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FOREWORD 
Of a l l  aspects of the natura l world, weather is outstand­
ing i n  i t s  beauty, its majesty, i t s  terrors, and  its continua l  
d i rect effect on  us a l l .  Because weather invo lves, for  the  
most part, massive movements of  invis ib le a i r  and  i s  con­
cerned with the temperature and pressure changes of 
th is  a lmost intangib le substance, most of us  have on ly  a 
l im ited understanding of what weather is a l l  about. This 
book wi l l  he lp  you to understand it and  a lso to under­
stand,  in  some degree, how weather changes a re pre­
d icted.  

I n  the difficult  a ttempt to portray the weather  s imply, 
accurately, and graph ica l ly we have had inva luab le  assist­
ance from co l leagues, experts, and many organ izations 
whom we gratefu l ly thank. The U.S. Weather Bureau ( in­
c lud ing the l ibrary) he lped us l ibera l l y  with information 
and photos. He lpfu l  materia l was suppl ied a lso hy the 
Smithsonian Institution, the American Meteorological So­
c iety and its secretary, Ken neth F.  Speng ler, the Nationa l 
Safety Counc i l ,  Dr.  David M. Lud lam of the F rank l i n  Insti­
tute, Lt. John H. Boone (USAF), and Lt. John F.  Mann,  J r .  
( USAF) .  Bernice Burnett a -nd Adele  F .  Lehr read and  criti­
c ized the manuscript at various stages. Dr. Vincent J .  
Schaefer o f  t h e  Munita lp  Foundation examined both text 
and  i l l ustrations and offered m uch he lpfu l advice. 
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EVERYBODY TALKS ABOUT T H E  W EAT H E R  Charles 
Dudley Warner said, "Everybody ta l ks about the weather, 
but nobody does anyth ing about it ." Everyone, at t imes, 
feels as Warner did. The spoiled fami ly picn ic, the 
withered crops, a l l  rem ind us how dependent we are on 
the weather.  That is why weather is our  most common 
topic  of conversation,  a factor i n  much of our  agricu ltura l ,  
ind ustria l ,  and civic p lann ing, and a constan t  concern of 
everyone. 

Warner was wrong. Someth ing is being done. Today 
the science of weather-meteorology-is used to make 
our  l ives safer and better. Some types of forecasts are 
95 per cent accurate. Storms are tracked and warnings 
a re g iven .  C louds a re being seeded to cause rainfa l l  
where i t  is  needed. A network o f  weather stations enab les 
p lanes to fly safe ly. A continued program of research 
reveals  more and more about the weather. This introduc­
t ion to weather wil l  help you understand it . 



What M akes the Weather? 

Weather is the condition of the atmosphere in terms of 
heat, pressure, wind, and moisture. These are the e lements 
of which the weather is made. Where the atmosphere th ins 
to noth ingness, there is no weather. There is no  weather 
on the moon, for it has no  atmosphere. But near the sur­
face of the earth the atmosphere is dense and heavy. 
Here, in the lower atmosphere, you continua l ly see the 
everchanging,  d ramatic, often violent weather show. 

But it takes more than a i r  to make weather. If the earth's 
atmosphere were never heated, mixed, or  moved about, 
there would be no weather-or, more properly, there 
would be n o  changes in the weather. There would be no 
winds, no changes in a i r  pressure, no storms, ra in ,  o r  snow. 

Heat is the spoon that m ixes the atmosphere to make 
weather. Al l  weather changes are brought about by tem­
perature changes in  d ifferent pa rts of the atmosphere. 

5 
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THE S U N, sou rce of most of the earth's heat, is a ba l l  
o f  glowing gases, 9 3  m i l l ion m i les away. This  giga ntic 
atomic furnace bombards the earth with 1 26 tri l l ion horse­
power every second.  Yet this vast energy is but a half of 
one  b i l l ionth of the sun 's tota l output. Most of th is  solar 
energy is lost i n  space; traces reach other p lanets. The 
sun 's energy is transm itted as waves that a re s im i la r  to 
radio waves. Some of these are visib le  l ight  waves; others 
a re invis ible.  Some, a lthough not heat waves, change to 
heat when absorbed by objects such as soil or  our bodies. 
About 43 per cent of the radiation reach ing our p lanet 
h its the earth's surface and is changed to heat. The rest 
stays in  the atmosphere or is reflected into space. 
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WHAT HAPPENS TO T H E  SU N'S H EAT is shown in 
the diagram above. This is for average weather-that is, 
52 per cent c loud iness in  the sky. A typical  c loud reflects 
back into space 75 per cent of the sun l ight  str ik ing it. 
On overcast days, o n ly about 25 per cent of the sun's 
energy h its the g round.  Energy that does reach the 
ground is absorbed and  reflected in varying degrees. 
Snow reflects about 75 per cent, absorbs on ly 25 per 
cent; this part ly accounts for the co l d  of po lar  reg ions.  
Dark forests absorb about 95 per cent of so lar energy 
and change it to heat. Such d ifferences i n  absorptio-n and  
reflection account, i n  part, fo r  regiona I d ifferences i n  
temperature and  c l imate. 

ABSORPT ION O F  S U N L IGHT BY D I F FERENT S U RFACES 

dense forests 95% plowed field 75 to 95% 
7 
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Solar  rays g o  
through g lass-

heat rays cannot 

A g reenhouse "traps" solar 
radiat ion when . .  short" 
sola r  rays change to "long" 
heat rays. 

Earth's  atmosphere is l ike 
g lass. I t  le ts  so lar rays 
through but keeps most 
heat rays from· escaping.  

EARTH AS A GREENHOUSE 
The g lass of a g reenhouse lets the 
short solar rays pass through. These 
a re absorbed by objects inside and  
a re  re-radiated as l ong  heat rays. 
But these long heat rays cannot get 
through the g lass. The heat rays a re 
continua l ly  re-absorbed and  re­
rad iated inside. This he lps keep the 
g reenhouse warm on co ld days. 
Some heat is lost by conduction 
through the g lass. 

Like a greenhouse, the earth's 
atmosphere admits most of the solar 
radiat ion.  When this is absorbed 
by the earth's surface, it is re-radi­
ated as heat waves, most of which 
a re trapped by water vapor in the 
atmosphere. Thus the earth  is kept 
warm. 



T H E  ATMOSPHERE AS A THER­
MOSTAT controls the earth 's heat 
as  a utomatica l ly as  i n  any heati ng 
system .  I t  p rotects the earth from 
too much so lar  radiation during the 
day, and screens out dangerous 
rays. I t  acts as a n  i nsu lat ing b lan­
ket  which keeps most of  the heat 
from escap ing at n ig ht. Without its 
thick atmosphere the earth wou ld  
experience temperatures l ike the  
moon 's. The moon 's surface tem­
perature reaches the poi l i ng point 
of water (2 1 2  ° Fahrenheit) dur ing 
the two-week lunar day. It  d rops to 
238 ° F  below zero dur ing the long 
lunar n ight. 

The earth cools faster on  bright 
c lear n ights than on  c loudy n ights, 
because an overcast sky reflects a 
large amount  of heat back to earth, 
where it is once again re-absorbed . 

. - . . . 

l 

Earth has thick 
atmosphere. 

night 40°F 

Moon has a very 
thin atmosphere. 

1 

perature and reta rds n ight heat loss. on  a clear n ight  more heat escapes. 
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Convection cu rrents 
in heated water 

H EAT AND AIR MOVEMENTS 
The a i r  is heated main ly by contact 
with the warm earth. When air is 
warmed, it expa nds and  becomes 
l ighter. A layer of air ,  warmed 

by contact with the earth,  r ises and  i s  replaced by colder 
a i r  which flows in and  under  it. This co ld  a ir, in turn,  is 
warmed a n d  rises, and  it, too, is replaced by co lder a ir .  
Such a c ircu lat ing movement of warm and  co ld  fl uids i s  
ca l led "convection . "  You can see convection cur rents i f  
you drop sma l l  b its of paper into a g lass conta iner in 
which water is  being heated.  

The air at the eq uator receives much more heat than 
the air at the poles (p .  5 1 ) . So warm air at the eq uator 
rises and is replaced by colder a i r  flowing in  from north 
and south . The warm, l ight a i r  rises and moves poleward 
high above the earth. As it coo ls, it sinks, rep lacing the 
cool su rface air which has moved towa rd the eq uator. 
If the earth did not rotate, the air  wou l d  c i rc u late as 
shown . Because the earth does rotate, the c i rcu lation is  
different (p. 53). 

Air movements over a 
non-rotating  earth 
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Differences i n  h11ating cause loca l winds .  

CONVECTI O N  ca uses loca l winds and breezes. Different 
land and water surfaces absorb d ifferent amounts of heat. 
Dark, plowed soi l absorbs much more tha n g rassy fields .  
Mounta ins a bsorb heat faster dur ing dayl ight  than nearby 
va l leys, and lose it faster at n ight. land warms faster tha n 
does water dur ing the day and cools faster at n ight. The 
air above such surfaces is warmed or  cooled accord ing ly  
-and loca l winds  resu lt. 

Mountain breezes i n  daytime Mountain breezes at  n ight  

Sea breezes in  daytime 
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W AT E R  I N  T H E  ATMOSPHERE Water  is a lways pres­
ent i n  the air. I t  eva porates from the earth, of which 70 
per cent is covered with water. In the a ir, water exists 
in three states: sol id,  l iqu id,  and  invisib le va por. 

The amount  of water vapor in the air  is ca l led  the 
"hum idity." The "re lative humidity" is the amount  of vapor 
the air is ho ld ing expressed as a percentage of the amount  
the a i r  cou ld ho ld  at that particu lar  tem perature. Warm 
a i r  can ho ld  more water than cold.  When air  with  a g iven 
amount  of water vapor coo ls, its relative humid ity goes 
up; when the a i r  is warmed, its relative hum id ity drops. 

As the tab le  below shows, a i r  at 86°F is "saturated" 
when it holds 30.4 grams of water vapor per cubic meter. 
( I n  other words, it has a relative humid ity of 1 00 per 
cent; it has reached its dew point.) But air at 68 ° is satu­
rated when it ho lds o n ly 1 7.3  grams per cubic meter. 
That's a d ifference of 1 3. 1  grams per cub ic meter. So 
every cubic meter of 86° saturated air that is coo led to. 
68°  wi l l  lose 1 3 . 1  grams of water vapor as c loud d rop­
lets which, if cond itions are right, wi l l  fa l l  as rain or snow. 

R E L AT I VE H U M I D I TY 

1 6% 24% 3 1 % 45% 57% 1 00% 

28% 42% 54% 79% 1 00% 

36% I 53% 69% 1 00% 

52% 77% 1 00% 

67% 1 00% 

1 00% 

4.85 7.27 9.4 1  1 3 .65 1 7.3 1  30A 

grams af water vapor per cubic meter 
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' ' H EAT A N D  ATMOSPHERIC WATER t 
Heat evaporates m i l l ions of tons of water 

1 i nto the air da i ly. Lakes, streams, and  1 t 
j oceans send up a steady stream of water t ' vapor. An amazing amount of water tran -

+. spires from the leaves of g reen p lants. A l 
l s ing le  apple tree may move 1 ,800 ga l lons  j 

J. of water into the a i r  in a six-month g row-
J. i ng season.  

i 
J. As moist warm a i r  rises, it s lowly cools .  t t 

l. ' F ina l ly it cools so much that its relative 
humid ity reaches 1 00 per cent. C louds 1 

.l, form a nd, under certa in condit ions, ra i n  o r  
f ; 

+ snow comes down. This eternal  process of 

+. evaporation, condensation, and  precipita-
r J.. j ion is  ca l led the water cyc le.  

• )' r 
+ + .1' 



HOW C L O U DS ARE FORMED When a i r  is cooled be­
low its saturation point the water vapor in it condenses 
to form c louds .  When water vapor at a teakett le  spout 
is cooled by the air around it, a sma l l  c loud forms. Your  
warm moist breath forms a m in iature c loud when it h its 
the co ld winter a i r .  The c louds you see near ly every day 
form in  severa l  ways but a l l  form by the same general  
process-coo l i ng of a i r  below i ts  saturation point. 

Earth radiates heat rapidly on  
clear n ights. Air  in  contact with 
cold earth may cool below its sat. 
u ration point  and  farm low clouds, 
or fog {a c loud on the ground) .  � 

warm air 

Warm a i r  is often l ifted by a 
heavier mass of cold a i r  which 
pushes u nder i t  l i ke a wedge. 
C louds form as warm air coo ls  
below its  saturat ion point .  � 

..,. Warm a i r  may move over a cold 
surface and be cooled below its 
satu ration poi nt. C louds  may form 
as  warm lake or ocea n a i r  moves 
in over a cooler land su rface. 

col d  
a i r  

Air  may  be  heated by  contact 
with the earth 's  warm su rface. I t  
expends, becomes l ig hter, and  
rises. Expansion lowers i ts tem· 
peratu re. The more it rises, the 
more it  cools-at a rate of about 
51f2° F for each 1 ,000 ft. of  rise. 
This "adia batic coo l i ng"  occurs 
whenever a i r  rises. Most c louds form 
because of adia batic coo l ing .  



Air moving  up a s lope loses 
heat adiabatica l ly as i t  rises. I f  

Warm a i r  often pushes over a 
mass of cold a i r  (a bove). C louds 
may form as  it cools  adia batica l ly 
because of i ts rise. 

Sometimes rain or snow from 
high c louds may fall through 
warm a i r, cool i t ,  and  cause lower 
clouds to form. These lower c louds 
wi l l  genera l ly be i n  layers-often 
in  several levels.  

i t  rises enough to cool below its 
saturation point, c louds will form. 
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Cumulus clouds Stratus clouds 

CLOUD C LASSIFICATION C louds are c lassified ac­
cord ing to how they are formed. There a re two basic 
types: ( 1 )  C louds formed by ris ing air currents. These 
a re pi led up and  puffy. They a re ca l led "cumu lus," which 
means pi led up or accumu lated. (2) C louds formed when 
a layer of a ir  is coo led below the saturation point with­
out vertica l movement. These a re in  sheets or  fog l ike 
layers. They are ca l led "stratus," meaning sheetl ike or 
layered. 

C louds a re further c lassified by a l titude into four fam i­
l ies: h igh c louds, m idd le  c louds, low c louds, and  towering 
c louds. The bases of the latter may be as low as the typi­
ca l low c louds, but the tops may be at or above 75,000 ft. 

CLOUD N AMES The names of c louds are descriptive 
of their  type and form. The word "n imbus," meaning rain 
c loud, is added to the names of c louds wh ich  typica l ly  
produce ra in  o r  snow. The prefix "fracto-," meaning frag­
ment, is added to names of wind-blown clouds that are 
broken into pieces. "Alto-," mean ing high, is used to indi­
cate m idd le- layer high c louds of either stratus or cumu lus 
types. The pictures and captions on the next four pages 
wil l help you to identify major cloud types and to under­
stand  better their relationsh ip to the weather. 



H I G H  CLOUDS are com posed a lmost entirely of t iny ice 
crysta ls. Their bases average about 20,000 ft. above the 
earth. Three types exist :  

Cirrus c louds, th in,  wispy, and 
feathery, are composed entirely 
of ice c rysta ls. Cirrus clouds usu­
al ly form at 25,000 ft. and above, 
where the tem perature is a lways 
far below freezing.  These c louds 
are freq uently b lown about into 
feathery strands ca lled "mares' 
ta i ls ." 

Cirrocumulus c louds, genera l ly 
form ing at 20,000 to 25,000 ft., 
are rarely seen .  These thin, patchy 
clouds often form wavel ike pat­
terns. These are the true mackerel 
sky, not to be confused with a lto­
cumu lus  ro l l s .  They are often rip­
p led and a lways too th in to show 
shadows. 

Cirrostratus c louds form at the 
same a ltitudes as c i rrocumu lus .  
These a re th in  sheets that look 
l ike fi ne vei ls or  torn, wind-b lown 
patches of gauze. Because they 
are made of ice crysta l s, c i rrostra­
tus c louds form large ha los, or 
l um inous circ les, a round sun and 
moon. 

17 
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MIDDLE C LO U DS are basica l ly  stratus or cumu lus. Their 
bases average about 1 0,000 ft. above the earth. 

Altostratus (above) are dense vei ls or  sheets of g ray 
or b l ue. They often appear fibrous or l ig ht ly striped. The 
sun o r  moon does not form a halo, as with h ig her, ice­
crysta l c irrostratus, but appears as if seen throug h 
frosted g lass. 

Altocumulus (be low) are patches or layers of puffy or 
ro l l - l i ke c louds, gray or whit ish.  They resemble c i rrocumu­
l us, but the puffs or ro l l s  are larger and made of water 
droplets, not ice crysta ls .  Through a ltocumu lus  the sun 
often produces a corona, or  d isk, genera l ly pa le b l ue  or 
ye l low inside, reddish outside.  The corona's color and  
s pread d i stingu ish i t  from the  c irrostratus ha lo-a la rger 
ring, cover ing much more of the sky. 



LOW CLOUDS have bases that range in height from near 
the earth's su rface to 6,500 ft. There a re three main kinds: 

Stratus is a low, q u ite un iform 
sheet, like fog, with the base 
above the g round .  Du l l -gray stra­
tus c louds often make a heavy, 
leaden sky. On ly  fine  drizzle can 
fa l l  from true stratus c louds, be­
cause there is l itt le or  no vertical 
movement i n  them. 

Nimbostratus are the true rain 
c louds. Darker than ord inary stra­
tus, they have a wet look, and 
streaks of  ra in  often extend to 
the ground.  They often are ac­
compa nied by low scud c louds 
(fractostratus) when the wind is  
strong.  

Stratocum u l us are i rregu lar  
masses of  c louds spread out  in a 
ro l l ing or puffy layer. Gray with 
darker shading,  stratocumu lus do 
not produce rain but sometimes 
change into n imbostratus, which ••::JI�!t!l�r.::Eii;:;�:· lilllliiliiiiill;,� 
do. The ro l l s  or masses then fuse '!' 
together a n d  the lower surface 
becomes i nd istinct with rain.  
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Cumulonimbus are the fam iliar 
thunderheads. Bases may a lmost 
touch the ground; v io lent up­
drafts may ca rry the tops to 
75,000 ft. Winds a loft often mold 
the tops into a flat anv i l - l ike form.  
I n  their most v io lent form these 
c louds produce tornadoes (p.  1 02). 

Cumulus are puffy, cau l iflower­
l ike. Sha pes constantly change. 
Over land, cumulus usua l ly  form 
by day in  rising warm a i r, and 
disappear at n ight. They mean 
fair weather un less they p i le  up 
into cumulon imbus. 

Cumulus and Cumuloni mbus 
are both c louds of vertica l devel­
opment, un l ike the layered c louds 
descr ibed on previous pages. 
C louds of the cumu lus  type resu l t  

from strong vertica l  currents. They form at a lmost any 
a ltitude, with bases sometimes as h igh as 14,000 ft. 

CLOUD SYMBOLS 

Q cumu lus  d a ltostratus 

\,../ stratocumulus  \..A../ altocumu lus 

stratus ----> cirrus 

B cumulon imbus  L cirrostratus 

� n imbostratus � cirrocumu lus  

20 



Ra i n, Sn ow, Dew, 

a n d  F rost 

PRECIPITATI O N  such as rain,  snow, s leet, and  ha i l  can 
occur on ly if there are c louds in  the sky.  But not a l l  k inds 
of c louds can produce precipitation .  Temperature, the 
presence of t iny foreign partic les, or  of ice c rysta ls, a l l  
h e l p  determine whether precip itation w i l l  occur a n d  what 
form it wi l l  take. For examp le, snow wil l  not form un less 
a i r  is supersaturated (cooled be low its saturation point or 
dew point without its water vapor condensing)  and is con­
siderably be low the freezing point of water. 

2 1  



WHAT MAKES IT RAI N? Rain fa l l s  from c louds for 
the same reason anyth ing fa l ls to earth. The earth's 
g ravity pul ls it. But every cloud is made of water drop­
lets or  ice c rysta ls. Why doesn 't rain or snow fa l l  con­
stant ly from a l l  c louds? The droplets or  ice c rysta ls  in 
clouds are exceeding ly sma l l .  The effect of gravity on 
them is m inute. Ai r  currents move and l ift droplets so that 
the n et downward movement is zero, even though the 
droplets a re in  constant motion .  

Droplets and  i ce  crysta ls behave somewhat l i ke dust 
in the a i r  made vis ib le  in a shaft of sun l ight. But dust 
partic les are much larger than water droplets, and they 
fina l ly  fa l l .  The cloud droplet of average size is on ly 
1/2500 i nch in  diameter. I t  is so smal l  that it wou ld take 
16  hours to fa l l  ha lf a mile in perfectly sti l l  a i r, and it does 
not fa l l  out of moving air at a l l .  Only when the d roplet 
grows to a d iameter of 1/125 inch or  larger can i t  fa l l  
from the c loud.  The average raindrop conta ins  a m i l l ion 
t imes as much water as a t iny c loud droplet. The g rowth 
of a c loud droplet to a size large enough to fa l l  out is the 
cause of ra in  and other forms of precipitation .  This impor­
tant g rowth p rocess is  ca l led "coa lescence." 

Cloud drop lets (enlarged 70 times). Smal lest raindrop (enlarged 70 times). 



Coalescence occurs ch iefly in two 
ways: (1) Droplets in c louds are of 
d ifferent sizes. Big drops move more 
slowly i n  turbu lent air and in paths 
d ifferent from the paths of sma l l  
droplets. B igger, heavier drops are 
not whipped around so ra pid ly. So 
drops co l l ide, become b igger, and 
fina l ly d rop as rain. This is prob­
ab ly the main cause of rainfa l l  from 
n imbostratus and other low c louds. 

(2) The most im portant type of 
coa lescence occurs when t iny ice 
crystals and water d roplets occur to­
gether (as near the midd le  of cumu­
lon imbus c louds). Some water drop­
lets evaporate and then condense 
on the crystals .  The c rysta ls grow 
unti l  they drop as snow or ice pe l l ets. 
As these drop through warm a ir, they 2 
change i nto ra indrops. 

(3) lightn ing d ischa rges i n  a thun­
derstorm form oxides of n itrogen that 
a re extremely hygroscopic (water­
absorbing) .  These oxides are added 
to the atmosphere and become one 
of the k inds of nuc le i  for future con­
densation and eventual coa lescence 
and rainfa l l .  But the two processes 
mentioned above are the main  and  
perhaps the  on ly  causes of  coa les­
cence and hence precip itation. Re­
search may show other poss ib i l ities. 
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SNOW Very sma l l  partic les in  the a i r  may act  as n uclei  
u pon which water vapor wi l l  crysta l l ize to form snow. 
Air m ust be supersaturated with water vapor and below 
the freezing point. Mic roscopic b its of soi l ,  c lay, sand, and 
ash a re common nuc le i .  C loud tem peratures m ust general­
ly  be from + 1 0° to -4°F before snow begins to form. 
Va por changes to snow even without nuc le i  at h igh a lti­
tudes in supersaturated air at -38 °F .  



SNOW PELLETS (or granular  
snow) a re white, and of various 
shapes. Although much l ike soft 
hai l ,  pe l lets a re too sma l l  and soft 
to bounce. A s ing le pel let gener­
a l ly forms from many supercooled 
cloud droplets which freeze to-
gether into crysta l l i ne  form. Snow pellets-magnified 3 times. 

ICE  PRISMS form hexagonal  plates, co lumns, and  
needles that  sometimes g l itter l ike d iamonds  as they a re 
b lown about. Because of their smal l  size they fa l l  very 
s lowly. Ice need les often mdke halos around sun or moon.  
I n  very cold c l imates ice-need le 

' 

fogs form o n  the ground.  

Ice needles-magnified 1 0  times. 

Halo caused by ice needles. 

ICE  PELLETS (sleet) consist of transparent or transl ucent 
beads of ice. S leet occurs when rain, dropping from upper 
warm a i r, fa l l s  through a layer 
of freezing a i r. Raindrops fi rst be­
come freezing rain (supercoo led) 
and when str ik ing the ground in 
this condit ion form g laze (p.  27). 
But further coo l ing produces ice 
pe l lets, or true s leet, which 
bounces on  h itt ing the g round. 

WARM AIR 

freezing rain 
ice pellets 

Ice pellets-magnified 3 times. 25 
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HAIL forms as frozen ra indrops, 
formed h igh in the c louds, move 
through areas of supercooled 
water d roplets i n  thunderc louds. 
Hai lstones were long thought to 
develop their on ion l ike structure 
by being a lternately forced up­
ward by vertica l winds in  the 
thunderhead to a freezing leve l ,  
then dropped down to where 
more water was picked up. Such 
up-and-down trips do occur, but 
the growth of ha i l stones resu lts 
mostly from ice pel lets' picking up 
water in  the supercooled m idd le  
and u pper reg ions of the c loud.  
The layers resu l t  f rom d ifferences 
between the freezing  rate and 
the rate at which water accumu­
lates on the pe l lets. 

cross section • 
of a hailstone 



I C E  STORMS are characterized by g laze. Glaze is as  
destructive as it is beautifu l .  I t  occurs when ra in  o r  d rizzle 
that has been supercooled (cooled below 32 °F  but not 
yet frozen) fal ls  on cold surfaces and immediately freezes. 
Glaze ice formed from this freezing ra in  can snap branches, 
wires, and poles and cause hazardous dr iv ing conditions. 
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DEW does no t  fa l l. I t  i s  water vapor that con­
denses on  so l id  surfaces that have cooled be low 
the condensation point of the a i r  i n  contact with 

them. This coo l i ng  by radiation occurs usua l l y  on c lear  
n ights. The "sweat" that forms on the outside of  a g lass of 
cold lemonade on a hot day is a lso dew. 

FROST is formed like dew but at temperatures below 
freezing .  The water vapor changes d irectly to sma l l , fine  
frost crysta ls without condensing  into water drops fi rst. 
Frost crysta ls growing on windows develo"p feathery pat­
terns as the pr imary frost me lts and recrysta l l izes. 



Drainage pattern af the United States and Canada. 

WHAT HAPPENS TO RAIN AND SNOW Rain either 
is stored in  the ground,  ponds, o r  lakes, or  runs  off to be 
stored in  the ocea n .  I t  eventua l ly evaporates i nto the a i r  
again.  Surface runoff of  precipitation and  the undergro u n d  
fl o w  o f  water g ive us ou r  brooks, streams, and  rivers. Rivers 
a lways flow from higher to lower levels, c utt ing their own 
va l leys. Streams and rivers merge and fi n a l ly they em pty 
into the ocea ns .  When the supply of water is la rger than 
the amount norm a l ly hand led by strea ms and  rivers, flood­
ing occurs. I n  areas of  hard, baked ground  or  c lay so i l ,  the 
runoff from a thunderstorm is a lmost complete, s ince there 
is l itt le  seepage i nto the soi l .  F lash floods may resu lt. Water 
may a lso run underground,  to emerge as springs.  Wel l s  
ta p this underground water, which provides many areas 
with an abu ndant supply.  Large underground rivers exist, 
but these are rare. 

29 



Water is stored as snow and ice, 
as well as in lakes. 

Ten inches of snow melts into one 
inc� of water. 

WATER STORAG E Lakes and ponds obviously store a 
g reat dea l of water. Not so obvious is the immense reser­
voir of water stored in  the po lar  ice caps, in g laciers, and  
in snow on  mountains  and on the  co ld northern p la in s  dur­
ing winter .  Winter  snows in the mounta ins  determ ine  the 
water supply for irr igation and for power use. This snow 
me lts with the spring thaw and fi l ls the r ivers .  If spring  is 
late, the mel t ing wi l l  be more sudden, resu l t ing i n  floods. 

GRO U N D  WATER Topsoil ho lds an  immense amount  
of water. Some of th is  is tra nsferred into the a i r  by green 
plants.  But most of it seeps through soi l  and porous rock 
unti l  i t  reaches non porous clay o r  rock.  I t  forms a massive 
subterranea n  reservoir, fi l l i ng  a l l  the cracks a n d  pores i n  
t he  rock and  soi l .  The  underground water, l ike surface 
water, flows downh i l l  and seeps out into streams or comes 
out in springs. Eventua l ly this water, too, evaporates or 
reaches the sea. 

impervious rock 



RAI N MAKING is an a ncient 
hope, a 1 9th-century fake, and a 
modern scientific fact. Every primi­
t ive tr ibe has tr ied one way or an­
other to make it ra in .  Pr im itive 
magic, ra in  dances, and sacrifices 
have a l l  been used to induce ra in .  
By  coinc idence, ra in has fo l lowed 
these efforts often enough to keep 
a l ive the be l ief in the efficiency of 
the methods. Quite a boom in ra i n ­
making developed in the 1 9th cen­
tury. Drums were beaten, cannons 
shot, and  explosives were set  off, 
produc ing g reat quantities of 
smoke. The methods were worth less 
and so were many of the operators. 
One of the smoothest of these con­
fidence men used U. S. Weather 
Bureau c l imatolog ica l data. He 
never appeared in  a drought area 
unti l  it was a lmost certa in  that rain 
was but  a few days away. Then he 
wou ld  put on  h is  act, wait for the 
rain,  and co l lect h is fee. 

Modern ra inmaking techn iq ues 
a re based on  known facts of coa les­
cence and genu inely influence ra in ­
fa l l  and  snowfa l l  (see pp. 32-33) .  
A l l  modern techn iques depend up­
on the "seed ing" of a rtific ia l  n uc le i  
i nto potent ia l  ra in  c louds. Si lver 
iodide crysta ls  a re most common ly 
\Jsed. 

Hopi I nd ians  dance for  ra in .  

1 9th-century rainmakers. 

Si lver iodide generator. 
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Dry ice d ropped from plane forms partly clea red strip in stratus clouds. 

MODERN RAI NMAKING grew out of studies of how 
a ircraft co l lect ice on wings and other surfaces. Dr. Vincent 
J .  Schaefer was attempting to prevent the formation of 
supercoo led c louds (which cause ice to form on a i rcraft) . 
He  discovered that t iny bits of dry ice (frozen carbon di­
oxide) produced fantastic numbers of ice n uc le i  when 
"seeded" into c louds colder than 32°F. A piece of d ry ice 
the s ize of a groin of rice caused the formation of more 
than a tri l l ion ice crysta ls. Each grew at the expense of 
supercoo led c loud droplets and formed snow (see p. 23). 
The techn ique of seeding supercoo led c louds has since 
been used to lessen ground fogs and, under certa in  con­
dit ions,  to induce snow or  rainfa l l  from Iorge cumu lus 
c louds.  Dr .  I rv ing Langmuir  and Dr.  Bernard Vonnegut 
pioneered further studies by seed ing c louds with water 
and s i lver iodide. The water i n itiates coalescence. Since 
the si l ver iodide has a molecular structure nearly ident ical  
with that of ice, it i nduces coa lescence i n  much the some 
manner  as ice crysta ls wou ld. 



CLOUD SEEDING experiments 
continued with min iature c louds 
produced under laboratory condi­
t ions. Various substances were 
sprayed into a cold chamber in  an 
effort to produce ice crysta l s  or co­
a lescence. Dry ice and silver iodide 
both worked we l l .  Finely ground 
dry ice (with a tem perature of 
- 1 08 ° F) ca used cloud drop lets to : 

--- - � ,. .- - -
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crysta l l ize a long its path. These Seeding a cumulus c loud 

crysta ls grew rapidly at the ex- with d ry ice.  

pense of the water droplets around them, and soon be­
came large enough to fa l l .  Si lver iodide, on the other 
hand, acted d i rectly as a nuc leus for ice formation. These 
ice c rystais, a lso, grew unti l they fe l l .  

C louds a re n o w  seeded with either dry ice o r  si lver 
iodide. One pound of dry ice spread by a plane may start 
a shower in large cumu lus c louds. Si lver iodide is l ess 
expensive to use, because it can be sent up from the 
ground to c louds from spec ia l gen­
erators. But c loud seeding is not 
successfu l  un less condit ions are 
nearly r ight for natura l precip­
itation .  Seed ing can i nduce ra i n  
under t he  r ight conditions. I t  can 
cause more ra in  to fa l l  than wou ld  
occur with und istu rbed natura l con­
d it ions. It cannot produce rain from 
fa ir-weather cumu lus  c louds. Nor 
is it yet poss ib le for c loud seeding, 
which is sti l l  i n  its infancy, to in­
duce rain to fa l l  over a wide-
spread area . 

Courtesy General Electric Company 

Ma n-made snow cloud i n  
a cold chamber. 
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The Atmosphere 

Earth's atmosphere wou ld be more apparent to a traveler 
mi les out in  space than to us on the ea rth 's surface. The 
sun 's rays, scatter ing i n  the atmosphere, wou ld  make the 
l ighted s ide of the earth a bright, fuzzy crescent, fa int ly 
b lotched with c louds along the twi l ight zone. D iffusion 
wou ld  extend the crescent of l ight far around the earth's 
cu rve. On the dark side, l ights of g reat cities might show 
as t iny, dimly sh in ing spots through the atmospheric vei l .  



A fu l l  understanding of the weather requires 
knowledge of the atmosphere. We l ive at  the bot­
tom of a yirtua l  ocean of a i r. Extending u pward 
perhaps 1,000 mi les, th is massive, rest less ocean is 
far d ifferent, and far more tem pestuous, than the 
watery oceans that cover three-fourths of the g lobe. 
A narrow band of compacted air  lying j ust above 
the earth is  the reg ion of continuous winds. Here, 
the rising and fa l l i ng air currents sometimes develop 
into vio lent storms. Only recent ly have the most ad­
vanced a ircraft ventured above this th in layer, some 
5 to 11 mi les thick. 

The ocea n of a ir  differs in one major way from 
an  ocean of water. Water is nearly incom pressible.  
A cubic foot of water on a n  ocean bottom weighs 
much the same as a cubic foot near the surface. 
But the air of the atmospheric ocean is h igh ly  com­
press ib le :  a cubic foot of a ir  at the surface weighs 
b i l l ions of times as  much as a cubic foot at  the outer 
edge of the atmosphere. The atmosphere thins so 
rapidly as one leaves the earth that, only 3Yl miles 
up, over half the atmosphere by weight would l ie  
below you. I t  is ch iefly in this 3Yl-mi le  b lanket of 
heavy a i r  that weather changes are born.  The at­
mosphere 500 mi les out is so th in  that there are on ly  
about 22 mi l l ion  mo lecu les  of  air  per  cubic inch ,  
com pared to b i l l ions upon b i l l ions at the earth's sur­
face. Sti l l  farther out, the ever-th inn ing atmosphere 
b lends with the stray gases and  dust of outer space. 



Composition of air 
at a ltitudes above 

500 miles 

hel ium 50% 

oxygen 2 1 % 

argon 0.93 % 
carbon d ioxide 0.03 % 
a l l  other gases 0.04% 
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AI R CONSISTS MAI NLY OF GASES 
that wi l l  not d irectly susta in life. Oxy­
gen, which a l l  l iving th ings need, makes 
up s l ight ly less than 2 1  per cent of the 
a i r. I nert n itrogen makes up 78 per cent. 
The remainder of the gases, a l l  tota l i ng  
less than  1 per  cent, are carbon dioxide, 
argon, neon, radon, he l i um,  krypton ,  
xenon, hydrogen, methane, n itrous ox­
ide, and ozone (a form of oxygen) .  
Besides these, a i r  conta in s  up  to 4 per 
cent water vapor, a l so dust and gases 
such as smoke, sa lt, other chemica ls  
from sea spray or industry, carbon 
monoxide, and m icro-organ isms. 

If the a i r  were perfect ly q u iet, the 
heavier pa rtic les and gases wou ld sett le  
c lose to the earth and  the l ightest wou ld 
be found the farthest out from earth's 
surface. But the constant motion of the 
a ir  near the surface m ixes the gases so 
that the same proportions exist from the 
earth's surface up to about 45 m i les. Far­
ther out a re found ch iefly the l ighter 
gases. Probably o n ly the l ightest gases, 
he l ium and hydrogen, a re found at 
heights above 500 mi les. In intermediate 
levels are found h igh concentrations of 
ozone and ionized n itrogen,  together 
with sma l ler quantities of other  ion ized 
gases. Ozone, by absorption,  plays a 
large part in the earth 's heat ba lance­
as does the increasing amount  of man­
made carbon d ioxide. 



PHERE First and most important 
of the atmosphere's four la.yers is  
the troposphere, which l ies c losest 
to earth .  Next above is the strato­
sphere. Where the troposphere 
ends and the stratosphere begins 
is a boundary ca l led the tropo­
pause. This averages 5 mi les 
above the earth near the poles, 
and  1 1  m i les above at the equa­
tor.  The stratosphere ·goes up to 
about 50 mi les. Above this  is the 
ionosphere, extending out to 
about 650.m i les. Here are ion ized, 
or e lectrified, pa rtic les that reflect 
long radio waves back to earth.  
F ina l ly, above the ionosphere is  
the exosphere, about which · l itt le 
is known. 



THE TROPOSPHERE-WEATHER BREEDER In this 
layer are nearly al l  of the c louds. Here is where weather 
occurs. Air, heated by contact with the earth, rises and is 
replaced by co lder air. These vertica l currents create hori­
zonta l winds at or near the surface of the earth. Water, 
evaporated from the land and seas, rises with the ascend­
ing warm a ir. As the air rises, the surrounding pressure 
lessens, so it steadi ly expands. Expansion is a cool ing proc­
ess (see below). If the air  rises high enol!gh, it cools unt i l  
condensation forms c louds. 

Expansion of any gas is a cool ing process. Com pression 
creates heat. The cyl inder and hose of a tire pump get 
hot as air is pumped and compressed.  The sudden expan­
sion of gas rushing out of an aeroso l bomb cools the tip. 

Most air conditioners work on the same principle,  as 
shown below. A gas is compressed in the part outside the 
house. The heat of com pression is g iven off to the outside 
air, and  the gas condenses to a l iqu id .  The l iqu id is forced 
through a tiny nozzle and expands sudden ly  in  the coi ls  
inside the house. This expansion (and evaporation back 
to a gas) coo ls  the coi ls and a lso the air  which is b lown 
over the coi ls  in to the room. 

H O W  AN A I R  C O N D I T I O N E R  W O R K S  

house wall 
I NDOORS OUTDOORS 

exhaust 
air 

outdoor 
air 



7000 ft. 41.5°F 

6000 ft. 47°F 

5000 ft. 52.5°F 

4000 ft. 58°F 

3000 ft. 63.5°F 

2000 ft. 69°F 

Adiabatic temperature changes as a i r  travels aver a mountain.  

The troposphere has a kind of automatic air  conditioner. 
The pr imary heat pump is, of course, the sun .  It heats the 
earth's surface which, in turn, heats the a i r  in contact with 
it. The air expands, becomes l ighter, and  rises. But the 
higher it rises the more it expands, because the pressure 
around it is steadi ly  lessen ing.  And the more it expands, 
the more it coo l s. This is a n  automatic cool ing process 
which occurs without any loss of heat due to outside 
causes. The rising air coo ls  automatica l ly at  about 5Yz°F  
for  each  1 ,000 ft. it rises. Th i s  is what  happens when a i r  
rises up  the s ide of a mountain .  When it goes down the 
other side, it beg ins com pressing .  It warms up  in  doing so 
at  the same rate (5\12°F per 1 ,000 ft.) i t  coo led in  rising .  
This automatic tem perature change in rising  or fa l l ing air  
i s  ca l led "adiabatic" warming or coo l ing .  Air need not be 
pushed up by a mounta in  for this adiabatic change to take 
place. Air rising over heated p la ins  wi l l  a lso cool at the 
same rate of about 5\12° F per 1 ,000 ft. rise. 
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CONDE NSATION compl icates adiabatic coo l ing  and 
warming, and· makes the temperatures on the  windward 
s ide of mountain ranges lower than those on  the leeward 
side. Ma in ly because of condensation, there are relatively 
cool va l l eys west of the Sierra Nevadas and hot deserts 
to the east. 

Considerab le  heat is needed to change l iquid water to 
water vapor. Heat increases the speed of water molecu les, 
so that many more escape as water vapor. Changing a 
pan of water at the boi l ing point to vapor req uires six 
times the heat needed to ra ise the same amount of water 
from freezing to boi l ing.  When water vapor condenses 
back into l iquid water, the same large amount of heat is 
g iven off. This heat can increase the temperature of the 
air considerab ly. When air is rising, two opposing influ­
ences operate as i ts moistu re condenses: adiabatic cool ing 
tends to lower its temperature; and heat of condensation 
tends to raise it. The net effect is an  average coo l i ng  of 
3.2 ° F  per 1,000 ft. of rise when condensation occurs. 

Take an example: Air at 60°F moves up the west 
side of a mounta in .  I t  cools ad iabatica l ly  5 .5°F  for each 



1 ,000 ft. of r ise up to the c louds at 4,000 ft. As conden­
sat ion begins, heat is released, and the adiabatic coo l i ng  
is thus  part ly offset. F rom 4,000 ft. to the mounta in  top, 
at 1 0,000 ft., the net coo l ing  is only 3 .2 ° F  per 1 ,000 ft. 
Thus the tota l coo l ing of the wind as it sweeps up the 
mounta in  is 

4 x 5.5, or  22 ° 
plus 6 x 3 .2,  or 1 9.2°  

Total 4 1 .2 °  

from va l l ey floor to c loud base 
from c loud base to mounta in top 
from va l l ey to mounta in  top 

The a i r  that began at 60° F  tops the mounta in  at 18 .8 ° F .  
A s  t h e  a i r  pours down t h e  eastern s lope, i t  compresses 

and warms, ad iabatica l ly, at the rate of 5 .5°F  per 1 ,000 
ft. Because of the warming,  no further condensation oc­
curs. Tota l warming of the a i r  from mountain top to val ley, 
1 0,000 ft. below, is 1 0  x 5 .5 ° F, or  55 °F .  Adding th is to the 
mounta in  top temperature of 1 8 . 8 ° F  g ives 73.8 ° F  as the 
temperature of the eastern va l ley. The temperature at 
the eastern foot of the mountain is 1 3 . 8 ° F  higher than at 
the western foot. Condensation and precipitation on  the 
western s lope made the d ifference. 

Chinook winds are an  example of this down-s lope 
warming of air .  They occur  on the eastern s lope of the 
Rockies, often with dramatic effect. One Ch inook brought 
the temperature up from -6° F  to 3rF in  1 5  minutes. 

Condensation mod ifies adia batic coo l ing .  
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Typical jet stream paths. 

T R O P O P A U S E  A N D  J E T  
STREAM The tropopause-the 
zone that marks the end of the 
troposphere and the beg inn ing  
of  the  nearly weather less strato­
sphere-was once thought to be 
continuous from poles to eq uator. 
We now know that the tropopause 
has breaks, g iv ing it an  over lap­
ping, leaf- l ike structu re. These 
breaks are importa nt i n  connec­
tion with the jet streams. A jet 
stream is a tubular r ibbon of h igh­
speed winds, genera l ly from the 
west and some 20,000 to 40,000 
feet up.  Jet streams form at the 
over laps, particu lar ly  of the a rctic 
tropopause and the extratropica l 
tropopause. They are at least par­
tia l ly the resu l t  of the strong tem­
perature contrast there. 



A jet stream was d iscovered by American B-29 p i lots 
flying to Japan from the Marianas in  World War I I .  They 
consistent ly reported westerly winds with speeds far in  
excess of those expected. A jet stream is usua l ly a bout 
300 m i les wide and 4 m i les high.  At i ts core it averages 
100 m i les per hour in  winter and 50 m i les per hour in 
summer; these speeds may rise to 250 m i les per hour 
or more.  Forming a wavy path at the top of the tropo­
sphere, the jet stream assists h igh-flying a irplanes travel ­
ing east; p lanes go ing  west try to  avoid these strong  
headwinds. The  strength of  the jet winds decreases out­
ward from the core, and  from place to p lace in  the 
stream. The n umber of jet streams and the ir  paths varies 
from day to day and season to season .  A typica l jet 
stream has a reas of maximum winds a long it t�at tend 
to travel eastward. Two p laces where these wind max­
imums occur  with great freq uency are across Japan and 
over the New Eng land states. I n  winter, over the North 
American Continent, there are th ree major jet strea ms:  
one over northern Canada, one over the Un ited States, 
and one over the subtropics. 

Structure of a jet stream 

20,000 ft. 
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THE STRATOSPHERE is the a lmost weather less pa rt of 
the atmosphere. It extends from the tropopause upward 
about 50 mi les. The name suggests its nature, for it usua l ly  
has very l itt le vertical air movement; it is a u niform layer, 
or stratum .  Temperature drops much more s lowly with 
height than in  the troposphere. I n  fact, the temperature 
begins  to rise again near the top of th is layer. F lying in 
the stratosphere is genera l ly smooth, and the visib i l ity is 
a lways exce l lent. The air  is thin and offers very l itt le resis­
tance to a p lane; hence a gal lon of fuel carries a p lane 
m uch  farther through the stratosphere. A region of no 
weather, the stratosphere is preferred by jet  p i lots, for 
here they can fly at top speeds with l itt le fear of turbu­
lence. Often too far above us to be seen, the jets c ha l k  
their path across the sky a s  moisture from their engines · 
forms condensation trai l s-streaks of fine ice crysta ls  in an 
otherwise weatherless atmosphere. 



THE IONOSPHERE l ies above the stratosphere, extend­
ing outward some 650 mi les. Here the air  is extremely th in .  
The scattered a i r  particles are ion ized; that  i s ,  e lectrified 
by the remova l of an e lectron, or  negative charge of 
e lectric ity. The relentless bombardment of cosmic rays 
from o uter space causes this ion ization .  Were it not for 
this ionized air we could not receive radio broadcasts 
beyond the horizon, for radio waves go in a stra ight l ine .  
Layers of ion ized air  reflect the radio waves back to 
earth .  The severa l mirror l ike radio-wave-reflecting layers 
are the Ken ne l ly-Heaviside or E Layer, 50 to 80 mi les up; 
the F Layer, 1 50 to 200 mi les up; and a variab le  number 
of other layers that resu lt from sp l itt ing of the E and F 
Layers. 

The air  particles in the ionosphere are hot. Estimates 
put them at some 1 ,000°F  to l ,500°F  dur ing the day and 
300 ° F  at n ight. These extreme temperatures a re probably 
ca used by cosm ic-ray bombardment. But when space 
travel becomes a rea l ity, we need not fear being broi led 
a l ive. The a i r  partic les are so fa r apart and so tiny that 
we wil l  probably not notice them at a l l .  Much more dan­
gerous wi l l  be the cosmic rays. 

Radio waves reflected by the ionosphere can be received beyond 
the horizon. 
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T H E  EXOSPHERE is the fina l and h ig hest layer of the 
atmosphere. Hotter,. even, than the stratosphere's a i r  
particles, t he  ions o f  gas  in t he  exosphere a re  possib ly 
as hot as 4,500° F . They are bombarded so fiercely by 
cosmic rays that they exist on ly  in atomic form, instead of 
mo lecu les. At n ight, sh ie lded from the sun 's d irect rays, the 
temperature of the partic les drops near ly to absol ute zero 
-about -460°F .  

C u rta i n  aurora 

H I G H  ALTITUDE P H ENOMENA 
Auroras resu l t  f rom the action 
of streams of solar partic les on 
the ionosphere, 50 to 600 mi les 
up.  What happens is much l ike events 
in a neon tube. Because the earth is 
a magnet, ion ization is strongest 
near the poles, and  the au roras are 
seen ma in ly at h igh  latitudes. 

Mother - of - pearl Clouds may 
consist of water droplets. These rare 
c louds appear as bands of paste l 
colors, 1 4  to 1 9  mi les h igh .  The sky 
is otherwise c lear at the a ltitudes 
where they are seen. 



Nocti l ucent C louds, the highest c louds known, are 
probably formed from meteor dust. Appearing in the 
western sky shortly after sunset at a height of some 50 
mi les, they have a gold edge near the horizon and are 
b l uish white a bove. Both nocti l ucent and mother-of-pear l  
c louds  travel at  terrific speeds-394 mi les  per hour was 
once observed .  
Meteors are visitors from outer space. They h it our  
atmosphere at tremendous speeds-perhaps 90,000 m i les 
per hour. Friction with the a i r  of the upper atmosphere 
heats them to incandescence, and most of them vaporize 
into gases or  dis integrate into harmless dust before they 
come to with in  30 m i les of the earth's surface. Thus our 
atmosphere protects us. Mi l l ions  of meteors, most of them 
sma l ler  than grains of sand, hit our  atmosphere every 
day. Very few ever reach the ground. 
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The Earth's M oti ons 

a n d  Weather 

The earth has five motions i n  space. I t  rotates on its axis 
once each 24 hours, with a s low wobble ( l ike that of a 
top) which takes 26,000 years to comp lete. It revolves 
around the sun at 1 8Vz m i l es per second, making the 
c ircuit i n  3651;4 days. It speeds with the rest of our  so lar  
system at 12 m i les per second toward the sta r Vega.  
F ina l ly, our  entire ga laxy, with its b i l l ions of stars, i s  rotat­
ing in space-our part of it at a speed of 1 70 m i les per 
second. 

Only two of these motions affect the weather.  But their 
effect is profound.  Earth 's annua l  tr ip around the sun 
g ives us our  seasons and their  typica l weather. Earth's 
da i ly rotation not on ly resu lts in  n ight and day; it produces 
the ma jor wind belts of our earth, and each has its typica l 
pattern of weather. 



CAUSE OF THE SEASONS Seasons resu l t  from the fact 
that the axis on which the earth spins is s lanted 23 Y2 ° to 
the p lane of its orbit. When the North Pole is tipped to­
ward the sun,  the northern hem isphere has summer. The 
sun 's rays beat more directly down on  the northern hem­
isphere and  the days are longer. 

The sun is farthest north at the summer so lstice, about 
June 22.  Then the sun is directly over the Tropic of Cancer, 
and dayl ight hours are longest in the northern hem isphere 
and n ights are the shortest of any time in the year. The 
North Pole is i n  the middle of i ts  annua l  period of six 
months of sun l ight, and the South Pole i n  the middle of 
its six months of relative darkness. 

At the winter solstice (about Dec. 
22) the North Pole is tipped farthest 
away from the sun, which is now di­
rect ly over the Tropic of Capricorn. 
The southern hemisphere has sum­
mer; the northern hemisphere has 
winter .  Conditions are just the re­
verse of those at the summer solstice. 
The Antarctic is now the " land of the 
midnight sun"  and the Arctic is sun­
less. 

At the fa l l  and spring equinoxes 
(about Sept. 23 and March 2 1 ,  re­
spective ly) the earth 's  t i l t  is side­
wise with respect to the sun. l ight 
fa l l s equa l ly on northern and south­
ern hemispheres. Day and night are 
of equa l duration everywhere on the 
earth. The equinoxes mark the be­
ginn ings of spring and fa l l .  



SUMMER IS WARMER than winter for two reasons:  the 
days a re longer (more t ime for the sun to heat the earth) 
and the sun's rays, str iking our part of the earth  more 
d i rectly, a re therefore more concentrated.  

Days and  n ights at the equator are a lways 1 2  hours 
long.  The farther north you go in  
summer, the longer  the days and 
the shorter the nights. Th i s  is so be­
cause the . sun in summer shines 
across the pole.  The nearer one gets 
to the pole,  the longer the day be­
comes, unti l it fi n a l ly becomes 24 
hours long. To an  observer i n  the 
"land of the m idn ig ht sun" the sun 
appears to move a long the hori­
zon instead of ris ing  and sett ing.  

But as  winter comes, the sun 
seems to move south. The farther 

4-- north you go, the shorter the win­
ter days and  the longer the n ights. 

summer The sun 's a pparent movement 
re lative to the earth in winter and in summer is 
shown below. On Dec. 22,  at the lat i tude of Wash ington, 
D.C., the sun at  noon is on ly about 27° above the south­
ern horizon , The day is short because the sun's path from 
eastern to western horizon is short. But on June  22,  at the 
same latitude, the sun r ises farther i n  the north and at 
noon reaches about 74° a lt itude. Its path is longer and  
so dayl ight lasts about 15  hours. 

s 

sun at noon 
December 22 

'W 

sun at noon 
June 22 

s 



To see the effect of the d i rectness of the sun 's rays, set 
a flash l ight  1 ft. above a large sheet of pa per. Mark the 
out l ine of the circ le of l ight  it makes. Now ho ld the flash­
l ight at a n  angle to the paper-but sti l l  a foot away. 
Mark the outl ine of the e l l,ipse of l ight it makes. The same 
amount  of  l i gh t  h it the pa per both times. But the first t ime 
it was concentrated, the second t ime more 
spread out. When the rays were direct the 
concentration for a un it area was greatest. 

summer 

The summer sun fo l lows a path more 
nearly overhead, so its rays are more con­
centrated. The winter sun l ight  h its the earth 
at a greater s lant. The same amount of sun­
l ight now spreads out over a larger area. 
I n  addition ,  winter sun l ight must pass 
through more atmosphere, because it has 
a more s lanted path .  More energy is dif­
fus�d by the atmosphere and less reaches 
the earth to warm it .  

winter sun 

sun 
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solar radiation 
under a cloudless sky 

temperature average 

SEASONAL LAG August is hotter than June even 
though the sun is more nearly overhead and the day is 
longest on June 22.  I n  terms of so lar  radiation reaching 
the earth,  May, J une, and Ju ly shou ld be our  warmest 
months. But J une, Ju ly, and August actua l ly  a re.  Why? 

During the year the earth, as a whole, loses precisely 
the same amount of heat it receives from the sun.  But as 
the sun moves north in spr ing, our part of the earth gains 
heat faster than heat is lost. On June 22 it is receiving 
maximum solar radiation. The heat gain continues to ex­
ceed heat loss unti l  maximum warmth is reached, usua l ly  
in  late Ju ly. Heat gain continues to  exceed heat  loss, at a 
dimin ish ing rate, unti l  about August 31. Then our part of 
the earth starts to lose heat faster than it receives it, and 
beg ins  to  coo l  down. The  process is l i ke  sta rting a fire in 
a stove: the roaring fi re heats the room s lowly, but  the 
room wil l  stay warm for a whi le after the fi re has died 
down. The same heat lag accounts for the fact that the 
warmest time of day is usua l ly  about 3 p .m .-not noon, 
when the sun 's rays are most intense. 



90° • . 0 mph 

80° . 1 75 
70° . 340 

60° . 500 
50� 640 

40° . 770 
30°.  865 
20° . 940 
1 00 . 985 

. 1 000 

Approximate speeds of 
the earth's rotation  at 
various latitudes. 

EARTH'S ROTATION AND WI NDS If the earth were 
not rotating, heated air wou ld  rise over the equator and  
move north and south h igh  above t he  earth 's surface. I t  
wou ld  coo l  and  sink  down at the poles. The s ink ing  a i r  
wou ld  force air  at t he  earth's surface toward the  equator. 
So surface winds on  a smooth non-rotating earth would a l l  
move directly toward the equator with equal  speed (see 
p. 1 0) .  

The earth 's  rotation changes th is. The earth at the 
equator is about 25,000 m i les around.  The earth makes 
one <:omplete rotation every 24 hours. Hence every point 
on the eq uator moves eastward at a l itt le  more than 1 ,000 
mph.  But every p lace north or south of the eq uator moves 
more s lowly to the east, s imply because the distance 
around the earth becomes less as  you go north or south 
of the equator. At lat itude 45 ° ,  exact ly ha lfway between 
the equator and the poles, the earth spins eastward at 
about 700 mph .  At the poles there is no movement at a l l, 
since these a re the ends of the earth's axis. 

These differences in  the earth's speed of rotation at 
various latitudes have a marked effect on  our winds, as 
we sha l l  now see. 
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WIND DEFLECTION I N  THE NORTHERN H EMI­
SPHERE is caused by the earth's rotation, as an  experi­
ment wi l l  demonstrate. 

Place an old phonograph record on the turntab le .  The 
hole at  the center represents the Noth Po le; the rim, the 
equator. Now spin the turntab le  s lowly by hand counter­
c lockwise, the way the earth turns as viewed from above 
the North Po le .  As the record turns, d raw a l i ne with 
cha lk  from the center hole straight away from you to the 
"equator" edge. See how the "easterly" rotat ing record 
causes the cha lk  l ine to curve to its right ("west" as seen 
from above). In the d iagram, the dotted l i ne  shows the 
actua l path of your cha lk;  the so l id l ine, the mark it made 
on the record. Repeal the experiment, but draw a stra ight 
l ine from the rim of the record to the center.  Again the 
chalk mark shows a curve to the r ight .  

Winds on  earth shift to the right exact ly l ike the cha lk  
l i ne, and  for  the same reason .  Imagine a wind from the 
north, starting at Ch icago ( latitude 45 °) . The top drawing 
on  the next page shows this wind b lowing  stra ight south 
as viewed from above the North Pole. I t  moves in  a 
straight l ine toward star P, and point A on the eq uator. 
But as the wind moves south, the earth (and point A a long 
with  i t )  is moving eastward . So the stra ight path,  as  seen 
from space, becomes a curved path to the right as  seen 
by a n  observer on  the earth 's surface. 

Wind deflection i l l ustrated by phonograph record :  



Drawings 1 ,  2, 3 show the wind 
sh ift as you would see it from 
space over the eq uator. The draw­
ings show merid ians ( imaginary 
l i nes marking the earth into sec­
tions, l ike an orange).  The north 
wind starts south a long Meridia n 
A. It moves in a stra ight  l i ne  
d i rectly toward the equator. As  
the wind moves f rom latitude 45 ° 
to 30°,  earth's eastward rotation 
moves Merid ian A to your right, 
and Merid ian B moves to a posi­
tion di rectly under you. By the 
t ime the wind has reached the 
equator, Merid ian B has moved 
east and has been replaced by 
Meridian C. As seen from space, 
the wind sti l l  moves d irectly south. 
But to a man on  the earth, the 
wind has taken a curved path and 
is now a northeast w ind .  

Winds mov ing northward, a lso, 
curve to their  r ight.  This sh ift 
he lps expla in  the general  c i rcu­
lation of air over the earth . 

In the southern hemisphere th is 
effect is exactly reversed and 
winds sh ift to  the left. To see 
why, repeat the experiment on 
p. 54. This t ime, however, turn 
the record c lockwise, as if you 
were looking down on the earth 
from above the South Pole. 

Path over rotati ng  ea rth . 

North wind at C h icago . . .  

sh ifts to its r ight becoming N E. 
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GENERAL AIR MOVEMENTS IN THE NORTHERN 
HEMISPHERE beg in with air  moving north h igh above 
the eq uator, and  s lowly sh ifting toward the east because 
of the earth's rotation. By the time this upper a i r  has 
gone about one-third of the way from the eq uator to 
the North Pole, it is moving eastward. As more a i r  from 
the eq uator a rcs north and east into this region, about 
latitude 30° ,  it pi les up, form ing an  a rea of high pressure. 
Some air is forced down to the surface of the eorth.  There 
a portion flows southward, turning west as it goes. This 
portion forms the so-ca l led "trade winds" that b low 
rather steadi ly  from the northeast. But some of the descend­
ing air moves northward and is deflected to the east. This 
air forms the preva i l ing wester l ies wh ich  b low over the 
middle latitudes (30° to 60°N) .  



Not a l l  of the h igh air  s inks to the surface at latitude 
30°. Some of it continues north, high above the earth. 
I t  cools  by radiation as it goes, and fina l ly contracts and  
becomes so heavy that it s inks down near t he  North Po le .  
The pressure bu i lds  up  in  that reg ion, and the cold,  heavy 
air moves southward on the surface, sh ift ing toward the 
west as it goes. At about latitude 60° ,  it runs into the 
preva i l i ng wester l ies trave l ing . northeast. The l i ne  of co l l i ­
s ion is ca l led the "polar front." The warm a i r  from the 
south pushes up in a wedge over the cold,  south-moving, 
polar a ir .  The r is ing warm air  is rapid ly coo led, and  un­
sett led weather conditions resu lt. This polar front is the 
source of much of the changing weather in the Un ited 
States. The air  mass breaks through in  co ld  waves that 
may move as far south as F lorida and Mexico. 

polar  
easterl ies 
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THE EARTH'S G E N ERAL CIRCULATI ON, its wind and  
weather, are modified by many  things, s uch  as winds 
caused by uneven loca l heating, d ifferences in  heat  
absorption of oceans and land, and  seasona l  changes. 
But some general conditions are worth noting-as, for 
example, that the circu lation in  the southern hemisphere 

G E N E RA L  W I N D  
C I R C U LAT I O N  

-

30° N 

30°5 

60°5 

Note reversal  of winds 
in  southern hemisphere 

is the opposite of c ircu lation in 
the northern.  Winds sh ift to the 
left for the same reason that winds 
north of the equator sh ift to the 
rig ht. Northern hem isphere wind 
patterns exist in the southern hem­
isphere, but reversed . Each pat­
tern has its near counterpart in 
the southern hemisphere. 

The Equatoria l  Doldrums As su rface a i r  
moves toward the equator  w i th  the north and  
south trade winds, it i s  heated by the d irect 
rays of the sun, and rises. Rising air creates 
the eq uatorial ca lms, o r  doldrums.  Day after 
day, week after week may go by without a 
b reeze. Sai l ing ships avoided this region 
when poss ible.  F rom the ris ing moist a i r  of 
th is  region tropical  typhoons,  or  h u rricanes, 
are born in  summer (p.  1 07) .  Here a lso oc· 
curs heavy tropical rainfa l l .  



The Trade Winds are well named, for these 
steady northeast winds marked a popu lar  
route for  sa i l i ng vessels. Even now,  ai rcraft 
travel ing west in this zone have a tail wind 
much of the t ime. Skies o re c lear near loti· 
tude 30° but c loud iness and heavy, freq uent, 
showery rainfal l  occur  nearer the equator, 
where the air rises at the do ldrum zone. 

The Horse Latitudes are another region 
of ca lm.  As the air s inks, and thus warms 
adiabatical ly, skies tend to be c loudless. 
Winds ore wea k and undependa ble. The 
term "horse latitudes" appa rently orig· 
i nated beca use so i l ing ships carrying horses 
from Spain to the N ew World often became 
beca lmed and ron out of food and water 
for the a n imals .  The sea was sometimes l it· 
tered with bodies of sta rved horses which 
had been th rown overboard.  

The Prevai l i ng Westerlies The major 
a i r  flow over the U n ited States is from sl ightly 
south of west to s l ightly north of west.  Were 
i t  not for the repeated i nvasions of cold air 
from the polar  front, and  compl ications  caused 
by a i r  being forced over mountains,  weather  
in  the Un ited Stales would be rather  stable 
because of these winds-fa ir weather and 
clear skies a lternating with steady rains as  
the a i r  moved nor th  a n d  slowly cooled. But  
the polar  f ront  and other  factors cause 
rapid and often violent weather changes. 

The Polar Easterlies Bounded on the 
south by the polar front, the zone of the 
polar easterl ies i s  one of cold a i r  movi ng 
southwest unti l  it runs  in to the p revai l ing 
westerlies. The front  itse lf  moves as these two 
air  masses push  back and  forth . At the front, 
warm, moist air from the south is l ifted over 
the heavier, cold air .  Bad weather resu lts. 



60 

H i g hs and Lows 

HIGHS AND LOWS Unequa l  heating of the earth 
between the equator and the poles causes north-south 
winds. Rotation of the earth turns these east or westward, 
depending on the hemisphere. Th is sh ifting of great 
masses of moving air  creates the overa l l  pattern of air 
circulation. But it does something else. I t  creates whir l ing 
mosses of a i r  ca l led high-pressure cel ls, or highs, and 
low-pressure cel ls, or  lows. The h ighs (anticyc lones) gen­
era l ly  bring fa ir  weather. The lows (cyc lones) bring un­
settled weather. In  the reg ion of the preva i l i ng wester l ies 
( latitude 30° to 60° )  high ce l l s  fo l low a general path from 
west to east (moved by the prevai l i ng wester l ies) and 
a lternate with low ce l l s  wh ich  they generate and  drive 
a long.  The table below summarizes the important facts: 

Weather: 

Circu lation: 

Winds: 

HIGHS 

Genera l ly fair  

C lockwise i n  northern 
hemisphere 
Counterclockwise i n  
sou'lhern hemisphere 

Light  

Temperature: Warm o r  co ld  for  rela­
tively long periods with­
out change 

LOWS 

Genera l ly cloudy, with 
rain or  snow 

Counterclockwise in  
northern hemisphere 
C lockwise i n  southern 
hemisphere 

Strong 

Tropical lows very warm. 
Other lows cold,  o r  warm 
changing to cold 



HOW HIGHS ARE BORN loca l h igh - pressure a reas 
may deve lop any p lace where a i r  cools, compresses, a n d  
s inks .  Most importa nt in t h e  northern hem isphere are the 
two la rge, we l l -defi ned h igh-pressure regions :  the horse 
lat itudes and the polar h igh .  In both p laces, a i r  accumu­
lates, becomes heavy, and  sett les to  earth .  

As a mass of a i r  sett les over an  a rea favora b le  for 
deve lopment of a h igh,  it s lowly deve lops i nto a c lockwise­
spira l ing a nticyc lone, or h igh-pressure ce l l .  Air  flows from 
the h igh-pressure a rea into the surround ing  area of lower 
pressure.  As it pushes out, it is twisted to i ts r ight by the 
earth 's rotat ion .  Air  moving north sh ifts to the east; a i r  
moving south sh ifts to  t he  west. The  resu l t  is t he  formation 
of a whi r l i ng h igh-pressure cel l .  Such ce l ls, form ing  north 
of the polar front,  repeatedly sweep southwa rd. H ighs  
may extend  to Mexico a n d  the Gulf in  winter. They are 
usua l l y  severa l hun dred m i les in d iameter but  va ry i n  
s ize. A la rge h igh -pressure ce l l  may  cover the ent ire 
U n ited States east of the Rockies. 

H I G H  
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SEASONAL AND G EOGRAPHICAL EFFECTS ON 
H IGHS If the earth were complete ly covered with water 
(see above), there would be permanent low-pressure 
bands at the equator and at about latitude 60° because 
of the rising a i r  at these p laces. There wou ld  be perma­
nent h igh-pressure belts of sinking air  at the horse latitudes 
and the poles. But solar radiation heats oceans and land 
masses differently. Th i s  and seasona l heat  changes make 
the actua l  conditions qu ite complex. As examples, the  
co ldest region in winter is not over the North Pole but  
over Siberia, about latitude 70° N. The average tempera­
ture of San Franc isco in J u ly is lower than at Fa irbanks, 
Alaska. In sum mer the land is relative ly warm and the 
oceans  coo l .  

Because of  these factors, h igh-pressure zones form in a 
spotty fashion instead of in wide be lts. I n  the northern 
hemisphere, they form a lmost entire ly over the coo l 
oceans-particu lar ly in summer, when the land is warm. 
The maps show this .  The two "permanent" h ighs that 
cover the eastern parts of both Pacif1c and  At lant ic  are 
the Pacif1c and  Azores anticyclones.  But keep in  m ind  
that  ind ividual  h ighs  move with the  genera l  c ircu lation of  
the earth-northeast between latitude 30 6 and  60°, and 
southwest between latitude 60° and the  pole.  



Normal position of h ighs  ( H )  a n d  
lows ( L )  i n  the northern hemisphere 
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Air flows from h igh  pressure to 
low, l i ke water downh i l l .  

The earth ' s  rotation ma kes northern 
hemisphere air spiral c lockwise. 
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W I N D  MOVEMENTS WIT H I N  H IGHS fol low a norm a l  
flow from h i g h  pressure t o  low pressure, j ust as water 
flows down a h i l l .  But the flow is modified by the earth 's 
rotation .  

The d iagram at  left shows the situation that  wou l d  exist 
if the earth did not rotate. Note the " isobars" ( l ines con­
necting a l l  p laces of eq ua l  pressure), as they a ppear on 
weather ma ps. The numbers refer to a i r  pressure i n  "m i l l i ­
bars" ( un its of pressure used by meteorolog ists) . The 
h igher the n u m ber, the greater the pressure.  Standard 
average sea- level pressure is 1,0 13 m i l l ibars.  On a non­
rotating ea rth, winds from a h igh wou ld  move out across 
the isobars in a l l  d i rections.  

The diagram at r ight shows how the earth 's rotat ion 
twists the outflowing a i r  so that winds beg in  to flow 
around the isoba rs as if water were flowing down the sides 
of a sp inn ing h i l l .  Note the changes i n  d i rection as  the 
earth 's  rotat ion twists the winds to their r ight. 



(side view) H I GH 

-

WI N D  VELOCITI ES I N  HIGHS I sobars resemb le  the 
l ines on contour maps.  I n stead of a ltitudes, they show 
pressure in tensity. Where isobars are c lose together, the 
pressure changes rapidly and winds a re fast. Where they 
are far apart, winds are com parative ly s low. 

Winds on the ground and winds aloft At about 
2,000 ft .  a bove the ground, winds fo l low isoba rs c losely 
and do not spira l outward apprec iab ly as they do a t  
the surface; they are governed pr imar i ly  by  the earth's 
rotat ion, and a re not affected by friction  with the ground .  
Bu t  w i nds  on  t he  ground are s lowed by surface friction .  
The earth's rotationa l  effect i s  reduced, s o  a i r  cont inues to 
spira l out under  pressure from the center. The ang le  at 
which winds blow across isoba rs varies from about 10 ° 
over  ocean to 45 ° or more over rough land .  So winds 
overhead genera l ly move 45°  to the r ight of their  d i rec­
tion on  the ground and move about twice as fast. 

Winds aloft blow about 45 ° to the right of those on  g round .  
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HOW TO LOCATE H IGHS AND LOWS H ighs  gen­
era l ly br ing fa i r  weather; lows, poor weather. So it is 
usefu l  to know whether a h igh or low is coming your  way. 
This  can be done with fa i r  accuracy by the  app l ication of 
a s im ple ru le .  Stand with your  back to the wind.  Turn 
about 45 ° to your r ight; now your back is to the wind as 
it is b lowing wel l  above the ground. The h igh-pressure 
center is to your r ight, the low-pressure center to your left. 
Th is  ru le  ho lds  for the northern hemisphere a n d  is q u ite 
accurate for genera l  winds. It wi l l  not ho ld  for loca l 
b reezes ca used by uneq ua l  heating ( land and sea breezes, 
for example) .  In the southern hem isphere, the d irect ions 
a re reversed: the h igh pressure is on  your left, the low on 
your r ight. 

Since both highs and lows trave l genera l ly i n  an  east­
ward direction,  in the zone of preva i l i ng wester l ies, any 
h ig h  or  low to your west wi l l  l ike ly move over  you .  But  
here is where uncerta inty enters. H ighs  and lows may re­
ma in  stat ionary, fade out, or move to the north or  south.  
So our  ru le has  but l im ited usefu lness. Once you 've mas­
tered the facts about a i r  masses and  fronts (pp.  68-94) 
and  learned to read weather maps (pp. 1 30- 1 46), you can 
use this general  ru le  more j udiciously. 
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LOWS ARE FORMED by a hori­
zontal wave l ike action between two 
h ighs of different tem peratures (1 ) .  
The wave gets la rger and  fi n a l ly 
breaks l ike an ocean wave. The 
whir l ing air  creates a low-pressure 
ce l l .  This com p l icated process which 
forms major lows is d iscussed with 
fronts (pp. 77-94). 

LOW" � 
cold a i�  ff ', J , 

A loca l low may form when a i r  
under a la rge  cumu lon imbus c loud 
is rapid ly r i s ing (2) .  This low-pres-
sure a rea is  fi l led by surrounding 
a i r  moving i n  and twist ing counter­
c lockwise because of the earth's 
rotation .  Such cyc lones a re about 
20 m i les in  diameter. 

A heat low deve lops over deserts 
and other intensely heated places: 
The hot air expands, rises, and 
flows outwa rd h igher up;  thus  less 
air piles up in  the area . Pressure 
d rops, and surround ing a i r  rushes 
in with a swir l ing motion (3). Such 
a low lasts most of the summer in 
southwestern  Arizona and  south­
eastern Ca l iforn ia.  Dust devi ls  a re 
smal l-sca le  heat lows. 

2 

Sometimes lows form on the lee- 4 
ward s ide of mounta in ranges, 
where they may cause weather d is­
turbances (4). Frequent ly they form 
east of the Rock ies in  Colorado 
and  i n  the Texas Panhand le. 

J l J l' 
/' � warm air  
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Air mass properties at  any level (such as A or B) are simi lar.  

A i r  Masses 
"Air mass," a term in constant use, means "h igh-pressure 
ce l l , "  but this term carries a d ifferent em phasis .  An a i r  
mass i s  a vast body of  a i r  (often cover ing hundreds of  
thousands of  square m i les) in wh i ch  the  condit ions of  tem­
perature and  moisture are much the same at a l l  points i n  
a hor izonta l d i rection.  An a ir  mass (anticyc lone or  h igh )  
takes on the  temperature and moisture character istics of 
the surface over which it forms. For example, an air mass 
forming over northern Canada and the Arctic in winter is 
very cold and dry because of the low tem perature and  
humid ity there. 

The U n ited States i s  swept by air masses of g reat con­
trasts. The North American continent is wide at  the top. 
Cold, dry a i r  masses continua l ly form there and move 
southward. The southern part of the continent is narrow. 
The moist, hot tropica l  air masses wh ich form over the 
oceans can eas i ly move north . When a hot, moist mass 
m eets a cold, dry mass, a weather "front" (pp. 77-94) 
usua l ly deve lops. 



AIR MASSES T HAT AFFECT OUR W EAT H E R  move 
across the country and ca rry with them the tem perature 
and moisture of their  orig i n .  An air mass is modified by 
the surface  over which it moves, but i t s  or ig i na l  charac­
teristics ten d  to persist. 

Air masses come from either of two sou rces: tropica l  
reg ions or po la r  reg ions .  On weather charts, tropica l a i r  
masses a re marked T ,  po lar  ones P. The two types of 
surfaces over which these are formed a re the continenta l 
(c) and  ocea n ic or ma rit ime (m) .  Po lar a i r  formed over 
ocea ns is ma rked mP; po la r  air formed over l and  is marked 
cP.  F ina l ly, a third letter is added to i nd icate whether a i r  
is co lder  (k )  or  warmer (w)  than the surface over wh ich  
it is moving .  So if polar, cont inenta l a i r  were moving over 
ground  warmer than itself, it wou ld  be marked cPk .  

At  least  th ree different  a i r -mass c lass ificat ion systems 
are used by U.S. weather experts, but they need not 
concern us  here. Below a re the pr incipa l air masses that 
affect our  weather, and their  typica l  paths. Note that the 
a i r-mass paths sta rti ng in  the north are po lar  (P) ;  those 
from the south are tropica l (T). 

Typical  paths of a i r  masses aver the U n ited States 
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Sun 's  energy goes a few inches Heat needed to melt  ice de lays 
into soil, but  deep into ocea n .  the· seasons over the ocea ns. 

C O N T I N ENTAL AND MARITIME AIR MASSES d iffer 
in  tem perature and hum id ity, so continenta l  air br ings  
weather very d ifferent f rom mar i t ime a ir .  Land and  sea 
reflect so lar  radiat ion different ly (p. 7). More heat is 
needed to raise water temperature than to ra ise land  
temperature. On ly the top  few inches of  so l i d  earth ab­
sorb radiat ion, wh i le oceans absorb heat to a depth of 
80 ft. or more. F ina l ly, ocean turbu lence carr ies heat even 
deeper. 

The resu lt of a l l  th is is that oceans  are slower to warm 
up a n d  to cool than land .  Oceans lag beh i nd  cont inents 
by one or two months in their response to seasonal  
cha nges. Furthermore, there is less than l 8 ° F  d ifference 
between average winter and summer temperatu re over 
most open ocean a reas! This therma l  lag and its moderat­
ing effects arise beca use much spr ing heat on  the ocean 
is used in melt ing ice in a rctic and  antarctic oceans .  As 
much heat is req u ired to melt a pound of ice at 32 ° to 
water at 32 ° F  as is req uired to heat a pound  of water 
from 32 ° to 1 76°F .  Thus ocea ns warm s lowly i n  spr ing 
and cool s lowly i n  fa l l  because the same great amount  
of heat is thrown off as arctic water freezes. Th is  heat 
warms the a i r  and ca uses a lag i n  the com ing of co ld  
weather. Thus, ma ritime a i r  tends  to moderate extremes 
of either heat or cold as it moves over the land .  



Air 
mass 

cold 

warm 

f f 
worm 

Stob ie :  thermodynamical ly 
warm air  mass 

l l cold+ l 
1 t 1 t t 

U nsta b le :  thermodyna mica l ly  
cold a i r  mass  

STABILITY OF WARM AND COLD AIR MASSES 
determines  what weather air masses br ing .  Vertica l  a i r  
currents are  c reated by mounta ins, o r  by heating or  
coo l i ng of a i r  by contact with the  su rface. Stab le  a i r  
resists these vertica l currents and q u ickly returns to  nor­
ma l .  Unstab le  a i r  a l l ows the vertica l currents to g row. 

An air mass moving ove r  a surface co lder  than itse lf  
is thermodynamica l ly warm.  Such an a i r  mass is stab le .  
An a i r  mass moving over a surface warmer than itself i s  
thermodyna m ica l ly  co ld and  is genera l ly unstab le .  

A thermodyna m ica l ly warm a i r  mass  is coo led by con­
tact with the co lder earth be low. The cooled, heavy, lower 
surface tends to stay at the bottom .  I f  l ifted, it s i nks back.  
Buf when a thermodynamica l ly  co ld a i r  mass is warmed 
by contact with the earth,  the warm, l ight  air  r i ses through 
the co ld a i r  above. So a thermodynamica l ly  co ld  a i r  mass 
is turbu lent, with cumu l us-type c louds. 

Sta bi l ity Turbu lence Su rface C louds  Precip itation 
visibi l ity (if any) ( if a ny) 

u nstab le  turbu lent  good cumu lu s  thunder. 
gusty forms showers 

stab le  steady poor stratus d rizzle 
winds forms 



Typical paths af cP a i r. 

cP a i r-snow in Ca lifornia. 

Typical paths of mP a i r. 

N O RT H  AM E R I C A N  

WI NTER AIR MASSES 

Continenta l Polar (cP) air  masses are 
extremely cold. When trave l ing over warm­
er  su rfaces they a re continental polar  cold 
(cPk). These a i r  masses  are u nstable (p .  7 1 )  
and flying i n  the lower levels i s  turbu lent. 
Their most common path i s  ma rked "A" 
i n  the map. As cPk a ir  goes over the Great 
Lakes (particu lar ly before they a re frozen),  
i ts  lower pa rts a re warmed and moistened 
by the water at about 33 ° to 38 ° F .  This 
warmed air rises through colder upper air, 
causing snow fl u rries or showers on the 
leeward side of the lakes. A local ity o n  the 
eastern shore of the Lakes will h ave th ree 
to five times as much snow in a winter as 
one on the western shore. Pushed h igher  
over the Appalachia ns, the cPk a i r  is  ad i­
a batica l ly cooled fu rther, and more pre­
cipitation resu lts. Hence skies a re general ly 
clear east of the Appalach ians  as the rel­
atively d ry air sinks and wa rms. 

Sometimes cP air  takes Path B on  our 
map. The air is  turbu lent; cumulus  c louds 
may form. But the lack of warm lakes and 
of mountains o n  Path B means general ly 
clearer skies than when cP a i r  is movi ng 
along path A. The third path, C ,  is rare. On 
this  path,  cP a i r  h i t s  the ocea n and col lects 
moistu re. I t  brings squa l l s  and even snow 
as far south as southern Ca l iforn ia .  

Maritime Polar (mP)  a i r  may take a rel­
atively short trip over the Pacific (Path 1 ,  
a t  left) before hitting the Coast. Rain or  
snow showers are common as the a i r  is l ift­
ed over coastal ranges. It can also go 
over the Rockies to stag nate in the Mack­
enzie val ley, becoming cP. If mP air is  over 
the ocean longer (Path 2),  it wi l l  warm up 
and get weller. Such a i r  masses a re com-



A I R  M A S S E S  

m o n  on  t h e  Pacific Coast i n  wi nter. They 
cool o n  contact with the land;  rain and  
fog  resu lt .  

Marit ime Polar a i r  r is ing over the moun­
tain s  produces c louds and  heavy precipita­
tion o n  windward s lopes. I t  may stagnate 
between coasta l mounta in s  and the Rockies 
in the Great Basin region .  I f  i t  goes east 
over the Rockies, it worms as i t  descends 
the east s lopes, and br ings c lear skies, low 
humidity, and mi ld weather. 

Maritime Tropical  (mT) a i r  i s  hot and 
hum id at i ts sou rce. Being hotter than the 
land su rface of the Un ited States, it i s  
stab le  (mTw). Stratus or stratocumu lus  
c louds often form,  mostly d u ri ng  n ight  cool­
ing. These tend to disappear by noon be­
cause of warming .  L i tt le or no precipitation 
occurs un less mT air runs into a cold air 
mass. Then warm, l ight mT air rises over 
the cold air and precipitation resu l ts. This 
happens ofte n (p.  86), account ing for more 
rain i n  the U n ited States than any other 
cause. But  mT air seldom moves over the 
north or northeast part of the U n ited States 
in  winter. When i t  does, the cold land sur­
face may cause extensive fog. It can a l so 
cause dense ocean fogs as it crosses the 
l ine dividing the Gulf Stream from the cold 
waters of the North Atlantic .  

Marit ime Tropical air rarely enters the 
U n ited States via the Pacific Coast. I t  does 
so only when extremely low pressu re exists 
off Cal i forn ia .  Then the warm, moist mT a i r  
moves in  and rises ra p id ly over  the heavier, 
colder air i t  encounters, or over the Sierra 
Nevada and other weste rn ranges. I n  either 
case, despite its sta b i l ity, the mT air pro­
duces heavy rainfall in  southern Ca l iforn ia .  

m P  a i r-West Coast fog. 

m P-clea r east of Rockies. 

�' � 

Typical  paths of mT a i r .  

mT a i r  ,IJf 
cold a i r  

mT over cold a i r-rain .  

mT a i r-ra in  on mounta i ns. 



Summer cP a i r  usual ly 
brings fair weather. 

Summer m P  air  brings fog 
to the Cal iforn ia coast. 

Cold up-wel l i ng  
forn ia  coast. 

SUMMER AIR MASSES 

Conti nenta l Polar (cP) a ir  in summer 
differs from cP a i r  i n  winter. The sou rce 
regions are warmer and the general  cir­
culation of the atmosphere is weaker be­
ca use there is less temperature difference 
between polar and tropical regions.  Air 
moves s lowly over the Un i ted States. Fair 
weather p revai ls;  a few cumu lu s  c louds are 
prod uced by local h eati ng .  Rains occur  
ove r the Great  lakes and in  the eastern 
mountains.  

Pacific Coast mP air  i n  summer · p ro­
duces sea and coasta l  fogs in  Ca l ifornia. 
Moist maritime a i r  passes over a cold ocean 
surface off the coast. Cooled u nderneath, 
the mP air  produces dense sea fog, which 
rol ls in land and  may hang on for weeks. 
Farther in land,  mP air is wormed qu ickly 
by contaot with the land; so its relative 
humidity d raps. Although the air is un ­
stable, its humid ity is  sa  low that  sk ies  re­
main clear from areas just ins ide the coast­
l i ne  to the Sierras, on whose west s lope 
showers may la l l .  

The cold ocean surface that causes West 
Coast fogs is a resu l t  of the " u pwel l i ng" 
af su bsurface waters . F r iction of the p re­
vai l ing northwest wind over the Pacific 
p ushes coastal su rface waters Ia its right: 
that is, toward the southwest. The resu l t :  
the calder subsu rface water r i ses or  wel ls  
up .  This colder water coo ls  the a i r  above 
it, p roducing fag and stratus which may 
then move in over the coastal region,  p ro­
duc ing cool weather and  in terfer ing with 
flying. 



Atlantic Coast mP air  in summer forms 
over cold North Atlantic waters. I t  i s  colder 
than the cP or mT air which general ly 
sweeps the eastern states. m P  air  occasion­
a l ly flows in  over land. When it  does, it 
br ings cool weather which sometimes may 
reach as  far south as Florida. I f  mP makes 
contact with mT a i r  from the south, frontal 
weather (typical ly low stratus c louds and 
d r izzle) occurs as the mT air  is l i fted and  
coaled. 

Maritime Tropical  (mT) air  formed aver 
the Pacific is of l itt le importance in summer. 
I t  does came i n land  and may go  as far 
north as  Alaska. But  it is nearly always 
mTw, sa it is stable and general ly br ings 
l ittle disturbance. 

Atlantic mT a i r, on  the other hand, is 
more important i n  summer than i n  winter. 
Central and Eastern stales are affected, as 
is sometimes the Southwest. Atla ntic mT air 
moves a l most cont inuously over the Central 
and  Eastern stales i n  summer, bringing hu­
mid ity and opp ressive heal. 

mT air formed i n  the Caribbean is 
extremely hot and h u m id i n  summer. I t  is 
unstable as  it  comes in over the hotter 
southern coastal stales. As land coals rapid­
ly at n ight, the air 's stab i l ity increases and 
stratocu mu lus  c louds form,  with  bases  near 
the ground.  These c louds usual ly c lear by 
m id-morn ing as the land  again  warms and  
heals the  a i r .  F u rther heating, l a te r  i n  t he  
day, in creases i nstab i l ity aga in  and  show· 
ers and thunderstorms may resu l t  from 
rapidly r is ing moist air that coo ls  to below 
its saturation point. 

Typical  path of Atlantic 
coast mP a i r. 

Atla ntic mT a i r  br ings h eal 
and humid ity to the East. 

Car ibbean mT air brings 
showers to the South. 



warmed by ocea n;  
water  added 

Po lar  a i r  masses  may u n dergo g reat chan ges.  

POLAR AIR MASSES change rapid ly as  they sweep 
over the U n ited States. cP a i r  is i n it ia l l y  co lder than land 
over wh ich  it travels, so  bottom layers a re warmed by 
the ear th  and  rise, creating turbu lence, cumu lus  c louds, 
and prec ip itation .  The air is further warmed by heat of 
condensation .  Thus polar air tends to mix and  get warm.  
The map shows changes in winter  a i r start ing in  S iber ia 
as a d ry cP a i r  mass .  Warmed and  moistened by the 
ocea n ,  it becomes mP  a i r .  Coo l ing by passage over  land 
and mountains causes it to drop its moisture and  it con­
t in ues on as dry, relat ively warm a ir. 

TROPICAL AIR MASSES change s lowly because they 
a re warmer than land over which they travel . The map 
shows the  path of  hot, mo ist mT  a ir .  Bottom layers, 
coo led by land do not rise-there is no m ix ing .  Fu rther 
coo l ing by Eastern mountains o r  lakes increases stab i l ity 
further. mT a i r  usua l ly  remains  the same for a long t ime­
hot summer  days in the Midwest a n d  East go o n  and  o n .  

Tropica l a i r  masses u s u a l ly change s l i g h tly. 

cooled if  
cooled by g ro u n d  

cooled by l i fti n g  
o v e r  m o u n ta i n s  



Fro nts a n d  Fro ntal 
Weather 

FRONTS form when a i r  masses co l l ide, for a i r  masses 
do not m ix un less they a re very s im i la r  in temperature 
and moisture content. What usua l ly ha ppens is the forma­
tion of a boundary, or front. The colder a i r  mass pushes 
under the warm one and l ifts it. Then,  if the bound­
ary doesn 't move, the front  becomes stationary. More 
commonly it does move, and one air mass pushes the 
other a long. I f  the co ld mass pushes the warm a i r  back, we 
have a co ld  front;  such a front is pictured above. I f  the 
cold a i r  retreats, warm a i r  push ing over it g ives us  a 
warm front. I n  either case, fronta l weather is either un­
sett led or stormy. Fronts usua l ly  br ing bad weather. 

l 
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Loo k i n g  down on a front (outl i n e d  o rea e n l a rged below).  

FRONT FACTS At the top of this page we are look­
ing down a front. A warm high is to the r ight, a co ld 
h igh at the left. Arrows show tl,e wind directions;  isobar 
l i nes show pressure in m i l l ibars.  At the bottom is a b lock 
v iew of the sa me front. line A-B has the same posit ion in 
each d iagram. Six facts, true of al l  fronts, a re a pparent: 
( 1 )  Fronts form at margins  of h igh-pressure ce l ls .  (2) Fronts 
form on ly between ce l l s  of d ifferent tem peratures. (3) 
Warm air a lways s lopes upwa rd over co ld a i r .  (4) A front 
is found a long a low-pressure trough (few exceptions), so 
pressure drops as the front approaches, rises after it 
passes. (5) Wind near ground a lways sh ifts c lockwise ( in  
the northern hemisphere) as the front passes. (6) A front 
a lways s lopes upward over cold air either a head of o r  to 
the rear of its d i rection of advance. 

cold 
h i g h  

Three-d imensional en largement o f  area outlined above. 

warm 
h i g h  

�� { low-p ressure 

. o trough 
�,� �� B 

· �0 
�' 



Polar front  (dark b l ue  l ine),  shown at left in theoretical  position, often 
breaks through  (r ight). Arrows show wind flow. 

POLAR A N D  EQUATORIAL FRONTS At latitude 
60°, cond it ions a re idea l for a permanent front. Preva i l ing 
wester l ies f rom the southwest ( red a rrows) run into po lar  
easter l ies (b l ue  a rrows) from the northeast. The polar a i r  is 
cold,  the wester l ies relative ly  warm. But the position of the 
polar front that forms is not static. Pressure bu i lds up  near  
the pole,  and the polar  a i r  breaks through to form the 
masses of cP or m P  a i r  that move over North America.  
Weather, especia l ly  in the centra l and eastern states, is 
influenced by movements of this polar front. 

The so-ca l led eq uatoria l front ( intertropica l converg­
ence zone) is  not a true front, for temperatures to the 
north and south a re about the same. But in  late summer 
the zone moves north .  A rea l l i ne of weather  activity may 
then deve lop-which accounts in part for  hu rr icanes. 

The b lack  l i n e  shows the  positio n  of the i ntertropical  convergence zone 
in  February ( l eft) a n d  September (r ig ht).  
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IN WI NTER major fronts form and move d ifferent ly than 
i n  summer.  The d ifference is due to the lower ing of pres­
sure in summer as continents warm up . Winter fronts move 
fa r south; cold po la r  air pushes to F lor ida or  farther. 
Strong wind and temperature differences of land and sea 
push fronts back and forth .  The most active fronts of the 
northern hem isphere form ( 1 )  in northwest pa rts of the 
Pacific, from Aleutian low-pressure troughs, and (2) in 
northwest parts of the Atlant ic, from the Ice land ic  low. 
East of the Rockies, fronts move genera l ly southeastward 
br inging changing weather. 

WINTER 

Dark b lue  l ines are zones of front formation .  



I N  SUMMER major fronts in the northern hemisphere 
form and move l ike those of winter.  But fronts do not move 
so far south .  They are much weaker than winter fronts 
because of the warming and expa nsion of the air by the 
warm continents. He ld back by preva i l i ng  wester l ies, 
summer fronts do not often bu lge down over the southern 
Un ited States .  Maritime tropica l air often swe l l s  far north, 
bath ing most of the Un ited States in  hot, sticky weather. 
When a front does move south, rel ief tends to be short­
l ived, and  the front is soon pushed north again  by mari ­
t ime tropical  a i r. 

SUMMER 

At t h i s  t ime the zones of  format ion a re farther  north . 

8 1  



82 

Th ree-d imensional  view of a ra.pidly moving cold  front_ 

cirrus 

I 
warm a i r  

Actual  slope of a co ld  front (b l ue wedge). left end of b lack  l i ne  i s  

COLD FRONTS wedge their  way under warm a i r  as  they 
advance. The typica l thick wedge of a cold front develops 
as  friction with the ground holds back the bottom of the 
advanc ing mass of cold air .  So the cold air a loft tends to 
p i le  i nto a rounded prow as it advances aga inst warm a i r. 
The long wedge diagram above shows the actua l  s lope.  

I n  the northern hem isphere, ma jor cold fronts usua l ly 
l ie  in a northeast to southwest d i rection and move toward 
the east or  southeast. The reason is a pparent from the 
m a ps on pp.  80-8 1 .  Here a l l  cold, polar air is co lored b lue .  
As the  general  movement is east, the cold a i r  masses ad­
vance i n  that d i rection.  Note that co ld fronts (easter ly 
edges of co ld a i r  masses) are a lmost a lways or iented north­
east to southwest. 

Co ld  fronts usua l ly advance at speeds of about 20 mph 
-faster i n  winter than in  summer, because in  winter the a i r  
is co lder  and  exerts g reater pressure. 

Although the s loping edge of a co ld front may extend 
over several hundred m i les horizonta l ly, the steepness of  
the a dvanc ing edge means that  fronta l weather is l im ited 
to an extremely narrow band (c louds in  the d rawing above 
are greatly exaggerated horizonta l ly). The steep  s lop ing 
edge a l so produces abrupt l ifting of warm a i r, so that  
storms at a co ld front are genera l ly br ief though vio lent .  



Slow-moving cold front l iftin g  stable air .  

a ltostratus 

warm a i r  

1 mi le  above ground-front is on su rface (r ight) 1 00 miles away. 

Weather at s lowly moving co ld fronts differs from 
weather accom panying rapid ly moving fronts.  If the warm 
a i r  is stab le,  n imbostratus c louds wi l l  form a lmost d i rectly 
over the front's contact with the ground, and rain w i l l  fa l l 
through the cold mass after the front has  passed. If the 
cold front i s  weak, neither ra in  nor c louds may form. 

I f  u nstab le  and very humid a i r  is pushed over a s lowly 
moving co ld front, cumu lon imbus  c louds wi l l  form a n d  
thundershowers m a y  fa l l .  But t h e  ch ief rainfa l l  w i l l  be 
through the cold mass after the front has passed. Typica l ly, 
a steady downpour from n i mbostratus c louds at the lower 
leve ls  a lternates with rain in sheets from cumu lon imbus  
c louds  towering a bove. 

Slow-moving cold front l ifti n g  u nstable air .  

cumulon imbus 

cold  a i r  
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SQUALL L I N ES may precede fast-moving co ld  fronts. 
They a re an u nbroken l ine of b lack, ominous c louds, tow­
ering 40,000 ft. or  more into the sky, inc lud ing thunder­
storms of a lmost incredible violence and occasiona l  tor­
nadoes. Such sq ua l l  l i nes are extremely turbu lent, some­
times more so than a typica l hu rricane. They can tea r a 
l ight a irp lane apart and  are avoided by a l l  except radar­
equ ipped p lanes. From the ground, a squa l l  l i n e  looks 
l ike a wa l l  of ro l l i ng, boi l ing,  b lack  fog . Winds sh ift and  
sharpen sudden ly with t he  approach o f  t he  sq u a l l  l ine,  
and  downward-pouring ra in may carry the c loud c lear 
to the ground in sharp, vertica l bands.  Torrentia l ra ins fa l l  
beh ind  t h e  leading edge o f  t h e  sq u a l l  l i ne .  F lash floods 
are common, and dry ravines may become raging tor­
rents with in  m inutes as  run-off water rushes through .  

Sq ua l l  l i nes occur  when  w inds  above a co ld  front, mov­
ing in the same d irection as  the front's advance, prevent 
the l ifting of a warm air mass. This is why l itt l e  bad weather 
occurs r ight at the surface front. But 1 00 to 1 50 m i l es 
a head of the front the strong winds force up  the warm 
a i r  with a lmost explosive vio lence, produc ing the squa l l 
l i ne .  



WEATHER SEQUENC ES within a 
strong co ld front are usua l l y  the 
same. F i rst one notices a sharpen­
ing of winds from the south or  
southwest and  the appeara nce of  
a ltoc u m u l us c louds darken ing the 
horizon to the west or  northwest. 
The barometer begins to fa l l .  

A s  t h e  front approaches, the 
c louds lower and cumu lon imbus 
c louds begi n  to tower overhead. 
Rain spatters down, then increases 
in  intensity. The wind may increase 
and  the barometer fa l l  sti l l  further. 

With the actual passage of the 
front over the observer, the wind 
sh ifts ra pid ly to west or north, b low­
ing in  strong gusts. Sq ua l l - l ike ra ins 
conti nue and the barometer h i ts  its 
lowest read ing .  Passage of the 
front usua l ly r esu l ts i n  fa ir ly rapid 
c learing, but  i n  moist or  mounta i n­
ous reg ions, c u m u l us or stratocumu­
lus  c louds may stay overhead for 
some t ime. The barometer rises 
rapid ly; temperature drops. Winds 
genera l l y  become steady from west 
or northwest. 

After passage of a co ld  front we 
experience for a few days the typi ­
ca l  weather of a h igh (p .  60) . Then 
steadi ly  i ncreas ing c loud iness usu­
a l ly ind icates o n  approach ing 
worm front  (pp .  86-88) .  

�Rising � Barometer 

f"2\Rislng � Barometer 



86 

warm a i r  

J!ilnbostratus 
cold a i r  

Warm front. Warm a i r  rides over co ld  surface a i r .  

WARM FRO NTS are those in  which warm a i r  a dvances, 
replacing co lder air. In the Northern Hemisphere, warm 
fronts occur on the east side of low-pressure ce l l s and a re 
usua l ly  fol lowed by cold fronts as the preva i l i ng wester l ies 
move the low eastwa rd (p. 90). 

The advance of warm fronts, horizonta l ly, is usua l ly at 
about 1 5  mph or  s lower-that is, about half the speed of 
cold fronts. The vertical  s lope between warm and cold a i r  
in a warm front is m uch less steep than in  a co ld front. 
The warm a i r  moves gradua l ly  up  the s lope, without the 
typica l co ld-front bu lge. This is beca use ground  friction 
drags the bottom edge of the retreating cold air in to a 
th in  wedge. 

Warm-front weather extends over an  a rea hundreds of 
m i les in advance of the front l i ne at ground leve l .  Typica l  
c loud  seq uences may be noted 1 ,000 m i les in  advance of 
the front, and often 48 hours in advance of its a rriva l .  
T h e  c louds and precipitation typica l o f  warm fronts de­
velop a long the contact zone of the warm and cold a i r  
above the ground, as shown above. 



cirrus 

Warm front.  Clouds of the stratus type form a s  sta b l e  warm air cl imbs 
u p  a s lope of  cold a i r. 

Stable warm air, l ifted over co ld a i r  as a warm front 
advances, produces stratus-type c louds because the up­
l ift of a i r  is s low and l ittle turbu lence resu lts i n  the stab le  
a ir. As  the a i r  l ifts (see p .  88 for  seq uence observed from 
the ground), it coo ls to produce stratus, n imbostratus, a l to­
stratus, c irrostratus, and  cirrus c louds in  that o rder.  Pre­
c ip itation is heavy at  the beg inn ing  of the l ift, but decreases 
gradua l ly, leaving relatively d ry cirrus c louds  at 20,000 
ft. or h igher .  

U nstable warm air  produces more v io lent  weather.  
Turbu lence is h igh, and the unstable a i r  sets up ascend ­
ing a i r  currents creating cumu lon im bus c louds  a n d  thun­
derstorms ahead of  the front l i ne .  The precipitation is 
therefore spotty, a l ternati ng  between heavy downpour  
and  s low drizzle, wi th  thunderstorms i nterspersed.  

C u m u l o n i m b u s  for m i n g  as unsta b le  w a r m  a i r  r ises u p  s l o p e  of c o l d  a i r. 

a ltocu m u l u s  a n d  c irrus  

cold oir  
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WARM-FRONT WEAT H E R  SE­
QUENCE first d isp lays c irrus 
c louds, which have been l ifted 
fa rthest up the co ld-a ir  s lope.  These 
change into cir rostratus, a n d  be­
come denser as the front a dvances. 
(Circles represent  ba rometer with 
b lack arrow as the needle,  and red 
arrow showing whether pressure 
readings are r is ing or fa l l i ng . )  

If cirrocumu l us c louds ("mackerel 
sky") a ppear, the warm air over­
head is unstab le  and weather de­
scr ibed at the bottom of p.  87 is 
a lmost certain to come, as old­
t ime sa i lors and farmers knew. 

1f the warm air overhead is stab le, 
c i rrus c louds are rep laced by mid­
d le-height a ltostratus ( leaden sky). 
Unstab le  cirrocumu lus  are a l so re­
placed by a ltostratus. Ra in  or snow 
begins as the a ltostratus becomes 
dense, and contin ues unt i l  the front 
has passed.  

Stratocumu lus, n imbostratus, stra­
tus, and-in unstab le  a i r-cumu lo­
n imbus c louds fi n ish the warm-front 
seq uence. But rain fa l l i ng  through 
co ld  a i r  adds to i ts  moisture content, 
producing lower stratus c louds  that 
often obscure h igher  c louds .  The 
skies c lear as the front passes. 



STAT I O N ARY FRONTS are those which move l itt le o r  
not at a l l .  Cond it ions are much l i ke those accompany ing 
a warm front, but are usua l ly  more m i ld .  Stationary fronts 
with ra in  may hang on for days. 

WEAK FRONTS often pass unnoticed except by weather 
men .  Occurr ing when a ir  masses are a lmost ident ica l  i n  
hum id ity a n d  temperature, they a re marked on ly  by  a 
wind sh ift as the weak front passes. Weather men watch 
wea k fron ts for poss ib le  regeneration i n to strong  fronts. 



LIFE H I STORY OF A FRONTAL 
LOW Fronts tend to move 
across the Un ited States in a gen­
era l ly east  or southeast d irection .  
Warm fronts a re  usua l ly  fol lowed 
c lose ly by cold fronts. To under­
stand why, observe the way "ex­
tratropica l "  low-pressure cel ls de­
velop from wave l ike outbreaks 
a long fronta l l i nes. The pictures 
show the deve lopment of a typi­
cal low as it might be seen from 
above. Black l i nes are isobars. 
Purple areas mark precip itation .  

( 1) A fronta l l ine exists at  a 
low-pressure trough between cold 
and warm a i r  masses. (2) Cold air  
begins to push under the warm 
air  at some point, form ing a wave­
l ike pattern at the front. (3) The 
co ld front continues to push back 
the warm a i r  and go under it. 
Warm a i r, pushed from one  side, 
bu lges out at its front  into a low­
pressure area, which increases in 
size as cold air moves away from 
it. So the warm front advances, 
adding to the deve loping wave. 
(4) The cold front  p l unges a head 
about twice as fast as the warm 
front. The low pressure area ex­
pands as  warm air  is forced over 
the low, and the wave forms a 
distinct crest. (5) The co ld  front 



fina l ly  overtakes the warm front, 
l ifting the warm air completely 
off the ground.  {6) Only the low­
pressure ce l l  of counterclockwise­
swir l ing air remains near the sur­
face. The swir l i ng low-pressure 
ce l l  fina l ly  disappears as air pres­
sure eq ua l izes. The new front l i ne  
is estab l ished at the bounda ries 
of the cold and warm air masses. 

The deve lopment and d isa p­
pearance of a low-pressure ce l l  
does not take p lace i n  a stat ion­
ary position .  Wester ly winds move 
the air masses from southwest to 
northeast. So, as a low deve lops 
and a co ld a i r  mass bends a round the tongue of the warm 
air  mass, a warm front moves across the country, fo l l owed 
c losely by a cold front. lowering air pressure and a rapid ly 
dropping barometer precede the warm front with its 
stormy or  genera l l y  bad weather. This i s  fo l lowed by the 
h igher  p ressure of the warm a i r  mass, and a short period 
of clear weather may resu lt . But the adva nc ing cold front 
is not fa r beh ind .  Thus warm fronts, c losely fo l l owed by 
cold fronts, move end lessly over the Un ited States. 

Path of a, loW ceU at It develops 
and moVN eastward. 

9 1  
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warm ai r  

Cold front approach ing a warm front  pr ior  to  occlusion. 

OCC LUDED FRONTS The next-to-last position shown 
for the low on  p.  91 marks the deve lopment of what is 
ca l led an  "occ luded front." This occurs when a co ld  front, 
c lose ly fol lowing a warm front, fina l ly overtakes the 
warm front and l ifts the warm air mass off the ground.  
E i ther the warm front (p. 93,  top) or  the cold front goes 
a loft. The top d rawings on  these two pages show two 
stages in an occl usion as seen in a side view. 

Study these and the diagram of the occ luded front as 
seen from above ( lower position, next page).  In i t ,  the 
purple l i ne  marks the occlusion. The yel low l i ne (A-B) 
shows the situation when the co ld front has not qu ite 
caught up  with the warm front. Conditions on  the ground 
in  this area are shown in  the picture directly above. Warm­
front weather is quickly fol lowed by co ld-front conditions. 
The reddish-brown l ine (C-D) is ly ing across the occ l usion 
itse lf; the p icture at  the top of p. 93 shows cond it ions on  
the g round. This is a low-pressure area; surround ing a i r  
flows i n, equal iz ing the pressure. 



warm a i r  

Occl us ion  occu rs {above) a s  the co l d  f r o n t  overtakes the warm f r o n t  
a n d  l ifts both it  a n d  the a i r  mass off the g r o u n d .  

B e l o w :  d iagram of the occ lus ion as  s e e n  f r o m  a bove. 
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HOW FRONTS A R E  SHOWN ON WEATHER MAPS 
Most weather changes a re brought by fronts.  By check­
ing them i n  newspa per weather maps, you ca n judge the 
k ind of weather that is approach ing and when it wi l l  ar­
rive. Keep in mind that weather i n  the Un ited States moves 
genera l l y  from southwest to northeast. Cold fronts move 
on the average about 20 mph, warm fronts 1 5  mph. Co ld 
fronts are indicated on maps by b l ue l ines o r  l i nes with 
peaks (on the s ide of the l ine toward which the front is 
advancing) .  Warm fronts are shown by red l i nes or l i nes 
with rounded bumps (on the side of the l i ne  of advance) .  
Stat ionary fronts are shown by a lternati ng colors o r  with 
peaks and bumps on opposite s ides of the l ine.  Occ l uded 
fronts a re shown by purp le  l ines or a lternating peaks and 
bumps, both  on the same s ide of the l i ne .  
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FRONTS A N D  FRONTAL WEAT H E R  show prominent ly 
on  weather maps. Above is a wave (p .  90) with both a 
warm and  a cold front. Areas of steady prec ip itation are 
marked in so l id  g reen; i ntermittent  precipitation i n  
hatched g reen.  Note the symbols  for showers � and  thun­
derstorms R. ; a lso the a i r  mass  c lassification in  red and 
b l ue.  
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Sto rms 
Storms are the most dramatic, most dangerous, and most 
feared of a l l  weather phenomena. In addit ion to fronta l 
storms, th ree other we l l -known types occu r-thunder­
storms, tornadoes, and hurr icanes. 

T H U N DERSTORMS represent v io lent vertical  movements 
of a i r. They occur  as a result of strong up l ifting,  sometimes 
bu i ld ing  the c louds to heights in  excess of 75,000 ft. This 
up l ifting  may be due to heating of air by the ground sur­
face (common in  the Midwest and East); the action of a 
co ld  front; or to tem perature d ifferences between l and  
and  ocean (common i n  F lorida and  t he  Southeast states) . 



The map below shows that thunderstorms are most fre­
quent i n  F lorida, the Southeast, the southern Rockies, and 
adjacent Great P la ins.  They occur ch iefly in summer .  
Thunderstorms se ldom occu r  on the West Coast, where 
water- land contrasts in tem perature are lowest. Cumu lus 
c louds represent updrafts; cumu lon imbus ( thunderstorm) 
c louds have both updrafts and downdrafts. Hurricanes 
(pp. 1 04- 1 1 1 ) a re, in  ear ly stages, l ike giant thunder­
storms-with vio lent updrafts and downdrafts. 

J U DGE T H E  DISTANCE OF A T H U N DERSTORM from 
the fact that l ight trave ls at about 1 86,000 m i l es per sec. 
and sound  at about 1 , 1 00 ft. per sec. or  1 m i l e  i n  a 
l itt le less than 5 sec. J udge the d ista nce of a storm by 
t iming how long it takes for thunder to reach you after 
you see the l ightn ing flash.  Count ing " 1 00 1 ,  1 002, 1 003," 
etc. at a normal speed cou nts seconds for you. Another 
aid is to note that cold a ir, ca rried down from the thun­
derhead by rain ,  may flow forward about 3 m i l es i n  front 
of the storm. So a thunderstorm genera l ly  a n nounces its 
approach by a rush of co ld  air that flows down and out 
over the ground a head of the storm itse lf. 

The n u m bers rep· 
rese nt the aver­
age n u m ber  of 
t h u n d e r s t o r m s  
per year .  

THUN DERSTORM DISTRIBUTION 
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T H U N D E R STO R M  D E V E L O P­
MENT takes p lace in three recog­
nizab le stages. 

The cumulus stage i s  the fi rst 
stage that each of the many ce l l s  
of  a thunderstorm undergoes. A 
cumu lus  c loud develops i nto a 
thunderhead when a i r  c urrents in 
it extend to about 25,000 ft. 

The mature stage begins when 
ascending a i r  reaches such a height 
that precip itation occurs (p .  23) .  
I n  the ear l ier stage, a i r  i n  the c loud 
had been warmer  tha n the sur­
rounding air .  But now fa l l i n g  ra in  
and ice crysta ls  cool  the a i r  and 
downdrafts a re created . Note how 
the dotted l ines of equa l tem pera­
ture dip with the downdraft. 

The final stage occurs when 
downdraft areas have increased 
unt i l  the entire c loud is noth ing  but 
sinking a i r  being adiabatica l ly 
warmed. As no a i r  is ascend ing  and 
cool ing,  precipitation becomes 
l ight, then ceases. Steady upper a i r  
winds b low the c loud of ice c rysta ls 
at the top of thunderheads i nto the 
typica l anvi l top. 



LIGHTNI N G  is caused by the at­
traction  of un l ike e lectrica l charges 
with i n  a thundercloud, or  between 
it and the earth.  The earth normal­
ly has a negative charge (a surplus 
of e lectrons as compa red to atmos­
phere). Fr iction of rapidly moving 
ice partic les and rain in a thunder­
cloud "wipes off" e lectrons and 
bui lds up  strong e lectrica l  charges. 

+ 

+ 

Negative charges (shown here by minus  signs) concentrate 
between the 32 ° F  and 0 ° F  leve ls .  The lower part of the 
c loud has positive ( +) zones surrounded by negative 
zones. When e lectrica l pressure becomes h igh  enough, 
charges between parts of c loud or between c loud and 
earth are re leased by l ightning.  F i rst strokes a re with in  
the c loud; 65 per  cent  of  a l l  discharges a re there or be­
tween c louds .  lightn ing to the ground starts wi th  a re la­
tive ly th in " leader" stroke from the c loud, fol lowed imme­
d iately by a heavy return stroke from the ground.  

A s ing le l ightn ing discharge str ikes back and  forth many 
t imes in less than 1 / 1 0  second.  � 1 I 

! ( 

. ; 
Most leaders start from the c loud, 
some from the ground.  A l ightning 
discharge is incredibly powerfu l­
up to 30 m i l l ion  volts at 1 00,000 
amperes-but is of very short dura­
t ion; hence l ightn ing cannot be 
harnessed or  used. But the tota l en­
ergy of a major thunderstorm far 
exceeds that of an  atomic bomb 

Most leaders sta rt from 
c louds; some from ground .  

The sudden tremendous heat 
from l ightn ing  causes the compres­
sion or shock waves that we ca l l  
thunder. 
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Danger  spafs in a sfarm 

Car bady sh ields accupa nfs 

A i rp lane  pa sse n g e rs are safe 

a nten n a  
grounded 

a n tenna not  
g rounded 

LIGHT N I N G  SAFETY l ightn ing 
strikes thousa nds of t imes in  the 
Un ited States each year. Damage 
runs into the m i l l ions, and a bout 
2 1 0  people are k i l led .  But if a few 
elementary precautions are taken,  
the chances of be ing hit  are ex­
ceed ing ly sma l l .  l ightn ing takes the 
path of least resista nce. I t  tends to 
hit the h ighest p laces. Never stand  
under a lone  tree in a n  open fie ld ,  
or fix your  TV an tenna,  du r i ng  a 
thunderstorm.  The mast of a sai l boat 
may attract l ightn ing .  Stay away 
from boats and water dur ing storms. 

I nside your car or i n  a stee l-frame 
bu i ld ing you ' l l  a lways be safe. 
Meta l a i rcraft have often been hit 
by l ightning but seldom with harm 
to occupants, even though there is  
often extensive damage to the 
radio equipment of the p lane.  The 
meta l sk in may be pitted with ho les 
from l ightn ing str ikes. On bu i ld i ngs, 
l ightning rods a l low e lectrons to 
stream off into the air or down into 
the ground and  so ten d  to prevent 
str ikes. I f  struck, rods conduct e lec­
tricity harm lessly to the ground .  TV 
antennas, properly g rounded, 
serve the sa me purpose. Wood 
structu res and trees have high e lec­
trica l  resista nce and are heavi ly 
damaged un less grounded.  
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Nu mber of tornado days per year 
over equal a reas, by states 

TORNADOES are by far the most violent of storms.  
They are wh i r lpools of a i r  of such vio lence that houses 
in their path may fly apa rt l ike matchsticks and even 
ra i l road tra ins  may be l ifted from their tracks. Fortunate­
ly, tornadoes (m isca l led  cyc lones i n  the Midwest) are of 
sma l l  diameter. Their path of destruction rarely extends 
Ya mile to either  s ide of the dipping, twisting, funne l ­
shaped c loud which  marks  the vortex. 

An average of 1 24 tornadoes hit the Un ited States each 
year, and the g reat majority of these str ike in  the lower 
Mississ ippi Va l ley. They resu l t  from a lmost exp losive in­
stab i l ity in the a i r, and they accompany heavy thunder­
storms and u n usua l ly  heavy rains-condition s  typical of 
strong cold fronts and  sq ua l l  l i nes (p.  84). I n  a stu dy of 92 
tornadoes, 72 were found to precede the co ld front at 
an average distance of 1 65 m i les. When the proper condi­
t ions occur,  tornado warn ings are broadcast for a reas 
most l ikely to be affected.  Sometimes tornadoes can be 
spotted and tracked by radar. 
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Mammatocu m u l u s  c louds  fo rm.  Funne l  forms  a s  tornado develops.  

DEVELOPMENT OF A TORNADO is shown in fou r  
stages .  Destructive effects do not come from the forward 
speed of the storm (20 to 40 m ph) but from the whir l ing 
winds wh ich, near the vortex, often exceed 300 mph.  
Tornado winds, the strongest known,  may have a force 
900 times that of a 1 0-m i le  breeze and cause u n be l ievab le  
damage. Extreme low pressure i n  the vortex ca uses c losed 
houses o r  barns  l itera l ly  to explode from the norma l 
pressure of a i r  trapped ins ide as a i r  pressure d rops d ras­
tica l l y  in the vortex. 

F u n n e l  sta rts its  destructive course.  F u n n e l  sucks u p  d u st and debris .  



To rnado can d rive straw i n to tree . Press u re causes  barn to explode.  

Another destructive force is a 1 00- to 200-mph updraft 
at the center of the funne l .  This updraft has sucked houses, 
a n imals, and cars i nto the air and carried them hun dreds 
of feet; it resu lts from the sudden sett ing off of 
the explosive ly unstab le  a ir. Tornados have l ifted 
frogs a n d  fish  from ponds, then d ropped them over pop­
u l ated a reas. Red c lay when so l ifted, m ixed with rain, 
and d ropped to earth has been ca l led  "a ra in  of b lood."  
Over  lakes and seas  the tornado funne l  sometimes l ifts 
water i nto the a i r, creating a waterspout. 

Tornado m o y  "rain" frogs.  Watersp o u t :  tornado over ocea n .  
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The eye of hu rricane Gloria seen from an airplane.  

H U RRICANES ( OR "TYPHOONS" ) are tropica l 
cyc lones. like a l l  cyc lones they are lows. I n  some ways 
they are l ike the "extratropica l "  cyc lones that exist as 
low-pressure ce l l s  a long fronts (p. 90). But hurrica nes 
(with winds of 75 mph or more) are not accompanied by 
fronts and they differ from fronta l "extratropica l "  lows in 
im portant ways.  Far more i ntense than extratropical 
lows, hurr ica nes often have winds of over  1 50 mph. They 
are about one-third as large, averaging 400 mi les in  
d iameter_ They move s lowly, trave l ing in a n  a i r  mass  of 
un iform tem perature rather than between a i r  masses of 
d ifferent tem peratures. Hurricanes a re amazing ly sym­
metr ical ,  the centra l isobars forming a lmost perfect c i rc les .  
Hurr icanes deve lop on ly  over open ocean a reas covered 
by extremely warm moist a i r  masses. They break up soon 
after moving over land.  An interest ing d ifference between 
h urr icanes and extratropical cyclones is the ca lm "eye" 
found in the center of the hurricane (p.  1 08) .  



Hu rricanes general ly form in the areas shown in dork  b lue  and travel 
i n  the di rection  of the red arrows. 

SOURCES A N D  PATHS OF HURRICANES The south­
western part of the North Pacific has more h urr icanes 
(there known as "typhoons") than any other place on 
earth .  These a re born between the Marsh a l l  I s lands and 
the Ph i l ipp ines, and move in  a c lockwise fash ion,  fi rst 
westward toward the Ch ina coast, then northward and 
northeast over  the  Ph i l ipp ines toward Korea and  Japan.  

Rank ing second are the hurricanes ("cyc lones") of the 
South I ndian Ocean.  Some ("Wil ly-Wi l l ies") deve lop north 
of Austra l ia and curve down over the northwest coast. 
More frequent and intense a re those that sweep westward, 
some brush ing Madagascar and Southeast Africa.  

Third in  freq uency are the hurricanes that move over 
the West I ndies. These storms, most of wh ich  orig i nate 
near the bu lg ing  west coast of Africa, cause great damage 
to sh ipping and  to the many is lands in  their  path. These 
are the storms that h it the south and east coasts of the 
Un ited States o r  strike Mexico or Centra l America.  

Of eight reg ions of occurrence, o n ly two, the West 
I ndies and the Mexican West Coast, g ive rise to h urricanes 
that affect the Un ited States .  The latter se ldom str ike the 
continent as far  north as Ca l ifornia .  The map shows the 
eight sources (dark b l ue) and paths ( red ar rows)· of hur­
r icanes of the wor ld.  

., . 
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T H E  B I RTH OF H U RRICANES often occurs in regions 
of contrast ing winds, s im i lar  to those at fronts. These a re 
near,  but not at, the equator, where trade winds meet to 
form the intertropica l convergence zone ( ITCZ). But trop­
ical cyc lones have never occu rred at the equator  itse lf !  
This is beca use cyc lones req uire the twisting forces of the 
earth 's rotation to sta rt them sp inn i ng  (pp.  53-54), and  
there i s  none at the equator. Since the  ITCZ moves north 
of the eq uator i n  sum mer to a reas where the winds  are 
twisted to their r ight, cyc lon ic  swir l s  can be estab l ished.  
And so begins  the season of hu rr icanes that affect the 
Un ited States. 

Another way hu rr icanes form is by the intensification 
of a wave or r ipple i n  the easter ly trade winds .  These 
easter ly  waves a re watched, and when a ship reports 
strong wind speeds in its vic in ity, reconna issa nce a i rcraft 
are  sent to look over the suspected area.  

I n  winter, when the ITCZ in  the At lant ic  Ocean is at the 
equator, hu rr icanes never deve lop on it . However, when 
the zone moves south of the eq uator in  the I nd ian  Ocea n 
and  in pa rt of the South Pacific in winter, the season of 
hu rricanes affect ing the southern hemisphere begins .  
Compare the maps (p .  79) showing the February and Sep­
tember posit ions of the ITCZ with the tab l e  of West I nd ian  
hu rrica nes (be low). 

TOTAL WEST INDIAN HURRICANES BY MONTHS 
OVER A 40-YEAR PERIOD 

May J u n e  J u ly Aug.  

0 1 0  1 3  5 1  

Sept. 

66 

Oct. Nov.  

35 6 

Dec. 

0 



A hurricane is born in a hot moist 
a i r  mass over the ocean .  The cy­
c lonic motion is often started as op­
posing  trade winds whir l  around 
each other .  This can occur on ly 
when the ITCZ is d isp laced from 
the eq uator so that the twisting ef­
fect of earth's rotation can take 
place. The rotating low pushes air 
toward its center, forcing hot moist 
air there to l ift. lifting causes 
moisture to condense. Heat thrown 
off as the moisture condenses (p .  
1 3) furthe r  warms rotating a i r, 
which becomes even l ighter and 
rises more  swiftly. As  more  and 
more moist tropica l sea air  sweeps 
in to replace the rising a ir, more 
and more condensation takes 
place. So air ins ide the storm rises 
faster and faster .  

H u rr icanes are so vio lent be­
cause of the tremendous energy re­
leased by the continuous conden­
sation .  At fi rst the storm is l ike the 
inside of a g iant thunderstorm.  Un­
l i ke  a thunderstorm over land, a 
hurr icane has a n  inexhaustib le  
source of moisture. The heat given 
off by condensation causes the air 
in  the h urricane to rise faster and  
faster .  Surround ing a i r  sweeps i n  
rapid ly unti l  the h urrican e  is a 
giant wheel  of vio lent winds .  

Opposing w inds  make  a i r  whir l .  

Heat of condensation l ifts mass. 

300 miles 
Rise accelerates l ike a ba l loon. 

Co lumn  is fed from sides. 
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Sectio n through  a hurricane, showing eye and  vertica l winds.  

THE EYE OF A HURRICAN E is at the center of the 
storm-a zone of near calm or l ight  breezes, with c lear or 
l ight ly c louded sk ies  overhead. I t  averages about 20 m i les 
in d iameter. Thousands, ignorant of the hurr icane's an­
atomy, have gone out into the ca l m  of the eye, unaware 
that they wou ld  soon be h it  again by the fu l l  m ight  of the 
other  s ide of the hurrica ne. 

The eye may be caused by centrifugal  force acting  on 
winds at the r im of the eye. The centrifuga l force acting 
on a rotating body doub les when the radius of rotation 
is cut in ha lf. As a i r  spira ls in toward the center  of a hu r­
ricane, its centrifuga l  force increases g reatly. The c loudy 
wa l l  of the eye is where the centrifuga l force exactly 
ba lances the pressure forc ing air  inward to the low-pres­
sure center. Fr iction with the ocea n surface s lows down 
the whi r l i ng air and decreases the centrifuga l force. So 
the eye is sma l l  at the surface. A loft, where wind speeds 
are great, the centrifuga l  force is h igher and the eye 
larger and funnel-shaped. 
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Path of a typical h u rricane from birth Ia decay. 
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T H E  L I F E  H I STORY OF A H U RRICAN E can be traced 
from its b i rth as  a tropica l low, through matur ity and to 
decay as an extratropica l cyc lone i n  the westerl ies.  The 
map a bove shows a storm sta rting west of  the Cape Verde 
I s lands as a tropica l  low with winds less than 32 m ph .  
Next w e  fi n d  tropica l storm "Betty" (hurr icanes  a r e  g iven 
women 's n ames) with winds 32 to 73 mph, a pproach ing  
the  Leeward I s lands of  the  West I nd ies. When  n ext re­
ported it is a mature hurr icane with winds over 75 mph ,  
r igh t  over Guadeloupe.  I t  continues westward at 10  to  
12  mph,  passing south of  Puerto Rico a n d  Ha iti. Then  i t  
begins to curve north,  sti l l  at 10 to 12 mph, pass ing over 
Cuba and the Bahamas, but now with winds over 1 25 m p h .  
Betty then curves t o  t h e  northeast, moving  at 30 mph  unt i l  
it h its a col d  front n orth of  Bermuda . Hurr icane Betty in­
duces a wave on the front  and  becomes a n  extratropica l 
low, ending as a storm over the North Sea. Hu rricane 
Betty's path  i s  typica l .  I t  cou ld  have contin ued west to  
h it the  Gu l f  Coast, F lor ida, or  the Atlantic seaboard. 
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Wind blows boats ashore. Waves undermine bu i ld ings. 

DESTRUCTIVEN ESS OF HURRICANES is due to winds 
u p  to 200 mph,  storm waves and t ides, and flash floods 
caused by torrentia l  rains fi l l i ng  rivers t i l l  they overflow 
as the storm moves in land .  

On the  average the  Un ited States is h i t  by h u rricanes 
about twice a year.  About once every three years an un­
usua l l y  severe hurr icane str ikes, leav ing a swath of  de­
struction  50 to 1 00 mi les wide and sometimes hundreds of 
m i les long.  

The v io lent  winds uproot trees, sp l inter frame bu i ld ings, 
s i nk  or damage sh ips, and in combination with the h igh  
tides erode beaches and wash  away shore  insta l lat ions. 

The storm tides with the September 8,  1 900, h urrica ne 
at Ga lveston, Texas, complete ly flooded the c ity. More 
than 6,000 died and property damage was we l l  over 
$20,000,000. 

F lash floods caused the ch ief destruction and g reatest 
n umber of deaths from the 1 955 hu rr icanes that hit the 
eastern seaboard and New Eng land.  



O U R  H URRICANE WAR N I NG SYSTEM was estab­
l ished in  1 938 by joint action of the U.S.  Weather Bureau, 
Air  Force, and the Navy. P reviously, hu rr icanes had struck 
with l itt le o r  no warn ing.  Now reconna issance a i rc raft, 
fu l ly  eq u ipped with radar scopes and weather instru­
ments, a re sent to reconnoiter suspected a reas. When a 
hurr icane is spotted, p lanes fly into the h urricane once 
every 6 hours to measure the i ntensity of  the winds and 
exactly locate the center. Bu l letins every 6 hours forecast 
the probab le  path of the hurr icane and g ive warn ing .  
People have  t ime to  board up the i r  homes  o r  go  to safer 
p laces. Sh ips a t  sea genera l l y  change course to avo id  
t he  storm, and  a i rcraft a re  flown to  safe spots away from 
the coast. F ly ing into the eye of a hurricane, though ex­
tremely rough ,  is not so dangerous as one  might  th ink .  
Desp ite the thousands of fl ig hts made s ince the beg inn ing  
of the program, on ly  three reconna issance a i rc raft have 
been lost in  the period between 1 938 and 1 957. 

The microseismograph i s  a re latively n ew instrument 
that picks up disturbances caused by storms at sea. This 
u ltra-sensitive earthq uake recorder detects h u rr icanes 
ear l ier so that they can be l ocated and tracked by recon­
naissance p lanes. 

1 1 1  
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Weat her F o recasti n g  

Accurate weather forecasting depends o n  the forecaster's 
knowing as  much as possib le  about the tota l state of the 
atmosphere. The U.S. Weather Bureau operates a far­
flung network of stations where such information is col­
l ected and  speedi ly  sent to regiona l  forecast ing centers. 
Observations a re taken hour ly, day and n ight, at some 
400 stations a long the U.S. airways. More complete obser­
vations are made every 6 hours at many of the stations. 
Upper air e lements are sampled by rad iosonde twice 
dai ly at some 50 stations. P i lot ba l loons, measuring the 
upper a i r  winds, a re sent up  four t imes a day at some 1 25 
stations. The Coast Guard, Air Force, Navy, and  Civ i l  

The Un ited States is  covered by  a dense network of stations t hat  report 
the weathe r  for aviation needs. New York C ity and Los Angeles are 
each su rrounded by a dozen stations close at hand .  



Aeronautics Authority cooperate in observing and fore­
cast ing the weather. Over 9,000 cooperative, part-time 
weather stations a lso report to the U.S. Weather Bureau .  

Weather affecting t h e  Un ited States a week or  more 
from now is being born today in a i r  masses over other 
countries and the oceans. A world-wide network of 
weather  stations  (under the Wor ld  Meteorolog ica l Organ­
ization, an agency of  the Un ited Nations) exchanges data 
with the U.S. Weather Bureau. Merchant sh ips radio infor­
mation four  to eight t imes a day while at sea, and a ir­
l iners report weather cond itions encountered in  fl ight. Be­
cause of a l l  this, the U.S. Weather Burea u is ab le  to 
ach ieve better than 85 per cent accuracy in  its 24-hour to 
36-hour forecasts. 

The stations on  this map are those that report upper-air  data. They a l l  
explore w inds  a loft by  sending up  p i l o t  bal loons. Those ma rked by a 
triang le  report, in addition, data obtained by radiosonde.  
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Colder; Snow? 24 hour  forecast 

For Jefferson Coun­
t y :  Colder and in­
creash1g cloudiness 
tonight. \Vednesday 
scattered light rain 
or snow flurries and 

':Z_�.t�� colder. Low to-
'--..:::.=-., night around 4 0 :  
High Wednesday i n  t h e  4 0 s .  I.ow 
Wednesday night low 3 0s. 

FIVE·-DAY FORECAST 
Tem pcratures will a\'crage 4 to 

7 degrees below normal.  Normal 
ma:\imum 54 north to 63 south; 
normal minimum 3 4  north to 40 
south. Colder tonight,  \Vcdncsday 
and Thursday fol lowed by warm­
ing trend o\·er weekend . Precipita­
tion total . 5 0  to I inches;  rain 
south and rain or snow north \iVcd­
ncsday and again ncar week end. 

Deta iled 24-hour  and general five-day forecasts. 

SERVICES OF T H E  U .S. WEATHER BU REAU i nc lude 
24-hour deta i led forecasts, genera l 5-day forecasts, 30-
day genera l outlook, 1 2-hour aviation forecasts (with an  
accuracy of 95  per  cent), reports of  weather conditions 
at over 300 a irports, and specia l bu l letins, weather maps, 
and reports of temperature and prec ipitation.  They issue 
warnings on storms, frost, etc. for farming and industry. 
The 24-hour and  5-day forecasts go by radio or  te letype. 
Newspapers and TV broadcasters use the Weather  Bu­
reau 's weather maps to prepare their s impl ified maps. 

Before taking off, pi lots read reports and forecasts received by tele­
typewriter in the weather b riefi ng rooms. 



D E N  1 5�£ 3 5 �6 0® 1 0 �2 0  2 1 7/ 6 5/ 5 0�� 1 0/03 1/ 
AKO E 4 0® 1 8 0$ 1 5  224/6 3 / 5 5�� 1 0/ 02 9/ B I NOV C NW 
G L D  2 0�E 1 2 � 1 5 220/ 6 q / 5 9�7/ 026 
G CK 2 0�E 7 � 1 5  1 90/ 7 0/ 6 0�2 0/ 0 1 7  
D D C  9 �E 12 � 1 5R - 166/67/6 4 �� 1 8/ 0 0 9  
HL C  E 1 0 � 2 5� 1 5 2 03/68/58 �� 1 4/ 0 1 7 
R S L  40�80�1 50�[ 200® 1 5  1 93 / 7 0/ 5 9v l 0  
HU T  5 0�2 5 0 -®1 5 7 4 ��2 3+28/ 0 03 
S L N  £2 0®120$ 1 5  1 8 0/ 7 4/ 6 1 �� 1 6/0 08 
I CT 6 5IDE2 5 � 1 5  l q ?/ 7 7/63 �22/ 9 9 9/ TW R G  CU S E -W 
T O P  2 0�E 8 0®1 5 1 6 9/ 7 3/ 6 q � 1 0/ 00q 
MK C M2 5® 1 2 � 1 5 16 4/76/6 5 l 2 0/ 002 
S T J  2 2�E8� 1 5 �  72/6 5 l l 2/003/�V® B I N OV C  NW 
OFK 2 5 0-® 1 5 +  22 7/ 6 2/ 4 6 � 1 3  

A Teletype weather report for pi lots. 

For a i r  safety, major a i rports have stations  operated by 
the Civi l  Aerona utics Authority or  U.S. Weather Bureau 
to g ive pi lots complete information .  Te letype reports l ike 
that shown at the top of the page and decoded at the 
bottom are ava i lable.  Whi le in  fl ight  the pi lot "receives 
weather reports and forecasts every half hour,  and ca n 
req uest information at any time. The growth of private 
and commercia l aviation has been paced by the growth 
of the U.S .  Weather Bureau service, which has made safe 
flying poss ib le .  

Fol lowing i s  a n  in terp retation of the fifth l ine of the Teletype at the  
top  of the  page :  

DOC Reporting  statio n  Dodge City, Kans. 
90 (1) Scattered c louds at 9000 ft. 
E 1 20 E9 Cloud cei l ing at a n  estimated height of 1 2,000 ft. 
1 5  Visib i l ity 1 5  mi les 
R· Weather: l ight  rain 
1 66 Barometric pressure:  1 0 1 6.6 mi l l ibars 
67 Temperatu re i n  degrees Fahrenheit 
64 Dew point i n  degrees Fahrenheit 
�· 1 8  Wind: north-northeast at 18 mi les per hour 
009 Altimeter setting of 30.09 inches 
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LATE CITY EDITION 
Condensat ion  of 

U . S .  Weather B u reau Forecast 
Rain and cooler today; clear­
ing and colder tonight. Fair, 
cold tomorrow. 

Tem perature ran ge today : 48- 4 1  
Tem perature range yesterday :49 .6 -40.2 

Not a coincidence. large stores retain private forecasting services to 
know in advance which merchand ise to feature. 

PRIVATE AND I N DUSTRIAL METEOROLOGISTS 
supplement the work of government weathermen and sup­
ply a g reat variety of weather forecasting services. If a 
department store is a l l  set to advertise spring c lothes and 
a consult ing forecaster advises that three days of ra in and 
coo l  weather are ahead, the ads are changed to  se l l  rain­
wear and cool weather c lothing. If  a meteoro logist em­
p loyed by a large New York bakery advises that tomor­
row's weather w i l l  be rainy, the bakery del ivers the bu lk  
of its products to  downtown stores, knowing that  house­
wives wi l l  delay their shopping in the suburbs and ca l l  
their husbands t o  "pick up  a loaf o f  bread"  near their 
office. The dairy company makes more ice cream when 
advised of warm weather. The coat manufacturer makes 
topcoats instead of overcoats on learning of a m i ld  winter 
ahead; the rainwear manufacturer makes rubbers instead 
of boots. The drug manufacturer makes more co ld rem­
edies because more people  catch colds in  the changeable 
weather of a "mi ld"  winter. Mi l l ions of do l lars a re saved 
annua l ly  through these services. 



PRIVATE METEOROLOGY is widespread in todoy's 
complex affairs. Most a i r l i nes employ their own meteor­
olog ists, who work out complete deta i l s  of the weather 
that p i lots w i l l  encounter on their fl ights over the U.S. or 
abroad. Motion picture compan ies save m i l l ions  of do l lars 
by arranging their  schedu le  of outdoor shooting on the 
bas is  of c lear-day predictions of their meteorologists. Some 
meteoro logists hove fu l l -t ime jobs with major  uti l i ty com­
pon ies. Their predictions of cool and worm weather and 
bright and dul l  days enable the compa n ies to pump gas 
and generate e lectric ity according to the need. 

Private and commercia l  meteorolog ists get their basic 
data from the U.S. Weather Bureau.  This agency makes 
the observations, draws the mops, and issues the genera l  
information from wh ich specia l  forecasts c o n  b e  mode for 
spec ia l  purposes. Basic to a l l  forecast ing is the co l lection 
of data throughout the Un ited States and other ports of 
the world, the coding of these data for transm iss ion, and  
the  preparation of  basic weather mops. 

Many a irl ines have their own staff meteorologists, who help pi lots avoid 
storms by predicting where and when they wil l  occur. 



radiosonde 
transm itter 
and receive r 

COLLECTI NG T H E  DATA bas ic  
to accu rate forecast ing req uires the 
use of instruments.  Unt i l  the inven­
t ion of such instruments, our  knowl­
edge of  the atmosphere was l im ited 
to genera l ideas d isti l l ed from gen­
erations  of fo lk wisdom. Farmers, 
h unters, and sa i lors were a lways in ­
terested i n  weather. The i r  ru les  of  
thumb (pp.  1 42- 1 43) genera l ly  he ld  
a good dea l of truth.  

But with the invent ion of the ba­
rometer and  thermometer and other 
measur ing instruments, accurate ob­
servat ion was made possib le  a n d  the 
science of meteorology was born .  
The advent of te legraphy and the 
world-wide sta ndardization of t ime 
zones based on  Greenwich Civi l  
T ime made poss ib le the co l lect ion 
of these data at centra l points .  The 
next step was ana lysis and prepara­
t ion of weather maps for the entire 
wor ld  that showed the cond it ions of 
the atmosphere with fair accuracy. 
I t  is  now possib le  to prepare weather 
maps showing s imu ltaneous wor ld­
wide condit ions every 6 hours of the 
day and  night .  U pper-air  cha rts can 
be prepared every 1 2  hours.  

Deta i l s  on modern weather instru­
ments fol low-but the teletype, ra­
dio, and the internationa l  coopera­
t ion of scientists are essent ia l  a lso . 



PRESSURE MEASUREMENTS are essentia l for the 
plotting of isobars ( l i nes of equal pressure) over the earth, 
and for determin ing posit ions and movements of fronts. 
As pressure at mounta in  tops is less than at sea level,  re­
gard less of positions of highs and lows, al l  pressure read­
ings a re converted to what they wou ld  be if readings were 
taken at sea leve l .  This a l lows accurate mapping of pres­
sure patterns anywhere in the world .  

Pressure is measured by two types of barometers. The 
mercuria l barometer is used by most weather stations. 
I t  is a g lass tube c losed at the top and fi l led with mercury. 
The mercury co lumn is supported by the pressure of the 
a i r, being high i n  the tube when air  p ressure is high and 
lower as air pressure decreases. The reading is converted 
into m i l l i bars.  

The aneroid (no fl uid) barometer is a corrugated meta l 
conta iner  from which the a i r  has been removed. The cor­
rugations and a spring ins ide prevent a i r  pressure from 
col laps ing it com pletely. As a i r  pressure increases, the 
top of the box bends in;  as pressure decreases, the top 
bows out. Gears and levers transmit these changes to a 
pointer on a dia l .  

M E R C U R I A L  B A R O M E T E R  

3 1 -
30 -

closed end 

vacuu m  

mercury 

A N E R O I D  B A R O M E T E R  

A i r  pressure 

open pushes against 

end mercu ry at open 
end. High pres­
sure forces mer­
cury up closed 

?-� 1 

I
O 1

1 n�:easing air 
pressure push es 
top af vacuu m  

end - low pressure 
lets it drop. 

lever 
box down. Th is 
pu l l s  down at­
tached lever a n d  

· works gears 
which move 
pointer over d ia l .  
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record ing barometer or barograph 

aneroid barometer 

mercur ia l  
barometer 

WEATHER STATION MERCURIAL BA­
ROMETERS are precision-made and ac­
curate to 1 / 1 000 inch .  They respond to 
changes in temperature as we l l  as  pres­
sure, because the mercury co lumn  itself ex­
pands with heat. Th is is corrected by adjust­
ing the level of a pooi of mercury at the 
base of the tube. H igh accuracy in  reading 
is made poss ib le by a s l id ing vernier .  The 
observer reads the mercury he ight  a long 
etched l ines on the vernier.  

Aneroid barometers are not as accurate 
but have important uses. One, not re lated 
to weather, is their use as an  a lt imeter. The 
dial is marked in  feet, and as a p i lot fl ies 
upward, the pointer gives his a ltitude 
above sea leve l .  An aneroid barometer 
can be arranged a lso so that changes in 
pressure a re recorded on a paper-covered 
rotating drum. Most weather stations have 
such a recording aneroid barometer, or 
barogra ph. 



T E M P E R AT U R E  R E A D I N G S  
above -38 ° F  a re taken with mer­
curia l thermometers (mercury 
freezes at -38 °F) .  Alcohol  ther­
mometers are used below -38 °F .  
(Alcoho l  freezes at - 1 79°F  . ) Mini­
mum thermometers record low­
est temperatures. Surface tension of 
a lcohol keeps a sma l l  s l id ing g lass 
index a lways at the surface level 
of the alcohol  as it contracts with 
fa l l i ng  tem perature. When the a l ­
cohol rises in  the tube  as tempera­
ture goes up< the index remains at 
the lowest position,  indicating the 
min imum tem perature reached. 
Maxi mum thermometers, l ike 
a doctor's thermometer, have a con­
striction in  the mercury tube. As 
temperature rises, the mercury ex­
pands through the constriction .  As 
temperature fa l ls, the constriction 
keeps the mercury from runn ing 
back. A Thermograph, or  re­
cord ing thermometer, has a Bour­
don tube fi l led with alcohol. I t  
flexes as  temperature changes. 

thermograph 

mercurial  
thermometer 

index 

a lcohol 

index 

Max. and min .  
thermometer 

constriction 

mercury 
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s l i n g  
psychrometer 

Hyg rog raph records data o n  movi n g  paper. 

RELATIVE HUMI DITY is measured with a psychrometer, 
consist ing of two thermometers. One is a regu la r  mercury 
thermometer. The other, a wet bu lb  thermometer, has a 
mus l in  wick over its bu lb .  The end is d ipped into water 
before a reading is taken. These thermometers a re whir led 
before the psychrometer is read. Eva poration from the 
musl in wick lowers the temperature of the wet bulb ther­
mometer. In dry a i r, there is more evaporation and there­
fore more cool ing than i n  moist air; hence the difference 
i n  temperatures shown by the two thermometers ind icates 
the relative humidity (p. 1 2 ), which is read from a table .  
There are severa l types of psychrometers; they d iffer 
main ly i n  the means for evaporating water from the wet 
bu lb .  

Hygrographs are  instruments for  recording relative 
humidity. They work l ike thermographs, except that the 
h u mid ity e lement consists of a sheaf of b londe h uman 
ha i rs treated to remove the oi l .  As the relative h u midity 
increases, the hairs increase in length and operate the 
recording mechanism. Knowledge of relative humid ity is 
im porta nt in predict ing precipitation and ic ing conditions, 
which can force a plane down . 



MEASURING PRECI PITATION is 
extremely important. The amount 
of annua l  rainfa l l  and i ts  seasona l  
d istribution in a loca l ity determine 
the kinds of farm ing that a re prac­
ticable,  and may affect the whole 
pattern of l iv ing.  The U.S. Weather 
Bureau keeps accurate records of 
precipitation throughout the coun­
try. 

Rain gauges a re of severa l types 
and measure not on ly ra i n  but a l l  
other forms o f  precipitat ion.  Tip­
ping bucket gages have a divided 
bucket ba lanced so that one side 
fi l ls, then tips its water into a con­
ta iner and a l lows the other side to 
fi l l .  The gauge is so precisely bal-
an.ced that 1 / 1 00 in. of ra in  tips the R E C O R D I N G  RA I N  G A U G E  

bucket each t ime. A s  t h e  bucket (hous ing removed) 

tips, it sends an e lectric s ignal  to a 
recording drum inside the weather 
station .  later the station observer 
measures the water which ran i nto 
the conta iner  as a check on the re­
cording's accuracy. Another type 
of record ing rain gauge continu ­
ous ly  weighs the water and  records 
that weight directly on a graph as 
inches of rainfa l l .  "One inch of rain­
fa l l "  is a way of saying  that on 
level ground a layer of ra in  one 
inch deep wou ld  remain if none of 
the water ran off or seeped into 
the ground. 
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Aerovane indicator 

Aerovan e  
transmitter 

W I N D  SPEED AND WIND DI RECTION I N DICATORS 
show intensity and direction of air movements. Sudden 
sh ifts in  wind d i rection mark the passage of fronts. Pre­
cise data on wind d irection and speed are determ ined 
by a variety of wind vanes and by various types of 
anemometers, usua l ly  recording types which a utomatica l ly  
set  down a conti n uous record. 

One of the most commonly used instruments is the 
quadruple recorder, or  station meteorograph, which is 
connected e lectrica l ly to a wind vane, anemometer, ra i n  
gauge, and a device that records sunshine duration. The 
anemometer part has three cups, which catch the wind 
and rotate. Gears and e lectrica l connections transmit the 
wind speed to a d ia l  for  direct reading and to the record­
ing graph .  The Aerovane is like a sma l l  a i rp lane without 
wings; the nose turns into the wind, showing wind direc­
tion, and  the whir l ing prope l ler g ives wind speed in m i les 

· per hour.  

1 24 

Accurate information on wind di rection and speed he lps 
meteoro log ists to chart the posit ions of h ighs  and lows 
(pressure readings provide the basic data for such charts). 

station meteorograph or 
q uad ruple recorder 



Beaufort Wind Scale I n  1 805 Admira l  Bea ufort of 
the British Navy deve loped a sca le to estimate wind 
speeds f rom their  effect on  the  sa i l s .  H i s  tab le  is g iven 
be low, mod ified for use on  land .  Bea ufort number 3, for 
example, with winds of 7 to 1 0  knots (a knot is 1 . 1 5  m i les 
per hour), is a gent le breeze that prod uces consta nt but 
l ight  motion of twigs and l eaves. 

Today, by internationa l  agreement, a l l  reports for use 
i n  p lotting weather maps use knots. Winds a re recorded 
on  the weather map to the nearest 5 knots. 

ESTIMATING WI NDS ON THE BEAUFORT SCALE 
Bea ufort m p h  

Description Observation 
Symbols o n  

n u mber k n ots weather m a p s  

0 � ca lm 
smoke rises @ ca lm 1 vertica l ly  

1 � l i g h t  s m o k e  d rifts @ ca l m  3 a i r  s lowly 

2 � s l ight  leaves \ 5 knots 6 breeze rustle 

3 � gent le  leaves  a n d  \ 1 0  k n ots 
0 breeze twigs  in  motion 

4 � moderate smal l  branches \� 1 5  k n ots 6 breeze move 

5 � fresh sma l l  trees \\ 20 knots 1 breeze sway 

6 � stron g  l a rge branches  \\{5 k nots 7 breeze sway 

7 � moderate whole  trees �\30 k n ots 
3 g a l e  i n  motion 

8 � fresh twigs  break \\\�5 knots 
0 q a l e  off trees 

9 � strong branches �\�5 knots 7 a a l e  brea k 

1 0  � whole  trees s n a p  and .. 50 knots 5 a a l e  are b l own down 

1 1  � storm 
widesprea d � 60 k n ots 56 63 dama·ge 

1 2  � h u rrica ne 
extreme �70 k nots 1 damaae 



Releasing cei l ing bal loon 

Using c l inometer ( left) and 
cei l ing l ight projector 

MEASURING C E I L I NG H E I GHT 
(the a ltitude of the base of c louds 
which are below 1 0,000 ft. and  
cover more than  ha lf o f  the sky) is  
of particu lar  importance to a i r  safe­
ty. Experienced observers, knowing 
c loud types, can estimate the cei l­
ing to within 1 00 ft .  for low c louds, 

· and with in  ·1 ,000 ft. for m idd le  and  
h igh c louds. Station reports often 
g ive "estimated" c loud he ights and 
cei l ing.  

C loud and ce i l i ng height are 
a lso measured in  severa l  ways.  Air­
craft fly to c loud levels and  check 
a lt imeter readings.  Ce i l i ng  bal loons 
a re inflated to r ise at a fixed rate, 
and the time it takes them to dis­
appear into the c loud base ind i ­
cates the height  of the c louds .  

A cl inometer and a ce i l ing 
l ight projector a re used to measure 
cei l ing height at n ight. The observ­
er stands 1 ,000 ft. from the projec­
tor and observes the br ight  spot re­
flected from c louds through  the 
c l i nometer. He reads the angle on 
the index of the c l i nometer, then 
checks a table to get the ce i l ing 
height. At large airports a photo­
e lectric cel l ,  wh ich  rotates verti­
cally through a 90° arc wh i le  a imed 
at a vertica l beam of l ight, makes 
these measurements a utomatica l ly.  



SUNSH I N E  DURATION TRANS­
MITTERS are used to record the 
duration of sunsh ine each day. This, 
l i ke the precipitation for a region, 
is important  for agr icu l ture, indus­
try, and resort areas. The transm it­
ter has a "b lack bu lb"  conta in ing 
mercury and a sea led a i r  space 
above it. When the sun sh ines, the 
black bu lb  is q u ick ly heated and S U N S H I N E  T R A N S M I TT E R  

t he  a i r  expands, pushing mercury 
up the tube and  making an e lectric contact. The re­
sult ing e lectric s igna l  makes a mark on  a rotating graph 
paper. When c louds cover the sun, the bu lb cools rapidly 
and  the mercury drops, breaking the e lectrica l 'contact. 

OBSERVING W I N DS ALOFT is important to aviation 
and i n  prepar ing upper- level maps for  forecast ing .  These 
winds are observed either by radar or  by use of pi lot  
ba l loons  and a theodo l ite s imi lar  to the surveyor:s i nstru ­
ment. Accurate scales measure the  ang le  of  the bal loon 
with the g round and  i ts  d i rection from the station .  Speed 
and  d i rection of winds at var ious leve ls are easi ly com­
puted from these observations. 

Theodol ite ond pi lot bal loon help keep track of winds a loft. 
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Radiosonde receiver (left) and transmitter (right). 

RADIOSONDE MEASUREMENT OF UPPER AIR i s  one 
of  the more recent and most accurate means of  fi n ding the 
temperature, pressure, and  humidity at various heights i n  
t he  atmosphere. There a re  several types, bu t  most common 
is  the "modu lated audio-frequency system,"  involving a 
tiny radio transmitter that broadcasts a specia l frequency 
radio wave. Attached to this transm itter is a sma l l  but com­
p l icated set of measur ing instruments which automatica l ly 
convert d ata on temperature, pressure, and  humid ity into 
e lectrica l impu lses, which are sent by the transm itter to 
a receiving and recording set on the ground . 

Radiosondes a re sent up on specia l  ba l loons twice dai ly 
by U .  S. Weather Bureau stations. They sometimes reach 
heig hts of over 1 00,000 ft. One kind, the dropsonde, is 
released on a parach ute from airplanes flying 20,000 ft. 
above ocean areas. 



On radar, d istant storm ( left) is overhead 4 hours later (right). 

RADAR EQ U I PMENT has come into prominent use in 
weather observation and forecasting work.  Designed pri­
mari ly to track the course of storms ( inc luding hurricanes), 
some forms of radar are carried on a irp lanes and  enable 
pi lots to go around storms or to p ick the i r  way through 
them by avoiding the most turbulent a reas (p .  1 1 1  ) . 

Below is a typica l weather station radar eq uipment 
set-up. A rotating antenna constant ly scans the skies. Radar 
beams shoot out at the speed of l ight, are reflected from 
precipitation cel ls in  c louds, and return to the receiving 
part of the antenna.  The receiver converts the beam to 
e lectrica l impu lses which show up on a screen much as  in  
a television receiver 

Screen ( left) shows information col lected by rotati ng anten na (right). 
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Weather M a ps 

W EATHER MAPS summarize a l l  the data sent to the 
centra l stations. Two kinds of maps are made:  surface 
charts and upper air charts. 

Surface charts p lot the fol lowing for each stat ion:  wind 
d i rection and  speed, pressure, tem perature, dew point, 
v is ib i l ity, current weather (rain,  snow, fog, etc . ) ,  the 
amount and  types of c louds and their  heights, pressure 
changes in the past 3 hou rs, weather i n  the past 6 hours, 
and the amount  and kind of precipitation .  A l l  this is shown 
by symbols  i n  a space easi ly covered by a d ime .  

Once the data are plotted, the  charts are ana lyzed by 
forecast ing experts, who draw isobars to  show l ines of 
equa l  pressure. Then they mark the posit ions of fronts 
and show precipitation a reas. From these ana lyzed charts, 
the forecasters prepare forecasts and weather bu l letins. 
The methods of making forecasts are exp la ined on  pp. 
1 34- 1 46. 

. 

To understand forecasting methods, learn how to read 
the synoptic or general surface weather maps. Officia l 
Weather Bureau maps, sent dai ly, can be purchased for 
60 cents a month or $7.20 a year from Superintendent of 
Documents, Wash ington 25, D.  C .  Newspaper weather 
ma ps a re not so comp lete but g ive you data a day a head 
of officia l  maps. 

On this U.  S. Weather Bureau map, shaded a reas show 
precipitation .  Look for the isobars and  for the fronts. Note 
the h ighs  a n d  lows and the symbols  for a i r  masses (mP  over 
Wash ington and mT on the Texas Gu lf). Symbols  for sta­
t ion data a re shown at the bottom of the page. On the 
backs of the Dai ly Weather Maps there appear, at inter­
vals ,  a summary of weather symbols, ana lyses of u n usua l  
weather, a n d  other genera l  information. 
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DAI LY T EMPERATURE A N D  PREC I PITAT I O N  MAPS 
a lso appear as part of the Weather Bureau's da i ly  weather 
map. Spec ia l  reports appear when needed, making this 
tota l service an outsta nding he lp  in checking the weather. 

PRECIPITATION AREAS AND AMOUNTS 



N EWSPAPER WEATHER MAPS va ry in deta i l .  Some 
(as above) provide considerab le data and fol low the 
Weather Bureau pattern. Others (as below) are s impl ified.  

Night 
Shew Low Tcmpero'u'•' 
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FORECAST I NG FROM A SINGLE WEATHER MAP 
is  not difficu lt, a lthough accuracy is l im ited to about 6 to 1 2  
hours .  Use good newspaper maps or Weather Bureau 
dai ly  maps.  Short-range forecasts are based on the pr in­
c ip le of persistence, which assumes, for exam ple, that a 
front moving at 20 mph wi l l  continue at that rate with the 
same weather accompanying i t ,  and that a stationary h igh 
wi l l  remain stationary. This pr inc ip le is usua l ly fo l lowed 
by expert forecasters. It genera l ly  works, though loca l 
conditions sometimes throw such predictions off. 

Study the weather map below. For s impl ic ity, on ly  front­
al positions are shown, with a precipitation area ahead 
of the warm front l ine. If you l ive at Dayton, Oh io, you 
know the cold front is 80 m i les west, and moving at 20 mph .  
The front shou ld  pass Dayton in 4 hours. Your forecast? 
"Ra in  showers at about 2 p. m .-coo ler  ton ight  and  to­
morrow."  

The  mak ing  of a short-ra nge forecast. I t  is now 10  AM;  a cold  front, 
still 80 miles from Dayton, i s  moving east at 20 mph. What is the fore· 
cast for Dayton? 



LIMITATIONS OF THE PERSISTENCE METHOD l ie  
in  the fact that many things can change a weather pattern.  
As the co ld front (p . 1 34) approaches the Appa lachians, 
portions may be s lowed, a i r  may be l ifted s lowly here and  
rapid ly there, day  and n ight wi l l  affect a i r-mass charac­
teristics, and so forth .  An experienced and tra ined fore­
caster can accurately estimate these th ings. A beg inner  
cannot-so keep records and gain experience. 

THE CONTI N U ITY METHOD OF FORECASTING is 
the persistence method with modifications. It can be used 
with fa i r  accuracy for periods greater than 12 hours. You 
can make cont inu ity forecasts by inte l l igent use of weather 
maps. The map below, and those on the next th ree pages, 
w i l l  show you the method. Monday's map, below, shows 
a wave centered in  Colorado with a cold front extending 
southwest out of  the low, and a warm front  extending 
southeast. Ra in  showers l ie a long the cold front and  a 
steady rain is fa l l ing ahead of the warm front. (See pp. 
77-95 on  fronts and their  accompanying weather. )  



COMPARISON OF DAILY WEATHER MAPS shows 
how fronts and the genera l weather pattern move and 
change .  Compare Tuesday's map be low with Monday's 
on the preced ing ·  page. The wave center has now moved 
to south centra l Nebraska, with the fronts extending out 
in much the same fashion as on Monday. But the warm 
sector of the wave (south of the wave center, or crest, 
connecting the two fronts) has become narrower. The a rea 
of precipitation ahead of the warm front sector has be­
come much wider a nd, of course, the entire pattern has 
moved. Carefu l  measurement, using the map sca le at the 
bottom, shows that the crest of the wave has moved about 
300 m i les eastward. 

Wednesday's map at the top of the next page shows 
that the low center has moved to northwestern I l l inois. 
The cold a ir mass has overtaken the warm air mass and  
formed a n  occ luded front (pp .  92-93) that  extends from 
the low center to the southern tip of I l l i nois. Precipitation 
is much the same as before, except that steady ra in  now 
extends over the top of the occ l usion.  
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500 mi les I 
Tuesday 



Wednesday 

MAKE YOUR FORECAST by placing a b lank ma p 
over the Monday, Tuesday, and Wednesday maps on the 
previous pages and trac ing the fronta l positions from 
them. Next d raw arrows con necting the point of the wave 
for each day. Notice that the arrow connecting Tuesday 
and Wednesday points more northward than the fi rst a r­
row connecting Monday and Tuesday posit ions. 

Forecast for  Thu rsday 
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To get the Thursday position of the t ip of the occ lusion, 
draw a dashed arrow pointing s l ight ly more to the north 
but about the same  length as the Tuesday-to-Wednesday 
arrow. The dashed arrow is to remind you that th is  is 
Wednesday and that you are making a forecast for Thurs­
day. Now make arrows for the co ld a n d  warm fronts in  
the same way (refer to  map at bottom of  p . 1 37). Make 
sure the arrows for the fronts are perpendicu lar  to the 
fronts. Next make broken forecast arrows for the fronts 
and draw your weather map for Thursday-on Wednes­
day. Be sure to draw in the precipitation belt the sa me as 
it was a long the previous day's fronts. 

The path of the point or crest of the wave on fronts (as 
on preceding maps) fol lows what is ca l led a storm track. 
This  is the path of bad weather. A knowledge of storm 
tracks w i l l  help you improve your  forecasts. By fitt ing the 
path of the low crest from your forecast map to the storm 
track map below, a prediction for a period longer than 
24 hours can be made. 

I f  you systematica l ly fol low the weather maps and ob­
serve your loca l weather area, you shou ld  be able to 
make exce l lent  short-range forecasts after a year or  two 
of experience. A tra ined meteoro log ist, knowing the prin­
c ip les of loca l i n fl uences on weather, can make good loca l 
area forecasts with in  a week or so in a new area. 

Storm tracks. The a r­
rows show the paths 
which low cells gener­
al ly follow over the 
United States. The 
tracks are more wide· 
ly sepa rated in winter 
than in summer.  



upper air 
w i nd flow 

upper a i r  
contour ./l surface fronts 

- forecast of surface front 

UPPER A I R  PATTERNS AFFECT FORECASTS Al­
though storms usua l ly fol low the storm tracks shown at the 
bottom of p.  1 38, they are sometimes thrown off by pat­
terns of a i r  flow in the upper a i r .  The picture a bove shows 
how this happens. The green l i nes (contours) show the 
pressure pattern and the b lack arrows show wind d i rection 
of  the upper air .  Note the position of  the upper  a i r  "c losed 
low" cel l-a complete low cel l with the usual counter­
c lockwise a i r  rotat ion. I t  is h igh  above the ground and is 
northwest of the surface low which l ies at the crest of the 
wave formed at the fronta l l i nes-convention a l ly shown in  
b l ue and  red.  

Were it not for  the c losed low cel l i n  the a i r  far  above 
the earth, the surface low would probab ly  fol low the 
storm track marked A in  the map at the bottom of p. 1 38. 
But the low-pressure center in the upper a i r  "steers" the 
surface low north, resu lt ing in  the forecast pa1tern shown 
in  purple, wh ich  represents the warm sector. 
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- upper air  
L�contour 

� surface fronts 

forecast of surface low 

T H E  MAP ot the top of this poge shows how d ifferently 
o surface low wil l  move if the upper oir does not conta in  
o c losed low-pressure ce l l  neor  it. 

The surface situation is identica l with thot shown on  
the  mop on p .  1 39. But  there is no c losed low ce l l  i n  the  
upper o i r  pressure pattern shown by the g reen contours 
ond block a rrows. The oir just above the surface low 
(marked i n  red ot  the t ip of the fronta l crest) is sweeping 
strong ly to the northeast (wind in  upper o i r  fol lows con­
tours-see p. 65) .  So the upper o i r  wi l l  steer the surface 
low di rectly ond rapidly to the northeast, resu l t ing i n  the 
forecast pattern shown i n  purple. The low has moved a 
d istance of 900 m i les as compared to a movement of 
about 500 m i les when the c losed ce l l  (p .  1 39) was present. 

Upper air  patterns are extremely important to accurate 
forecasti ng by the continu ity method, but are not printed 
in newspapers. They ore pr inted dai ly i n  the U.S.  Weather 
Bureau mops (see p .  1 4 1 )  and you should study them for 
most occurote forecasting.  



CONSTANT PRESSURE MAPS of the upper a i r  have 
contour  l ines showing a ltitude, not p ressure. Solid l ines 
show the he ight a bove sea leve l at which the a i r  pres­
sure is 500 m i l l ibars .  The standard height  of the 500-
mi l l ibar level  is 1 8,280 feet-but it can vary from 1 5,800 
to 1 9,400 on a s ing le  chart. Note on  this map that these 
heights a re lowest in  the north and h ighest in  the south . 
Two upper a ir l ows exist in the far north and  northwest; a 
h ig h l ies over the Southwest. Dashed l ines show centigrade 
temperature. Arrows show the wind. 
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MAK I N G  YOUR OWN FORECASTS FROM OBSER­
VATIONS Pages 1 1 2- 1 4 1 exp la in  how professional 
forecasters do the ir  work and how you can do a reason­
able job using good surface weather maps and upper a i r  
pressure charts-after a year or so of experience. I t  is 
poss ib le to make fa i r-to-middl ing forecasts based on 
"weather s igns," barometer, and weather-va ne readings. 
If you use these th ings p lus weather maps and a carefu l 
reading of the preceding sections of the book, you shou ld 
be ab le  to forecast your loca l weather with accuracy. 
However, it is the cooperative reports from hundreds of 
stations that make modern weather forecasts possib le. 

Most weather lore comes from farmers, h unters, and 
sa i lors-people most concerned with the weather. Many 
weather sayings have some truth in  them-for wisdom 
accum u lated as  people  gained experience, even before 
the reasons behind the facts were d iscovered. The say­
ing "A r ing around  the moon means  ra i n "  is true 40 to 80 
per cent of the t ime, depending on location, how the 
pressure is changing, the d i rection the c louds a re moving, 
etc. If you use this rule modify it to: " If  pressure is fa l l ing 
rapid ly, a r ing around the moon means rain i n  1 8  to 48 
hours, about 75 per cent of the t ime." 

. .  A r ing around the moon means  rain"-sometimes! 



WEATHER SIGNS have some prediction value if you 
know the atmospheric conditions they ind icate. Here a re 
the background facts for understand ing what some 
weather s igns mean .  If you can expla in  these general 
ru les-of-thumb in terms of more scientific meteorology, 
they wi l l  be of use to you. 

I t  is interesting  to col lect loca l weather s igns and lore. 
If you can ta l k  with "o ld-timers" long resident in your 
reg ion, see what they have to say. Then examine these 
bel iefs i n  the l ight  of present-day meteor�logy. 

Weather will genera l ly remain fair when: 
The wind blows gently from west o r  northwest (p.  66). 
Barometer remains steady or rises (pp. 85-88) .  
C u m u l us c louds dot the summer sky in  the afternoon (p .  20) .  
Morning fog breaks or "bu rns off" by noon (evidence of c lear sky 

above) . 

Rainy weather or snow may come when: 
Cirrus clouds thicken and are fol lowed by lower c louds (p. 88) .  (Par­

ticu lar ly true if ba rometer is d ropping.)  
There i s  a r ing around the moon (pp. 17 & 88). (Particularly true if 

barometer is d ropping. )  
Puffy cumulus  c louds begin to develop vertica l ly (p.  20) .  
Sky is dark ond th reatening to the west (p. 85) .  
Southerly wind increases in  speed with c louds moving from west  (p. 85) .  
The wind-particu lar ly a north wind-shifts in a counterclockwise d irec-

tion-that is, from north to west to south (pp. 85-88) .  
The barometer fal ls  steadi ly (pp. 85-88) .  

Weather wi l l  generally clear when: 
Bases of c louds show steady rise to higher types (p.  85).  
The wind-particu larly an  east wind-shifts to the west (p.  85).  
The barometer r ises rapidly (pp. 85 and 88) .  

Temperature wi l l  usual ly fal l  when: 
Wind blows from-or shifts to-north or  northwest (p. 85).  
Night sky is clear and wind is l ight (pp. 9 and 1 4). 
The barometer rises steadi ly in winter (p. 85).  

Temperature will  usually rise when: 
Wind is from south, particula rly with c loud cover at n ight or c lear sky 

during the day (pp. 9 and 88) .  
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A dependable, inex­
pensive aneroid bar­
ometer for home use. 

Aneroid barometer com· 
bined with thermometer 
and h umidity ind icator. 

A GOOD BAROMETER AND T H I S  TABLE (p. 1 45) 
wi l l he lp  you make reasonably good forecasts. The tab le  
is adapted from a U .S .  Weather Bureau table based on 
average conditions over the Un ited States. Use the table 
in connection with  good dai ly weather maps, and learn 
how conditions in your loca l ity tend to vary (because of 
nearby mountains, lakes, ocea n,  or deserts, for exa mple).  
A rapid r ise or fa l l  in barometric pressure (see second 
column in  table) is 0.05 to 0.09 inches or more in  3 hours. 
A s low rise or fa l l  is less than th is. Barometric pressures in 
the tab le are in  inches, ad justed to sea l evel .  Cal ibrate 
your barometer to sea- level pressures by checking with 
you r  local weather station or a irport. Every aneroid 
barometer has a device by which the pointer can be re-set. 
Once set to conform to a sea- level reading of an accurate 
barometer in  your loca l ity, it shou ld requ ire no further 
read justment. 

Be sure to keep records of your forecasts together with 
records of actua l  weather changes. Only in  this way can 
you learn  how loca l conditions affect the a ntic ipated 
weather. 



Wind Barometric 
Direction Pressure 

SW to NW 

SW to NW 

SW to NW 

SW to NW 

S to SE 

S to SE 

SE to N E  

SE to N E  

SE to N E  

SE to NE 

E to N E  

E to N E  

S to SW 

S to E 

E to N 

Swinging to 
w 

30. 1 0  to 30.20-
barometer steady 

30. 1 0 to 30.20-
rising rapidly 

30.20 or  above­
barometer steady 

30.20 or above­
fal l ing  slowly 

30. 1 0  to 30.20-
fa l l ing slowly 

30. 1 0 to 30.20-
fa l l i ng  rapidly 

30. 1 0  to 30.20-
fa l l ing slowly 

30 1 0  to 30.20-
fal l i ng  rapidly 

30.00 or  below­
fal l ing slowly 

30.00 or  below­
fal l ing rapidly 

30. 1 0  or  above­
fal l ing slowly 

30. 1 0  or above­
fal l ing  rapid ly 

30.00 or below­
rising slowly 
29.80 or below­
fal l ing rapidly 

29.80 or below­
fa l l ing rapidly 

29.80 or  below­
rising rapidly 

General Forecast 

Fair, with l ittle temperature change 
for 1 to 2 days 

Fair ,  with warmer weather and  rain 
within 2 days 

Remaining fair with l ittle tempera­
ture change 

Fair and s lowly rising temperatures 
for about 2 days 

Rain with in  24 hours 

Rain within 1 2  to 24 hours. Wind 
wil l  rise 

Rain within 1 2  to 1 8  hours. Wind 
wi l l  rise 

Rain within 1 2  hours. Wind will rise 

Rain will continue  1 or more days 

Rain with h igh winds in  few hours. 
C learing with in  36 hours-colder 
i n  wi nter 

Summer, with l ight  winds:  rain in 
2 to 4 days. Winter, rai n  or snow 
within 24 hours 

Summer:  probable  rain in 1 2  to 24 
hours. Winter :  rain or snow with­
in  1 2  hours 

C learing within a few hours. Then 
fair for several days 

Severe storm within few hours. Then 
clearing within  24 hou rs-colder 
in  winter 

Severe storm (a "nor'easter" gale) 
in  few hours. Heavy rains or 
snowstorm. Fol lowed by cold 
wave in winter 

End of storm-clearing and co lder 
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MAC H I N E  FOR ECASTING as accurate as human 
forecast ing, or more  so ,  i s  now be ing done by e lectron ic 
computers. The U.S.  Joint Numerical Weather Prediction 
Un it began operation of the fi rst "electron ic brain" for 
routine weather forecast ing in 1 955. 

Mach ine forecast ing is poss ib le because movements of 
the atmosphere fo l low natura l laws which can be ex­
pressed in  mathematical equations. These eq uations are 
changed to coded instructions for the machine .  N umerica l 
figu res, based on weather data , are fed into the machine.  
The e lectron ic  "bra in"  works out the predictions and 
pr ints  forecast maps showing h ighs, lows,  and other data. 

Mach ine forecasting does not replace the meteorolog ist. 
Machines m ust be fed accurate data, and machine-pro­
d uced maps must be i nterpreted and modified in  terms  of 
loca l condit ions. But machine forecasting  w i l l  save thou­
sands of hours of routine work. 

COMPUTER 36-HOUR FORECAST CHART Machine shades areas 
between contou r  l ines and pr i nts conto u r  heights on grid points. 



Weather a n d  C l i m ate 

C l imate is the weather at a g iven place over a period of 
time. It involves averages, tota ls, and extremes to set a 
picture of the weather  pattern .  C l imate is affected by the 
same physical  conditions that affect weather-latitude, 
preva i l i ng  winds, ocean currents, mounta ins, nearness to 
the sea, and  the l ike. C l imate might be ca l led the gen­
era l ized weather of an area. 

Because c l imate, l ike weather, is made u p  of many fac­
tors, it is imposs ib le to c lassify c l imates s imply without 
ignoring some of them. Two p laces with the same range 
of temperature may have very d ifferent amounts of rain­
fa l l .  Hence these two factors are more usefu l than either 
one a lone. So c l imates are often c lassified by a combina­
tion of temperature (torrid, temperate, fr igid) and rain­
fa l l  (wet, hum id, subhumid, semi-arid, a rid) .  The most 
commonly used system stresses rainfa l l  for the torrid and 
temperate zones, temperatures for  the co lder  zones. This 
system (see map below) is usefu l  beca use it corresponds 
to the natura l vegetation of regions . 

• 

• 
tl. 

' 

.• humid (forest) 

subhumid (grassland 

sem iarid (steppe) 
arid (desert} 

• 

• 



CLIMAT I C  DATA are important  in agr icu lture and in­
dustry. Farmers need to know the length of growing sea­
sons, extremes of temperature, average and min imum 
ra infa l l  for  successfu l  growing of  crops. The sale of  a ir 
conditioners, sports c lothes, and winter wear depends on 
seasona l temperature and rainfa l l .  Many persona l  dec i ­
s ions involv ing paint ing, garden ing, sports, tr ips, and 
vacations can be better made i f  c l imatic data are taken 
into account. The U.S.  Weather Bureau furn ishes such 
information. 

The c l imates of the Un ited States vary considerably 
because of the s ize of the country and i ts  var ied terra in .  
U.S.  Weather Bureat� figures, recorded s ince 1 899, g ive a 
fu l l picture of the temperature, h umidity, precipitation, 
sunsh ine, frosts, storms, and other c l imatic factors. These 
data are presented on  maps for easy reference. The most 
importa nt of such data appear on the fo l l owing maps. 

AVERAGE TEMPERATURE is the most commonly used 
c l imate statistic. I t  i s  of l im ited use and is of more va l ue  
when  used with t he  next two maps. 

60° to 70° F 

a bove 70° F 



0° to 20° F 
• obove 20°F 
AVERAG E LOWEST TEMPERAT U R E  is more important 
to people l ike farmers and fru i t  g rowers than average 
a n n ua l  tem peratures. Ma p above shows th is. 

AVERAG E TEMPERAT U R E  OF HOT MONTHS he lps 
in deciding where to l ive, in what k ind of house, what 
plants to g row, or if a i r  condition ing is needed. 



AV E R A G E  A N N U A L  P R E C I P I TAT I O N  I N  I N C H E S 

20-30 
• 30-50 

• 50-70 
• 70-1 00 

AVERAGE PRECIPITATION-main ly rain and snow-is 
importa nt to determine types of c rops that can be grown. 

LACK OF RAINFALL ruins fa rmers. Twenty inches is min­
imum for most crops. 

1 0-20% 
0-1 0 %  

P E R  C E N T  O F  Y E A R S  W I T H  L E S S  T H A N  
20  I N C H E S O F  P R E C I P I TAT I O N  



AV E R A G E  N U M B E R  O F  H O U R S  O F  S U N S H I N E  P E R  D AY 
I N  D E C EM B E R ,  J A N U A R Y, A N D  F E B R U A RY 

5-6 

• 6-7 

• over 7 

WI NTER SUNSHI N E  makes F lorida, Cal ifornia, and  the 
Southwest famous. I t  is important, too, for agricu lture. 

NUMBER OF C L EAR DAYS is different from average 
daily sunsh ine. Note southern F lorida and Cal ifo rn ia.  



RELATIVE HUMI DITY spe l l s  comfort or discomfort. 
Summer humid ity is high in  coasta l a reas. 

NUMBER OF DAYS WITH SNOW ON G RO U N D  is 
of interest to skiers and fa rmers. Snow means spring water. 

AV E R A G E  A N N U A L  N U M B E R  OF DAYS W I T H  S N O W  C O V E R  

80- 1 20 
D over 1 20 

( 1  I N C H  O R  M O R E )  



OF T H E  LAST  K I L L I N G  F R O S T  

W H E N  CAN YOU SAF ELY PLANT YOUR GARDEN? 
Map shows dates of last k i l l ing frosts i n  spr ing.  

THE GROWING SEASON determines what p lants can 
be grown and the number of crops per season .  

AV E R A G E  L E N G T H  O F  T H E  F R O ST-F R E E  P E R I O D  

1 80-240 
240-300 
over 300 

I N  D AY S  
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MICROCLIMATES Geograph ica l ,  b io logical, a n d  man­
made factors often make  loca l c l imatic condit ions d if­
ferent from the genera l  c l imate. A loca l c l imatic pattern 
is ca l led a m icroc l imate. large i n land  la kes moderate tem­
perature extremes. The resu l t  is c l imatic differences be­
tween the windward and lee sides-for exam ple,  between 
Milwa ukee, on  w indward side of lake Mich igan,  and 
Grand  Haven,  on  the lee side, on ly 85 m i les east (see 
fi rst tab le  be low). 

P lants create m icroc l imatic d ifferences ch iefly by their 
use of water and by their effect on winds (see second tab le  
below). Windbreaks a re  g rown to  make a favorab le  

M I C R O C L I M AT I C  D I F F E R E N C E S  

B E T W E E N  L A K E S I D E  C I T I E S 

Cl imatic Period Milwau kee Grand Haven 
condit ion of year windward shore leeward shore 

Av. temp.  Jan uary 3 .6° F h igher  

Av .  temp. August 2 .0° F h igher  

Precipitation Dec.-Feb. 2.09 in. more 

Precipitation J u ne-Aug.  0 .55 i n .  more 

Snowfa l l  Jan .-Dec. 44 days more 

Rei .  h umidity Dec.-Feb. 5 %  more 

Wind speed Dec.-Feb .  1 .4 mph more 

B E T W E E N  F O R E S T S  A N D  O P E N  L A N D  

Forests 

Wa rmer in  winter 

Wind speeds reduced 

Relative h u mid ity h igher  

Water storage h igh  

Open land  

Warmer  i n  summer 

Wind speeds  h igher  

Relative h u m idity lower 

Water storage low 



microc l imate on fa rms. The p lacement of a n ew dwe l l i ng  
in  regard to frost drainage, loca l breezes, and ut i l ization  
of  winter sun l ight  may make great difference i n  l ivab i l ity, 
and in  fue l  economy dur ing winter. 

Heavy, co ld  air flows downh i l l ,  form ing  cold pockets in 
va l l eys. F rost is much  more common there; so oranges, 
g rapes, a n d  app les are p la nted on h i l l s ides to insure "frost 
drainage" when co ld spe l l s  come. The fi rst tab le  below 
shows m ic roc l imatic d ifferences between va l leys and h i l l s .  

C i t ies  i nduce convection currents which cause h igher  
c louds and  somewhat more ra in  than i n  the nea rby coun ­
try. Because of sewer drainage in cit ies, less water stands  
and evaporates. Thus  re lative hum idity is  lower i n  cit ies. 
The second chart below shows other d ifferences. 

M I C RO C L I M AT I C  D I F F E R E N C E S  

B E T W E E N  VA L L E Y S  A N D  H I L L S  

C l imatic condit ion Period Val leys 

Min imum temp. dai ly much lower 

Temp. range dai ly & annua l  la rger  

Frost n ight  more 

Wind speed n ight  lower 

Fog morn ing more 

B E T W E E N  C I T Y  A N D  C O U N T R Y S I D E  

C ity 

Haze and smog 

Temperature h igher  

Cou ntrysid e  

C lear 

Temperatu re lower 

H i l l s  

h igher  

smal ler  

less 

h igher  

less 

Wind speed and radiation less Wind speed and radiation h igher 
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IS OUR CLIMATE CHANGI NG? Recent newspaper 
and magazine a rticles have c la imed that our c l imate is 
warming up. Perhaps this is true-perhaps not. 

Through geo logica l h istory the normal  c l imate of the 
earth was so warm that subtropical weather reached to 
60° N  and S and there was a tota l absence of polar ice. 

I t  is only during less than 1 per cent of the earth's h is­
tory that g laciers have reached down from the polar 
a reas to what is now the temperate zone of the northern 
hemisphere. The latest such advance, which started about 
1 ,000,000 years ago, was ma rked by geo logica l u pheava l 
and  the beginn ing of man .  Dur ing this t ime vast ice sheets 
advanced and retreated over the continents, the last re­
treat occurring 30,000 to 40,000 years ago. 

With in recorded h istory there have been minor g lacia l 
advances and retreats. Alpine passes now covered with 
ice were used from A.D. 600 to 700. Sh ips sailed from 
Leif Ericson 's Green land throug h routes now b locked by 
ice floes. From A.D. 1 000 to 1 200 there were flourishing 
sett lements in  Green land .  Gradual ly, coo l ing of the c l i­
mate forced their abandonment about the year 1 400. 

I s  the earth rea l ly warming? A 2 ° F  increase i n  the 
earth's overa l l  temperature wou ld  c lear  the polar  seas 
of a l l  ice. Yet today in  parts of western  North America 
g laciers a re perceptib ly advancing wh i le  the east coast 
seems to be warming.  

We have routin e  temperature measurements for  on ly  
1 00 years-and these not too re l iable,  because of cha nges 
i n  instruments and  methods of observation .  

The on ly concl usion to  be d rawn about our  c l imate i s  
that  we do not know whether i t  is changing d rastica l ly .  
Geo log ica l ly we may be at the end of the Ice Age, o r  
we may  just be having a breath ing spe l l  o f  a few cen­
turies before the next advance of the g laciers. 



B O O K S  F O R  M O R E  I N F O R M AT I O N  

The fol lowing books wi l l  further your knowledge a n d  en­
joyment of weather. The U.S .  Weather Bureau, Washing­
ton 25, D.C. ,  pub l ishes monographs and periodica ls on 
a l l  phases of meteoro logy. Write for a free l ist of gov­
ernment weather publ ications to the Superintendent of 
Documents, Washington 25, D.C.  
Byers, Horace Robert, GEN ERAL METEORO LOGY, McG raw-Hi l l  Book  Co., 

New York, 1 959. An introd uctory col lege text covering basic prin­
ciples. 

Critchfield, Howard J.,  G E N ERAL C L I MATOLOGY, Prentice Ha l l, New Jer­
sey, 1 960. A basic text coveri ng  regional ,  physical and appl ied 
climatology. 

Hambridge, G rove, C L I MATE AND MAN-A S U M MARY.  This summary is 
a n  overview of the a rticles i n  the 1 94 1  YEAR B O O K  O F  AG R I C U LT U R E  

on meteorology and  climatology. 

Haynes, B .  C . ,  T EC H N 1 9 U E S  O F  OBSERVI N G  T H E  WEATH ER, John Wiley 
& Sons, New York, 1 947. This elementary book is wel l  su ited for 
those who wish to ta ke up weather as a hobby. One chapter shows 
how to improvise a weather station .  

Longstreth, T .  M . ,  U N D ERSTA N D I N G  T H E  WEATH ER, T h e  Macmi l lan  Co. , 
New York, 1 953. A simple, interesting, non-tech nical  account  of the 
weather.  

Sloane, Eric,  ERIC SLOANE's  WEATH E R  BooK,  Duel l , New York, 1 952 .  
I nteresting weather i l l ustrations and  cartoons accompany a readab le  
account  of weather phenomena. 

U .  S. Weather Bureau, MA N U A L  O F  C L O U D  FaRMS A N D  C o D E S  F O R  STATES 

OF THE SKY. Cloud photographs i l l ustrate the Cloud Code specifica­
tions. Order from Superintendent of Documents. 

PERIODICALS 

WEATH ERWI SE, American Meteorological Society, 3 Joy Street, Boston 
B,  Mass. Non-techn ical, bi-monthly weather magazine conta in ing  
surveys and  many "how to"  articles. February i s sue  each  year i s  a n  
a lmanac of previous year's weather. 

AVERAGE MONTH LY WEAT H E R  RESU M E  AND OUTLOOK, U .  S. Weather 
Bureau (order from Superintendent of Documents). Graphic  presen­
tation of preceding month's weather and estimate of  expected rain­
fal l  and  temperatures for next 30 days. 
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I N D E X  

Asterisks ( * )  ind icate i l lustrations. 

Adiabatic change, 1 4, C ircu lation,  atmos- C u m u lonimbus  (cont.) 
1 5, 39 pheric, 1 0, *56-*58 a n v i l  top, 98 

Air,  composition, 1 2, 36 C i rrocu m u l us,  * 1 7, 88 form s low pressure 
see also.Atmosphere Cirrostratus, * 1 7  area, 67 

Air condit ioning,  38,  C irrus,  * 1 7  C u m u l u s, * 1 6, 20, 71  
1 49 Clear  days, * 1 51 can become thun der-

Air  masses, 68-76 C l imate, 1 47- 1 55 head,  *98 
c lassified,  69 loca l ,  1 54- 1 55 C urrents, vertica l ,  71  
conti nental  vs.  m a i n  types,  1 47 Cyclones:  

marit ime, 70 U.S . ,  * 1 47 extratropica l ,  90,91 
North American,  *69, C l oud droplets, *22 in  I nd i a n  Ocean, 1 05 

72-76 C loudiness,  average, 7 in Midwest: see 
summer,  74-75 C l oud seed ing, 3 1 -33 Tornadoes 

- winter, 72 -73 Clouds:  tropica l ,  1 06 
o- 5 A ltimeter, 1 20, 1 3 1  c l assified, 1 6-20 see a lso Low pressure 

:;; A l tocum u lus,  1 6, * 1 8  h igh,  1 7  areas 
! A ltostratus, 1 6, * 1 8, how formed, 1 3 - 1 5  
� *83, *88 l ow, 1 9  

"' u Anemometer, * 1 1 8 , * 1 24 m iddle,  1 8  
o Antarctic, seasons, 49 names, 1 6  
� Anticyc lone: see H i g h - o f  vertical develop-

� .
pressure areas 

,.... � Arctic, season s, 49 
; Atmosphere: 
j appearance, *34 
i circu lation,  1 0, 56-58 

-o ! dens ity, 35 
heat storage, B 
moderate tempera­

ture, 9 
sh ie ld  against  

� meteors, 57 
iii weight, 35 
� see a lso A i r  

• ; ��;��a�' 
*t: 
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B a l loons, weather, 1 1 2, 
1 1 8, * 1 26, * 1 27, 
1 28 

Barograph, * 1 20 
Barometer: 

aneroid, * 1 1 9, * 1 20, 
* 1 44 

as a lt imeter, 1 20 
home use, * 1 44 
mercur ia l ,  * 1 1 9, * 1 20 

Beaufort wind scale,  
1 25 

Carbon dioxide, 36 
Cei l ing,  1 26 
C h inook, 41  

ment,  20 
rain,  1 9  
reflect s u n l ight, 7 
scud, 1 9  
symbols,  20 
types: clue to ce i l ing,  

1 26 
with fronts, *83, *86 

Coalescence, 22-*23 
in  c loud seed ing, 3 1 ,  

32 
Cold front, 82-83 

weather seq uence, 
82-83, 85 

Cold waves, 57 
Coldest region, 62 
Condensation: 

effect on tempera ­
lure, 1 3 ,  40-41 

i n  h u rricanes, 1 07 
Con stant pressure 

mops, * 1 4 1 
Continental  Polar a ir ,  

72, 74 
Convection, 1 0 - 1 1 
Corona, with a lto­

cumulus,  1 8  
Cosmic rays, 45 
C u m u lonimbus,  *20, 

*23, *96, 98 -99 

D a i l y  Weathe r  Map, 
* 1 3 1  

Day a n d  n ight :  length, 
so 

Desert, 67, 1 47 
Dew, *28 
Dew point, 1 2  
Doldrums,  58-59 
Drizzle,  1 9  
Dropsonde, 1 28 
Dust devi ls ,  67 

E layer, 45 
Earth : 

axis ,  49 
motion in space, 48 
rotation affects 

w i nds, 53, 65 
radiates heat, 1 4  

E lectric charge, of 
c louds,  99 

Electronic computers, 
1 46 

Equator:  
rotation at,  53 
heat, 1 0  

Equator i a l  front, 79 
E q u i nox,  *49 
Evaporation, 30 
Exosphere, 37, 46 
Expansion of air ,  38 

F layer, 45 
F a l l ,  season, 49 
Fog, 25, 74 
Folk l ore, 1 42 - 1 43 



Forecast ing:  Horse lat itudes, 59 Meteors, 47 
cont inuity method, H u m idity : Microc l i mates, 1 54-1 55 

1 35- 1 38 and c l i mate, 1 47 Molecules,  in a ir ,  35 
from observations,  water vapor, 1 2  Moon, 5 ,  9 

1 42- 1 45 see also Relative Mother-of-pearl  c louds,  
from a m a p, 1 30,  h u m i d ity *46 

1 33, 1 34, 1 40 H urricanes, * 1 04-1 1 1  Mountains,  effect of, 
persistence method, eye, * 1 04, * l OB 1 1 ,  67, 72 

1 34 - 1 3 5  formation,  1 07 
table,  1 45 sources, paths, 58, N ight, length,  50 

Forecasts: 1 05, 1 09 N i m bostratus, 1 9  

b y  machine,  1 46 warn i n g  system ,  1 1 1  N itrogen, i n  a i r ,  36 

monthly,  1 56 West- I ndian,  1 05-1 06 Noct i l u cent c louds,  *47 

newspaper, 1 1 4 wind speeds, 1 04 North Pole,  seasons, 
Forests, effect of, 7, Hygrograph, * 1 22 49, 50 

1 54 I ce :  
Nuc le i :  23, 24 

Fractocu m u l u s, 1 6  crysta l structure, 32 
artific i a l ,  3 1 -33 

Fractostratus, 1 6, 1 9  i n  c l ouds,  1 7, 22-*23 Oceans, temperature Fr igid Zone, 1 47 
Fronts, 77-95 

needles,  *25 of, 70 

characteristics,  78 
p e l l ets, 23, *25 Overcast,  effect of, 7, 9 

cold:  see C o l d  fronts prisms, *25 Oxygen, i n  air,  36 

defined, 77 
I n struments: 

see Weather  P i lot b a l loons, 1 1 2 ,  1 27 
map symbols,  94 I ntertropical  converg- P o l a r  air masses, 76 
occ l uded, *92 - *94 ence zone, *39, 1 06 P o l a r  easter l ies ,  59 
on charts, 1 30 
Polar,  57, 79 

I onosphere, 37, *45 P o l a r  front, 57, 79 

stationary, 89 
I rr igation,  and snow, 30 Polar  regions:  c l i mate, 7 

warm: see Warm I sobars, 65, 1 3 0  Precipitation:  

fronts Jet stream, *42- *43 
average, U . S . ,  1 50 
condit ions for, 2 1 -23 

weak, 89 Ken n e l l y - Heavis ide dai ly map,  * 1 32 
Frost, 28 layer,  45 measurement, 1 23 

in U.S . ,  * 1 53 Knot, 1 25 m i n i m u m  for farm-
i n  v a l l eys,  1 55 ing,  * 1 50 l ightning,  99- 1 00 

Glaze,  25, 27 Low-pressure areas Pressure, atmospheric:  
Great Lakes, effect, 72 formation, 60, 67 

a t  cold front, 85 

Ground water, 30 how l ocated, 66 
a t  sea leve l ,  64 

Growing season, 1 53 paths over U.S . ,  1 38 
measurement, 1 1 9-

with fronts, *90-91 
1 20 

H a i l ,  *26 vs.  height, 1 1 9 
Ha los, * 1 7, *25 Mackere l sky:  see Preva i l i n g  wester l ies, 
Heat: C irrocumu l u s  56, 59 

absorbed by earth,  Magnetism, of earth, 46 Proverbs, BB 
1 1  Mares' ta i l s ,  * 1 7  Psych rometer, * 1 22 

cause of weather, 5 Marit ime Polar  
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Rainfa l l :  weather, 1 3 1  Water vapor: 

how measured, 1 23 wind, 1 25 amount in air ,  36 
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crysta ls, *24 in  newspapers,  1 30, .. areas of occurrence, !! determines water 97 * 1 33 
!! supply,  3 1 , 1 52 deve lopment of, 99 surface, 1 30-* 1 3 1  .. in U .S . ,  * 1 52 in unstable warm air,  upper a i r ,  * 1 39 - * 1 4 1  
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