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Requirements 
1. Define meteorology. Explain what weather is and what 

clirnate is. Discuss how the weather affects farmers, sailors, 
aiatcrs, and IhL 	tdoor consti 	an hIdusIl v. TH: whv 
veather forecat. . e iInportiil :t2ach ci these groups. 

2. Name five dangerons wcathcr-•related conditions. 
Gtve the safety nies for each when outdoors and explaln 
the difference between a severe weather watch and a 
warning. Discuss the safety rules with your family. 

3. Explain the difference between high- and low-pressure 
sstems in the annosphere. Teil which is related to gond 
aiici to poor weather. Draw cross sections of a cold front and 
a warm front, showing the location ancl movements of the 
cold and warm air, the frontai siope, the Iocatiori and types 
of c!ouds associatccl with each type of front, and the 
location of prcc]pnation. 

4. Teil what causes wind, why it rains, and how lightning and 
hail 	lo med. 

5. ldentify and describe clouds in the low, middle, and 
upper levels of the atmosphere. Relate these to snccific 
types of weather. 

6. Draw a diagram of the vater cycle and label its major 
processes. Explain the water cycle tu your counselor. 

7. ldentify some human activities that can alter the environment, 
and describe how they affect the cltmate and people. 

8. Describe how the tut of Earth's axis helps cletermine the 
chmate of a region near the equator, near the poles, and 
acrnss the arca in hetween. 
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9. Do ONE of the following: 

a. Make one of the following instruments: wind 
vane, anemometer, rain gauge, hygrometer. Keep 
a daily weither log for one week using inforrna-
tion from this instrument as weil as from other 
sources such as local radioan d television stations, 
NOAA Weather Radio All liazards, and Internet 
sources (with your parent's permission). Record 
the fol!uwin information at the same time every 
day: wind direction and speed, temperature, pre-
cipitation, and types of clouds. Be sure to make a 
note of any morning dew or frost. In the log, also 
list the weather forecasts from radio or television 
at the same urne each das' and show how the 
weather really turned out. 

b. Visit a National Weather Service office or talk with 
a local radio or television veathercaster, private 
meteorologist, local agricultural extension service 
officer, or university meteorology instructor. Find 
out what type of weather is most dangerous or 
damaging to your community. Determine how 
severe weather and flood warnings reach the 	

-' homes in your community. 

10. Do ONE of the following: 

a. Give a talk of at least five minutes to a group (such as 
your unit or a Cub Scout pack) explaining the outdoor 
safetv rules in the event of lightning, flash floods, and 
tornadoes. Betore your talk. share your outline with 
your counselor for approvai. 

b. Read several aruicles about acid rain and give a prepared 
talk of au least fi 	minutes to a grou (such as your unit 
or a Cub Scout pack) ahorn tue aruicies. Before your taik, 
share your outline with your counselor for approval. 

11. Find out about a weather-related career opportunity that 
interests you. Discuss with and expiain to your counselor 
what training and education are requireci for such a position, 
and the responsibilities required of such a position. 
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Earth and Its 
Atmosphere 
Earth's atmosphere can be thought of as an ocean. lt is an 
ocean of air instead of vater. The air is almost never at rest. 
Its restless movenient is the source of everytiting people call 
weather. The study of the atmosphere and its weather is the 
science of meteorology. 

Components of the Atmosphere 
The atmosphere is a mixture of gases, six of which are presPnt 

in arnounts large enough to hc inportant in studying 
meteorology. Four of the six stay more or less in 
cotistant proportions, at least in Ute atniosphere's 
lovest 8 niIos or so. The most abundant of these 	A 

is nitrogen, making up about 78 percent of 
the atrnosphere. O.xygen is next, at about 
21 percent, followed by argon at about 
1 percent, and carbon dioxide at about 
0.03 percent. Nitrogen, oxygen, and $ 

carbon dioxide are essential to life an 
Earth. If their proportions were to change 
significantly, all life would disappear. 

The atmosphere conta ins twa other 
rnportant gases. Because ther amounts 

cltange from tinte to time and place to place, 
they are called variable gases. One is water 
vapor, vhich can range [rom nearly zero to as 
higit as about 4 percent of the total. Most of the 
vater vapor is concentrated in the lowest mile of the 

atmosphere. When it condenses to form ciouds, rain, 
and snow, it is the most important part of Ute weather. 

WEATHER 	7 



l'he other viriable gas is ozone, most of which is found 
innre than 6 mjles above Earth. While ozone at sca Invel harms 
hnmans and plant Jife, its presence high in the atmosphere 
shields us from the sun's ultraviolet rays. 

The Vertical Structure of the Atmosphere 
A ctos sectlon of the atittosnhere shovs that lt Consnts of tour 
inun lavvrs. There is no typ" in Lat tis citmosphere. intnid, 
it gradually thins uinil it vanishes into the vacuc; In of s i ilice. 

The lowest layer of Earth's atmosphere is called the tropo-
svhnre. This laver varic's in clenth from about 10 miles at the 

ator to only 4 ittilys over the Nnrth and Son0i pole's. lt is 
within this laver that most weather occurs. The troposphere is 
constcnitly stit;ed liv the moteons that produce weather, so the 
nuxwrc of gase- is nearly constant. Earth's surface, wiuch is 
warmed by the sun, in turn warrns the air of the lower tropo 
spitere. As a result, temperatures in this Lwel 	10 decrease 
i 1!titucle increases. On average, for evet v 1 ‚;! 	ciincc, the 

ntnnerature 0:111 decreise by rougtti\ 5.5 	Fahrenheit. 
layer above the troposphere is the stratosphere. 'I'his 

ltvc'r L'xtends to a heitlet of abaut 30 miles. In the stratosphere, 
the auuosphere is quito thin and the rnixture of gases liegins 
to change. The stuall amount of ozone in the str11osio:e is 
vital to life on Earth because lt absorbs the sims harmful ultra-
violet radiation. 

120— 	 Thermosphere 
200 km) 

50- 
80 km) 

30- 
48 

20— 

Mesosphere 

Str cos So ro 
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The bound.;'. between 
and sratonher 	called th 
lid 	:e.:er-filled troposph:.'. 
Temper::: 	gins to increase w1 height 
above tne t:c:opau 	'ecauc 	::csing 
number of 	m ..ijles ........- 
sun's ultraviolet rad.i:n. 

. s::a::here is the r- 
out .0 to 5, 

mik* 	 .ith height 
in this cold: 	of the atmosphere. The 
ne,: 	::c.::ere. Becse of 
the •. 	:s, ..: :::i:::ures in tYz 

:er can reach nioe :an 1,800 degrees. 
The particles in the thermonb'nare, :'antiv 
nitn'een and oxvnen, are se apar; Laat 
a s -  z - „lard ther::ameter caniia be used. 
The temperature actuallv a measure of 
the sun's energv absorhed hv the particles. 

The Origin of Wind 
In prehistoric times, humans became aware that the weather-
cloudy or clear skies, warm or 	air—depended on wind 
dir,., -- :an and saac d. D'..:dng th .....7. people learned 	air 
his 	Sci-n - sts c ca'€a 	air becomes lightc-: less 
dense) 	varm a:'...z :cavb?r ldenser) when it is cold. 
Because tli nasare tt .'.,:':vhing exerts on the surface of 
Earth d e:aa an. 	'.etgIli. air temperature affects air presn:e. 

Ab 	naan'.:;'a also is a factor in how winds arise. If 
in one place is heated so that it is 	mer than the air around 
it, that air tends to risc. ..s it dav, air must flow in from 
around the heated regan :o rebace the air that is rising. 

‚Ar nas weaht tor the same reason vOU da, 	s nOh o Eerth by 
qravny. H faot the ar above a square man o llEarths surface exerts 

14.7 pounds cd pressure et see even Atmospheric pressure,. o  ac 
aressure s die ernannt of torce Inc er exets an e und surface area 
an arec thet hes equa ength and wmdth,,'. \hv dont you team ah that 

wacht orsssinq dov,n an von? One reason s that Ihn eh is not reab' 
aressing dovrn bat zs oressnp m ah directions. Amso, the ei nside your 
body dt press;nq ui ah direorhons roth eauai pressure. 

WEATHER 



lfvoul  
Lakes, VOU !. 	::cess ‚. .a:•:::  
dav, the land 	:c.:s :::: 	:.:aidlv :a:: :: 	:.:;:. TI:: 	heat 
warrns the air over die land anc :‚j•S 	s. Cooler air frorn 
die ocea: -. 	'.DWS 	 :. .:: ‚*‚ 	'er land 
tIovso.: : 	sea i7 • : 	c. .::c' 	:c;acethe 

;nlar 	: :z cre 	.sca breeze. 
The lanh c::ols more rapidiv 

sc'i at jOC surtace, 
cvcle is :c: 	' 	. 	h 	:::.z:h:: :at resuits is a land 

breeze. Sirnilar circulations can :i': 	und rnountains, 
crcating ::'.i ::: 	::'. 	.'allev brcz;.: .vinds th::reate 
the 	reat.:c 	.::s• 	' this wav. . 	ot uneqia heating. 

it is nc :o unders::d whv winds 
behave the wav thev do. 

f 

Sea breezes 

The fact that suniight does not evenly heat Earth's surface means that 

temperatures vary from place to place and from time to time.This 

difference in air temperature (and therefore air pressure) creates a 

force that makes the air move from high- to Iow-pressure regions, 

trying to equalize the pressure.The air motion is what we call wind. 

10 	WEATHER 
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Land breezes 

Global Wind and Pressure Systems 
\\'arm air near the equator, in the tropics, tends to rise and flow 
tov;J the poles (rsI.d). Along th-- 	i he air cccs 
be 	to sink. Bec•: 
ter: : form a beil 
siI::g air tend to be associated with relativel: h:gh pressure, 
in what are cae1 the horse l.:jdes," or subtropics. 

In a simiil: ashion, air cr: ....‚he poles tends to sink, being 
coldor and 	This si:: 	nds the air flowing into the 
su::ar regio.. 	.vc-re it 	and rises, torming a hei: vIth 
reiauelv low.s..:  
brings about Ic.v :::s::c, .::•......:r br.nc 
pressure bc 	-.. t weighs more.) 

Tilc• .... 	..titudcs 	 the :.: ::f subp..::: iows 
and the s..:b::: 	hihs.Mcs: 	Unite1 Se:es car 	found 
in the Northern He:::;sphere's middle latitudes. The Southern 
He:::phere also 	::lle latitu.cs. Air tend :•a fiow pole- 

at the 	fe - 	....th, and ..:rd the e.juator (equator- 
abf.. cc::: e:::e :he tra:::... . b;cei the polar and 

equatorial circulations. 
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HGH 

This global winds diagram shows winds basic pattems. The actual pattems of wind at 
any given moment are far more complicated. 

Notice on the diagram Iiow the surt.ce Wfld s  h!ovrin 
toward the e:. :tor in both 	 oast 

: .::::g poleward tend to 
iieeoioogists refer to 

j. 	 ‚vhich thev blow. Winds 
ing from eas. 	: ? calied eastc,:, and winds hiowing 
from west to 	cvc. 1.uesterlies. 

	

If it wer,- 	 veioprnent of easterh' anti westeriv  
:he tendencies to: •.':nds 	sn- ii- 	crn hit.• to 

::. wo.: be v:; •:::lar to the local breezes 

	

at 	gnnin 	f this 2haper. 

12 	WEATHER 



The Relationship Between Wind 
and Pressure 

Much otthetime 
To undersia:: : 	.:.::: 	ter1v an 
eriv 	vern2:::.: 	::: aboui j.•- .. a Io -pressure 

aNis 	mak:- 	.....:ompiete 24 hours, which Cd U::. systemis 
The .:r::: 	:: :: :..::: 	aries as 

:orth ::: 	 . 	 rieb Wiful 	 • 	u- 	€eihis reated to poor 

abc. 	':;: : 	and watch while nolnis :.::r the weather, and a 
iles dc not move at :. A point 

ontarthseauator:::::: ::::........ h igh-pressure 

ahv 	25OOO 	s: -. 	 :: ;nove. System is r&ated 
::lect as 

- to fair weaJaer. 
seen 5- an ::erver wz::: .:.:.s trom Earth. Ir:.nne nnng 
a cannon due s 	‚U1€ :: :.: 	:::vels soutk. i t passes The r

-
sng ar of 

over ponrs that are movin........ : 	 e rapidiv beneath a ow-pressure 
lts -22111 . 	sce' 	on i: 	::i arrow, curves to the righr. 
A rnvsterious force :.::ears ::..:e the pa: .....T :?.:- 	:::..... •--- 

systeminvites 

curve.An observer ..-. .. 	 ...... ..: 	see 	the 	 : the formation 
ba33  as a strai ght k tn zlie 1 a. 	5 v  it 
appears curved to earii.:.::: .rers. ofcouds and 

precipitation. 

T~ZE CORJOUS FORCE The sinking alt 

The ongin (cannon) of a high-pressure 
L movesfromAtoBdue 

to Earths rot.atlon. system makes 
The object (cannonball) 
foltows a curved pa th c)oud formatlo'l 

(8 to C) relative to 
ess ike Earth. From space, an 

observer wouki see the 
\ 	objectfoltowastraight 

line (A to C). 

This apparent force—called de 0 .... .. -  .L tbrca 	.: French 

sci::.:.st GustaveGaspard Cori:. ::: :: .:-::ibed i[—is 
ver: :ea] Ic : :opie livi:.: ::.. 	:..... : ng Earth. i mus: 

acc;ned ::: vhen fi';:: .j:::::. 	veapons and 
sateilites. !'.......he weather. :: ::....... :- e moving alt seern to 
CU' 2. 1e bght 1:1 :ie N.-  : -.ern Her: .s:here and reihe left fti 
the Sournern Hem:: - etc. 
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Moisture- 
The Water Cycle 
The most important thi:.: 	.it the weathe: . 	 : 
bürg Tne wind coud 1: - 	and da 

risc and fall, 	0 ram feil, Eanh would 
tronbla 
Forrunareiv. in addtuon ro a wonderful air-circulat:: 

quem- Eanh has a wonderful warer-circulafing svster.. ne 
.::ter:rihm Ormscioudsandpre.::..:nco:: 
frome:'apo.'nzion frorn E.arrhs ocea::: 	pan::::cn trom 
iakes, streams, and anspr.?nn. 	 ‚lzivn ‚.;; 	xater 
bv the leaves of green plan '.  

Most of the -ai .hat falls over land evaporates and is 
transported :. water vapor bv the winds. often manv thousands 
of Wes frc::. es source. \Vater vanor codenses .changes from 
ape r : r;i.::. jirJ.:udsand:..s:rcktoEarthas rain. snow, 

. 	 .s of r ofronon. Sc. 	roripilation for 
e aer bat fiows in rivulets ...........-' 	 t- 	d en n.  

Part of the precipization filters dow.............. . ...... . ... 
ish ::.s 	xtd:rtarc SiiY, which  

	

is t.ri................-lflts 	reslore lt 10 inc atmo- 
siere throueh tran ....... 

z snow. Of this, most eve.:.:aIlv 
melis a:. i ::.:::- 	.. .:: ............ dwaten 	::wever. Pan c 

...... ro slow-:::cdno rivers of 
:tied giarfers. .\ consi:...... .Uflt of Eard-. .....•:vater 
suppiv is tieri up in the ........................... i.:: - .... af 
the glor. especiallv in ic e 
in glao :-. to-ward the 	:- ~ -mi lt rnay take hundreds or 
thousands of vears far .. :er rhat falls as snow ove: .aciers 
to reach the ocean 
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sniai annaunt of mc grcmdtvate: hecomes t:apped hn 
e grcud. rriig 1inaerg:oL 	:e:cr :aed 	e- t. 

:apv pa:t 	te vord :nng !he Ui:ed Sza:es. :e 
wate: n aqiIe: is taped 	turnai usw e unTlUg f 

t:t. O:tce tte aauie:s are t.::te:, thev m; 
c: Cousands of vear. 

Pear cc pack. 	c:e:s and ut:de: r .. - . .. ifers nie up 
some of Earths wate: stp1v. hut overaL wate: :tat 

rom the :ceans eentuav fitds iis ;va: hac; to the oceans. 

AH of üu neinu. scrihed ahove—e;aperatio. trar.spiration. 
wate: vapor.  t:ar: : . 	::::.ens -  L p:• :::atio:. rjnefL and 
s::eamtcrtv—are part o a ccce ü5 eertt. Iio 	as rhe 

-co. also :a!ed the 	etc 	0:. 	whole. :he cvce 
n haartce, that is ::. 	rttoun: of 	ort the planet 

:. lns :onstant. 

The water cycle 
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Humidity and Dewpoint 
H:d: de—c-Eibez the arnount o wate- vanor :n the -ain t\ater 
rnoecu!e re c rtam!v 2.1ng hact; nd fel 	l'etwee vapor 	Some peop!e refer 

forr::. :.rher 	..d 1:.-. now, er 	cio: . 	. ran 	to dew and frost 

occus when nore w:; - 	. 	 . 	as precpaaton, 
Te.u.eS eave a ramdrop 	an;- 	-rr waer sunace .... 
arrive, lt evapralc-n !asts f:: wh 	the drop wi] dis.::ear 	butthey are 
bec? 	all the aioieculer- will be in vaporr....... I r 	nottorrns of 

..s d rc dcscribc water rnotecui 
.....- -- mc 	?s:' ha;.: -. . . - 	-- 	precipitaon  

TaIrdropi s becausetey 
this case, the drop will gow. \Vhen ih€ 

numer 	watt........ .. 	ules leaving a warer surface ecivals 	do not actLally 

nu:iber = . :Eng - 	:.. is said re t'e 	 precipate, or fail 
The ttc:::: 	.::.as as ue rem:ranire changes. 

;.:s nat:::ts becausc water molecules are if 	'gerk wI' 
.. ..n wben t is clJ. \Vher the air 3 .............ter drcs a 

lt are ;v::.. (ne 	geuc rno!ecu!es esca e 	:nd 
become.: 	.:'inrhesurround.:c 31r.l:1e31r. 
and the 	 cool, fever meiecules escae 
arrosau 	.:: ...r. 

On 	lear rüg gIn. ri e remperaue of tre r 
.....may:t 

..::ndens.ai; -. -iil t cg= 	- 
first tinv drops fern ::: imperfectiorrs en -Ale surface 

3iade ofg:ss. terex: -.... .... n the coo ;;s 	 - 
orop, the rnoie ules will 	. 	'er energeri:.s .: the • 	 - ./ 	.. 

rmber er molechles 	drc'p ;(i b 	ter 	 - 
. 	number Iea'.ir 	:.3ndensation process 	-- 
-es dc; to rom' 	et me- .o i  

y• a-•:' ... ;varer to the air 	 •;a- 	1 

must he cooled tor 
the au :rssure and the arp.our 	- •::er v. . - r stav 

air aead 	 the aff 
rorr 	e 

	tern- 
Dewpoinz 

dav 
A more cornmorr measure  

radio au televisron 
announcems give the relative hu ri..itv a ::rr ei the .. : uher 
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repert. Relalve mdt -::heacival ametmi o water var': 

e air dv:ded tv the imaximum amounr .'i wate: vapor porbe 

at tha t::.:era:tre. 1: 	rallv isexpresed as 	.er:ettage. For 

exartpe. a:uraed 	 be at 	percent rea:ve htntd- 

tv. II de al: conrain 	t...a :i te a::.f .va:er vapor 

neeed to sattirate ;t 	ative 	ikitv 	e:cent 

	

Hcwever recall . .: when tI 	jr e:t 	rali: 	ses. 

de amouni ef watet ina: cat evao:a:e. 	arefore, :f he act::al 

ariouiit of wate: . -apo-  siavs de same. z.. .: : a:ive humidirv 

iecr:s when the tem:r: : ... 	. ::s and in, 	se-s :vhen the 

remperamre falls. Ti.:: . -w hv relative iturn iizv:::: :rts can he 

eceiving. in 1101 	 humans sweaz re sta'; 	the 

wate: in the swt'ai evaporares front cur skin, tz takes ::i 

frecr. ...c betI 	If :he air ts na.:: samt: . ....... 	::.ing is not verv 

effect:ve itt cooitng us. so we ee1 unnt:onane. 

Human comfmi ienends more on -,he dewpoim thar, 

ott de reatve i'.:::.klh'; 5.:::.er davs can be :.nuntahe 

when ihr .:.:wpoint rises ab 	.Jegrer. even :hougi: 

aldim itt 'he link  

ture ::::: bw. Her: .. ar,:::.: 	:At  

a dewpoim ei 0 regnet. :::. :eba:ive humkihv is 
onlv armE 3 percent. tu . :T' de. tot and mug,gv. II 

thedewnc'inr remars tit: '- ute :r:nperam:e d:ops to 

r. iii 	.;:.. t 1 :::;f:.; will r.se to alltost 

s higiter, the alt 

1 
By noting changes in re'ative humidity as indicated on a hygromete,. 
you can determine whether the day will be muggy or comfortable. 
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Condensation: Fog, Dew, Frost, and Rime 
Fog is merely a cloud forming at Earth's surface. lt forms when warm, moist 
air comes in contact with the colder air and forms a cloud.The chilled water 
vapor condenses and attaches to particles in the air. 

Fog occurs most frequently at night along 
water sources where the cooling of slow-moving 
air, combined with the source of moisture, pushes 
the air to saturation. Also, when cold air moves 
over warm water, the water evaporating into the 
cold air can increase the dewpoint temperature of 
the air to saturation, resulting in widespread fog. 
You may have noticed that there is often fog in the 
mountains and hills.This fog occurs when warmer 
air moves quickly up a slope.The air cools as it rises, and the water vapor 
condenses to form fog. 

Dew is formed when the water vapor in the 
air condenses on cool objects. Dew usually forms 
on cool nights during warm seasons. Daytime air 
that is almost at its saturation point will cool 

4 down, and the air will become fully saturated 
/J 	 with water.The extra water vapor will condense 

on objects cooler than the air itseif, such as grass 
andspklerw:bs. 

Dew 	 same kinds of conditions 
that bring about dew will form frost instead. Fros 
occurs when air's dewpoint is below freezing.The 	; 
condensing water vapor is deposited in feathery 
patterns of Ice crystals instead of tiny droplets. 	. 
The objects it forms upon must also be below 	T 
freezing, but the air from which it condenses may  
be several degrees above freezing. 	 Frost 

When the wind blows fog against objects 
with surface temperatures below freezing, a type 
of ice deposit called rime forms. The fog parcle, 

- which can remain liquid down to temperatures of 
about -40 degrees, freeze upon contact with the 
object and build up a white deposit. (A similar 
deposit may build up in some refrigerator treez-
ers.)The white or milky appearance of rime ice is 
due to small regions of air that are trapped 

Rirne 	 between the fog particies before they freeze. 
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Clouds and Precipitation 
Clouds form when vater  
vapor condenses to form ice 
crystals or water dropets in 
the air. Cloud formation gen- 32,800 FEET 

erall\ 	is aso 	tu] with rising 
air. Air cools as it ascends 

decFeases 
19 , 700 FEET 

because pressure 
with height. The do» in pres- 
sure causes the rising 	to 
expand, eventually, the air to 

-A\LTCCUMUUS 

its dewpoint. Theo condensa- 
tion or freezing begins. The .‚ 
water vapor condenses 
around tiny particles in the CUMUL0NMUS 

air, such as dust or salt from 
the sea. The resulting droplets 
are about one-miltionth the 6,600 FEET 

size of a medium raindrop 
These condensed particles are
so minuscule that turbulent 

STRATUS 

-4. 	 f 	. 

air monon holds them aloft. 
CUMULU5  

_--NME'0STRATUS 

Learning Latin 
The coud names are derived from Latin words. If you learn the Latin 
meariings, you can more easfly remember the cloud types. Here are the 
basic Latin-based words and their meanirtgs. 

Cirrus: CurI or tendril of hair 

Stratus: A layer, like a banket stretched out 

Cumulus: A heap or pile (Think of the word accumulate.) 

Nimbus: Rain  
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Cloud Formation andTypes 
Meteorologists use four main groupings for clouds: bw clouds, 
inidille clouds, high clouds, and clouds that develop vertically. 
Mcworologists also consider the shapes of clouds. 

Cirrus uncinus 	High Clouds 

clouds are 	The highest clouds are gener.illv ahove 20,000 feet ‚md are callecl 
cirrw douds. These high clouds are often wispy. Cirrus clouds 

sometimes called 	are composed entirely of ice crystabs because of their bw temper- 

"mare's tails" 	atures md the heigh s where they form. 
Sumetimes cirrus c!ouds are lumpy. Those are called 

because they 	cirrocunmulus. Cirrocumtmlus cbouds can be arranged in patches 
look a bit like a 	or aligned in ruws. 

horse's tau. 	r 
Crru CIud. 

•1 
Cirrocurnulus clouds 
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Cir: 	::J.'orrning in ex: - 	 nown 
as c:'. Costratus ciou.. 	 skv or 
on!:•::ind can be quite thin and ne:v 
\Vhen cirrus clouds c.e wa . cirrostratus, precipitation may 
be on the w: with 	he next 24 h::s. 

The d€, towr.i:g thunderhes known as curnulonimbus 
c!ouds can he inore than 50,000 feet tall and can occupy more 
than ore 	 Their heic ::H': 	alifies them 
to k' ch 	 meteoro! 	 t;eni 1.s clouds 
of vc-::c 	.c:nent. Cu::i 	couds almost 	;ays 
fhatten out near the tropopause. Their fiat, anvi1-shape t is a 
he!p in identifving thern. Cumulonimhus c!ouds w 	key bring 
lightnin. heavv ram, and possibiv hail and gustv»r:c1s. 

Cirrostratus couds 

1 

Cumuionimbus cluuu, 
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Middle Clouds 
The midd!e 2roup of cloui'.. '.'.'h h.eight rughl: cf.c 
6.3.:;,.000 feet, has :h .......... 	alto. 	Tis g 	:ces 

los clou:s. :ten look like a fluffv blinket 
skv. 	: 	 :..s jud 	': :n apr in 

patch 	: 	 rows. 	cl::: 'c 	isti: 	.:shcd b\ , 	roundeci 
contours of the cloud- .:th smail ope 	ccs showing bluc 
above, an:'cc'jrnulus clouds indicate that 

c.d iavc:cd. Altostratus 
clouds occasic::a: cl::  .:c. c: ne j. 	the whole s: 	ut can he 
th" enough to iet we su:s;.c:h:'agh .: :::ly. Aitos::ccs 
cl-.:s often indicate an war: - : 	ont and 
of weathe:. sich as rain c :: 
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Low Clouds 
Low ciouds 
Earths  

orrr. 	2. a -er, with liefle 
i O  

Srraroairn!a5 clouds 
caii: and neariv 

un(: :rner bases hrn 
in..edonwp. Thev 

beavy ridges ehat 
. cornigaee' 	 fing. 
jrnuius ciou 	fren 

heavv precipitation. 
s.:ec iaIlv :::iv ar the 

nead of a cota fmnt. 
\bstrans douds are 

dar.:. z::::like ...::: z and mdb 
cat?:.: at rain er SflOW  

clous toir beow 
6500feethutcangrowverytali. 
much 	than thev are wide 
Meeearo1ogsts cc!nsider th:: 
clouds of vertical developrr c 
VL...... .efluffv:..:Lds.::: 

cabeü iai-veai:.:: cyniulus, 
thev usuallv rr :::: 

weather is ahead. 

uds 

NimboYtus cods 

ki 

Cumuus couds 

Stratocurnurn clouas  
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Precipitation 
.A c'ud in ein je ei water va:......... ... -his  

watet drcis A-  Jce cr:stas. .- 	itte attd mcre 	;a:e: vae: 
cnietsesn seine ei 	ie Part 	code wz 	enh Other ai 
nwie 	:: 	:.:m drapt:.s 	.................gh z.: 	........... 	......the'. 
oct::::ue :o grew b: sveer:ric ::p snaie: 	e: 	an 	the 
W: praces zaiie 	c:.- 'c 	Vhep :pe 	he.me ut 
1:: :r a an.t:gh to fa 	to de s;rfa:e. hev to .: WO kizte. i 
mav ::.•. 	.. 	:. 	.::.......eccd 	pez5::a:nl a 	nge 
dron cu, 	- 	:iie 	ezs 	ze gnw. thev :.::..* a 

The DirtAbout szearge enauch a he caie 

Snowflakes 
••••••••••..: 	when ceud ran 	e:a.re 	ara we . 	. 

rreezrng. Ice crtas 	:.:eme targer wnen L.e'; a::ract wate: 
DIi polen, sand frort nearhv spercc::J wate: 	ropie:. 	Van zhe ice 

dust—tnese are aoL: 	te fa. the: 	t:ck to crhe: 	= 	crt:as an. 
;a::n 	rtowtia:es 	r.aw :an :crrt: 	s.... . ......aveu ;vne:. : .... 	ra- 

üm krtas of tuns 	rtzh 	s=:ace are aha:e r.re ezi ng. l 	u:iaze :errzpera 

elementsihat tu:e 	warm eneugh. hewe':e:. !he faingnn0 ,x W,i mer 
befor 	 : zreund and 	 er :a;r.. 

serve as bu ding ezng snowüakes usradv ara smaN enmih ja bKome driz:. 
bocso'ce hu -, same: itas sravfakes cadacr :nne ice arz 

ce.e: 	cade 	........z:. 	praneurtce -.heau 	;e 	awe 
crsta s. r. 	:'t 

;ether Most of the time, randrops are not collections of 
to oeccme smaller water droplets but are instead melted snow or 

graupeL If the air never becomes very warm, as in the snowf akes Eac, 
winter, the snowflakes and graupel simply fall as snow 

delicate snowf ake and snow peflets. 
has sx sdes 

aid is made up ran wrI :a11 irt:e a aver cf baT :w-freezhtg air 
:eaches de 	md. The ratncrma ice peuer er  

rtt as many as sI::. 	k raTn fads 	::: c:.....:.± :cd hzs a van: c: .: 	u:tace. :ne 
200 we cn 5a s wen!zn:g z.n. F:ecz:na min zart caue 	:ead 

amt zart 	 ice cover:ngs an pcwer 
stuck togethe r. j--d- vegenilier 

Orte .rf the most spec:acuarUMSz 
Hall Is he resi:: 	ze orm::g ht the rsng cnrrems 
........• 	ct ih 	erszerms. 'Vh :: art 	:mtra: 	ro:m ertovgh, 
lt heIdt 11 a •  1 	..et. Martv hm: art ef sucrce:....wa: 
de de peT,ets, aodirtc n :r si;'e, Tne 	g:'e rita hure n  

mc:.:re Itke an 
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The hailstone grows until the updraft can no 
longer hold lt aloft ur until its motion within flie 
storm carries it out of the updraft. Then lt falls to 
the ground, perhaps melting somtwhat as it nears 
the surface. Hailstones can range from the size of 
srnall peas to the size of grapefruits. Large hail-
stones oftcri are not simple spheres, but take on 
irregular shates as a result of being tossed and 
turned within the turbulent air of the thunderstorrn. 

Hailstone 

Supercooling 
An interestinq phenomenon called supercooling plays a role in the 
fomiation of snow, Wate',  that is supercooled remains in its liquid state 
when the temperature is helow freezingThe reason the water does not 
freeze is that, in order for a liquid to crystaliize into a solid, thera needs to 
be something for the crystals to form around, such es a particle of dust, 
salt, or plant matter. lt u water droplet in a cloud contains ne) such particie, 
or nucleus, it Wili remain liquid. However, when a nucleus is present, an 
ice crystai will hegin to form ancl grow around the nucleus. 

Visibility 
Visibility indicates the transparency of air. Air contains particles 
that reflcct and scatter Iight, so thal objects at a distancc cannot 
be seen. Smoke trum fires, dust picked up uvcr land, ond seit 
particles from evaporated ocean spray can be carried great dis-
tances bv wind and can collect in still areas. Water dropiets in 
the form of clonds er fog ran also redpce visibititv, as can ram-
drops and snowfi:ih":f ihere are eneuch ei timm. 

To determine visibi tu': for rneteorological purooses, look 
for several obiects wlioe distinccs from the obseiving point 
are knotvn. hy noting the (:iistancc of the farthest obteci hat 
can he seen, you can then estimate visibility. Visibility 15 nor-
maily reported in miles or a fraction of a mile. \'isihiiity is 
essential in aircraft Operation and in navigating almost any kind 
of transportation vehick' (cars, trucks, and especially planes 
and boots) Observations of visibility are routinely reported 
all over the world. 
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Watching the Sky 
The movement of a frontal system often is heralded by a procession of 

different cloud types, each signaling a greater likelihood of an approaching 

storm.You might first see a clear sky of high, feathery cirrus clouds, or 

"mare's tails." These clouds will thicken until the sun is hidden behind a 
thin cirrostratus veil. A gray curtain of altostratus clouds comes next, 

followed by a moist blanket of dark stratus clouds rolling dose to Earth. 

Finaily, nimbostratus clouds bring rain. 

Of course, not all clouds signal bad weather. Cirrus clouds detached 

from one another indicate that the weather will stay fair for a while. A scaly 

mackerel skyformed by cirrocumulus clouds usually promises fair weather, 

but it also might be a sign of inciement weather. Outdoor groups eager for 

dry trails welcome the sight of cumulus clouds. On hot days, however, 
travelers are wise to take cover if swelling cumulus clouds develop into 

dark cumulonimbus thunderheads, the breeders of violent storms. 

Fronts 

Air masses In radio and television weather reports, von often hear about 
fronts. A weather reporter might say something like. "A warm 

have slm!iar front is coming up the coast" or "A strong cold front is moving 

temperature down (mm Canada." These reports sound as though an inva- 
sion were 011 IhL' way! In a sene, that's no]n. l!ic reports are 

and molsture llescribing the invasion of air masses. 
characteristics Air ir's form when air remains !n olace over a pailicular 

region for scverai days. The air gradttaHy takes on the Charactcr- 
based on their istics of the surface beneath it. For example, air over tropical 
source regions. oceans hecomes warm and moist, whik' air over snow-covered 

polar regions becomes dry and cold. When the air moves awav 
They can be (rom the piace where lt formed, known as its source nyion, it 
cold (polar) or replaces air of a different type. The boundaries hetween air 

warm (tropical) masses of different tvnes are what meteorolngists call fronts. 
F onts an.' 	cgon 	ol t ansItlon amul 0 iren are wrrere important 

and dry weather events take place. 

(continental) or Air irrasses trsuallv are associared with high-pressure 
regions (anricyclones) at the surface. l..ow-pressure regions 

humid (maritime). cvclones) dominate on the boundarios of air masses. hv 
increasing the vinds and pushing the air away (rom its source, 
the dc'ciopmcnt of cyclones causes air masses to move away 
(rom 	herr sorirce regions. 
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::en cold 	eplaces 
warnc: air, the 2::t is 
called a cold front. In the 
J:ed S::es, coid air usu- 

coms rom the north 
of Canada and 

frorn the polar regions. 
Because cok 
than warm a::, ::ds to 

nearer the surface and 
oenu:;: ine warm 

au 	. tan.icn niLo thn 

war: ir rise, as seen in 
the diagram. The rising 
air c:; 	expansion, 
forni 	c.uds and per- 
haps precipitation. 

Becaus 	cing 
:I air  

: ace, :c0nisa 
factor, the movement of the 
.cJ air is slowe.. 

CR055 SEcTION OF CLOUPS ON A WARM FRONT 

':hat hv the fric:: 
and landforms on Earth's surface. This creates a steep 

slope along the leading edge of the front. The s::e can mean 
that most of the so. motion along the front is .cnfined to a 
narrow zone ne-: :ront. 

ir replac cold air, the front is called a 
:.::. 	 form over th 	tropc 

the United S:s 	ov: iand 
ares 	srn . . s:. Those torming over oceans are moist. 
Thosc forrning 	ond are dr:. .Vhen wa::: air 2::':oacles a 
cold 	inass, iL iCiS to ride u. 	.'er it ratr than vedgir:g 
here. 	it. Unlike c: fronts, 	warm fronts tend to 
have gentle slopes. As the 	........ r rises and cools, clos 
anci ::ecipitation m 	.• 	 'w siope means 	rain  
anc cuds can pre::.c. 	 ..':arm front bv 	ay •3  

or more. 
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Hazardous Weather 
People readily adapt to routine weather changes that occur with 
the asage of air masses. Sometimes, however, :hc 	•ather can 

:c:nperature so extreme that people 
c2a:ions. 

Forecasting 
Forec. 	with tc National \'er S€'r'.'ce ssue '.vatches, 

warning, .;'.Ivisc-s to alert 	 violent 
or h::dous weather. There is an import :.:'renc: 

and a w.:Hi. A u'atch means tnat z:/ardoti  \'.'eatner 
or th,-  •::ions are favorahle for 	:o de-- ,-- :'.p. A 
a mo .‚r;:::.:tice that hazardo 	onditions alreadv 

exist or are heacc voui :v. .V::c:ies and warn 	are issued 
for 	zzich t.z .:inte 	tonadces. sevee 	nderstcwrrs, 
hic1 	and tsh fics. The Nation,., .Veather Sc-:vce 

. es when conditions are expected to cause sedous inconv 
A comc:. x'e of .rTsorv tcls motorists to hazards 

such as slipperv ;r.;s cause,. 	wit.:v weather. 

Winter Storms 
During the winter, some (yciories (low-pressure areas) develop 
into unusuallv intense sms ti 	. 	:eaVV snow, st:g 

	

coh. tempeares. 2, a. 	und is stron c:tough 

	

hour) and s: 	reduced to less than 
a quarter nIl: l: now or blov.......... 	lor at lea: 	ree 
hou:s. the 1t 15 termed a bltzzu. ... i::::t ii a s':or does 
not :;ite q-.lt'.-fN ,  as a blizzard, a cc: 	:ion 	:;:u':. 
and cold can be deadIN ,  for people caught unprepared. 

Ai::: her wh:::er eve::: :.:: can be c;::h:c suvere is freezing 
raio:h:izzIel. ur an 	s:c.'m. If ice c:h::cs build up 
enc:iuu. ::ee huu::ches can hreak, 	:u-: .:::s::h:g into power 
and telephone lines alreadv hurdened with ice. Roads become 
icecovered and treacherous. 
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:rous. 

Bitte: 	:2. :e evc. ::..‚:: 	::.:::us v:.:c:. 	.: 	 an1ed bv 
Always melt SOOW high wir.: 	: 	 ::..sc 	:::2 	::::: 	:he r«: 	. t .ass frorn 

tor drinking, rather *21. The re: can be frostbite, .:::c: 	damage to 

::'ezing, or iivpothennia, a dan2::a1!s iowering of 
than eating ittO bodv:':':ature. 

quench thirst. : .. g.sts use u: 1 .::2 	to c.ibe the combinec 	::ect 

of cc 	 on the t 	od\ Wind c 
Jsing your OWfl a1va: 	::me as 01 .1 ::::2 	0e actua  

body heatto  :gher 	::: 	'-:a., with a te..... 

ha '.ah :i diill also is 30 c::..:-:s 	:v::ds are nearlv caim, 
meltsnowwill 

. 	 .............. ...........•--.. 	....'. 

	

.................................... 	Dl0\- 	.. 	.. 	.. 

lower your body Jfvc:.a.ac:.: 	::•::c:h::r .vinte: 	:1:1: 

cold,itisirni. .... 
temperature. . 	 . 	 . 	 . 

bodv. 	:.:;2: 2.a:ca:aon. These p:a::a::: 	:1. 	leip prevent 
le, prepare 

a lean-to, .d a fire if 
possible tor heat and to heip a::::c: ::':: 	:a:h 	.. ::' :a9::ars. 
Rocksaced 	the fire 	v Jii.:: 	 .%a:a .cc: 	:eat. 

::u ara 	2 a car, stav w.: 	:::cca: .•:::: 

coiored cloth to the antenna so th: ':::. ........ he seen bv ra - :2ers. 

10 ::'.as each hour, s' 	:. 	ha :a: and r::: .he heater. 
?:ha .z,.:e the 	 r'e . .......1 	ocr.d; ot.,.:'.vise, 	a.idlv 
e::ha::s: 	urnes will iii 	::ia 	move VOL ,  amis 	legs 
to keep vour blood circula:: ::a 	: .: : :: not to s'a2:: . .... aurn too 
much of the energv vou neea to Keep warm. 

Heat Hazards 
The high summer temperatures create a different set of dangerous 

weather-related conditions. HeIp keep summer safe and comfortable f o: 

you and your family by: 

• Drinking pienly of water—even if you don't feel thirsty—and limit 

strenuous activities to early morning or evening hours, when lt is cooler. 

• Spending time in places where lt is cooler, in particular where air 

conditioning is available.That could be your home, a library, 

restaurant, or any place where you could get some relief from the 

heat during at least part of the day. 

• Never leaving children or pets unattended in a vehicle—even with the 

windows down. 

Avoiding overexposure to the sun. 

32 	WEATHER 



010 CD 0) ODI - 	INIO)I -  C'J 
0)IC) 	t 19 19  1(9 (91(9IC9IN 1 N  

ID CD Q 1 N '- 10 CO 0(4 L0W 
1 (J • ? 1 CO CD (9 (9 (9 

0 0 CO OD - 0) CD N OD 

10110 (0110 COI0.J 	 II0l- 

I'T 	1C? CO11 1. 
CO (0 

II19ICO 

0 0 OD CO CD r 0) 0) 
J C C 

1 
0) ¶ 

— 

L9 

CD (0 ( '4 (0 0) 
- 
s (V) • (0 

(‚ C ('4 ? 
C 

'? 

11. - 
0 0 (0 (‚4 0) (0 N 0) .0 

0) 
— — — 

CD CD 0 0) CD N 0) - ('4 0) 

p 

- - 
10 0) 

E 1 

0 

ammammunman 

(‚CD4 I CD ' CO 0)OD ' N ' CD ' CO  IN 	te  

o 	 (0 lolCOl- 10) IN 1 	lCDl 	10)I 
0)I0)I0)IINIIII't'I'I 

CDICDIINICD 	tI0)I04II0ICO 
0)I0)I0)IINIC'4 INIINIINIINIINI1 

CD j O 	0 	I I 1011 1010  
CDIOI IINI0)I0) 

(inoq iad SeI!W) pads PU!M 

WEATHER 	33 



The lostability of electrical charges within a cloud is heightened by 
collisions of Ice erystals and hall and by differences in air temperature at 
different altitudes. When the imbalance becomes great enough between 
negatively charged and positively charged areas of clouds or between a 
cloud and the ground, electrons (negatively charged subatomic particies) 
form a pathway catled a leader and flood from one zone to the other, 
resulting in a lightning strike. 

Thunderstorms 
Thunderstorms are most common in the tropics anci subtropics 

Counttheseconds 
and durin° the warm season in the micid!e !atitudes, but they 
can occur in winter and at polar latnuL1c 	hcy form when 

it takes for the warm, moist air creates updrafts that form large precipitation 

sound of the drons in clouds. As this precipitation develops, positive and 
negative elecuical charges separate and build up in different 

thuriderto reach parts of the clouds and on the groond beneath the clouds. 

you after you see \Vhcn charges have huili Up 	ough, they can "lump the gap" 
bctween regions of opposite ciiarge, discharging „.he areas. 

a lightning flash. This discharge is what we see as lighming. Sonte lightning 
Since a mile is flashes strike the ground, but most are from one part of a cloud 

to another. Lightning ground strikes, fairly 	common in the 
5,280 feet, lt takes United States, can be deadlv. In the Unitcd States about 55 
thunder about people die each vct 	fruin being stnick by lightning. 

Thwder is caused by the great heat generated during the 
5 seconds to brief time (less than a second) that a lightning discharge occurs. 
travel 1 mile. The heat causes 11w air to expand and contract rapid]y, as in 

an explosion. 
You hear thunder after you see lightning hecause of the 

difference between the speed of sound aiid 11w speed of light. 
Sound travels a  a speed of 1,100 feet per second, but light travels 
at a speed of about 186,000 miles per second. Therefore, you will 
see a lightning flash almost instantly, but the sound of thunder 
will take longer to reach you. 
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Staying Safe During aThunderstomi 
if you are caught outdoors in a thunderstorm, dD DC' 

open areas or near lightning targets SCch as trees, C\VC 

or wire fences. Metal conducts electicity, so also s 
from metal poles (such as 	poles) and such. Remove aiD; 

metallic frame packs and do not stay near them. 

	

Water !so conducts electricfy. 	f you :c boating or 
swimming. 	to land immediat2: 	cn a stom is approaching. 

Wie: -. 	.na near mountaintops, which are struck by 
Iightnir.:::eD during su::mer, 	:b.11 before the :tning 
begins, 	.osble. If a s:C:m cai;'s 	take sheiter 	a cave 
or a bw sot among tic rocks.ma:Dg sure tc C..)id prominent 
outcroppings and c:c:angs. Trv to pick an area that is not 
hkeiv to fbood. 

If you cannot find shelter, become the smallest target you 
can. Do not iie fiat on the ground, because 	:g fiat makes vou a 
bigger :get than crouc: 	.: :Cc 'our hair stand on 
end r ::r Ski- et tin':. C:c; 	. 	c::D .::':diateh' and take 
the 	ng poc:. Sq.i: .: '.c 	C. 	:ur feet, CC:er vour 
ears with vour hands, and get vour head dose to your knees. Get 
smaii! The less of you that s ouching 	ground, the heiter. 

Take shelter in a steei-: med buik:hg or hard-topped 
motor . chcie (not a convertihle) if you can. Such piaces are 
safe 	cause the ch.:gc s:av .::.n the f:C of the building or 
vehic and is cond:c: 	sae 	grou::. .';::1oi.it endangering 
the occupants. Whc:: .ou are taking shelter in . ar during a 
thundes::rm, avoid touching the r -.ui parts. 

Wh taking sheiter in a builduig dring a thunderstcrn, 
do not 	the teiephone or hold obierts connected to eiec:ca1 
power (such as hair dryers). S:a::ng near stoves. fireplaces, 
and pI - hg is also dangerous, because rDc:..! can coroct 
eiectrici:,. Ais. do not take a hath or showe: cr :un wacr. 

Ruboer-soiea 

shoes and rubber 

tires provide 

no protection 

against lightning. 
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hghtni .-. 	\. 	 hic 
some 	' are much 
to he s::..: :ian other -Ase 

t? 1 . 	 hghtnt ... aio 	the p 	ast 
re',ista 	ohtect CtOS 	 cioud 
ire mc 	keI\ to be St 	 ees in 
an are -- 

-.4 
- 	 targc 	ore 

not a good p1ac :) take sheiter in 
a t:::stOrrn. 

- - 	 inullTr:'$ :an  be- 
quite vioie::. 	:. .g la: 
fiooding rains, -::ung vinds, and 

tornac'- 	.:c :::ders:c: 	 where 
the ai: .:as 	.s ; 	.. -. ia. Dui...:: .................... 	cyc!ov.e 

Aithough iightning 	can p 	 Irins. zs:- : 	:rsto: 5 

can be hazardous, 	w thi tornadoes. 
\Vher iking s.''tv prec::::'s 	c 	 vou 

it is not all bad. 	shouid sta -  .ert a;: be readv: 

lt changes the 	ha4::dous weather condition occurs, such as :..sh :lood. 

air's nitrogen IfltO 
Floods 

a form thatcan . 	 ‚ 	 ‚ Floods 	' an ulla. 	. hie alon 
be taken up by rains c: rhunderstc::' 	-' ccione 	.... 

plants. Thus, a Some fioods occur .. 	 - vinter or spr::g  
11k 	. 	 .' 	 . ................... .'. : 	 . 	 c s.lv. 

thunderstorm can SL 	 isia 	• aavs ... 	D:: 	iiuöQS 

be a natural plant ar:sc 	z % .- 1.:, - z. , :: ' - : 	 the resu c 	heavy Ic.: 	zc± rain:1:. These 
f1wlz floods can become raging torrents very fast, sometimes in 

fertilizer as weil less than an ha::r. and c:.: s.vsa:: awav everything in tc: path, 

as a waterer Areas of r:.ged tc-::.:: articuiariv vuinerahk 	flash 
fioods. Pictures:::e river n the mc:::ains can be s.;spt 
witho:: 	.::c 	::c ::'-a:::s:.c somcc.:stance 
awav.  

rms are 	- mon. If .0 car:i: 	an 
unawares, especially when 

asieep at tilgul. lii c:SL 	.:: :.::; 	in rugge. 	::::. ::5 to 
high ground immc:. . -.:-: 	 it means 
gear. V eadv rising, do not get 	motor 

dacc5. 
roa,: 	:ad if 	do not 

know 	m,  deep the wa::- is, espec:Hly if 	':aer is rising. 
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Most fatalities of fioods arc victims trapped in automobiles. 
When water covers the road ahead, ni rn around. lt takes only 2 
feet of vater to float a car, and even less to stall a car or truck's 
engine. If vour vehicle's engine stalls, abandon it and climb to 
higher gro und. 

Keep alert to signs of wet weather—not just in your location 
but also in nearby areas. Listen for distant thunder and watch for 
lightning flashes. Faster fioving strearns or rising .vater leveis can 
signal rain fall upstreain. In seasctlis when heavv rns are posihle, 
at least one person in your group should carry a portable radio 
and stay informed about weather conditions when in range of a 
radio station. When out of radio range, be keeniy observant and 
alert to the wealiter. 

Tornadoes 
On rare occasions, rapidiy rotating columns of air form within 
a thunderstorrn. When these rotating columns reach Earth's 
surface, they become toinadoc's. 

Tornadoes can produce the strongest winds on Earth, As with floods, 
occasionaiiv reaciting 300 miles per hour or more. The tornado never attemptto 
is an extreme form of cycione, with very bw pressure at its 
core. Most tornadoes produce paths of damage that are only drive away from 

a few hundred yards wide or les. Uccause tornadoes usuaily a tornado. You 
last only a few minutes, path lengths typically are a mile or 
less. A few tornadoes, however, are more than a mile wide are likely to be 

and last for an hour or more, producing damage paths more trapped in your 
than 100 miles long. 

vehicie, which Most tornado casualties are caused by tlying debris, so 
the best thing to do if a tornado threatens is to get to a place that is an extremely 
provkles as niuch protection from flying dehHs is possibic. Avoki dan erous g 
taking shelter near trees. They become a source o gehris during 
tornadoes. If you are caught in Ute open when a tornado situation. 
approaches, get to a bw spot, iie face down, and cover your head. 
Your goal is to be less of a target for flying debris. Therefore, lying 
fiat is the right position. A ditch or otlier bw spot is a good place 
to he down, especiaily if there is no flood water. 

Tornadues can occur while you are in schooi or at home. 
Be aware of ans' plans for tornado safety in your school. You 
anti your famiby should devebop a safetv plan .tt home. lf 	our 
home has a tornado shelter, use it. if your hoine has a hasetnent, 
it cm be a good shelter if part of lt offers protection from falling 
debris. For example, you might take sheiter under a stairway or 
a heavy workbench. 
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If yoii cannot get to a tornaclo shelter or basemeiit, put 
as many solid walls between you and the outside as possihle. 

Sometimes Closets in interior haliways are good shelters. Bathrooms often 

tornadoes form have sti -onger walls than the rest of the house because the 
plumbing makes a kind of reinforcement, SLW away from win- 

so quickly there dows—flying glass is extremely ha;'.ardocs 	\handon mobile 
is no warning huines and seek nearby shelter. Take along a radio and sorne 

source of fresh 	vater. if your home is hit, he aleut 10 leaking 
from the news or gas from broken pipes. Outside, beware of falk'n powcr lines. 
weather service. 

Humcanes 
Large hail, flying Among the most dangerous storms that affect the United States 
debris, and a are hurricanL's. Hurricanes have wind Speeds of 74 mph or 

notse like a freight higher. They orioinoio in the southern lrt of the north Atlantic 
Oc'ean, the Canhnean Sea, the CuIf of Mexico, and the soudi- 

train are all eastcni Pacific O:eaii oft the West coast of Mexico. The same 

signals that a type of storm occurs elsewhere in the world, notahly in the 
oceans near India and Australia, 	vhcre they are cdtled cvc!ones, 

tornado may be an(.] in the western Pacihc Ocean, where thev are cailed 

on the way. typ/moos. A general name for all such stormlis is tropicczl cycione. 
Tropical cyclones with wind speeds between 38 mph and 74 
mph are called troptca/ storrrms. 

Unlike the lowpressure systems of middle latitudes, tropical 
cyclones contain no fronts because they form in a single, tropical 
air mass. When well-developed, they are nearly circular in 
shape and vary in diameter from ahorn 100 to 1,000 miles. 
In rare insmances, their winds can exceed 21 1 0 miles per hour, 
spinilin; inward to the low-pressure center. Storm sorge is 
produced by water pushcd toward the shore hy the force of the 
wind moving amound ihe storm. Low pressure plays a minor 

role in the increasing water level. 
• 	 Storm simigi' is usually highest just 

to the ri 	it of the path r1 die 
storm's cermter. As the storm 
approacles land, the storm surge 
can conlijine with normal tides to 
prod uce extensive fleodiog. lt is 
the storm surge, not the wind, 
that CaImSeS the immost daniage and 
the niot c'isu ilt LS froni Ii 	rri 
canes. Most hurricane deaths are 
caused by dtowning 
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At the center is the eve of the storm which can range from 
about 5 miles to more than 20 miles i' 	i.:':eter. 	Vin the eve, 

are light. Low clouds might be present, or skies might actu- Tropical cyciones 
clear witL: 	::e. Suo: 	he eve fs a Jng of dee can produce 
:alled the 	i: 	strc::ges: :vinds :: `:e storm us:v 

are found wi:: 	Na!! next to the relativeiv caim eve. tornadoes, which 
Several cloud bands r::cie up of lines of thunderstorms. called most often occur 

bads. '.suall 	a: 	present in a tropical cvclone. They spiral 
and 	:e eve: 	from the outer parts 	:he storm. in the thunder- 

Torrential rains often accomp:.vT 	and the spiral bancis. storms embedded 
T:cpica 	cyccres "feed 	. 	 ::::caI ocea 	:':aters. 

This 	ow 	tain their srcr::tz. 	:e: the oper: :vte:s of fl rain bands 

the tropics and whv they flC:;:: weaken rapid!y and soon well away from 
dissipate .f':er thev meet land. Bin even a dssbated hurricane 
can 	:::p extreme' ,' , heav'. r 	nfaii—sornc:'es we!l inland the center of 

fron: 	'r:int wher 	mace 	r::cal1. the storm. 

7MW,  -- 

Cross section showing the structure of a typical mature 
tropical cycione 

In nearh a! 1  case, hurricane watches and warnings will 
precede any a::•c .::: hurricane. If you are campi. --.c a!ong or 
near a seashore when hurricane watches are issued, strike camp 
and 	he area immediately. courerng 
a h:r::c 	at sea also is extren:c- dar:r.r.ous 
and should be avoided at all times. 

lf ccs have not advised :i: vo.: c:'ac-
uar€ c 	1. stay indoors. awav 
dov:s ::c 	o.w the gt.: 	lines for tornado 
safety. After the ee passes the hurricar: wind 
bio -  ';i the oppcste direcuc, breakr'g uees 
and c• - her things ::ot quite ces:rce:. 	the firs 
round of winds. Do not be fooled by the eye of 
the storm. 	ch danger still follows. Follow 
safetv proceGures for floods as weil. 
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Measuring and 
Recording the Weather 
Acc'iiratc information about the varions factors that togethcr 
dc(ine the weat her is necessary in making reliable forecasts. 
For each of these factors, there is an instrument that measures 
intensity, velocity, or degree. 

Air Pressure 
Air pressure is measurecl using a barometer. An aneroid barom-
eter is the type vou are most likely to have at home or see in 
stores. lt uses a small, thin-metal "box" seaied with averag,e 
air pressure inside. 'l'he box contracts under high pressure and 
expands when tue outside air pressure drops. An indicator 
needle is attached to the side of the box hy levers and records 
the piesure 00 a dial. 

Scientific barometers used by laboratories contain mercury, 
a meaflic element that is liquid at room temperature. i\ simple 
mercur' barometer consists of a siender glass tube fiiled with 
mercury and closcd at one end. The open end of (he tube rests 
in bowl of

. 
 mer:w. Fhc mercury in the tube falls to a level 

that is about 3u inches above the level of that in the bowl. A 
'acuum fonus at the top of the tobe. Air pressure acts on the 

suriace of the nercury in the howl, boeing the !nercury up into 
the tube. The higher the air pressure, the higher the level of 
mercurv in the tube. 

Mercury is very poisonous. Just a small amount can pollute a large 
body of water such as a lake.The United States government has placed 
restrictions on mercury. If you have an old barometer that uses mercury, 
be careful never to open it up. Liquid mercury can be absorbed through 
your skin. Just a small amount can also poison the alt, and disposing of 
lt improperly will cause pollution. 
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Barometers, either mercury or aneroid, are read 
in terms of the heighi in inches of a colionn of mer- 
cury. Average air pressure at sea eve1 corresponcis to 
a column of mercury about 30 inches tau. This is 
where the barometer reading comes from on weather 
reports—a pressure of 30.25 inches, for example. Air 
pressure at sea level varies by only a sundi amount. 
A reading of, say, 31 iriches is unusually high, whlle a 
readine helow 29 inches occurs only in the sirongest 
cyciones, such as hurricanes. 

The height of the rnercury colunin is affected hy 
altitude. Pressure decreases as altitude increascs because 
there is less atmosphere above as one goes higher. To 

Downward air pressure 01 adjust for differences in elevation, it is common to cor- 
the mercury in a mercury 
barometer forces mercury 

rect the readngs for altittide so that the measurements 
up into the tube.The higher are comparable to those taIeii at sea level. 
the air pressure, the higher On actual weather maps, pressures are converted 
the mercury column. to rni11iin.rs, the scientific unit used to ineasue pies - 

sure. Thc numbers on the isobars on a weither map 
correspond to pressure adjusted to sea kvel in 	riiflibars. 

FOINTERS 

FACE 

SERiN 

CHA 

LEVER 

METAL PRU 
(EART!AL VACUUt 

Changes in pressure result in changes in width of an aneroid 
barometer's sealed box. Levers and springs convert these 
changes into pressure readings. 
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:!r ihe '' oress'.::e 	 en 15 
rnore :-:. 	rr2:r :he r:-. iz :..ti.r.: 	..:: ressure 
rises tr .:r..: wiih the approach of high pres 
:tendant iar weather 5: fvou itt:: a wearh2: reporter 

he barometric pAssen is 29.65 eher and ::.tg. vau ::t 
hc :nv sure ::: :.:  :3d weather is or. :: 	tv. Likewise. the 
approach of a lo;r-oressure area causes the reading to fall 

Wind Direction 
'tbu rrohahlv !:t'e seen ':d :r:ts on hQuses and harns. 
Most arein:h2 :.::r:.: : tn arrow thar :: .: :s::. slanal hearings 
so that lt cm  ....::: freelv 1:: :I:e wind, : is acc 	.. balanced 
an the bearing. iie size ol tue fearher part .. 	ie arrow is 
larcer so thar wind vanes alwavs Swing inro u:r- vind and poim 

.:r:r:nfromwhlchfl.t:.::: iscc:::.:g. 

Wind Speed 
Wind sper A 	ne nnt 	n iflStrment calied an arone 

:eAlther 	::•- .......1 zum of aneniometers. die most 
common 	‚.:: 	t..... ::r.t-.:r. in rhich . ..... t. ...tr four 
cuDsarert:.r::2:Ic'nWir 	:t. :'.e unit is atta: -.ed to 
a vertical tod . ..har 1: ca . .............••  wind trns h. As wind 
speed increases, so does t:2 	: 	tvhkh Ü., :ups rotate. 
Wind speed lt str tasured hv Ehe number c ::rns die cups 

in a set  
sp€-t:.s ..... 	measured in miles ocr haur. in knors. 

ei 	::::ers P C rt:.: 	A kr.::. s .::: 	:..::.::.:. -rie per haur- 
rical mdc is :..: :: ..: i.OSC ±r:. :.:s.::: 	:':rcent 101s:2s7 

iitt.::an ordinar:  
an 	 ed in die wea:l1 2: eports von 1:22:.....: 	s iv 
sen, whi- .ssiots are used mostiv in marine and War::.  
weatit . 	ris. Most scientific measurements are in meters 
per se: t.... 

A professional  

wind vane usually 

has &ectrica 

connections to 

a scae in he 

weather office 

so that na one has 

to go outside to 

read lt. Weather 

reporters da know 

enough to stay out 

of the rain! 
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THs sce was devised by Sir Francis Beaufort in 18O5AIthough used mainly to 
estimate winds at sea, the visible effeets descnbed here relate to observations 
on land. 
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Make a Wind Vane 
Materials Needed 
II Aluminum baking dish, pie tin, 

or tray 

Sturdy wooden garden stake (at 

least 3 feet taU and 1 inch thick) 

11 12-inch piece of wood about 

½ inch thick 

II Nah (2 to 3 inches kong) 

:1 Electric or hand drill 

TI Thick metal washer 

Hammer 

Maltet 

Ii Glue 

III Small saw 

Scissors 

Step 1—Setect a location for your 

wind vane.Then use the maltet to 

carefulty drive the garden stake into 

the ground. 

Step 2—Use the saw to cut a half -

inch siot at each end of the 12-inch 

piece of wood. 

Step 3—With an adult helping you, 

place the piece of wood on top of the 

stake, as shown, and dritt through the 

wood and the stake. Use a dritt bit 

that is slightly larger in diameter 

than the naht you will be using. 
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Step 4—Place the washer 
on top of the stake and 

insert the naH through 

the wood and into the 

stakeThe wood should 

turn easily on the axis of 

the nail 

1 

el 

~ 
 112 
Ve 

44,  

Step 5—Cut the head and tail of the arrow from the alurninum tray or 

dish using the pattern shown as a guide. GIue the head of the arrow 

irto one siot in the piece of wood and the tail into the other siot. 
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Air Temperature 
• .....an important tacor  

vien zzzz .. ...... : :.:vi 	her facor 	nch a. 	:idv an 
:::'asur: Tiih 3 

acc:': .herrnometera.ehe 
t.'c. c'.rnaining ener n:ercur; 'r aic.: ihe ac 

ve:zon s 

 

rmore aL'propriae ior erv ccid 	ecause 
n a krver  

A tIirm::.:ter shoi 	. 	s:.ade j 	a.'av 
r::m \Vifl. aii ;ab. Tn? ••----- 'j. ;:a 	h.ern 

Tj1 	ox raised aby:e he Erolfld a:i 
teced rn -, he weather. 

For most of the United States, -40 degrees Fahrenheit to 110 degrees 
Fahrenheit is a range of temperatures wide enough to cover most 
temperature observations. In Death VaIIey. California, however, the 
temperature once soared to 134 degrees, while at Rogers Pass, Montana, 

the temperature oese plummeted to -70 degreesThe record 10w 
temperature in the United Stetes was -80 degrees at Prospect Creek, Alaska. 

Make a Cup Anemometer 
Matedals Needed 

New sharpened per 

- 5 plastic foam eups 
Hole punch 
Straightpin 

- 2 extra long plastic stra 
Fett marker 

Tape 

Step 1 —Mark the numeral "1" on one o 

the cups and set it aside. 

Step 2—Set one of the unmarked cups on a 
work surface and punch four holes in it as 

shown. Be sure one Set of holes is lower 
than the other set of holes. 

Step 3—Carefully poke the pencil throug 

the bottom of the cup. 	 o 
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Step 4 Push the penuh 

down so that lt ic below 
1 

the nocts and then 

thred the straws 

through the holos in the 	 4 
top Of the cup to nicke 

a cross shape Tane the 	.. 	 0 

straws In place, 

Step 5—Raise the pencil 

up so that the eraser 

comes into contac.t with 

the ci ossed straws, 

Push the straight pin 

throngh the straws and 

into the erasor. Do not 

push die pin all the way 

in, The unit needs to be 

ahie to turn freey. 

Step 6--Punch one hole eaeh in the sidit of the other 

three unmarkcd cups and the mcrked cup, and inount 

thern on the straw apparatus es shown, lt necessary, 

add tape to better sonore the cups to the straws. 

Step 7--To determine wind speed, count how many 

complete revolutions the marked cup makes in 

ono Minute. 

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. 

WEATHER 	49 



WATER 

SLOT 

Wet-buib hygrometer 

Water Vapor 
A common instrument for finding mit the amount of \vater 
vapor in the air is the ivet-buib h.m1nL'ter. lt is relatively easy 
to make. Begin by purchasing two iciemical liquid-in-glass 
alcohol thermometers. These can be bought n hard'.varc stores 
for a reasonable price. Mount hoth thernomctcrs o 	uni k 
carton exactly the same distance from the bottom. Cut off 
about 6 iuches of a new, round shoelace, trimming off he tip. 
Slip the shoclace over the bulh portion of oric of the two ther-
monieters. Cut a siot in the milk carton so that you can slip the 
hottom part of the lace into the carton. Fill the canon with 
water up to the siot. If possible, use distilled or filtered vnter 
hecause inapurliles in he waten will cause inaccurate rei.i.higs. 

Place the carton in the breeze of an o!ectnic fan or in a 
hreezy onen window. Mk(.,  sure the shoe]ice is \vet up 10 the 
thermometer buib. Evaporation of water front the lace will 
cause the temperature measured by the \vet-bulb thermometer 
to decrease, whbe the other thermometer shoulcl remain at the 
actual air teniperature. 

Using the foliowing chart, you can figure out the relative 
humidity by the teinperature difference between the two ther-
mometers. W 1-..en the%f hoth rccd the same, er nearic so, expect 
wet weither because thot mcos high (ncdriy 100 percent) 
relative humidity. Generaily, the wet-huib temperature iS 

some\\ere  herveen the actual air temperature and the 
dewpoint tenaperature. 
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Relative Humidity Based on Dry-Bulb (Air) 
and Wet-Buib Temperatures 

Dry-bulb temperature (Fahrenheit) 

Difference 
(dry-bulb 

minus wet 
30 40 50 

buib ) 

60 70 80 90 100 

1 88 92 93 94 95 96 96 - 

2 77 84 87 89 90 92 92 - 

3 67 76 80 84 86 87 89 - 

4 57 68 74 78 81 83 85 - 

6 37 53 62 68 72 76 78 80 

8 17 38 50 58 64 68 71 74 

10 23 

9 

39 

28 

17 

7 

49 

40 

31 

23 

14 

7 

56 

48 

41 

34 

27 

20 

14 

7 

1 

61 65 68 

12 54 59 62 

14 48 53 57 

16 41 47 52 

18 35 42 47 

20 30 37 42 

22 24 1 	32 38 

24 19 27 33 

26 14 22 29 

28 9 18 25 

30 4 14 21 

Using this table, compare readings on a wet-bulb thermometer with those on 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: If 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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Rainfal 1 
Rain is measured with a rain gwzge. We measure rain in terms 
of the depth of the layer it would make if none ined off or 
was otherwise lost. In the United States, rainfal1 iS tneasured 
in inches to the nearest hundredth. An amount too small to 
measure is cal!ed a trace. 

Rainfall -an be measured in many vavs, but usually a 
large funnel aod narrow receptacic are uscd. The figure shows 
a simple type of rain gauge that you can make. 

SF'LASH c9tJAkP 
. 	.. . 	.. 

jr 

Rainwater funnels into a narrow tube so that amounts can be 
read more accurately. Measure the diameters of the funnel top 
and the tube and caiculate their ratio. Mark off the tube, then 
square that ratio. For example, if the funnel opening is twice as 
wide as the tube, then 4 inches (2 tmes 2) in the tube will mean 
1 mnch of rainfall. If the ratio is 3 to 1, then 9 inches (3 times 3) 
will equal 1 inch of rain, and so forth. 
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Weather Maps 
The various elements just described, including tetlperattire, 
pressure, wind, anti precipit1 Ion, are measured at wcitIier 
stations all over the world at specified times eich day. 
Observatiotis usuaily are made every six hours at all land 
stations and aboard ships at sea. 

Weather observations are prepared using a shori code of 
numbers and are transmitted electronically to major weather 
centers. The contcnts of these reports art' ploued on surfaie 
'.'eather maps, nostIv hy colnputers. In addtijon to die surface 
reports, information is gathered by balloon-borne instruments 
called radosondes. A radiosonde consisis of Instruments that 
ineasure temperature, alt pressure, anti relative notidity, 
usually every 12 hours. ihe radiosendc ilata aisu aie plotted 
on weather maps for various levels in the atmosphere. All this 
inforrnation is cornhined vith siinilar rel.orts  frorn oLitem 
cottn!ries .nid used in ireparirig veather charts for forecasting. 

Every day in the United States, 
the Nahmal Weather Service and 
private \\• eather comi.anies  prepare 
antI traitsmit niliny \vcather maps. In 
addition to showing the data, the 
maps have 	I ines drawn on 
them. Siniilar i 	errain contours, 
these lines connect points of eqital 
values of weather elements. Isohars, 
disciissed earlier, are lines of ecival 
pressure. Lines of equal ienlperdture 
are called isot/tcrms. Other features 
mav he included 00 weather maps, 
such as fronts, precipitation, visibility, 
and cloud types. These elements nor-
mally are indicated by special symbols. 

The 1 nforrnation transiuiited 
to the naior weather centers also 
is entered into comput€rs and usd - 	
to generate computer models of 
the atmospltere Tttc"e models are 

A radiosonde instrument package attached 	
different from physical replicas. 

to a weather bailoon records data about the 
temperature, humidity, air pressure, and 
winds aloft. 
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Auimsptieric models exist only as programS in a Computer. 
Weather observations iii ,e entered into the computer and pro-
cessed through mathematical formulas to make what are called 
numeiical oather prediction (N\VP) forecasts. N'WP forecst 
inform.itho s sent back tu the weather olfices to be used by 
weathe forecasters. 

By using current weather information at the surface 
and aloft, combined with satollite images of ciouds, data 
from weahcr radars, and NWP fOreCasis, meteorologists can 
make fairiv accurate predictions about the weather systems 
atteciing an area. lt has been shown that even if meteoroiogists 
had perfect models of the atrnosphere, there are practical 
linitaLio!is on hov veii thev could forecast the weather. 
Weather models are not perfect, because it is not possible to 
takeperfect ineasurem -cuts at every point within the entire 
atmosphere. As cveryone knows, forecasts sonerinies are 
wrorig. liowever, weather forecasting is much more accurate 
than it used to be hecause of improvements in obser'ing Sys-

tems, computer technoiogy, and in the scientific understanding 
of \vvather events. 

Reading Weather Maps 
The best way to learn about weather maps is to look at a few. 
F'ollowing are examples of daily weather mcips issued hv the 
National \Veather Service. Study ihein carcfuiiy. Thev teil much 
about the weather. On thern, isobars are marked in millibars. 
\'.'here the lines are far apart, winds tend to be weak. Where 
thcy are dose together, winds generally are strong. 

Note the symbols for the winds at each station. The wind 
barbs show the direction from which the wind is blowing. 
The flags and linos show the speeds. A half line is 5 knots, 
a full line 	10 knots, and a ha,- is 50 knots. 'I'emperatures 
are shown in degrees Fahrenheit. Below the temperatures 
are dewpoint temperatures, also in degrees Fahrenheit. 
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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 The cold air will sometimes wrap around a low 

pressure system, forming an occluded front in the tran-

sition zone between the cold and warm air masses. 

Occluded fronts usually extend from strong, weIl-
developed cyclones.They are shown with alternating 

triangles and semicircles 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 bw pressure 
(cyclones) are indicated by high and low, respectively. 

Note on the maps how surface winds generaily spiral 

counterclockwise into cyclones and clockwise away 
from anticyclones.The tracks of well-defined cyciones 

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 bw 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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Weather maps you access may vary in detail from 
the maps shown. Simpler versions usually appear in 

newspaper and television weather reports, while maps 

analyzed by weather forecasters often are much more 

detailed. But general features (such as fronts) are 

shown similarty on most maps using standard symbols 

like those shown here. 
Surface maps and the station model below were 

provided by the National Oceanic and Atmospheric 

Administration (NOAA), National Weather Service, 

Climate Analysis Branch. 
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Study this sample plotted Station model and compare it with the 
actual reports on the maps to find Station temperatures, winds, 
pressure, 6-hour rainfafl, and so on. 
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Visit a Weather Office 

The National Weather Service has inore than 120 offices in the 
You can find the 	United States and its territories. You should he ahle to arrange 

locations of 	a visit to one whiii' you are working on your V!eather inerit 
badge requirenlents. Alternatively, you niight nieet with a 

National Weather 	weather broadcaster at a local television Station OF 3fl instructor 

Service offices by 	froui the meteoroiogy or atrnospi eric science department at a 
nearhy university or college. There also are many amateur 

vlsmng http.// 	weather observers who can show you the basic measurements, 
www.weather.gov . 	 . and weather charts. 

.RH 

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 meteorotogy? 

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

• What books and Internet resources do you recommend for learning 

more about meteorology? 

• 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 responsibitities do meteorologists have? 

• What areas of meteorology do you foresee becoming increasingly 

important in the next 10 to 20 years? 
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The most 	'vav to s:cv the 
weather is to 	.ctual 	and keep 
a record of v:h 	1 see. Dailv observations 

:emperatL: .1 -..:t:, prc-ure, clouds, and 
can 	::i unsrand how the 

•ere bc-:';cs. Keep 	ly we:her 
log, similar to the one shown, for at least a 
veek. If posc. r• :bservations for a 

month or mc: .. c-c :':es at the same 
time each d 

You can 	. readi::cs from your own 
.str.rnets 	tSjOfl or radio, 

ed to me•:olo 
Up-to-the-mi::: .:r.;ation is also 
availahle iro: :he i'C.\s National Weather 
Service. NOA.. Weatl:c Radio All Hazards, 
oper.: g on high-hand FM frequencies, trans- 

updates:': 	rece;e 
oivers 'rd 	radc  

a weathc:- 	i:e. By comp::i:g readings 
from dav to i:v. c.t can see how the variou wather elements 
change at your iocation in response to passing weather systems. 

DailyWeather Log 

Observation time: 

_ Mumm M~~UMMrr.  m. 

II 

EI 
EI 

Make your own weather chart, using this form as a guide. Keep a 30-day 
record based on local weather forecasts and your own observations. 
Make and record observations at the same time each day. 

1 • ,.. 
.1. 
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Weather and 
Climate Prediction 
The whole of the atmosphere is involved in weather changes. 
To forecast the weath er, a meteoroloist must know conditions 
of temperature, pressure, huniidity, and wind throughout the 
ocean of alt. top to bottom aiici all over the planet. The meteo-
rologist most know about Eartls oceans as weil. Bccause lt 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 	 Commercial 

Weather Balloons 	 aircraft heip 
Early attempts to obtain weather data aloft were made using gather wind 
kites or .irrianes that carried recording instruments called 
rneteoro,,'mphs as high as the top of the troposphere. The infor- and temperature 

roation recorded on a meteorograph couid not be used until information. More 
the instrument was returned to a weather office. 

The balloon-borne radiosonde changed all that. lt was than 100.000 

responsible for a revolution in uitdei -standing the atmosphere. aircraft observa- 
A radiosonde is a smali box that contains a barometer, a 
thermometer, and a hvgrometc'i. Radiosondes are attached to tions are collected 

weather balioons that carry them aloft. By tracking hie bal- each day across 
Ioons, it is possible to measure wind speed and direction aloft, 
even where no ciouds are present. The practical use of this abil- the llnited States 

itv did not become widespread until the development of radio for use in 
direction-finding devices calied radiotheodolites. A radiosonde 
with wind-measurement capabiiity is known as a rawrnsonde. numerical weather 

Ra'.vinsondes tvpicaily rise to weil above thc tropopause, so prediction models. 
today lt is common to have measurements of all the needed 
weather variables up to heights of about 100,000 feet,  
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Radar 
After World War II. observers noticed that weather 
seerned to affect radarscopes used for tracking air-
planes. They decided that radar rnigli he a good way 
ro detect and track weather targets. The earhest 
\veather raLars were converted frorn militarv radars 
in the hte 1940s.By 1960 weither ridars were m 

ct 	tad u 	or tr 	oI€clpititlon Basicallv,  

	

the 	bea ri is sern cut frorn in intenni 1 	s 
bounced hack off objects that the beam strikes. The 
refiected signaL is arnplified electronicailv and dis- 
piaycd in varions ways. Radar signals diC called 

echoes because of thcir sitoLioriry to an oid naiv sound echo. 
By the 1990s, National Weather Service radars began to 

inclnde Doppler equiprnent (named for the Austrian phvsicist 
Christian Doppler). Doppler radars work like police radars 10 

neasure the speed of a target and provide information about the 
specd of precipita1ioi echoes along a du heam. The radIal .  o,ives 

	

I1eteorologist 	eirful infnrrratio aino .vi ons whhin sons, 

	

cspcciaiiy sec 	rhuodcnns ha oiL 	;aL vII11(loes. 

The coored areas fndicate areas of precipitation, with the spec-
trum color indicating precipitation intensity. Heavy precipitation 
is red. and Iight precipitation is blue. The lghtest shades of blue 
might even be large cloud droplets. 
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Satellites 
Tc 	wea'e satete. knc',' 	T!ROS-1. 

in thc: spring 	196C. 	.v hz1y sccessfu 
at giving meteorologists their first overall view of entire 
s:•:::: sv:ens. S:.•.: then, satellitc 	rne 

p.:iated, allowing 2 	cuntinuOus 
watch 	:e entire Earth. 

\OAA has t::' .zatellite s::cms: pola:-:biting 
ellites :d geostauonary s &ues. The . ei:c svs:c:s 
are n: - :.d Polar Operatio: -  Environi ':i Satelli:cs 
(POES) and Geostationarv Operational Environmental 

The polar-orbiti: ‚ satelles circic .arth, passing 
cvc; ;ear poles at a height approx.:ately 23 miles. Thev 
travel around :he globe sec:al times each dav. The polar-orbiting 
s.:clites are placed in su.......•:chronous orbits, which means thev 

ove: 	same spot z - 	si.me time each da' lt takes 2 1,out 
to complete 	Polar-orbiting s 	s srve 

the atmosphere and the ground along their track. 
Geas:itonarv satellites ac daced in c. orbit abo:t 22,300 

mfles ihot the ecivator. At th, position, 	satellite is orbiting at 
that match• Earth's rotation. Thus, the satellite remains 
same spot. Such an orbit is called gec-::!:.rious. 

Gstauona' satellites csc'e aost th 	f of Eah 
.'.bin their view. Images :; en uve: a pe:c 	the, so:re.:mes 

::equently as each five minutes, can be di,:.vs. in sequence 
cloud mc :ns. S;•l1ite observations s.cc cseciav 

in arec.s .vherc .::le or no informa:.: 
:l as the oceans. 

Roth polar-orbiting and geos :::c:-.c: satellites h'.' sc'sors 
that c 	bc used c ,..:-in g d.' and rng:. '. sHe sensor  
irnagc- :::t:ig d':glt tic 	iook tust kc- :':::ures take:: .vith your 
camera. When E::: is not illurninated bi :. . s.:n, visible images 
cannot be made. >:ared ser:s on the .ciite are a"!c to 
measure the 1cm; ci .uure of te surface cic:::g both d«: 7.nd night 
to p:c dc impor:. :: servations of clouds, land, ocean, crops, 
and other vegeL:::c::. .\s sensors on s ci:ss hecome more 

scc'ed, in ..eai;glv detailed olcsccr;c:::ns of itrnosoheric 
s: and rnoisturc ;rough th•ci 	::cccsphere 

are heing made. Such observations ac......;c . : 	::. 
sons (where atmcsc  

:wmerical weathe::':ec.- .. .GOES sr:cs cdso 
moi-. :c; :e sc: and the I cotect emergency locator beacons that 
have heen activated to heip with search and rescue activities. 
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Weather Forecasting—Past and Present 
Americans in earlier times did not have much help from 

weather forecasters until the United StatesWeather Bureau 

(the predecessor to today's National Weather Service) became 

well-established in the late 1800s. As often as not, farmers and 

sailors had to be their own forecasters.They used all kinds of 

natural signs as indicators.To predict short-term events, they 

observed cloud patterns, dew on the grass, winds, and waves. 

For long-term indications, they studied the hair on caterpillars, 

the migration patterns of birds, or the hibernation of animals. 

In addition to the natural indicators, there were annual 

almanacs that contained weather forecasts and other informa-

tion. Predictions published in these books were very general 

and were based mostly on past weather history.Though their 

true value was questionable, almanacs have served as the only 

forecast source for many people through the ages and are still 

around today. 

In recent years, there has been much improvement in 

science-based weather forecasting. Much of this progress 

began with World War II. The vast wartime movements of 

ships, planes, and troops made it necessary for the armed 

services to have forecasts as accurate as possible far in 

advanceThey Set up their own meteorological groups and 

worked with universities and the U.S. Weather Bureau to 

develop new techniques.Thousands of men and women 

received weather training. Many stayed in meteorology 

after the war and helped pioneer the peacetime application 

of new ideas. 

Advances in electronics technology have made high-speed 

Computers an everyday working tool in many areas, including 

weather forecasting.The Computer made it possible to solve 

mathematical formulas and equations of meteorology that had 

been unsolvable before. A completely scientitic means for 

weather forecasting became possible in the 1950s, when the 

numerical weather prediction (NWP) forecasts were developed. 

These models are being improved continually. 
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Climate 
Recali tha weather is 	condiiio of the atrnosphere over a 
puiar are 	r a soi. tiin 
wea±e: . ,er z :gon k'r a lo:: 	tio'.. ...........T. 	:r more. 

The worI c'i:' comes from zhe Greekword i'a. 
meaniag angieT This -name was used because the angis 
whici the sun srrhes Earrh iargelv deterrrine the c1ima: 
.At ti. ;uator. zhe sun iz most of 

	

the 	:gio. : hot. In ihe polar 
reoas, the oppse is rue. .: Ieard f :u the h-
clima:e gaduaEv shfts froir .: te cobi In herweer :. .. 
we :ali The  

While most ofthe 

United States is jr 

the temperate 

zones, Hawa 

isinthet:: zs 

and Alaska is in 

the polar and 

subpolar regions. 

We have seasons because Earth's axis is tlltecl relative to the plane of its orbit around 
the sun.This tut (about 233 degrees from the p erp,  -dicuLar) remains the same all 
year as seen from deep space (top) but changes -sative to the sun (boitom). At the 

summer solstice (the first day of summer, bottom left), the North Pole tilts toward the 
sun, and the sun reaches its northemmost point in the skyThis is the longest day of 
the year in the Northem 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 flhts toward the sun, 
and the Southem Hemisphere has long days and warm weather as the sun appears 
at its southemmost point in the sky. In between, dunng the autumnal equinox and 
spring equinox, sunshine is evenly distributed across both hemispheres. 



Marv o:her acors 	iterce cumaee. ei course. Nc' defuii:e 
Te c.ln he m' 	r a 	f Ihe ;vork 	rrv becrse 

ki Peru at 10000 .. 	 :: 	::n eh: 	:uaor. 	es c 	riuue. f.r 
feetto 1 5 .000 feet 7711 . 	 ... ::1 per 	:ovenNi in s:uy': all .ear 	1 2 späE 

ccaon cse o eh 	euar. 
above sea Ieve Ocein curreius and ocean en:oe-tu:ecan u:ze a 

the sun can make ifference 	. :I. Enia:. 	as ar non].:::: CM 
';ince of Ne;votu;cIai.: .-.nc Lab.acc-. bu: de retiue::: ;vese 

w ind howing acoss de :c :ive 	warm ;vaeer of :he N.':± 
during ehe das; Aean:c Oea:; moderaces the ;vimers b England so that 

warmer . ... :erae t1.:. eha: .:. Ne;': Ya:k Cuv, ;vhch Dtatrgfltrtgets . 	 ‚.. 

uu.fl O 
ver, cccl. Chmaee :nfe:maebn he!pr expe: 	.av oun 

and dee: . - ::ne heatuig and cohng :: .:a:s 	ar hauses. :as:erles. 
cr cl:: 	upmen: 

Human Impacts on Climate 
s ion ,c as E.arh has t'ee:i hi ex:s:er:. is • 	[ 	:hma: 	 iI.. has heeu --aund 

:ornpucared :n:eracnans arnong alany cac- 
ors such as de amaun: af en erov avaiabe 
fram ehe srm. ocean 	:caexxis, :cea:: tem- 

s. 	lac. :: : . ...........:oes cc' mc 
amiscape. and :mu cranges :n the am. 
;phere. Warmiag and cong c:cies. 
'vj; we: 	1 drv nerxis. ha':e accurrel 
different aLaces 	diereru :;mes 	ocg: 

huslor~i -  An 	 qg 	 te:s::'. 
preseat human acti':ities can ur:e an fuujre 	Laiatic coms. 

a 	a 
ga::c mmact ou mclocai ciimjze. 

Desertificatjon 

The ;vor :: rc±.:•. :ogists L 	sho;vn mac manv areas cha: 
acv are sores c;::c were fmla and ro active. In such 
er vergrazing. uns.mnd farmlag me:imds, ar miniag icae 

ehe .:::. : in p . ...male pLant cyer and caused 
of cie wie 

caclaa has occurred n maav caumrles near 
. ....n Sca and ehe AraL'.:: Deser;. f:: :xamle. 

:egiai; :mrh of Egvre ar.d Egvp: :s&± arice had hash he:Js 
orchards and gar-denn huc 	rnanv ;xca:s h uman wämm 



retcc n the er:': 'f fciIe tor'oil and 
th .:ss )f plantA:c1e bcc:i that 
produced parched soll, sand dunes, and scant 
r«ali. Similar e 	' - ave occurred in 
U;t?! States, su 	‚i, iudn the "Dust I3ovl" 
era 0: he 1930s, but cha: - ccs in hchjrai 
methods mav h :.ve kept the effects 
frorn becoming permanent. 

Acid Rain  
f;.s:.: '.:h -: is a::her re: of the effect human 
aivi5 can :ee on xeather and climate, 
some scientis:s helieve. Ra.: .iecomes :iic 

lt is po:h::cd by acidic substances emitteh 
into th' 	: T:::c 5v vehc.!es, [o'."er pl".ts. 
and f2.::hrs. 	1:ts ii: the atn::)herec:: 
taminate the precipitation that later falls back 
tc:round. Scientists sav chl rair c: - .cstrov 
lhc :i lakes and rivers, wlth: resL.:s  
t: e water c:ce, crops, h:sts, outdoor 
statues, and buildings. 

OtherThreats to Climate 
People worlchi he have become aware of the possible threat of 
g:

; - - ' 

% nhouse gases. The n:• not ,  e greenhc::e gas is c.±on 
dcxide, given oft when .il fu 	such as c, gas, an,: cl 
are burned. Other greenhouse gases include vater vapor, meth- 
ane, ::c)osp::.....Ic ozone, nitrous oxihc. 	h:on monoxhle. 

ioug 	eteorolo2ts and cli:: :..s do not k:aw 
exactiv what :ect the g::ihouse gas 	hll have, it appears 
that excess carbon dioxide and other gases rnight trap more of 

heat and cause c 	ver rno5 of the gct'e to 
j. Some scientisi hhc•:c 	u'a;': 	could 	.e 

thsstrous effects. For instance, the polar ice caps reflect the 
s ravs md are ec::h in keeping Ee:h's C 1.C: 	i5. II 

the cc ce:s melt, ev 	:--iall amount, :hcse sc:::s 
:h's 	 :ure, weather pa::as, and the amount of watet 

in the occ.i; 	:hange. Many islands and seacoasts could be 
flood.ci  

: ~ - :i is the loss of the ozone layer, which is 12 to 
15 miles above Earth in the s::. ::h: ere. Ozone is a pale blue gas 
that plau m important rcc ::e ::tphere, vi•:e it acs o 
shield al 	ms 0f hIe on 	 un s hai 	1 ult 	alet 
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raan. Damage to thc .-zone laye: 

	

cai]ed chlorof ::xarborts 	.:::.  
lant in aerosol ca:s. - 	::gerants in air con..:•:.: 	d as 
solvents 	 ::cses. Most 	 l oss 
occurs c:-::.e 	.:c: -. 	 :: Fwven 

atrr .:s;here temper z. 	:::::.: 	ttospheric .:lauds 
forr::a:::::ipate in chen: 	.::i; ......:::;iflg ultra:::et 

T'c eveniüai ie:.:: af uie reactions is 

	

:iecules. Althc:.: cli recent laws ha 	eatly 
reducet 	.- of CFCs. sci2::sts are not certain vhen the ozone 
lave:y: 	 :rcc:c:: 	::.ssible nec.... . 

flhiC.•c 	 c:.:.: 	•- 	---' 	 ontinuec. :c•:rease 
of 	ate. Deforestc:c :i, the 

	

as of trees. i 	:hcr human :cs 	factor 
cc. \Vhen for. are replaced 0v open land 

or U 	 in the wav tc sons energv is received 
at Earth's su*:ce. An ex .... .sive loss 	0w mois- 

:X 	d betvec:  ie at::cs 	 The 
oft: 	that havo 	 b'" dloxide 

intc c- atm:::aere. Aercs:- 	::c are tinv par::c.c 	- '- .v air 
such as dus:. 	or .v::::::; 	.::.e to affec: cc 
ev ergv i !hc v:osphere. Scterli .5:5 	stLucing how aerosos .:cn 
:vciifv ::cc:.. s. 'vhich are a malo: cc::c Earth's climate svste:::. 

In general, consc::ation of resources, such as :ssil fuels 

	

:•cnent 	.cssening 
nalt 

- 

Water conservatron and careful agricultural and mining practices 
also can help preserve the natural balance of things. 
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Weather Affects All of Us 
A rainy dcv will keep you trum mowing the Iawn or playing a baseball  

gerne. A serious heat wave could prevent your Scout troop trum taking a 

hiking trip. For people in some occupations, however, the weather form 

nest is vital. Planning ahead tor weather conditions can mean the dftfer-

ence hetween Profit and ioss or even ute and death. 

Climate i nfotmation helpe experts lay out airport runways and deten 

mine heating and cooflng needs tor houses, factories, or tor the shiprnent 

of goods. Ciimate records may he introduced es evidence in court to clarity 

the causes of accidents ran highways, in the air, and cl sec, Cllmate can 

affect people's aealth and social behavior es well es agricultural, commer -

cial, and industrial pursuits the world over. Hem are e tew examples: 

Aviators. Pilots need accurate, upto-dete forecasts to help them maRc dcci 

sions such es whether to land a plane. lt a destination arrport is fogged in 

or hes icy runways, the Pilot may delay departure or land at a different ein 

port. lt there is a thunderstorm brewing along the planned route, a pilot can 

take an alternate route. Pilots also take advantage of good weather, letting 

the tailwind push the plane dung to save lud. 

SaHors. Being caught far out at sec during severe weather poses great 

danger to sailors. Knowing the forecast can help sailors avod areas of 

high wind and other trouhle. Sailors can plan alternative routes tu their 

destinations or choose safe areas in which tu work (fishing, tor instancel 

when they have Information about the weather. 

Farmers. Farmers know the irnportance of wind, rein, and temperature on 

their plants and animals. An early frost can rum a citrus crop. A bftterly 

cold winter or a very wet season can reduce the weight pein of livestock. 

Farmers plan when tu sow, weed, and harvest according to the daydoday 

weather forecast.They also plan what crops to grow according 10 the 

seasonal forecast. For instance, e dcc crop needs wet conditions while it 

grows and dry conditionswhile lt ripens. 

Outdoor ConstructonWorkers. Builclers and other people in the field of 

construction pay dose attention to weather forecasts. Road-paving cre'jvs, 

roofers, painters, and others cannut do their work successfully in the rein. 

VVnd can endanger those who must keep their balance high ebove the 

ground. Many building materials such es paint mey he used effectiveiy 

only within certain limits of humidity ancl ternperature. 
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Careers in Meteorology 
The ineteoro.:.:sts vou ro1.:: are inc: i::::.iar wirh are 
die weather ne :sters on -sdsion. But 	: are rnanv 
additional career op rtunities for rr : 	- :: :s.sts. 

Research and Teach Ing 
Tk o iurther  5:: -5100 sa:eiliies, comtrserpro-

grarus. .: cd in 
forecasting. analvzing. a:.:::............ :ta related to 
and weather S di rsric eis .: 	: universiries. 
indusrv. an .: U. s:riernme: 1 .s National Aeronautics 

:e Ast:: :nistrazion 
 

NASAi is ins: .: e govemment 
agericv that uses res€s::hers. \lanv researchers ana!vze s. 
of polen in die 	s and atmosphere At die Natio:ss 
Cem: s: -re I.rric Reses:slt NCAR . :Iirnate research isa 
high priorin.-. At::::;ersities, 	.; :: :ologv professors teach a:: 
conduct researci. ::ieir rese.: . s esuaHv suprxirted hv graius 
front die governr: ir er privs:s- foundations. 

Forecasting 
Weather fore:ss:ing is als: •:nown as :rs:.:-.:ional rneteorologv. 
Manv for-::.:. 5iers werk f:1:e Natio::s 	eatlter Ssrvice 
fa hranc:. : die NOAA-, :jch inck.: 	the Na:. .: 31 Center for 

P - s. :.ction as weH as 	- - :: ::: acrossthe 
counrrv. 1.-:: Nar::::.ai Veather Service is . ... 
ditgarh::s info: -  stion 5re:n weather 	... 	s:-..::s-..... 
c:r.azion starf:: .2 ......:. die world. Peop.:-. 

aticr.. \Vea: jr Service ans .:::e and interpret die gathered 
to proeuce ioecasts. 
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The C.S. njhtarv a!sc e:nzievs me:e:o gsts heI: tan 
eteratierts cm the gufl' in :he air, art ai sca. 'Vea:her iorc-
casts he .-\rmv t:c'ops krow when to irave. an her Air Force 
avh . plan zite:r ihzi: \a;a: metercogv and 
oftert g: . .nd in hand. 	ihe Na;-, eds 10 predct ccmdn:ons 
uncier 	vater az v:eN as aheve h. 

:e: .ork for urivate gazancms. such os 
.Accu\Vea:her. that make :heir awn orecas:s. interpret data from 
the NVS. and 	thr ecfic analvses : 	suapers. rad:c and 

srauo 	.:. industries such as avatcm. c.nicn, 
enerv. . :. farmm. Pr..: 	c?rnpan cssurPlY 
newsraners -.vuh fud-ceior weather maps a.-2d ,he iorecasrs ci.: 
ractie s:atens broadcas: Incinstries that ntm:hase t'erecasts u;: 

mc how . :•: weather :.. 	iien 	:ane fh.:s 
autdcr paimtag. ar  :: :::: narvests. !anv te.evisicn s:aciens 
have profess:onal n nec.rcegists wh: :rn prepare their 
forecasis h'; anavzng obsen:aions .:: inter:ezing guidance 

.- :.n cc.:.  :ner models. II.c 	: :.seexpaincompc: ada:and 
in -.: 	.:ewers cart J::!:TstaflCI. 

Qualifications 
\Vhn •:nowedge artd s: 	ce :::.. ceed to wo:1.: .. meteo:oonv 

:e!a:s ci&ds T. s 	gives vo: . 	eines for 
rakes :c •:::::.e a mete:::lcgtsr. 

• hu -will r.eed .. rocd foundaton .r. ce:.:•: irnd mathemancs. 
Tethese ckises seriousv ;v!ltl :.0 a;s 	dde schcol 

high snx. 

• Y:: will need a hachelctrs dsc::e n rne:ecmiogv asc' c::. 
elared he.d, stich as ivsics. \u 

xHN -  .. 	rnodvaamlcs and calcnlus 
Thos: 	.:: :s: 	: 	e National Vea:ker Scmice, 
ne matter which branch : 	pan to pnrsue. 

• itouwoulduikero:s 	-::. wec.:- :rrer::::r. 
veu wkl need :: deverou strc: 	.:::nu:icariorts sid:;s. 
Von aso tvkl rnhabiv ha-je :: :n: ccnir career in a sn:a1 

- e 	.............. jtv 	comur- 
fr:.: les er Ne: hrk Chv 	::eha 

m'ur 

• Ferec : ar ; . ...: . : s that eften require them 	werk 
nigh: ..... ..... -:± 	.ring wea±e: emergenc.rs. riese 
mereeroirr:sn ..........rave to pur in e.::- r ..... 
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Scouting Literature Elsom, Derek M. Weather Explained: 
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Fieldbook; ChemistD', Emergerng 
Preparedness, Environmental Science, Gardner, Robert, and David Webster. 

and Oceanography merit badge pamphlets Science ProJects Almut Weather. Enslow 
Publishers, 1994. 

Visit the Boy Scouts of America's Kahl, Jonathan D. W. National Audubon 

official retail website at Society First Field Guide: Weather. 

http://www.scoutstuff.org  for a 
Scholastic, 1998. 

complete listirig of all merit badge Moran, Joseph M., and Micahel D. 

pamphlets and other helpful 
Moran, Meteoroloii: The Atmosphere 

Scouting materials and supplles. 
and Science of Weather. Prentice 
Hall, 1996. 

Books 

Burt, Christopher C. Extreme Weather: 
A Guide and Record Book, 
W. W. Norton, 2007. 

Ceban, Bonnie J. Tornadoes: Disaster and 
SuniivaL Enslow Publishers, 2005. 

Petheram, Louise. Acid Ram, 
Bridgestone Books, 2006. 

Sorbjan, Zbigniew. Hands-on 
Meteorology: Stories, Theories, 
and Simple Experiments. American 
Meteorological Society, 1996. 

Magazines 

Chaston, Peter R. Weather Maps: How to 	Weatheise 
Read and Interpret All the Basic Weather 	325 Chestnut St., Suite 800 
Charts. Chaston Scientific Inc., 2009. 	Philadelphia, PA 19106 

Cosgrove, Brian. Weather. 	 Website: http://www.weatherwise.org  
DK Publishing, 2007, 
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Clouds and Weather: The Concise 
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Organizations and Websites 

Career Guide for the 
Atmospheric Sciences 
Website: http://www.ametsoc.org  
/atmoscareers/index.html 

Jetstream—Online School 
forWeather 
Website: http://www.srh.noaa. 
gov/ietstream/  

Lightning Protection Institute 
P.O. Box 99 
Maryville, MO 64468 
Toll-free telephone: 800488-6864 
Website: http://wwwJightningorg  

Satellite Meteorology for 
Grades 7-12 
Website: 
http://cimssssecwiscedu/satmet  

The National Center for Atmospheric 
Research and the UCAR Office 
of Programs 
RO. Box 3000 
Boulder, Co 803073000 
Website: http://ncar.ucar.edu  

The National Oceanic and Atmospheric 
Administration's 
National Weather Service 
1325 Bast West Highway 
Silver Spring, MD 20910 
Website: http://www.weather.gov  

The Boy Scouts of America thanks 
Kerry M. Jones, senior forecaster with 
the National Weather Service in 
Albuquerque, New Mexico. Mr. Jones 
diligently provided his expertise, time, 
and other resources for this new 
edition of the Weather merit badge 
pamphlet. We appreciate his thorough 
ness and his attentiveness during this 
lengthy project. 

The Boy Scouts of America is 
grateful 10 the men and women serving 
on the Merit Badge Maintenance Task 
Force for the improvements made in 
updating this pamphlet. 
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MERIT BADGE LIBRARY 
Though Intenuec az:• 	aid to Boy Scouta. Varsity SCCta. and qualified Venturers and 
Sea Scouts ir 	- merit badge rec 	'ements, tese pamphlets are of general 
interest and z - - race a.ailabe cy many SC'CCS and puboc 	braries. The latest 
revision date c 	aon oa" 	hlet -- ht not cc'escod with the copyright date shown 
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