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Step 5—Cut the head and tail of the arrow

5 s
<. o

from the

aluminum tray or dish using the pattern shown as a
guide. Glue the head of the arrow into one slot in the
piece of wood and the tail into the other slot.
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In most of

the world,
temperatures
are measured in
degrees Celsius,
but in the United
States surface
air temperatures
are measured
and reported

in degrees
Fahrenheit.
Water freezes

at 32 degrees
Fahrenheit, which
is 0 degrees
Celsius, and boils
at 212 degrees
Fahrenheit, or
100 degrees

Celsius.
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Step 4—Push the pencil
down so that it is below
the holes and then
thread the straws
through the holes in the
top of the cup to make
a cross shape. Tape the
straws in place.

Step 5—Raise the pencil
up so that the eraser
comes into contact with
the crossed straws.
Push the straight pin
through the straws and
into the eraser. Do not
push the pin alt the way
in. The unit needs to be
able to turn freely.

Step 6—Punch one hole each in the side of the other
three unmarked cups and the marked cup, and mount
them on the straw apparatus as shown. If necessary,
add tape to better secure the cups to the straws.

Step 7—To determine wind speed, count how many
complete revolutions the marked cup makes in one

minute.
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Relative Humidity Based on Dry-Bulb (Air)
and Wet-Bulb Temperatures

Dry-bulb temperature (Fahrenheit)

Difference
,A,QRME_N 30 40 | 50 | 60 | 70 | 80 | 90 | 100
bulb)

1 88 92 | 93 | 94 | 95 [ 96 | 96 -
2 77 ga | 87 | 89 | 90 | 92 | 92 -
3 67 76 | 80 | 84 | 8 | 87 | 89 -
4 57 68 | 74 | 78 | 8 83 | 85 -
6 37 53 | 62 | 68 | 72 | 76 | 78 | 80
8 17 38 | 50 [ 58 | 64 | 68 | 71 74
10 23 | 39 | 49 | 56 | 6 65 | 68
12 9 28 | 40 | 48 | 54 | 59 | 62
14 17 | 31 | a1 | 48 | 53 | 57
16 7 23 | 34 | 41 47 | 52
18 14 | 27 | 35 | 42 | 47
20 7 20 | 30 | 37 | 42
22 14 | 24 | 32 | 38
24 7 19 | 27 | 33
26 1 14 | 22 | 29
28 9 18 | 25
30 4 14 | 2

Using this tabie, compare readings on a wet-biilb thermometer with theseon a
dry-bulb thermometer to determine relative humidity. Check the degree difference
shown on your two thermometers. Find this number in the left column of the

table and read across to the column under the air {dry-bulb) temperature. The value
shown is the relative humidity. Example: Iif the difference between dry- and wet-bulb
temperature is 6 degrees and the air temperature is 70 degrees, the relative humidity
is 72 percent.
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Weather Maps

The varicus elements just described, including temperature,
pressure, wind, and precipitation, are measured at weather
stations ¢l over the world at specified times each day.
Observations usually are made every six hours at all land
stations ¢nd aboard ships at sea.

Weather observations are prepared using a short code of
numbers and are transmitted electronicallv to maijor weather
centers. The contents of these reports are plotted on surface
weather maps, mostly by computers, In addition to the surface
reports, information is gathered by balloon-borne instruments
called raciosondes. A radiosonde consists of instruments that
measure temperature, air pressure, and relative humidity,
usually every 12 hours. The radiosonde data also are plotted
on weather maps for various levels in the atmosphere. All this
information is exchanged with similar reports from other coun-
tries and ased in preparing weather charts for forecasting,.

Every day in the United States,
the National Weather Service and
private weather companies prepare
and transmit many weather maps.
In addition to showing the data, the
maps have many lines drawn on
them. Similar to terrain contours,
these lines connect points of equal
values of weather elements. Isobars,
discussed carlier, are lines
of equal pressure. Lines of equal
temperature are called isotherms.
Other features may be included
on weather maps, such as fronts,
precipitation, visibility, and cloud
types. These elements normally are
indicated by special symbols.

The information transmitted
to the major weather centers also
is entered into computers and used
to generate computer niodels of
the atmosphere. These models are

A radiosonde instrument package attached
to a weather balloon records data about the
temperature, humidity, air pressure, and

winds aloft.
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How to Read a Weather Map

The surface weather maps on the following pages
show a sampling of plotted station observations and
analyses of pressure, temperature, and front locations.

Cold fronts are shown as heavy solid lines with
triangles pointing in the direction in which the cold air
is advancing. Warm fronts are shown as lines with solid
semicircles pointing in the direction toward which the
warm air is moving. Fronts with alternating triangles
and semicircles pointing in opposite directions are
stationary fronts. Neither the warm air nor the cold is
moving very much, so these fronts are hardly moving
at all. Sometimes a cold front will overtake a warm
front, creating an occluded front. Occluded fronts
usually extend from strong, well-developed cyclones.
They are shown with alternating triangles and semicir-
cles pointing in the same direction.

Contours of equal pressure, or isobars, are shown
as solid lines and are labeled in millibars. Centers
of high pressure {anticyclones) and low pressure
(cyclones) are indicated by high and low, respectively.
Note on the maps how surface winds generally spiral
counterclockwise into cyclones and clockwise away
from anticyclones. The tracks of well-defined cyclones
are shown by a chain of arrows, with previous cyclone
center locations shown by small black squares with
white crosses. Thick dashed lines show elongated
areas of low pressure, or low-pressure troughs.

Areas of precipitation are indicated by shading.
Lines of equal temperature (isotherms) are shown for
32 degrees Fahrenheit (thin dashed line) and 0 degrees
Fahrenheit (dash-dot line).
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You can find the
locations of
National Weather
Service offices by
visiting http.//

www.weather.gov.

Visit a Weather Office

The National Weather Service has more than 120 offices in the
United States and its territories. You should be able to arrange
a visit to one while you are working on your Weather merit
badge requirements. Alternatively, vou might meet with a
weather broadcaster at a local television station or an instructor
from the meteorology or atmospheric science department at a
nearby university or college. There also are many amateur
weather observers who can show vou the basic measurements,
instruments, and weather charts.

o

Ask an Expert

Here are a few sample questions you might ask when you talk to a
meteorologist for your merit badge requirements. You can come up with
your own questions as well.

* What subjects in high school are related to meteorology?

* How can high school students work as interns or student trainees?

s What books and internet resources do you recommend for learning
more about meteorology?

e What kind of degree does a person need to become a meteorologist?

* What career opportunities exist for meteorologists?

What is the job outlook for meteorologists?

* What kinds of responsibilities do meteorologists have?

* What areas of meteorology do you foresee becoming increasingly
impartant in the next 10 to 20 years?
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Weather and
Climate Prediction

The whole of the atmosphere is involved in weather changes.
To forecast the weather, a meteorologist must know conditions
of temperature, pressure, humidity, and wind throughout the
ocean of air, top to bottom and all over the planet. The meteo-
rologist must know about Earth's oceans as well. Because it is
hard to obtain information where there are no people, such as
over the oceans, there are many gaps in the knowledge used in
weather forecasting.

Forecasting Tools and Instruments

Weather Balloons

Early attempts to obtain weather data aloft were made using
kites or airplanes that carried recording instruments called
meteorographs as high as the top of the troposphere. The infor-
mation recorded on a meteorograph could not be used until
the instrument was returned to a weather office.

The balloon-borne radiosonde changed all that, It was
responsible for a revolution in understanding the atmosphere.
A radiosonde is a small box that contains a barometer, a
thermometer, and a hygrometer. Radiosondes are attached to
weather balloons that carry them atoft. By tracking the bal-
loons, it is possible to measure wind speed and direction alott,
even where no clouds are present. The practical use of this abil-
ity did not become widespread until the development of radio
direction-finding devices called radiotheodolites. A radiosonde
with wind-measurement capability is known as a rawinsonde.
Rawinsondes typically rise to well above the tropopause, so
today it is common to have measurements of all the needed
weather variables up to heights of about 100,000 feet.
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Satellites

The first -veather satellite, known as TIROS-1, was launched
in the spring of 1960. It was highly successful at giving meteo-
rologists their first overall view of entire storm svstems. TIROS
satellites were polar orbiters, which means they passed over
any one spot on Earth only twice a day. To get a broad view of

tropical cyclones at sea could be spotted and
tracked long before they made dangerous
landfalls. Before the age of satellites, meteo-
rologists had to relv on reports from ships at
sea that happened upon cvclones. Since 1960,
no major tropical cvelone has struck without
any warning.

When a satellite is launched into an orbit
at the right height (about 22,000 miles) over
Earth's equator, it orbits at exactly the same
rate at which Earth retates and thus remains
fixed over the same spot. Such an orbit is
called a geosynchronous orbit. From this lofty

height, a satellite surveys a large region. The
pictures taken over a period of time from such a satellite can

be displaved in sequence to show the cloud motions. Satellite
observations are especially important in areas where little or

no other mformation is available, such as over the oceans.

Besides simply taking pictures, the newest geosynchronous

satellites called GOES—geostationary operational environmental
satellite) can make sophisticated atmospheric measurements,
These measurements allow meteorologists to estimate atmo-
spheric temperature and water vapor content. It is expected
that these measurements will become even more sophisticated
in the future.
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Climate

Recall that weather is the condition of the atmosphere over a
particular area for a short time. Climate is the average of the
weather over a region for a longer time, such as 30 years or more.
The word climate comes from the Greek word klima,
meaning “angle.” This name was used because the angle at
which the sun strikes Earth largely determines the climate.

At the equator, is nearly straight overhead most of
the year, so most of the equatorial region is hot. In the polar
regions, the opposite is true. Poleward from the equator. the
climate gradually shifts from hot to cold. In between are what
we call the temperate zones, which include the United States.

SPRING EARTH'S ORBIT

WINTER

N

SUMMER

SUMMER SOLSTICE  AUUMNAL EQUINOX  WINTER SOLSTICE  SPRING EQUINOX
(JUNE) (SEPTEMBER) (DECEMBER) (MARCH)
N N N N

We have seasons because Earth’s axis is tilted relative to the plane of its orbit around
the sun. This tilt (about 23.5 degrees from the perpendicular) remains the same all
year as seen from deep space (topj but changes reiative iv ihe sun {(boiiom). At the
summer solstice (the first day of summer, bottom left), the North Pole tilts toward the
sun, and the sun reaches its northernmost point in the sky. This is the longest day of
the year in the Northern Hemisphere. The North Pole is in constant daylight, while the
South Pole is in constant darkness. Everything is reversed at the winter solstice (the
first day of winter, bottom, second from right). The South Pole tilts toward the sun,
and the Southern Hemisphere has long days and warm weather as the sun appears
at its southernmost point in the sky. In between, during the autumnal equinox and
spring equinox, sunshine is evenly distributed across both hemispheres.
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Another source of

carbon dioxide is
the clearing and

burning of trees in
the rain forests of

the world.

Acid Rain

Acid rain is another result of the effect human activities can
have on weather and climate, some scientists believe. Rain
becomes acidic when it is polluted by acidic substances emitted
into the atmosphere by vehicles, power plants, and factories.
Pollutants in the atmosphere contaminate the precipitation that
later falls back to the ground. Scientists say acid rain can
destroy life in lakes and rivers, which results in damage to the

water cycle, crops, forests, outdoor statues, and buildings.

OtherThreats to Climate

Recently, people worldwide have become aware of the possible
threat of greenhouse gases. The most notable greenhouse gas
is carbon dioxide, given off when fossil fuels such as coal. gas,
and oil are burned.

Although meteorologists and climatologists do not know
exactly what effect the greenhouse gases will have, it appears
that excess carbon dioxide and other gases might trap more of
the sun’s heat and cause the climate all over the globe to warm
up. Some scientists believe global warming could have disas-
trous effects. For instance, the polar ice caps reflect the sun's
rays and are essential in keeping Earth's climate as it is. If the
ice caps melt, even a small amount, these scientists sav Earth’s
temperature, weather patterns, and the amount of water in the
oceans may change. Many islands and scacoasts could be
tflooded permanently.

Another concern is the loss of the ozone laver. Ozone is a
pale blue gas that plays an important role in the stratosphere,
where it acts to shield all forms of life on Earth from the sun's
harmful chtraviolet radiation. Damage to the ozone laver appears
1o be the result of chemicals called chlorofluorocarbons (CFCsy,
once used as propellant in aerosol cans. as refrigerants in air
conditioners, and as solvents in certain industrial processes.
Although recent laws have greatly reduced the use of CFCs,
some scientists are not certain the ozone laver will recover.

The hole in the ozone laver permits ultraviolet radiation from
the sun t» reach the surface in increased amounts, which may
contribute to global warming and climate change.

In general, conservation of resources, such as fossil fuels
and the world’s forests, can be of long-term benefit by lessening
the effects of human activities on the global climate. Water con-
servation and careful agricultural and mining practices also can
help preserve the natural balance of things.
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The U.S. military also emplovs meteorologists to help plan
operations on the ground, in the air, and at sea. Weather fore-
casts help Army troops know when to travel and help Air Force
aviators plan their flights. Naval meteorology and oceanography
often go hand in hand. as the Navy needs to predict conditions
under the water as well as above it.

Other forecasters work for private organizations, such as
AccuWeather, that interpret data from NOAA and then sell their
specific analyses 1o newspapers, radio and television stations,
and industries such as aviation, construction, and farming.
Private forecasting companies supply newspapers with full-color
weather maps and the forecasts that radio stations broadcast.
Industries that purchase forecasts use them to determine how
the weather could affect airplane flights, outdoor painting, and
crop harvests.

Qualifications

What knowledge and skills do you need 10 work in meteorology
and its related fields? This list gives vou some guidelines for
what it takes to become a meteorologist.

¢ You will need a good foundation in science and mathematics.
Take these classes seriously while vou are in middle school
and high school.

e You will need a bachelor’s degree in meteorology
(also called atmospheric sciences) or a related field, such
as physics. You will need to take classes in thermodynamics
and calculus. Those classes are required by the National
Weather Service, no matter which branch of meteorology
vou plan to pursue.

e |f you would like to become a television weather reporter,
vou will need to develop strong communications skills.
You also will probably have to start vour career in a small
market, that is, a small city or community. In other words,
forecasting for I'os Angeles or New Vork Citv will probably
not be your first job.

e Forecasters work in shifts that often require them to work

nights and weekends. During weather emergencies. these
meteorologists may have to put in extra hours.
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The National Oceanic and
Atmospheric Administration’s
National Weather Service
1325 East West Highway

Silver Spring, MD 20910

Web site: hittp://nws.noaa.gov
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