow over the southwestern United States was captured
from NOAA 11 on March 5, 1991. Although there were no storm systems in the region on
March 5th, moisture from the Pacific Ocean produced heavy snow in west-facing slopes in
the mountains of the southwest.
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Image 5.4 Zonal Flow over the eastern U.S. marked by cirrus clouds in the jet strea m .

Image 5.5 Zonal Flow over the western U.S. marked by the jet stream.
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5.3 The Jet Steam

The jet stream is a belt of strong westerly winds aloft which flow along the polar front.
Although jet stream winds have been known to exceed 200 knots, the average jet is about
75 to 150 knots. It varies in height from 9 to 15 kilometers (30,000 to 50,000 feet) above
sea level. The jet stream tends to be stronger and to migrate toward the equator during the
winter. In the summer the jet stream is generally weaker, about 50 to 100 knots, and is
usually confined to higher latitudes.

Conventional meteorological analysis has shown that a cirrus cloud shield will form to the
right of and above jet streams (Northern Hemisphere). On satellite images the upper level
jet stream is located in the clear area approximately 1 degree away from the edge of the
cirrus shield.

Many satellite images of the jet stream exhibit bands of clouds that are perpendicular to the
flow. These transverse bands indicate extremely high wind speeds, usually greater that 70
knots, which cause the air flow to become turbulent. The effect of turbulence is vertical
motion, which we have learned, causes cloud formation. One way to imagine turbulent
breakup is to watch water flow from a faucet or hose. When the water is flowing slowly the
stream is smooth. However, as the flow increases turbulence will eventually cause the water
to break up into droplets.

Images 5.6 and 5.7 were captured from a NOAA 11 pass on February 21, 1991. The jet
stream is marked by the presence of cirrus clouds which appear grey on visible image 5.6
but are cold and bright white on infrared image 5.7. The altostratus (As) and cirrostratus
(Cs) cloud band to the south of the jet is thick and white in the visible image but warm and
grey in the infrared image. The weather in Washington D.C. on February 21 was sunny but
breezy. The Gulf Coast from New Orleans to the Florida Panhandle experienced fog and
drizzle.

5-7



 Image 5.6 Jet stream cirrus clouds are grey in a visible image.

Image 5.7 Jet stream cirrus clouds are white in infrared image.
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 ivity 1: Weather Cycles
The purpose of this activity is to test the hypothesis that the transition from zonal to
meridional flow is has a predictable cycle. Construct a graph with the days of the month
along the x axis and wave amplitude on the y axis. This activity will require about 90 days
and you should allow for wave amplitudes ranging from 500 to 2500 kilometers. Capture
an APT image at least twice each week for a period of several months. Estimate the
amplitude and the wavelength of the upper level flow from each image and plot your data
on the graph. After you have finished collecting your data analyze it for patterns.
Elementary school students may prefer to rely on visual data analysis and the most advanced
students might like to try Fourier transforms and statistical analyses. Alternatively you may
wish to try an intermediate approach. Record on a sheet of paper,

0 the number of days between each amplitude maximum observed
0 the number of days between each amplitude minimum observed

Is the average number of days between maximums (or minimums) at least 6 days or longer?
If not, then your hypothesis may be true but you did not collect enough data to test it. You
need to collect data at twice the frequency for which you can test for a cycle or pattern.

Are the number of days between amplitude maximums all about the same within a day or
two days? If your answers to both questions are yes, then you have proved your hypothesis
that weather comes in predictable cycles.

Patterns discovered during this activity will change depending on the season and the location
of the investigator. More ambitious investigators may wish to include other data sets in
their analyses. Precipitation and precipitation rate are good candidates. This activity is a
good opportunity to present the concepts of mean, standard deviation, correlation
coefficient, and other statistical methods as appropriate.

5.4 Summary Discussion:

In this unit you have been introduced to the concept of upper air flow. You should
understand how convergence and divergence of air aloft are connected to weather patterns
on the surface. You should be able to locate the jet stream and to identify upper level
ridges and troughs on satellite images from cloud patterns. Measuring the amplitude of the
upper level wave, should enable you to determine the strength of surface weather systems
beneath. If you cannot answer the following questions, you may wish to review this unit
before proceeding further.

1.
2.
3.
4.

A surface low pressure system would be found to the (right, left) of the troughline.
It is most likely to be raining to the (right, left) of the troughline.
Downward or sinking air would be found to the (right, left) of the trough.
A ridgeline is the place where upper level air flow has its maximum (clockwise,
counterclockwise) curvature.

5. The jet stream tends to migrate (poleward, equatorward) in winter.
6. Meridional flow is usually accompanied by (stormy, mild) weather.
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Unit 6: Weather Systems

Weather systems can be characterized by the types of clouds and cloud patterns that are
associated with them. All weather systems from large scale storms and hurricanes to small
lake breezes display characteristic cloud patterns. The more violent a weather system is, the
more prominent are the cloud patterns. Large expanses of cloud free areas or areas that
contain widely dispersed cumulus clouds are indicative of mild weather. Large bands of
clouds that move in formation from west to. east (in the northern hemisphere) are
characteristic of frontal systems. Tropical storms and hurricanes are highly organized
swirling cloud eddies that spin as they move along their path. In this unit you will learn to
determine the type of weather system that exists over a given area by interpreting cloud
types, patterns, and movements as observed from satellite images.

6.1 Fronts

An air mass is a volume of air that has similar
properties; temperature, pressure, wind and
moisture. When two air masses with different
properties come in contact with each other, the
transition zone is called a front. At the front,
rapid changes take place. The major types of
front are cold fronts, warm fronts and occluded
fronts. Well developed frontal systems show
up as large-scale bands of clouds on satellite
imagery. Weather map symbols for fronts are
depicted in the figure to the right. Lines with
semi-circles represent warm fronts and lines
with points represent cold fronts.

Warm fronts result when warm air forces its

Advancing Warm Front
way into an area of colder air. Since warm air
is less dense than cold air, it tends to slide over
the cold air that it is trying to displace. The
actual warm front is the transition zone
between the advancing warm air mass and the
cold air mass. The resulting cloud formation is
a wide band of stratiform clouds. These
stratiform clouds do not have the distinct
structure that is characteristic of cumuliform
clouds. Therefore, the resulting satellite image
looks like a uniform area of white cloud bands

with very little structure evident. Warm front weather is less intense than weather
associated with cold fronts, and will generally cover a wider area. A typical warm front
moves at about 15 miles per hour.
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Cold fronts result from cold air rapidly
advancing and replacing warmer air in a given
region. The actual cold front is the transition
zone between the cold air mass and the warm
air mass it is replacing. The advance of cold
air results in rapid uplifting of the warm air it
replaces, causing a relatively thin line of
cumuliform clouds to develop. These
cumuliform clouds appear as clearly outlined,
almost cauliflower shaped, white cells on a
satellite image. Cold fronts generally move
from west to east at about 20 miles per hour in
the mid latitudes.

Advancing Cold Front

An example of a cold front is shown in Image 6.1, an infrared image captured on October
5, 1990. The cloud band across the image is the front. The amplitude of the wave pattern
is larger than 20 degrees of latitude, indicating strong meridional flow. The gulf stream is
also evident, with a warm core eddy forming about 300 kilometers southeast of Cape Cod.

Image 6.1 A cold front off the east coast of the United States.

6-2



Occluded Fronts
Because cold fronts move much faster
than warm fronts, in a normal frontal
system the cold front will eventually
catch up with the warm front. When
the two fronts combine an occluded
front results. This frontal occlusion will
be a mixture of both cold and warm
frontal clouds. The occluded front will
be a band of clouds with a chaotic
blend of stratiform and cumuliform
clouds often with embedded
cumulonimbus and towering cumulus
clouds.

Two examples of occluded fronts are
shown here. The image to the right,
captured on March 4th, shows an
intense low pressure system that swept
sheets of rain and strong thunderstorms
across the northeast before moving out
to sea. A image of this storm system 12
hours earlier is shown in Image 6.9.

Image 6.2 An occluded front.

Image 6.3 is from March 13th. Note the cumuliform clouds in advance of the cold front and
the stratus layers associated with the warm front. Snow, sleet and rain were forecast in
Washington D.C. on March 13th but never materialized.

Image 6.3 An occluded front with rain and snow forecast.
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Frontal Rope Clouds
In some cold frontal bands, a well defined cloud line will stand out near the leading edge
of the clouds. This cloud line, called a frontal rope cloud, is coincident with the surface
position of the cold frontal boundary. Rope clouds stand out vividly over mid-latitude
oceans. Over land, the roughness of the terrain and resulting frictional effects often break
up the orderly structure of role clouds. However, rope clouds can sometimes be observed
over very flat regions of land like Florida.

Image 6.4 from May 31, 1991 shows a front off the east coast of the United States. A thin
line of cumulus clouds marks the frontal line. A series of squall lines have developed in
advance of the front. The V shaped cloud marked at the top of the rope is a classic cloud
pattern for tornado watches.

-

-.

-

Image 6.4 A rope cloud marks the edge of the frontal system.
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Gust Fronts
Thunder storms are regions of intense updrafts and downdrafts. As the storm begins to
dissipate, downdrafts flow out the bottom and ahead of the storm. Because of its downward
vertical motion, this air is cooler than the surrounding air and thus forms a mini cold front
in advance of the thunderstorm itself. The leading edge of the cold air that flows from the
bottom of a thunderstorm appears in satellite images as an arc shaped line of convective
clouds sometimes referred to as a gust front. New thunderstorms can develop along gust
fronts particularly where two arcs intersect or where there is already some convective
activity. Strong turbulence is generally associated with gust fronts. Wind speeds can easily
exceed 20 knots and in some cases have been believed to reach 100 knots.

Image 6.5 Gust fronts form in advance of thunderstorms.
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6.2 Severe Storms

Squall Lines
Squall lines are intense lines of thunderstorms that form ahead of fast moving cold fronts.
The squall line forms due to rapidly converging air ahead of a cold front that leads to severe
thunderstorm and tornado activity. Some squall lines are several hundred miles in length.
Squall lines are very prominent weather features, and can be seen on visible (Meteor and
band 2) satellite imagery. However, the best analysis tool for tracking squall lines is an
enhanced infrared image because vertical development can easily be monitored.

An example of squall lines is shown in APT Image 6.6 captured on January 17, 1991. A
cold front off the east coast of the United States is marked by a thin rope cloud. A series
of squall lines has developed in advance of the front. The V shaped cloud marked at the
top of the rope is a classic cloud pattern for tornado watches.

Image 6.6 Squall lines form in advance of fronts.
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Tornadoes
Tornadoes result from extremely
severe thunderstorm activity.
Well developed squall lines and
highly organized cold frontal
systems are prime candidates for
the development of tornadoes.
Once you have observed a well
developed squall line in visual
imagery, you should then switch
to thermal imagery to analyze
the detailed cloud structure.

There is a classic V shaped cloud
pattern associated with tornado
activity. This V pattern, or
triangular cloud mass, actually
resembles a tornado as when
viewed from a satellite’s vantage
point. Infrared imagery in most
cases will show upper level
divergence. By tracking the
movement of the coldest clouds
the situation can be monitored
and areas of suspected tornado
activity can be outlined. Upper
level divergence is usually
accompanied by low level
convergence resulting in strong
updrafts that accompany severe
turbulence, icing, and windy
surface gusts.

Images 6.7 and 6.8, captured on
March 1, 1991 are from the
afternoon pass of NOAA 11.
The area of potentially severe
weather near New Orleans is
marked on the infrared view.
Heavy thundershowers were
reported in the area but no
tornadoes were sighted.

Image 6.7 Visible image of storm system.

Image 6.8 Infrared image of storm.
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Thunderstorm Detection and Forecasting
Meteorologists forecast weather on several
time and spatial scales. Clues about the
weather over a region on a scale of one to
three days can be derived from watching
for changes in the amplitude of upper level
air flow. A change from zonal to
meridional flow indicates that more mixing
of different air masses is likely. The full
cycle from zonal to meridional back to
zonal flow can take 7 to 10 days. If upper
level divergence is strong, a strong surface
low will develop to the east of the upper
level trough. This area should be watched
for thunderstorm development. An
illustration of the life cycle of a storm is
shown here. The life cycle of a cyclone
storm is usually about 3 days.

Life Cycle of a Frontal Wave

(4

(4

Thunderstorm activity is both detectible
an predictable on much smaller time
and space scales. One short term clue
is to look for an arc of cumulus clouds
marking a line of convective activity in
advance of a cold front. Where these
arcs cross each other or where there is
strong convective activity, thunderstorm
development is likely.

Thunderstorm intensity can be
estimated by monitoring cloud top
temperatures. Cloud tops with
temperatures colder than -55° C are
most likely to be producing intense
thunderstorms. One simple trick that
meteorologists use to visually note
which clouds are the coldest is to
enhance the image coloring all pixels in
a low temperature range, for example
from -55° C to -60° C, black. The
images showing cumulonimbus clouds in
Unit 4 were enhanced in this way.

Image 6.9 Cold front with thunderstorm activity.
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6.3 Tropical Storms

Image 6.10 Tropical storm Lili at about 3 p.m. on October 11, 1991.

A tropical storm begins as a tropical disturbance, which is a large low pressure area over
warm tropical ocean. If conditions are favorable, an organized pattern of clouds, wind, and
rain develops. The first pattern that can be recognized in a satellite image is called a
tropical depression. Tropical depressions have closed rotary flow at the surface with winds
less than 34 knots. When winds increase above 34 knots, the cyclone is classified as a
tropical storm. When Image 6.10 was captured, Tropical Storm Lili had formed off the
coast of Florida.

Tropical storms are more likely to occur in the summer and autumn than during the rest of
the year because the three ingredients required to initiate a tropical storm are most likely
to occur at the same time and place during the late summer and autumn. They are:

(1) warm moist converging air,
(2) warm ocean, and
(3) latitude away from the equator where the Coriolis force caused by the earth’s

rotation is strong enough to increase to potential for cyclone development.
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Image 6.11 Infrared view of tropical storm Lili.

Tropical storms and hurricanes exhibit a great variety of cloud patterns, but most can be
described as having a “comma” shape. As the storm develops, the clouds form bands that
wrap around into a center, producing a circular cloud system that often has a cloud-free,
dark eye. The number and width of the bands, the solidness of the central dense overcast,
and the presence of an eye all enter into the daily assessment of a storm. This closeup
infrared view of Tropical Storm Lili shows a comma shape pattern, a dense center but no
eye.

Low level winds near the surface of the ocean, shown as solid arrows, flow in a
counterclockwise direction into the center of the storm. Winds emerging out of the top of
the storm in the upper atmosphere flow in a clockwise direction. Upper level air flow is
indicated by double arrows.

Tropical storms begin in the warm converging air of the Inter-Tropical Convergence Zone
(ITCZ). They move slowly westward and away from the equator until they reach the
subtropical high pressure zone.
the mid-latitude region.

Then, like a slingshot, they accelerate out of the high into
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Image 6.12 Tropical storm Lili late afternoon on October 12, 1991.

This APT image, captured from a NOAA 9 satellite pass on October 12, 1990, shows Lili
about 27 hours after the image on the previous page. Two wide feeders appear to be
spiraling into Lily. These feeders can contain intense thunderstorms and tornadoes. Two
weather systems now appear in the image. A Tropical Depression has developed to the east
of Lili.

Lili has grown larger and has moved about 5 degrees to the north and west. Tropical storms
generally move at about 10 to 15 miles per hour in the tropics and pick up speed to 30 to
50 mph as they move to higher latitudes.

Tropical storms are named alphabetically, each season beginning with “A”. Alternate
names are male and female. How many tropical storms had occurred in 1990 before Lili?
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Image 6.13 By morning on October 13, 1991 tropical storm Lili has burned itself out.

This Automatic Picture Transmission (APT) image was captured from a NOAA 10 satellite
pass on October 13, 1990. This is the third day in the evolution of tropical storm Lili. Lili
has nearly burned itself out and is moving to off to the north and east.

Tropical cyclones are classified with respect to their state of development.

Tropical Disturbance: A weak rotary air circulation 160 to 300 kilometers (100 - 300
miles) across.
Tropical Depression: A closed rotary flow at the surface with wind less than 34 knots
(39 mph).
Tropical Storm: A closed rotary flow with winds of 34 to 63 knots (75 mph).
Hurricane: A warm core tropical storm with wind in excess of 64 knots (75 mph).

Activity: Discuss possible reasons why Lili did not develop into a hurricane.
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Image 6.14 Hurricane Bertha on 31 July, 1991.

When the winds within a tropical storm exceed 64 knots, it becomes a Hurricane. This APT
image, captured from a NOAA 11 satellite pass on July 31, 1990 shows Hurricane Bertha.
Both visible and the infrared channels are displayed side-by-side.

Hurricane Bertha has the classic comma shape with two feeders. From the cloud patterns
it can be seen that the wind is swirling in a counter clockwise direction near the surface and
a clockwise direction out of the top of the system. Heavy rain and high wind was reported
on this day all along the coast of Maine.

Although North Atlantic tropical storms are called hurricanes, in the Pacific, they are called
typhoons. In the Southern Hemisphere, storms similar to hurricanes and typhoons affect
Australia and Africa as well as many islands such as Madagascar. These are called cyclones.
A nickname of “Willy-Willy has been used to refer to hurricanes in Australia.

6-13



Image 6.15 Close up view of hurricane Bertha in the visible band.

The wind increases and the pressure decreases toward the center of a hurricane. The
strongest winds are at a distance of about 6 to 30 miles from the center. The center, called
the eye, is a region of relative calm about 6 to 12 miles across.

Activity 1: Scale a Hurricane
How big is the eye of Hurricane Bertha? How wide is the hurricane? These lengths can
be estimated by using the latitude and longitude grid to develop a map scale. Most
hurricanes are about 600 to 800 kilometers (400 to 500 miles) wide. Is Hurricane Bertha
typical? (Hint: 1 degree latitude is about 100 kilometers.)
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below. Use them to determine the
approximate pressure and wind speed of tropical storm Lili
can apply the same technique to estimate the intensity of
shown in satellite Image 2.9 in Unit 2.

6.4 Summary Discussion

of October 11, 13 and 13. You
hurricane’s Herman and Iselle

Satellite imagery provides meteorologists with a wealth of information about the position,
intensities, and motions of storm systems. In this Unit you have learned about mid latitude
and tropical storms. The objectives were to learn to identify combinations or systems of
patterns and to predict their change.

Various mid latitude frontal conditions were defined and identified in satellite imagery by
their associated cloud types, patterns, and extent. Infrared imagery has been used to
determine cloud top temperatures and thereby track determining the intensity of storms.
The life cycle of a storm system has been analyzed on two time scales; for development of
frontal systems over a period of 1 to 3 days, and development and decay of localized
thunderstorms over a period of hours. The key forecast indicators were also examined. The
strength of meridional flow is an indicator of storm cyclogenesis. A major key to short
range local forecasting is monitoring the outflow boundaries from mature thunderstorms and
watching for the development of new thunderstorms in areas where gust fronts intersect.

The ingredients for development of tropical storms were presented and the life cycle of a
tropical storm was shown in satellite images. The role of pattern recognition in determining
the intensity of tropical storms has been explained.
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