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A Method for Asaotslng and Mapping tha J January Dally Minima Tmaperatur**» of Morthorn North America 

Í 

1. Introduction 

Haarly everyone associated with Quartermaster Corpa activities is 
Interested one way or another In dclly extremes of température. For ex- 

•“Pt»« «»• w«nts to know how many days in January t*ie temperature 
at Fort Churchill, Canada, night be expected to fall to -4i°F or lower. 
Factors which must be taken into account In assessing the frequency of lew 
daily minina a-e numerous, and, for the nost part, are not independent but 
are intricately interrelated. ..Among these factors are: (1) develorfcent and 
darTd (2i di*fri7nc,,i in l«tituds as related to length of 
day and night, (3) seaaenel variation in the angle of the sun's rays. (L) 
continental and marine effects, (5) radiation balance of the local terrain 

to,ílrí ^ repetition of extriaes, (7) tendency toward isala-’ 
t+on of extreme», (g) tendsney toward skswness, (9) length of available re¬ 
corta, and (10. many other more or less intangible factori. Even though the 
ts4p3rature record is a compound of many variables, can a graphic scale be 
deviate! on which the January dally minimum temperature probabilities will 
fall approximately on a straight line? If so, then any two critical temp¬ 
eratures In the record would serve to determine the straight line. 

2* .ÇjlK^ructlçri of g Prob.-.blllty Seale Showing Daily Minimnn 
on a na. 

IT th« actu*l temperatures at Churchill, Canada (Table I) are plotted 
?0°î 9C&1? (Fig* 1)* th,y ^11 fÄl1 on * broken line (O F to -f rj. If tlieae values were flomally distributed, all would fall 
or, a straight aine, and any two (e.g., near, daily minima wid lowest mini- 
œu.71) would detsi-sine this atraight line. 

a. Con3tnjci.ir.g a Straight Line Scale for a Single Station 

However, a scale can be so constructed that all of these January 
temperature« for Churchill will fall on a atraight line. This is done by 

on thr 50 percentile, the lowest 
ninlr.ua (-49 F) in the jlO days on the 0.32 p*rcentile (nonr.al scale), and 
drawing a straight line through the two points. Tha Utter value (0.32) 
represents the lowest ainimum for cno day - ths percentage that one day is 
nfn -9w^*-nüribflf °f dayS (31° in the re erd (.-«ciprocal of - 
110 - 1/310 - 0.32). The temperature values previously plotted on the nor- 

'ít1* tí" 20"*00™0 borisontally to the straight line (see arrows. 
Fig. 1). It should be noted that the broken line and the straight line hare 
only two ordinates in common, namely, the ones for the mean-daily minimum 
and the lowest mlrdnna. All the other temperatures with' th7irpfrceñtago 

í™ th*wr broksn llM to their correspond- ing straight line poeitlons. Thus, the broken line pattern of January 





daily ainlaw» t«sperstur« frequencies, ss shown on the normal probability 
scale, has been tr ans formed into a straight line pattern on the adjusted 
seals. 

This report next provides the answer to the question: Can the 
above technique be used in constructing an adjusted straight line probabil¬ 
ity scale for an area as well as for a slrjde station? 

b. Construction of a Pally Itlr.taya Temperature Probability 
ScaLn for northern Kor&h ¿¡rgglca 

The locations of seven Canadian end three Alaskan weather sta¬ 
tions are shown by rectangles (o) on Figure 2 and for each of these a re¬ 
cord of January daily rininaoa temperature# was available. These ten "com¬ 
ponent • stations represent a land arca frea Churchill (58° H.) to Pond 
Inlet (72°N.), and froa the Atlantic Ocran on the east to the Jering Sea on 
the vast. The cm dsllv rlnlr---^. fh-'lrto (Ir^-rat) einigen, and Ifcnrth of 
record (number of dly-iTfor each of tnase"tan stations are shown in*Table J; 

The frequency distribution of daily minia* at l-dsgreo (?) inter- 
Tfil» was avull&ble for 10 year# or ¡acre at these ten ctatlons. These daily 
minima ware rsarran^ad into number and pîro#riage f requeue les per nonth 
(30, 25, 20, 15.5, 10, 5, 1, 1/3, 1/5, and 1/10 day* (i.e., once in ten 
year#)) as shown in Table I**, and thon the temperatures in each of the fre¬ 
quency columns were avern.-M as indicated in the last lino in the table. 

On a normal probability scale (eee Figure 3), a straight line woe 
drawn from the averago of the sse&n daily minima (-23°?, the average of Col- 
van 2, Table I) to the average of the absoluta (lowest) minima (-57.3°F), 
average of Colean 3, Table 1)*®*, and this lino was prolonged to the right 
margin of the scale (Figure 3)*«:-». Text, each of the 10 frequency teiaper- 
eturds (25 f'ays, 20 deys, etc.. Table I), was plotted at the appropriate 
point on the normal scale. When moved horircr.\ally to the straight line, 
thees points determine the positions of the vertical probability lines 
(ordinates). When the construction lines ard data are removed from 

*An adjuite-i scale using the mean teqoer-rvura would be nearly as 
good as one basa >n ti» mann d-iily nin^ã (see Àppondix). 

•^If it were dosired, the table could show any other daily time interval 
than the ones given. 

•♦»Average length of record (average of Cclcna 4) is 370 days. Reciprocal 
370 « 0.CO27 or 0.27Í. This is the location of -57.3°F at the bottom of 
the normal probehility scale. 

♦»«This lina is prolonged to the right margin because the high rlnima 
usually srs not listed in abridged tables. Of course, this reduces the 
reliability of the upper Half of the adjusted ae*le. Also, more than lb% 
(?6.a - C0.6JÍ) of the frequencies occur between the 30-diy* and 25-days 
interval. 
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L -. 







1 .Hill. pi. i.iM.Vi^^ 

Figur« 3, v« har« the January adjuntad daily ■ini»» probsbility teal« 

(Fig. U). 

3. Validation of the Seal« 

It was aaaun*d that tha adjust«d acal« (Fig. k) ou^it to rsfloct wall 
the aciual fwcusneies of tb« ten conpor^nt «t.atiens (data in Tabl« I a«l 
locations in Fig. 2 aso), few wuLL it did *«r« i* »h0™ 
exaapla: at Aklarik, as shown in Tabla I, tha actual dailyniniJEa fiw day» 
par ttonth (January, 3U-<Lay record) were -45CF or lower. Thia »a« JF® 
than the adjusted scale indicated (-W^P). The ether d'ffewncaa at ÄlaTÜt 
wer« less than 2F°. Table II records the differences for each of tha other 
component stations. It shovdd bo notsd that tha reliabiUtj i» good for tbo 
lower teoperatures of the scale with tha exception of Barro». Thia 
is due to the extren* isolation (10 f) of the two lowest ninina fro« tha 
nearest associated minina*. In general, the departure of tha actual fro« the 
probable up to 25 days per month is not larga. 

To test further tha Talidity of the adjusted scale, tan ch*<* stations 
(essential data in Table III, location shown in Figure 2 as large =írcl**J» 
for which frequency distributions were arallable, vera utilised, now ***— 
the adjusted scale reflects the actual frequencies -for the ten check atatics» 
is shown in Table 17. Perhaps surprisingly (since the scale was constructed 
from averages of the exponent stations), the agrte*«* of tha probable «in- 
ioa with the actual minima for the chock stations is nearly *s good as that 
for tl* component stations (Table II). 

The data In Tables II and 17 were combined to construct Table T* 
200 measurenent# of January daily minima for the 20 stations at ten different 
percentile levels, less than 5Í of the «caled values differ frea the »rtual 
by nor« than 5F°. The scale becooss progressively less reliable beyond tna 
V5-percentile ordinate. 

It should be noted again that the construction of the adjusted scale was 
based on actual temperature frequencies of approximately ten consecutiva Jtn- 
uar^s. It is appareht, however, that the scale should provide an adjustment 
fo/sbbreviated records of longer than ten years. The following section 
shows how this may be done. 

4. Scale Adjustments for Length of Record 

It is assumed in general that long temperature records have xogegjbgo- 
lute minima than short records do. To test this assumption, the records w 
January extreme minima at 24 stations in the United States, each with at 
least a 70-year record, were used. These stations and their records of 

♦The two lowest minima were -56°F and -55°F, respectively. 
The third lowest was -45^, ftn isolation of 10F^. 
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4t r*ori., minoíií'tJ’Í^rtT^wiUrt'lTth^TO*111* ,or •"•P1«' 

ä -» «p «h. 

~'^,. ». Ârsîî?“u!-rfir 

Fl^re 4,. Ttoy 6M »pT^. for ç-to 1,ft 10 
d*Uy alnia» - the i:i-5r ef ¿Srr d^'il m’ ï ^7° 058^7atloni ot 
spectlr^ly. Theee four epociel ordLaul wtlftrSí ^ ^ J° rakn> ^ 
»c*J« th« aopwxlMte position i «11 «nable one to locate on the 
records runnin* baci to^ ^ or *^ t^prstur. 

5* ^VMiltT Scale 

tial Su (Tabl^TIIJ^for'each^atlof* *1’ ^ th* t,hre* it*KS* of «»*«n- 
fied d«73 per Tonth at the 71 atat^onj*!« n, õíiljr EÍnica for speci- 
rived i Table 7II). for exüEola- ',orth Aiarle* wre de¬ 
left margin of Fig. 4 for JUcUrtk l8ffu??lied at th* 
data are plotted (-26°F cn the 50° cerc«nMi« •8e*ntial iteae of 
and a straight line drcwi thro-A ^Tv“1 t'W l2’**** onttnate, 
teaper&tures registered at the^irtardflcMn^^f*^ ^fco" tli, daily miniaut 
th. oMiqu. ui; „ • *“■ 
TTO^t. cîcaeîjr th.,. r.coK.d trea ^ 

d.v, S SÄ T ff.*“ M- «** JuituiT 
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iür U±¿2. « ^018.-7 tiw probaãle diilj niniarua in the 

.1¾ 2*£ÄäS t. tb. «.«„cticn 
nntintts m -.h. r:it. rä th* 
record. lCv!r 8p»di^l ordinates for length of 



Tibi« 71: Lswaxt January T«pcíitur«s (°F) by 10-y«*r 
Accretion« up to 1950 

STATIONS 
70 60 50 40 30 20 

Ieai-)(1891-)(1901-)(1911-)(1921-)(1931- )(1941- 
„12221 

Mean 
Daily 
>iin.* 

Diff«r- 
f/nc««** 
(F°) 

Abilen«, Tex. 
Albany, Ü.T. 
Aîsarillo, Tex. 
Biminghaa, Ala 
Boise, Idaho 
Boston, Mass. 
Denser. Colo. 
Detroit, Mich. 
Flagstaff, Aris. 
Fort Smith, Ark, 
Havre, Hont. 
Lander, Viyo. 
Lincoln, Nebr. 
Miaai, Fla. 
Hew Orleans, La. 
Peoria, Ill. 
Pittsburgh, Pa. 
Raleigh, H.C. 
Red Bluff, Cal. 
St. Paul, Kim. 
Salt Lake City, 

Utah 
Seattle, Wash. 
Wichita, Kans. 
Williston, H.D. 

-9 
-24 
-11 
el 

-2Í 
-13 
-21 
-16 
-25 
-11 
-57 
-39 
-29 
♦29 
♦17 
-27 
-9 
♦2 
♦17 
-36 
-22 

-3 
-14 
d¿L 

-9 
-24 
-11 
♦1 

-17 
-10 
-a 
-16 
-25 
-11 
-57 
-39 
-29 
♦29 
♦17 
-21 
-9 
♦2 
♦17 
-33 
-22 

♦3 
-14 
-42 

-9 

-11 
♦1 

-17 
-9 

-21 
-16 
-25 
-11 
-57 
-39 
-26 
♦29 
♦17 
-21 
-9 
♦6 
♦17 
-33 
-22 

♦11 
-14 

_d¿. 

-9 
-21 
-n 
♦1 

-17 
-9 

-21 
-16 
-25 
-11 
-57 
-39 
-26 
♦31 
♦17 
-21 

•9 
/6 

♦17 
-31 
-22 

♦11 
-14 
-42 

-9 
-21 

-4 
♦1 

-17 
-6 

-20 
-9 

-20 
-9 

-39 
-39 
-19 
♦31 
+19 
-20 
-9 
♦6 

♦17 
-31 
-22 

♦11 
-14 
-38 

-9 
-21 
-7 
♦1 

- -17 
-3 

-15 
-9 

-20 
0 

-39 
-36 
-19 
♦31 
♦21 
-20 
-9 
♦6 

♦17 
-31 
-22 

♦11 
-12 

-9 
-21 
-7 
♦7 

-17 

-14 
-6 
♦20 
♦1 

-39 
-36 
-18 
441 
♦21 
-12 
-2 
♦6 

♦20 
-26 
-22 

♦11 
-10 

-=2JL 

33.1 
15.5 
24.3 
37.3 
21.6 
2).4 
17.8 
18.1 
14.2 
29.9 
2.7 
5.4 

14.2 
62.1 
47.0 
17.1 
23.3 
32.8 
37.6 
3.1 

21.9 

35.4 
22.4 
rUL 

0 
3 
4 
6 

11 
10 
7 

10 
5 

12 
18 
3 

11 
12 
4 

15 
7 
4 
3 

•10 
0 

14 
4 

JüL 

Averares -16.7 -14.2 -13.5 -13.3 -11 -10 -8.8 22A. 

Wo. of Days 2170 1¾) 1550 1240 930 620 310 

JJL 

Reciprocals of 
Wo. of Bavs .046 .054 . 065 .081 .11 .16 

(Basic data from Cliîwtic SuEoary Bulletin W, U.S. Weather Bureau Covt. Printing 
Office, Washington, D.C.) 

♦50-years (1881-1930 Jaxmaiy Kean Daily KinLeum Temperatures) 

♦♦Difference between the January absolute rcinimuo during the last decs«!« listed 
(1941-1950) and during the entire 70-year period 
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vicinity of Euraîta, Canada (Fig. 2, Ho. 45) is -30°F or lowsr. Sines this 
is a 25-dar nap, tho dally alnimsa terapwratures or lewsr, as indicated by 
the isotherms in different parts of the area, should be expected. 

TVo othar maps are shown in this series, ani each should be read in the 
eaao way that Figure 5 was read. Figure 6 indicates areal distribution of 
January daily minima or lower that nay be expected ten days per cao nth; and 
Figure 7, 1 day in 3 Januarys (I/3 per month). 

7- AngtherJ^yge (Percentage of Paya) of January Hlmcrva Temperature 
Probability Scale 

If one wanted to construct a nap of northern Worth America showing the 
frequency occurrence of a January daily miniEua temperature of -20°F or lower, 
it would be difficult to extract the needed information frota Table VII. This* 
table features only ten percentage levels, and these are all fractional (96.0 
80.6J. etc.). The scale constructed below has 39 percentage levels (ordi¬ 
nates), and they are all Integral except the four extremes (Figure 6). 

a. Constructing the Scale 

In adjusted probability scale featuring peyenntara of days for 
given January minimum temperature levels can be derived from the temperature 
frequencies (tabulations by Parnale) used in the foregoing study. The fre¬ 
quency tabulations used in constructing Table I also were used as the basis 
for Table VIII. From the averages in the last line of this table, Figure 0 
was derived - an adjusted probability scale for finding daily mlnirmm temper¬ 
atures in percentage of days. This scale can be validated by use of the 
check stations listed in Table III. The same adjustment for length of record 
as utilized in Figure 4 may be used for Figure 0. 

How, the essential data for the 71 stations in Table VII may be plotted 
on this percentage probability scale (Fig. 0), and a set of 39 January dolly 
minimum temperature probabilities derived for each station (Table IX). Other 
percentage probabilities may be interpolated. Percentage frequencies can be 
easily translated into days per month. 

b. Constr-irtion and Use of Kapa 

From the tabulated data in this table one can draw a map of north¬ 
ern North America showing the percentage of January days on which the daily 
minimum temperature falls to a specified levai or lower. For example, sup¬ 
use a slee ing bag Is designed to give adequate protection down to -20°F. 
The map (Fig. 9) indicates Just where in northern North America these crit¬ 
ical minima (-20°F and below) may be expected in January and the percentage 
of January days when the -daily minima fall to or below the critictl temper¬ 
ature of -20°?. At Churchill in January a man in this sleeping bag"would 
need added protection from daily minima about 70% of the time (22 deys per 
month). It may be seen from the table that 5JÉ of the time (2 days) at 
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Churchill ln Janu*rr h« äugt hav« n,t,t_.. - 
or lowtr (30-/o.r wcord). Paction for a dally Mini«« ©f -kl°T 

.1.^ '¿Z- “î“1 "• «»truct«! ..ph.. 
poetad 10* of th7tlí¡ ^northarn Xorth Africa that a», bT., 
naadad at ít “ *¿L1<'d «a™«nt la 

"Í!?f«ld 1S*'ii(1 *9 005n M tha aípactad taa-i^t*^ thls 
critical t^ratur. 10* of tb. S ^ tha 
dota for' tha construction of auch a b*d (*•! Jf f'^8h-d tb* «»«caBaary 
ch»Î° S’* 111 central Alaska L JanaS* ** w™7 P*«0"««! 
critical ~j&°Y »ay be expsetad. tr7* the BÄP »howa where tha 

®* Acknovlad^nt. 

•a»oclat»*ln í*" Para*lfl» íonaerly an 
tÍ d4lÍr tc'.peraturaa for Ala^n tabu^tiona 
Thífio c^ta were essential to th» iv,*«,* 3 Canadian waath»? stations 
•calar dovelopod in thla atudyî ,rUCtloa of tha *dJ-»ted probability 

9» P.af arenca« 

Printing Off 1«!^af¡S^ñ, ^ ^ ^^i^LjH£eau, Gorermsnt 

fleeted ’Jw tÍ^iIÍITS ÂusSG3ScîicIî1ÎrW!Ci’ ot 
Wiclck, îfâss., 1955 * Technical fieport EP^, (¾¾ j&j) Coamnd, 

“ ^1^¾¾.¾¾¾¾ 

tu» 





i 

2> 

teíSlMf*, '"..'lí 

■>>:•/ iaiMM 

* “ . • k. ' 
•v“1 '/■ 

^3 

V V 
*L 

? 
^.’- '.'i 

.-v;•/'••>'•1 

«.' - A- 

r7>-L‘-'.r'ri 
Ly /' i‘ ■ f t ••\. 

■'•'vX ''' -; 

>^v 
•\'*\ 

'Uh 
\, WO 

..¡lí; 

■"'«wÉtop^ —* u- ■ ^ 

' A- IN 

,-• i' 
■ s- .> "„■ 
'.■ ■ i -. -.. 

'.- r)-'’ 

*zy, 

1 ^\S\VlV.v^' 'S'S-Sks. -\1 

V-W--A,v.v 
SAlils^ *1 >-i*i- » "t ^ -1 

m < ■* - - i. « -* «« *r«i «■■'T.« i 
* * * • ? • P + f * r m m m » " * ' •'‘»HW ' ■ 
Vjv1a\>ÍÍÍ •,*,•.*-.1-.-,.-.-. CivwÆa 
«.JWiLmJl- v- - • *. . -, „ A V.. -i „ N J 



""’v v \ i'v ■ V* 

r * j* ""v^ 3* ' •■ *" ■ * 

Appendix 

_ —^ .MlnlEua Probablllty-Scaia for Janmyy, Sa»«<l an jto*n Wont Mt 
Toaparnturea ln Flaca of Haan DilW Mini». -^ 

. . If>.5£r-g., laanthl^ tw.paratur«« ar« oubstitutad for tba wan diil-r 
SiMSa in Tabla I, than Figuro 11 BMyr ba conatructod by iba aaao Olhado 
usad for Figur# 4. 

kíi«vTabl# hoW wo11 thl8 »«i« *•••»*•• the daily oiniwaa proba- 
oiiitieo. The diffarcncas batwon daily minima» probabilities and tha 
actúa! mlnijaa ara 8«ne«h*t Isrgar than tha/ ara in Table 4. This seal« 
-ould ba uaad to advantage %h«n aaan Ronthlr te&paraturaa are available, 
but not the mean d.-my 
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