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Introduction

The weather is afways doing something
—Mark Twain

and ever-changing, and that is the weather. As soon as we step outside, weather

conditions are immediately apparent to us from the temperature, humidity, cloud
eover, and wind. The scientific study of the her is called logy, derived
from the Greek word for measure. Over the past 150 vears, this science has evolved
from simply observing plant and animal behavior to the use of technologically sophisti-
cated satellites, conputers. and radar instraments,

Onr weather results from a number of factors. Primary among them are the heat and
light generated by the Sun, and the Earths relationship to this massive solar furnace.
Our planet goes through a vearly evele that we are all familiar with—the seasons. This
cyele is created by the position of the Eartl as it orbits the Sun. The Earth is tilted off
avertical (90 degree) rotational axis by 23.5 degrees. This tilt cavscs mawdmum sunlight
to reach different areas of the planet at different times of the vear. When the northern
hemisphere is tilted tureard the Sun, we experience summer. Northern hemisphere win-
ter und southern hemisphere summer oceur when the northern hemisphere is tilted
awcayy from the Sun,

The Earth is surrounded by a thick laver of aiv—the atmosphere—which interacts
with solur radiation to produee many dilf types of weather conditions, Air temper-
ature and pressurc, the amount of water vapor in the air (humidity), wind patterns, and
ocean currents all combine to create different climatic conditions and geographical
zones. Mountains, deserts, tropical rain forests, great apen plains—each type of region
experiences its own unigue weather patterns,

Predicting changing weather conditions with reasonable aceuracy hus proven to be a
valuable contribution to our daily activities. For example, daily weather reports affect
our choice of clothes and paraphernalia, while forcknowledge of dangerous storms can
save both property and lives. Perhaps one day, the inexorable march of science will lead
to the development of technologies that will allow us to actually control the weather.
Until that time. metcorologists will continue in their efforts to leam “all about the
weather.”

Therc is one element in onr daily lives on planet Earth that is both ever-present
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The climate of the Earth has not abways heen as it is now Our
plinet has undergone stewdy evolution changes in its
weather, us well as sudden drumatic shifts in climate
Catastrophic events such as asteroid or comet impacts have
ceeurred periodically in the history of our planet causing
severe global weather changes. Mussive veleanic eruptions can
alen ereate sudden climatie dismaptions. Clauds of dust und ash
fromn such vielent upheavals can cause a dramatic decresse in
sunlight and consequently. in temperature, For example. it is
believed that such wn event securred 65 million vears go
when the Earth was struck by an asteruid or comet at least 5

miles wide on Mesico's Yudatan coustline. The planet was
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predominant Furrl o Earth at this llme—‘l e (|.1 OB,
Gradual climat e also oceurred periodically in the
planet’s history, li represented by the great ice 3.

Scientists believe that there have been at kst five of these
events, the last one ending 10,000 vewrs wgo. An fee age oceurs
when the temperature of the planet drops, and the ice felds at
the north and south pales dreamutically inerease in size
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3. Gabriel Fahrenheit and Anders Celsius Thermometers

The bwn most common mstruments for measring the tem-
peraturc of a gas, liguid, or solid are Fahrenheit and Celsius
thermometers, Fach measures heat in sin nits calliad
degrees
water as hasic markers in thelr mewsuring sstems. The
Fi heit scule {(also called the Emglish system) came first,
invented in 1714 by Gabriel Daniel  Fahrenheit
{1EBG-1T36). Tle was a Germun-bom physicist who worked in

e devices use the hoiling wnd freezing paints of

Amsterdam, Helland, as an instrument maker. On the
Fahrenheit scale, water hadls at 212 degrees and freezes at 32
degrees. The Celsins svstew (also called contigrade! was
devised in 1742 by Swedish wstronomer Anders Celsius
(1701-1744). His rrmlx-m.m scale sets the bolling peint of
water at 100 degrees and the freezing point at 0 degrees. The
Celsius seuie is nsed mostly by the scientific comm nd
eountries that utilize the metric susten of measurement.
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4. Bovle’s Law of Air Pressure

Robert Boyle (1627-1691) wus an Irish-bom chemist who
investigated the progerties of the invisible elements that we
wises. Since air is the principal gus that surrounds us,
his reseasch Fovased on this substance, Tn onder to study effee-
tively the properties of air, Bevde and another scientist, Bobort
Houke, bailt the ir punip, With this device they discov-
ered what is now called Bovle's Law of air pressure. Tt states
that if the pressure on & gas (air) is doubled, its compressed
malecules ocoupy half the space or volume. Bovle wlso imvented
a water-bused barometer to measire aie pressure.

Many indemn barumeters measnre air pressure in units
called millibars, Air pressure varies within our atmasphere
hased on iy futors incheding temperature and altimde.
Normal air pressure ab sea level is 147 pounds per sgquare
inch. At 20,000 feet sbove the earth, the p;«nrw is reduced
to 7.3 poundds per syuare tnch. In an area pressure,
wr descends lrﬁ:‘ ground amd spreads, y ubsorbing
wnisture and leaving chear skies, In an area of low pressure,
air rises and condenses at the cooler higher alfitudes into
chands,
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3. Joseph Priestley and Antoine Lavoisier

v ithier prom tists who expenimented wit el
es were English cheniist Joseph Priestley (1733-1504)
ahi French <l|e-mn‘ Antoine La\'ni'iler (1743-17%4)
Woarking independently, ¢

was the first to isolate the vital ele
hivs combustion, or uming. He aluo
distovered the gawous compound, carbon dioxide,
cumponent of air. Antoine Lavowsier identified a

axygen as the catabvst for combs
f:n-im-' percentage of
e .

and knpton.
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7. Beaufort Wind Scale
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Tovw eurdy pioneers in atmospheric studies were
tist Lord Rayleigh (1842-1919, born John V
and Scottish researcher Sir William Ramsay
pletured above

Lord Ravleigh disconered heow air rmﬂrr iles x&m—r

n all directions (step 2}, causing blue light to appear
[Inuuull it ¢ wthy of the spectrum continue

nic chemistry led
tu his discovery of the frace gas elements of the Earths atmos-
. Bebween 1885-1590 he published papers on the axides
ni. und then on argon, helium. neon, krypton, and
which comprise loss than one percent of the inert
). it begins to enconnter alr  gases in our atmosphere. At first workisng sepurately wnd later
molecules, Through sheer random chance, air malecules are i collaburusion, Lord R v Ramsay jointly
exactly the right size to scatter the shorter wavelengths of light,  announeed the discovery of argon in 1564

primarily blue and some violet. The scattered hlue light wives




9. James Glaisher and Henry T. Coxwell, Weather Balloon A i

The use of ballooss to study weather in the upper atmosphers
began with the exploits of James Glaisher (1805-1903, ple-
tured ahove). Claisher, w i logi lished bul-

BE000 feet (Mount Fyerest has a height of aboat 265,000
fectl—higher than amune had ever gone before withaut
egahs

and
loanist. along with bis co-pilot Henry T. Coxwell, mude 23
high-altitide weensions between 1862 and 1866, They twok
temperature, alr pressure. maistune, and wind speed ineusure:
ments within the laver of cur annesphere known as the trapo-
sphere, unce reaching an ultitude in the range of 29000 to

athing up - During that ascension. Glaisher passed
ot from Lack of aovgen while a semi-conseious Coxwell was
akile to furce the balloun fute & descent, Their stadies cone
firmeed that as altitude increased, air eenperature, air pressure,
andd oxvgen content decreased,



10. The Sun, Generator of Earth’s Weather

The Sun is the parent stur of cur solur svstem. 1t is u parent in
Bt svmnboslie: and Niteradl terns. The Earth and other planets
were created run solur vatertal us the Sun itself was being
fumed. The Sun i a type G medivm-sized yellow main
sequence stur. A i sequence star is in the middle of its
lifee cvede. Our star is thought to have been formed through
mechear fusion approsimutely 4.6 billion years ago. With its
10-billion-vear e spua, it will exhanst its nuclear fuel within
the next 5 hillion vears.

The power of our Sun. or any star, is derived from the
process of nuclear fusion by which the element hydrogen is
fised ehrough beat wnd pressure into helivm and other heav-
wer ehenwents. This provess nelenses enonnous amounts of

be no life—or weather—an planet Earth,

Sun ks an immense objeet in relation 1o the Earth, With
a diameter of 864,950 miles, it i over 100 times larger than
our planet. The Sun's structure is eom| of a munber of
favers. Within the central core, the temperature is a mind-bog-
gling 27.000,000° F. Its outer lavers are conler. The surface. or
Plpmcfheu, i 10O Fr e sest Tevel, the chromos-
phere bums ar 150.000° F. while its outermost laver, the
‘corona cun attain a madmum of 3.500,000° F. Huge spouts of
sular energy. called flares or prominences, rise from the sun
and can extend 60,000 miles into space.

enerﬁ- in the form of heat and light, without which there
01\:" fant]
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11. Structure and Atmosphere of the Earth
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12, World Climatic Zones

The weuther on our planet is diided into elimatie zones
busenl om temperature, rainfall, winds, tvpes of vegetation, el
the: gevgraphic positions of latitude (Norh—South) and lon-
gitude Fast-West], The warmest teinperatures are found at
the equutor, the inuginary central belt that circles the Earth
from East to West undd dividdes it intu two bemispheres. The
farther away a point is from the equatur—Nerth or Seuth
the coaler the temperatures, until the Arctic and Antaretic
regions are reached.

The taiga is a broad expunse of cool contferaus forcst (the
conifer family includes evergreen trees such s pine, fir, and

ruce) that stretehes wcross large parts of northern Asia,
Eurape, and the North Amercan continent

The north and south polar regions are the coldest. and are
4 il by sparse on and tenip that can
reath 130° below zero F.

The areas receive i and

Full, s B swarms surmmers and cold winters.

The dry grasshands also recebve eniform sanfull, with milder
suminers and TS

Mountain termin tends to experience more run and snow.
anad the air gets colder ws altitude inureoes.

Hot desert regions recene very little annnal rainfall and reach
the highest temperatures, the hottest ever recorded heing
136° I

Modi

xpericnce hot, dey summers and

regions
moderately coal, wet winters,
l‘mﬁktl areas have the greatest anmisal rainfall and conis-
tently experience hot, humid weather on an anmial hasis, The
South American country of Colombia sverages over 400 inch-
s of rain per year!

Subtropical regions receive generous but more moderate
amounts of rainfall and have consistently warm temperatures.
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13. Clobal Wind Patterns

The consistent %l:.llrn: of glohal winds is onc of the prime  bele of calm air e
determinants of weather cond 3
i these generally blow w
s e

willed the horse latitudes. The trade
o side of the rr‘l'.unl:' with easterly winds.

t circles the Earth at the
+ general movement of

e
e air fro P
s, a major influence on climute. There are also extremely fast-
eust and so are known ws moving winds in the upper stmosphere callied the jet stream,
il patterns nest o the p which generally blow from west to vast and can reach speeds of
ng westerlies due up to 150 |ri\h Thew wre cansed by extreme pressure und tem

e 30 degrees Nerth und South o perature i high alttudes (30000 o 40,000 feet

hoth poles, wind:
polar easterlics. The
erlies are called the pre
tiond moverment. At luti
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Normal Pacific Ocean Currents

15. El Nifio Weather Phenomena

The rel‘lumdm betwren wind patterns and ocean currents  ally strong trade winds weaken, casing wann surfave waters
and thy e coffiret upon the weather is dei wed  from the eastern Pacifie to flow westward all the way to the
b a pe ﬂn-lmm: i ¢ F’:. El Nifo—a nicknane given  coast of South Amenica. Terperature and cainfall putterns are
v ths aple along the South  affeeted primarily along the Pucific coasts of North and South
Americin coast. [t means 'U vist child” in Spandsh. In scien bt can als be experienced on o worldwide basis
i i referred to as the southern oscillation Tas heen the cause of hath severe drought condi-
because of the reversal of the southern gyre (wind and water  tions, as well as hewy rinfalls that trigeer destructive floods.
movements . The trade winds noemally blow warm equatari-— This change in wind and current patterns happens at 2-0-7
al ensrents westward. During an EI Nifo occurrener. the wsu- vear intervals and has o daration of about 2 years




16a. Luke Howard Cloud Classification System
SI;:']M&:MI; thin lenseshaped elouds usually forming below

Clands are casily the mast comman sight in the daytine shy.
A thew intrigue ut with their varied and ever-changing shupes,
e are absny kv indieators of weather conditions. The ditfer-
ent tipees of clund formations wers formally wned and cate-
gorasd i 180 by the Brtish sientist Luke Howard
(1772=18A4", He hased hig svstem on the general shapes of
different tpes of doude. He wsed Tatin, the linguage of sei-
ence, t desoribe Tnmpy clonds as cumulus, meaning leap.
More expansive formations he called stratus, meaning liver,
and wispe: thin clouds e named cirrus, meaning Jock of hair
From these hasic shapes. more specific clond names were
developed. Howard's system has beeome the standard vsed by
madera meteasaloglsts.

Shern shone ase Hve eommon choud types (From botton o top):

Comulus—pufty clouds which alse form at altitudes bedow
6,500 fewt.
Altostratus—fonned in shevts st mid-level altitudes between
6,500 ancl 16500 feut,

Cumulonimbus—puffe mossture-lden cloads that forns at
Toww Jeveels bt can rise up high into the atmosphere: these can
form anvil-shaped thunderbead clonds.

Alocumulus—fnem a5 separate lompy clouds al mid-level
altivades. below 16,500 feet
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16h. Cloud Classifications, continued

Shewn above arc five more conmon doud tpes (from bottom Clrrostratus—thin wispy clonds that form st high level and
to toph: are compased primuily of iee ervstals,

Nimk formn into sheets at wid-Jevel altitudes. Cirrus—thin wipy clouds forming curved shapes at the high-

est altitudes between the tropos und the stratosphere.

o inte umpy sheets loosely eonnected at S oviellnes callod mrares fadks

Cirvocumulus—:

high altitudes, ic., between 16500 feet and 35000 feet.
Stratocumulus——furm st low altitudes inte sheets with
bulging and puffy tups.
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20. Cloud Seeding

Scientific kmowledge abont the weather advaneed through the
rwentieth century o the point where predicting or even wod-
ifying the weather became a prictical reality, A method of mig-
gering rain from clouds—or cloud seedin i 1
1 1946 by Vincent J. Schaefer. Known taday as the farher of
moder weather modification, he eonducted the first ficld
exporiments at the General Fleetric  Laboratory in
Sehenectul, New York, He foond that precipitation could be

induced by dla;msimz dry iee erystals (carbon dioside)
from an aireraft flying theesgh douds. The dry ioe erystals
attract enongh water vapar to fonn larger, heavier water
draplets of iee ervatals that then fall to the earth as rain. A col-
teague of Seliselers, Bernard Vonnegut, later discovered
that the eomponned silver iodide could also be used for dund
seealimg und rainnaking



21, Thunderstorm Formation

Thunderstorms are onc of natre’s most powerful, exciting,
and dangervus weather evente, They ane basically poweeed by
temperature diflerences hetween warm low-level air and the
colder wir at higher altitndes, and by the release of energy s
walter vapar condenses into drops of liquid waler ar ice.

The diagram above shows how in their formation stuge,
updeafts (1) of wann air couse clouds to form (2) a8 the muisture
in the air begins to condense. As this process s, a fullv
deseloped thunderstorm is formed. As mare wann updrafts

feend the clouds (3), larger quantities of water d s ar ice
erystals form within the upper cloud decks (40, heavier
water and e begin to I‘dl creating couler downdrafts of air
(5}, The storm begins to taper off us downdrafts (6} envelop
and smather the warm updrafis, cooling, drying, and eventu-
ally dissipating the storm (7). The towering amvib-shuped
thwnderhend cloud tops created by this process can reach an
altitude 40,000 feet,
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22. Lightning

Foven mure dangerons than the thwsderstorm itself i ane of its
Fveproducts—lightning, Whle the seund of rolling thunder is
the Bark of a thunderstonm. lightning is its powerful bite. gen-
erated by the differences in electrical durges within storm
clonds, As wuter and ice crystals eollide with one another, static
r s built up. Positive electrical charges gravitate o
the eloud tups while negative changes move 1o the coud bot-
tom. When the difference between the charged particles is

t enough, crergy is relewsed as a lightning stroke that
ﬁ"ms to migeng diwnward in & stey leader form (11, As
the aegatively clinged Jeader sin d d it

begins to draw up a streamer of positivel charged particles
(21 As the Ieader and streamer close distinces, & powerful
electric current is estublished (31, When contact is made. a
puwerful strake of pusitive electrical energy travels upward (4!
ut extreme speeds of around 60,000 miles per second to make
the lightning bolt tht we see. The tremendous energy of a
lightming bolt cnises the air within its vicinity to rapidhy heat
up to over 500007 F, It is this incredibde heating process that
canses the sound of thunder. Because of the immense elsctri.
cal energy and heat generated by lightning. it con cause mas-

afve ol upwon stviking sulid ohjeces.



23. Rainbows

Rainbows cocur due to the refraction (bending) of light
through water droplets, These marvelous apparitions material-
ize only when the sun is behind the ohserver and rainfall is in
fromt of the viewer. As the sunlight passes through individual
raindrops, the droplets act as tiny prisms, splitting the white
light into its constituent spectral colors. Starting wt the outside

edge, the spectram changes in hue from red, omnge, vellow,
areen, blue ndign and fnal o violet on the inside dge of
The rainbow’s are. Ovtasiomally, a primary rainbow is accompa-
e by u secondary ainhow, which appears with the ceder of
the colors reversed beeause the light i€ refracted twice within
the same water droplet.



Mountain or Upsiope Fog

Ocean or Lake Fog

24. Fog

Basically, fog is low-lying cloud cover at sea level, There are
different types of fog that are created by various weather con-
ditions. Ground o is furmeed when heat radiates
up from the geound after vighetall (17, The grovnd and air
cool, and the heavier coeder air flows into low-ling arcas (21,
A fog bank forms when the water vapor in the air condenses
oty druplets thit form clouds (31 A« the s rises in the
miormimg (4, it heats the air cansing the water droplets in the
fiog to evaporate

Mountain or upslape fog i+ created when winds blow
wirmn, moist air upward into hills and soantaing (1) As it
reaches higher, cooler altitudes. the moisture condenses into
wiiker dro Farming clonds of ground-hugging fug (2),

Ouunvp:‘l!nhe [o:gjq foemed when cool wir Blows off kaod
areas and over warmes bodies of water (11 Water evaporates
from the lake or peean (2), increasing the moisture content of
the air. A fog bask (3) is formed when enough maisture con-
denses into water droplets o create a clond.



25. Tornado Formation

Spavmed by thunderstorms. tornadoes e sature’s most
powerfal and destructive winds. The awesne and chilling
sight of a dark funnel cloud descending from the clouds fore-
shadows the potential for great harm. With wind speeds that
cin reach over 300 mph, there i« little that ean withstand the
ferce of a tornade,

“These vinlent windstorms are formed when wn updraft fun-
nel of warm air rises quickly to a thunderchonl. High winds

flowing through the cloud along with cool downdradis of air
can set the funne] of air into a spinning mation ealled a vor-
tex. The stronger the al winds, the stronger the vortes,
When the rarmada touches down, objects are sucked up inte
the vortex with viokent furce. The anea affected by a tomado
iy bee as sinall us several hundred feet wide. or grow to a hali-
mile aeross. Their path along the ground can he 3 long as 125
miles, while the funnel can reach a fneward spoed of 40 mph.




26, Tornado Destruction

The ax-bevel Fujita seale (also kuown as the Feseale ! meus-
wres the destruckive power of tormadoes. Devised by nteor-
alogist Tetsuya Fujita of the University of
Chicago, [t classifies toenadoes accneding to wind speed with-
i the voeten An KO fnned reaches speeds between 40 mph
auned T2 mph. e can cause light daimige to manmude struc-
tures. An F1 contains winds rutarhi.:‘l spewrls [raam T3 inph to
112 mph, and can cause moderate damage to trees, roads, und
wobile homes. As wind speed increases t un F2 tarmada,
speeds of 113 mph to 157 mph are reached. These winds can
canse considerable dumage, tearing mofs off honses and
uproting large trees. Severe damage ean ecur with an F3
tumadn and its accompanying wind af 158 to 206 mph.
Houses eun b kavocked trom their fondations, truins blown
olf tracks, and cars lifted off the ground. The level of damage

cansend by an F is deomed devustating—as the vortex winds
reach 207 mph to 260 miph. Even capecially weil built houses
van be entirely destroved, cars cun be tossed around and
sushed, el trees can be ngrooted and throay throngh the
ade. A momstrous F3 tomido 5 capuble of catastrophic danage
with the fastest wind speeds an Earth, Spioning from 361 mph
to a frightful 315 mph, dhey can lift stromgly built houses into
the air and moisform vehices into dang Mying f il
Fi he does of this magnitude are rare.

The United States has the wiost frequent secureence of tor-
nadves. They often stake wong Tornade Alley. o Lrgad area
steetching from Texas, across the Michvest, and into the south-
eastern states. Notice in the depiction above huw the dana
weenrs only in the toruds’s wake, with houses i trees in the
neartn emirons vl untonched




27. Monsoon Rains

Many arcas of the world expericnce monsoons—a wind sys-
tem that produces drv and wet seasons—hat there are none
stronger than those that occur in Africa, southewst Asin wnd
sworthen Austrdia. The Leadest iunsoons veeur in summer
ower the subcontinent of Tndia, During the winter months. i
high pressire sistems of eoal aie over the Tibetan plate

Himalayan mountans drive winds southeast across India,

wshing mnist aie oot i sea. In the summer. the 1limalayan
[:gh pressure dissipates and a low-pressare system is formed
wver northern Tndia, drawing in walst warn ir from the ocean
wnd resulting in hewvy ruins over much of Tndin, Sewonal
fonding of rvers and lakes initiated by monsoon rains often
canse widespread destruetion in low-lving arcas of the eountr
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29. Hurricane Destruction

The damage fram a hurricane depends an its wind speed
ameant of rainfall, lengevity, and the storm surge—ehe wall of
water driven ashore along coastlines. All these factors an
taken into eonsideration when lassifving a hurricanc’s
destrucinve patential, The Saflir-Si seale assigns five
eatrgonies b these starms, Category can eae minimal
damage with wind speeds from 74 mph b 45 mph and a storm
surge of 4 1 5 feet. Category Two stonns can cause moder-
ate damgre with u stonn surge of 6 to 8 feet and winds of 96
mph to 110 mph. A Category Three hurricane canses exten-
sive damage with winds of 111 mph to 130 mph, and a storm
surge of § to 12 feet. Extreme damage can be cansed by a

Category Four storm. Its winds reach speeds from 131 mph
t 155 wiph, and the hurticane tide can reach 18 feet The
wweet peaveerful hurricanc, a Category Five, with wind speeds
that ean gust aver 200 mph and 3 storm srge that ean exeeed
20 feet. ean canse catastraphie damage

The worss hurricanc sorm sarge in the US. accurred in
14 with ane: Canille—a Category Five—uwith arise in
the wister bevel of 24 fewt abong the Mississippd coast, The mest
destructive storm ever to strike the US. was Hurricane
Andrew, which hit southern Florida in 1962 This monstrous
storm cansed 25 hillion dollars” worth of property damage.




30. Storm Sea Waves

The slmost constant wave action of our ocewn, like, and river
waters s primarily a function of wind, As wind blows ever the
water it creates small pockets of high and low pressure air that
suck and push the waves over the surface of the water, The
wave size iy meusured by the vertical distince between the
erest of the wine, its highest peint. and the trough of the

wiive, its howest point. These high paints are culled swells. The
strengrh of the wind s the principal factor in determining
wave size. The horizontal distunee between swells is the wave-
length. Hurricanes wnd other ocean storms con canse swells of
30 feet or wure. Oceasionally, storm conditions will be so
severe as o e i [reak sea wave that cun rise to over 100 feet.
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32, Tee, Hail, Snow Formation

As the tempersture drops in the duuds of the atmosphens,
warer eventually reaches its freezing point of 32° F (07 C), As
it freezes. the water droplets can change into a number differ-
ent forms. The wust commen tpes of frosen precpitation are
ice, hail, wil snow
Tee “n.:l lr(;in- in several configurations. As drops of water
freese u they can uppear as irregularly shaped sinouth-
sicled pellets vsually less than 310 nFE. ineh in skee. Another
hpe “gem is called graupel Jprorounced groop-el, The top
ledt illustration shows how thlspkind ol ice s Formed. It begins
as fee ervetals fall through extremely eald donds. Super-cooled
jee droplets within the cloud adbere tn the larger ice crstal.
Eventually the shape of the crystal is eompletely covered by an
irvegular collection of ive droplets.
heging as 4 frozen raindrap that is blown ik up into
the cool elusd formation by updraft winds. As it rises and falls,
super-cuoled water ts beiled up luyers of ice on the orig-
inal raindrop. The pellet of kil vun go throwgh this process

iy times, gradvally increwsing in sive. Although most hail-
stones are v larger than 2006 an ineh. seme can grow to the
size of a seftball,

Snaw is created when water vapor in the douds condenses
intu droplets of witer. The 5 Erosy iR sice us mare water
vapor condenses onto them. When they reuch @ sufficiently
enal temperature, they frecee into an jce ervstal, When the
temperatune to around 3° F, the ervstal begine ta grow
into u f-branched snowflake. As more water vapor condimses
onto the snowflake, it grows in siee and shape. When it
hecomes heay enough, it begins to Gl as snow. Most
swowdlakes are hexagonally-hased, that &, in a formation
with 6 sides or 6 branches. Snowflake ervstils come in an cnd-
less varicty of shapes and patterns. And widle its oft repeated
that no tuo mwﬁe« are alike, there is no seientific basis to
the clusn. (Emagine trving to prove that!) However, sinte one
snondlake is comprised of anere than 10 billion solecules, the
wndds are against one having an identical rin




33, Blizzard

A hlizzard & wudh ke a winter versiva of a hurricane in its
ability to dismpt the routines of our daily lives, & pewerful
blizeard can sht down u vty or region with massive amaunts
of snowfall and biting winds. This weather event ocenrs when
very heavy snowfall is aeconpunied by winds of over 35 mph
cansing e ) wisililitv—s lition especially
geeruus fur inotorists, In its most extreme form, 4 whiteout can
wceur. When this bappens, the blowing snow blends with the
sky and the gronnd to Foem a white wall with sero visibilit: A
person canght in @ whiteont could be just vards away from
shelter and nod even know it

Flinds can duinp us much as 60 inches of snow onto the
affected anea over u relatively short period of lme. When
combrined with higls winds, snowdrifts of over 20 feet high may
form. bringing to a virtual standstill all forms of transportation
ineluding sviation, vail Tives, wnd motor vehicles, People may
b trapped indoors for divs without power. heat. or fond. and
many deaths hive been known to oconr in snch cireumstanees.
The Great Blizzard of 1983 claimed 270 lves. In the United
States, hlizzard conditinns ocour most frequently in the porth-
e states, the midwest, and the nurtheast,







35. Modern Weather Stations

A vetwork of thousands of weather stations is 4 vital element
in inedern weather forecasting. The simplest weather moni-
toring staticns consist of a Stevenson sereen (1), a small hov-
il strocture designed by Thomas Stevenson—a civil engi-
neer who was also the fither of Robert Louis Stevenson—tn
hoase dugical Ventil is provided by
slatted sides of wood or metal that allow air i flow inand eut
of the box while preventing sllld»gill and heat radiutivn fron
reaching the Instrumcnts, Within this weather shuck is 4 ther-

a hyg that inewsures the amount of mads-
ture in the air (humidin !, and o mercury barometer to

record air pressare. Mounted above the bus is  wind sock to
indicate wind direction, and a device called an anemometer
o measure wind speed.

M st alsn use weather balloons (21, which wscend
o a height of shout 10,000 feet, to neasure conditions i the
vipper atmosphere. These balloons, called %, recund
temperuture, pressure, and homidity, and then midio the infor-
neativns Bk to wethes forecasters. The weather ship (31 i< 4
vesse] which s permanently anchored at kev Iocations and
equipped with avariety of sophisticated instramients to monitor
and repart on conditians al sci.
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36. Radar Instruments

e of the wost advanced weather wonitoring sstenis s
rndar to truck storms. Hadar was ariginally developed during
World War I to detect enemy afreraft. Rubiu signals are sent

v in widespread use. This svstem can detect the directional

wat from a transmitter in the dircction of ad o alt
o stors. By measuring how much of the stgnals wre reflected
back to the receiver,  representation of the tanget nuy be cre-
e, Conventional weather systens il out raddie
waves {hiat bounce off water drnplets, dust, or wir tenperatiee
heundaries. The reflected radio stierny b collected by eloe
tramie: circuits and converted into images and maps.

A mare sdvanced foem of sicdar culled Doppler radar (2 is

wvensent of storms by the increase in frequency of the
reflectid radio waves {as & sturm hest, or the decreise
in freg {as a storm recedes). The latest des ntin

weather radar uses phased-array antennas (3, v are
sl b neasure wind speed wnd direction at high altitudes.
These grid-like antennas send radio waves upward at various
angles. Thev are able to detect even slight changes in T air
demsity, which then reflect buck and are computer-snahzed to
determine wind speed wnd direction,



37. Television and Newspaper Weather Maps

Maost of our weather news comes to us from television ot
paper saurces which depend, In tum, on information ebtuined
from the National Weather Service Newspapers usually
show a daily weather map of the ULS. with numerous symbals,
markings, and graphics that indicate specific conditi
Similar computer-gencrated mags are shown on television
with a “f 1l C luining the infe i

15

puter operator working efl-camera, When appearing to poiot
to areas on the so-culled green sereen, the broadeaster is actu-
ullv looking st TV munitors off-camera {or image reference.
Shown abuve are common symbaols that have been adapted
over the veun to indicate specific weather conditions. The
¢ on the map indicate warm and cold front areas,
Lines w s 'Tumpu indicate 4 warm Ffront, while

displayec. T redity, TV weather reparters do wot have 3 map
behing them, but rather a blank sersen known in the trde as
a green sereen. The weather ma ges Wit see on our el
evision sets are electronically inserted for hroadeast by a eom-

those with briangles represent cold fronts. With a littde study,
recognizing these symbols and leaming to resd a weather map
are eusily accomplished.



38, Weather Airervaft

Retrafiited aircraft that were asdginully militan: or transport
planes are in widespread wse o gather weather data in the
upper aimosphere. Many of thew menitor hurricane smﬁ
and movement. and sometines v direeth inte the storm,
aivcrudt depicted above s a highly specialized version of the
Lockheed €130 Hereul port, normill

v Dowen by

the U5, militany: Selected for use as weather wrcralt due to
their outstunding eeputution for reliability and nuggedaese,
they e pewered by tarbo-prop engines drving
propellers instead of the more eomvmonly installed jet engines
They alse sport cutting aviomics Lucvanced electronics
technelogy as adupted to acronautics and weather sensors.




39. Weather Satellites

Another high-tech toal of modem meteorology i the Earth-

urbiting weather satellite. There are swo tipes of sutellites

used] for gathering data and relaving the infurmition back to

wenther centers. Geostutionary
at

mateh the Earth'
= fived point above the
:?ualne at an altit miles, There are currently five

this type in ochit that can provide photographs and other
data from most of the Earth's surface. Polar-arhiting sstel-

lites circle the earth from pole-to-pole at a lower aititode,
allewing them to relay more S;ulrd informagion about rapidly
changing weather conditions. Shwn above
wirlde first polarorhiting satellite lameled in 1960 Sinee then,

dovens of more advineed types have taken Tiros 15 place. Also
shown (2} isam Erostutivnary ope o satellite used in the
U5, Geostat perational utellite
(GOES) systems,
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40. Aurora Borealis/Australis

Auroras are rare and heautiful weather phenomena known in
the nosthern hemisphere s the aurora borealis (or north-
ern lights), und s the aurora australis (or southern lights)
in the southem bemisphere. These shimmerng hands wnd
curtains of color are cansed by solar radiation, ofter: trig-
gered by vielent enuptions knewn us flares or prominences
ou the surface of the Sun. The resulting electrons that are sent
toward Earth make contact with our atmosphere between 50

sl 600 muilles above the surfice. As they become mugnetized
il stream toward the polar regions, the electrons collide ar
high speed with oxygen and witrogen molecules to produce an
electronic splash of spectral light. Ye n codons result
when electrons strike ovvgen malecules in low pressure areas;
red when aovgen molecules are struck ar high alitdes where
wir pressure is even lower, and blue colors when electrons col-
lide with nitrogen medecules
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41. Global Warming
Muost weeather scientiste beliove that the world s nadergoing s human activities or vabrul processes play the greater rule.
process of significunt chinatic change known as global Causative factors include greenhouse gases such as nitrous

warm-
ing. which may already be disrupting traditional weather pat-
terns. The plenvmenon is cased by an excess amount of
heat-trapping b gases in the In the
bottom ilustration s this wage, aote ihat as su:ﬂhﬂ.r reaches
the Earth {1}, sume of the heat is absorbed by Jand and water,
and some is reflected back into space (2} When these gases
collect and become mugped in the atmasphere, they interfere
with the radistion of hewt back into space 13 and (41, and actu-
ully veflect the heat back to Earth i3} instead. cansing o tem-
perature inerease. ealled the greenhouse effect.
While u mulitude of known complex intersetions con-
tribute to global warming, it is stll unclear as to whether

onile. sulfiur dinxdde, and chloroflusrocarbons (CFCs F which
are produced by industrial and bile: ai

well s the great increase in the enission of carhon diovide
inta the atm re—the bvproduct of e buming of fossil
fuels (oll, eodl. gasoline) which begun with the lndustril
Revalution in the early years of the eighteenth century, el
rapidh aceelorated during the twentieth.

Tf ghobal warming continues unchecked. the average world-
wide temperuture could increase by 10 degrees within 50
vears—an inerease tiat could have a devastating impact on the
grewing seasons for erups, precipiation patterns, and the
water levels of likes and veeans.




42. Ozone Layer Depletion

The atwesphere of the Fusth containg o thin laver of ozone
concentrated between 10 and 20 miles up within the level of
the stratosphere. Ozone is a form of axygen that blocks ultra
violet solar radiation, s its depletion results in conditions that
can be harmful to boch plants and andmals, One of the green-
house gases. chlorofluorocarbons (CFCs). wn intorfere
with the normal process of cane formation, These gases are
e s ApOv-can p::}pcﬂn.'m. wonling agents fur air-condition-
ing systems, and in the expansi n@Bﬁwn used in packagi
CFCs can reach the upper atmosphere und then be curried
arcnind the world by high-speed winds.

Each October, intensely cold winds begin encircling
Antarctivs, forming a vortex over the southern continent (1.
This vortex can trap CFC’ and cause ozone depletion (2. Tn
the 1670s, suientists discovered that the laver of ozone over
Antarctica was rapidly dissipating. By 1986, 1 hole in the azope
laver had formed (3 1 grew steadily larger during the 19805
and 16505, As many of the industrialized nations recognized
this problem, they enacted laws to restriet the use of CFC
Seientific studies hive concluded that the reduction of CFC'
will lead to a renewed buildup of the Antarctle azone layer
et the next 50 vears.




43. The Effect of Catastrophic Events on Weather

The Earths weather undergues periodic and gradval changes,
as Tappened with the joe uges, wed as may he happening now
in the case of q)dm-l warming, But drustic and more immedi-
ate climatic changes are alo possible. Massive voleanic
!rmlhni andl the impact from a large asteroid v comet
conld have catastrophic effects an anr weather, Both svents
are mﬁ:hle of ejecting enormons amounts of dust, wsh. and
ather debris high into the atmesphere. 1 the explusion were
great z;::E: a layer of dense clonds could eover many purts
of the . or indeed the entire globe, for weeks, months, or
even vears. This dark clond Laver would block sunlight and
heat, causing a severe drop in temperature on & global seale.
Plants and erops would die, animals that feed an plants wouhl
;:,h. and crop failures would cinese mass boman stanvation.

Furmons year without a summer—alsu fknown as * 1816 and
froze to deuth™—was cansed by the eruption in April 1815 of
Mount Tumbora in Indonesia, alleged]y the largest recorded
explosion in human histary. The plume of voleanie dust souwdy

ircled the %ﬂhe. disrupting normal weather pattems along
e way. In New England, which was among the regions hit
especiilly hard by the abnormal weather, erops were destroved
as frosts wind snowfalls continned trueghout the summer.

As discussed eurlier, the Earth has also been subject to random
Tombardmens by sstervids and comets, like the masive asteroid
that struck the Earth 65 million vears ago and wiped out the
dinosanrs. In June 1905, onr planct expenenesd the hasmowing
effects of anwther ohject from euter space in the Siberian region
af . A fragrented meteorite from i astesoid -
o in the s four wiles abear this remote furest area with the
force of 1,000 Hirshina bombs, The blast fattened and bumed
teees and killed off herds of reindeer and other willife over an
area of miare than SO0 square miles 1 this bad ned fn
more densely popuated area. millions of people mi llh-wlpe.-r-
ished. Fortunately, such impacts from outer spaee objects bap-

only {1 the contest of massive geological fimeframes, with
thousuncs v nillions of years in .
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