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SOUNDING-BALLOON OBSERVATIONS MADE AT ROYAL CENTER, IND., DURING 
THE INTERNATIONAL MONTH, FEBRUARY, 1931 

By LEROY T. S.4MnELS 

[Weather Bureau, Washington. n. C., August. I9311 

Place 

In cooperation with the International Commission for 
the Exploration of the Upper Atmosphere, the Weather 
Bureau conducted a series of sounding-balloon observa- 
tions a t  the Royal Center,' Ind., aerological station during 
the international month, February, 1931. The same 
general program was followed as during the international 
months of previous years since 1926, and the reader is 
referred to references (l), (2), (3), and (4) for further 
details regarding this. 

In several respects, however, new features were intro- 
duced during this series which proved to be of material 
advantage. These were: (1) An increase in the length 
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FIGURE 1.-Landing places (with dates of ascent) of meteorographs released from Royal 
Center, Ind., during Fehruary. 1931 

of the cord between the balloon and the meteorograph to 
approximately 80 feet. This eliminated the vibration of 
the instrument and resulted in very satisfactory traces on 
the record sheet; (2) the use of a device which permitted 
the balloon, after bursting, to become detached from the 
meteorograph and arachute. This resulted in a more 

description of this detachine device may be found in 
reference (5 ) ;  (3) the difficgty of launching a balloon 
with the meteorograph tied a considerable distancie below 
i t  during a moderate or strong wind was overcome by 
launching it from an automobile while driving with the 
wind. 

There were 38 balloons released during the month and 
in 7 cases two meteorographs were attached to the same 
balloon in order to determine the agreement between the 
individual records. In only 2 of the 7 cases (seventh and 
eleventh) was it possible to make detailed com arisons. 

temperature a t  all points in the records agreeing to 
within 2' C. at any particular altitude. In the record 

satisfactory rate of c r  escent of the instrument. A detailed 

In these the agreement was found to be exce lr ent, the 

- 
1 Lat. N o  63' N., long. 88' 28' W 

Royal Center, Iud _ _ _ _ _  ~ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  
Royal Center Ind. (4) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Qroesbeek, Ter. (2) . . . . . . . . . . . . . . . . . . . .  Broken Arro;., Okla. (a) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Royal Center, Ind. (1) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

of the seventh the maximum altitudes as determined 
separately by the two instruments were 16,963 and 17,043 
meters, respectively, or a variation of only one-half per 
cent. Further details regarding this comparison may be 
found in reference (6). 

In four cases additional balloons were released shortly 
after sunset to determine the effect of insolation upon the 
meteorograph. The plan was to coinpare the teniperature 
record with that obtained in the regular observation made 
about one hour before sunset. In only one cnse (the 
liights of the second) was a comparison possible. The 
temperatures in this case agreed to within 1' C. a t  any 
particular altitude within the troposphere, but the record 
of the second instrument indicated a temperature of about 
.5O C. lower in the stratosphere. Whether this was a 
result of insolation or instrumental error is uncertain and 
additional tests of this kind are therefore desirable. Fur- 
ther details regarding this comparison may be found in 
reference (6). 

Out of a total uf 45 meteorographs released, 42 (93 per 
cent) were returned. 

Table 1 contains a summary of the individual observa- 
t ions. The landing places are shown in Figure 1. 

The average altitude reached during the series was 
13,665 meters, and the estreme height reached was 
27,683 meters on the 15th. The nest highest altitude 
reached was lS,074 meters on the 24th. 

Following are some of the significunt features of the 
tropopause obtained for the inore recent monthly series 
of sounding-balloon observations made in this country. 

a c./1(;0 m 

Beptember, 1990 _ _ _ _ _ _ _  .77 
December, 1929 _ _ _ _ _ _ _  .77 
October, 1 8 n  _ _ _ _ _ _ _ _ _ _  .'Io 

February, 1991.. __.___ 0.81 

May, 1826 __________-__  .71 

The lower average height of the tropopause a t  Royal 
Center in February than in September and May is to be 
expected; likewise, the correspondingly lower tempera- 
ture for a winter month. 

The mean temperature curve for the month, together 
with the altitude and temperature of the tropopause for 
the individual observations and the corresponding dates, 
is shown in Figure 2. The portion of the curve above 18 
kilometers must be accepted with reservation since it is 
based on only a single observation. 

The maximum monthly average lapse rate and the 
altitude interval a t  which it occurred is given below for 
the various monthly series referred to in the preceding 
table. 

Place 
Maximum 
lame rate 

Date I average 
Altitude 
Interval 
of occur- 

rence 

Kn, 
7-8 
e10  
8-7 
7-8 
1-8 



18 JANUARY, 1932 MONTHLY WEATHER REVIEW 

It will be noted that the maximum average lapse rate 
for the present series was greater than that for the 
months of May and September a t  this station in previous 
series. 

In Figure 3, are shown the individual temperature- 
altitude curves. The surface temperature is indicated a t  
the bottom of each curve and the temperature a t  the 
maximum altitude a t  the top. The wind directions, 
whenever observed, are indicated for the standard levels 
adjacent to the corresponding curves. Conspicuous in 
these wind directions are those for the 24th, when an 
easterly component persisted throughout the troposphere. 
The winds in the stratosphere on this date were westerly. 
The continuation of easterly winds to such high elevations 
in the winter season a t  this latitude is observed only 
occasionally and was evidently the result of abnormally 
high temperatures over the Great Lakes which resulted 
in a reversal of the normal latitudinal temperature 
gradient. 

In  Figure 4 are shown the free-air isotherms for the 
month with dates indicated across the top. 

The relatively small fluctuation in the height of the 
tropopause throughout the month is noticeable. 

Figure 5 shows the mean wind velocity and direction 
curves for the month. The increase indicated in the 
average velocity after the stratosphere is reached is 
doubtful, since the curve is based on less than five oh- 
servations a t  and above 12 kilometers. The mean direc- 
tion is very constant. 

In  Table 2 are given the tabulated data of the individual 
ascents. The elevation of the tropopause has been 
indicated in each case where it was observed. The 
relative humidities as recorded have been included, but 
the uncertainty of hair hygrographs a t  temperatures 
below - 15' C. must be kept in mind. 

References to sounding-balloon observations made in 
this country previous to 1926 may be found listed on 
page 302 of reference (1). 

R E F E R E N C E S  

(1) Monthly Weather Review, July, 1927. 
(2) Monthly Weather Review, June, 1929. 
(3) Monthly Weather Review, August, 1931. 
(4) Monthly Weather Review, November, 1931 
(5) Monthly Weather Review, February, 1931. 
(6) Monthly Weather Review, June, 1931. 

TABLE 1.-Sumtnury of sounding-balloon ascents mndc nl Roynl 
Center, Inrl., during February, 1931 
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TABLE 2.-Tabulated data of sounding-balloon ascents at Royal 
Cenler, Ind., during February, 1 OS1 

--- 
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4s 1% 

TABLE 1 .-Summary of sounding-balloon ascents made at Royal 
Center, Ind., during February, 1931 -Continued 
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1 TISS than 0.01 mb. FIOURC 6.-Mean wind velocity (m. p. s.) and dlrection curves for Februnry, 1031, Royal Center. Ind. 
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CPnier, Ind., during February, 1931-Continued 
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.............. 
............ 

.............. 

.............. 

.............. 
.,....... 

. 

...... I - - - - . - -  

....... I - - - - - -  ............ 

............. 
,..... 
l....~ j;::::::I 
'...~. ....... 
. . .  I ..... 

I ..... 
..... I----::: 
..... .I.... ... 1 

~~ : - . - - - - I  - 

I - - - -  ....... .......I :::::::I 
..... 

Time 
mth 
mer. 

At m g  
d 
c1 - 

__ - 
% 

0.83 44 
44 

....... 43 
0.88 43 

....... 42 
0.81 40 _ _ _ _ _ _ _  40 

.___--_ 40 
0.47 40 

....... 42 
-0.44 43 

-i-I-/- -I- P. ru. 
545. - 

5:M.- 

6:03.. 

6:05-. 

6:20. - 

I M.p.a 
sa. I 3.1 
SW. I 10.7 
w. 1 12.1 
a. ! 1 2 6  
w. ' 15.8 
w. I 18.6 

--.-.. I..-.-- 
........... 
...... , -. . -. 

I ............ 

----.- 1 ._.___ 
-.--.. 1 ._.___ 

; - - - - - -  
............ 
...... 
............ 
............ 
_._.. ~ ..-- ~ 

............. 

....... I... . 

....... 1 ...... 
I - - - - -  

....... I 

1 CX. (lu. h'U , 
4 A .  Vu: SW.: 
3 St.  cu.: .\!. 

11; 000 ~ 5%. 5 -6,s. 0 
11 014 224.1 -65 1 
liO00 1 191.0 -6018 
12.847 ~ 107.3 -57.1 

I Less thau 0.01 mb. 
F E B R U A R Y  3. I931 

FEBRUARY 6. 1931 

- 

72 
77 
79 
68 
67 
67 
SI 
48 
Yl 
76 

89 
94 
94 

83 

- 

4. 7 
2. G 
1.7 
5. 3 
5. 4 
5.4 
4. 8 
4. 7 
1. 9 

-1.2 
-2. G 
-4.2 
-a 6 
-0.5 

0. 15 
5. 67 
5. 45 
6. 06 
6.01 
6.01 
4.39 
4. 10 
4 .20  
4.20 
4.09 
3.81 
3.31 
3.34 

e. ~ 8.1 
ese. I 13.I 
ese. , 13,s 
se. 1 1 . ~  
we. 1 IO. > 
sse. 1 9.1 
ssw. X . I  
ssw. 7.t 
sw. 10. I 
sw. 14.t 
sw. 15.( 
asw. 11.1 
- . - - . - - - - - - ,  

......,..... 

10 A. St., w. 

Altitude of A. St.  
Iiase, 3.305 ni. ,  
in. s. I. 

. - . - - .  
0. 63 

0.58 
-0.08 

were o b t a i n e u  
from the Ztheod- 
olite observation 
the a l t i t u d d i l l i  ....... 
and 3.534 metera 
were o h t a l n e d  
frnrn ascensional 
rata; pressures 
wm ut8d from 
al t f iudes  and 
temperatures. I Less than 0.01 mb.  

F E B R U A R Y  4. 1631 - 
n. 

nw. 

nw. 
wnw. 

nw. 
nw. 
n w. 

nw. 
nw. 
nw. 
n a .  

nw. 

mW. 

nw. 

wnw. 

UW. 

nw. 

nw. 
WUW. 

nw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
nw. 
nw. 

WUW. 

UW. 

nw. 
nw. 
nw. 
nw. 
wnw. 
wnw. 

- 
3. 77 
3.26 
2.38 
2.14 
2.28 
2. OB 
2.04 
1. 65 
I. 47 
1.39 
1.52 
1. M 
1.52 
1.47 
1.41 
0. so 
0.43 
0.40 
0. 18 
0.12 
0.07 
0.06 
0.02 

0.01 
0.01 
(9 
(1) 
(9 
(9 
(9 
(9 

a oi 
a oi 

____-. 
..___. 
____-. 

F E B R U A R Y  6, 1931 

P. m. 
.1:40--. 225 

500 
$:42-- .  683 
4:43 ... 979 

I. 000 
4:45.-. 1,438 

1,500 
2, 000 
2, 500 

4:4u. -. 2,576 
4:m. -. 2,734 
4:51--. 2.958 

3. 000 
4:53--. 3.774 
4:51--. 3,896 

4, 000 
J:56. .. 4,498 
4:57 ... 4,855 

.j:m.-. 6.528 
6. 000 

5:w . - 6,222 
7. 000 5:m. - - 7.558 
8, 000 

5:13--. 8,894 
9. ooo 

10, 000 
~ : I Y . - .  10.078 

4:59.-. 1 5 , 0 0 0  5.294 

- _  

j. 15 
i. 76 
i. 47 
6.05 
5.70 
4.74 
4. ui 
5.24 
5.25 
5. 14 
4. 54 
4.36 
4. 24 
2. il 
1.98 
1.91 
1.6Y 
1. 11 
0. Hi 
0.75 
0. fa 
0.47 
0. 41 
0. 21 
0. 13 
0. w 
0.02 
0. 02 

( 1 )  
(9 

~- 

____. 72 
__-.- 76 
0.67 77 

-1.16 67 
._____ 64 
0.m 51 

_-__ - -  57 
.-__-- 77 
_ _ _ _ - -  98 
0.63 100 
0.94 100 
0.00 96 
____.. 96 
0.72 100 
0.57 77 
____.. 79 
0.60 91 
0.70 75 

0.68 67 
0.81 68 
..____ 73 
0.56 75 
__.___ 68 
0.73 66 _ _ _ _ _ _  64 
1.02 65 
____.. 64 
.___.. 62 

I .  18 62 

____._ 7a 

, 
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316. 
8.19 
7.31 
6. 76 
6.81 
6.33 
am 
7.11 
7.14 a 31 
6.60 
3.61 
3.23 
2 67 
1.83 
1.33 
1.14 
0.88 
0.86 
0.40 
0.30 
0.20 
0.17 
0.08 
0. Ob 
0.03 
0.01 
0.01 

 ABLE LE 2.-Tabulated data of sounding-balloon ascents at Royal 
Center, Ind., during February, 19S1-Continued 

F E B R U A R Y  7, 1931 

--- 
n1.p.s. 

W. 3.6 _ _ _ _ _ _ _  _ _ _ _ _ _ _  
_ _ _ _ _ _ _  _ _ _ _ _ _ _  - -_ -__-  - _ _  __-_ 
_ _ _ _ _ _ _  _ _ _ _  _ _ _  
.............. 

i .............. 1 
.............. _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ~ _ _ _ _ _ _  
_ _ _  _ _ _ _  _ _  
.............. 1 

.............. 

.............. 
_ _  -._.- .~ _.__. 
.............. 
.............. , 
............... 
.............. 
.............. 
.............. I 
.............. 
.............. 
.............. 
.............. 
.............. 
.............. 

TABLE 2.-Tabulated data of sounding-balloon ascents nt Royal 
Center, Ind., during February, 1931-Continued 

F E B R U A R Y  9. la1 

OC. 
4.4 
28 
1.7 

1.2 
0.7 
3.6 
3.8 
4.1 

3.2 

0.0 
-3.6 
-7.0 

-6.2 

.14.6 

.21.6 

.23.3 
41.0 
.36.2 
-38.6 
.46.6 

-64.6 
46.4 
a . 3  
44.6 
43.0 
.60.8 

-61.6 

21 

4.4 

zo 

-7.2 

-7.4 

.i7.2 

.47.6 

- a 4  

-626 
-02.5 
a i  

-04.7 

-02.4 
-84.6 

% ____- - -  88 _ _ _ _ _ _ _  88 
0.80 88 

- a 3 1  ee _ _ _ _ _ _ _  96 
0.48 94 

-246 Bo 
-0.16 88 _ _ _ _ _ _ _  77 

_ _ _ _ _ _ _  47 

....... 42 _ _ _ _ _ _ _  40 
0.70 39 

-0.70 27 

_ _ _ _ _ _ _  23 

1.09 21 -___-__ 22 _-___--  22 
a 77 22 _ _ _ _ _ _ _  21 _ _ _ _ _ _ _  20 

_ _ _ _ _ _ _  l 0  
0.96 20 _ _ _ _ _ _ _  21 
0.76 21 _ _ _ _ _ _ _  21 _ _ _ _ _ _ _  20 

__.____ m 

-an cn 
asa 43 

aio 34 

_ _ _ _ _ _ _  m 
an 22 

a 7 1  a0 

-a21  a0 

a i 6  20 _ _ _ _ _ _ _  m 
-am 20 

a= 18 

_---_-- 20 _ _ _ _ _ _ _  18 

4:13--. 
4:13H. 

4:14--- 
4:16--- 
4:16--- 

... 
678 
805 

1. 
1,098 
1,214 
1,346 

....... 

. - - - -. - 

. - . . - - - 

I 

i. 

,....... 
,......... 

~ 

'._.___.I 

- - - - - - - -__---_ .............. 
.............. I .............. 
.............. 
............... 
.............. I .......I 

- - -. -. -, 
.............. 1 

- -. - -. . 
.............. 
.............. I .............. 
.............. 
............... 

....... 
..... 

.............. 

.............. 
............. 

~ ............. I 

....... I 

.............. 

.............. 1 

.............. 

-2.3 ___._._ 
-4.4 0.M - 4.3 

3.4 
--83 -0.19 - 3.7 
-4.2 0.10 

4.3 - 7.4 
-10.6 
-15.6 0.W 
-17.1 
-24.4 
-25.5 0.73 
-31.4 
-31.6 0.70 
-33.7 0.32 
-35.6 
- a 5  0.55 

- 

- 

_ _  

75 3.m sw, 
............. WSW. 

.................... wsm. 
wsw. 

............. wsw. 
.................... wsw. 

.................... 

................... 
.......................... 
.......................... 
.......................... 

................... 
.......................... 

............... .....I... ... 
............. 

.......................... 
............. 1~ ..... 

.......................... 
............. I ...... 

..... ........I...... 

A.m. 
,.a_.. 32.5 
,.do--- 469 

500 
1.000 

7:33--- 1.056 
1, 500 

7:37--- 1,979 
2,000 
2,500 
3.000 
3,794 
4,000 
6,000 

7:56--- 5,141 
6,OOO 

8:04.-- 6,008 
8:13--- 6,681 

7,000 
8:24--- 7,171 

-.. 
-., 

". 

904.2 
96L5 
959.0 

893.5 
843. 0 
793.5 
791.5 
741.0 
Im.8 
625.9 
611.0 
534.8 
524.8 
468.0 
485.6 
42Z4 
404.0 
394.6 

801.5 

I I Humidity I Wind I I I Humidlty Wind I 
I I 

Time 
90th 
mer. 

__ 

Remarks h 

0 

Y - - s 
a 

e 
J 

E 
I 
d - 

Mb.  
880.2 
ebb. 0 
936.4 
921.8 
888.6 
888.1 
876.3 
&32 2 
846.6 
839.4 
794.5 
787.6 
746.0 
703.0 
668.8 
642 7 
831.4 

643.6 

476.0 
413.6 
383.3 
367.6 
310.0 
288.4 
#I?. 0 
283.6 
2% 0 
118.8 
196.0 
167.0 
161.8 
142 0 
128.1 
121.0 
105.2 
103.6 
88.6 
87.8 

em. o 
ala 5 
480.1 

t 

f 
PI 

--1--1-- 
A. m. 
7:m. -. 
7:07. -. 

7:lO.. 

7:14.-. 

7:16--. 
,.17--. 

7:M ... 
722. 
7%. -. 

7:29.. 

7:36.-. 

7:41.-. 
7:41 ... 
7:45.-. 

7.  

7 .  ,.51--. 
753. -. 

1I.a 
__ 

nr. 
225 
4be 
500 

1.500 
2. OOO 
2.479 
2,500 
2,999 
3, Do5 
4. 000 
4.478 
4,998 
5,549 
6, 000 

8,000 
9, 000 
9,119 

IO. m 
IO, 914 
11,m 
11.873 
12, 000 
13, OOO 
13.352 
13,831 

.ban 0 

;:E 

?E 

__ 

o c .  1 % 
-4.3 - _ _ _ _ _ _  93 
-2 .1  - 0 .a  93 
-2.4 ....... 93 
-n.2 _ _ _ _ _ _ _  78 
-9.3 0.76 67 
-9.6 _ _ _ _ _ _ _  0 
-10.9 __.____ 58 
-122 0.27 47 
-126  _ _ _ _ _ _ _  47 
-15.6 0.65 52 
-15.0 -0.20 43 
-19.0 ....... 37 

0.57 33 

-24.4 I .__._ _ _  28 
-30.3 28 
-31.4 1--0:5;- 28 
-37.8 .._____ 28 
-46.0 ....... 28 
-46.0 0.82 28 
-524 ....... 28 
-58.0 0.58 28 
-57.9 ....... 28 
-56.4 -0.19 28 
-56.1 ....... 28 
-53.6 ....... 28 
-528 -0.24 28 
-526 -a(u 28 

Am. 
3.88 
4.78 
4.66 
2.84 
1. 88 
1. 79 
1. 36 
1.01 
0.98 

0.72 
0.43 
0.29 
0.31 
0.26 
0. 20 
0.11 
0.09 
0.05 
0.02 
0.02 
0.01 
(9 
(1) 

0.01 
0.01 
0.01, ..-..- 

a 82 

?Ol 

bf.P.8. 
3.6 1 C1 St. NW? few 
7.2 St: Ci;. NU'. 
7.8 

10 St., W. 

Tropopause. 

n. 

nnw. 
M W .  

nnw. 

WUW. 

nnw. 

nnw. 

nw. 

wnw. 
wow. 
W. 
W. 
W. 
w. 
wsw. 
WSW. 
BW. 
SW. 
8W. 
SW. 
sw. 

7. 6 

9.4 
1 2  8 
16.7 
16. 8 
1 5  1 
18 1 
21. 7 
28.9 
36. 8 
40.5 
41.3 
45.3 u. 9 
47. 8 

a6 

...... 

...... 

..... 

...... 
...... 

....... ...... 
...... 

l m b .  
FEBRUA Y 10,1931 

-1.9 _____ ._ I  W 
-4.9 _ _ _ _ _ - _  02 
-10.0 _ _ _ _ _ _ _  67 
-11.7 1.03 
-RO -1.51 
-7.9 -___-__ 68 
-7.7 0.07 
--SO _ _ _ _ _ _ _  62 

-8.6 0.00 63 
-9.6 _ _ _ _ _ _ _  51 
-128 1 _ _ _ _ _ _ _  63 
-19.3 _ _ _ _ _ _ _  64 

-26.1 ....... 55 
....... 55 

0.71 55 

1 
-56 a s  52 

-m.3 1 0.64 57 

....... 56 
-57.4 0.98 55 
-50.6 1 _._____ 55 
-63.3 I 1.18 55 

L 3  
2. 1 

5.0 
4.5 
5.6 
6.3 
7.3 
7.9 

12 0 
13. 7 

16. 5 
? a 2  
21. 1 
19. 2 
L%i 2 
25.2 
23.1 

:4 

ia 6 

__.__ _ _ _ _ _  _ _ _ _ _  
__..- 

.... 

Few Ci., St., NW. 
1 A. Cu.. NW. 

sw. 
W. 

1.66 nnw. 
L82 nnw. 
1.64 n. 
L57 n. 
L38 n. 
1.08 n. 

0.58 nnw. 
0.32 n. 
0.16 n. 
0.13 n. am nne. 
0.04 n. 
0.02 n. 
0.01 _ _ _ _ _ _  
0.01 _ _ _ _ _ _  
(1) ._____ 
(1) -_-..- 

am MW. 

1 Less than 0.01 mb. 

F E B R U A R Y  8,1931 
- _ _  

I I I  I l l  

5.88 
5.38 
4.58 
4.41 
3.38 
3.07 
3.34 
2 9 1  
2.36 
2.21 
1.83 
1. 51 
1.08 
1.03 
0.56 

0.28 
0. 23 
0. 14 
0. 10 
0.08 
0. 05 
0.02 
0. 02 
0. n i  
(1) 
(9  
(9  
(1) 
(1) 

0.28 

1 
wnw. 

5Ci.St.. NU'? 
cu., W N \ V  

sst .  225 989.6 
.yyI 9 M . O  

66 
72 
82 
83 
92 
96 
&a 
74 
46 
40 
47 
48 
39 
38 
38 
38 
38 
40 
49 
53 
53 
63 
53 
-53 
53 
53 
53 
53 
50 
50 

Tropopause. 

1 mh. I Lesa than 0 

fr 7 
9 8  
u. 2 

15. 2 
15. 0 
1 3  6 

I( 1. st., w.: 1 A ,  
CU.. w. 

.Utitude of St  
b:tse, 1.3.73 
m. s. 1. 

. CII. 
m.. 

- -__- 
..... 
..... 
..... 
..... 
..... 
..... 
..... 
..... 
.--.. 
.._.. 
..... 

-60.5 _-_ -___  
-60 7 _ _ - _ _ - _  
-a9 0.60 
-67.1 _ _ _ _ _ _ _  ~ 

-67.1 0.02 I 

-61.0 1.02 I 

* Less than  0.01 mb. 
'Altitudes nbove 8,195 meters were obtained by using mean smnsion~,l  r .re. 

Prsssures above this nltltude computed from altltiideq 2nd temperatures. 

106542-32-3 
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20 
1.6 
1.9 
2 0  
4.2 
3.3 

-0.2 
-0.9 
-1.7 
-3.0 
-3.9 
-3.7 
-4.9 

-8.6 
-12.9 
-16.2 

-16.3 
- 2 2 6  
-23.1 
-24.1 
-27.2 
-289 
-31.7 
-33.3 

-43.6 
-47.0 
-61.3 
-69.3 
-62.3 
-58.6 
-52.3 
-51.6 
-62.5 
-51.7 
-49.7 

-48.6 
-50.6 
-62.1 

-a6 

-3a6  

-48.2 

TABLE 2.-Tabulated data o j  sounding-balloon ascents a: Royal 
Center, Ind., during February, 1931-Continued 

F E B R U A R Y  11, 1931 

_ _ - _ _ _ _  84 
0.26 86 _ _ _ _ _ _ _  86 

- 0 . u  85 
-0.68 72 _ _ _ _ _ _ _  76 __-__ -_  90 

0.70 93 
0.37 93 _ _ _ _ _ _ _  96 
0.69 96 

-0.11 82 _ _ _ _ _ _ _  72 

_ _ _ _ _ _ _  67 
0.86 67 
0.66 73 _ _ _ _ _ _ _  73 
0.74 70 _ _ _ _ _ _ _  69 
0.37 67 
0.66 69 _ _ _ _ _ _ _  66 
0.69 62 
1.CQ 62 

_ _ _ _ _ _ _  64 
0.72 64 _ _ _ _ _ _ _  66 ____-__ 66 
0.80 66 _ _ _ _ _ _ _  54 _ _ _ _ _ _ _  61 

-0.62 61 
0.20 48 _ - _ _ _ _ _  47 _ _ _ _ _ _ _  44 

_ _ _ _ _ _ _  42 _ _ _ _ _ _ _  41 
0.19 _ _ _ _  

0 . t ~  67 

_ _ _ _ _ _ _  52 

-0.20 42 

TABLE 2.-Tubulated datu o j  sounding-bni!oon ascents at Royal 
Center, Ind., duriiig February, 1Dbl-Continued 

A. m. 
7:17 ... 

7:lS-.. 
7:ILI.. 

7:?1 ... 
7:21;5. 
722. .. ,. 3.. 

725. _ _  
7:26. _ _  
7:31 ... 

-.., 

i:39 ... 
7:42 ... 

7: M... 
7:53. -. 

7:55. _. 
7:56 ... 
75%. . . 
r.59 ... 

b:W . . . 

". 

F E B R U A R Y  12, 1931-Continued 

225 
600 
510 
836 

1,000 
1,403 
1,4w 
1, 591 
1,656 
2, 
2.2m 
2,489 
3. ooo 
3 458 
4: ooo 

2. c!m 
;E 
5.906 

I ,  000 
7,222 
8. 
8,344 
9, MI0 
9.027 
9,313 
9,751 
9.965 

10,000 
10,373 

,001.3 
WB.0 
96i.0 
924.6 
905.0 
656.2 
546.2 
536.2 
610.0 
794.0 
771.5 
740.8 
686.0 
652.9 
609.0 
632.0 
b25.2 
468.0 
463.0 
401.0 
359.2 
347.0 
329.4 
2cs.o 
296.7 
284.7 
265.6 
257.2 
256.9 
242.6 

-9.4 
-11,s 
-11.4 
-12.6 
-13.8 
-17.0 
-12.6 
-11.4 
-11.4 
-12.6 
-13.8 
-14.0 
-16.1 
-18.2 
-21.1 
-26.7 
-27.1 
-33.1 
-33.n 
-39.4 
-40.6 
-45.2 
-47.6 
-45.9 
-45.6 
-46 2 
-44.2 
-45.6 
-45.7 
-46.6 

IP. m. 
401.-. 

4:04--- 
4 f i - - .  

226 
m 

1. ooo 
1,010 
1,183 
1, 

9.1 
7.2 
3.6 
3.4 

1.6 
3.6 

- _ _ _ _ _ _  68 _ _ _ _ _ _ _  74 _ _ _ _ _ _ _  83 
0. 73 81 

_ _ _ _ _ _ _  93 
-a12 00 

8. 
ssw. 
ssw. 
8sw. 
8w. 
WBW. 

4.6 8 C1 Et W. 1 Et. 
11.7 ci., ah. 
16.2 
16.2 Altltude of Rt.  Cu. 
18.7 base 2,120 m, 
21.0 m. s: I. 

q A Humidity 1 Wind 1 WInd Humidity 
- 

m 
1 e - 
2 - 
% 
98 

100 
100 
98 

100 
100 
100 
100 
100 
100 
96 
64 
66 
70 
92 
96 
94 
92 
84 
70 
70 
E3 
62 
60 
60 
49 
46 
46 
42 
42 

40 
36 
34 
32 
30 

4a 

- 

Timi 
90th 
mer. 

A 

T 
d V 

* .- 
~ 

nr. 
1,897 
2, @3l 
2.448 
2.600 
2.887 
3. ooo 
3, s71 
4. ooo 
4.651 
6. ooo 
6.000 
6,263 
7. ooo 
$E 
2E 

10, ooo 
10,282 
10.674 
10.996 
11.970 

At 
100m; 

Remarks 

P. I11 
4:08-. 

4:12-. 

4:14-. 

427- - 
4:21-. 

4:28-. 

4:36.. 

445.. 

4:48-. 
4:49-. 
4:M.. 
4:56-. 

Arb.  
mot3 
790.0 
746.0 
740 0 
703.9 
696. 0 
619.8 
610.0 
559.7 
535.0 
465.0 
446.8 
404.0 
348.0 
333.0 
300.0 
258.3 
256.0 
244. 6 
229.4 
217.8 
186.8 

C. 
-0. 6 
-1. 0 
-2. 6 
-3. 1 
-6. 1 
-7. 1 
-15.1 
-15.8 
-19.8 
-22. 2 
-29.9 
-32.1 
-37.2 
-44.7 
-4i. 1 
-56.0 
-63 6 
-81.5 
-59.7 
-59.3 
-58.1 
-56.6 

o c .  1 
0.1 

Arb. 
6. NI 
5. 01 
2.66 
2.51 
2.02 
1.92 
1.09 
1.07 
0.89 
0. 71 
0. 33 
0. 2fl 
0. 16 
0.06 
0. M 
0.02 
0 01 
0.01 
0.01 
0.01 
0.01 
0.01 

i2l .P.S. 1 WSW. 1 p.; I 
WSW. 

dfb. 
6.03 
6.49 
6.31 
6. CQ 
6.96 
6.27 
6. 14 
6.31 
4.64 
3.31 
3.04 
1.66 
1.64 
1.33 
0.98 
0.80 
0.49 
0.33 
0.20 
0.08 
0.07 
0.02 
0.02 
0.01 
0.01 
0. 01 
0.01 
0.01 
0. 01 
0.01 
0.01 
0.01 

10 Et., w. 
Enowlng. 

0. t 9  

0.36 

0.80 

0.92 

0.60 

. - - -. -.  

_ -__-  
. - -- 
. - - - 

0. 76 

0.74 

1.17 

-0.69 
-0.10 
-0.37 
-0.16 

. - -- 

. - - - - - ,  

. - - - - - ,  

62 
53 
ti5 
57 
66 
69 
84 
E4 
84 
84 
83 
80 
80 
79 
78 
76 
74 
72 
6s 
67 

-a 3 
-1.8 
-2. 1 0 . a  
-1.7 -0.30 
-3.6 
-7.3 0.80 

7.7 ______. 

-13.6 1.49 
-19.7 
-21.1 0.78 -n. 1 

-34.6 
-41.6 0.73 
-42  2 
-51.6 
-61.8 0.96 
-66.6 
-68.6 0.49 
-69.2 

-69.6 _ _ _ _ _ _  
-68.7 -0.11 
-68.6 __- -_ -  
-68.6 -0.02 
-68. 4 ____- -  
-58.3 -0.02 
-68.6 
-68.8 0.08 
-69.6 0.33 

- 
-la1 0.w 
-10. 4 

-30.7 0.74 

-58.9 ail  

Tropopause. 

I I l l  . 

Tropopause. F E B R U A R Y  13, 1931 

985.4 0.9 
953.0 -1.2 
918.2 -3.4 
892.0 -2.2 
868.8 -1.1 
837.0 -3.6 

786.9 -4 .9 
771.6 -4.6 
736.0 -6.6 
708.8 -8.3 
691.0 -9.6 
660.4 -12.6 
629.0 -12.Q 

628.7 -4.4 
820.3 -4.4 

I 

:hsn 0.01 mb. 
I 

F E B R U A R Y  12,1931 - 
w. 6 
1m.o 
160.0 
148.9 
111.9 
yx). 0 
613.0 
193.2 
111. 1 
'94.0 
'79.1 
'30.8 

19.6 
'00.0 

124.8 

646. i 
637. ( 
615. ( 
482 
466. 
440. : 
430. : 
405. I 
347. I 
325. I 
300. I 
266. I 
291.1 
219. I 
187. I 
183. I 
170. 
161. I 
137. I 
1% I 
118. I 
101. I 

:13.0 

im. 6 

613. r 

m. I - 

- 
225 
986 
600 
666 
878 

1, OOO 
1.600 
1,606 
1,819 
2000 
2,137 
4 3-25 
2,m 
2,762 
3. OOO 
3.494 
3, a 7  

6,000 
6.278 
6,768 

4m 
7. OOO 

9, mo 
10, mo 
10,378 
11, 000 
12, 000 
la, 621 
13, OOO 
14. OOO 
14.770 
16, OOO 
16, OOO 
16.799 

2E 

:E 

?E 

la ,  im 

2 CI Et w. 1. 

Alti'tude'bf St. Cu., 
base 1.833 m.. 

7 st'cd' wsw. 

m. a' 1. 
81 

1.08 80 
81 

0.96 81 
0.32 81 

80 
0. 64 80 

-0.17 76 

325.8 1-48.0 
302.0 -53.0 
.si. a -ao:o 
275.0 -66.8 
257.0 -59.6 
247.3 -61.1 
221.6 -59.9 

I I I  

F E B R U A R Y  

I 

I I  I l l  
84 
65 
66 
93 
95 
98 
94 
84 
70 
63 
57 
48 
46 
44 
42 
40 
40 
40 
40 
40 
41 
41 
41 
40 
40 
41 
40 
40 
40 
40 

Tropopause. 

11 mb. 
F E B R U A R Y  12, 1931 

984.8 
962 0 
881.3 
894.1 
876.0 
W O  

7.88 
7.62 
6. E4 
@. 31 
7. 11 
e. 38 
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TABLE 2.-Tabulated data of sounding-balloon dvcents at Royal TABLE 2.-Tabiilated data of sounding-balloon aments n! Royal 
Center, Ind., during February, 1931-Continued Center, Ind., during February, 1931-Continued 

'FEBRU.4RY 14,1931 

I 2 ! I I I Humidity 1 Wind I 

P.m. AI. 
4:lO ... 225 

6Cm 
4:13 ... 959 

1, OOO 
4:14 ... 1 , 3 5  

1. fm 
4:16 ... 1,693 

2. CxQ 
4:17-.. 5,030 

2, KQ 
423 ... 2,856 

4.25.. 
4:%... 3,692 

4000 
433 ... 4;6W 
4:34 - . . 4,603 

5, cm 
6. @3l 

4:U ... 6,018 
7, WQ 

4:M)-.. !,415 
452- _. r,PW 

8, K@ 

4:67--- 2% 
4:59.., 9,537 
5:m. _ _  9,945 

IO, OOO 
5: 02... 10,333 

11,OOO 
5:05. _ _  11,210 
5: W... 11,475 

12, OOO 
5:11. _ _  12,424 
5:12 ... 12,577 

Ma. I IAf .D .8  

1.63 nnw. 7.4 
1.65 nnw. 9.6 
1.49 nnw. 10.5 
1.80 nnw. 13.0 
1.57 nnw. 13.2 
1.14 nnw. 16.0 
0.92 n. 17.3 
0.89 nnw. 18.3 
1.14 nnw. 20.4  
1-03 nnw. 22.0 

F e w  8 t .  C u .  
WNW. 

Tropopause. 

F E B R U A R Y  15,1931 
____ 

I I I I I  I I I 

27.5 
m :: % 

t: %I 
1,724 
3. ooo 
2,020 
2 4RR 

Bs84 4.5 -_----- 
9520 2 2  ____.__ 
897.5 -1.1 0.72 

839.0 -0.3 --.---- 
837.3 -0.5 0.31 
817.7 0.5 -0.49 
788.0 -1.0 __.___. 
786.0 -1.1 0.54 
730.0 -0.7 -0.W 

8 x 1  a i  -0.37 

. 
735.0 -1.0 .______ 
690.0 -5.3 _------ 
687.1 -5.5 0.82 
607.0 -11.4 _ _ _ _ _ _ _  
561.4 -15.0 0.80 
534.0 -18.0 
479.5 -23.8 I--o:ii- 

~~ 

87.8 - 5 4 7  - - - - -_ - I  
75.5 -57.0 ___..__ 
64.6 -59.7 --_---- 
6 2 2  -60.4 0.25 
55.0 -130.7 _ _ _ _ _ _ _  
47.0 -61.5 _____._ 
39.9 -623  _ _ _ _ _ _ _ I  
37. 1 -62.6 0.07 

23:wOI 33.8 -627 _ _ _ _ . _ _ I  

47 
47 
47 
42 
40 
40 
40 
47 
47 
55 
65 
57 
57 
65 
52 
52 
47 
47 
46 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
43 
43 
42 
42 
42 

43 
43 
43 
43 
42 
42 
42 
42 
42 
42 
.12 
42 

42 , 

:i. 131 673. S 
3,254 w. 3 
3, YYY 602.7 
5.0(N , 52J. 0 
5,131 i 517.8 

6,018 

7.554 
i ,  967 
8 . W  ~ 

K333 1 

461. 0 
45s. 0 
405.6 
401.0 

,445. 7 
345.0 
324.6 

!6S. 5 

. ~~ 

-1- -I--' 1 4:w--- 225 981.2 0 . 5  1 ____-._ % I 
4:08--- 347 961.6 0.7 -0.16 1:; ~ 6.42 __...__ _._____ low clouds. 

4:09--. 1333 925.9 1.3 -0.19 YS 6.58 _ _ _ _ _ _ _  _ _ _ _ _ _ _  
4:11--- 1,RN 839.0 0.5 0.24 
4:13--. 1,XM 863.7 -1.1 0.78 
4:15--- 1,408 S3Y.6 0.7 -0.88 

P. m. AI. M b .  OC. 1- 
58. ( N . P J . 1  2 7 Rain and snow and 

500 945.0 1.0 _ _ _ _ _ _ _  96 8.43 - - - - - - -  - - - - - - -  

1.500830.0 0.3 _ _ _ _ _ _ _  
-1.8 _ _ _ _ _ _ _  100 
-3.1 0.41 100 
-4.1 .__.___ loo 
-6.3 _ _ _ _ _ _ _  100 
-0.9 0.4; 100 

0.9 a oo 100 

-1i.Y __...._ 53 
-IS. 9 0. G9 X? 
-25.1 _....__ is 
-26.3 0.72 78 
-29.7 0 . U  70 
-30.5 ..--..- 7 0  
-35.9 0.W io 
-3% 5 0. E4 50 
-39. s ____... 70 

1-41.1 0.46 70 

1-11.1 0.56 85 

. .. 

I 
I 
I -_ 



I f  
I 

995.41 7.2 _._____ 

959.5 4.1 1.09 
907.0 -1.8 _._____ 
898.9 -2.2 1.17 
853.0 -2.2 0.00 
850.0 , -2.3 ' ...____ 
788.01 -3.7 .__.___ 
748.0 -5.0 .____._ 
720.9 -5.7 0.28 
703.0 -7 4 I 19: 2 --6.-?Q- 

9.0 -0.14 
618.0 -12.3 _._____ 
812.2 -12.6 0.62 
541.0 -19.6 _ _ _ _ _ _ _  
4R2.0 -25.9 0.76 
472.0 -27.2 _._____ 
411.6 -35.4 _._.___ 
392.6 -39.6 0.83 
354.9 -43.9 _._____ 
305.0 -52.7 _ _ _ _ _ _ _  
237.4 -56.2 0.88 
262.0 -59.7 _ _ _ _ _ _ _  
224.0 -65.2 _ _ _ _ _ _ _  
219.2 -66.0 0.66 
192. I -61.6 -0.67 
190.8 -61.2 .______ 
163.0 -55.2 -0.80 
138.8 -59.4 ~ _ _ _ _ _ _  
133.3 --8o. 4 0.41 
118.4 -62.2 _ _ _ _ _ _ _  
111.7 -63.1 0.25 
100.2 -62.1 _ _ _ _ _ _ _  
97.8 -61.9 -0.15 
85.2 -63.3 _____._ 
8 4 8  -63.5 0.18 

961.0 1 4.1 _ - - _ - _ _  
72 
74 
74 
87 
88 
82 
81 
70 
Bo 
65 
Bo 
67 
72 
82 
82 
87 
90 
90 
90 
90 
80 
90 
90 
90 
90 
90 
87 
86 
84 
78 
78 
80 
80 
79 
78 
72 
72 

P. m. 
4:lO ... 
4:11--- 
4:12. -. 

4:13.-. 
4:14.-. 

4:17.-- 

4:18--. 

4:21.-- 
4:21x6. 

4:%--- 
427. _ _  
4:32.-. 
4:34. _ _  
4:39--. 

225 
500 
6W 
943 

1, W0 
1.163 
1,346 
1,500 
1.828 
2, 000 
2, 106 
2. 500 
2 619 
$693 
3000 

3,733 
4000 
4.641 
4,865 
6, 000 
6,saO 
6, ooo 
7, ooo 
8, 000 
9, 000 

10, OOO 
11. OOO 
12, ooo 
13. OOO 
14, OOO 
15, 000 
15,518 

3:356 
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TABLE 2.-Tabulaled data of sounding-balloon czscents at Royal 
Center, Ind.,  during February, 1931-Continued 

F E B R U A R Y  21, 1831-Continued 

TABLE 2.-Tabulated d d a  of aounding-balloon ascenta at Royal 
Center, Ind., during February, 1931-Continued 

F E B R U A R Y  19, 1931 

I i Humidity Wind 1 
- i? 

2 At 

Y t - 
F d 

Time 
Both 
mer. P 

k 
-I -1-I-I-/-/-I-/ 

P. m. 
415 ... 
416--. 

4:18 - _. 
4:19. _. 

4:3-.. 

4:25.-. 

4:30-.. 

4:38.-. 
438... 

4:40.-. 
443-.. 

TrOpOpa~e.  
Af.v.5 

wnw. 19.2 

w. 2 2 7  

w. !a8  
wnw. 18.0 
w. 22.6 
w. 14.8 
w. 15.5 

W. m.6 

W. 20.2 

Clouds a t  various 
level9 a t  various 
t l m e s  d u r i n g  
afternoon, chang- 
lug quickly. 

3. 96 - - _ _ _  - - - - - - - _ _  Alti tudeol Y t . base, 
3.47 _____.________ 1638m. ,m.s . I .  

1.78 _ _ _ _ _ _ _  ______. 

2.63 _ _ _ - _ _ _ _ _ _ _ _ _ _ I  
2. 12 _____ .________ '  
a 95 _ _ _ _ _  _ _  _ _  - _ _ _ _  
a 86 _ _ _ _ _ _ _  _ _ _ _ _ _ _  a 33 _ _ _ _ _ _ _  _ _ _ _ _ _ _  
a= _ _ _ _ _ _ _  _____._ 
0.13 _ _ _ _ _ _ _  ____.__ 

0.46  w) 
1.01 _ _ _ _ _ _ _  92 

- 2 5  . _ _ _ _ _ _ _  99 
--3o 0.70 100 
-3.4 0.21 86 

5.4 _ - _ _ _ _ _  89 
-9.5 _ _ _ - _ _ _  96 
-12.4 0.83 100 
-12.4 _ _ _ _ _ _ _  84 

-13.6 _____._ 4.5 
-227 _ _ _ _ _ _ _  41 
-25.9 0.91 40 
-32.1 _ _ _ _ _ _ _  41 
-41.5 I _____._ 42 

- 

-124  am 45 
I Less than 0.01 mb. 

F E B R U A R Y  22,1931 

FEBRUA Y 20. 1931 

I l l  

5. 31 
4 53 
3.78 
2 67 
2 50 
2 %  
2 53 
2 13 
1.88 
2 63 
2 45 
2 2 8  
1.78 

0.65 
0. 63 
0.40 
0. 16 
0. 14 
0. 06 

0. 01 
0. 01 
0. 01 
0.01 
0.01 
0. 01 
0. 01 
0.01 a 01 
0.01 
(9 
(9 
(9 

0.88 

a 03 a 02 

3.0 _ _ _ _ _ _ _  70 
0.4 _ _ _ _ _ _ _  72 

-4.1 .______ 8 i  
-7.2 0.93 80 
4 . 0  - -_ -__-  80 
-9.1 0 50 80 
-8.0 -1.64 81 
-10.1 _ _ _ _ _ _ _  82 
-1L6 1.04 82 
-7.4 -1.50 80 
-7.8 _ _ _ _ _ _ _  76 
-7.6 0.08 70 

-16.4 _ _ _ _ _ _ _  Bo 

-19.9 0.00 56 
-23.4 _ _ _ _ _ _ _  54 
-31.8 _ _ _ _ _ _ _  50 
-33.3 0.83 61 
- 4 a 3  - _ _ _ - _ _  50 
-46.2 0.M 48 
-47.7 - -_ -___ 4s 
-54.0 - - - -__-  48 
-59.0 _ _ _ _ _ _ _  47 

-55.2 _ _ _ _ _ _ _  47 
-54.2 -0.66 47 
-53.9 _ _ _ _ _ _ _  46 

-66.1 _ _ _ _ _ _ _  45 

-60.2 0.25 44 
-60.8 .-.____ 44 
-61.9 0.14 44 

-1ao _ _ _ _ _ _ _  e13 

-18.3 a m  58 

-%e a 5 7  4'1 

-59.1 a 0 2  47 

-53.8 -a04 46 

-58.9 _ _ _ _ _ _ _  4 
1 Less than 0.01 mb. 

F E B R U A R Y  23, 1931 

n. 
n. 
n. 
W. 

6.4 
5. 5 
4.0 
2 1  
1.9 
1.9 
2. 7 
41 
4 6  
4 9  
5.0 
5.2 
5.2 
6. 0 
7. 4 
9. 2 
6 .5  
6. 0 
6. 8 
a8 
7. 5 
9.4 
9. 2 

12 3 
12 9 
11.6 

17. 5 
17.0 
16.4 
226 

l a 2  

a 3  

ia 1 

- 

6 CI., W.; few Cu.. 
NW. 

Y 21. 1931 
1 Len than 0.01 mb. 

F E B R U A  
sw. 
sw. 
wnw. 
nnw. 

~ 

6. 70 
6. 17 
4 30 
3.92 
4. 34 
4.37 
3.70 
3. e4 
3. 62 
2 93 
2 21 
2 06 
1. 85 
1.99 
1. 70 
0. 79 
0. 62 
0.36 
0. 16 
0. 15 
0. OK 
0.04 a 02 
0.01 
0.01 
0.01 
1') 

__ 

sw. 
wsw. 
nnw. 
M W .  
nnw. 
nnw. 
M W .  
nnw. 
nnw. 
nnw. 
nnw. 
M W .  
nnw. 
UW. 
nw. 
nw. 
nw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 
wnw. 

wnw. 
wnw. 
wnw. 

wnw. 

_ _  

a9 
1.8 
3. 6 
6. 0 
5. 5 
6.6 
7.1 

9. 6 
9. 0 
7.9 
7.6 
7. 1 
7. 6 

11. 9 
13.3 
18.7 
18.0 
lR 1 
21. 1 
21. 0 

ao. 8 
11. 9 
21. 0 
23.8 

a9 

a6 

m. 3 

Few C1. W. ?; 1 
cu., dw. 

nnw. 

nnw. 
nnw. 
nnw. 
nnw. 
nnw. 

M W .  
nw. 
w n y  
nnw. 
nw. 
wnw. 
wnw. 

w. 

I 

1 Less than 0.01 mb. 
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P. m. 
4:11--- 

4:13.-. 
4:M. _ _  
4:15 ... 
4:17--- 
4:18.-. 
4:m.-. 

4:22.-. 
4:23.-- 

4:30--. 

4:35.-. 

4:42- _ _  
4:47 ... 
4:48.-. 

4:52.-- 

457 

4:58.-. 
4:59.-. 

5ch$---  

513--- 

6:23--. 

529.- .  

MONTHLY WEATHER REVIEW 

31. 
226 
600 
883 
W4 

1, 000 
1.232 
1.600 
1,816 
2 o(# 
2:423 
2.600 
3, 
3.050 
3.223 
4. ooo 
4784 
4ooO 
4801 
?Z 7: 508 
8. ooo 
8,458 
6502 
9. ooo 
9,m 

10, OM 
10,873 
11, ooo 
11,067 
11,288 
12, 
12,Q-a 

l4,7Sr 
15, oo( 

17,034 

18,074 

:$ % 

;?E 
14 

21 

P. m. 
4:11---- 

4:14---- 

4:16 .... 

4:18---- 

4:19---- 
4:20---- 

4:23.--- 

4:31---- 

4:35..-. 
4:39 .... 

4:45.--- 

4:50---- 

453 .... 
4:56-.-- 

5:05.--. 

4:li .... 

TABLE 2.-Tabrtluted data of sounding-balloon aecents d Royal 
Canter, Ind., during February, 1031-Continued 

FEBRUARY X, 1931 

225 
600 

1. wo 
1.081 
1,500 
1.724 
2, 000 
2,111 
'2,305 
2 .w 
2.601 
2886 
3, ooo 
3,448 
4, ooo 
5, wo 
5.018 
6, OOo 
6, 018 
6,691 
7. 000 
8, 000 
8.038 
9, wo 
9,4M 

10, ooo 
10,424 
31.000 
11.21 I 
12, OOO 
13, 000 
13,420 

TABLE 2.-Tabulated datd of sounding-balloon aacsnts d Royal 
Center, Ind., during February, 1091-Continued 

F E B R U A R Y  25, 1931-Continued 

1 4 1 1 1 I Humidity I Wind 1 

_ _ _ _ _ _ _  
....__- 
-0.03 
.______ _ _ _ _ _ _ _  _ _ _ _ _ _ _  

0.00 _ _ _ _ _ _ _  
0.12 

W h d  

32 
32 
32 
32 
32 
32 
32 
31 
31 

7.7 
6 0  
6.6 
6.3 
3.7 
2 1 
0 . 9 .  
0.0 

-1.9 

-4.9 
-5.6 
-6.4 
-6.1 

-10.7 
-20.0 

- a 4  
-W.l 
-ah8 
-36.3 
-a2 
-457 
-51.2 
-69.3 
-6ao  
-61.8 
-616 
-6L4 
-58.1 
-55.8 

-54.1 
-53.9 
- 6 4 2  
-6c.2 
-58.3 

-41 

-10.2 

-26.5 

-54.1 

_ _ _ _ _ _ _  71 
1.2G 75 _ _ _ _ _ _ _  73 

-0.61 88 _ _ _ _ _ _ _  70 
0.78 71 

_----- 78 
0. 38 82 _____-_  80 

- _ _ _ _ _ -  74 
0.42 67 

-0.10 Bo _ _ _ _ _ _ -  57 

_ _ _ _ _ _ _  41 _ - _ _ _ _ _  47 

-____- -  48 
0.66 46 _------ 46 
0.77 45 __-----  45 
ai6 44 _ _ _ _  _ _ _  44 

__----- 44 
0.80 44 
0.49 I 46 _ _ _ _ _ _ _  46 

-0.03 45 _ _ _ _ _ - _  45 
-0.82 45 

_ _ _ _ _ _ _  45 
-0.02 45 _-__-- -  45 
___- - - -  44 _ _ _ _ _ _ _  43 

0.70 ra 

0.45 41 

0.81 w 

-0.33 45 

I Humidity 

c B 
: 
E" 
a a 
- 
C. 
7.0 
4. 7 
1. 2 
21 
2 0  
1. 7 

-1. 2 
-1. 2 
-3.7 
-3.8 
-4.9 
-4.9 
-4.9 
-9.9 
-14 6 
-16.4 
-24. 6 
-25.2 
-31.8 
-sl 0 
-41.0 
-45.8 
-45.8 
-49.6 
-65.4 
-58.9 
-63.2 
-64.6 
-65.2 
-65.2 
-62.0 
-57.9 
-57.8 
-57.5 
-57.4 
-57.4 
-57.4 
-57.4 
-67.4 
-58.4 
-58.7 

a5 

I- 
Remarks 

P4 

Mb. 
m. 3 
968.0 
914.1 
8027 
901.0 
87s. 7 
846.0 

786.3 
751.1 
745.0 
700.0 
693. 5 
679.9 
614.0 
555.1 
539. 6 
477.4 
471.0 
411.0 
982 7 
365.0 
331. 6 
329.1 
304.0 
289.4 
a62 0 
227. 6 
223.0 
220.4 
212 2 
188.0 
162 4 
161. a 
120.1 

88. C 
8 4 6  
8 4 C  
7 1  t 
7L t 

- 

8ia 3 

136. a 
116. a 

LT.p.r 
4.9 
6. 3 
6.1 
6.8 
6.7 
4.7 
4.2 
5.0 
h 3  
6.4 
6.5 
7.0 
7.1 
7. 7 
9. 4 
5.0 
4 7  
4 8  
4 0  
3.7 
1 4  
1. 9 
2. 8 
2.9 
4.7 
a6 
8.6 
6.8 
6.6 
6. 4 
6.8 

10.3 
15. 4 
16. 2 
18. 6 - _ _ _ _  _ _ _ _ _  

% w 
61 
62 
48 
47 
46 

M b .  
5.01 
4 36 
3.46 

3.31 
3.10 
2 7 8  
a 21 
2 32 
1. e4 
1.78 
1. 58 
1.56 
1.55 
1 0 0  
0.88 
0. 66 
0.24 
0.73 
0. 10 
0. os 
0. 04 
0. 02 
0. 02 

0.01 
0.01 

a. 41 

a oi 

(9 

- 

ne. 
ne. 
ne. 
ne. 
ne. 
ne. 

ne. 

ne. 
ene. 
em. 
em. 
ene. 
one. 
ene. 
ene. 
ene. 
ne. 

nne. 

ene. 

ne. 
Me. 

e. 
BSB. 
880. 
SB. 
ne. 

ese. 
w. 
ne. 
8W. 
wsw 
W. 
W. 
W. 

se. 

Cloudlarrs. 

Tropopause. 

0.87 
-0.99 

0. 18 

0.46 
0.00 
0. 60 

, - - - - -. 
I Less than  0.01 mb. 

F E B R U A R Y  26, 1931 44 
40 
42 
41 
40 
ao 

I 

4.31 
3.54 
2 4 0  
2 21 
1.72 
1 48 
1. 14 
1.07 
1.02 
0.91 
0.81 
0. is 
0.71 
0.47 
0. 39 
0. 27 
0. 25 
0.11 

0. OB 
0.05 
0.02 
0.02 
0.01 
0.01 
(9 
(9 
(9 

(9 
(9 

a 11 

8 

UW. 
nw. 
UW. 
nw. 
nnw. 
nnw. 
nw. 
nw. 
nw. 
nw. 
nw. 
wnw. 
wnw 
wnw. 
wnw. 
wnw. 
wnw 
W. 
W. 
w. 
W. 
W .  
w. 
W. 
w. 
W. 
WUW. 
wnw. 
wnw. 

a i  
4 9  
41 
4 0  
6. 0 
6.8 
6.3 
6.8 
7.2 a i  

' 9.6 
11. 4 
11.7 
12. 4 
19.0 
27.3 
27.2 
3 a 4  
30.5 
32 3 
3L 4 
36.1 
a62 
38.4 
52. 1 
46. 1 
46.7 
54.0 
54  0 

----- 
- 

I Cu., NW. 

Resmre record lost 
b e t w e e n  9.486 
and 11 2llmetera 
h c l i d v e ;  the  al- 
t l tudm From 9,486 
to 10,424 meters 
lnclualve were 
o b t a l n e h  f r o m  
the %theodolite 
observation; the  
a l t i t u d e  11 211 
meters was 'ob 
tained From the 
ascansional rnte; 
pressures for lev- 
els fmm 9486 to  
11,211 me& in- 
clusive were com- 
puted from alti- 
tudes and tem- 
perstures. 

._.___ 
0. 19 
0.00 

0. 62 

0.80 

0.67 

1. 03 
0. 00 

0. 74 

0. 73 

1.03 
0.00 

-0. 44 

_ _ _ _ _ _  

. _____ _ _ _ - _ _  

._-__- 

.__.-- 

_ _ _ _ _ _  
___.__ 

__..__ 

I 

1 Lass than 0.01 mb. I Less than 0.01 mb. 
F E B R U A R Y  27, 1931 

F E B R U A R Y  25,1931 

Cloudless. 
P. m. 

8:24--- 225 
m 

8:25--. 625 
8:25--. 918 

1. OOO 
8:28--. 1,438 

1,600 a:%.-. 1,640 

2, 500 
8:34.-. 2,723 
8:35--. 2,938 

8. wo 
8:36--. 3.295 
8:38--- 3.7M 

*m 
8:42..- 4, 529 

5, 000 
6, OOo 

8:53. _ _  0.783 
7, 000 

9:01--. 8.488 
9, 000 

10, OOO 

a, 000 

12, OOO 
9:17--. 12.153 

1 3 . m  
9:22--. 13.321 

14, OOO 
9:25-- -  14.030 

15, OOO 
9:36--. 15.733 

16, OOO 
9:41.-- 16,483 

17. 000 
9:47--- 17,263 

- 

6.4 
5.0 
4 8  
4 4  
4 5  
6.0 
7. 1 
6. 7 
5.4 
7. 1 

8.9 

8.7 
10. 2 
10.2 
9. 5 

13. 8 
15.2 
13. 6 
15.4 
16.6 
20.0 

24.6 

a5 
a6 

22 n 
.____ 
.____ 
._.__ 
._.-_ 
..._- 
_-.-. _ _ _ _ _  
____. 
____. 
-_.-. 
__--. 
____.  
____. 

Few Ci., 8W.Y; 
10 dense haze. 

Tropopause. 

7.46 
6.54 
fi58 
6.49 
5.57 
6.04 
609 
5.01 
4.18 
3.44 
3.01 
2 57 
2 3 4  
2 0 9  
1. 05 
1.01 
a 49 a s  
aza 
a io 
a w  

a oi 

(9 

0. 17 

0. OB 

0. 03 
0.02 

8 
51'01 
0. 01 
0.01 

0.01 
a 01 
0.01 
0.01 

a oi 

nw. 
nw. 
nw. 
WnW. 
nw. 
nw. 
nw. 
IUlW. 
nw. 
nw. 
nw 
wnw. 
wnw. 
wllw. 
W. 
W. 
W. 
WnW. 
W. 
W. 
W. 
W. 
W. 
W. 
W. 
. -_ - - -. 

-5.8 

-6.3 1-0 47 
-7.3 l--b:ii-l 

Tropopause. 

1 Leas than 0.01 mb.  



22 MONTHLY WEATmR REVIEW JANUARY, 1932 

TABLE 2.-Tabdated data of sounding-balloon ascents at Royal TABLE 2.-Tabulated data of sounding-balloon ascents d Royal 
Center, Ind.,  during February, 1931-Continued Center, Ind., during February, 1931-Continued 
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SERIOUS EROSION CAUSED BY HEAVY RAIN OF JULY 30,1931, NEAR COLFAX, WASH.' 
By W. A. ROCKIE 

On July 30, 1931, the weather conditions near Pullman, 
Wash., were such as would normally result in a severe 
thunder storm. A heavy cumulus cloud formed and hung 
to the west of town for several hours during the afternoon 
and evening. The storm cloud did not advance east- 
ward toward Pullmnn as \vould normally be espected in 
this region but instead it expended its force and violencc 
practically where it formed. There, W ~ S  but :t trace of 
rain a t  Pullman; Lewiston had 0.02; Colfax had 0.21 ; 
Lacrosse had 0.14; pI/Ioscow had 0.06; but none of these 
points were in the area of the real rain. The real storm 
occurred over an area of about 50 square miles centering 
around the point where the Colfas-Almota road crosses 
Union Flat Creek. No severe rain occurred more than 
5 miles from this point. This area is located about 10 
miles west of the erosion station farm. 

According to climatological data for the Washington 
section precipitation was recorded on this date a t  30 
out of 105 stations listed in the Eastern Washington 
division (approximately eastern three-fifths of the State). 
The same publication of the Idaho section shows that 
rain occurred on the same day a t  64 out of 103 stations 
in the State of Idaho. The wide ostent and very gen- 
erally rainy tendency on this date in both Washington 
and Idaho, even though the rains were generally of neg- 
ligible amount, shows that condit>ions were very favorable 
for precipitation in all parts of the region. The records 
of both Washington and Idaho are shown because Pull- 
man is only a few d e s  from the Idaho line. 

On the following day the Spokane newspaper contained 
a very graphic account of a "cloud-burst" that occurred 
on the area mentioned. The newspaper accounts of this 
rain were all centered upon the damage to personal prop- 
erty and to physical improvements located in great part 

1 The writer wishes to erprm appreciation to P. C. McQrew, agricultural engineer 
in the Bureau of Agricultural Enginwnng for the pbotogra hic illnstratlons which 
accompany this article. 1. Superinteudent, baeiflc Northwest b i l  Erosion Experiment 
station at Pilhlm. Wash. 

Climatological data, Washington section, U.  S. Weather Bureau, Vol. XXXV, 

a Ciirnatological data, Idaho section, U. 8. Weatlivr Bureau, Vol. SXXIV, No. i t  
No. 7 P. 63. 

P. 33. 

downstream from the points where the heaviest rain 
fell. These reports were apparently ver conservatively 
stated. In fact, they did not begin to teJ the story of the 
damage that had actually occurred. 

The several succeeding days were spent examining the 
area which had suffered from this rain storm. Accord- 
ing to all information and evidence the heavy rain must 
httvt. lasted only a very short period. Verbal accounts 
of the time of the rain itself differ considerably within 
the region affected. The only accurate record which 
we were able to obtain regardin the amount of rain 
which fell was obtained from Mr. fv . P. Gilbert a farmer 
living just inside the limits of the area which showed 
evidence of the heavy rainfall. At his house, which was 
very close to the northeastern edge of the storm, 1.6 
inches were recorded in 20 minutes, while on a more dis- 
tant part of his farm 1 mile to the westward his measur- 
ing gage (a straight-sided can) actually caught 3 inches 
of water. He was a t  the house during the rain. While 
it is quite possible that more rain fell a t  some individual 
spots within the area than these records indicate we have 
not been able to secure any other figures. Mr. Gilbert 
has been keeping rainfall records a t  his farm in past years 
and we believe that his records are reliable. 

The farm land within the area is typical of Palouse 
topography and is characterized by Palouse silt loam soil. 
It has fully as rough a topography as the average within 
the region, having man cultivated slopes in excess of 
50 per cent gradient. &e dominant farm crop rotation 
in the area is winter whent and summer fallow. Some 
other crop conditions which were observed following the 
storm were spring wheat, alfalfa, bunch grass pasture, 
and fall wheat seeded in summer for summer pasture. 
A complete survey of the crop conditions was not at- 
tempted so other crops were also undoubtedly present. 

The damage done to the land through erosion by thia 
heavy rain was directly related to the vegetation which 
covered any given field on that date. The summer 
fallow land eroded to plow sole but did not generally go 
below that line. Individual fields containing several 


