TOPIC VII

ENERGY EXCHANGES
IN THE ATMOSPHERE

Our local weather is determined by atmosphe
that are part of a global system. . o

CHAPTER 10
Weather

You will know something about weather and its causes if you can:

1. ldentify the relationships among the atmospheric variables.

2. Explain how these relationships are used to predict changes in
weather.

3. Explain how major weather systems develop and transfer energy
in the atmosphere.

In this chapter and in Chapter 11 we will be concerned with
that old reliable topic of conversation—-weather. What makes
"weather interesting is that, in our part of the world, it is always
changing. We would like to know what the weather is going to be
this afternoon, tomorrow, and next weekend. If we're going to
have any hope of doing that, we have to study the atmosphere
and the kinds of changes that occur there.
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ATMOSPHERIC VARIABLES

We know from our own experience
that conditions in the atmosphere
change frequently. The temperature
and the pressure of the air can change.
winds may blow at various speeds
and from various directions. There
may be different kinds and amounts of
clouds and of precipitation. The air
may feel dry or damp. These proper-
ties of the air that change from time to
time are called atmospheric variables.
We can define weather as a descrip-
tion of the atmospheric variables at a
particular place during a certain short
period of time.

Relationships Among the Atmo-
spheric Variables. [n the section of
Chapter 2 called **A Weather Watch®
(beginning on page 22) there is a brief
description of some of the atmos-
pheric variables that you can observe
with simple instruments. Weather sci-
entists, or meteorologists, have been
observing and recording these and
many other variables at hundreds of
places on the earth and for long
periods of time. The National
Weather Service makes such records
today in a form called a station model.
Figure 10-1 shows a typical station

Figure 10-1. A sample station model.

Amount of cloud cover

Tempersture (°F) O Clear
@ Partly cloudy
@ Completely cloudy

Present waather

* Snow @ Rain

* Drizzle = Fog 19

T< Thunderstorm 1%
Visibility (miles)/

How far one can see horizontally
Walues over 10 miles not listed.)

Dew point (°F)

/ Number 9 or 10 and decimal point omitted

—28\ Below 500, place 10 in front of reading

Precipitation
(inches past Symbols used before number:

6 hours) — means pressure lower than 3 hours ago

Wind direction

Barometric pressure {millibars)

Above 500, place 9 in front of reading.

\ 996 = 999.6 mb.

Barometer trend (past 3 hours)

+ means pressure higher than 3 hours ago

Symbols used after number:
/ means pressure rising steadily
\ means pressure falling steadily
— means pressure has remained steady

Wind always blows along shaft
toward center of station model
Wind direction here 1s southwest

Decimal point omitted from reading.
—28\ means pressure dropped 2.8 millibars

in the past 3 hours, and drop was steady,

Wing
Peed (mph) | Cam | 14 | 58 | 914 | 1520

2125 | 2631 | 32-37 | 3843 | 4449 | 50-54 5560 | 61-66

Wi el | Al

ivava
Al




158

model, along with an explanation of
the symbols used.

We need to mention that at the time
this is being written (1976), the Na-
tional Weather Service is still report-
ing weather measurements in English
units, such as wind speeds in miles
per hour, temperatures in °F, and air
pressures in inches of mercury. These
are the units used at this time in
weather reports on radio and televi-
sion and in newspapers. However,
since conversion to the use of metric
(SI) units is gradually taking place in
the United States, we will use SI
units, for the most part, in this chap-
ter. The basic principles of weather
observations and predictions will, of
course, remain the same, whatever
the system of units may be.

Weather Maps. To get back to our
story, look at Figure 10-2. This is a
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simplified weather map for the United
States, showing a few of the observa-
tions for some of the weather stations
around the country. In addition to the
station model symbols, the map has a
pattern of numbered lines running
across it. You will recognize this pat-
tern as a field map, which we dis-
cussed in Chapter 5.

This map illustrates the fact that
one field map looks pretty much like
another. Just by looking at it you can’t
tell what field quantity is being
shown. It could be an elevation field,
as in a topographic map; it could be
the odor field of a giant national ham-
burger festival, similar to the much
smaller field map on page 59. In this
case it is an air pressure field map.
Each isoline on this map passes
through points that have the same air
pressure, as indicated by the number

Figure 10-2. Typical weather map of the United States.
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Figure 10-3. Variations in relative humidity and temperature over a period of two

days.

on the isoline. Isolines that show
points of equai air pressure are called
isobars. The isobars on the map in
Figure 10-2 are labeled in millibars
(mb), a metric unit of pressure that
has been used in recent years*.

You will notice areas on the map
labeled HIGH and L.LOW. Just as con-
tour lines of increasing elevation
“clpse in”’ around a mountain peak,
80 1sobars of increasing air pressure
close in around regions of maximum
Pressure, called highs. Similarly,
1sobars of decreasing pressure close in
around lows, or regions of minimum
Pressure,
segril this weather map you can also
Semicieavy lines with trlangul.al‘ or
the o ;cular buml?s along one side or
oy, Er. These ll.nes are symbols fgr

- etween air masses. We will
Mmore to say about fronts, air

—_

*!

The officia] unit of pressure in the SI (metric)
Stem j

unj 8 the pascal. The pascal is a very small
mtai(rl/lm millibar), so the recommended unit

Pressure measurements is the kilopascal
Millipayci5)- One kilopascal (kPa) equals 10
kpy A pressure of 1000 mb equals 100

masses, highs and lows, and other de-
tails of weather maps as we go along.
Relationships Among Weather Vari-
ables. Weather records may be inter-
esting in themselves. But they do not
have much practical or scientific
value unless they can be used to draw
inferences about the causes of
weather and to predict future changes
in the weather. Meteorologists have
studied their records for many years
in order to find relationships among
the atmospheric variables. Today,
computers are used to analyze vast
quantities of data for this purpose.
From such studies it is possible to
state that certain combinations of
conditions usually lead to certain
other conditions at a later time. Un-
fortunately, we still cannot predict the
weather with absolute certainty. But
we can state the probability of occur-
rence of certain changes in the
weather. X
One way of looking for relation-
ships is to plot two or more variables
on the same graph. Figure 10-3, for
example, isa graph of observations of
relative humidity and temperature for
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a period of 36 hours. It can be seen
that there appears to be an inverse re-
lationship between these two vari-
ables. If such a pattern is frequently
observed, we can say there is a high
probability of its occurrence.
Another method is to keep a record
of observations in the form of a table
that shows how often one variable oc-
curs along with another. For exampie,
the two variables might be cloudiness
and wind direction. Figure 10-4 shows
the results an observer obtained over
a period of 30 days. Each day he re-
corded the combination of wind direc-
tion and cloudiness as a ‘‘hatch
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mark’’ in the corresponding box of the
table. For example, he noted clear
skies combined with westerly winds
on 10 days.

A table like this is called a con-
tingency table. From the contingency
table, you can calculate the probabil-
ity that westerly winds will be accom-
panied by clear skies. The table shows
that there were 23 days with westerly
winds, and the skies were clear on 10
of those days. Therefore, when the
winds were westerly, it was clear
10/23 or 43% of the time. This could
be taken as the probability of these
two conditions occurring together. In

Figure 10-4, A contingency table. This table is a record of daily observations of two
weather variables—wind direction and cloud cover—over a period of 30 days. Each
day the observed combination of the two variables was marked off in the corre-
sponding box of the table. Wind direction was considered to be either genernlly
easterly or generally westerly. This table could have been expanded to record wind
direction more precisely—for example, northeasterly, southeasterly, southwesterly,
northwesterly. In that case it would probably be necessary to make observations
over a longer period in order to get meaningful probabilities.

easterly winds

WIND DEGREE OF CLOUDINESS
DIRECTION TOIALS
Clear Partly cloudy Cloudy

Easterly 1 2 4 7
Westerly 10 8 5 23
COLUMN

TOTALS 11 10 9 30

CONDITION PROBABILITY
Clear with

1/7=0.140r 14%

Partly cloudy with
easterly winds

2/7 =0.29 or 29%

Cloudy with
easterly winds

4/7=0.57 or 57%

Clear with
westerly winds

10/23 = 0.43 or 43%

Partly cloudy with
westerly winds

8/23 = 0.35 or 35%

Cloudy with
westerly winds

5/23 = 0.22 or 22%
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similar fashion, many other prob-
abilities of occurrence of weather
conditions could be inferred.

What are some of the relationships
among weather variables that have

SUMMARY
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been discovered? If you have been
conducting a Weather Watch, you can
probably find several in your own
dfita. In the following pages we will
discuss the most common of these re-
Iationships.

1. Weather is the condition of the atmospheric variables at a given location for

a certain short period of time,

2. Weather conditions for a given time and place can be described by the
symbols of a station model on a weather map.

3. Weather predictions are based on a probability that the atmospheric vari-

ables will change in a certain way.

SOME COMMON WEATHER RELATIONSHIPS

Temperature Variations. In Chapter
9 (page 144) we learned that the aver-
age temperature at a given location
depends, basically, on the total
amount of the sun’s radiation received
by an area. This, in turn, is deter-
mined by the iniensity and duration of
insolation. The greater the intensity
and the more hours of insolation there
are, the higher the average tempera-
ture of the location.

Intensity and duration of insolation
are directly related to daily and sea-
sonal cycles. But they are also mod-
ified by various atmospheric factors.
For example, if an area is covered by
a heavy blanket of clouds, incoming
sunlight is reflected by the clouds
back into space. Therefore, the
amount of insolation received at
ground level is decreased, and the
t‘"Tlpt?l'ature at ground level is lower
than it would have been without the
fll::,ds' Heavy air pollution al§o cuts
Ceivnd[he amount of insolauop re-
o €d at ground level. Cloudiness
reme.Ve_n the amount of pollutants that
atmam In t‘he air are affected by other

Ospheric variables.

Pressure Variations. If you watch
weather reports on television, you
know that they include a lot of talk
about highs and lows, sometimes
called high-pressure and low-pressure
systems. They usually tell you what is
likely to happen as one of these sys-
tems reaches your area. If you have
been making the observations and
measurements that we discussed in
the Weather Watch section of Chapter
2, you have probably had a chance to
see what happens for yourself.

A weather report predicting what
will happen when a high-pressure sys-
tem moves into an area might go
something like this:

... So, as this high-pressure system
moves down from Canada, the rain
will end and temperatures will drop.
Clear but cold nights can be ex-
pected, with daytime high tempera-
tures never getting much above. . . .

This is an example of a relationship
that is often observed between at-
mospheric pressure and tempera-
ture—as pressure increases, tempera-
ture decreases. A high-pressure sys-
tem, then, usually contains cooler air
than the surrounding regions. In the
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same way, a low-pressure system
usually contains warmer air than the
surrounding regions. So, high pres-
sure is usually associated with cooler
air, and low pressure with warmer air.
The relationship between temperature
and pressure is an inverse one. As
temperature increases, pressure de-
creases, and vice versa.

Atmospheric pressure is also af-
fected by the moisture content of the
air, and this is also an inverse rela-
tionship. The more moisture there is
in the air, the lower the atmospheric
pressure. The less water vapor pre-
sent, the greater the atmospheric
pressure.

So, high-pressure systems are as-
sociated with cooler, drier air, while
low-pressure systems are associated
with warmer, moister air. Again,
these are occurrences of high proba-
bility, not guaranteed to occur at all
times.

Humidity. We know that the air can
feel crisp and dry on a cold winter
day, or it can feel damp and ‘‘humid.”’
A hot summer day can also feel either
dry or humid. We also know from ex-
perience that precipitation is more
likely to occur when the air feels
damp than when it feels dry. Just what
is it that we are ‘‘feeling’’ at these
times?

We might think that what we are
feeling is the amount of moisture (wa-
ter vapor) in the air. This, however,
would not be the whole story. The
amount of moisture in the air is cer-
tainly an important factor. But the de-
gree of dampness or ‘‘humidity’’ that
we feel actually depends on how close
the air is to being saturated with mois-
ture, Warm air can hold more mois-
ture than cold air. Therefore, warm
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air will feel much drier than cold air
with the same amount of moisture
content. What counts is not just the
amount of moisture in the air, but how
close this amount is to causing the air
to be saturated.

As stated on page 26, the ‘‘close-
ness to saturation’’ is described by the
relative humidity of the air. The rela-
tive humidity is the ratio between the
amount of moisture in the air and the
amount that could be present at the
existing temperature. It is usually
stated as a percent.

Dew-point Temperature. The dew-
point temperature is one of the
simplest ways of describing the mois-
ture content of the air. Recail from
page 26 that the dew point is the tem-
perature to which we would have to
cool the air to make it saturated. It is
at this temperature that water would
begin to condense out of the air.
Therefore, the probability of precipi-
tation will depend on how close the
actual air temperature is to the dew-
point temperature. If the difference is
small, it won’t take much change in
conditions to reach saturation and
start condensation. If the difference is
large, the probability of precipitation
in the immediate future is small.

It is also important to observe
whether the difference between the
two temperatures is getting larger or
smaller. Only if the difference is get-
ting smaller can we say that the prob-
ability of precipitation is increasing.
This difference can become smaller in
either of two ways. The moisture con-
tent of the air can be increasing, thl{s
raising the dew point closer to the air
temperature. Or the air temperature
can be dropping, thus bringing it down
closer to the dew point. (Of course,
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Figure 10-3. Changes in temperature and dew pointin a moving mass of warm air.
As warm air passes over the ocean, evaporation increases its water vapor content
and raises ‘1= dew point. When the air passes over cooler land to the north, its
temperature drops. If the air temperature drops to the dew point, precipitation is

likely

both of these eitects could be occur-
ring at the same time.)

An example of this relationship is
common along the eastern coast of the
United States (see Figure 10-5). Warm
air moving up from the southeast over
the Atlantic Ocean absorbs moisture
bY_ ?Vaporation from the ocean, thus
faising its dew point. Then the air
emperature begins to drop as the air
Passes over the land farther north.
Rain is often the result of such a se-
?eure\,r:/ce of events. Later in this chap-
P the will see that this is an example

e passage of a warm front.

i :vl: Movemeng. Wind is a horizontal

ment of air over the surface of
wiens:‘r;?- Do you know what makes
ight & ow and why some winds are
the ro ;;}eles, while others can blow

fo your school?

Page plosrz;“‘m of the weathe{ map on
106, | IS repeated here in Figure
- L.0oKk at the isobars on this map.

Figure 10
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In some places they are close to-
gether. At other places they are more
widely separated. You recall that the
spacing of the isolines on a field map
indicates the gradient of the field, that
is, the rate at which the field quantity
changes as you go from one point to
another. Where the isolines are
closely spaced, the gradient is steep.
Where they are far apart, the gradient
is moderate or gentle. On this map the
spacing of the isobars shows us where
the pressure gradient is large (steep)
and where it is small (gentle).

Now look at the wind arrows on the
map. They show the speed and direc-
tion of the wind at each station, (Refer
to the station model on page 157 to
recall how to read the wind speed
from these symbols.) Notice first of
all that the winds seem to be blowing
generally away from the high and to-
ward the low. Secondly, the wind
speed is generally greater where the
pressure gradient is greater. You will
see similar relationships on any
weather map you examine.

We can infer, then, that it is differ-
ences in air pressure that cause winds
to blow, and the greater the difference
over a given distance, the faster the
winds will blow.

Very strong winds often occur
around major storm centers, such as
hurricanes. In the center of a hur-
ricane the atmospheric pressure is ex-
tremely low, So the difference in
pressure between the storm center
and the air around it is unusually
great, and the pressure gradient is
very steep. It is this great difference in
pressure within a relatively small area
that accounts for the winds of very

high speed that accompany these
storms.
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Local Conditions. As you watch or
listen to your local weather forecast,
you should become aware of some
characteristics of your area that seem
to affect the local weather pattern,
For example, if you live near a large
lake, you have probably heard of the
lake effect. Because a mass of air may
pick up water vapor over the lake,
your particular area may be hit by
more severe storms than nearby
areas. But living near a lake does
have its advantages, because in hot
weather the air near the lake will be
cooler than the air in surrounding
areas.

A range of mountains or high land
may also have a strong influence on
the weather. Any change in landscape
is going to affect the steady flow of air
and the moisture patterns.

If you live in a fair-sized city,
you’ve probably heard many weather
reports that go something like this:

. . . High today in the city will be about
90°, Temperatures in the outlying
areas in the low 80’s,

A forecast like this bears out what

every city-dweller has always known

—that it’s hotter in the city than it is

in nearby suburbs or rural areas.

Meteorologists refer to this phenome-

non as an urban heat island. Figure

10-7 shows how this might look on 2

map of the temperature field around 2

large city.

There are three basic reasons for
this effect: (1) Heat produced by the
burning of fuel (to heat homes and of-
fices, run factories, operate cars and
trucks, etc.) warms the atmosphere.
(2) Man-made materials, such as
brick, concrete, and asphalt, heat up
more rapidly than open fields orf
forests, and therefore reradiate

Figure 10-7. Urban heat island. The heat
temperature pattern of an area.

energy into the atmosphere at a
greater rate. (3) Heat that should have
been reradiated back into space is
trapped by layers of atmospheric pol-
lution. As a result of these processes,
the presence of large cities changes
the temperature pattern of an area.
m;;arge cities not only heat the at-
. Phere, but they produce great
i :;t(;tles of carbon dioxide. You
g recall from page 149 that car-
. enox1de is a good absorber of
Waveleergy reradiated at infrared
irlcrea$ng_ths by warm surfaces. So an
ot aetm the carbon dioxide content
e he ‘mosphere also contributes to
aling of the atmosphere.
- :\l’g:[;)heric Tr.ansparency. Have
ing ¢ een fascinated by the danc-
Pecks that can be seen in a shaft

sunlj ;
Th hlight coming through a window?

©Se are dyst

Mag, particles—tiny bits of

eri "
fal that are always present in the

given off by large cities changes the

air. We are conscious these days of
the large amounts of smoke particles
and other pollutants that our fac-
tories, power plants, and even our
homes are pouring into the air. But
even without these sources, the air
would always contain dust from nat-
ural sources—bits of decayed leaves,

microscopic hairs from the wing of a
butterfly, wind-blown soil, and count-

less others. The air may also contain

very small droplets of water, which

are almost invisible to the eye.

All of these components of the air
affect its transparency, and the trans-
parency of the air varies greatly from
day to day and from place to place.
But the atmosphere tends to clear it-
self periodically. As we will see in the
next chapter, dust particles act as cen-
ters around which water vapor can
condense to form raindrops and
snowflakes. Thus a rainstorm literally
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washes the air and leaves it cleaner
than before.

But how much man-made pollution
can the atmosphere handle? Will we
come to a point at which it can no
longer clean itself by processes like
precipitation? This is a serious prob-
lem for the future—and the future
may not be so far away!

Other Variables. We have seen that
some of the atmospheric variables
show a simple relationship that is
either direct or inverse. For example,
the average air temperature shows a
direct relationship to intensity of
insolation—as the intensity increases,

so does the average temperature. Air
pressure and moisture content show
an inverse relationship—generally,
the more humid the air, the lower its
pressure. Some of the simple relation-
ships we have observed are illustrated
graphically in Figure 10-8.

Other variables, on the other hand,
are not related in either a simple direct
or a simple inverse manner. Their in-
terrelationships are much more com-
plex. Also, the effects of geographical
characteristics, such as lakes and
mountains, of cities, and of other local
conditions on local weather patterns
are complex.

SUMMARY
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Figure 10-8. Some simple relationships be-
tween weather variables. Inverse relation-
ships are illustrated in A, B, and C. A direct
relationship is illustrated in D.

1. Temp.eraturef at a given location basically depends on the intensity and
duration of insolation. However, it can also be affected by various atmo-

spheric factors.

2. Changes in atmospheric pressure are closely associated with changes in air
temperature and water-vapor content.

3. Changes in the dew-point temperature indicate changes in atmospheric

moisture.

4. As the difference bc?t_ween air temperature and dew-point temperature de-
creases, the probability of precipitation increases.
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wind is a horizontal movement of air over the surface of the earth
Winds are caused by differences in atmospheric pressure, '
wind speed is directly related to the pressure field gradient,

In many places, local conditions, including geograp
complex effects on the local weather pattern.

hical features, have a variety of

9. Some atmospheric variables are related in a simple direct or inverse manner

AIR MASSES

If you watch weather reports on
television, you’re probably familiar
with the term air mass. An air mass is
a large body of air that shows the
same temperature and humidity
characteristics thiroughout at a given
altitude. That is, within the air mass,
all points at the same altitude show
pretty much the same temperature
and humidity. As you will see, air
masses are of basic importance in
modern weather forecasting.

The size of an air mass can be equal
to that of a fair portion of an entire
‘ontinent or ocean. An air mass can
¢Xtend upward to an altitude of 3 to 6
k"_l- An air mass has definite bound-
aries, and it differs in temperature and

ug“dlty from adjacent air masses.
5 g:rce Regions. The chz_iracteristics
tagion masses are determined by the
o over which they form. Such re-
mass ifu‘ e called source regions. An air
1nemainol‘ms when a large body of air
Pick y 8 ﬁVer an area long enoug'h.to
characit’:rietfiemperature and hl:lmldlty
Of air oo i ;C;t()f that area. Th}S body
it can be mou; agnant (unmoving), or

8 ais massntg very slowly. 4 wil
USually pe 4 ormed over land wi
OVer g Iy. An air mass formed
ir Masg fl‘ will usual.ly be moist. An

Ve a rej Ormed at high latitudes will
i Mass tailtlvely low temperature. An

ormed at low latitudes will

have a relatively high temperature.

Since air-mass characteristics are
determined by the source region, air
masses are classified and labeled ac-
cording to their source area. The first
factor considered in classifying an air
mass is whether it is formed over land
or water, The second factor is the
latitude at which it forms (see Figure
10-9).

Air masses formed over land are
called continental (c), while those
formed over water are called maritime
(m). Air masses formed at high
latitudes are called pelar (P), while
those formed at low latitudes are
called rropical (T). As you can see in
Figure 10-9, the abbreviations refer-
ring to latitude are capital letters,
while those for land and water are
lower case. For example, an air mass
formed over the North Atlantic Ocean
would be designated as an mP air
mass.

Sometimes an air mass can be mod-
ified by the area over which it travels.
Suppose an air mass forms over cen-
tral Canada. This would be a cP air
mass because it formed at high
latitudes over land. If this relatively
dry air mass travels in a southeasterly
direction, it will pass over the Great
Lakes. It may then pick up moisture

evaporating from the lakes and be-
come a relatively moist air mass.
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Figure 10-9. Source regions of alr masses that affect the weather of the continen-

tal United States.

Highs and Lows. Air masses can be
of two basic types, depending on their
pressure and the direction of circula-
tion of their winds. Low-pressure air
masses are called lows, or cyclones.
To most people, the term cyclone
means a severe tropical storm. To a
meteorologist, the term refers to a
low-pressure system.

In alow, or cyclone, the pressure is
lowest in the center of the system. You
might expect the winds to blow in to-
ward the center, directly at right angles
to the isobars. However, as explained
on page 96, winds in the Northern
Hemisphere are deflected to the right
by the Coriolis effect, Asa result, the
winds around a low blow nearly paral-
lelto the isobars, ina counterclockwise

direction in the Northern Hemisphere.
If you examine a weather map, you

will see the wind arrows following this
pattern around the lows. The result i§ a
counterclockwise rotation of the entire
air mass.

High-pressure systems are called
highs, or anticyclones. In a high, the
pressure is greatest in the center of the
system. You would expect winds to
blow outward across the isobars.
However, the Coriolis effect again de-
flects the winds to the right and the re-
sult is a clockwise circulation or rota-
tion of the air mass.

In the Southern Hemisphere the
Coriolis effect deflects winds to the
left. Thus the general circulatlgﬂ
around highs and lows is the opposite
of that in the Northern Hemisphere—
that is, highs have a counterclockwise
circulation and lows have a clockwis€
circulation.

& TP
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Counterclockwise
circulation

Clockwise
circulation

Figure 10-10. Circulation of winds in high- and low-pressure air masses.

SUMMARY

1. Air masses are identified on the basis of their pressure, moisture, and tem-

perature.

2. At any given altitude within an air mass, the temperature field and the

humidity field are nearly uniform.

forms,

- The characteristics of an air mass are determined by the region over which it

- In a low-pressure air mass (a cyclone) the circulation is counterclockwise
and in toward the center in the Northern Hemisphere. )

-Ina high-pressure air mass (an anticyclone) the circulation is clockwise and
Outward from the center in the Northern Hemisphere.

FRONTS

.The .interface where two air masses
::" different characteristics meet is
. ed A front. The interface between
ol Wo air masses is fairly distinct,
tOgettlk-.le two masses of air do not mix
ally €I to any great extent. Gener-
mo;a frpnt forms when one air mass

not}fs Into an area ocgupled by
teristjer Alr mass of differing charac-
are Cs. Weather conditions at fronts
ti &enera]ly unstable, and precipita-

0 .
i " IS often associated with the pass-

o a fl'ont

Cold Fronts. A cold front forms
when a cold air mass moves_into an
area occupied by a warmer air mass.
Cold air masses generally move more
rapidly than warm ones. A.s the C?ld
air mass moves forward, lt_ remains
close to the ground becrftuse it is more
dense than the warm air mass ahead
of it. The warm air is t_herefore forced
to rise, as shown in Figure 10-11. ;

The first sign of an approachmg}
cold front may be the’appeaggntc;e o
towering dark clouds in the distance
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Figure 10-11. A cold front.

followed by an increase in wind speed
(due to an increased pressure gra-
dient). The warm air in the area is
forced upward by the advancing cold
front. This air cools as it rises until it
reaches the dew point. Clouds form,
and if condensation is great enough,
precipitation will occur. The precipi-
tation that does occur is generally
brief, but it can be quite heavy. Thun-
derstorms are common.

When the front passes, the winds
change direction sharply, the pressure
rises, and the temperature drops.
Small puffy clouds may be left in an
otherwise clear sky.

Weather Variables During the Pas-
sage of a Cold Front. How would the
passing of a cold front look to a
meteorologist as he examines the data
from his recording instruments? Fig-

ure 10-12 shows the vanations in air
pressure, air temperature, dew point,
and relative humidity that were ob-
served in a typical case. To interpret
these records, remember that the dew
point is the temperature at which t.he
air becomes saturated and the relative
humidity becomes 100%. The dew
point measures the amount of wa_tei’
vapor in the air, and the relat_l\f_e
humidity indicates how close the air 18
to being saturated.

Looking at the start of the record
early Monday morning, we¢ s€€ that
the air was moderately warm an
humid. The dew point was close to the
air temperature and consequently the
relative humidity was high. We see,
also, that the temperature droppe
somewhat during the hours before
sunrise, and rose after sunrise—the

Air temperature and dew point (°C)
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Figure 10-12. Changes in weather variables during the passage of a coid front.

USual pattern described in Chapter 9
(pag.? 145), We also see the inverse
ir:; latm“s‘_lip between relative humid-
inyl?f]d air temperature that we noted
i 1gure 10-3 on page 157. Air pres-
¢ was decreasing during this
Period,
OnTllzis Pattern continued until noon
Sl i"day. Then something appar-
Der:t appened to upset it. The tem-
dro ure began to drop, and it
nocpped sharply throughout the after-
I Also, between noon and 2 .M.

the dew point rose. By 2 P.M., air
temperature and dew point were
equal, the air was saturated, and the
relative humidity was 100%. We can
infer that it started raining around
noon, and that evaporation of the fall-
ing raindrops added water vapor to
the air until it became saturatqd. Th.e
air pressure was increasing during this
pe;&]g"dtemperatures continued to f'all
through the night, but thfe dew point
decreased even more rapidly. By late

Air pressure (mb)

Relative humidity (%)
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Figure 10-13. A warm front.

afternoon on Tuesday, the dew point
and the relative humidity had both
dropped to low levels. The mid-
afternoon high temperature was lower
than the lowest temperature of early
Monday morning. The air pressure
had increased considerably. From all
this data it can be quite safely inferred
that a cold front went by at about
noon on Monday and a cool, dry,
hl_gh—pressure air mass had moved in.
Time elapsed: Less than 24 hours.
Warm Fronts. A warm front forms
when a warm air mass moves into an
area occupied by a cooler air mass.
The cool air remains close to the
ground, and the warmer air is forced

to rise.over it as it moves into the area
(see Figure 10-13),

As the warm air rises, it cools.
When it cools to the dew point, con-
densation begins. The arrival of a
warm front is marked by the appear-
ance of high, thin, wispy clouds and a
gradual decrease in air pressure. As
the warm air mass moves into the
area, the cloud mass thickens and be-
comes lower. A light rain or snow be-
gins and continues to fall for a consid-
erable time, sometimes more than 24
hours. Gradually, the precipitation
slows, then stops. As the front passes,
the wind direction changes, the pres-
sure stops dropping, and the tempera-
ture rises.

Figure 10-14 is a graph showing the
passage of a warm front as recorded
on meteorological instruments. About

Cirrus clouds

Aiir temperature and dew point (°C)
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Figure 10-14. Changes in weather variables during the passage of a warm front.

8 AM. on Friday, the temperature
r:ﬁftr} to rise abruptly, and at first the
Withiwe humidity decrease'd. But
g n[? few hours the dew point also
Doints arply_. By about 6 p.M. dew
il and air temperature became

» and relative humidity was
comg;mAlthoug.h the air temperature
ey ed to rise through the night,
infor Femained saturated. It can be

fed that precipitation occurred

from late afternoon to 2 A.M. that
night. Air temperatures on Saturday
were much higher than on Friday, and
relative humidity remained quite high.
A warm front had passed througl} be-
tween 2 p.M. and 4 P.M. on Friday,
and a warm, moist air mass had ar-
rived.

Notice that the effects of the warm
front are still occurring more than 24
hours after the start of the passage of

Air pressure (mb)

Relative humidity (%)
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OCCLUDED FRONT

Figure 10-15. Formation of an occluded front. An occluded front forms when a
warm air mass is lifted completely off the ground by a faster-moving cold air mass

the front. If you compare this with the
time involved in the passage of a cold
front, you’ll see that there’s quite a
difference between them. Cold fronts
move through an area relatively
quickly, and sometimes violently, as
in a thunderstorm. The passage of a
warm front is often long and drawn
out, taking days before the change is
completed.

Stationary Fronts. A stationary
front is formed when two adjacent air
masses with different characteristics
remain in the same positions for a
considerable length of time. The
Wcather along a stationary front is
similar to that along a warm front.

Occluded Fronts. An occluded front
fqrms in a series of stages. It begins
with a stationary front between a cold

and a warm air mass, with air moving
in opposite directions along the front.
Then the cold air begins to turn and
move in under the warm air, forming a
cold front, as shown at the left of Fig-
ure 10-15 A. At the same time, the
warm air advances in the same gen-
eral direction, forming a warm front
(see right side of Figure 10-15 A). At
the warm front the warm air rides up
over the cold air ahead of it. How-
ever, the cold front advances faster
than the warm front and finally over-
takes it. The result is that the warm air
mass is lifted entirely off the ground
(Figure 10-15 B). This situation 18
called an occluded front.

Figure 10-16 shows how an
occluded front might look on 2
weather map. Occluded fronts are as-

OCCLUDED

|

FRONT

Figure 10-16. Priationships of air masses and pressure systems during formation

of an occluced iront.

sociated with the formation of low-
pressure amr masscs, or lows, in the
mid-latitude. They usually result in
heavy precipitation.

Mapping Fronts. Since fronts, or
!h_e interfaces between air masses of
dlfferenl characteristics, generally
bring changes in the weather, they are
‘;fgreat importance on weather maps.

'gure 10-17 illustrates how fronts are

shown on weather maps. You can see
that a line is drawn along the front,
and that the type of front involved is
indicated by symbols on the front line.

Tracks of Fronts and Air Masses. In
the late 1700’s Benjamin Franklin
began to keep records of major storms
affecting the east coast of the United
States. He found that there was a pat-
tern to the movement of these storms.

Figure 10-17, Fronts on a weather map. The positions of fronts are shown by lines
on the map, while the type of front is shown by symbols on the front line.

444440

COLD FRONT
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They seemed to move in a northeast
direction much of the time. Franklin
could not do much with his records,
because in those days the storms
traveled faster than the news. It was
not until the invention of the telegraph
in the mid-1800’s that weather condi-
tions in one place could be used to
predict future conditions in another
location.

Using information collected over
the years, the paths, or tracks, and
rates of movement of air masses and
fronts can now be predicted quite ac-
curately. Some of the major tracks are
shown in Figure 10-9. Knowing the
tracks of the fronts and air masses
helps meteorologists to forecast
weather.

Jet Streams. During World War 11,
American bomber pilots flying west-
ward in missions over Japan some-
times found strong headwinds at al-
titudes above 6 km. Some of these
winds were strong enough to cancel
out completely their plane’s forward
speed, so that the plane was actually

SUMMARY
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standing still relative to the ground!
Flying eastward over the Pacific, the
winds were such that planes some-
times doubled their actual flying
speed relative to the ground.

These fast-moving streams of air
are called jet streams. Jet streams ap-
pear to be streams of fast-moving air
very high in the atmosphere. They
occur in many parts of the world and
seem to be associated with great
waves in the upper atmosphere.

The speeds and positions of the jet
stream change with the seasons, and
there is even some change from day to
day. But certain characteristics do
hold fairly constant. The jet streams
are found at altitudes of from 6 to 12
km. They are about 500 km wide, and
wind speeds near the center range up
to 500 km/hr. Jet streams are only
several kilometers in thickness.

Meteorologists now think that the
day-to-day changes in our weather are
strongly influenced by the movements
of the jet streams.

1. The interface where two air masses of different characteristics meet is a

front.

2. Weather conditions at fronts are generally unstable. Precipitation often 0¢-

curs with the passage of a front.
and occluded fronts.

with considerable accuracy.

wn

- The four basic types of fronts are cold fronts, warm fronts, stationary fronts,
- The tracks and rates of movement of air masses and fronts can be predicted

. Jet streams are fast-moving streams of air in the upper atmosphere.
- Jet streams may influence day-to-day changes in the weather.

o
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STORMS

Storms are the most spectacular
and violent forms of weather. Be-
cause storms can be so destructive,
they are of great interest to
meteorologists. However, until the
development of satellites, storms for
the most part had to be studied from
the ground, and this greatly limited
the amount of information that could
be obtained about them. Now, with
weather satellites, scientists can fol-
low a storm from its initial stages of
development until it dies out. Perhaps
they will eventually leam to control
storms in some way, and to prevent
some of the damage done by storms
each year.

Let’s take & look at three common
types of storms: thunderstorms, tor-
nadoes, and hurricanes.

_Thunderstorms. The photograph in
Figure 10-18, taken from a satellite,
shows the Florida peninsula on a typi-
cal day in late August. There are
thunderstorms in all stages of de-
velopment in this local region. Over
the earth as a whole, it is estimated
that more than 2,000 thunderstorms
occur every hour.

Thunderstorms are generally as-
sociated with high temperatures.
They occur most frequently in the af-
ternoon over land areas. Thun-
derstorms are made up of units called
cells. A cell has a definite life cycle
that generally lasts only about an
hour. But because a storm may be
made up of several cells in various
stages of development, it may last
much longer than an hour.

Figure 10-18. Thunderstorms forming over the Florida Peninsula, as photo-

graphed from a satellite.

P
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Figure 10-19. A storm cloud.

In the first stages of cell develop- mass of air spreads sideways,
ment, parcels of warm, moist air near forming a flat top on | n cloud
the ground rise rapidly upward, like (see Figure 10-19). This 1 called
air bubbles in a liquid. As the air rises, an anvil top because it 1 bles the
it cools until the dew-point tempera- shape of a blacksmut!
ture is reached, and a dark, cumulus Lightning and thunds ur when
storm cloud begins to form. Even the storm clouds become electrically
though the rising air cools off, it re- charged. Generally, the top part of the

mains warmer than the still air around
it, and so it continues to rise. When
condensation occurs, large amounts
of heat are released; this further
warms the rising air, and the upward
currents become much stronger.
There is heavy precipitation from the
condensation, which produces a
strong downdraft of air. So within the
storm there are areas of strong up-
w'ard and downward movements of
air,

The parcels of warm air continue to
rise until they reach heights of 6 to 12
km. At these altitudes condensation
d_ecreases, and the temperature of the
rising air drops until it is the same as
‘the surrounding air. At this point the

cloud becomes positively charged,
while the bottom parts develop both
positively and negatively charged
areas. The charge builds up until a
great spark, or arc, of electricity is
discharged between the cloud and an
oppositely charged object This can
be another part of the same cloud,
another cloud, or the ground. Light-
ning strokes between a cloud and the
ground can be 10 km or more mn
length.

The tremendous electrical current
in the lightning stroke heats the air
along its path. The great heat causes
the air along the path to expand. and
produces a shock wave of sou.nd
much like the sonic boom of a Jet
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lane breaking the sound barrier. This
:

E‘numl wave 18 thunder.

rhe thunder from a single lightning
ke is usually drawn out in a series

stro ;i
and rumbles, sometimes be-

of rolls
ginning with a loud crack when the

lightning has struck nearby l"h.c rea-
son for the prolonged sound of thun-
der is that the sound from different
parts of the stroke have different
travel times, depending on their dis-
tance from the observer. Echoes from
surrounding hills also add to the com-
bined sound effects

Tornadoes. Thunderstorms are
frightening enough in themselves, but
in certain parts of the United States
there is always the danger that a
squall line of thunderstorms may be-
come the birthplace of a tornado, or
twister, the m olent of all storms.
Thunderstor: cur along both
warm and cold fronts, but those along

Figure 10-20. A to
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cold t'ronts' are generally more violent
and more likely to produce tornadoes.
Fornadoes have occurred all over the
United States, but they are most fre-
quent in lowa, Kansas, Oklahoma,
and Arkansas.

A tornado appears as a funnel-
shaped cloud that hangs down out of
the towering clouds of a thunderstorm
(see Figure 10-20). At the center of the
tornado is the vortex, an area in which
the atmospheric pressure is extremely
low. Outside the vortex are winds that
swirl in a counterclockwise direction
(in the Northern Hemisphere) at
speeds that may reach 800 km per
hour. Tornadoes are small, some not
more than 100 meters in diameter, but
the enormous strength of their winds
and the sudden and drastic drop in
pressure within the vortex leave total
destruction in their paths. The sudden
drop in pressure may cause buildings

rnado.
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to explode or roofs to blow off when
the air inside expands suddenly.

Tornadoes generally move in a
northeasterly direction at speeds of 40
to 65 km per hour. Most tornadoes
last for less than 1 hour. The pathof a
tornado along the ground is usually
from 25 to 65 km long, although some
are longer. Very peculiar things have
happened to people, animals, and ob-
jects caught in the middle of a tor-
nado. Cars, trucks, roofs, and other
very large objects are often carried a
considerable distance by the winds of
a tornado.

Tornadoes leave a path of destruc-
tion several hundred meters wide. But
the path may be twisted so that one
house on a street is completely de-
molished, while the house next door is
untouched. In areas where tornadoes
are common, people have under-
ground storm cellars, which provide
the best protection against injury.

Hurricanes. The location: 15° north
latitude, 65° west longitude, in the
eastern Caribbean. The time: late Au-
gust. A hurricane is born.

A hurricane, which is also called a
tropical cyclone or typhoon, begins as
a tightly formed low-pressure system
over an ocean. The hurricane charac-
teristics may begin to develop when a
high-pressure system forms high in
the atmosphere above the low.

The build-up of a hurricane in-
volves the transfer of enormous quan-
tities of energy. Around the center of
the low-pressure system, masses of
warm air, full of moisture from the
warm ocean surface, begin to rise
rapidly. Air flows in toward the center
of the low-pressure system, causing
winds of increasing speed. Until the
winds reach a speed of more than 120
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km per hour, the system is called g
tropical storm. But when they exceed
this speed, the storm becomes a fy]-
fledged hurricane.

As the air rises, it cools. Towering
thunderstorm clouds form. When the
rising air cools to the dew point, con-
densation begins, and with the con-
densation come torrential rains. Con-
densation releases tremendous quan-
tities of heat, which further warms the
rising air. This creates a warm core in
the hurricane. The pressure difference
between the storm center and the sur-
rounding air is intensified, wind
speeds increase, more moisture is
pulled into the system, more conden-
sation occurs, and more heat is re-
leased—the entire process gains
energy.

The whole hurricane system usually
moves in a northwesterly direction at
speeds of 15 to 18 km per hour. Figure
10-21 shows how a hurricane might
look on a weather map several days
after it first formed. Figure 10-22 is a
photograph of a hurricane taken from
a satellite. Such photographs are used
to keep track of hurricanes.

A fully developed hurricane is over
650 km in diameter with winds well in
excess of 120 km per hour. Around
the center of the hurricane there are
rising columns of warm air. But in the
center itself the air is descending. This
center is the eye of the hurricane. In
the eye there is almost no wind. The
clouds are broken and patchy, and the
sky may even be blue. The eye may
be as much as 30 to 50 km in diameter-
When you are in the eye of a hu.r-
ricane, you might think the storm 15
over. But within a short time the
“‘other side’’ of the hurricane hits
and you’re back in the storm agah:

RO I W PR

Figure 10-22.
But now the winds are blowing from
the opposite direction.

The decrease in air pressure as a
hurricane moves through an area is
about the same as that in a tornado.
The low pressure of the tornado
Causes tremendous damage, but that
of a hurricane does not. The differ-
¢nce lies in the length of time during
Which the pressure drop occurs. In a

Figure 10-21. A hurricane
on a weather map.

A ﬁurtlcane as photographed from a satellite.

tornado, the time is measured in min-
utes, or even seconds. In a hurricane,
it is more on the order of hours.
After a number of days, a hurricane
dies out. It may smash its way inland,
causing great damage as it goes, or it
may swing out to sea. In both cases it
dies out because it loses its main
need—moisture. It requires the con-
stant upwelling of warm, moist air.
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Figure 10-23. General pathways of hurricanes around the eastern United Siates.

yTraveling over land or over the colder
northern water cuts off the supply.
Figure 10-23 shows typical pathways
for hurricanes around the eastern
United States.

In this chapter we have moved from
the small day-to-day changes in the
atmosphere to the most violent and

SUMMARY

complex of storms. It is this constant
changing of atmospheric conditions
that makes the science of meteorology
such a challenging fieid. Meteorology
is a study of change—and an attempt
to understand and predict the course
of change in the tremendous energy
systems at work in the atmosphere.

1. Tremendous amounts of energy are transferred within the atmosphere by

storms.

2. Thunderstorms are generally associated with high temperatures. They occur
most frequently in the afternoon over land areas.

w

- Lightning occurs when storm clouds become electrically charged.

4. Thunder is a shock wave of sound. It is caused by the heating and expansion
of air in the path of a lightning stroke. .
5. Tornadoes are small, short-lived, very violent storms associated with thun-

derstorms.

=)

. Hurricanes form over warm oceans.

7. Hurricanes die out as they travel over land or the colder northern oceans,
because their supply of moisture is cut off.
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REVIEW QUESTIONS

. Define the term weather.

. What is a station mode!?

. What are weather predictions based on?

. What factors affect temperature at a given location?
. What factors affect atmospheric pressure?

What does a change in dew-point temperature indicate?

- What happens to the probability of precipitation as the difference

between air temperature and dew-point temperature increases?
Decreases?
What is wind?

. What causes winds?
10.
11.

To what factor is wind speed related?

Name some of the local conditions, including geographic features,
that can affect the local weather pattern.

Which atmospheric variables are related in a simple manner? Specify
whether these relationships are direct or inverse.

What three characteristics are used in identifying air masses?

What determines the characteristics of an air mass?

What is the direction of circulation in a low-pressure air mass in the
Northern Hemisphere?

What is the direction of circulation in a high-pressure air mass in the
Northern Hemisphere?

What is a front?

How does the passage of a front generally affect weather conditions?
What are the four basic types of fronts?

What are jet streams and why are they important?

What is the importance of storms in terms of energy in the atmos-
phere?

. A. pressure B. temperature C. cloud cover
D. dew point E. visibility F. precipitation
G. wind speed H. wind direction

The variables listed above are those shown on the station model
on page 157. Choose:
a. One pair that you would expect to show a direct relationship
on a contingency table or a graph.
b. One pair that would show an jnverse relationship on a con-
tingency table or a graph.
Explain how some or all of the variables in Question 1 would
change under the following conditions:
a. The weather changes from warm and humid to cool and dry
b. The weather changes from cool and dry to warm and humid.
(If you would like, organize your answer into a table, using
one column for the change listed in 2-a and another column
change listed in 2-b.)
Defsogritt?ee the p?obable origin, path, and effg_ct on your area of an
air mass as it moves from its source region to your location,
bringing: (a) warm, moist air, (b) cool, dry air.



