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Major General Keater L. Hastings 
The Quarte master General 
Washington 25# D. C. 

Dear General Hastings: 

This study presents a siaple net hod for predicting the percentage 
of tine that January temperatures at individual weather stations in 
Alaska will probably be at or below a given level, although specifi¬ 
cally designed for Alaska, this nethod seems to work as -well fer setae 
other places, including Southwestern United States. The only inforna- 
tion needed to erplpy the method is: the nean aonthly ter.dcratures, the 
length of reconi on which the nean monthly temperature is based, and the 
lowest and highest températures recorded during this same period. Of 
special note is the fact that such data are usually available for 
weather stations which do-not publish their more occplete records. 

Information on température probabilities can be brought to bear on 
many practical military problems. Questions euch as those regarding 
the amount of fuel likely to be needed for personnel beating, the per¬ 
centage of time a specific piece of equipment is likely to operate, and 
the expected operating life of cold-sensitive equipment call for tem¬ 
pe rature information which the application of the method can* provi de. 

Sincerely yours. 

1 Incl 
EP-46 

C. G. GALLCr.Ur I 
Brigadier General, SS4 
Demanding 

■i:... 
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Abstract 

The interi retat^ on of recorría of weather »ni cliivUe is oT rital 

concern to Caartermaster Coros interest an: activities in every area of 

the ’world where records have been accunulated and wnich is potentially 

a field of military opération. Tnis report is devotee to the explora¬ 

tion of a short method of assessing January hourly temperature preiabil¬ 
ities in a high-latitude continental area. 

2. The short method explained in this report requires only: 

(aJ the mean daily or monthly temperature, (by *.he absolute extrenes, and 

(c) the length of the record. These data are usually given in published 
temperature summaries. 

3. with the data mentioned above at hand, a slide rule, and an. ^3- 

’justed probability scale, the hourly temperature probabilities for a sta¬ 
tion ma;/ be found in a few minutes. 

L. As a rule, the probable hourly temper.tares on the adjusted 

scale approximate very closely the res’Hts fron the frequency tabulation. 

For practical purposes, the diffarehces usually are not significant. 
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1. A summary of hourly temperatures at a given station say be 

achieved through frequency tabulation counts. Tris is -an arduous 

consuming tas>, and the investigator must have at hand nearly all the 

details of the record. Rapid results are cessible oy nerns of I. B. H. 

methods, prp’rlded that the daca have previously been assembled on I. 3. H. 

cards, but card-punching is also time-consuming. 
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A jHAFHIC Hr~-rD Ft*H ASSESSISG K.UHLY 
IBiFEHArjKE PHCB^alLITIi-; 

1. Ir.tro<i ctlon ., 

This is ccr.-erne-i >dth securing the n-ixisua aisount of infor- 
sat^or. -re« r.ir.ix-ja aaount of available tita. To rut it 'ps-'fWllv 
.-w car. the «reentre distrib-ition cf hourly temperatures in Januar^ be' * 
deterr.ined approximately; at a given station .hen the cniy data ayaiUble 
a"*: -ml !£il Vextren* minimum;, >2> the varrest hour (extreme 
maximum;, -J, I« ^ .hourly, daily or unfair, ,^a"TZ71he~rth o' 
record. -^— — 

„ . . ror -n<ir ce* sa?*3S -ve >ncw that the mean Jaranrr temperature at 
raima-.«, Alas« is -15.;'?., and that the Icwesi -and highest temoeratu-s 
ever recorcea^there in January are -55-?. and 52^., respective It.' ^ 
only o-..er in. o mat ion ye rave is the length of tie record: 5 consecutive 

-a...-. cy ase o. .3—i.ed amount of data, car. we find the atoroxi- 
mate .-«r cent age of time the hourly .emperature will oe -40°?. or lower? ' 
*'“s r* c* ' -eveloo a method to r.elo answer questions cf this type. 

The construction of a series cf scales on which the hourly temnera- 
ture_..o=aoiaities for a given station fall on or near straight lines 
wouuc meet an urgent need, especially if only simule crece dures were in- 
.o.yeC; _ hourly temperature frequencies were normallT distrubuted they 
:o.n.. oe «..o-.- cy a straight line on the -well-kncwn normal proracility 
scale, rowever the distribution nay *.«ry widely 'roa normality, ieoending 
on several variable factors. ‘ ' 

The present investigation outlines a method of presenting the cercent- 
-requencies of Jar. ary '•'.ourly temperature in one hinh-lstitude conti¬ 

nental area .^las’oa) 'ey ctraignr lines. Also, it attempts to find out"* 
, 1 * pro-afc.lit,. sc-ao.e ^o designed is usao.e outside the specific area 
.or .T.ccn it was constructed. 

2. lonst.-:caion of an hourly tenner atu.-° orobabilitT sc si e 

t:ons where Janua: 
serutive years, 
stmcctin? s.r. *J - 
Table ; 

of .-.las<a (Fig. 1} are hown eignt interior weather sta- 
-• temperature records have been kept fer five con- 
...e essential mata for these staticr.s, to be used in con- 
: .e: oro_q_acil:ty cca e, as discussed here, are cirer in 

-'•* ■'reciprocals ' in the la: —- —--—• of the table indicate une 
oe-cynt.tnat ^ is of the -whole number rf hours in the record. (For 

„o. 1 r.our is C.C269Í of honras*} 

*It^is ass-jme: in this illustration that each recorded extreme occurred 
oruT once 

„tim ■■ A-'l .cd 
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Fif» 1. Eiçht Al-isV^n interior weather stations 

a. An vi^igtei scale deviced for a single station, '.ve will ass the 
riati fron 2iq Delta to illustrate the construction of the scale, '..'beii tir* 
essential data (5 January records. Table I) are entered on a ncm.il çrob-a- 
bility scale (Fií» 2) and straight lines.are drawn from the aean 
to the ext re ne maximua (332F- at 0.027t, top of scale) and the extrece nin- 
iraum (-'1°F. at 0.027?, bottom of scale), hourly temperature probabilitis. 
may bt read at the percentile divisions.* For example, 5¾ of the tics 
(la6 !:ours) the temperature is shown to be -2?°F. or lower. . 

These probable temperatures would be the correct values if the hourly 
frequencies were normally distributed. However, a frequency count of these 
371¾ hourly observations at Biß Delta shows thi* is not so; actually they 
were distributed as shown in Column 2, Table II.** When these tenner »ture- 

sIt should be noted that this does not represent a normal distribution. 
The two straight lines connecting the extremes intersect at the mean. 
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TAHL2 Hi JANUARY HOURLY TEHPERATURK FREQUENCIES - EIGHT AI-ASA AN INTSRIC® 

VfEATrfER STATIONS* (I950 - 195A, lnclu«iv») 

i jr 
of j Big 
Hours Delta 

(¾ 

Fair- 
baaca 

UL 
Galena 

zsn 

Guikana 

zmi 

Lake 
Minchu- 
rnina 

13 

McGrath 

ZGIZ 
Suca.it 

HI 

Ikdat 

IksT 

Arerage 

0.1 

0.5 

1.0 

5.0 

10.0 

20.0 

3O.O 

kO.O 

50.0 

4.0.0 

70.0 

80.0 

90.0 

95.0 

99.0 

99.5 

99.9 

-51 

-50 

-UU 

-37 

-2k 

-18 

-13 

- 7 

- 3 

2 

6 

11 

15 

25 

26 

31 

-56 

-54 

-53 

-51 

-47 

-37 

-28 

-20 

-14 

- 9 

- 3 

2 

8 

13 

23 

28 

30 

-63 

-59 

-58 

-50 

-45 

-36 

-28 

-18 

-12 

- 7 

- 2 

5 

13 

18 

27 

29 

31 

-53 

-50 

-47 

-a 
-36 

-29 

-23 

-18 

-14 

- 9 

- 4 

1 

10 

19 

30 

32 

33 

-52 

-50 

-49 

-a 
-31 

-22 

-16 

-11 

- 8 

- 4 

0 

3 

10 

16 

25 

27 

30 

-57 

-56 

-55 

-50 

-43 

-31 

-23 

-18 

-13 

- 9 

- 3 

4 

11 
19 

28 

30 

32 

♦Datas Alaska, I£K Tabulation Tablea, Book No. ? 

-37 

-35 

-33 

-26 

-22 

-17 

-12 

- 7 

- 3 

- 3 

7 

11 

17 

20 

26 

27 

28 

-62 

-01 

-60 

-53 

-50 

-44 

-37 

-32 

-25 

-17 

•' 9 

1 

13 

20 

26 

23 

29 

JM. 

-54.3 

-52.0 

-51.0 

-44.5 

-38.9 

-30.0 

-23.1 

-17.1 

-12.0 

—6.9 

-1.5 

4.1 

11.6 

17.5 

26.3 

28.4 

30.5 
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APPENDH 

SCMg PgRTINENT CHARACTERISTICS OF EITRgHg VALUES 

In usLnt this short method of assessing probable hourly temperature», 
two characteristic» of extreme values require some attention: 

*• Frequency of an Extreme Value. The extreme value (maxlsua or 
minL-um) nay occur mere than once — varying from one to ten or nor» 
(Table V, first column). - - 

TABLE Vj Probable Temperature Error«, Registered at Various Percentile 

Divisions on the Normal Probability Scale, Caused by Multiple 

Occurrence of Extreme Values for Different Spreads of Absolute 
Range (4OE0 to lOOF0 ). 

(5-January Record - 3720 Hours) 

ABSOLUTE RANGE - MINIMUM TO MAXIMUM 

Number 

of Occur¬ 

rences of 

an Extreme 

(a) 1 

(b) 5 

(c) 10 

(d) 15 

(a) 

(b) 

1 

5 

40Ft 

M 99* 99.9^ 99.99¾ 

0.0 0.0 0.0 

0.3 1.3 1.8 

1.6 2.7 3.5 

1.8 3.0 3.9 

0.0 

2.2 

4.2 

4.6 

0.0 0.0 0.0 

]1.5 2.3 3.5 

(c) 10 

(d) 15 

3.0 5.1 7.3 

3.3 6.0 7.3 

EOF0 

0.0 

4.2 

8.8 

9.4 

60F° 

90% 99* 99.9¾ 99.99¾ 

0.0 0.0 0.0 

1.1 2.1 2.6 

2.0 3.9 5.4 

2.3 4.2 6.0 

0.0 

3.0 

6.4 

6.6 

100f° - 

0.0 0.0 0.0 0.0 

1.3 3.3 4.7 

3.8 6.7 8.6 

4.2 7.0 9.0 

5.5 

10.3 

12.0 

The bearing of this variation on the hourly temperature probabilities 

for an assumed 5-January hourly record is given in Table V. For example, 

let us assume in line (b) that a given minimum occurs five times instead 

ofl 5Ü£«? and that the extreme range is 80F°. The chances are that 9Q5É of 

the time the error in probable temperature (normal scale) would be about 

15 
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(*) Zxtr**^.« niAxjjEua t^nperaturei 

_o 
y of isolation 2jL (2 stationa) 
^ " " 2Í Í2 stations j 

• • 1' 

0° 
16Í (12 stations) 
80# (62 stations) 

Xxtr«c« mini kos. t<sp«raturssi 

0° of 
of isolation aoout 2# (2 stations) 

98Í (76 stations) 

nor« rv* tabulati00 to indicate that isolated 
aors frequently and aith larger inteirais than do. 

It should be noted also that extremes isolated by as ».-.-a a. -j° a<* 
not occur among the 78 stations we than ^0«=!* J ^ 

t. be «xpected 99* of th. J ^ 

sLil“'“' 0,?e J's"" íor 

Fro* the foregoing discussion the reoetiticn of «i,.— *_ . 
ii»« diotribobioo .pp^otu 

h^íTds 15Sf p“ í «»loos appiTontljr iocrooooa -J,o protxbl. ’ 
-.cTM’or'oub i, P“-]»?« fi* too (repetition end 1«,Utica) cued 

pioteiSur ill,^ ‘ÍJifiL“ 15.i1111'*1- -1“* «» — of tho'edJueSd 
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