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WEATHER • • • its effect 

on plant location 
By Dr. H. E. Landsberg 

C
LJ:\l.\TE is one of the most impor
tant factors in industrial develop

ment. In many areas it is a distinct 
a...«set for a community and the location 
of a plant. In some localities it has been 
treated-and rightly s�as a natural 
resource. This is particularly true where 
the climate favors outdoor activities 
and recreation. 

However, no industrial establishment 
should be planned without taking cli
mate into consideration. Its favorable 
and its unfavorable aspects alike should 
be fully considered and given equal
weight with other factors such as avail
ability of labor, access to markets or 
raw materials, and taxes. 

Climate governs many important
facets of modern industrial location 
policy. In some instances this influence 
is an indirect but still potent one. Think 
in this connection just of the availabil
ity of water. This is primarily geare<l 
to rainfall which replenishes the natural 
water supplies.

Climate influences both capital in
vestment and operation costs. It de
termines the size of heating facilities 
and of air-conditioning plants. It affects 
the efficiency of outdoor operations. It 
is a facet in the production, storage, and 
sMpping of many products. I ntclligent 
assessment of the climatic factor in in• 
dustrial operations can save money anrl. 
in particular, managerial headaches. 

The latter arc usually connected with 
climatic hazards. These are not thi, 
same as the continuing effects of tem
perature, humidity. rainfall and wind 
which affect normal operations. The 
climatic risks of an area are usuall) 
governed by extreme events. These can 
cause major damage to capital invest
ment, such as plant installations, and 
also disrupt operations. 

In this category are high winds a,
produced by hurricanes or tornadot'S. 
other severe storms which affect power 
lines and communications, snow and ice 
storms which interfere with transpor
tation, and also extremely low or e,x
trcmely high temperatures which have 
disruptive effects. Excessive rainfall 
leading to floods will, of course, inter
fere with poorly sited plants. 

Climatic statistics permit the assess
ment of frequency and extent of such 

risks just as they can rovide estimatesaffor design factors o the normal cli
matic elements at a locality. Data col• 
Iected from literally thousands of loca
tions, now available on punched cards 
at the \Vcather Bureau's ational 
Weather Records Center, permit quick 
access and analysis of these climatic 
factors. 

Climatological research has also tack
led another aspect of modern indus
trialization which has become of vital 
importance to many communities. This 
is the control of plant effiuents and pol
lution. The general and local climate 
of an area dirtate the vulnerabilitv of a 
-,jtp to air pollution. The wind cu�rents 
and stratification of the air will deter
mine whether pollutants brought into 
the air are dissipated rapidly or will 
hang around Lo plague the neighbor
hood. 

One 11ced not wait until a pollution
,,.ituation fully de.clops to have an esti
mate of the risk at a particular location. 
This can be detc>rmined by reference to 
the topographic and climatic environ
ment which ronrtol thr air pollut10n
potential.

The Weather Bureau with its vast cli
matic archives and through its rcp.1lar
climatological publications furnishes 
the basic background information for 
climatological analysis. Through it 
field organization o-f Area and State 
Climatologists, it makes this informa
tion available to public bodies and for 
general industrial and commercial US('. 

It does not furnish, of course. indi,·itl
ual service to indm,trial firms but f'Up-
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plies climatic ,tati,-tic,-. at co;.t 0£ eom
pilation. 

The interpretation of such ra,, ma
terial i$ left lo private meteorolo!!ical 
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consulting firms or to meteorologists
who are in the employ of various cor
porations. In furnishing the generalized 
information the Weather Bureau coop-
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Subject dalA baaoo on 3515 s!Ation """'1m, 1931-55 

crates with many local Chambers of 
Commerce who often bear the cost of 
printing authoritative rlimatological
summari<'!" for their communili<'s. 

WEATHER PATTERNS IN THE NORTHEAST 

By Dr. lames K. McCuirP 

How can climatological informa
tion be profitably applied to the 

problem of selecting a plant site in the 
XorthPastern United States? 

Both the writrr and the reader ot 
this article can gc•t down to the business 

of answering this question if we can 
agree on two simplifying assumptions. 

(A). No artidf' ran give all thf' an
swers, and no business man would want 
co read all the explanations and qualifi
cations required for a comprehensive
scientific discussion. On the other hand. 
it may be agreed that the reader is en
titled to a �umrnary of the technical 
aspects of the subject and to references 
for further inve::tigation of them, if he 
be so inclined. 

(B). The article ought to ,tive the 
most important answer,:. outli]le the 
rest, and once again supply retPrencef'
for further reading. If we agree on the 
truism that water is the life-blood of in
dw,try, then obviously the main con
cern of this article should be with pre
cipitation conditions (rain, snow. etc.) 
over the Northeast as they affect water 

supplies and other factory problems. 
The effects of temperature and hu

midity should come next in importance; 
then \\ inds and atmospheric relations 
to air pollution; next such weather 
hazards as hurricanes or floods; and 
finally. something on the region's cli
mate as a factor in working efficiency 
and Prnployce living-comfort. 

Principal Climatic Features 

1.oThe region lies in latitudes \\hen·o
the duration of sunlight rangc>s from 
!"0me 15-16 hours in late June to about 
') hours in late Decembn. The long
Summer days are warm, sometimes 
tropically hot; the long Winter night" 
tend toward Arctic-like cold. In com-
parison to some other areas in the same 
latitudinal belt, howe\er, these seasonal 

,a
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extreme;; are comparatively moderate. 
IT. Clomliness reduces the length of 

the sunlight hours throughout the year 
as a whole.. Speaking broadly, tlw 
'\'ortheac:t receives only 30 50 per cenl 
of possible sunshine in Winter, about 
40-60 per cent in Spring and Fall, anda
about 50-70 per cent in Summer.a

III.a TI1cse day-to-day fluctuation,;.a
aloni; with changes in temperature. hu
midity. wind. and the occurrences of 
precipitation are linked with the at• 
mospheric circulation patterns. The 
Xorthcast is dominated by west-to-east 
air movements ( the �o-called '·prevail
ing wc�tcrlies"), interrupted by north
\, ard and ,-outhward sur1!"es of the at
mo;-phcre. 

The large-scale streams or maSl'es of 
air involved in these mo, cments differ 
( often markedly i in the ,-urf ace weath
l'r conditions they bring. Thrir fairly 
�teady proce�.,;ion. occasional stagnation 
and constant interaction are accompa
nied by similar behavior of the atmo�
pheric high- and low-pre,>sure �ystems 
t the latter with their a�,:ociatcd ,,cath
cr fronts). Thus the \'ortheast is sub
ject to the state of affairs honored in 
the traditional cw England jc�t, '·If 
you don't like our present weather. just 
wait a minute!" 

IV.aThe Atlantic Ocean and the Ap
palachian �fountains exercise a much 
smaller influence on the region·s cli
mate than might be supposed. The Ap
palachians are not high enough, £or ex
ample, to e:;tablish separate climatic 
zones on their western and eastern sides. 
They do have, especially in their more 
elevated portions, a "mountain climate," 
that is distinguished from the climate 
0£ the rest of the region mainly by more 
!.'<!Vere Winters ( with respPct to both 
cold and snowfall) and b) cooler Sum
mer nights but more abundant Summer 
rainfall. 

Since the prevailing atmospheric flow 
is from a w�tcrly direction. the At
lantic repre!'ents a modif) ing rather 
than a controlling climatic £actor. Its 
influence is most felt along a narrow 
coa�tal strip that enjoys rooler Sum
mer afternoon temperatu res than in
land locations, due to the ,)11shorc ",;<'a 
breeze·•; but the coastal belt is subject 
to more fog and generally damp condi
tions than the intt•r;or. 

The pre.>ence of the Atlantic Oceau 
is very important. ho\\e\er. a,; a source 
of moi,:;ture for rainfall. PPrhaps mo�t 
noticeable is its func:ion in fo-tNin� 
the development of roa�tal �torms or 
"northeasters·•. that t� p'cally form ofT 
Cape llattera� and mOH' up the coa�t 
toward :\'cwfoundla11d. These can bP 
wry severe along the :-horc and their 

�
�

effects may occasionally e"<tcnd ov(•r the 
cnt;re l\'ortheast. 

The Ocean al�o �t•n a,, a passage
\\ay for West Jndian hurricanes, 

t•:, 

about 
which more will be !>aid in due course. 
Surprisingly enough. the Great Lake5 
t F.rie and Ontario I do affect signifi
cantly their eastrrn and southern 
shores; for example. t�,c Jake fronts 
have cooler and later 'prings as well 
as windier and snowier Winters than 
they would if the [akl'tl ,,ere not there. 
River valleys, too. ha,e local climates 
that may differ appreciably from those 
of the adjacent higher Janet 

Precipitation 

During the colder haU-year (0c
tober-"'.\1arch) the .\ortheast receives its 
rain and snow from the general low
pressure systems that swel'p across the 
continent or swing up the coast. Dur
ing the warm!'r half-year (April-Sep
tember). this large-scale activity de
creases but its rain-producing e!Tect i� 
replaced by local shower;, and thunder
storms. Thus the "\orthea;:t usually ha� 
an adequate and dependable sou;ce of 
water the year around. \Joreover. pre
cipitation i'> urnally di�tributed e\enly 
over the year. with no pronourn:ed wet 
or dry �casou,;. 

The annual amount of wecipitatio11 
aH'ragcs about ,l() inchr,- at moft place� 
in the Northeast: mer a ten-acre site. 
this repre�ents rwarly eleven million 
gallons of watc-r pt•r �car! The moun
tains, especially in \\'e,t Virginia, C\\ 

York and New Hamp."hire, have· aver
age annual amount>- of 50 inc·he-< or 
more. 

An interior lielt I t>xlcnding from 
western Pennsylvania through western 
and extreme northern New York into 
the northern portions of Vermont, New 
Hampsihre and :\Iaine) averages 30-40 
inches. The coastal zone east_ of the 
mountains average:: 40-50 inches. Of 
course. this general outline does not C'-· 
elude local variations. ,\hich may ht· 
sizeable. 

An authorih· on w attr re;:ourcl'� ha
stated that "factories have been built 

-.

without prior studies to determine 
wheth:·r water would be available lo 
operate the factorv and to provide for 
the comrnunitie,; ;uound thl'm." Such 
-tudies might :-!'em unneec,-!"ar} in thea
\ortheast in ,iew of what has ju•t been 
,aid about its plentiful and dc·1x·ndablP 
rainfall. Thi,- i� not the ca�e. WatPr i.• 
11et'dl'd b) mon' and more people for 
more and more reasons. and the bu,,i
nes_<;-man thinking to build a ne,1 plant 
,hould carf"fully c, aluate again,-t fu. 
ture as well as pr<':<t•nt requircm!·nb not 
,inly the availahlP w atcr-distributing fa. 

cilities but al,-o the relevant precipita-
1 ion record,-. 

The Li. S. \1i Patht•r Bur('au maintain" 
and publil'hes the!'e record::- for O\ Pr 2.-
000 location,. in the_ ortheastcru Stale!'. 

The fon·going applies to prrcipita
tion on a monthh. i;ea�onal or aunual 
hasis. for planning indu,-trial opera I ion� 
dependent upon the ,1 ater suppl�. Tlw 
intensity of ,hort-period rainfall. that 
\1 hich fall,; in a matter of a f1°\\ hour,-. 
i-. also importa11t. Rca1,onahlt- d,,,.ign
\ alues for storm re\, er�, for in,-tanee. 
mav be obtairwd from Weather Hurt'llll 
r,·<·;ird,; and ;.tat i,-tical �Ludie--. 

::inow pn·,-t·nl:- at lea,-t t\\ o important 
problems lo indu,-try. Fir::;t of all. it 
111u;,.t be cleared a\1-a� from highwa)"' 
,1110 facton road,-. parki1111- lob. loaclinf 
and unloading ,-ite,-. etc. A kno\\ledge 
of the exp<·ctcd sno\1 fall iu a locality 
ma� hP usl'd to determine the most cco
nor11ical and dlicient ty pcs and quanti
til's of snow n•moval cquipnw11t. St'<.'• 
onclly. the �hccr ,\eight of on a 
roof. 1·:'pt•ciall) a flat roof. may 

�110,\ 

be \:er) 
hravY. t·nl1•,-,- thP ,truc-ture has bt·cn 
pro�rl) rle,-igned for a rem;o11able 
snow load. damage and po."iblt- col
lapse can msult. 

Closely rPlatt-d lo rain a11d ,-,10,, i,
that "in:brt,,Pcn·• form of prceipitatio11 
k110,H1 as glaze or freezing rain. oflt'n 
miscaJled !'IPf'I. I II a {pw minutes, this 
can conn-rt a "urfal'e i11to a ,-lick and 
,-lipper) ::-twt'l of iel'. Vehicles will �kid. 
pede"triu11,- will fall: accidents will hap•
pt•n. To rt;>duee thi,- hazard, allention 
,-hould he puicl to tlw 7laze potentiality
of a factory site, and its appro�hes. A 
professional climal�logi�t can s!ze up aa
factory site from this point of view and 
offer helpful recommendutions. 

Finally, if lightning repre,;cnts a d�n
<rer in the t} pc of i ndu.,trial operat10n 
being planned. the stati3tics should be 
consulted on the frequency of thunder• 
!'-torm;,; in the area. 

Temperature and Humidity 

Hrating dcgrct'-days give a u�ful in
dex to winter cold and con:-equently to 
what may he t'Xpectt·d in the way of 
fuel con�umption £or heating purposes. 
Whenever a day'� avera!:,C temperature 
drops brio¼ 65° F .. it,; \ alue_ is sub
tracted from this ba,-e and the difference 
is termed so man} heating degree-days. 
A cold day or" intn will tlwr�fore havea_
more degree-du),; than relat1vel_y mild 
onl's; and a plac:e that has It>� ngoro?s 

"i11tcr temperature:" than another will 
ha,e re�,er degret•-day,-. 

In the l\'orthea,-tern Stalt•,;. the nor· 
n1al aecunrnlution of degree-days for 
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the hl'ating sea:-on f u:-ualh taken a,s the 
period from St>pll'mher through May) 
,hows u considerul>IP vnriation. In the 
Dclawurr-Easlern :\lar}lar1d region it 
i,- about 
point. the 

4,000. 
normal 

From thi:; minim�m 
accumulation in• 

trt•a"'1::; northward to aLout 6,000 in 
c�nlral Penn;:ylvauia nrHl Soulht>rn New 
En;.?land, to O\er 9.000 in northPrn 
.\laine. 

In w�t Virginia. tht• accumulatiOI' 
normally rxcecds 5,000 in the moun• 
tains but is under this figure in thr 
wc•-.tern part of l11e State. 

The most popular mew,un: of atmo�
p
J'l 

heric moii::turP, the relative humidity. 
actually among the poorest indica

tor:. from the scirntific viewpoint. A 
good technical measure, the "effective 
tempt>�ature" su�crs from the drawback 
of bemg suffic1entlv complicated to 
malte it hard for th� lannan to undc•r
stand and for the climatologist to ap
ply to large amounts of weather data. 

promising substitute for the effecti\ c 
temperatures is the "di8Comfort index.'" 
�hich is the average of a pair of simul
lanf'ous dry- and \\Pt-bulb temperature
rt>ading<t.

It has been found that moi;t people 
will be<-ome uncomfortable when the 
l>.l. o� di:-eomfort ind1•x approaches 70 
and � ill cxperimce increasing discom
fort as the D.I. exceeds thi!< mark. If 
6.5° i.., u�d as a base, and the diffrrcncr 
bet�('{>n it and a higher D.I. 

m, 

value L" 
taken. the difference may called 
·•c·ooling degree-days" and accumulated
in a manm•r analagous to hPating de
gret>-days. 

.

1,; 

In this ca*·
. 

however' the
i,urpose to measure Summer discom-
fort, and the greater the cooling dP
�ret'-da} total the more uncomfortablee
i'I tile temperature-moisture condition.e

Ei,rht-year montlth- a\.crages of such 
cooling deizree-days· have bt>en com• 
putt>d _for �ew York City. They showe
that d1<-comfort is highest in July, al
�o:-t ase high in August, and appre.ciably h1izh in June and September. Of 
l'our,,:e, this conforms to common ex• 
J)(·rience. but the point is that a numeri
l'lll value muy be assigned to the sensa
tion of di�comfort, and related to price
fi�urp,, when the problem is studied 
whcthC'r or not to air-condition office or 
fot>torr space, and to estimate the likeh 
operating costs. It may also be used t� 
eompare one locality against anothrr. 
for the same purpo�.

This concC'pt is :-till in the develop·
mcnt '-lage. and i,1 introduced here to 
how that n•,:earch is underway to im

prow tlwe_ applicability of trmpcrature
and hum1d1ty data to such practical
mattC'rs us choo,-ing a plant site and dC'· 
<-igning building._ against Summertime' 

conditions. 

Wind and Stability 

In order to efiect economy in opera
tions and to improve community rela
tions, more and more businessmen are 
endeavoring lo minimize any air pollu
tion problem connected with a factory.
Th: �est way lo do thii, is obviously to 
ant1c1pale the problem and design chim
neys, wa.,te outlets, etc. to reduce the 
contamination to an unobnoxious level. 
. For example, a major public utility 
1s constructing a reactor lo generate
275,000 kilowatts of electricity at a site 
in the Hudson Valley. As part of the 
preliminary construction work, a 300-
foot tower has been erected and instru
mented to measure the wind flow and 
vertical temperature structure of the 
lower atmosphere. The information thus 
obtained, plus data from wind tunnel 
studies, will be used in the final deter
mination of stack height aud design. 

The average industrial plant docs not 
have as crucial an air pollution prob
lem as a nuclear reactor. In all cases,
however, the waste gases and smoke are 
harmlessly dispeUed or concentrated in 
the atmosphere depending upon the 
speed of the wind (also its direction in 
certain instances) and upon the atmos• 
pheric stability or instability. 

There is sufficient information avail
able (some of it is cited in the Refer
ences) to permit an intelligent evalua• 
tio_ � of the likely wind and stabil"ty con
ditions at a proposed plant site to be 
made in advance of any deci�ion to 
build and before, not after, costly con• 
struction features pertinent to the prob
lem have been adopted. In general
terms, the Northeastern United States 
are not as air pollution-prone as other 
parts of the world and even other sec• 
tions of the country. Especially along 
the coasts, of the Atlantic and the Great 
f.:akes, w�nd movement is usually suffi
ciently high to make the risk of severe 
atmospheric contamination compara•
tively minor. 

S!teltered vallefs, however, are very
subject to stagnation of the air, the de
velopment of exceptionally stable con
ditions, and the consequent entrapment 
of p�llutants. In the fall of the year
espcc1ally, the large-scale atmospheric 
pattern,, are frequently such that irri
tating "smog" situations arc estab
lis�ed in and around every large popu
lation center or factory town. 

These large-scale weather factors can
not he entirely allowed for, and it may 
notealways prove practicable 10 selecte_a slle that has the minimum "pollution
potential." The wise use of climatologi
cal data and knowledge will -neverthe-
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less pay dividends in the form of im
proved employee com Cort and optimum 
community relations. 

The three most serious weather haz• 
ards encountered in the Northeast are
floods, hurricanes and tornadoes. !\fore 
common but much less dangerous are 
blizzards and hailstormq, and they may 
be discUS8ed fi�t . 

True blizzards, that is, the combina• 
tion ofe. near-zero temperatures, gale
force wmds, and falling or blowing 
�
111 

now that blinds the vision and piles up 
huge drifts, are rare in this portion

of the country. They are most apt to 
occur along Lakes Eric and Ontario. 

Hailstorms are unusually severe 
thunderstorms. Because of their local
ized and spotty nature, it is difficult to 
compile accurate statistics on their oc
currence. 

Like hailstorm, s tornadoes are asso• 
ciated with severe thunderl>torms, but 
the
hailstones P;

re the rese!f1blance ends. Large-sized
will break windows, sky

lights, 
•

puncture car tops ' dnmaae 
0

cer•
tam type:; of material left exposed on 
open platforms or in the yard. A tor
nado will destroy. injure and kill. It 
�ringse_ not only a ring o{ rapidly-whirl• 
mg winds, 200 m.p.h. or more but a 
sharp redu_ �tio? in the atmo�pheric
pressure ms1de ,ts funnel that can cause 
buildings literally to explode.

On June 9, 1953, for example, a tor
nado deYastated central :\fassachusetts 
an� �truck several T?odern apartment
huildmgs and factories in the city 0£ 
Worcester, along with hundreds of 
frame dwellings in the suburban and 
rural areas along its course. .\Jost of 
the latter were reduced to kinclling wood 
where the tornado struck full force; the 
steel and concrete structures sustained 
comparatively small damage. 

It was concludf'd by a team of engi
�eers that factory structures designed 
m accordance with accepted modern 
standards are relatively tornado proof
although the different types of construe: 
tion had varying resistances and severe 
damage must be expected to glass, roofs 
and lightweight sidings when even a 
modern building receives the full im
part of a tornado. 

The probability is small, hO\\l'VC'r 
that any given area, such us a pla11t site:e_will be struck by a tornado. But it 
should _ n�t � overlooked, thut no spot
carries with 1t a guarantee agai 11!':t tor
nadoes, and tht>y ;,hould he reckoned 
�vilh in planning factory i::I ructures. 
fhere is abundant climalolo�ical infor. 

mation on which to ha"C !:uch plans. 
Hurricanes, while their violent winds

do considerable damage. ure mo;,t dan
gerous to shore in�tallation::. Th<'y pro-

� 

f 



duce a ··-.1orm ,-uqi;.•·· that may rai!-e 
the water level ;,udclenh to �neral feet 
above mC'an walrr: the· rP!:>Ultant flood
in�. unJc._s the buildin� has bt>en pro-
t�cted again,t it, will damage machin
ery, c;uppli �. etc. in c•pllnr:; and l.!;roundo
floors. No factorv ;;hould be bui't ono
the c;hon·. \\ hcthe� of the open "ea, bayo
or tidal estuary. and no clocking facili
tie,- ,-hould be t>recled. without con"id
ering the p..,,,,-ibilit) of thi1o kind of hur•o
ricane damage.o

In casr,- ,1here plant "ites arc locatedo
along rivers and c.tream'--8S they often
nre for 11a1t•r acce:;"• the heavy rainso
as::,ociated \I ith hurricanes will cau.:eo
quick ri�t•s and !-irnilar flooding. In theo
\e" England hurricane,, of ] 955, foro
f'Xarnple. ,..1·,ere watrr dama�e was suf•o
ferl'd in the "mill town"·, built along
the u::,ually peaceful ri,·cr bank.a.o

The Je"on i.: that stream flow. rain
fall and hurricane" record� !'hould beo
con ... ulted ,, h('l1 contl'mplating a plant
or facton· nl·ar the water. The centerso
of a good many hurritane,- and less in
tl'n"" tropical >'lorm-. ha, e pa!-'-Cd overo
tht' '-orthe:H area. In the period 1901-
55. 23 haH• pac.,-e<l over Mar} land ando
Delaware. J:i ovl'r :\cw Jer .. ey. 12 overo
Pl"rmsyh uni a. 9 over :';ew York, 21o
o,·er the ,outhl'rn ;\'cw England States,o
6 ov!"r �t•w Hampshire and 7 o,cr
\laine, no hurricane '·eye'· wenl dir!"cl
ly over Wt>-t \'irginia and Vermont dur
ing the,e fifty-five year-. In analyzing
the,c figure.". it �hould be rememberedo
that the �11.me storm may ha,·e pa::,:cd
over :aewral $talcs: in other words. thato
the total of the;,e individual figures iso
not 11ecf'!,,arilv the true o,·er-all total for
lhi> area.o

Balanl'ing this, parts of the areao
(1":;,peeially the coastal belt) have beeno
affected hr additional hurricanes whoseo
centers did not happen to pass over oneo
or more of the States listed. There iso
no pcrsi,tent pattern or sequence by
which ,arious sections of the Northeasto
have been affected; hurricanes are factso
in the area'c; climatoloA'ical history ando
�hould he resprclcd as such in any
building plans.o

\\: ith n·gard to floods, enough ha�o
h�t•n said for the purpo.;e of this articleo
in connection with those due to hurri
cane<;. Thr, have ab-o resulted fromo
other lypl', or storm". either major lo\\•o
pre,:,ure art>u, or ,rnull-�rale !'!Orms (01
"cloudbur-.1-."). ,\JI thcfe kinds 01 

-

,-Lonn, ha,e prorlucrd Aood!-, their ef
fect,, depending upon th!' inten,;ity of 
the rainfall and the �ize of lhe area af
f�ct •d. The} are mo-I frequent duri11{! 
SumnlC'r and Autumn. 

Another kind of flood, typical of 
Spring but occasionally expcr'enced in 
Winter, is that due to the thawing of 
�now. when 1he mehPd waler runs off 
�ht> frown ground and eventually pours 
mlo the ,itrearn!-. 

\Jcthods haYe b�cn devised to e,,ti
matc the frequency of Ooods of speci
fied heights on mo;;t of the important
river:. in the counlry; it is thC'refore 
pos'-iblc to take precautions (levees.
i;pilhrny�. etc. I where conditions war
rant, without exaggerating the danger

As a final item. the writer wishes Lo 
deliver re;-trairwd prai�e of the climatic 
advantages of the Northeast from the 
viewpoint of human enjoyment. In 
Summer, the coolness of the mountains 
and the seashore acid-; Lo 1he pleasures 
of vacation. In Winter, the bracing air 
and snowy slopes beckon to ski enthusi
ast!'. In Autumn, week-end trio s to view
the flaming foliage arc enhanced 

p 
by the 

b�•auty of the sky and the clarity of the 
atm?c;phe:e. And in Spring, the invig
oruttng sight o{ budding vegetation i« 
rnude more attractive by the equabll'
temperalures.

In more !"ober term.:, the Northcast
<•rn States offer!" a climate that is good
for bu"iness and. equally important. i" 
good to work in and <•njoy. 
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WEATHER PATTERNS IN THE SOUTHEAST
By C. K. Vestal 

U
\LIKE any other animal, the hu
man possesses the abilit} to live 

and work in any of the world's climates. 
Om· of the reasons for this i!:' that the 
human bodr has a very good natural 
heating and cooling system which givt>s 
it the capacity to adapt readily to wide 
range ... of climate or to rapid weather 
change--. \lore important, howc,er, are 
the various artificial means man ust>!:', 
,urh a-. clothing, sheltc-r, and air condi
tioning. to eAtcnd his comfort range or 
hi-. ability to live under the mo;;t rigor
ou, weather conditions. 

Ho,\ever, there i� no C'Oncern here 
,dth man ·s ability to surviYe in e:-.
treme dimates. Instead, the di!:'cus,;ion 
,urround,; the important fact that he 
can \\ ork efficiently only within his 
much narro\, er comfort zone. This ap
plies either to indoor or outdoor work. 
althou:rh the comfort ran�es will differ 
for each t\'J>e of acti,·itv. In the;:e da,� 
of ri,in:i; labor and material co,-ts. thi• 
fart ha� bec-ome incrc-a�ingly important 
to plant manal?'c-r!:'. c•xe(·uti,·e�. anrl 
other ... concC'rned with efficit>nt produc
tion. .\l,o. tho;.e state and munic-ipal 
agencie-. ,, hose joh it i!'l to attract nc\\ 
indu�try to their areas have c-ome to 
recognize climate as a salable commod
itv. In a recent is."ue of hDUSTRL\I. lh
\'£1.0P\IE'.'\T. about one oul of eH·n
�ven of the larger advcrli,:eme11ts c·o,;. 
cernin� plant sites made ,:ome mc11tio11 
of the local climate as an inducement 
ror ,·hoo,-ing an area in which to locate. 
,\dd,•d to this is the belief of many that 
1·ontinued profits and maintenar;C'e of 

our high standard of lh ing depend 
larf!ely on increa,:ed output 1wr man 
hour of \\ork. It would appear. there
fore. that no one ran afford to overlook 
aur faC'tor which can operate to either 
rai�e or lower efficiencY. Climate i� 0110 

of the�e fact.ors. 
Climate has it,: effects on a great 

many mechanical operations as ,1ell. 
Frequently. transportation or storage 
of materials. electric power generation 
and transmission, and functioning of 
much of the equipment of modem in
du,trial operations are governed by
climatic consideratiorn,. As a matter of 
fact, it is difficult lo find an operation 
that is not affected by climat!' or weath
"r to some degree. even though the ef
fect is not necessarily of paramount
importance. 

In its essentials, then, the problem 
discussed here becomes one of evalu
ating the importance of climate in a 
particular operation. It may tum out 
to be a highly important factor that 
cannot be ignored. and preventive or 
compensatory measures must be taken 
on1·c this fact is realized. On the other 
hand. one mav discover that the cli
mate factor i� entirely secondary to 
other much more important items and, 
consequently. may he rejected as an in
fluence on further con1<iderations. How
ever, in either cP�e. the proccs.5 has been 
one of examininJ! the climate fartor and 
determining its proper rank in the en• 
tire operational process, rather than the 
less wise procedure of ignoring its in
fluence or deciding arbitrarily that cli
mate or weather risks are not impor
tant. 

In choosing the plant site, therefore,
011e should have some knowledge of the 
climate of the region and he able to
evaluate the effect that various weatlwr 
extremes will haYe on the plant"s con
struction, operation, and maintenance. 
Of course, this appraisal should be car
ried on concurrently "ith that of the 
labor market and raw material supply; 
transportation and distance to markets 
for finished products; availability of 
land for purchase or lease; the state, 
county, and municipal tax structure; 
availability of pow<'r and fuel; regula
tions co\'ering gas or liquid waste dis-

charges; and the many other considera
tions that always enter into such de
cisions.

After a brief description of the 
climate of the southeastern states. the 
discussion following will co, er many 
effects of the weather phenomena that 
arc found in this part of th(' countn. 
The discussion, of course, is designid 
to be of help in selecting and planning 
for a plant site in these region�· · 
Climate of the 
Southeastern States

Actually, there are many dillerent
climates within this area. There are.
however, enough general similarities
to make it easier, for the purpose at
hand, to discuss the climate of this re
gion as a whole rather than get into
an involved story on the many climatic 
variations one will find here if he
;;earches long enough. In line with this.
there are several major geo�raphical
features which determine the climate
of this region ( and, indeed, of any 
region). Once the roles of these features 
are understood, it becomes some\,hat
easier to judge how various weather
factors may interplay to produce the
sum total of the weather, or what is
more usually called the climate. There
geographical features can be listed
quickly: 

1.oThe huge land mass to the westo
and northward.o

2.oThe Appalachian mountain range.o
3.oThe Atlantic Ocean and tht• Gulfo

of Mexico.o
1.oThe latitude or distance from tht>o

equator.o
In the winter, the great land area to 

the northwest, extending far into Can
ada, is co,ered with snow. This area
becomes a source region for the very 
cold air \\ hich frequently �lide down 
into the li. S. southeastward through
the ::\fidwcst and causes our cold waves.
Usually these cold waves have moder
att•d considerably by the time they 
reach our area, and the southeastern
cities do not get the very low temper
atures of such cities as Chicago, Min
neapolis, and Kansas City, nor do the
cold spells last as long. Also. frequently 
the Appalachian mountains, which run 
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nearlv north and south, tend to block 
some'of the cold air lo the west and par
tially shield the coastal states from the 
worst of the cold. Even so, oecasionally

 an e!<pecially severe cold outbreak will 
 penetrate into the southeast to the Gulf 

of \1exico and the Atlantic Ocean. Thc�c 
are fe,\, however, and do not persist 
for lonir, 

At all seasons of the year. there is a 
fairly con�tant flow of warm, moi5't air 
from the Gulf of Mexico and from the 
adjacent part of the Atlantic into the 
wutheagtern stairs. The intnaction of 
the \\arm air \\ ith the winter cold out
breaks from the northwest produces 
frequent and wide-spread precipitation 
"hich falls most often in the form of 
rain. Of course, in the more northern 
stat<':; of this reirion, there are occasion
al :-nowfalk hut, except in the moun
tains. the snow docs nol remain on the 
ground long: in the southt•rnmo5't states 
i:.no,\ is a rarit,· and almost alwavs 
melts ag ii fall�. ·111 thr�e �ection,- o�e 
may live years without sePing snow 
more than once or twice. 

The winter climate of the southeast 
may be summed up, therefore. as being 
\\armer than that to the north and west 
and ha,ing more precipitation and 
higher humidity than the western win
ters. The usual humidities arc such as 
to cause the occasional cold spells to 
be more uncomfortahle than would be 
the case if the air were drier. Bv any
definition, howPver. the southe�ster; 
winters are more mild than else\\ here 
in the United States, with the pos:sible
exception of those in !,;Outhern Texas, 
southern Arizona, and along the Pacific 
Coast; these will be discussed in an
other article in this &>rics. 

The southeastern !<ummcrs: rani:re 
from warm and humid to hot and hu
mid. The main reason for this is the 
continued inflo" of warm, moist air 
from over the Gulf of �lexico. Even so, 
frequent thundershowers, which are the 
main source of precipitation during the 
summer, afford relief. The ,ery high 
summer temperature,; of the Great 
Plains. from the border of ,1exirn to 
the Canadian bord(•r, are rarely if c\·er 
experienced in the southeast. Here the 
higher temperaturPs occur inland al
though they rlo not µ:o aho\'e 95° very
often; along the Atlantic and Gulf 
coast, the daily maximum temperatures 
are somewhat lower, but the humidity
is higher. 

From the above remarks, one can 
bPp;in to under<:tand how the four major
geo!!raphical features, mentioned ear

 lier, operate to control the southeastern 
nclimate. In the same order they weren
Iisled previously:n

1.nFrom the much <'older land ex
panse to the far northwe�t comen
thl' cold air outbreaks in the win
ter that penetrate the southeasternn
states. However, the cold wa\'esn
are normally less frequent. lesi:.n
severe, and do not pnsist as long
in the southeast as they do in then
northern. central, aiid Hockvn
Mountain !'tates. Between coldn
spell", the weather is comparativelyn
mild and evm occasionally balmy;
naturally, the mild or balmy pe•
riods arc more frequent and moren
pronounced in Florida and in then
nearby i-:tates along the Gulf andn
the Atlantic coasts.n

2.nThe Appalachian mountains fre
quently ofTer some protection inn
\\ inter to the !'tat<'s immediat<'ly ton
the east. Alonir the mountain tops.
!'now is more frequent in tlw win
trr and !'la�·s on thP ground longern
than elsewhere in the region. Here.n
too, the humidity is lower and then
temperatures are lower in summern
and in winter. Greater, also, is Lhcn
daily temperature range ( differ
ence between the daily high andn
the nighttime low temperatures)n
in the mountains.n

:1. The Gulf of Mexico and the ad
jacent portion of the Atlantic aren
th<' major sources of precipitationn
and high humidity for the south
east. These bodies of water are.n
also, a moderating influence onn
temperatures along the coasts andn
for perhaps a l 00 miles inlandn

from the Gulf and a somewhat less 
distance inland from the Atlantic 
coast. They operate, therefore, to 
produce more even temperatures,
both throughout the day and from 
summer to winter; i.e. summer 
maximum temperatures are lower 
and winter minimum tcmperalun·s 
are higher in the costal strips than 
farther inland. ( 'otc: Bccaui-e the 
air flow over the l.:. S. is primarily 
from the west, the Atlantic Ocean 
does nol exert nearly the same de
gre<' of moderating influenct> on 
east coast temperalur� as does the 
Pacific Ocean on \Yest coa!'t tem
peratures; the Pacific Ocean effect 
will be discussed in another artidr 
of this 5'-erics.) As a matter of in
terest, it might be helpful to men
tion that the rea;;on large water 
bodies. such as the Gulf and the 
Atlantic, ameliorate coastal tem
peratures is that the dPep water 
heats up more slowly in the day
time and in the summer than does 
land; similarly, water rnrfar<':
cool more slowly at night and in 
the winter than do land. There
fore. the water is apt lo be 1\ armrr 
than the land at night and in "in
ter. and cooler than the land in day
and in !:'nmmer. 

4. All other things being equal. then
closer an area lies to the equatorn
thP warmer it is. Howevrr, in cli
matology, as in other fields in
cluding industry, all things aren

Average Number of Days F.ach Year 
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Birmin�am, Alabama ..... 2780 54% 60 38 t t 65 118 15 
Little Rock, Arkansas ..... 2982 57% 75 46 t 1 59 103 16 
Miami, Florida ............ 173 60% 7 t 0 0 71 130 16 
Atlanta, Georgia •.......... 2826 56% 34 38 t t 51 122 12 
Louisville, Kentucky ........ 4439 57% 34 76 l 4 46 122 10 
New Orleans, Louisiana .... 1175 62% 57 4 0 t 73 120 15
Jackson, Mississippi ........ 2202 54% 99 36 t t 62 107 11 
Charlotte, North Carolina ,3205 54% 40 46 tn 2 46 120 9
Charleston, South Carolina .. 1769 56% 27 9 0 t 59 110 )2
Nashville, Tennessee ....... 3513 56% 42 62 tn 3 52 )20 12
Richmond, Virginia ........ 3955 5.3% 4.5 &1 1 2 37 115 9
New York, New York ...... � 5050 59% 7 92 I 8 31 124 12
Chicago, Jllinois · · · ·· · · ... 6310 58% 28 123 7 IO 36 119 8
Minneapolis, Minnesota ..... 7853 60% 17 155 29 12 37 113 5
Denver, Colorado .......... 6132 38% 34 15.3 7 17 43 86 2 

Kansas City, Missouri ...... 4888 55% 55 101 2 5 49 101 8

i-Less than one day every other yrar.
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rarely equal. For instanre. equa
torial regions, particularly thr 
rainv humid tropir,-. prac·ti('ally
nl:', rr r,perie11er thr hi h tt>mpera
tun•- found in a great 

!!
man� arra� 

to the north and ,-outh of Lill 
<'qualor. '\'ot long a�o. the ,, ritcr 
,,orkPd <ncr 11,0 Yriir-. in rnill\ 
tropic-al c\frira. h•s�·1han 500 milt:. 
from the rquator. "ithout e•'11rri
encing the high temperature he 
found 11 hen he stepped off the plane 
afterwards one hot Julv afternoon 
in "\cw York Cit}.

In the Lnited States,- the south
east area has a wanner climate 
than the northeastern states be
cause, if for 110 other reason, they 
are farther south. On the other 
hand, summer temperatures in Bir
mingham. Alabama, are higher
than in Pensacola, Florida, even 
though Pensacola is 200 miles far
ther south. Of course, this is be
cause the cooling effects of being 
on the Gulf is greater than the 
warming effect of being farther 
south. Other examples could be 
cited. but these serve the purpose 
of demonstrating that one geo
graphic characteristic can modify
another as far as the resulting cli
mate i,, ronccrned. 
Effects of Climate 

Obvious!), some indu�trial plant,; an
some operations are more vulnerabl
to certain dimate factors than ar
others. AI�o. one climate characteristic
such as high temperature, may have 
detrimental or beneficial effect on om
industrial operation and practical!) n
effect on others. No attempt "ill b
made>. therefore, to produce an exhaus
tive list of climal ir e/Tccls: in,:tead th
discu!,Sion folio" ing "ill identify th
primary climatic factor:, and ,, ill in
dude examples of their effect,; on l) p
ica! human and me>chanical operation
i11 the �outhem-krn "late!'. 
Temperature and Humidity 

Human comfort ran be ga�Pd do-el
from lcmprrature and humidity read
i11!!s. The>rc are other contrihutinl! fa
tors, of cou r�e, such as the ab�ence o
pre,-encc of direct sun-.h ine and of ,-ind
and there arl' Limes "hen thr,-e latte
factors are not negligible.

As described C'arlier. ,, interil i11 th
'-OUlhC'ast are mild as comparC'd to mo
of Lhe re:,t' of the countrr; heat in§!" co-:t
arc lo\\Cr. also. Some idea of the differ
enres can be g,lined hy referring to th
tahlc "hich gives the normal annua
heating degree days* for �·arious citie
The citil':, with lo\\cr degree day total
ha,·c lo"er healing rosts. An immediat
ach-anlagc of indll'•trial µ!ant locatio

in the southeast is apparent. 
Thi� adrnntage is off!'et 80me,, hat by 

the need for coolin{! or air ronditio11-
i11g during the II arm and humid sum
mer". lJnforLunatcly. there is 110 gen
erall) accepted index to air condi-
1ioning requirements that parallel;, the 
U!;l(' of the ht>ating degree day in deter
mi11inir heatinir requirement'-. The rea
"0n for this is that. in air eonditioning. 
humidity i,i. as important 8" tempera
ture. 

Perhaps the most eomfortable tern• 
perature range is between 65° and 75 ° 

althouirh this II ill vary with individuals 
and ,, ith the amount of physical work 
being done. Heavy worker:, find some
what lo,1er temperatures more accept
able while desk workers find 

lower than 70° 
tempera

tures uncomfortable. In 
the comfortable temperature ranges
high humidities are not particularly im
portant except to hea, y labor. llow
e,er, at temperatures much lower tlian 
these. high humidities lend an addi
tional chill to the air and make it feel 
colder than the thermometer would 
seem to indicate: this is a U'-'ual situa
tion during the southeastern winter,;. 
especially near the coastal areas. In 
•ummer. when daytime temJlcrature"i
consistently exceed, say, 80 to 35c 

with high humidities. most people ex
perience c;Jight discomfort: at tempera

d tures abo,·e 90 "ith high humidities, 
e nearl) ewryone feels the II eather to bei
c sultry and opprel'!-ive. (The effects of 
. very low humidities "ill not be clis

a russcd here since \'Cf\' low humidities 
• occur onl�· rarely an·d bri1•Ay in the 

o southea,-t: thev will be cO\rrecl in an
e other artirle i;1 thi" �eries.) 
 Human comfort is important to in
t' du,;trial operations ::-inc-e, unquestion
e ably. 


11 orkt·r cllic-ienry drop� oul:,ide the 
comfort zone. and thr {!rPater the de

 parture of condition� from optimum.
!' the more decided the derrease in ef

firienc-y. Somr m<'thod of air ('ooling or 
air co11ditionin/! herom(',-; mo�l de<.:ir

y ahle. therefor<'. in southca�lcrn indm-· 
 trial plants he1·ause of th<' U'-'ual sum

c mer I\C'athrr. \ir ronclitioninl,!. is of 
r rour,-1•. tlw mo,-l "ali:,fac-torv solution. 
. hut it i-. al-.o the mo!'I e:x,;t•n-.h c•. :\t 
r tempera Lu rt•- belo11 90 . forced wnt ila

tion "ith fans is rea,onahh· effect iw 
e <'\ t'n II ith hi::rh humiclitie.:_ li'ut this he

�t rom1•-.11!'arh u"el1•s,-. ac; a rooling method 
s al lPITif)('ralure-" abo,e 90 ° in th<' !'011Lh
• ca�lern �tates. Jt i" onlv natural. there
e for<·. that air conditio11.i11� i-- hel'omin:t 
l widely ar<'Ppted in the ... outhra!'l. uncl. 

s. no doubt. not many , t'ars from 11011 
s ll<'8rh even· office anci mo�t i11dt1'-'lriul 
e plant� of importan<'C \\ ill he air <'Ondi
n tioned. at lca!'I in part. 

Other Effects 
Aside from human c-ornfort co11--id

eration;,, hil!h humiditie,.; and tempera
tures haw other 1•fft·tt�. For cxamplt',
under "U<'h c-011clitio11-: hla'-1 furna<·<• ef-
ficiencv derrt•a-.e-..: inforior ra�tin)! · are 
formed al 80 temperature- ancl a r!'la-
tive humidity of 80%: elt>c-tric equip
ment and <·leclronic de, ic•e:, are more 
prone to failure; paper. c·loth, and 
lealh<'r �ufTer from milde11 : gummed
flaps !"lick on unused enH•lope,,;; steel 
rust:, exc·c,--.iwly II ith relatirn humid-
ities around 80% or more. and this ef-
fect is ac·ecleratcd by hight'r lt'mpcra
lurcs. 

In many industrial procesSf'>', "atcr 
is circulated through cooling coils or 
jackC'ts surrounding tank,- or tubs in 
which products arc being formed or, 
conven-ely. the lank,i. may be filled ,,ith 
watpr II hich bathrs coils throul,!h which 
the product is pumped for cooling. In 
such cases. the temperature o[ the ,, a
ter as it i .. clra,\ n from the oubide be
comes important since. if ill- tempera
ture is too high. its cooling elTPct is re• 
duced. For some proce::,-es thb may be 
important, say, along the Gulf Coast 
"here summer tempPrature .. of spray 
pond:, and ,.hallo11 lakes are quite high. 
Other proceR.."t'S require preheating of 
indrawn industrial waler before it can
be used. and in these l'a"eS the higher 
oubide water temperatures are of ad, an
Lage.

One e:xample of the importance of 
\\ater temperature 1\ill suffiee. In the
rommercial production of ammonia, 
the ammonia ga, is synthc,ized and 
then dissolved in 11alt'r lo obtain the 
c:ommercial produC't. In this !=lep, cool 
,, ater is "Uperior hPrau,e more than 
I\\ ire as murh ammonia /!BS can be di!=
solved in water at a temperature of 60° 

than in water at 95 . In storing or ship
pinir the product in tanks, temperature 
is important. al"o. becau--e the gas lend-; 
lo hoil out of i::olution at high tempera• 
tu res. 

It has already been implied that 
11 orker effiriency decrea�s rapidly at 
IPmperature;; above 90° : the same is 
ITU<' al t<'mpPralures below lO . A1:rnin. 
this range \\ ill dilTn II ith individuals 
and with the type of work being done. 
but this statement �hould ,;;uffire as a 
genernlization appli<'ablr particularly 
to outdoor employees. such as construe• 
tion workeri::. and to those "orking in 
cxpo$t•d plant interiors. Lo,\ rr tempera
tures afTeC't or limit many acti, ities. 
·on-enclo,-ed paint shop· operation�i

slov. at temperature" below 60° and 
cease entirely at below 40 readings: 
up to 1 1 of the part;; for aircraft frame's 
cannot bt• pres�ed sati�factorily at tern-

�i

f
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peratures belo1, 10° ; and precH11on
machining �ulTer-: in quality at such 
temperature,-, Tht' pou rin;? of concrete 
and form::- '-'trippinµ at below freezinf! 
templ·rature,, i::- a\oided unle!'s (or some 
reason. /!featly increa�ed cost" are war
ranted for the neee-:,-ary protective
mea... un•-.. Al..;o. al belo1\ :�2 ° tempera
tum� it bt'come-.: difficult to operate
comprf'l;S(•d 1tir equipment under hip:h 
humidil\ conditions; the air moisture 
conden"�" and frct·zt·s on the exhau"t 
outlet", stoppin;r the equipment. Stock
piled rnal or coal ht·intr shipped in rail
road rnrs bel,!ill" to fret•ze at tempera
tures which <lt•pend on the wind and 
the amount of moi'-lure in the coal;
frozen coal. of< our"e. must be knockrd 
apart with l"lc>dl,!t''- or thawed before it 
can he hanrtkd. The conveyor belts 
also lt'nd to fre<'ze under the same con
dition!-, On th(· othe1 hand, "tockpiled 
coal does not o,idize and depreciate in 
quality as fa..,t undrr "inter condition� 
as in the hot summ<>r. For example,
coal that can hi> �tored for three months 
in "inter and «till retain its cokinp:
qualities ma,· not retain equal qualities 
after more than one month of summer 
storage, when �pontaneous combustion 
possibilities incr<>a� al!'o. The optimum 
coal storap:e temperature range, from 
all standpoinb, seems to he about 40° 

down to just aho\'e freezinf!. 
Ob\'iouslv. indu<-lrial cold \leather 

problems a�e not as aeule in the mon.' 
tempnate southeastern winter,- as they
are \I here the winter climate is more 
rigorous. Ilowe\'er. below free-ling tcm
peraturE>s are not unc-ommon in most 
parts of the '-outhi-a"'t as will be seen 
from the table. Evt>n "0, during the 
rather brief cold c.pdls. there are many
prec-autions or protf'etive measure;; that 
can be taken. and, in general. construc
tion activity can proceed ,, ith It"!'� 
weather interference than to the north 
or \\�t. For instancP, alcohol can be 
vaporized into the lines of compressed
air equipment to prevent moisture 
freezing at the exhau!'t port.•. 

Precipitation and Winds 

By far, mo,t of the precipitation in 
the southeast foils in the form of rain. 
This area is \I ell watered, and the sup
ply is suflieient for most industrial pur
poses. insofar as that statement can be 
made concernin,:! any area of th<> coun
try. Of eourt-e. \\hen it is under:;tood
that the United States used 221 billion 
gallons of water dailny in 1955. and that 
an estimate of 597 billion gallons daily 
use has been forecast by 1980; it should 
be more than obvious that there is notn
enough water to f!:0 around. l\everthe
less, the southea,-t as a whole is bettern
off than most parts of the country andn

-

no ,, orse off than any. There are spotty
exceptions to this general statement,
however. and before locating any plant 
\�ith a high induqrial water require
ment. a thorough survc} of the local 
"ater suppl} and potential is indic-ated 
axiomatieally. 

Traffic Hazards 

Snow, slt"('f, and rain that freezes a;
it falls ar<' definite traffic hazards, and 
moderate to sev<>n· occurr<>nces can 
muse plant shutdo" ns for thi� reason 
alone. Of <·ourse, the def!ree to which 
the falls arc effective in stalling traffic 
depc>nds large!) on the community ex-
1wrienee in �uch probkms. A !'\OO\\fall 
that would cause little <'omment in l\ew 
F.ngland 11 ould probably paralyze traf
fic in �orth Carolina ror a short time.n
W'hilc sno,\ falls of, say, five inches orn
more are uneommon in the southeastn
(and quite rare in the south<'rnmostn
states), ,,hen they do occur they causen
a good deal of trouble temporarily.
Freezinf! rain will collect on electricn
po1,cr transmis..:iori lines and on tele
phone lines. breaking them if the icen
accumulation is heavy enough. Free-l
ing rain is not an unC"ommon e,ent inn
the more northern ,;tates of the south
east area. The table f!i\es the number ofn
days pc>r year 11ith snow or sleet inn
representative citif'S.

Rainfall ,, ill halt or limit outdoor 
con�truction. Of all such operations,
exca1 a lion activities are the most af
fectecl "hich, of cour�e, is of concern 
during the construction of the plant.
As described earlier, in tl1e southeast 
the rainfall is fairly we11 distributed 
throughout the year. Winter rainfall 
lends to be more even and widespread, 
and summ<>r rainfall is mostly of the 
shower type acrompanied frequently by 
thunderstorms and, much more rarely,
by hail. Hail is of little moment as far 
as industrial plant loeation is concerned 
since its main eff<>ct is one of damage
to glass that may be exposed to the sky; 
on the a\'eragc it occurs only onc-e or 
twice a year at any one spot in this area. 

Summer thunderstorms in the south
east are common, and ,, hen they are 
well developed storms. ,,hich is fre
quently the case, their hi/?h wind!',
lightning, and heavy rainfall ('an cauSt' 
con.,idrrable clamage ,, ithin a short 
time to power and telephone line!' and 
to roolin!! that ir- not Wt>ll maintained. 
Howewr, sueh thunderstorm dama/?e
is nearly ah, ay;: lo<'al in character b<>
cause of the spotty nature of the '-lorm!-'. 
hut on O{'casion a thunderstorm line 
se\'eral hundr<>d mile;: long "ill form 
f called a "nsq uall line··) and cau� dam
ag<> alon!!' mo:=:t of it!" lcn/?th as it mov<'s 
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in an ca�terl\' di reC'tion. Lo<'al Aa"h 
Aood� can res�lt. too. These phenomena 
are not peculiar to the southea�t since 
they can happt•n nearly an),, lwrc in the 
rountrv. but the <:outlwa!lt doe, have 
more .. �1mmer thnnder:'torm� than mo;:.t 
other !'CC'tions. The tahlt• <"<Hnpare" aH"r· 
a:re annual thun<lerstorm ocf'urrrncrt. 
for repr!':-entati\'e cit ie,. 

The same ,, 
givr riSt> to 

eather ( i rcumiatarH'e:' that 
thumlc-r..:torm" can also 

produce tornadoe,. and. although they 
are oh"rncd far ]e,.,- fn•qucntl} than 
thunder"lorm .... lornadot'" are not  
in the soulhea<:t hv am· nwan,-: on 

rare

thr 
othrr hand. not a� mam on·ur in the 
!'outhc>ast a, in the mich(e�t. Tornadocg 
<·an occur in am mo11th in the �outhra"ln
hut the� are m�rc 11!-ual in t'arl�· Sprin;n
than al am other "eason. Tht'ir destruc
tive path i<: --mall· in 11idth t u�ualh a 
fc\, hundred \
r 

. ard51) and "horl in len',.,th
perlrnn,; It':":' than 20 mile• a,era2:r).

r

'\'aturulh. rno�t d<':'lrudion t'n°uc,; rn•arn
the direel J)ath of the tornado. andn
light-frame d1H•lli11µ" and buildings.
'-Uc·h a-: barn,-. "u!Ter damage most frp.
quentl), lna<lequatp :rround anchorage
and the lac·k of adeqnatt•h !-trong c·on
nt>ction!' hell\ cc>n the• \ a riou ... memlwr:;:n
of the d,1 PIiing or buildin:r st>ern to Len
the main rea,-ons building:- arc> dam
aged or dc�lroyc·d b) tornadoes. \Jod
ern reiuforc-ed <'0llerPII• and �tee! con
struction. firmh· rooted in a "<>lid foun
dation. i,- imm.une to tornado dnma,.,,,
C'XC(·pt to tlw gla"" 11 intlo" and. ' • 

,.. 

!'ihly. to tht> roof art'a. 
i: O'-·

\lam· of the rc('ord rainfall- in the 
,outhea,,1 have heen c·nu�c•d h,· hurri
i-a11e!'. These '-torm,- hrecd in tf{e Carib
bean and in thP adjaC"enl "ater,- of the 
-\tlanlic to thP ea!'I. mo,th durin/! t�c 
June through (ktoher 111011th,;. \'atural
h. not all hurricane� ,,,rikl' the l' nited 
Stales coa"-t or <'Orne clo::e enouglr to 
a/T!'ct the- 11 eath<>r appre<'iahly, but 
tho� that do u;:.ualk l'ause he8\ y to 
torrential rain!' 0H'r � lar[!<' area. \then 
hurricanes come inland from the Gulf 
or the Atlantic, the most ,evere damage 
nearly always occurs along the imme
diate coastal strip because of the heavy 
11·a,·e sur/!'t'S ( popularly. though inc-or
rectly, c·alled '•tidal waves''; the correc·t 
ll'rm is '·storm surge·') ac-companying 
such "torms. As the storm pro{?:rc><ses
inland. it trnds to spread out o, er a 
larf!'er area and ,,eaken in inlen><ity. but 
the winds may still be high enough to 
damage !-Orne roofs and to uproot trees 
from ground f'oftened by the heavy
rains; power and communication lines 
and windows may experience damaj!e. 
also, particularly from fallinl! trres and 
windblown debris; and the ht'avy rains 
can cause Joe-al flooding. It ;;,hould be 



apparent, therefore, that hurricane dan
ger is greatest in exposed coastal areas 
which the "storm surges" can inundate. 

early all hurric1rne damaire to an in
dustrial plant can be avoided by lo
cating it away from the flat coastal re
gion in a site not subject to flooding, 
and by providing adequate roof an
chorage and appropriate storm shutters 
to protect windows. 

.In conclusion, it can be S<'en that the 
climate of the southeast offers many 
advantages for indw,trial and plant 
sites, not the least of which arc the com
paratively mild winter:>. The beach 
areas from l\"orfolk southward. and on 

the Gulf coast, offer seashore recrea
tion for employees; also, the Blue Ridge 
mountains of the Carolinas, Virginia, 
and Tennessee attract many vacation
i,:t� including hunters and fishermen. 

Additional information or detailed 
figures on any point covered in this 
article can be obtained from the U. S. 
Weather Bureau. \Va!'hington 25, D. C. 
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•Heating dcj!'rce days ure calculated from 
the aYera,i;e of the hil!'h and low tern peratures 
rec-orded 

° 

each day. H the a,·ereJ,!;e is less than 
65 the difference repre�cnts the \'alue for 
that day. If the a,·erap;e is 65 ° or more, no 
heating requirement is assumed. An a\'crage 
temperature of 45° produres 20 heating de
gree days; an average of 65a° , 70a° , 75a° , etc. 
producl'S Zf'ro heating dej!'ree day11. 

NORTH CENTRAL AREA WEATHER FACTORS 
By Lothar A. Joos 

D
EFINITIOXS of "climate" may bea
written in a number o( ways ac

cording to one's needs or de:-ircs. For 
example, "Climate is the average or 
sum total of weather experiences at a 
point or in an area,"' or, "Today, and 
possibly tomorrow and )'C!'lcrday, we 
are having weather but the weather 
events of the past and o( the future arc 
a part of climate," or again, "Climate 
advises us to have available both sun 
suits and urnbrellru- but it i;-; the weath..r 
which determinc·s \\ hich item will be 
in ure at a particular moment.'' 

A definition ,,hich fits into our dis
cussion here might be, "Climate de
scribes the total outdoor phy,,ical en-

vironment as it relates to man's living 
aud working activities." 

GEOGRAPilICAL FACTORS: The 
geography of the North Central Area 
is attractive lo industrial planners. The 
level terrain favors the construction 
and operation of railroads and high• 
ways and greatly increases the number 
of possible plant locations. Gently flow
ing riYers have been well developed 
for water transportation and economi
cal barge traffic connects Great Lakes 
shipping with the lower �lis."i""ippi 
Valley and the Gull Coast. 

Although water power is limited, 
vast supplies of Illinois coal and easy 
access to the gas fields of the South-

west promise no shortage of energy for 
centuries to come. Ground water sup
plies are limited in some areas but 
fresh water reserves in the Great Lukes 
and the principal rivers can be con
sidered adequate. In addition there is 
a large number of surface reservoir 
sites that can he developed when they 
are needed. 

THE PLANT LOCATION PROB
LE�1: It is probably true that a factory 
or processing plant will not usually 
locale in the North Central Area be
cause of climate but in spite of il. For 
example a large amount of industry is 
involved with processing the agricul
tural raw materials of this region. Al-
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though a remote location would he 
impractical there would often be a 
possible range of location of a couple 
of hundred miles. 

Within that range a thorough analy
sis of weather statistics should permit 
one lo minimize the total of the vari
ous costs of climate. Such an analysis 
might balance the cost of air condition
ing in southern locations against the 
larger heating load farther north: 
cloudiness in Michigan against sun
i:hine but greater storm1,1ess in Kansas; 
the greater cost of shelter in northern 
winters against increased cost of sill' 
drainage in southern latitudes. 

The analyiais might estimate the 
probable snow loads on roofs and the 
economics of a snow melting system. 
the directions from the plant in which 
air pollution would most frequently be 
objectionable, the iatream flow charac
teristics of rivers, or the yield of sur
f ace water reservoirs where ground or 
river water is not adequate. Such analy
ses are most efficiently carried out by 
enginrer:s who understand both the 
problems of industr) and the use of 
weather records. 

There are a number of consulting 
firms which arc qualified and experi
enced in handling problems in indus
trial climatology. Whether the work is 
done by company engineers or by a 
coni::ultanl the records. facilities, and 
experience of the C. S. Weather Bu
reau's Office of Climatology arc avail
able. 

As illustration of a plant location 
problem, a certain indu"try wa� con
�idering a location in southern Jllinois 
where nearby all indu.,trial and munici
pal water supplies are taken from sur
f ace rc�rvoirs. The procc-!!s requires 
cooling water at a temperature of 70 
degre«s F. or lower the year around. 
Since watf'r j., limited and <:ubject to 
strong warming in mid-"ummcr the 
only practical way to obtain the re
quired cooling would be through the 
u!'e of cooling tower!<. Cooling tower 
efficiency is limited by air temperature 
and humidity. 

In any case there can he 110 cooling 
to a temperature lower than the wet 
bulb temperaturP of the air. Since the 
Wl't bulb temperature i,: recordc-d hour
ly al all Wt•atlwr Bureau airport !'ta
tions it ,�as fair!) easy to make a pre
liminary analysi� for southern Illinois 

conditions. The analysis showed that 
in an average July the wPt bulb tern• 
perature is abo\'e 70 degre"" for ap
proximately 40 per cent of thr time 
and that summertime op1•ration of cool
ing towers would he impractical. 

CLI\IATIC PATTER�S: The cli
mate of the Xorlh Central Area is 
characlerizc-d by great \ ariahility with 
large changes from 11 intcr's !'now ancl 
frost to !<Ummer's warmth and occa
!-ional heat. Maximum temperatures 
have climbed to abo\'c 100 de)?;rCCS F. 
in all the stales and abow 100 in most 
of them. 

Low readings bt·low minus 30 de
grees occur every winter in thl.' north
ern tier of slate;; hut much Jc,:s fre
quently in the latitude of southern 
\li«<:ouri. Annual minimum tempera
ture;, arc nrar ZC'ro in Oklahoma. The 
central area is cul off from the moder
ating influences of marine climate" by 
distance since the Gulf of \Texico lies 
some 400 to 1000 mile;; lo the !'outh. 

The prevailing W<'sterly \1ind!i of thi,; 
area almo>'l eliminate the influence of 
the Atlantic Ocean. These ,-ame pre
vailing westerlies drive Pacific Ocean 
storms and air masse,- across the Con
tinental Divide but this proce;<s wring,: 
out moi::l of the atroO!<pheric moi<:tun· 
on the we:-lern slopc-s. The resulting 
"rain shadow·• ca-<ls its desiccating in
fluence- over that row of states which 
extends from :\"orth Dakota lo Okla
homa in the J\"orth Central Area. \lov
ing eastward from the Continental Di
vide. average annual rainfall inerea!'es 
until the �lississippi River is reached. 

Over the \fo,.,is"ippi Valley in g<'n
eral there is al!!o a decline in annual 
precipitation as one moves northward 
from the Gulf of �1exico; this j,, true 
becau!'<' the Gulf is the principal mois
ture soure(' region for the area. 

While mountain ranges and distance 
<'ffectively protect the North Central 
Area from oceanic influenc�, there arr 
no protecting mountains to the north. 
The cntir<' northern flank lie" expo!'ed 
lo invai-ions of frigid air ma!!S<'S mov
ing south from thr Canadian Arctic·. 
Most d<>scriptive of this "ituation is Lhr 
lament of the ::\'orth Dakota home· 
steader that. "there is nothing between 
herr and the �orth Pole cxerpt a couplc· 
of barbed wire fcncc·s." 

The!'e same Aretic Air mas�c,; occa-

sionally move right on through lo the 
i::outh!'rn and southea<>tern stall'� wher!' 
they caust• snow on the Culr coa,;t and 
freezing in Florida. '\aturally the air 
ma'-S<!� are warmrd �omewhat a,; they 
le-ave the snow zone and mo, e o\'er the 
hare and usual!, unfrozen ground to 
the �outh. However the northern state,; 
fer! the full force of the cold "O that 
\orth Dakota and northern \linne�ota 
ha\.e reportc-d temperatures cold<·r than 
minus 50 degrees on scveral occa,:ions. 

The great amount of changP bc•tween 
winter and summer and the frequent 
short period fluctuations of tempna
ture cloudines,;. humidity. and wind 
direction cau,:ed by the numerous storm 
systems that move ea�tward aero,;.-; the 
North Central Area are viewed with 
mixed emotions by the inhabitants. 
Praise or condemnation flow accord
ing to the temperament, health, and 
busine,;s activities of the indi, idual. 

Extrf'mes in climate themselves ere• 
ate much business activity through the 
production of rlimate-rclatcd !?Oods and 
services. Houses must be in"ulated and 
heated, winter roads must be cleared 
of snow and ice, and evc-n the manu

facture of snow fhoveb and automo
bile anti-freeze repr!'�ent important 
items of commercr. 

Great Variability 

Since climate in th!' North Central 
Area shows imch great variability, it 
is unlikely that an industry !'ceking- a 
particular climate will locatP in thi,: 
part of the counlr). If c!'rtain outdoor 
condition,: are con�idercd optimum or 
necessary for a proces,;. it i� oln·iou� 
that such condition� will prevail dur• 
ing only part of the year. Location of 
indu..,try within the North Central Arca 
is primarily for rea;;ons or raw matr
rials, labor i;:upplr, nearne!i-S of rnarkc-ts. 
or availability of waler, power, tram>
portation facilitie�. etc. 

Nc-vertheles�. there is sufficient vari
ation �o that a proper location \\ ithin 
the area may minimize climatic handi
cap�. The following discussion of cli
matic elements will mention many of 
the items that might he covered in an 
industrial climatological analysis. 

TE:\lPERA TURE: To anyone ac• 
cu;:Lomed to a tropical or a maritime 
climate. the winter weather of the 
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·orth Central Area mui-t appear very
formidable indeed. Winters are always
colcl. \ot every winter will have heav) 
!-HO\\, blizzards do not occur ever} year, 
and <.e,·ere ice storms arc relatively rare 
hut wint('r fro;;! and frpezing t<•mfl('ra
ture� arc iM, itable. 

In upp<'r \lichigan and adjacent
area.; the freeze-frer season is barPly
four months long. Eve-n in central Illi
nois and northern \lissouri freezing
temperature« are likPly during at lra,t
half of the year. '.\lost of the area has 
a heating season nine months or more 
in length.

Although cold winter� are inevitable 
there i., a considerable variation in the 
intensil} and duration of the cold. The 
heating degree day load varies from 
only 4000 units in southern :\lissouri 
and 3500 in Oklahoma up to 10,000
units in extreme northern '.\Jinnesota. 
In tlw same di�tance the number of 
days with minimum temperatures of 
zero or lower ranges from one in the 
extreme south to sixty in the extreme 
north. 1t is apparent that a native of 
Cairo in extreme southern Illinois 
would experience just as much winter 
discomfort al Duluth or '.\linneapolis 
as would a Floridian in moYing to 
Cairo. 

Cold weather has a marked effect on 
construction problems as well as on 
architecture and design. External water 
lines must be buried below frost level 
which requires depths of one or two 
feet in the extreme south to six to eight
feet in the extreme north. Building
footings must be at least that deep.
Winter excavation in frozen soil is now 
routine but with added CO>'l.'3. During
winter construction. concrete materials 
must be prch<'ated and protected from 
tl'mperaturcs below 25 de11:rees durinfo!;
the setting period. Bricklayers and 
plasler<>rs require heated enclo,;ures.
All such costs are added to the usual 
cost of construction. 

During the spring season the north
ward moving sun and longer days
quickly warm the land surface. By late 
June the entire rorth Central Arca 
receivf's a!\ much or more sun's energy 
per day as dol"S any part of Florida 
or the Gulf coast. Days are 15 hours 
Jong in central Illinois and nearly 16 
hours long at International Falls, Min
nesota. Outdoor living sets the pattern
for the season and summer entertain
ment centers around the backyard bar
becue. 

Since the entire North Central Arca 
is rather uniformily heated by the sun 
during the summer months. the result
ing north-south temperature gradient 
is much weaker than in winter. for 

rxample during the coldest month of 
January, normal mean temperature" 
range from :�3 degrc,:s at Springfield.
\li"Souri to 7 d<'grees al Fargo. \orth 
Dakota for a differencP of 26 degn•e,-. 
During the mid-summer month of Julr 
the differpncc over the !'ame di--tance 
is only 6 dcgrc<'s: from 77.5 d<'grcc,: at 
Springfi<>ld to 71.3 degrees at Fargo.

The int<'nsitv of summer h<'al which 
does 0<'cur in·, orth Dakota is rathl'J 
surpri!-ing and may be part!} explaine< 
hv th<' !'hortnes., of the nighttime cool
ing period. Given the proper weather 
pattern it St'ems lo hP just as easy for 
the temperature to reach 100 degrees
in \orth Dakota as in centrnl Jllinois 
or Indiana. ::\aturally the frequency
and duration of hot spells arc gr<'ater
in the south. The extreme northern 
!'eelions of the ar<>a average )e,g than 
10 days per year with maximum tem
peratures of 90 or higher: both Kansas 
and Oklahoma average mor<' than 60 
such days per year. 

Air Conditioning 

It can be seen that air conditioning
is needed in almost every part of the 
urea. The hours of operation will be 
considerably fewer in the northern S<'C· 
tion but the design specifications for 
peak cooling load will not vary greatly. 
!\early all department stores. restau
rants, and hotrls are now air condi
tioned while the cooling of offices and 
rt>SidenCC'S i" proceeding rapidly par
ticularly in the southern part of the 
area. 

Air conditioner de"ign and the <'0m
putation of cost vs. benefit ratios re
quire a special type of climatologieal
statistic. The "discomfort indev" is I he 
i;tatistic which seems best suited to the 
filling of this need and was mC'nlioned 
in the two earlier articles of this "<'rics 
bv J. K. McGuire and C. K. Vestal. 
The discomfort index, or D.T., is haS<•d 
on simultaneous readings of air tem
perature and wet bulb temperature.
The D.I. can easily be computed from 
routine weather data. Summations 
above a base temperature can be han
dled in the same way as heating degree 
days.

PRECIPITATlO : Annual totals of 
prf'Cipilation range from lesR than 20 
inehes in the "rain shadow'' portions
of the plains statt>S to more than 40 
inches in eastern Oklahoma, southern 
�fi5.50uri. and along th1• Ohio River. 
The !'<'8sonal difI<'renCC'!:' are both in
teresting and significant. As mentioned 
earlier, the a, eragP prPcipitation tends 
lo decline with di�tance norlh\\ard 
from the Gulf of \l1•xico. 
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The farther a point lie,.. from the 
Gulf moisture source the more likely
it is that µart of the potential rainfall 
will be dropped along the \\a). Futhcr
more during the \\ inter st•a�on the 
water-holding capaeit� of an air mass 
i� limited h} lo,\ lt>mperaturc-.:. Winter 
air ma�:-<':, normall} earr} a much 
!:lmall<'r load of waler ,apor and ham 
a much �mall<·r potential for prl'Cipita-
tion than do \\arm air ma�-1•-. 

Thu« \\e find that tht• three-month 
total of \\ inter precipitatio11 for \'orth 
Dakota i� le�:- than 2 inches at the same 
time that 3.5 inches pt•r 111011th is fall
ing in the bootheel area of southeast
ern .Mis.,;ouri. This gradient in precipi
tation is almost entirely lacking in the 
summer '-Cason. During the three 
month summer period, total rainfall 
averages 10 to 12 inches in most of 
:he central and eastern parts of the 
area and ranges down to 8 inches in 
the central Dakotas and from 6 to 8 
inches in the we,;tern Dakotas and in 
western \'.ebraska. 

During fall, winter, and "Pring most 
precipitation results from the storm 
systems and weather fronts which fol
low a general easterly eour:;c through
out the i\orth Central Area. Rain and 
snowfall are gentle and show little vari
ation from one county to another. The 
summer season brings a change in the 
pattern. Storm systems tak<' a more 
northerly track and fronts tend to be 
weaker. 

1Io;:;t summer rainfall re,ults from 
thunderstorms \\ hich are by nature er
ratic and leave too much rain in one 
place and not enough in another. The 
rain that does fall oftpn come" �o rapid
ly as to cau--e wasteful runoff and ero
sion. Fla!"h floods are common but not 
so common as the local drouths that 
tend to occur nearly e\ery year in some 
part of the area or another. 

Not all !<urnmt•r thunderbhowers arf 
gullywa;:;hers. It �hould abo be pointed 
out that this t} pc of c;ummcr precipita
tion pattern is rather common and not 
limited to the \orth Central Arca. In 
IllinoiR about half of the annual pre
cipitation re£-ulb from thunderstorms 
and the other half from non-thunder
storm rain arPa!". The a\eragc annual 
number of thunder,;lorm'- days ranges 
from le�s than 30 in the extreme north 
lo more than 50 in the extreme south
ern part of the 'orth Central Area. 

HU,II OJTY: Because humidity 
characteristics arc highly variable from 
st>ason to reason, from air mass to air 
mass, and even from night to day, it 
is impos,:ible to do more than gener-
alizc in an article of this type. Every 

• 
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""ll"Onal or diurnal dwnge and t>\'l'ry 
pa��agp of a front or '-!Orm SV'-tC'm 
bring,, a change in humidity. Th� onl� 
\\RY to --tudy 1hi-. problem i-; through 
detnilecl nnnly"'i"' of hourly tl'mperatun· 
and humiflit, rn·ord-.. During n•c·<•nt 
}'<'RT-< mon• than 20 million hourh oh
-<>n ntion"' from nil part,- of the country 
ha\'e he.•n plnc,·d on puru-h1•d cnrcl,-. 
Those inh•n,ted in eici4ing or pol!'nlinl 
c.:tudies ha--nl on �ud1 n-conl-- '-'hould 
1·,mtact tlw Office of Cli111utoloey, 1·. S. 
\\'C'uthf'r Burt•au. \\'a-.hinp:ton 25. D. C. 

\t all :-t·u-.on-. or the )l"ar, humiclit) 
in the \orth Ccntarl Arm nwragcs 
lo1H•r than in un•u..: to tlw �outh and 
!-Outhea-t. \n) ,dnd pattrrn which 
lllOH•-. air in frorn tho-e dire<•tion· will 
cuu-.c ri-.ing humi<lity. \t nil !'ea,-.om, 
the humidit, in thi-. area will tC'nd to 
hP higher than in area,- to the ,-outh
w1•--l or 1H·--l. ,\ir rna,,-e-, approaching 
from tlw,c din·ction� haYe IH·cn lhor
oughl) drit•d h) pa ... -age oyer the Con
tim·ntal Di, ide or through �ojourn in 
de,,ert area,-. AL all !-lt'a�ons the water 
vapor contl'llt of air ovn Lhe North 
Central Area "ill tend to be grrater 
than in art•a-. to thf' north hut during 
the ..,umrn1•r the--1• tlifTerenc,•,; arr often 
insignifi1·ant. 

High humidity \\ ill normally he a 
probll·m only during the ,summer sea!-0II 
and then only during \H'l periods or 
\\ hen 1\ ind flow pt•r-.i-.ts from the Gulf 
of :\lcxico area. Mildew formation is 
!<onwtinw,,. a prohlcm in southern �
tiorr,. Some !'-\\elling of wood and sweul
ing of c-ol<l \\alcr pipe .. occurs in mo'-l 
of the area. 

During the cool or cold Sl:'ason Lhe 
\\Iller ,apor content of the air is IO\H'r 
although the degn·c of ;.aturntion , rela
tiw humidity t i,,. g1·m•rnlly higher. This 
is ht•eau,-c tlw coldl·r air hus a 10\ver 
\\Iller \'apor holding capucit). When 
thi, cool air i,; taken inlo ht•ated o(
fic1,,; and factorie, and warmed into 
tht• 70\ tlu· relalht• humidity drops 
!-harpl} and ma) rruch a range of 10 
lo 15", of --aturntion. Thi>' cau�·s ex
ct>�--ivc dr� ing of materials and the 
buildup of lrouhh•-.ome t>lt>ctro,-tatic 
<·harge�. E,nporntion of per�piration isr
rupid and tlw indh idual foci� cool un
lc--!i air ti>mpt•raturt'!- are rather high.r
Dr} ing of mucou .. nwmbrane:.- incrra><csr
the incidence of eold-, and re:-piratoryr
ailnwnt:,.r

These dl'Pcts are reduci>d or elimi
nated bv ° humidification but Lhis dors 
not endrthe problrm. Raising the air 
humidity cause,; condensation on \\in
dows and other cold surfa<'C'> and the 
conclt•n,-cd moictur,• ma} cau�e decay 
in ,,ood frame building,:. 

f 

S\OWFALL: Although th<' :'.\orth 
Central Area in \\intn i.:; a land of 
:=:nO\\ and ict• thrn• is a con,iderahle 
, uriation in the amount, frequenr.,. 
uncl duration of frozt>n prec:ipitatio;,. 
:\ l1•an annual ,now fall range,- from only 
10 inches in the south and even le:-s 
in Oklahoma up to 60 inchc·s nnd mor<' 
in upper \lichigan a11d northwt•,-tern 
l<rn n :\fichigan. In the northern �,·e
t ion,.: !'now i-. almo�t the onlv form of 
winter precipitation and snow remains 
on the ground for long periods. TJ1e 
average number of days with one inch 
or more of snow cover varies from 20 
days in the e,clreme south and even 
fewer in Oklahoma lo more than 120 
days in the latitude of northern ::\lin
nesota. 

In Lhe southern ...._-ctions of Lhc area, 
snow is only an incidental purl of Lhc 
winter season. At Cairo, Illinoi, more 
than 90 per cent of winlcr prl'cipita
tion full� a-; rain. In mosl of the .'.\'ortlr 
Central Area the amount of !-flO\\Iull 
is f1ighl)- variablt' from year to year 
and from storm lo �torm. Often onl)
a slight change in air temperature i"' 
suffil'il'nt to C'hangP u rain ,ituation into 
u lu•a, y !-now producl'r or vice ,,cr:-a.r

ea�onal snowfall al Chicago ha"r
rnng1•d from 10 lo 66 inche:-. At Cairo 
a single "inter has produced -t8 inche., 
of snow and yet one third of all Cairo 
winter._ have lc,-s than 5 inches of totul 
snowfall. 

\\ EATIJEH. IIAZAHDS: The ,-tor ms 
of the .'.\'orth Central Area are WPll 

known. Although this area is "pared 
thr direct effect.; of the tropical hurri
cane;; which strike Lhe Gulf or Atlantic 
coast.'-, thi ... dC'ficiency is balanced by 
the occurrl'm't> of tornadoes. hail�torms, 
blizzards, and ice storms. Spt'Ctaculnr 
and devastating as th�e storms may 
he, their efft>cl on indm:tr} i,., minor 
and can be minimized or eliminated 
through proper construction and 
through in�urance eo\erage. 

The ·'blizzard'' has winds of 40 mph 
or strongrr which carry falling br drift
ing snow at temp<:rntures near zt•ro 
or colder. Transportation practically 
ceases and normal activities are scverc•
ly curtailed for the duration of the 
storm. Fortunately Lhe true blizzard oc·
curs only occasional!) in the extreme 
northern states and rarely ns far south 
as Kansas. J n mo!'t of the area thr 
occurrence of heavy snow with six 
inehe!' or more in 24 hour". some wind. 
and temperatures in the 20's can be 
expected wilh i_;ome regularit}. pos�ihly 
every one to three years on the aw•r
agc. 

TI1e North Central Arca induding 
Oklahoma has the country's highe."t 
frequency of tornadot's. Tornadoes be
come acth-e in the Gulf coa;.tal states 
during late winter. Their occurence 
moves north,\ ard with admncing 
spring and reach the southern parts of 
the area in early �farch. The four 
monlh period of March through June 
covers the main tornado c.:pa;.on in llli
nois and neighboring �lates to the ea.,t 
and to the southwest. By July the peak 
of aC'Li-.it} has mo,ed into Jo,\a and 
parts of :\1inuesota and the Dakota:,. 
Late summer and fall sho\\s a rapid 
drclint> of tornado activity throughout 
the \orth Central Area. 

The core of maximum tornado ac
tivity for the entire country apparently 
lies o .. er ea-<krn Kansas and western 
lo" a. Ho,H'\'er the greate.--L Jo .. scs of 
life and property occur in areas to the 
ea,t and southeast ,1 here population 
dcn-.ity and the concentration of prop
erly f!ubject to damage is much hi/!ht'r. 
:\o part of thr country east of the 
Rol'kic,; can be considered sufc from 
the threat of lornadoe--. "\eithl·r rlint. 
:\lic-higan nor Worcester. :\las-aC'hu;.etts 
are in tornado areas but both havr 
bC'en heavily dama!!ed in reccnl year;.. 
E,en in the area of ,, orsl a<-ti, itv and 
on a day when tornadoes do ·occur 
there is only uhout one chan<'t' in ten 
thousand of a particular spot hcing 
affected. 

With the improved fon'ea�t �ervices 
of tht• L. ·. WC'atht•r Bureau plus the 
opt>ration of local ob-.cn er networks 
for the reporting and tracking of tor
nadoPs in progress, the chances for 
survival ha,e been matcriallv in
crea,;cd. ::\lodnn strel and co�crete 
factory and office buildings may be 
considered tornado-proof although 
window and roof damage can l:e ex

pected in any direct hit. 
Con�lruction of tornado-proof resi

dences is feasible \\ ith mode-:l increasP<I 
in C'O�t. The usual deci>-ion is to build 
more c-heaply and to cover the risk of 
tornado lo�s through insuranc<'. This 
leaveg the home-o,\ ner ,�ith the re
sponsibility for providing his family 
with shelter in a baS<'menl area or the 
equivalent. 

Hail frequency is somewhat higher 
in the :\orth Central Area than in sec
tions lo the east and i>outh. :'\lo"t parts 
of the area have only three or four hail 
occurrences per year and only a small 
percentage of the:ae are c·apuhle of 
damaging fn<"Lory installation�. Hail 
fri>quency rises rather stron;dy in e'C
tremp western parts of the :\orlh Cen-
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tral Area, particularly in western Kan
sas and we,,tern l\"C'braska. ThPse states 
show an interesting relation between 
elevation and increased hail frequency. 
W('stern Kansas with an elevation near 
3.000 Ieet has four or five times as. 
much growing season hail damage as 
occurs at elevations near 1,000 feet in 
extreme eastern Kansas. 

I.'iFLt:ENCE OF THE GREAT 
LAKES: The climatic influence of 
these unique I rcsh \\ ater seas is minor 
compared to the broad scale feature of 
the climate. There is some modifica-

tion of temperature in the direction 
of cooler summers and warmer win
tc•rs. incc the lakes can act a� a source 
of moisture one might expect increa>'l'S 
in precipitation in their, icinity. How
ev{lr during the peak. periods of spring 
and early summer thunderstorm ac
tivity, thP surface of the lake is relative
ly cool and this tends to diminish 
shower activity. The winter season oc
casionally produces a situation where 
winds sweep the length of a lake and 
pick up enough moisture to dump heavy 
�now in a narrow band along the shore. 

This effect is notable' in the Gary, In
diana area but occur" more frequently
in the vicinity o{ Buffalo. \". Y. 

l n general the lakes can be !'aid toe
modify temperature c:drc•mc"' and to 
increaR' cloudine"-- particularly during 
the winter sca"Oll. Since \\ inds arc pre
,•ailing wester!} onC' find,; that the we,;t-
nn c;hores are affected onl\' a small 
portion of the timC'. inc(' thr entire 
1,tate of \fichigan i� practically !'ur
roundcd bY lake!'. the Iakt' influences 
are rather 'important thrrt'. 

• 

NOR.THWEST AREA WEATHER FACTORS
By M. D. MAGNUSON 

 

THIS discussion is limited to the 
climatic implications and weather 

applications within the six western 
and northwestern States--\Vashington, 
Oregon, California, Idaho, Montana 
and Wyoming. 

This six state area is large, roughly 
650,000 square miles in size; its 
topography is diverse and heteroge
neous, from high mountain ranges and 
plateaus to valleys reaching below sea 
level. Climatewise, this area is also 
"rich." For within its boundaries are 
located climates which are equivalent 
to that found in Switzerland or 
Scandanavia, the Mediterranean or the 
South Seas and the Ukraine or New 
Zealand. 

When examining the climate of this 
area, three main points nePd to bl' 
emphasized : (a) The number of 
separate and distinct climates is large, 
(b)e most of the area has an under
lying thread of similarity and ( c) the
change of climate with distance can
be rather abrupt and sharp at times.e

To elaborate on these thrPP main 
points as well as to explain the ap
parent paradox between points (aJ 
and (b), it is necessary to look briefly 
at the basic factors that control thP 
weather and climate of this area 4*. 
These weather control factors are the 
pressure zones of the Pacific Ocean, 
the topography influence, the con
tinental influence and the f'ffect of 
latitude. 

I.eThe Pressure Zones. One of the
most important climatic controls is the 
persistent pressure pattern that domi
nates the wide expanse of the Pacific 
Ocean. This pattern results in two

centers of action; one, a semi-perma
nent high pressure area in the central 
Pacific and, two, a similarly semi-fixed 
low pressure area in the north Pacific, 
more commonly known as the "Aleu
tian Low." 

The interaction of these two centers
of action as well as their seasonal 
changes (the Aleutian Low predomi
nates in winter while the high pressure 
area prevails during summer) results 
in a pronounced precipitation and 

wind regime that reaches a maximum 
in winter and a minimum in summer. 
In addition, the Pacific Ocean, itself. 
contributPs a major stabilizing in
fluence by modifying the temperatures. 

The prevailing wcstnly winds carry 
this modifying influence for many
miles in land although the effect i8 
diminished by mountain ranges and 
by distance inland. For areas, par

ticularly north of 4-0e° latitude, the 
marine pfTect is such that the area is 
cooler in summer than one would ex
pect for its latitude; in winter, it is 
warmer. ThP Continental Divide in 
Montana and Wyoming is about the 
limiting line of these effects. 

II.eEffect of Topography. The to
pography and the mountain ranges of 
the West are the main factors that
divide the area into many as well as 
radically difTercnt climatic types. For 
example. the direct relationship be
tween the topography and precipita
tion is shown in Figure 1 along an 
east-west line at 47e° latitude.

This figure shows that both the
height of the mountain barrier as 
well as the distance from the ocean 
are important considerations in the
overall precipitation pattern. Also to
the lee of each mountain range or 
peak are the well-marked rain shadow 
areas of minimum precipitation. Be
sides these effects on precipitation, the 

e
e

• Su1>erior number� refer to rderi-nres at 
end of article. 
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altitude and local relief produces con• 
trasting temperature differences as 
well as variations in the !!rowing sea• 
;,on within relatively short distances. 

IIT. The Continental Influence. The 
continental or the interior location 
has an important influence upon the 
climate of the large central land mass 
of the United States. The area east 
of the Continental Divide in the States 
of Wyomin� and Montana comes di
rectly under this influence. In winter, 
the cold Canadian air masses make 
frequent intrusions over this area 
while in summer, warm continental 
winds from the south are common. 

Thus, the annual variation in trm
perature becomes much !!realer and 
the daily temperatures similarly show 
larger and more frequent fluctuations 
than more coastal locations. The pre
cipitation regime also changes in this 
area with the maximum amounts i11 
early summer. 

IV.aInfluence of Latitude. '\'\'herca!'a
the latitude effect-by determining th<' 
amount and intensity of solar insola
tion-is of primary importance over 
most of the United States. it!' effect 
over the West is le�s noticeable due 
to the over-riding topographic and 
marine influences. For not only do the 
isotherms (lines of equal ti>mperature) 
tend to align in north-south directions 
hut also the precipitation follows the 
same general pattern along contours of 
elevation. 

Some of the indirect effects of lati• 
tude are sho,, n in Figure 2. This table 
shows that there is variation of two 
hours in the len�th of daylight hours 
from the Canadian border to southern 
California. This factor along with data 
on sunshine can be related to the
amount of supplemental illumination 
that might be required in a given
location for an industrial plant. Al� l 

the elevation angle of the sun changes
considerably over the area. This angle 
changes about one degree for every
70 miles in a north-south direction. 
Application of this fact would be in 
the orientation of buildings as well 
as for the specific design of windows 
and overhangs. 

Climates of the Northwest. Our dis· 
cussion can now turn from the causes 
of climate for this area to a classifica
tion of climatic types. Already it is 
apparmt that the numllC'r of climatic 
types runs into the hundreds. To re
duce this number and still illustrate 
the many different and significant 
climaks. it is possible to consider 
certain combinations of temperatures 
and precipitation-the basic climatic 

i>lements. 
This was done and the results are 

shown in tabular form in Figure 3. 
3y considering only three classes for 
temperatures and three for precipita• 
tion, summer and winter, it is pos
sible to show 29 separate and distinct 
climates. In Figure 4, representative 
locations of each of these 29 types 
are sho\\n. 

To illustrate the classification sys
tem, we can examine data for Port• 
land, Oregon. From Weather Bureau 
publications, the pertinent normals 
can be extracted. For the summer 
season, the average July temperature
in Portland is 68 ° , average precipita• 

tion, 0.4 inch. For the winter season, 
the average January temperature is 
39° , precipitation, 5.4 inches. 

From the legend in Figure 3, Port• 
land would be classified as a climate 
having warm, dry summers with cool, 
wet winters. This is climatic type
number 10. The table further states 
that this type is common to valleys
and lowlands in Oregon and to up• 
lands (above 1500 feet in elevation)
and plateaus in California. Reference 
to Figure 4 indicates some of the 
representative locations of this type 
over these two states. 

It can he pointed out that all classi
fication systems (including this one) 
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N. Latitude. (Vertical scale exaggerated 
132 times.) 
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have cerlain inherent weaknl'SSe!'. For 
example, for the ,;pecific purpose of 
industrial air-conditioning. it would 
have been more correcl to select cer
tain combinations of temperature, 
humidity and wind movement as classi
fication parameter". However, for gen• 
eral climatic purposes, the scheme 
aho\·e doe!-. serve to show the multi
plicit} of climates as wrll as the sharp 
contrasts, in somr instances, within 
a relatively short distance. 

Climatic Eleme11ts. In any discus
sion of the climate of and area-it 
is usually recogniz<'d that the most 
important elem!'nt is precipitation. 
This can be particularly true in re
gard to industrial operations. For in 
the past-and also forecast for the 
future----total water use in the United 
States has and will continue to be 
doubled every 25 years. 

With this increasing use and de
mand, water is truly becoming '"the 
lifeblood of the nation." Since the dis
tribution of surface and underground 
water supply is basically related to 
precipitation, in the form of rain or 
snow, it is important to know of some 
of the characteristics of precipitation 
over the West. Other elements in the 
following order will then be treated: 
temperature and humidity, wind and 
air stability, and, lastly, the weather 
catastrophes. 

Precipitation. Although Figures 3 
and 4 give some general ideas as to 
the distribution of precipitation over 
the West, a few additional remark!' 
on other aspects of this element might 
be in order. In the first place, the 
range of precipitation varies from 1� 
than 2 inches per year in the Death 
Valley in California to 150 inches in 
the "rain forest" of the Olympic 
:\fountains in Washington. More gener
ally, over two-thirds of the entire area 
receives yearly precipitation amounts 
that total less than 20 inches. To 
document the variations of this ele
ment, the Weather Bureau has a net
work of raingages averaging 1 per 
300 square miles or a total of nearly 
2200 locations in this six-state area.6 

Another distinguishing feature of 
precipitation is the pronounced sea• 
sonal pattern. Whether the yearly 
moisture is small or large, the greater 
portion of it falls during the winter 
season. The only exception to this is 
the area east of the Continental Divide 
where the continental influence gives 
an early summer-time maximum. 
Equally pronounced is the lack of 
rainfall-the summer-time drought
which begins in late June or early 

July and continues rather generally 
through September. 

Several factors can be mentioned 
that tend lo minimize this inequitable 
distribution. At the higher elevations, 
much of the precipitation falls in the 
form of snow. This snow pack ac
cumulates durinf! the winter "wet" 
season and thus becomes a potential 
reliable source of water supply during 
Lhe spring and summer melt season. 

In this way, many streams and 
rivers are assured of a more stable 
year-round flow than what might 
otherwise be expected. As an example, 
the Columbia River reaches its peak 
flow during the season of minimum 
precipitation. 

Also in spite of the fact that this 
river system flows through broad ex
panses of arid country, iL'l volume of 
flow is second only to the Mississippi. 
With this source of moisture at high 
elevations, the West has the highest 
hydroel

18
ectric 

1 
power potential in thee

nation. • No. 
A lower rate of precipitation in

tensities also contributes to the con-

,;ervation of the Wc�t's water supply. 
Thi� is particularly helpful in re
ducing the amount of runoff and also 
assisting the recharging procc� for 
underground water supplic". Heavy 
bursts of rain or the mort• common 
·'cloudburst" are rarely experienced
the main exceptions would be thee
areas under direct continental in
fluence and the mountainous areas ine
southern California.e

For example, Portland, Oregon, re
c·civcs year!) prrcipitation of 40 
inches. Y ct the maximum do\, npour 
in one hour has not exceeded 1 ½ 
inches. Else\, here owr the counlry 
where similar ycarl) rainfall occurs, 
these inten�ity rates are from 2 to 3 
times grE>ater.14 At this point, it can 
be further emphasized that monthly 
or annual precipitation amounts, 
whether large or small, are poor in
dicators of the potential rall' of rain
fall for short periods of time. 

For this reason, the \''eathcr Bureau 
has a nation-wide network of $pecial 
recording precipiLaLion f!agcs from 
\,hich short period intcn:;itie!, arc com-
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puted and published. Around 700 
gages are in this network in the West.10 

Snow is important in building de
sign and for operational problems in 

 some locations 12 because of the addi-
etional stress that it places on roofs ore
because of the curtailment of un
restricted out-of-door act1v1ty. Of 
coun,e, the heavie.;;t ,nowfall areas are 
in tht: mountains.e

The snow line in the Cascades ofe
\l;"ashington and On•gon lowers toe
about 2000-3000 feet. In California,e
,,jgnificant snowfall is confined to ele
rntions mostly above 1000 feet in thee
north to 6000 feet in the south, whilee
elsewhere it ranges from 5000 to 7000e
feet. Although the weight of new fallene
snow varies somewhat, an averagee
figure is about 6% pounds per cubice
foot. Old snow which has been com
pacted can increase this figure to 30e
pounds per square foot.2• p. 8• In re
cent years there has been a substantiale
increase in the data published on bothe
snowfall and snow depth.6 Also theree
are technical reports which relate thee
ground snow cover to roof cover con
ditions of various design.7e

Snowfall, not a signficant factore
along the California coast, rangese
from a trace on the southern coast linee
up to 3 inches at some northern points.e
Similarly the coast line of Oregon ande
Washington seldom receives any snow.e

Temperature and Humidity. Next toe
precipitation, the effects of tempera
ture O and humidity become of im
portance lo industrial interests. Thee
problems associated with cold weather,e
hot weather and dry or humid condi
tions are somewhat different and eache
to a degree is found in the West.e

The factors of elevation, latitudee
and continental influence combine toe
give the largest cold weather index toe
areas in Montana and Wyoming. Prob
ably the best general index to colde
weather and its associated problemse
of fuel consumption is heating degreee
days. 

On this basis, seasonal heatinge
degree days reach totals varying frome
7000 to over 9000 degree days ine
Montana and Wyoming. Minimume
heating requirements (�ca."<>nal valuese
of less than 2000 de/!'ree days) aree
found in southern California.e

Current and historic series of de
tailed degree-day data are now avail
able in recent publications of thee
Weather Burcau.6 Also for planning

 purposes, methods have been devel-
 oped for estimating seasonal degree

day probabilitie� 20 or design tempera-

�
•

·a.

�

tures 21 for any location in the country. 
In hot weather climates, it becomes 

important to know and differentiate 
between the dry and humid condi
tions, for the factor of humidity plays 
an important role. The main hot and 
dry climates of the West are in the 
central valley and the southeast areas 
of California. With the hot sun, dry 
air and predominating clear skies, the 
control of the intense solar radiation 
is important. 

For industry. this means large but 
lightweight buildings, the maximum 
utilization of awnings, sunshades and 
other protective devices and the use of 
building materials of low heat absorp
tive qualities. Another control device 
that works in both dry and humid 
climates is a system of fine water 
sprays or a trickle of water on roof 
tops. 

This control gives considerable cool
ing to both roofs and walls of a 
building. In a humid climate, it has 
been shown that a minimum of 10 
gallons per square foot per month 
gave satisfactory cooling results ;1 in 
dry climates, the consumptive r1tte 
would undoubtedly be a little higher. 
For cooling and air conditioning in 
the dry climates, the relatively simple 
evaporative cooling devices are en
tirely adequate. 

A slight but steady movement of the 
air is al!;o of advantage in hot climates. 
This factor of ventilation is particu
larly important as the humidities in
crease but only up to a certain 
point.111 The warm and sultry condi
tions that are found in the central and 
eastern United States are not found 
in the West.19 

The areas with the high tempera
tures in the West are the ones with 
low humidities or essentially arid 
climates. This does not mean to imply 
that problems associated with water 
vapor in the air do not exist. Actually. 
coastal areas and inland for some 
distance experience rather high rela
tive humidities during the winter sea
son-associated with the cloudy and 
rainy regime. For example, in a study 
of the corrosion of metals and deterio
ration of materials, it has been shown 
that the index of deterioration reaches 
a maximum value of 25 along the 
coast. (Ratings for this index range 
from zero in the deserts to 100 in the 
moist tropics.2• P· 186) 

Wind and Air Stability. Wind speed 
and direction must also be taken into 
consideration in both the siting and 
construction of industrial buildings. 
And with the growing awareness of 

air pollution, a study of the atmos
pheric stability must be undertaken if 
smoke or noxious fumes must be dis• 
sipated. Wind conditions are so highly 
variable in the West that only some 
general statements can be made; how• 
ever, some pertinent rules will be 
immmarized. 

Most of the area--except that part 
of California south of about latitude 
1-0e° -lies within the belt of the pre
vailing westerly winds. This zone is 
characterized with a ralher steady 
wind pattern and frequent weather 
disturbances, except in summer, re
sult in good overturning and mixing 
of the air. 

But there can be many exceptions 
to this general pattern as elevations 
and topography - the valleys and 
mountain slopes - exert local effects 
that may counteract or reverse the 
general wind patterns. Even the Co
lumbia Basin in Oregon and Wash
ington, a large interior depression, has 
wind patterns that are local and 
unique. 

During the summer, the general 
circulation pattern weakens so that 
the winds are generally weak and 
erratic. Here the main exceptions are 
the coast line where steady north
westerly winds prevail and the area 
east of the Continental Divide where 
moderate southerly winds persist. 
Wind data are currently available 
from over 100 locations in the 
West. 13 G, However, some of these 
locations are non-representative of the 
general area so that considerable care 
needs to be exercised in the interpre
tation of all wind data.12 

Weather Catastrophes. Any violent 
or unusual rare occurrence of weather 
phenomena can be considered a 
weather accident or catastrophe.U Our 
discussion here will be limited to a 
brief one of the nature and distribu
tion of the following phenomena: hur
ricanes and tornadoes, thunderstorms 
and windstorms, blizzards and snow
storms, heavy rains and floods, and 
air pollution. 

Hurricanes and Tornadoes. Tropical 
storms or hurricanes may affect S. 
California but not with the intensity of 
East Coast storms. The tornado, which 
is a phenomenon of primarily con
tinental areas, reaches its greatest fre
quency for this area in eastern �fon
tana and eastern Wyoming averaging 
le to 2 occurrences in each state pere
year. The remainder of the area hase
average occurrences of 1 tornado everye
several years. This area can be con
sidered outside the tornado belt.e
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Thunderstorms and Windstorms. 
Although these phenomena are neither 
particularly violent nor rare, there 
are certain characteristis which bear 
special mention. First, thunderstorms 
are comparatively few and mild along 
the coast hut increase to a maximum 
of about 50 per year in the mountains 
of Wyoming.4 Hail, which is the more 
destructive component of some thun
derstorms also follows about the same 
distribution patterns.8 Because of the 
variations in the size of the hail stone 
as well as the size of the storm path, 
careful interpretation of these storms 
is necessi.ry. Similar care must be 
exercised in regard to windstorms, for 
here the effects of topography control 
the extreme nature of the storm. 

For example, favored topographical 
locations in California give rise to the 
so-called "Santa Ana's," a strong and 
dry desiccating wind that reaches 
speeds exceeding 100 mph in the 
vicinity of mountain passes and over 
60 mph at lower elevations. 

Another example would be the oc
casional gale-like winds that funnel 
in both directions up and down the 
Columbia gorge between Washington 
and Oregon. These winds arc ex
tremely local in nature and consider
able variations can be expected with 
change in elevation or in distance. 

Blizzards and Snowstorms. The true 
blizzard - a combination of very 
strong winds, extremely low tempera
tures and snow-is confined to the 
States of Montana and Wyoming. Only 
rarely do storms of this severity oc
cur west of the Continental Divide. 
As might be expected, snowstorms arc 
common in the higher elevations of 
the mountains and a succession of 
these each winter contributes to the 
substantial water storage that is re
leased each spring and summer. 

Heavy Rains and Floods. For thesl' 
phenomena, there are both a regional 
and seasonal pattern. West of the 
Cascade-Sierra revada ranges, oc
casional heavy rains come during the 
winter rainy season. Whereas the in
tensity of fall for periods of one hour 
or less are not unusually heavy 16, 17a

(generally less than one inch per 
hour). the flood producing rains are 
from substanital falls in periods of on!' 
day to one week (low intensity, high 
volume). 

In contrast there are several areas 
that experience their exceptional heavy 
falls of rain in the summer and simi
larly pose a threat of some flooding of 
local low areas. The mountains of 
southern California are one area where 

occasional torrential downpours (high 
intensity but low volume) flood an 
isolated canyon or "dry wash" area. 

Another area consists of Montana 
and Wyoming where downpours of 
one inch per hour or more can be 
expected every two years during the 
spring and summer months. Actually 
the risk of flooding by heavy rains 
depends not only on the nature of the 
ground surface but also on the slope 
and size of the drainage area. 

Air Pollution. The atmosphere has 
been called ll1e "world"s gr!'atest sew
er," £or man has not been too careful 
in controlling the amount or the type 
of waste products that are discharged 
into the air. These waste products are 
in various forms such as solid particles 
(dusts, fumes and smoke), liquids or 
mists, and gases or vapors. 

Whenever there is an excessive re
lease of any one or combination of 
these pollutants into the air or when
ever the atmosphere fails to adequately 
disperse the pollutants, air pollution 
can become a major problem. In the 
West, the Los Angeles basin 3 is known 
for its high incidence of "smog" dur
ing the summer and fall. Because of 
mountains on three sides and a per
sistent temperature inversion over
head, the contaminated air is pre
\'ented from escaping in any direction. 

Other coastal areas with similar re
stricted topography are potentially 
areas of some ir pollution because of 
the coastal-wide atmospheric condition 
of temperature invers1 .. 11. In other 
areas, valley floors or small sheltered 
valleys also may have a potential for 
restricting air movement under certain 
conditions and should, therefore, be 
studied if pollutants arc to be dis
charged into the atmosphere. 

By increasing the height of a smoke 
:.tack or by choosing an alternate 
plant site, the problems of air pollu
tion can be greatly minimized. 

Summary. In conclusion, the West 
with its irregular and varied relief 
offers to the industrialist or business 
planner a wide selection of climatic 
types. At the same time, much of the 
area is free from many of the more 
violent weather phenomena as well 
as from the sudden weather change� 
on a day-to-day basis. 

In addition, for the more hardy in
dividual, thousands of acres of land 
have been dedicated as wilderness or 
primitive areas to remain in their 
natural state except for trails, etc. 
Areawise, there is an abundance of 
space for expansion or development 
of industrial sites. Climatewise and 

businesswise, the West is truly "the 
land of great promise" for the futur!'. 
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SOUTHWEST AREA WEATHER FACTORS 
By P C. Kangteser 

T
HIS is the last in a series of articlesa
on the climate in various sections 

of the continental -Cnited States and its 
relation to industrial planl localion. 
The geographical area covered in thi� 
article will be '.\:e�ada, Ltali, Colorado, 
Arizona, .:\ew Mexico. and Texas. This 
area comprises over 1 1 of the total land 
area of the continental L nited Stales 
and contains some of the grcatf"st varia
tions in altitude (and climatel in the 
country. Therefore. after a general dis
cussion of the general climatic features 
of the ,\hole area. each State "ill be 
trealf"d separate!} in more detail. 

At the outset. it ,1 ill be necessaq to 
have some understanding of four im
portant factors ,1 hich exert an influence 
on local climate. 'lbese arc: (l) lati
tude. (2) altitude. (3) moisture sources. 
and (4) orientation of mountain ranges. 
Briefl). these factors are important in 
the follo1dng wa}s. 

(1)a Latitude. Other exposural fac
tors being equal. station5 at higher
latitudes are cooler than those farther 
south. This effect produces a decrease in 
mean annual 

°

temperature of approxi
matelr 1.5 lo 2.0

° 

F. per l O latitude 
increase. 

Latitude also affects the distribution 
of precipitation in the western United 
State!'. During the winter. manr storms 
enter the west coast and mo, t: across 
the country in a general west to e?st 
direction. This behavior. together with 

the fact that more storms enter the 
coast at high than at low latitudes, 
means that there is a tendency for high 
latitude stations to get more winter pre
cipitation than Jhose at lower latitudes. 

(2)a Altimde. Again. other factorsa
being equal, higher altitude stations are 
cooler than lower altitude stations. The 
amount of decrease of mean annual 
temperature with 

° 
increasing height

averages about 3 F. per 1.000 feet. 
In addition, high altitude stations 

usually receive more precipitation than 
nearby stations at lower levels. This is 
due to the added lift given to moist air 
as a storm moves o\·er a mountain 
range. This lifted air expands. cools. 
and its moisture is precipitated as rain 
or snow. Thus. greater amounts of rain 
or sno,1 can be expected with incnias
ing elevation. 

It should be emphasized that these 
"rules of thumb'' for the effects of 
latitude and altitude ou climate depend 
on ''other factors being equal.". "eed
less to Ea} , other things seldom are 
equal, so that Lhf",se rules can be applied 
only in discussing large-scale climatic 
features as indicated by long-term 
averages.

(3)a Moisture sources. The amounta
of precipitation and humidity observed 
at a station are both highly dependent 
on (a) the distance from the station to 
a large source of atmospheric moisture, 
and (b) the location of this source with 
respect to prevailing winds. For these 
six southwestern States. the major 
sources of water-vapor are the Pacific 
Ocean and the Gulf of :\fcxico. The 
Gulf of California sometimes !:>-Upplies
:noisture for local storms in southern 
Arizona. but it cannot be described as 
a major moisture source. even for that 
State. 

(4) Orientation of mountain raT1ges. 
The orientation with respect to pre
Yailing winds (as well as the altitude)
of nearbr major mountain ranges, ex
erts important effects on local climate. 
Stations on the lee side of high moun• 
tains frequently get less precipitation 
than those on the windward side. Lee
side stations also tend to be warmer 
than those on the opposite side of the 

mountain range when at approximately
the same elevation. 
Seasonal Weather Patterns Of 
The Southwest 

Seasonal weather cha11ges over this 
six-State region arc largely the result 
of the seasonal migration of l\,o lari:re 
high-pressure centers: the "Pacific 
High" and the '·Bermuda High."

1'he Pacific High. This is a large
high-pressure area, or "anticyclone",
which occupies a large portion of the 
Pacific Ocean between California and 
Midway Island. During the \,intertime, 
it is in its mo,-1 southerly position and 
is relative!} 11 eak. This allows storms 
to swing around its northern edge and 
enter the west coast, sometimes as far 
south as Lo" er California. During the 
summer. ho" e, er. the Pacific High in
creases considerably in strength and is 
normally centered farther to the north 
and east than in the wintertime. Thus 
storms are "blocked" from entering the 
west coasl except at high latitudes. and 
Pacific Ocean c, clonic storms have little 
effect on thf" ,, ·f"ather in Lhe soutlrn est
ern States in the summer. 

The Bermuda High. Another large
region of high atmospheric pressure is 
,ituated in the southern North Atlantic 
Ocean, to the east of Bermuda. During
the winter this center is weak and far 
out to sea. but as summer approaches
it builds a strong extension of high 
pressure we,;tward into the Gulf of 
Mexico. This produces a deep flow of 
water-vapor from the warm waters of 
the Gulf oYer portions of the south
western State;:. 
Cold-Season Patterns 
(October.March) 

As a result of these large-scale
changes in the atmospheric circulation. 
storms track across Tevada, Utah, and 
Colorado more frequently· during Oc
tober-March than oYer the three south
ern States. However, as the moist 
marine air rides over the lofty Sierras 
and Cascades, it is lifted, expands,
cools, and a major part of the moisture 
it contains falls out as precipitation on 
the western slopes and summits of these 
ranges. For this reason, when storm'-
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enter ::\'evada. they ha\'e less potentiality 
for producing precipitation, and lo\\er 
elevation S<"<'lions in the \\ estem half of 
that State reeci,·e little preci pilation 
during this !'l.'a8on. The em,tcrn half of 
the Stale is more mountainous and re
ceives some\\ hat more winter precipita
tion than the 1\eslern part. The moro 
rugged terrain in parts of litah and 
Colorado pro,ide each of those slates 
with more cold-season precipitation 
than Nevada. The diminishing effect on 
rain and mow in this region hy the 
passage of storms over the west coast 
ranges, is well indicated by the fact 
that the highest mountain stations in 
Colorado a,erage only about one
seventh as much cold-Sf'ason precipita
tion as high elevation stations in the 
Sierra and Cascade mountain ranges. 

Although not as many cold-season 
storm tracks across the southern three 
States, other features help to compen
sate for this lower frequenC) of storm 
passa�e. Storms entering Arizona and 
Xew ..}fexico usually have not crossed 
the highest ranges of the Sierras, but 
have entered the continent via southern 
California or, sometimes, Lower Cali
fornia. For this reason they are not so 
depleted of moisture as storms with 
higher latitude trajectories. This fact, 
coupled with the rugged terrain in both 
States. gives them more cold-season pre
cipitation than :\"evada, in spite of the 
latter's higher latitude. 

In the case of Texas. there is a tend
-ency for storms that ha,~e crossed the 
Continental Di,·idc lo intensify after 
they have moved into Texas and have 
received an additional inflow of moist, 
warm, tropical air from the Gulf of 
Mexico. Thus. although the flatlands of 
western Texas receive little cold-season 
moisture (due lo lee-side effects of the 
Continental Di,·ide), increased mois
ture from the Gulf of Mexico assures 
ample precipitation over the eastern 
section of Texas. "hich has the greatest 
annual precipitation of any of the other 
five States. 
Warm-Season Patterns 
{April-September) 

In spring, the Pacific High !'lrength
ens and moves northward; i;torms be
come less frequent and tend to move 
across the country at higher latitudes. 
Late in the spring and early summer. 
the Bennuda High develops its western 
extension into the Gulf of 1-fexico and 
warm, moist, tropical air from that 
source begins to move from a south
easterly direction over the Southwest. 
This flow gets weaker farther to the 
west and less moisture is transported 
inland. Texas, :\ew Mexico, and Colo
rado are far enough east that most parts 

of those states are normally under the 
influence of this wann-season flow. 
\Vestern Arizona and western l,;tah, 
however, receive considerably smaller 
amounts of moisture than their eastern 
sections. evada is too far west to re
cei,·e significant Gulf moisture, so that 
its precipitation is also very light dur
ing the warm-season, making it the 
driest State in the countr) for the year 
as a ,,hole. 

During September. the Pacific High 
and the Bermuda High begin to weaken. 
By fall. storms from the Pacific start 
moving across the country at lower 
latitudes and the Pacific Ocean gradual
ly takes o,er again as the major �torm 
source for the South1\CSI. 

A Closer Look At Southwestern 
Climate 

So far we have had only a general 
picture of weather patterns in these six 
'tales. �ow let's look at the climate of 
each one of them in more detail. 

. Vevada ,e,·ada is. for the most part. 
a vast plateau with many mountain 
ranges. most of them 50 to 100 miles 
long, running generally north and 
south. The ea!\lern part of the State 
averages between 5,000 and 6,000 feet 
in elevation; the western portion be
tween 3.800 and 5,000 feet above mean
sea-level. The massive Sierra Nevada 
Range lies just to the \\est of the State 
and has a marked influence on its 
climate. 

The most slrikin� features of �e
vada 's climale are bright sunshine. 
little precipitation in valleys and 
deserts, dry air of great clarity. and 
vl'ry large daily temperature ranges. 

As mentioned earlier, a large part of 
the air entering �evada crosses the 

Sierra :\cvada. and lose,:, much of its 
moisture in California. \ernda has. on 
the a\erage. less precipitation than an) 
other State. and most of that occurs 
during the "inter season. Precipitation 
ranges from Je:;s than 5 inches in the 
valleys in the '\\el-tern and southern 
parts of the State. to 15 to 18 inches in 
the mountains of northeastern \ernda. 
'everthele;.s. a number of the \\CSlcrn 

valleys are irrigated h} the melting 
sno\,s of the Sierras. !>O that there are 
many large ranches raising pure-bred 
lhestock. 

Humidities are al-.o ver) lo" the 
} ear-around. Because of the non-cor
rosive nature of the atmosphere. outside 
storage of tools and equipment is feasi
ble for man) industrial purposes. 

As the sunshine map !'hows. \ernda 
receives a large amount of sunshine 
during the average year. \e\ ada 's air 
is not only dry but also large!)· free 
from haze and other pollutanb. so that 
an unusually high percentage of incom
ing solar radiation reaches the p:round . 
This propert} of the air al"o allO\\S the 
ground to cool rapidly nt night. so that 
the difference bel\\een da\ time and 
nighttime temperatures ii; ab�ut as great 
as can be found in the nation. At Reno. 
this difference average<1 45 degrees in 
July and sometimes amount;; to o,cr 60 
dep:rl.'CS under unuc;ual conditions. 

In the northeastern section. summer,; 
are short and hot. ,, inters long and 
cold. In the we;,t. !'Ummers are al�o 
short and hot. but \\inters are onl) 
moderateh eold. ln  the i,.outh. summers 
arc long �nd hot and the "inters short 
and mild. Prolonged periods of ex
treme cold are rare due Lo the mountain 
barriers. Although afternoon tempera
tures in the south<>rn part of the State 
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averaiz:e above 100 degrees in the sum
mer. the extremelv lo\\ humidities make 
the heat less noticeable. fa·aporative 
coolers work I\ ith great efficiency. 
 Winds arc generally light. and the 
srnall amount of wind damage that 
occurs is usuallv limited lo the east 
slope of the Sierr"as. Thunderstorms are 
infrequent and hail damage is rare. 
Locall} . heavy do\\npours sometimes 
occur during thunderstorms, but usually 
affect onl) sparsely settled mountain 
areas. 

Construction operations are seldom 
delayed by pr<--cipitation. Penetration 
of "alls b} direct precipitation is al
most unkno\\ n. Basements present few 
waler problems and stone and concrete 
structures, in general. suffer far less 
deterioration due to water and freezing 
th11n in most other States. 

Winter Sports 

Snow fall in the mountains in the 
northern part of the State is usually
hea,y, making i,kiing a favorite winter 
sport. The State also offers .fishing,
hunting, and boating. There are many
places of historical interest and a num
ber of widely-knO\\ n entertainment 
centers. 

Utah The topography of Gtah is ex
tremely varied. since most of the State 
is mountainous. A series of ranges runs 
generally north and south through the 
middle of the State; the Wasatch Moun
tains arc part of this group. The lJinta 
Mountains. 1\ hich extend east and west 
through the northeastern portion of the 
State. make up another principal range. 
The crest lines of these ranges are 
mostly above 10,000 feet mean-sea
level. The 101\est section of the State is 
the Virgin River \ alley in the extreme 
southwestern part. \\ ith elevations be
l1H'en 2.500 and 3.500 feet. 

Precipitation varies greatl}, from an 
average of lei,s than five inches an
nualh over the Great Salt Lake Desert 
( west of Creal Salt Lake I. to more than 
40 inches in some parts of the Wasatch 
Mountains. The average annual pre
cipitation in agricultural areas isob�_ .tween 10 and 15 inches. makmg un
gation necessary; however, there is 
usually sufficient water for n�os� irri
gated lands due to the prox1m1ty of 
mountain reservoirs. Runoff from melt
ing sno\\ reaches its peak in April, May, 
or early June, and iOmetimes causes 
flooding along the lo\\er streams; how
ever, damaging floods of this kind are 
infrequent. Flash floods from summer 
thunderstorms are more frequent buto 
 affect onlv small, local areas. 

Tcmpe;atures above 100 degrees oc-

�
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cur occasionally in summer in nearly
all parts of the Stale. Low humidity,
however, makes such temperatures more 
bearable in 'tah than iu more humid 
regions. During the warmer season of 
the year, a large percentage of com
mercial establishments and factories 
throughout the State are air-conditioned 
by refrigeration 

t
methods, but only a 

small porion of residences are so air
conditioned. Due to the low humidity.
evaporative coolers operate very effi
ciently and are used extensively in pri
vate residences. Temperatures below 
zero during winter and early spring are 
uncommon in most areas o{ the State: 
prolonged periods of extremely cold 
weather are rare, due to the sheltering 
effect of the mountains east and north 
of the State. 

Sunny skies prevail most of the year. 
For example, Salt Lake City averages
between 65 and 75% of possible sun
shine during spring, summer, and fall. 
with about 50% of the possible amount 
in wintertime. Smoke pollution is some
what of a problem in the valleys of 
northwestern Utah, and is worse during 
the late fall and winter months when 
cold, stable air settles over the Great 
Basin. sometimes for several weeks at 
a time. 

During the summertime, plenty of 
sunshine. dry air and moderate wind 
movement combine to produce rapid
evaporation. This aspect of the Utah 
climate is utilized bv a number of salt 
companies lo prod�ce salt from the 
brine of Great Salt Lake by the evapo
ration process. The production o{ salt 
by this method begins in the spring
and continues until fall. 

Tornadoes are rare. Blizzards occur 
rather infr<--quently during the colder 
season of the year and are usually o{ 
short duration. Hail storms occasionally 
cause damage over small areas during
the spring and summer months. al
though the hail is generally small. Dust 
storms also are observed at times. and 
are more likely during the spring.

Since winter snowfall is moderately
heavy, particularly in the northern 
mountains, skiing is a favorite pastime. 
There are numerous recreational and 
tourist attractions. such as lakes. rivers. 
historical areas, national parks, na
tional monuments. and national forests. 
Fishing. big game hunting, and upland 
game-bird hunting are excellent. 

Colorado Colorado is the highest
State in the Union. Its average altitude 
is about 6.800 ff'Ct above mean-sea
level. Approximately three-quarters of 
the nation ·s land above 10,000 feet alti
tude lies within its borders. The State 
has 54 mountain peaks that arc 14.000 

feet or higher. and about 830 peaks be
tween l l.000 and 14.000 feet. early
all of thf' \\eslern half of the Stale is 
mountainous. while thf' eastern half is 
generally Oat, hroken b} occasional 
rolling hills and bluffs. 

Rugged Topography 

The rugged topography of wt:Stern 
Colorado results in large variations in 
climate from place to place. Lamar and 
the summit of Pikes Peak differ by 35 
degrees in mean temperature a differ
f'nce in 90 miles equal to that bel\\cen 
Florida and Iceland. The average an
nual snowfall at Cumbres is near 300 
inches, while less than 30 miles 8\\ ay 
at Manassa it is less than 25 inches. 
The climate of the eastern, or plains.
part of the State is distinctly continen
tal. Its general features are 101\ relative 
humidity; a large amount of sunshine; 
light rainfall, confinf'd largely to the 
warmer half of the yf'ar; moderately
high winds; a large daily range in tem
perature; high daytime temperatures in 
summer; and generally in the winter, 
some protracted cold spells. 

A distinct difference between the 
climate of the western and eastern 
halves of the State is the comparative
uniformity of weather from day to day
in the western section, especialh in the 
lower mountain valleys. Also, the cold 
waves of the eastern plains are com
paratively rare in the western part of 
the State. �lountain valle}S in the west
ern section (the outh. �Iiddle. and 
· orth Park areas) provide some of theo

finest cattle grazing lands in the coun
try. The valleys of the Gunnison.o
Dolores, and Colorado Rivers in theo
extreme \lf'-Stern portion are the site ofo
extensiYe orchards of peaches. pears.
apricots. and other fruits. Other shel
tered Ya lie\ s of ,, cs tern Colorado areo
used to raise \egetabl�. \\heat. spring
grains, aICalfa. arid sugar beets.o

At the western edge of the plains,
nearing and into the foothills of the 
mountains, there are a number of sig
nificant changes in the climate as com
pared to that of the plains proper.
Winds are much less severe, tempera
ture changes from day to day are not 
as great, summer temperatures are 
lower, and winter temperatures are 
higher. Precipitation. which decreases 
gradually from about 17 inches an
nually along the northeasti>rn border to 
less than 14 inches near the mountains. 
increases rapidly 1\ ith increasing ele
vation in the foothills. Al the pre::;ent
time. the heaviest concentration of 
population and industry lies in this 
-:one, near Denver in a belt running 
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north and south and about 50 mil� 
wide. 

Occasional Blizzards 

Blizzards affect all of the eastern 
plains at Limes. but are most frequent
in the northeastern comer of the Stale. 
There is also a fairly high frequency 
of damaging hail in the nortJ1cast. Tor
nadoes rarely occur in western Colorado 
and, in general. their frequency in
creases over the plain,; toward the east
ern border of the State. 

On the whole. Colorado has a cool. 
invigorating climate. During Ule sum
mer there are hot days on Ule plain;:.
but generall) these arc relieved by
afternoon thundershowers. The moun
tain regions arc nearly always cool. 
Humidit� is generally quite low. "hich 
provides a relatively comfortable feel
ing. even on hot days. The thin atmos
phere allows a greater penetration o{ 
Ule sun's rays and provides pleasant 
weather during the winter; Ulis ac
counts for the relati,ely thin clothing
skiers are frequently pictured wearing 
amid deep snow drifts. 

Recreational activities throughout
the Stale are numerous. The heavv 
snows provide unexcelled winter skiing. 
and many of Ule hi!?,"her slopes remain 
blanketed well into the summer season. 
Excellent campin� facilities are pro
vided by the many national forests and 
national parks. 

Arizona Arizona is the 6th largest
State of the 49. but there are only
about 1 million residents and approxi
mately 1-':! of these live in the vicinitr 
of Phoenix in the Salt Rh er Valley.
Much of the soutliern part of the State 
is flat desert countr}, noted for its sun
sets and as a national habitat for the 
giant Saguaro cactus. Rugged moun
tains cover the central and eastern sec
tions, with colorful high-elevation mesa 
country in the northeastern and the 
Grand Canyon in the northwestern sec
tions of the State. 

Clear skies are an outstanding fea
ture of Arizona's climate. As the ac
companying sunshine map sho,,s, the 
hi!?,"hest avera�e annual amount of sun
shine in the Gnited States is received 
in the desert section of southern Ari
zona. In Phoenix, where records have 
been kept kept since 1895, 85% of the 
possible amount of sunshine is totalled 
in an average year. Clouds are rare 
even in winter. and the cloudiest month 
in Phoenix (January) still averages
76% of the possible amount, which is 
more than the majority of Weather 
Bureau stations in the country average 
during their sunniest month. 

Low humidit) is another distincLi\e 
feature of Arizona elimale. In the desert 
areas of the State, humidities are low 
enoup:h in summer lo make e\·aporative 
rnolers efficient. uppl} ing surh coolers 
for home and indu"lrv has become a 
major hw,incss in rf'Ct:nt �ear-.. £, apo
rativc cooling to,,er,- also operate \\ell 
for most industrial purposes. Tempera
tures ,·ary considerably over the Stale. 
For example, winter temperatures in 
Yuma (in the southwestern desert at 
200 feet above mean-rea-Je,.el) clo!<ely
approximate summer temperatures at 
Flagstaff (in the northern mountains at 
7,000 feet). Summertime temperatures
in the desert are usually over l 00 de
grees in the afternoon, but drop into 
the seventies at night because of the 
dryness of the air. Winter temperatures 
in the desert usually reach the middle 
sixties or low seventies in the afternoon 
and stay above freezing at night. al
though frosts have occurred in all sec
tions of the State. The ground seldom 
freezes in localities below an elevation 
of 3,000 feet. but near 9.000 feet the 
frost level usuall" extends lo 3 feet or 
more during an average winter. 

Precipitation ranges from barely 3 
inches in the extreme southwestern 
corner to more than 30 inches per year 
in parts of the White Mountains in the 
east-central section of the State. Irriga
tion projects usually provide sufficient 
water for agriculture and industry, but 
local water shortages can develop in 
severe drought } ears. Heavy downpours 
of short duration sometimes occur dur
ing the summer. but are associated with 
thunderstorms which usually cover a 
relathely small area; the maximum 1-
hour rainfall observed in Arizona is 
about 1.5 inrhcs, compared to 3 to 4 
inches in man� other State;;. Heavy rain 
of longer duration, Sa) 24 hours, is even 
rarer becau..e such rainfall is usually
produced b� hurricanes. and these 
seldom affect this region; maximum 
24-hour tolals are bel\\een 4 and 5o
inches in Arizona. compared to l O loo
as much a., 20 inches in other States.o

Hail i::ometimes occuri; with some of 
the more !'t', ere thunderstorms, espe
cially during the summer season. The 
incidence i� \\ ell below that in most of 
the other western and midwestern 
State;. ho"ever. Damaging tornadoes 
are also rare in Arizona. 

Smoke pollution is a gro\\ ing prob
lem as population increases, especially 
in the Salt River Valley where the 
growth is particularly great. The tem
perature im ersion that traps the pol
lutants near the ground, however,
normally di�appears each afternoon;
therefore, it i,. unlikely Ulat a problem 

will develop c-omparable to that faced 
by some c-it ie-- on the \\ est coast. where 
temperature irnert<ions sometimes per
sist for long periods. 

Outdoor run 

Recreational facilities for employee 
enjo)·ment are numerous. In the out-of
doors department, '<kiing is a\'ailable 
during the \\ inter. while hunting and 
fishin,z are popular during the other 
seasons. In the summertime, a one-hour 
drive north\\ ard o,er a modern high
speed highwa� takes Salt River \'alley
residents a,\a� from desert heat to high 
pine rounlr� "here air-conditioning is 
not required. Boatin,z is becoming in
creasingly popular, as many of the 
State's resenoirs ha,·e been opened to 
this sport. 

New Me;i.ico The topography of Xe,\ 
:Mexico is extremely varil"d. with elern
tions ranging from 3,000 feet along the 
southeastern border to about 14,000
feet at Ule top of the highest mountains. 
Approximate!} the \\estern two-thirds 
of the Stale is mountainous, while the 
eastern third is plains a western ex
tremity of the Great Plains area. 

New Mexico is semiarid. Some farm
ing is done without the aid of irrigation. 
but for the most part, all agricultural 
areas are dependent upon irrigation for 
successful crops. Precipitation varies 
from less than 10 inches in the Rio 
Grando and San Juan Valleys to over 
30 inches in the high regions along the 
north-central border. Most of this mois
ture comes in summer thunderstorms 
and prolonged rains are rare, especially 
in the central and western sections. 
Some of these !-ho,\ ers are rather in
tense and amount!< of 2 inches of rain 
per hour ha,e been observed in the 
southeastern part of the State. This rate 
of rainfall is still only about½ as great 
as maximum intensities obsenred in 
many of the eastern and southern 
States. 

Snow falls in every part of the State. 
increasing in amount with altitude and 
latitude from 2 to 5 inches per year in 
the lower Rio Grande Valley to nearly
300 inches over the crest of the main 
ridge of the Sangrc de Cristo Moun
tains. 

Temperatures vary widely with ele
rntion and latitude, the annual mean 
decreasing from the middle sixties in 
the lower Pecos and Rio Grande Valle} s 
to the middle thirties at the higher sta
tions in the Sangre de Cristo Moun
tains. The eastern section has some of 
the characteristics of the Great Plains,
with large daily. monthly. and annual
variations in temperature. Over the 

.
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mountains in the we5<tern sections these 
variations are not so great.

Humidities ar<' u�ually comparatively 
low, generally ranging from about 60% 
in the morning hours to 30% in the 
afternoons,  and dropping to 20% or 
less in late winter and spring. Evnpo• 
rative cooling is quite effective through
out the State. 

e
As the map indicates, I\ew Mexico 

rceives an abundance of sunshine. The 
frequency of clear skies is high during 
the winter as well as the summer 
months. 

The prevailing direction of the 'jtind 
in New Meitico is \\est or southwest for 
nearly all localities, with a few \aria
tions from these directions due lo local 
topography. Average wind speeds are 
fairly high in all but sheltered districts, 
particularly during the spring and early 
summer months. The wind is usually 
strong and steady enough to operate
wind-driven pumps and electrical gen• 
erators with good reliability. There is 
enough air movement throughout the 
State that smoke pollution probaLly 
"ill not be a problem as industry de
velops. At the same time. there is seldom 
enough wind to hamper construction 
activities. 

Tornadoes have occurred in all sec
tions of the State but occur most fre
quently over the eastern plains. Bliz
zards are also most common to the 
eastern plains. Hail accompanies many 
of the thunderstorms with the most 
damaging storms in the southern and 
eastern part of the State. Blowing dust 
sometimes becomes a problem for short 
periods during late \\ inter and spring. 

Natural Beauty 
The Stale is widel v kno\, n for its 

great natural beauty an� offers m�ny
places of interest for the s1ghti;:eer. Fish
ing and hunting are also very good.
particularly in mountain areas. 

\\CSt 
Texas With the exception of the area 

of the Pecos River in extreme 
western Texas (the Trans-Pecos Area), 

..a.
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the terrain of Texas consists mostly of 
flat or gently rolling plains country.
The Trans-Pecos Arca is a plateau
3,000 to 5,000 feet high, and is trav
ersed by several mountain ranges which 
are part of the Rocky Mountain system. 

The climate over the major portion 
of the State is continental. characterized 
by rapid changes in temperature.
marked extremes. and large tempera
ture ranges, both diurnal and annual. 
The climate in the mountains of the 
Trans-Pecos Area is cooler throughout
the year than that over most of the 
adjacent lowlands; however, the day
to-day extremes are not as great during 
the '"inter due to the sheltering effect 
of the mountains. The moderating in
fluence of the Gulf of Mexico on tem
peratures extends about ] 00 miles in
land, so that a coastal strip has a climate 
bordering on the marine lyp&-ehar
acterized by comparatively pleasant 
summers. mild winters, cool springs.
and warm autumns. Although summer 
weather along the Gulf is often hot and 
humid. a sea-breeze can usually be 
counted on to bring relief in the after
noons. :'\o part of the State is free from 
occasional periods of excessive 

°

heat 
when temperatures of 100 F. or higher 
are recorded, nor from occasional 
periods of freezing temperature: al
though the coastal counties and the 
lower Rio Gr8llde Valley experience
damaitiniz: freezes only at infrequent
intervals. 

Precipitation i8 heaviest over eastern 
Texas, especiall} in the extreme south
eastern part. and diminishes steadily
westward. The average amount in the 
extreme eastern part is over 50 incht>f. 
per year, while in parts of the extreme 
west it is less than 10 inches. The 
greater part of the State has an annual 
average of over 20 inches. and moi-t of 
it has enough precipitation to supply
agricultural needs ,� ithout irrigation.
However. there is a considerable area 
\\est of the 101st meridian where it is. 
necessary to r�ort to irrigation, where 

possible, or use conservation methods 
to produce crops; and there b also a 
considerable area that cannot be 
cropped at all. 

Snow rarely occurs in the coastal 
counties. A few stations have never had 
any in their climatological histories, but 
the amount increases from the coastal 
plains to the hiirh plains of the Pan
handle, "here the annual average is 
nearly 20 inches. 

Hail occurs in all sections of the 
State, but is infrequent in coastal dis• 
tricts. It is most frequent and severe in 
the Panhandle counties. 

The absence of sheltering mountain5 
or cxtensi,e forests, and the great ex
tent of plains and prairies give the" ind 
free play. Wind po"er is available most 
of the } ear for operating wind-driven 
pumps and generators. 

Lots of Sunshine 
As the accompanying map shows. the 

western part of the State. particularly
the Panhandle. receives a lot of sun
shine. The eastern and southern sec
tions receive about as much as the other 
Gulf States. 

Tornadoes are least frequent in the 
western and coastal counties and most 
frequent in the north-central plaim; 
area. Hurricanes, on the other hand. 
affect the interior counties less fre
quently than the coastal counties. While 
severe damage has been done to Texas 
coastal installations by hurricanes in 
the past. Gulf states farther to the east 
suffer a greater hazard from these 
storms. 

l\early e,ery kind of recreational ac
tivity is to be found in the State. The 
mountainous area in the western part
of the State offers fishing. hunting. and 
ridinir. The coastal rep:ion provides a 
variety of activities the year-around.
Hunting and fishing are favorite ac• 
tivities in the pine forests of the eastern 
section. 
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