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INTRODUC·rroN 

Every chang e in weather is produced by a certain number 

of physical causes. For instance, Foehn effect brings a rise 

of temperature; a clear and calm night shows a larger nocturnal 

cooling, and so on, but besides those known physical factors, 

there are other factors influen cing the change of the weather 

which are completely inaccessible to our knowledge. Moreover, 

the complexity of the combination of those factors increa ses 

the difficulty of forecasting the future wea ther. By theo­

retical and observed results, we know tha t in an anticyclone 

the rainy weather is much less than fair, the reverse is true 

for a cyclone. Thus in a statistical point of view we can 

tell what is the probability of certain kinds of weather due 

to a certa in weather factor. Statistics is the stu_dy of 

aggregates of observations or measurements. The most imoortant 

thing in the study is the frequency distribution of the prob­

ability of variates. In general for an in f inite universe we 

often assume the frequency is normally distributed. 

Ordinarily the data at hand are finite and are regarded a s 

a r andom sample drawn from a well defined class of variates -

called the universe, and from the random sample we draw in terence 

about the universe. fhe whole t heory of sampling is based on 

frequency distribution and probability. From sampling method 

we can estimate the mean and standard deviation of the universe. 

Conversely if we already get the estimates of parameters of 

the universe, then we can test the significance of the deviation 

of the parameters of a sample. If the error is not significant 

it mean~ the observed criterion is not exceptional and vice versa . 



The scope of t h is subje~~ is to study the tempera ture 

variation of Chicago in winter. 'rhe randum samples 1:,re d rawn 

under some specified wea t her f ac tor, and test the significance 

of the devi a tion from the universe. 

THE ESTI MAT IO N OF' 'l'HE POPULATION 
M'£:J.UT AND ST A1TIARD DEVIATION 

o."~a.a ... 

The mean of a population is t he Avalue of t he v ariates , whi le 

t~ ~ s tandard deviation measures tte extent to wh ic h the data are 

spread out on the average on either side of t he mean. In the 

pr e sent ca se t he values are calculated from t he data beg inning 

1936 to 194 1. 

(a) Maximum temperature : 

Table 1 

Class 
Interval 

-5 
0 
5 

10 
15 
20 
25 
30 -· 
35 
40 
4 5 
50 
55 
60 

-1 
4 
9 

14 
19 
24 
29 
34 
39 
44 
49 
54 
59 
64 

Class 
Mark 

- 3 
2 
7 

12 
17 
22 
27 
.32 
37 
42 
47 
52 
57 
62 

f 1). 

2 -7 
5 -6 
6 -5 

18 -4 
24 -3 
44 -2 
54 -1 

12~~ 0 
123 1 

56 2 
38 3 
3~') 4 
15 5 

2 6 
zd =.r+2 

Mean = ~ = 3 ~.qo 

uf 2 u 

-14 49 
-30 3 6 
-30 25 
-72 15 
-72 9 
-88 4 
-54 1 

0 0 
123 1 
112 4 
114 9 
132 16 

75 25 
12 ?Jc 

z::; u.-f =20 3 

Standard /J</. vla.f,·o,J =: ¾- = IO• 7 ~-

fu2 

98 
180 
150 
238 
216 
176 

54 
0 

123 
224 
342 
528 
375 

72 
-J 2 
2.,:rU =28iCf 

Wbere f is the frequenc y distribution and u is t he new 

variat es referred to an arbitrary new orig in and expr essed in 

units of class interval. 
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( b) i\/fi.nimum temperature 

Table 2 

Class 
Interval 

Class 
u2 fu2 Mark f u uf 

-20 -16 -18 2 -9 -18 81 162 
-15 -11 -13 5 -8 -40 64 320 
-10 - 6 - 8 8 -7 -56 49 392 
- 5 - 1 - 3 10 -6 -60 36 360 

0 - 4 2 29 -5 -145 25 725 
5 9 7 40 -4 -160 16 640 

10 14 1() 
tJ 42 -3 -120 9 378 

15 19 17 51 -2 -102 4 204 
20 24 22 93 , - 93 1 93 -.,_ 
25 29 27 108 0 0 0 0 
30 34 32 102 1 102 1 102 
35 39 37 36 2 72 4 144 
40 44 42 7 3 21 9 63 
45 49 47 8 4 32 16 128 
50 54 o2 1 5 5 25 25 , J 

Zj :f == ~-4 2 z..u.+= -f'l-1,, Z-fu == 7 3C. 

~ 
(Y).Jl.<A n =- X - 2 /. 7 ::,; 

Stond.a>-cl 0.R.vicJ,n-, = Gx ==/2.0,.C 

THE RELATION BI!.T WEBN 
TEMPEFU'I'URE AND PC HIGH 

In winter w}1.enever a Pc High appears in the west part of 

Canada there is a good probat;ility of break of Pc air and thus 

causes the drop of temperature, Th e following samples are drawn 

from the data of H136-1941. 

Table '2. 
v 

Year Month Date Date /1 Max Op Min OF 

1936 Dec. 3 4 29 19 
1936 Jan. 4 5 30 11 
1936 Feb. 4 5 0 -13 
1936 Feb, J.O 11 10 - 6 
1936 Feb, 14 15 10 - 2 
1937 Dec. 6 7 22 9 
1937 Jan. 4 5 35 17 
1937 Jan. 21 22 1-i 7 
1937 Feb. 1 2 23 8 
1938 Dec. 26 27 16 3 
1938 Jan. 24 25 29 11 
1938 Feb. 9 10 35 29 
1938 Feb. 19 20 30 28 
1939 ._Tan. 14 15 34 30 
1939 Jan. 28 29 36 29 
1939 Feb. 2 3 21 14 
1940 Dec, 2 3 16 - 5 
1940 Dec. 11 12 37 32 
1940 Jan, 23 24 17 1 
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Table 3 (Continued) 

Year Month Date Date j1 Max OF Min OF 
1940 Feb. 21 22 29 21 
1941 Dec .. 9 10 32 12 
1941 Jan. 3 4 23 6 
1941 Jan. 18 19 17 4 
1941 Feb. 1 2 37 30 

A. Test of significance of the dev i a tion of the mean maximum temp-

erature. 

a. First Me t hod 

Table 4 ~ 'j... = 3 3. q 0 

OF ~ 
X1 (Xi -X) 

29 4.90 
30 3 ,90 

0 33 .90 
110 23 .90 

10 23 .90 
22 11.90 
35 1.10 
14 19.90 
23 10.90 
16 17.90 
28 5 .90 
35 1.10 
30 3,90 
3 4 .10 
36 2 .10 
21 12.90 
16 17.90 
37 3 .10 
17 16 .90 
2·9 4.90 
32 1. 90 
23 10. 90 
17 16.90 
37 3 .10 

G';. =::: /o . 7,r-

~ 2. -"./ 2. 
(X; - X) (X; -X) -;r1. 

(£'- -

24.01 .20 
15 . 21 . 13 

1149. 2 1 9 . 95 
571. 2 1 4.95 
571. 2 1 4.95 
141. 61 1. 23 

1.21 .01 
396.01 3 .43 
118 .81 1.03 
320 .41 2 .77 

34.81 .30 
1. 2 1 .01 

15.21 .13 
1.00 .01 
4.41 .04 

166 .41 1. 44 
320 .41 2. 77 

9.61 .08 
285. 61 2.47 

24,01 . 20 
3 . 61 .03 

118 . 81 1.03 
285 , 61 2 .47 

9. 61 .08 
2. 

z: X -=-39-7 / 

Degree of fre edom = 2 2 

Ct.anc e of exceeding a g ivenA ... _ f 
.::::. , o I 

This means t hat t here is a clos e relation between the 

temp eratur e at Chic ago and the Pc High. 
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Table 

Class 
Mark 

-3 
2 
7 

12 
17 
22 
27 
32 
37 
42 
47 
52 
57 
52 

b. Second Method 

5 

f 

0 
1 
0 
3 
4 
4 
3 
4 
5 
0 
0 
0 
0 
0 

In the following table pj is t he probabi lity 
of the variates and is estimated fro m Table 1, 
f is the frequency distribution of the sample 
and/\/ i s equal ± :f-. - ' 

/\ 

l. 2.. 

pj PjN (f-pjN ) (f-pj N) (f-pjN ) ~;r 
PjN 

0 0 0 0 0 
. 01 .22 .78 . 62 2.85 
.01 .26 - . 26 .07 .27 
.03 .79 2 . 2 1 4.88 6 .16 
.04 1.03 2 .97 8.81 8 .54 
.08 1.94 2.07 4,23 2,17 
. 10 2 .40 .60 . 36 .15 
.23 5 .40 -1.40 1. 96 . 36 
. 23 b . 45 - .45 .20 .04 
.10 2.47 -2.47 6 .11 2 .47 
.07 1.68 -1. 68 2.82 1.68 
.06 1.46 -1.46 2.14 1.46 
.03 .67 - . 67 .45 . 67 

0 0 0 0 

... 

0 2.-

L,;(===2b -~J 

Degree of freedom = 14 

p :± .02 
This also shows t h at t here is a close relation between 

Pc Hi gh and the temperature a t Chicago. 

c. Tbird Method 

Table 6 

Class 
Mark f u 

2 · 1 -3 
7 0 - 2 

12 3 -1 
17 4 0 
22 4 1 
27 3 2 
32 4 3 
37 5 4 

~ lk::: 24 

Mean of 

fu 

- 3 
0 

-3 
0 
4 
6 

12 
20 

z fu == 36 
u =... 1.5 

t he • sample-X = 24. 5 ,--_/ 
X - X -

<1ic" 

- 5 - ,.r,::i 

4.3 



c. Third Method 

::::::. I 

Pr oba ~ility for X will not be within 
rv 

of X = f-c., 

.::::.o 

This also shows that there is a relation between Pc High 

and temperature e.t Chicago. 

B. Test of Minimum temperature 

a. First Method 
,,...._ 

X ==- 21. 75 ~ - 12.05 

Table 7 
-v ~ l. "" ~ 

x,· x,·-x (Xi· -X) (Xi - X.) -=;f' c:r l 
19 2.75 7. 56 ~06 
11 10.75 115.56 . 80 

-13 34.7b 1207~56 8.32 
- 6 27.75 770.06 5.30 
- 2 23.75 564.06 3.88 

9 12.75 16~~. 56 1.12 
17 4.75 22.56 .16 

7 14.75 217.56 :. , 50 
8 13.75 189.06 1.30 
3 18.75 351.56 2.42 

11 10.75 115.56 .80 
29 7.25 52.56 .36 
28 6.25 39.06 .27 
30 8.25 68.06 .47 
29 7.25 52.56 .80 
14 7.75 60.06 .41 

- 5' 2 6 .75 715.56 4.93 
32 10.25 105.06 .72 

1 20.7b 430.56 2.97 
21 . 7-5 5.62 .04 
12 9.75 95.06 .65 

6 15.75 248.06 1. 71 
4 17.75 315.06 2.17 

30 8.25 68.06 .47 

~;41.63 

degree of freedom-= 24 

r< .01 
This means there is a close relation between Pp High and temper-

ature at Chicago. 
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b. 2econd Met twd: 

I n t he followi ng t ab le Pj is estimated 
( 2}. 

Tabl e 8 

Cl a ss 1. 

Int erva l f pj p.N f - p.N (f - P · N) 
J J J 

-18 0 0 0 0 0 
-13 1 . 009 . 22 . 78 . 62 
- 8 1 . 0 14 . 34 . 66 .44 
- 3 2 .018 .43 1. b7 2 .46 

2 3 . 0 ;52,, 1.27 1.73 2 .99 
7 4 . 073 1. 75 2 . 25 5 .05 

12 4 . 0'77 1.85 2 .15 4 . 63 
17 2 . 094 2.2 6 - .26 . 07 
22 1 .171 4 .10 - 3 .10 9.64 
27 'Z .199 4 . 78 - 3 . 78 14 .26 V 

32 3 . 188 4 . ,,1 - 4 . bl 20 . 3 6 
37 0 .066 1. 58 -1. b8 2 , 51 
42 0 . 0 12 ,29 - . 29 . 0 8 
47 0 . 0 14 . 34 - . 34 . 11 
52 0 0 0 0 0 

~ 

¼==-29 . 67 

Degree of freedom = 15 

r < .01 

Thi s moans t hat there i s a clo se r e l a tio n be t ween 

Hi gh and 

c. 

T ab le 9 

Cla ss 
Interva l 
-13 

8 
3 
2 
7 

12 
17 
22 
27 
32 

the temperatur e 

Th ird 

f 

1 
1 
2 
3 
4 
4 
2 
1 
3 
3 

Met h od 

z:-jr 24 

u 

- 4 
- 3 
- 2 
-1 

C 
1 
2 
'Z 
t.) 

4 

a t Chicag c. 

fu 

- 5 
- 4 
- 6 
- 6 
- 4 

0 
2 
2 
9 

12 

f>t b 4.. 0 I 

- 7 -

from Tab le 

(f-Np j ) 1/(' 1, 

0Nfr1-· 

2 . 85 
1. 3 1 
5 . 69 
2 . 3 5 
2 .88 
2 . 51 

.03 
2.35 
2 .99 
4 . 51 
1 . 58 

. 29 

.,34 
0 

t he Pc 



c. Third I1!eth od (Continued) 

This means there is a close relation ·between Pc High and the 

temperature at Chicago. 

THE RELATIO N B.G.T \"v EEN RSTURN Pc AIR MASS 
Al\'D TH:2 T EMPERATURE OF CHICAGO 

Whenever there is a High of Pc air mass locat0d at the 

southern part of mio.dle UrJ. ted States there is a good chance for 

return flow of Pc air to the st~tion of Chicago. The following 

sample is d.:rawn from the data of 1936-1941. 

Table 10 

Year Month Date Date .fl Max. Min. 
1936 Dec. 4 5 36 25 
1936 Dec, 21 22 37 24 
1941 Jan. 6 7 31 23 
1941 Jan. 20 21 45 25 
1941 Feb. 4 5 35 21 
1941 Feb. 23 24 38 24 
1937 Dec. 2 3 36 30 
1937 Dec. 30 31 b2 33 
1940 Jan. 9 10 32 22 
1940 Feb. 3 4 34 29 
J.940 Feb. 22 23 32 20 
1939 Jan. 22 23 24 9 
1939 Jan. 27 28 35 31 
1939 Feb. 22 23 32 6 
1938 Dec . 22 23 :<,' c,0 29 
1939 Dec. 14 15 47 31 
1938 Jan. 8 9 23 8 
1938 Feb. 4 ,-

0 ~15 43 
1938 Feb. 16 17 48 33 
1940 Dec. 8 9 52 23 
1940 Dec. 23 24 53 32 
1937 Jan. 23 24 2 8 17 
1937 Peb. 2 3 33 21 
1941 Dec. 6 7 38 26 
1941 Dec. 30 31 35 30 
1936 Jan. 7 8 34 28 
1936 Feb. 5 6 15 3 
1936 Feb. 19 20 20 3 
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A. Test of significance of deviation of the mean of the maximum 

t emperature. 

a. First Met h od 

Table 11 X 33.90 6;, = 10.75 
.2. ..,_ ... 

(Xi - x) (Xi - )( ) =-.,,;t" -v 

~ ~ ... 
X; x,- - .K l( 

c,6 2,10 4. 41 .04 
37 3.10 9.01 .08 
3 1 2.90 8 . 41 ,07 
45 11.10 123 . 21 1.07 
35 1.10 1.21 .01 
38 4.10 16. 8 1 .15 
36 2 .10 4.41 .04 
52 18.10 327,61 2,84 
32 • 1. 90 3 . 6 1 .03 
34 .10 • . 01 0 
32 1.90 3 . 6 1 .03 
24 9.00 8 1.0C .70 
35 1.10 1. 21 .01 
32 1.90 3.61 .03 
35 1.10 1.21 .01 
47 13.10 171. 61 1.49 
23 10 .90 118.81 1.0c 
55 21.10 445,21 3 . 85 
48 14.10 198 . 8 1 1.72 
52 18.10 c-27 . 6 1 2.84 
53 19 .10 364.81 ~:-. 15 
28 5. 90 34.81 .30 
33 . £10 . 8 1 , 007 
38 4.10 16 . 81 . lE1 
35 1.10 1. 2 1 .01 
34 .10 .Ol 0 
15 18.90 357 . 2 1 3 ,09 
20 13. 90 193,21 1. 67 

't., 

rX= 24_42 

Degree of fre edom - :Z:3 -2 = 26 

1> . r 
This means that the return Pc air mass has no significant 

rel~tion to the variati on of temperature at Chicago. 
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b . Second Meth od 

• Tab l e 12 N - 28 

Cl a ss 
Mark f p. pj N f - p .N (f - Np j) (f- N12 ·) - ~-.. J J Npt -

- 3 0 . 004 . 11 - . 11 .01 .12 
2 0 .009 . 25 .25 . 06 . 25 
7 0 . 011 . 3 1 . 31 . 09 . 31 

12 0 .033 . 92 . 92 . 85 . 92 
17 1 . 043 1. 20 . 20 • C-1 .03 
22 3 .081 2 . 27 . Tc . 54 . 24 
27 - 1 .100 2 , 80 l, BO 3 , 24 1.16 
32 7 . 225 6 , 3 0 .70 ,49 . 08 
37 9 . 22 7 6 . 36 2 . 64 6 , 99 1. 10 
42 0 , 103 2 , 88 2 . 88 8 . 32 2 , 88 
47 2 , 070 1. 96 , 04 .oo .oo 
52 3 . 061 1. 71 1. 29 1.67 . 98 
57 0 .026 ,73 . 73 . 53 . 73 
62 0 , 004 . 11 .11 .01 .12 

~;r?. = 8 . grf:, · 

Degr ee of f r eedom - 14 'f, / . 5 

This mean s t hat t h~ re t ur n Pc a i r mas has no s i gn ificant 

r ela tion with the var i a tio n of t emperat ure a t Chicago. 

c. Third Me t h od 

Tab l e 13 
Cl a ss 
Mar k 
17 
22 
27 
32 

- 37 
42 
47 
52 

f 
1 
'3 
1 
7 
9 
0 
2 
'2 ,_, 

-z=f= 28 

u 
- 4 

'Z. 
- v 

- 2 
-1 

0 
~ 1 
2 
3 

fu 
- 4 
- 9 
- 2 
-7 

0 
0 
4 
9 

~1(/(, = - 9 

X=3S -9 1,, = I . j. 

Ft. - • I 3 

Thi s means t he retur n fl ow of Pc has no s i gnificant re l a tion 

with the var i a tion of t he t emperatur e a t Ch i cago. 
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B. Testing,:£ minin:um temp erature 

Table 14 

Y./ 
25 
24 
23 
25 
21 
24 
30 
33 
22 
29 
20 
9 
31 
6 
29 
31 
8 
43 
33 
23 
32 
17 
21 
2G 
30 
28 
3 
3 

'-' .y,-.:....x 

3.25 
2.2fi 
1.25 
3.25 

.75 
2.25 
8.25 

11. 25 
.25 

7.25 
1. 75 

12.75 
9.25 

15.75 
7.25 
9.25 

13.75 
21.25 
11.25 

1.25 
10.25 
4.75 

.75 
4.25 
8.25 
6.25 

18.75 
18.75 

'l = 21. 75 

'"'-
(X. -X ) 

l 

10, 56 
5.06 
1. 56 

10,f56 
5,62 
5.06 

68.06 
126, [56 

.06 
52, 56 
3,06 

162,56 
85~56 

248.06 
52. ;·,6 
85,bo 

189.06 
451.56 
126.56 

1.56 
105.06 

22, 56 
5.62 

18,06 
63,06 
39,06 

351. 56 
351. 56 

2. 
"-

(Xi -X) 
<ri( ... 

.07 

.03 

.01 
,07 
,04 
.03 
,47 
,87 
.0 
. 80 
.02 

1.12 
. 59 

1. 71 
,36 
. 59 

1.30 
3.11 

, 87 
.01 
,72 
.19 
.04 
, 12 
,47 
,27 

2,J2 
2.42 

z:X l.- =- 1a.72 

Degree of freedom - 28 -2 =- 26 
_,, /· J-

Th is means the return flow of P~ air mass has no significant 

relation witr~ the varic.tion of minimum t emp erature at Chicago. 
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b. Se cond Me t hod 

Tab le 1 5 N ::::: 28 

Class 'l. 

Mark f P· J 
p.N 

J (f-pfN) (f-pjN ) (f-pj :N ) =A 
Nrct 

-18 0 0 0 0 0 0 
-1~~ 0 .009 . 2 b . 2 b . 06 .25 
- 8 0 .014 . 39 . 39 . l ~~ . 39 
- 3 0 ,018 . [;0 . 50 .25 . 50 

2 2 , 0 53 1. 42. . 52 ,27 :1s 
7 ~) .073 2,04 9 e 

• 0 . 91 .45 
12 0 .077 2 .16 2.16 4, 68 2 ,16 

: 17 l .094 2 . (~3 1. 63 2,66 1. 01 
22 8 .171 4 . 7~) 3 . 21 10 . 32 2 .15 

:. 27 6 .199 6 , 57 ,43 . 18 .03 
32 7 .188 0.2c 1.74 3 .01 . 57 
37 0 • OE..i C 1. 85 1.85 3 . 42 1. 85 
42 l . 012 . 34 . 66 . 44 1.31 
47 0 .014 , 39 .39 .15 .39 
52 0 0 0 0 0 0 

1... 

r ~::::: 11. 249 

Degree of freedom = 15 f 7. 5 

This means th ,3 return f low of Pc ai r ma ss ha s no significant 

relation with the variation of the minimum temperature at Chicago. 

Table 

Class 
Mark 

2 
7 

12 
17 
22 
27 
32 
37 
42 

c. Third Iv:e t h od 
,.._/ 

16 ;t = 21.75 

f 
2 
3 
0 
1 
8 
6 
7 
0 
1 

.z:--f = ~8 

u 
- 4 
- 3 
-2 
-1 

0 
1 
2 
3 
4 

fu 
-8 
-9 

0 
-1 

0 
6 

14 
0 
4 

2- fu = 6 
g == , 21 
X = 2.:.1 

ftu==,36 
This means the return flow of Pc · air mas:rns has no significant 

relation with the variation of :minimum temp erature at Chicago. 
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THE RELA'rION BETWEEN THE TEMPERATURE 
AND BASIN HIGH 

Whenever: a High remained in the Great Basin of the 

Rocky Mountains there is a tendency of flow of Polar Basin air 

mass, and hence there may be some variation of the temperature 

at Chicago. The following sample is drawn from the data of 

1936 to 1941. 

Tablf_l7 

Year Month Date Date .f. 1 Max._ Min. 

1937 Jan., 2 3 22 13 
1938 Jan. 3 4 37 20 
1938 Jan. 21 22 38 31~ 
1939 Jan. 9 10 53 34 
1939 Jan. 18 19 31 25 
1939 Jan. 29 JO 30 23 
1941 Jan. 11 12 43 29 
1941 Jan. 29 JO 37 25 
1936 Dec. 1 2 37 32 
1936 Dec. 13 lli, 48 32 
1937 Dec. 17 18 33 28 
1938 Dec. 2 3 49 36 

-1938 Dec. 11 12 32 23 
1939 Dec. 3 4 36 JO 
1939 Dec. 12 13 38 26 
1940 Dec. 6 7 42 27 
1911-0 Dec. • 29 JO 37 33 
1941 Dec. 12 13 33 23 
1937 Feb. 10 11 40 17 
1937 Feb. 15 16 33 27 
1938 Feb. 21 22 38 34 
1939 Feb. 17 18 47 31 
1940 Feb. 9 10 32 19 
1941 Feb. 4, 5 35 21 
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A. T esting of maxi mum tempe r a tur ,~ 

a . Firs t Me t h od 

Tab le 18 X = 33 . 90 

'). ... 
---v 

( Xi-X ) 
~ .... 

'j. ,· X; - X {X j - XJ =/4 0-)( 1.. 

22 11. 90 141. 61 1. 23 
37 z-. 10 9 . 61 .08 
38 4 .10 16 . 81 .15 
53 19 .10 364 . 81 3 .16 
3 1 2 . 90 8 . 41 , 07 
30 3 . 90 15 . 21 .13 
43 9 .10 82 . 81 . 72 
37 3 .10 9 . 61 .08 
37 3 ,.10 9 . 61 •. 08 
48 14 .10 198 . 81 1. 72 
33 . 90 .81 ,007 
4 9 1 5 .10 228 .01 1. 97 
32 1. 90 3 , 61 .03 
36 2 .10 4.41 .04 
38 4.10 16 .81 . l.S 
42 8 .10 65 . 61 .57 
37 3 .10 , 9 . 61 .08 
33 .90 . 81 . 007 
40 6 . 10 37 . 2 1 . 32 
33 . 90 . 81 .007 
3 8 4 . 10 16 , 81 , 15 
47 13·. 10 171. 61 1. 49 
32 1. 90 3. 61 . 03 
35 1.10 1. 21 .01 "--

2.. X = 12,2E 

Degr ee of f re<;dcm = 

if> 7 . 5 

24-2 = 22 

Thi s s h ows t hat t here i s n o 3j_gni f icant r elation be t ween 

t he Basin Hi gh a nd the var:lntion of t he t emperature a t Ch ic ago. 
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b. Second Iv'l ethod 

Table 19 N 24 

Class 2.. 2 l, 

Mark f P· p.N f-p iN (f-pj N) (f- p;N ) ::;(' 
J J ., 

1>j. N 

-3 0 .004 .096 - .096 .009 ,093 
2 0 .009 .216 - . 2 16 .047 .217 
7 0 .011 ,264 - ,264 .0'70 ,265 

12 0 .033 .792 - ,792 . 627 .791 
17 0 ,043 l. 032 -1.032 1.065 1.031 
22 1 ,081 1.944 - .944 .891 .458 
27 0 .100 2.400 - 2.400 5.7t0 2.400 
32 7 .225 5,400 1, 600 2,560 .474 
37 9 .227 5 .448 c,. 552 12 . 617 2.315 
42 3 .103 2. 47~: .. 528 .279 .112 
47 3 ,070 1. 680 1,320 1.742 1.036 
52 1 .061 1.464 - .464 . 215 .146 
57 0 .028 . 672 - .672 . 452 .672 
62 0 .004 .096 - .096 .009 .093 

~xL= 10,103 

Degree of freedom == 14 f'?. 5 

This means t hat Bas i n High has no significant relation 

with the var l ation of temperature at Chicago. 

c. Third Metb od 
,.._, 

Table 20 )< = 33 .9 crx. ==-10, 75 

Class 
Mark f u fu 
22 1 -3 -3 
27 0 -2 0 
32 7 -1 -7 
37 9 0 0 
42 3 1 3 
47 3 2 6 
52 1 3 3 

~ f == 24 Yfu ~ 2 
~ = . 08 
X = 37 . 4 

t~• = 1.6 
Pt"= .11 

Th is means that t h e Bas i n Hi gh has no significant 

relation with the variation of temperatur e at Ch icago. 
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B. Testing of minimum temperature 

Table 

'Xi 

13 
20 
.34 
34 
25 
23 
29 
25 
32 
32 
28 
36 
23 
30 
26 
27 
33 
23 
17 
27 
34 
31 
19 
21 

A. First Method 
"'-' 

21 X=21.75 

(Xi -X) 

8. 75 
1. 75 

12.25 
12.25 

3.25 
1.25 
7.25 
3.25 

10.25 
10.25 

6.25 
14.25 
1.25 
8:..25 
4.25 
5.25 

11.25 
1.25 
4.75 
5.25 

12.25 
9.25 
2.75 

.75 

<r)( = 12.05 

"" 2. ~~ 
(X1 -X) (K¼-:=X) ,::~ ~ 

~ --

76. 56 .53 
j .06 .02 

150.06 1.0.3 
150.06 1.03 
10.56 .07 
1.56 .01 

52.56 .80 
10. 56 .07 

105.06 .72 
105.06 . 72 

39.06 .27 
203.06 1.40 

1.56 .01 
68.06 .47 
18.06 .12 
27.56 .19 

126.56 .87 
1.56 .01 

22.56 .16 
27. 56 .19 

150.06 l.OJ 
85.56 .59 

7.56 .06 
5.62 .04 

Degree of freedom= N-2 
= 24-2 
:: 22 

p 7 • 5 

This means there is no significance. 
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b. Second Method 

Table 22 N = 24 

Class 
Mark f Pj PjN f-pjN (f-pjN) 2 

·(f-pjN) 2 ::.)::; -.. 

PjN 

-18 0 0 0 0 0 0 ., l3 -±" . 0 .009 .22 - .22 .05 .22 
- 8 0 .014 0 34 - .34 .11 .34 
- 3 0 .018 .43 - .43 .19 .4.3 

2 0 .053 1.27 -1.27 1.62 1.27 
7 0 .073 1. 75 -1.75 3.07 1.75 

12 1 .077 1.85 - .85 .72 .39 
17 2 .094 2.26 .26 .07 .03 
22 5 .171 4.11 .90 .80 .20 
27 7 .199 4.78 2.25 4-95- 1.04 
32 8 .188 4. 51 3.49 12.17 2.70 
37 1- .066 1.58 - .58 .34 .22 
42 0 .012 .29 - .29 .08 .29 
47 0 .014 .34 - .34 .11 .34 
52 0 0 0 0 0 0 

't-

z~ = 9.17 

Degree of freedom= 15 

p > .5 

This means the deviation is not significant. 
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c. Third Method 

Table 23 N = 21.75 = 12.05 

Class 
Mark f u fu 

12 1 -3 -3 
17 2 -2 -4 
22 5 -1 -5 
27 7 0 0 
32 8 1 8 
37 1 2 2 

z-s ~24 :z: fu = -2 - .08 u = 
x ·== 26.6 

t., = 1.95 
Pt= .052 

This shows the deviation is not significant. 
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THE RELA'rION BETWEEN ZONAL FLOW AT UPPER LEVELS 
AND THE TEMPERATURE VARIATION A'I' CHICAGO 

If the circulation at the upper levels is zonal flow, 

then in general the circulation on the surface is also zonal. 

There are little chances for temperature variation during a 

zonal flovr. The following sample is drawn from data at 3 km., 

1932 to 1938. 

Year Month Date Date+ 1 Max . Min. 

1937 Dec. 27 28 37 33 
1937 Dec. 12 13 28 22 
1936 Dec. 7 8 40 21 
19.34 Dec. 28 29 35 22 
1933 Dec. 12 13 31 23 
1933 Dec. 22 23 58 34 
1932 Dec. 9 10 25 13 
1936 Feb. 19 20 43 33 
1936 Feb. 12 13 36 22 
1936 Feb. 2 3 27 16 
1938 Jan. 17 18 30 25 
1938 Jan. 22 23 4.3 30 
1933 Jan. 4 5 43 27 
1937 Jan. 5 6 42 27 
1937 Jan. 15 16 30 13 
1937 Jan. 26 27 35 21 
1936 Jan. 10 11 39 31 
1937 Feb. 12 13 49 29 
1937 Feb. 18 19 49 32 
1936 Jan. 16 17 29 26 
1933 Jan. 3 4 41 31 
1933 Dec. 31 Jan. 1 46 24 
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A. Testing of maximum temperatures 

a. First method 
/V 

Table 27 X = 33.90 0-.l( - 10.75 

1. l. 

Xi (xi - x) (xi - x) (xi - x) =X2 
-- . ··o; " ·-

37 3.10 9.61 .08 
28 5.90 34.81 .JO 
40 6.10 37.21 .32 
35 1.10 1.21 .01 
31 2.90 8.41 .07 
58 24.10 580.81 5.03 
25 8.90 79.21 .69 
43 9.10 82.81 .72 
36 2.10 4.41 .04 
27 6.90 47.61 .41 
30 J.90 15.21 .13 
43 9.10 82.81 . 72 
43 9.10 82.81 .72 
42 8.10 65.61 .57 
30 3.90 15.21 .13 
35 1.10 1.21 .01 
39 5.10 26.0l .23 
49 15.10 228.01 1.97 
49 15.10 228.01 1.97 
29 4.90 24.01 .20 
41 7.10 50.41 .44 
46 12.10 146.41 1.27 

,_ 

z:;:t = 16.03 

Degree of Freedom = 24 - a= 22 
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b. Second method 

·Table 28 N = 22 

Class 2 Mark f f - pjN 
2.. 

Pj pjN (f - p.N) (f - P-N} _~-z-J -pj.t-i3 -
-3 0 .004 .088 .088 - .007 .079 

2 0 .009 .198 -.198 .039 .196 
7 0 .011 .242 -.242 .058 .239 

12 0 .033 .726 -.726 .527 .725 
17 0 .043 .946 --946 .895 .946 
22 0 .081 -, l '/ 782 -1.782 3.176 1.782 
27 4 .100 2.200 1.800 3.240 1.472 
.32 .3 .225 4.950 1.950 3.802 .768 
37 5 .227 4.994 .006 .000 .ooo 
42 6 .10.3 2.266 .3. 734 13. 94.3 6.153 
47 .3 .070 1.540 l. /+60 2.1.32 1 . .348 
52 0 .061 1 . .342 -1.342 1.801 1 . .342 
57 1 .026 . 572 .428 .18.3 . .319 
62 0 .004 .088 -.088 .007 .079 

'2. 

:z::_;r:- = 15.584 

Degree of freedom= 14 

p = .33 

This means the deviation is not signlficant. 
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C • Third Method 
,-..J 

Table 29 X • 33.90 

Class 
Mark f u fu 

27 4 -3 -12 
32 3 -2 - 6 
37 5 -1 - 5 
42 6 0 0 
47 3 1 3 
52 0 2 0 
57 1 3 3 

Lt= 22 Y fu = -17 

u, = -.77 
-
X = 38.2 

t ,.. 1.89 . 
Pt = .059 

This means the deviation is not significant. 
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B. Testing of significance of minimum temperature. 

a. First Method 
,,,._/ 

Table 30 X = 21.75 

X• 1. 

33 
22 
21 
22 
23 
34 
13 
33 
22 
16 
25 
30 
2.7 
27 
13 
21 

· .3.1 
29 
32 
26 
31 
24 

11.25 
.25 
. 75 
.25 

1.25 
12.25 
11.25 
11.25 

.25 
5. 75 
3.25 

. 8. 25 
5.25 
5.25 
8.75 

.75 
9.25 
7.25 

10.25 
4.25 
9.25 
2.25 

126.56 
.06 

5.62 
.06 

1.56 
150.06 
126.56 
126. 56 

.06 
53.06 
10.56 
68.06 
27.56 
27.56 
76.56 

5.62 
85.56 
52.56 

105.06 
18.06 
85.56 

5.06 

Degree of freedom= 22 

p>.5 

a-
x = 12.05 

.87 

.oo 

.04 

.00 

.01 
1.03 

.87 

.87 

.oo 

.37 

.07 

.47 

.19 

.19 

.53 

.04 

.59 

.36 

. 72 

.12 

.59 

.03 

This means the deviation is not significant. 
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b. Second Method 

Table 31 

Class Mark F 

-18 0 0 
-13 0 .009 
-8 0 .01~ 
-3 0 .01 

2 0 .053 
7 0 .073 

12 2 .077 
17 1 .094 
22 7 .171 
27 5 .199 
32 7 .188 
37 0 .066 
42 0 .012 
47 0 .014 
52 0 0 

N = 22 

0 
.20 
.Jl 
.40 

1.17 
1.61 
1.69 
2.07 
3.76 
4.38 
4.14 
1.45 

.26 

.31 
0 

0 
-.20 
-.31 
-.40 

-1.17 
-1.61 
- .31 
1.07 

-3.24 
- .62 
-2.86 
-1.45 
- .26 
- .31 

0 

0 
-.04 
-.IO 

.16 
1.36 
2.58 

.09 
1.14 

10.49 
.39 

8.20 
2.11, 
-- .07 

.10 
0 

0 
.20 
.31 
.40 

1.17 
1.61 

.06 -

•55 
2.79 

.09 
1.98 

1.45 
.27 
.31 

0 
""\,.. 

2- /4 = 11.16 

Table 

Class 
Mark 

12 
17 
22 
27 
32 

Degree of Freedom= 15 

77-5 

This means the deviation is not significant. 

c. Third Method 
______,.,, 

32 X : 21.75 o; - 12.05 

f u fu 

2 ') -4 -"-
1 -1 -1 
7 0 0 
5 1 5 
7 2 14 

X. f - 22 ~fu = 14 - - 64 u = x - 25.2 -
to = 1.36 

Pt., = .16 

. This means the deviat_i on i· s not significant 
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. THE RELATION BETWEEN MERIDIA.NAL FLOW AT UPPER 
LEVEL AND THE TEMPERATURE VARIA'TION AT CHICAGO 

If the circulation a t the upper levels is a meridianal 

flow, then there is a good chance for the variation of 

tempera ture on the surface. The following sample is drawn 

from the data at 300 km. level 1932-1938. 

Table 33 

Year 

1937 
1936 
1937 
1936 
1932 
1933 
1935 
1935 
1936 
1937 
1938 
1938 
1938 
1936 
1936 
1937 
1933 

Month 

Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Feb. 
Feb. 
Feb. 
Feb. 
Feb. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 

Date 

20 
11 

5 
19 
15 

8 
25 
17 

. 10 
21 
25 
12 

7 
30 
21 

2 
13 

Date+ 1 

21 
12 

6 
20· 
16 

9 
26 
18 
11 
22 
26 
13 

8 
31 
22 

3 
14 

-25-

Max 

37 
37 
23 
36 
11 
-6 
21 
40 
10 
20 
17 
31 
12 

6 
13 
22 
34 

Min 

22 
16 
11 • 
20 
-4 

-19 
10 
31 
-6 
12 
10 
14 

0 
-6 

-17 
13 
20 



A. 'Testing for maximwn temperature. 

a. First Met h od 

""-' 

Table 34 X= 33 .9 Ox=10. 75 

'"\, 
,,..,, 1.. ~ ... -.... 

X: x,· -x.. (Xi -X) (Xi-X) =X I vx ... 
37 3.1 9.61 .08 
37 3.1 9.61 .08 
23 10.9 118.81 l..CZ1 
-36 2.1 4.41 .04 
11 22.9 524 .41 4. 54 
-6 39 .9 1149.21 9.Sf> 
21 12. 9 · 166 .41 1.44 
40 6.1 ?>7 . 21 .. 32 
10 23.9 571.21 4.94 
20 13.9 193.21 1.67 
17 16.9 285 . 61 2.47 
31 2.9 8. 41 .07 
12 21. 9 479.61 4.15 

6 27,9 778.41 6 .74 
13 20,9 436, 81 3 .78 
22 11.9 141. 61 1. 23 
34 . 1 .01 .00 'L 

-z: /4 = 42 .. E>-3 

Degree of fre •8 dom = 17-2-=-15 

}-<- .01 

This means the devi8.tion is significant. 

b. t::ie cond f.C:'!th od 

Table 35 

Class 
Mark f p. p.N f-p,N (f-pjN) 

J J J 

-8 1 0 0 0 0 
-3 0 ,004 ,07 - ,07 ,01 

2 0 ,007 .15 -.153 . c;2 
7 1 .011 .19 .813 , 66 

12 4 .033 ... 56 3.44 11.84 
17 1 ,043 .75 .27 .07 
22 4 .081 1. 35 2 .65 7.04 
27 0 .100 1.70 1. 70 2 .89 
32 2 . 225 3 , 83 -1. 83 .3 . z.4 
37 3 .227 3.87 -0.87 .76 
42 1 .103 1.75 .75 .56 
47 0 .070 1.23 l. 23 1.51 
52 0 .061 1.07 1.07 1. 14 
57 0 .028 .49 .49 ,24 
62 0 .ooo ,07 .07 .01 
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(f-p .-N ) 
1j~. 

:):i 

0 
.07 
.02 

3 , 53 
21 .08 

. 1 
~) . 23 
1. 70 

.87 
,25 
.32 

1.23 
1.07 

.49 
0 



b. Second Me thod (Continued) 

,_ 

r./4".:: 35 . 86 

Degree of freedom~ 15 

This means the deviation is significa:r:t. 

c. Third Method 

Table 36 °x= 10.75 

Class Class 
Interval Mark freq u 

-10 -6 -8 1 - 5 
-5 -1 -3 0 -4 

0 -4 2 0 -3 
5 9 7 1 -2 

10 19 12 4 -1 
15 19 17 J. 0 
20 24 22 4 1 
25 29 27 0 2 
30 34 32 2 . 3 
35 39 37 3 4 
40 44 42 1 5 

uf 

-5 
0 
0 

-2 
-4 

0 
4 
0 
6 

12 
,, 
0 

::z:. -f = 17 ~ \,,lf = 17 
-u -= 1. 00 
X = 22. 0 

i:: 4. 45 

This means the d eviation is significant. 
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B. 'Tes t ing o f mi nimum temp(;ra t ure . 

Tab l e 

x; 

22 
16 
11 
20 
-4 

- 19 
10 
31 
- 6 
12 
10 
14 

0 
- 6 

- 17 
13 
20 

Tab l e 

Class 
Mar k 
- lS 
- 13 
- 8 
- 3 

r, 
,::. 

'7 
_'. 12 
17 
22 
27 

-32 
37 
42 
4? 
52 

a . F i rst 

37 

Me t h od 
,,.-v 

.x = 21. 75 °x= 12 . 05 

/V 

(Xi-X) 

. 25 
5. 75 

10 . 75 
1.75 

25 .75 
40 .75 
11.75 

9 . 25 
27.75 

9 . 75 
11. 7 5 

7 .75 
21. 75 
27 ,75 
38 . 75 

8 . 75 
1.7 5 

~ t. '""\.- l. 

(xi - X) (Xj - 'f.._ ) ==~,_ 
er>< ,_ 

. 06 .oo 
33 .06 . 23 

1 1 5 . ,56 . 80 
3 .06 .02 

663 . 06 4,57 
1660. 56 11.44 

138.06 . 95 
8fi . 56 . 59 

770 .06 Ei . 30 
9[> . 0 6 . 65 

138 .06 . 95 
60 .06 . 4 1 

473 ,06 3 , 26 
770 .06 j , 30 

1 501. 56 10 . 34 
76 . 56 . 53 

3 .06 .oz 
2..J ./4 = 45 . 36 

Degree of f reedom = 17--2 =15 

f <. . 01 

Th i s means the devia tio n is signi f i cant. 

b . Se cond Me t h od 

38 N =17 

.... 
f Pj p •N f- '.) .l'J (f-p,N ) ( f - p.;N ) 

3 i J J J 
2 0 0 0 o rp.J 
0 . 009 1 j;" . -- u -.15 . 02 . 15 
2 . 014 . 24 1. 76 3 .11 13. 05 
1 . 0 18 . 31 . 69 . 48 1. 58 
1 . 05Z) . 90 , 09 . 01 . 0 1 
0 . 0?3 1. 24 -1. 24 1. 54 1. 24 
6 . 077 1. 3 1 4 . d) 22 . 0 1 16 . 8 1 
1 , 094 1. eo -. 60 . 36 . 22 
3 .171 2 . 91 . 09 . 0 1 0 
0 . 199 3 . 38 - 3 . 38 11. 45 3 . 38 
1 .188 Z>. 20 -2 , 20 4 . 82 1. 51 
0 . 066 1.12 -1.12 1. 26 1.12 
0 .012 . 20 . 20 . 04 . 2 1 
0 . 014 . 24 - . 24 . 06 . 24 
0 0 0 0 0 

t. 

=)::~ 

-~._O 
2.J = 29 , 51 

Degree of freedom = 15 
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·b . Se~ond Method ( Continued ) 

1' < . o I 

Th i s means the deviation i s s i gnifi cant , 

c. T'.1ird li-i -3 t:h od 
,-./ 

Table c·9 X. = 21. 7 5 <7x=1 2 . 05 

C lasE' Clas s 
Interv a~. Mark f u u f 

- 20 -16 ;..18 2 -6 -12 
- 15 -11 -13 0 - 5 0 
-10 - 6 - 8 2 - 4 - 8 
- 5 - 1 - 3 1 - 3 - 3 

0 4 2 1 - 2 - 2 
5 9 7 0 -1 0 

10 14 12 6 0 0 
15 19 17 1 ,{1 1 
20 24 22 3 / 2 6 
25 29 27 0 / 3 0 
30 34 3 2 1 / 4 4 

Li f c. 17 r vLf ==- 14 

u - - . 825 
X = 12 - 4 . l = 7 . 9 

1o = 1,75 

1 < . 01 
to 

This rneaps the ~ev i a ti o n i s signi f i cant , 
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CONCLUSION 

In the foregoing test we find that the variation of 

temperature at Chicago is effected by the break of pc air mass 

and rneridianal flow only. There is no significant deviation 

in temperature due to the return Be air mass, the Polar Basin 

air mass and the zonal flow, however. The mean value of the 

temperatures of all the five samples could be used as a 

reference i'n forecasting. For example: 

a. When a PC High located in west Canada the meane 

maximum temper ature 24.5° F. shown in page 5, 

mean temperature 12.0° F. shown in page 7 can be 

used as a reference in 24 hour forecast. 

b. When a High of Pc air mass located at the southern 

part of middle United States the mean maximum 

tempera tu res 3 5. 9° F. shovm in page 10, mean 

minimum temperature 23 .1 ° F. shovvn in page 12, can 

be used as a reference in 24 hour forecast. 

c. When a High remained in the Great Basin the mean 

ma~imum temperature 37.4° F. shown in page 15, the 

mean minimum temperature 26.6Q F. shown in page 18, 

can be used as a reference in 24 hour forecast. 

d. When the circulation at the u pper level is zonal 

the mean maximum temperature 38.2° F. shown in page 

22, the mean minimum temperature 25.2° F. sho~~ in 

page 24 can be used as a reference. 
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e. When the circulation a t the upper level is 

meridianal the mean ma ximum temperature 22° F. 

shovm in page 27, the mean minimum temperature 

8° F. sho~~ in pa ge 29, can be used a s a 

referenc e . 
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