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Unit 3: The State of the Atmosphere - How Clouds Form
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3.1 Temperature and Atmospheric Circulation

Temperature differences from place to place on the earth’s surface result in convective air
flow, or winds. When a gas is warmed its volume expands and it tends to rise. You can
observe this on a small scale by placing your hand over a pan of boiling water or by
measuring the air temperature at the top and the bottom of a heated or air conditioned
room. The physical law that states that the volume of a gas is proportional to its
temperature is called the ideal gas law. The mathematical relationship is the equation of
state. The equation of state is presented in section 3.3.

Global wind patterns begin when air at the equator is
heated by the sun. This hot humid air expands and
rises to a height of about 20 kilometers (12 miles). It
then flows toward the colder polar regions where it
sinks again at about 30 degrees latitude. The regions
of sinking on either side of the equator are called
subtropical high pressure areas. Because of the
earth’s rotation underneath the atmosphere, low level
air flow back toward the equator appears to have an
easterly (from the east) orientation. These easterlies
are called trade winds. Winds flowing away from the
equator from the subtropical high are called
westerlies. Westerlies occur in the mid-latitude bands
of the earth.

C-\ rising

Thermometers for measuring temperature are scaled by the melting point of ice and the
boiling point of water. On the Celsius scale, the difference between the boiling and freezing
is divided into 100 parts, or degrees Celsius (°C), where zero is freezing and 100 is boiling.
On the Fahrenheit scale, the difference between freezing and boiling is divided into 180
parts or degrees Fahrenheit (° F). The temperature of melting ice is marked at 32° F and
boiling water at 212° F. The universal temperature scale is called the Kelvin scale. Degrees
on the Kelvin scale are equivalent to degrees on the Celsius scale. However, zero on the
Kelvin scale is set at absolute zero, the temperature at which molecules stop moving and
there is no heat at all. Zero degrees Kelvin is -273.16° C or -459.4° F.

3.2 Pressure and Atmosphere

Air has weight. One simple way to prove it is to balance two balloons on a yard stick. Prick
one and watch what happens. The weight of the atmosphere over a one inch square patch
of land at sea level is 14.7 pounds. Using this information you can compute that the weight
of air on your shoulders (about 1 square foot or 144 square inches) is over one ton! We
don’t feel it because we are used to it.
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Pressure is defined in terms of the weight of the atmosphere per unit area. Semi-permanent
high and low pressure areas occur at various locations on earth. These locations are related
to the global circulation pattern described above. Over the equator, where moist tropical
air rises due to the sun’s heating, is a permanent belt of low pressure called the Intertropical
Convergence Zone (ITCZ). At 30 degrees north and south of the ITCZ are belts of high
pressure called subtropical highs. Semi-permanent high pressure systems also reside over
each of the poles. These two high pressure areas are separated by a low pressure belt
sometimes called the polar front. The polar front occurs at about 60 degrees latitude but
meanders toward the equator during the cold season. These high and low pressure belts are
marked on the figure above.

Atmospheric pressure is measured with a barometer. One common type of barometer
consists of a glass tube about 800 millimeters long. The tube is filled with mercury,
inverted, and placed in a dish of mercury. The level of mercury falls until the force per unit
area on the mercury in the dish supports the mercury in the tube. At sea level about 760
millimeters of mercury should remain in the tube. As the atmospheric pressure on the
mercury in the dish rises and falls, the mercury level in the tube will rise and fall.

Pressure is sometimes reported in fractions of normal sea-level atmospheric pressure, or
fractions of an atmosphere (atm). On this scale, 1 atm is the weight per unit area of the
atmosphere above land at sea level. Units of pressure which are equivalent to 1 atm are
1013.25 millibars, or 760 millimeters of mercury or 29.9213 inches of mercury.

3.3 Thermodynamics

Atmospheric pressure decreases with height above the earth. Our bodies detect changes in
atmospheric pressure when they take place. You may have experienced the effects of
pressure drop with height causing your ears to pop as you drive over a mountain.
Meteorologists often report the height of weather phenomena above the earth’s surface in
units of pressure rather than length. The relationship that describes how pressure changes
with height is called the hydrostatic equation. A simple form of this equation, which is only
valid near the surface of the earth where the density of the air is also constant (about the
first 5 kilometers), can be written as follows:

Pat height h = 1013 -h/10

where P is pressure in millibars and the height h is measured in meters, the value of the
constant is 10. The hydrostatic equation was used to develop the conversion ruler shown
on the next page. You may wish to develop a conversion ruler from “millibars” to “feet” as
a classroom activity.

The study of the solid, liquid, and gaseous states of a system is called thermodynamics.
The properties of state. sometimes called the variables of state, are pressure, temperature,
and volume. The equation of state defines the relationship between state variables when a
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system is in equilibrium. The equation of state for a constant fixed volume of gas is:

Pressure(millibars) x Volume = Constant x Temperature(Kelvin) (eq. 3.2)

In section 3.1 we explained the relationship between the temperature of a gas and its
volume. The equation of state also says that if the pressure on a gas is increased, the gas
will heat and if the pressure decreases, that gas cools. This law explains why a bicycle pump
feels hot when it compresses air, and why a fire extinguisher gets frosty cold when it is used.
For meteorological purposes, the ideal gas law when combined with the hydrostatic equation
states that the temperature of the atmosphere must decrease with altitude.

As a general rule, the temperature of dry air decreases at a rate of 10” C per kilometer
above the ground. This is called the dry adiabatic lapse rate. The temperature of saturated
air decreases more slowly, at a rate of about 5” to 7” C per kilometer. Meteorologists refer
to this as the moist adiabatic lapse rate. The term adiabatic refers to a thermodynamic
process which takes place without gain or loss of heat.

3.4 Water Vapor

The atmosphere’s water content varies in time and place. Because water at atmospheric
temperature readily changes state from solid ice to liquid drops to gas, it can be easily
picked up, transported, and deposited from place to place around the world. Dry air soaks
up water by converting it to its gaseous state, called water vapor. However, like a sponge
which cannot hold an unlimited amount of water, the
atmosphere cannot hold an unlimited amount of water
vapor. The maximum possible amount a volume of air
can hold depends on temperature and pressure. The
higher the temperature or the pressure, the more water
vapor air can hold.

Saturation
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Perhaps you have noticed how sidewalks dry out in the
sun after a rain, or how water condenses on grass on
cold evenings. This figure depicts an air water interface. Water molecules can evaporate
leaving the water and entering the air and they can condense from the air back into the
water. Saturation occurs when evaporation equals condensation. The temperature to which
air must be cooled to reach saturation is called the dew point temperature. If air is cooled
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beyond the dew point, then the excess water vapor condenses into droplets. If the
temperature rises above the dew point, then water will evaporate.

Relative humidity is another measure of the air’s water vapor content expressed as the ratio
of the actual atmospheric water vapor to the maximum possible. If a volume of air with a
relative humidity of 50 % is cooled, the relative humidity will increase until it reaches 100
%. Further cooling will result in fog, rain or another form of precipitation.

3.5 How Clouds Form

Clouds form when moist air cools beyond its dew point temperature and the excess water
vapor condenses. There are two main ways to cool air to bring about condensation;
radiative cooling and adiabatic expansion as a result of vertical motion. The various causes
of vertical motion include; lifting of air over mountains, convection caused by the sun’s
unequal heating at the earth’s surface, convergence of air flow, and frontal ascent or
advection. Clouds dissipate either when air is heated above its dew point, or if the moisture
falls out as precipitation.

Radiative Cooling:
Radiative cooling occurs on clear evenings after the sun has set. Ground temperature
rapidly falls as heat is radiated away. Then the air in contact with the land is cooled causing
condensation if the temperature drops below the dew point. Radiative cooling results in
dew, fog, and, if its cold enough, frost. Fog appears in visible satellite images as a uniform
textured area. Depending on the sun angle and the thickness of the layer, fog can appear
white or grey in visible images. Boundaries are sharply defined and often outline the
topography, such as coast lines, mountains and valleys. Fog is not easy to identify on
infrared images because the temperature difference between fog and its surroundings is not
large.

Both images shown here are from early morning Soviet Meteor passes. Image 3.1 on the
left shows a thick fog layer covering the San Joaquin Valley in central California. Image
3.2 shows fog settled into the valleys of Yellowstone National Park and other mountain
valleys of the Rocky Mountains.

Image 3.1 Fog in San Joaquin Valley. Image 3.2 Fog in Rocky Mt. Valleys.



Orographic Lifting:
Meteorologists call the rise of air as it flows over topographic barriers is called orographic
lifting. The temperature of dry air decreases at about lo” C per kilometer as it is lifted.
If the air cools beyond its dew point temperature, then condensation takes place and clouds
form. Saturated air cools at a little more slowly as it is lifted because when water vapor
condenses it gives off a bit of extra heat, called latent heat. Therefore, saturated air cools
at rate of about 5” to 7° C per kilometer.

Activity;
In the figure shown here, an air parcel on the
upwind side of the mountain has a temperature
of 25°C and the mountain is 4 kilometers high.
As air is lifted with the air flow, it cools at a
rate of 10°C per kilometer. At a height of 3
kilometers it  reaches the dew point
temperature (-5°C) and clouds form. The air
parcel continues to rise and cool at a saturated
rate of about 6°C per kilometer. What is the
temperature at the top? Descending down the

leeward side of the mountain it heats up at a rate of 10°C per kilometer to 29°C at the
base. The air parcel is both warmer and drier on the leeward side of the mountain.

Cloud formation due to orographic
lifting is readily apparent in both visible
and infrared images. The effects of the
Appalachian mountains on cloud
formation is clearly depicted in this
NOAA 11 APT satellite image captured
on February 11th 1991. This is a
relatively clear cold day.

Image 3.3 Clouds form due to orographic lifting
over the Blue Ridge Mountains.
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Image 3.4 Cloud dissipation on the leeward side
of the Sierra Nevadas.

Image 3.4 of the western United States,
was captured from a NOAA 10 pass on
March 10, 1991. Moist air from the
Pacific Ocean is lifted up the west side
of the Sierra Nevadas in eastern
California. As it lifts it cools below its
dew point temperature and water vapor
condenses forming clouds. The air mass
drys out as it descends down the other
side of the mountains into Nevada.

An unusual variation of orographic
effects is shown in Image 3.5. Here, air
is constrained by high mountain ranges
to the north and south, forcing it to pass
through the Casper Gap in central
Wyoming. As moist air approaches the
gap it converges and is forced to rise
causing the cloud formation seen in this
image.

-

-

Image 3.5 Lifting due to converging air as it passes through the Casper Gap,
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Rise of thermals
As explained by the ideal gas law, air
expands and rises at the sun heats it.
Since the sun’s heating effects are
the greatest at the equator, air rises
there. We might expect a semi-
permanent cloud band to form along
the ITCZ . This GOES image
composite from May 9, 1991 shows
the expected cloud band at the
equator and clear areas at +30
degrees and -30 degrees latitude
where sinking air results in sub-
tropical high pressure areas. Image 3.6  GOES infrared image showing the ITCZ

and subtropical high pressure belts.
Sea Breezes

Lake and Sea Breezes
‹-   ‹-

A
Whenever there is differential heating of an area, local
circulation systems will develop. Differential heating

$4 tt is common along coastlines. During the day, the sun
cool moist air heats and rises

causes the land to heat up faster than the water. The
off the water over warm land cool moist air over water moves inland, heats up, and

I) * rises. If the moisture content of the air is high enough,
louds will form and precipitation may occur. Lake

and sea breeze circulation will be stronger when
prevailing large scale weather systems are weak. If the

prevailing wind is blowing against the sea breeze, then the localized circulation may not
develop.

An example of
Lake Michigan
left.

Image 3.7 Sea breezes.

sea breezes along the coast of
is shown in the image to the

3-7



Another example of differential heating resulting in cloud formation is when cold
continental air flows offshore over the warmer ocean water. As the cold air reaches the
warm water it rises resulting in stratus or strato-cumulus cloud streaks (see Unit 5 for more
on cloud types). As shown in Image 3.8 from NOAA 10 captured on March 11th, 1991 the
cloud edge off the east coast is often a good predictor of the location of the warm waters
of Gulf Stream. Other feature of this image include some topographic cloud formation over
the Great Smoky Mountains and a glimpse of the Shenendoah Valley. A light dusting of
snow streaks the countryside from Michigan through West Virginia. The Great Lakes appear
to be warmer than the surrounding land indicating not only that this is a cold day but the
spring is on its way.

-

-

_

Image 3.8 Cold continental air rising over warm Gulf Stream water.
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Image 3.9 Santa Ana winds cause upwelling cold water
off the coast. Air is sinking in the clear areas.

The opposite effect is shown in
this NOAA 11 image captured
on the afternoon of March 7,
1991. Here we have hot dry air
moving from land out over the
Pacific Ocean. Easterly winds at
the ocean surface result in cold
upwelling water off the coast of
California.

This situation is likely to lead to
nighttime advection of warm
moist ocean air back to the east
over the colder coastal water.
As the air approaches the
California coast it will cool and
condense into morning low level
stratus clouds and fog, common
to the area from late winter
through early summer.

3.6 Summary Discussion

The objective of this unit was to explain how the physical properties of the atmosphere
result in cloud formation. First the physical properties were presented together with
common units and measurement techniques. Then the laws pertaining to their relationship
with each other were described in the context of cloud formation. Finally visual examples
were provided from selected APT imagery.

At this point you know that there are two ways of cooling moist air to cause cloud
formation; radiative cooling and adiabatic expansion. The first results in fog and dew near
the ground. The second is the most important mechanism for cloud formation. You should
be able to explain how unequal heating produces convective circulation and results in cloud
formation. You should be able to identify regions of rising and sinking air on satellite
imagery.
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Unit 4: Cloud Types - How Do We Recognize Them

The most common features seen on meteorological satellite images are clouds and cloud
systems. In this Unit you will learn to recognize cloud types and determine their nature,
extent, height and movements. You will be shown how separate out low, middle and high
clouds, and to determine the height and intensity of weather phenomena by comparing
visible and infrared imagery.

4.1 Classifying Clouds

Nine cloud types presented in this unit are listed in the table below. The abbreviated
symbols in the table are used to denote cloud types and mark them on satellite images.
Clouds are generally classified by

0 shape,
0 content, and
0 height above the ground.

Cloud Shapes:
There are two main categories of
cloud shape; cumuliform and
stratiform.

Cumuliform, or heap, clouds
look like fat puffy cotton balls.
They can be fair weather
indicators. They are likely to
have strong vertical motions
within them and they can have
considerable vertical depth.
Cumuliform clouds develop in an
unstable atmosphere. Their
appearance on satellite images is
visual evidence of convection in the atmosphere.

Stratiform clouds are layered and spread like sheets across the sky. They develop in a stable
atmosphere and generally have less vertical motion and less turbulence associated with
them. When they appear in satellite images they give evidence of widespread cooling,
usually as a result of advection of moist air over a cooler air mass or land surface beneath.

Cloud content:
Clouds contain water, ice, or a mixture of both. Cumulus (Cu) and stratus (S) clouds are
fairly warm, usually above 0” C, and comprised of water. Water clouds can be distinguished
in satellite images by their sharp boundaries. Clouds composed of a mixture water droplets
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and ice crystals are known as mixed clouds. Mixed clouds are usually undergoing strong
vertical development, such as that which occurs in thunderstorm clouds called cumulonimbus
(Cb) clouds. Below -38° C only ice crystals form by condensation. Ice crystal clouds, which
have fibrous structure, are easily identified in satellite images. They look like they have
been painted on with a dry brush. Cirrus clouds are made of ice crystals.

Cloud Height:
The third way of classifying clouds is by their average base height above the ground.
Meteorologists speak of three main height categories; low clouds, middle clouds and high
clouds. Low clouds are those that have base heights from the earth’s surface up to about
2,000 meters (about 6,500 feet). Middle clouds are found between about 2,000 and 6,000
meters (6,500 to 20,000 feet), and high clouds are higher than about 6,000 meters (20,000
feet) above the ground. The cloud layer of the atmosphere stops at about 15 to 18
kilometers (10 miles or 60,000 feet). This layer of the atmosphere is known as the
troposphere. Base heights described here are representative of mid-latitudes. In the tropics,
base heights are a bit higher and they are lower near the poles.

Because the atmosphere cools with height, cloud temperatures also decrease with height.
Meteorologists have found that the temperature at the base of low clouds is usually in the
range between 0” and 25° C. The base temperature of middle clouds ranges from 0°C to -
25° C and high cirrus clouds are almost always colder than -25” C. Of course satellites
measure temperature at the top of a cloud, not its base. Nevertheless, cloud top
temperatures can be used to help identify cloud types. Because stratiform clouds do not
develop vertically, their tops are likely to be lower and warmer than cumuliform clouds.
Cumuliform clouds are accompanied by strong vertical development. Depending on the
strength of convective activity, the tops of cumuliform clouds can extend through the entire
troposphere. The tops of Cumulonimbus (Cb)  thunderclouds are often colder than -50°C.
In Image 4.1 pixels in the temperature range from -50°C to -55” C are blackened.

Image 4.1 Cloud height relates to temperature on infrared images.
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In visible satellite images the brightness of clouds depends on cloud thickness and the sun’s
angle of reflection off the cloud tops. Thick clouds have roughly equal brightness in visible
imagery regardless of their height or content. Very thin clouds can appear grey because
they are partially transparent. Not all of the sunlight is reflected back toward the satellite
sensor. Sunlight is readily transmitted through thin cloud layers. (Refer to Unit 2, section
9 for a more detailed discussion of cloud transmittance.) High icy clouds are most likely to
be thin and appear grey in visible satellite imagery.

In thermal satellite images (AVHRR bands 3 or 4), the brightness of clouds depends on
temperature. Ice clouds like cirrus (Ci) are cold and appear much brighter than clouds
comprised of warmer water like fog and stratus (S). Because the atmosphere’s temperature
decreases with height, higher clouds are almost always colder than low level clouds.
Therefore, the temperature of cloud tops as determined by the brightness of infrared
imagery provides a  qualitative measure of cloud height. When visual imagery is used
together with thermal infrared imagery, cloud discrimination is most easily accomplished.

Date:. uov 12 Cloud Photo # a
Time: 9:30 saw
Location: Sd-l Camera Direction:

NNEE@
s SW w NW

Istratiform _
cllmulifom_
s@lCbAs

AC Cs Cc Ci

Wind Speed: 4 “+‘I&
Wind Direction: S E
Temp:* P&p:-
Pressure: 2 9. 8 c
RH:  $3 .f,,

Activity: Cloud Atlas The best way to become familiar with cloud types and to relate them
to weather is to create your own cloud atlas. The materials needed include a camera, 3 x
5 cards, photo-album, compass, and a cloud chart available from the National Weather
Service. Photograph clouds and collect data on 3 x 5 cards in a format similar to the one
shown here. Initially, it will seem like there are an endless variety of cloud types. However,
before long patterns will become apparent and you will be able to identify and classify
clouds quickly. By including surface weather conditions in your log, you will learn to relate
each cloud type to impending weather. The data cards should be mounted in the album on
the same page as the photo.
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4.2 Low Clouds

Low clouds occur in the lowest level of the atmosphere.
above 2,000 meters (6,500 feet). These clouds include
stratocumulus (SC) types.

Their heights do no generally reach
fog, stratus (S), cumulus (Cu), and

Stratus (S) and fog are the lowest cloud types. The only difference between the two is that
fog touches the ground. Both are caused when air near the ground cools after sunset or
when warm air is advected  over cooler land, water or air near the ground. Advection is the
process of heating or cooling an air mass by transporting it horizontally over an area of
different temperature. From a satellite’s vantage point, fog and stratus clouds look the
same. They both look uniform in shade and they have very little texture although their
edges are sharply defined. In visible images, brightness depends on cloud thickness and sun
angle. A thick stratus layer will appear very bright.

In infrared images, stratus and fog appear grey. They can be hard to distinguish from
background because their temperature is not much different than their surroundings. In
fact, the air on the top of stratus and fog layers is often warmer than the cloud layer itself.
This is caused when upper level air sinks down on top of the fog layer and is called a
subsidence inversion or temperature inversion. Infrared Image 4.2 shows stratus clouds
blanketing most of northern and central Florida. Other low level clouds; stratocumulus
streaks and open cell cumulus clouds are also visible.

Image 4.2 Infrared view of low level cumuliform and stratiform clouds.
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Stratocumulus (SC) cloud patterns are easily recognized on weather satellite imagery by their
characteristic lumpy pattern. Cloud bases for stratocumulus(Sc) clouds are from 500 to 800
meters. The smallest stratocumulus elements are 2 to 4 kilometers in diameter while the
largest are 15 to 40 kilometers in diameter. Often, Stratocumulus (SC) clouds are limited
from growing vertically by the presence of warm air aloft. Because the temperature
inversion blocks vertical development, the clouds will spread laterally forming rows aligned
with the wind. This formation can be observed as cold air moves off the continents and
flows over warmer water. Then streaks of stratocumulus clouds form over the warm water,
aligned with the low level wind flow.

An example of stratocumulus streaks is shown in this infrared AFT image from the Chinese
FengYun Satellite. Cold continental air is flowing southeast from the snow-covered lands
of New England and eastern Canada toward the warmer waters of the northern Atlantic
Ocean. Over warm water condensation takes place and clouds form. However, three
dimensional vertical development of the clouds is constrained by warm air aloft. This results
in streaks of stratocumulus clouds which are aligned with the wind.

Image 4.3 FengYun infrared view of stratocumulus cloud streaks.
Cumulus(Cu) clouds are very common small puffy fair weather clouds. Most individual fair
weather cumulus clouds are too small to be seen in AFT images. Cumulus clouds usually
have bases of 600 to 900 meters (2,000 to 3,000 feet) with cloud tops anywhere from 1.5 to
3 km (5,000 to 10,000 feet). Those with tops above 3 km (10,000 ft) are called towering
cumulus and are large enough to be identified in visible images. Once they reach this height
they can also be identified in thermal imagery. Examples of cumulus clouds in visible and
infrared imagery are shown in Images 4.4 and 4.5 captured from an afternoon NOAA 11
pass on May 2, 1991.

4-5



-

-

-

-

-

-

-

- Image 4.4 Visible image of various cumulus and stratus clouds over the Northeast.
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- Image 4.5 Infrared image of cumulus and stratus cloud forms.

-
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Cumulus clouds can form in “open cell” patterns that resemble geometric shapes such as
polygons or ellipses. Upward vertical motion occurs where clouds are present and
downward sinking motion occurs in the clear cells. Typically, open cell cumulus patterns
are found behind fast moving cold fronts and often suggest low level turbulence. Open cell
cumulus patterns are prevalent in Image 4.6 of the West Coast captured on March 14th,
1991.

Image 4.6 Open cell cumulus over the Pacific Ocean from NOAA 11.
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4.3 Middle Clouds

Middle level clouds are infrequently seen in satellite images because they usually occur in  
layers in frontal systems, hurricanes, typhoons, and other weather systems where higher level
cirrus clouds obscure them from view. Mid level clouds include altocumulus (AC) and
altostratus (As). Altocumulus (AC) clouds are stratocumulus clouds that are higher up. The
transition from one form to the other is very fluid. Similarly, altostratus(As) clouds are
cirrostratus(Cs)  clouds that are a little lower and more dense.

Image 4.7 Band 2 view of mid level
clouds.

Image 4.8  Infrared view of mid-level
clouds.

On hot days the temperature of water is colder than land. As the sun heats the land, the
overlying air becomes warm and light. It rises and cooler air off the nearby water moves
inland producing a sea breeze front. If there is enough moisture in the warm rising air,
water vapor will condense producing clouds and possibly thunderstorms inland from the
shore. This was the situation on May 17, 1991.

A pair of band 2 and band 4 images from the afternoon pass of NOAA 11 on May 17, 1991
are shown on the next page (Images 4.9 and 4.10). Numerous puffy white cumulus clouds
have developed across the Southeast. The largest white billows are cumulonimbus(Cb)
clouds. Cumulonimbus clouds are very unstable with strong updrafts and downdrafts
resulting in thundershowers. When the tops of these clouds turn to ice, thundershowers
begin. Infrared Image 4.10 has been processed to display temperatures between -55°C to -
60°C in black.  About 90 minutes after these images were captured, lightning struck a

Lacrosse field in downtown Washington D.C. killing one spectator and hospitalizing 9
players.
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Image 4.9 Visible image of cumulonimbus storm clouds.

Image 4.10 Infrared image of cumulonimbus clouds with coldest cloud tops blackened.
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4.4 High Clouds

High clouds are those with bases above 6 kilometers and extending to the top of the
troposphere. Clouds at these heights are comprised primarily of ice. They include cirrus
(Ci), cirrocumulus (Cc), cirrostratus (Cs), and the tops of cumulonimbus (Cb) cloud
formations.

Cirrus and cirrostratus clouds are thin, fibrous or veil-like layers of ice which are nearly
transparent in the visible spectrum. Because cirrus clouds are found in very thin layers,
they do not appear bright white but are more likely to be grey when viewed in visual
imagery. However, since cirrus clouds are comprised of very cold ice crystals, they will
always appear as bright white clouds on thermal imagery.

Images 4.11 and 4.12 are visible and infrared images from the afternoon pass of NOAA 11
on March 13, 1991. They illustrate the advantage of having both spectral bands when
identifying cirrus clouds. These images of the west coast of the United States show a sub-
tropical jet marked by cirrus and cirrostratus clouds along the bottom of the images. Also,
a cold front off the coast of Washington is marked by cirrus clouds in advance of the low
lying stratocumulus frontal system. Open cell cumulus clouds cover a large portion of the
eastern Pacific Ocean.
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Image 4.11 Band 2 image of cirrus and cirrostratus clouds.
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When thunderstorms reach their fully developed stage, cirrus clouds will have developed at
the top. When strong winds are also present, they will blow the cirrus off the top of the
thunderstorms. New cirrus will continue to develop at the top of the thunderstorm and the
constant outflow of cirrus will from a characteristic cirrus plume that is oriented with the
high level wind flow. Hurricane Bertha, shown in the tropical storm section of this unit

 shows cirrus blow-off.

High level cirrus clouds are found alone or in conjunction with numerous weather situations.
The approach of a storm is usually indicated by the appearance of high cirrus clouds,
followed successively by cirrostratus, altostratus, nimbostratus, and stratus clouds. In this
Guide we refer to this cloud formation as “layers” and use the word “layers” to mark on
satellite images. After the layers pass, the cumulonimbus clouds move in resulting in
thunderstorms. (note: The presence of high cirrus does not necessarily lead to storms. They
must be accompanied by weak zonal flow. See Unit 5)

4.6 Summary Discussion,

_

_

In this unit you have learned to identify cloud types on visible and infrared images.
Cumuliform clouds are recognized by a heaped appearance and clear-cut outlines. Their
presence is an indication of vigorous convection and vertical development. Stratiform clouds
are generally spread widely over a region and often have diffuse boundaries. Their presence
indicates weak vertical motion. They are often caused by warm air advection over colder
land, ocean, or air masses. Cirrus type clouds are precipitating ice crystals and they appear
fibrous or though they were painted with a dry brush.

You should be able to explain the visual appearance of any cloud in an image based on its
physical characteristics: shape, content, temperature, thickness and height above the ground.
On visible images the brightest clouds are the thickest. On infrared images, the brightest
clouds are the coldest and probably the highest off the earth’s surface.
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