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NATIONAL MONTHS JUNE 1935, NOVEMBER 1936, AND AUGUST 1937, AND WINDS 
OBSERVED DURING JULY 1938 

SOUNDING-BALLOON OBSERVATIONS MADE AT OMAHA, NEBR., DURING THE INTER- 

By J. C. BALLAED 
[Weather Bureau, Wmhington. D. C., September 19381 

The sounding-balloon observations made at Omaha, 
Nebr., b the Weather Bureau during the international 

were a part of the worldwide system of observations made 
in cooperation with the International Aerological Com- 
mission. They were similar in character and schedule to 
sounding-balloon observations made during previous in- 
ternational months. That is, one observation was made 
each day about an hour and a half before sunset and, in 
addition, on 3 days during June 1935,3 during November 
1936, and 6 days during August 1937 an observation was 
made daily just after sunrise. 

All of the sounding-balloon data for various standard 
and the significant levels have been furnished to the Inter- 
national Aerological Commission along with airplane, 
pilot-balloon, and cloud observation data obtained during 
the 3- or 6-day international periods ench month; the 
detailed data wd1 be published by that Commission. 

However, for the convenience of those who might.be 
interested in knowing just what data are available 
tables 1, 2, and 3 have been prepared and are presented 
here. A few statistical data and a discussion of them are 
also given. 

Fergusson sounding-balloon meteorographs were used 
in all the fli hts and only one balloon was used in each 
ascension. 4he arrangement of equipment was in the 
order: balloon, parachute, 75 to 100 feet of cord, and 
meteorograph. The balloons used in June 1935 were the 
same type as those used in the previous several series of 
observations. Those used in November 1936 and August 
1937 were a newer type recently developed and, as the 
heights attained indicate, were quite satisfacto The 
balloons averaged about 350 g in weight, and %out 40 
inches in diameter, uninffated. The parachutes were 
made with pieces of silk or rayon about a yard square for 
all equipment weighing 300 to 400 g. Parachutes about 
54 inches square wero uesd with heavier equipment. 
In June 1935 and November 1936 the balloons were 

filled to give them an average free lift, after all equipment 
was attached, of about 650 g. Such a filling gave the 
balloons a diameter of around 5 feet. During November 
1936 pieces of additional experimental equipment were 
attached a t  various times so that the weight of equipment 
carried by the balloon was usually about 300 g (the wei ht  

950 g, or 1,700 g. The average height at bursting of the 
balloons carrying 300 g of equipment was roughly 23 km, 
of the 9 balloons carryin 950 g about 21 km, and of the 

loons carrying 950 g of apparatus reached heights of 26.5, 
26.2, and 25.7 km. The average diameter of the balloons 
at the average burstin altitude was computed to be about 
14 feet. Many of the%alloons reached 15 feet in diameter 
and some 17 or so feet. 

In August 1937 15 meteoro aphs of the Jaumotte t pe 

of these instruments in each case was attached to the same 
balloon with a Fergusson meteorograph; the object, of 
course, being to corn are the performance of the two types 
of meteorograph. 'fwelve of the Jaumotte type instru- 
ments were found and returned; six of these and approxi- 

months s une 1935, November 1936, and August 1937, 

of the apparatus using a Fergusson instrument on k y), 

4 carrying 1,700 g also a B out 21 km. Three of the bal- 

(manufactured in the United fr tates) were also used. &e 

mately the top half of a seventh carried computable records. 
The agreement between the two records in each case and a 
comparison with the two-theodolite observation! indi- 
cated that only one of the seven Jaumotte type mstru- 
ments performed satisfactorily. This is in agreement 
with the performance shown by t,hese instruments in other 
observations made during the summer of 1937. These 
two sets of observations are the first in which the Weather 
Bureau has had an opportunity to observe the performance 
of this type of instrument under actual working conditions. 
The excessive number of lost records due to obliteration 
can, no doubt, be reduced in the future by the method of 
smoking the record plate and by the use of a b d e  plate 
in front of the record plate. This instrument is much less 
costly to manufacture than the Fergusson instrument and, 
while it has disadvantages, if it can be made satisfactory 
for use it will result in a great saving where a large number 
of observations, with a large loss of hstruments, is re- 

uired. Forty-nine of these meteorographs were released 
luring the international month July 1938, each attached 
to the same balloon with a Fergusson meteorograph. 
Twelve of the observations were made with the view of 
studying the effect of insolation on the two instruments. 
Some very valuable data should be obtained when the 
records of those flights have been computed. 

A higher rate of ascent was used in the August series 
than had been used previously. During that month the 
balloons were given a free-lift, after attaching equipment, 
of about 1,000 e. The average altitude at  bursting during 
the August series (of those balloons which did not burst 
prematurely) was 23.5 km as compared to 22.9 km for 

only one instrument during the 
November series and 7 aving a free-lift of about 650 g. 
those balloons car 

It is generally believed that the greatest height would be 
reached by a balloon carving a given weight when it has 
about the smallest free-lift which will cause it to rise. 
This would be expected from the fact that the maximum 
hei ht reached is a direct function of the maximum pos- 

a higher altitude the lower the free-lift at  bursting. It is 
also known that at the low temperatures in the strato- 
sphere the rate of flow of the rubber in the balloons is con- 
siderably decreased. Hence, a slow rate of ascent should 
allow the balloon to expand more before bursting than 
would be possible with a rapid rate of ascent. Another 
temperature factor which would be expected to operate in 
favor of a low rate of ascent is the insolation effect on a 
balloon during daylight flights. A nearly floating balloon 
would be ventilated very little so that its temperature 
might be expected to be raised by insolation to a value 
considerably higher than that of the surrounding air. A 
rapidly-rising balloon would be cooled on the outside by 
ventilation and on the inside by the near1 adiabatically 

tend to be considerably lower than that of the surrounding 
air in the stratosphere. 
On the other hand, there are other factors which favor a 

rapid rate of ascent for the best altitude performance. 
Ozone, for example, has a pronounced deleterious effect 
on rubber. Hence, if it is present in important quantities 
in the upper atmosphere a balloon would be expected to 

sib f e size of the balloon; this maximum will be reached at 

expanding hydrogen, the temperature o 9 which would 
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rise farther through a layer containing ozone if it rose 
rapidly. Another factor is that of the effect of time upon 
a highly expanded balloon. It may be that a balloon will 
expand to a given diameter if the expansion is accom- 
phshed in a given time, whereas if the time is increased 
(rate of expansion decreased) the balloon will burst a t  a 
smaller diameter. This factor would operate in a direc- 
tion o posite to that of the effect of temperature on the 
rate offlow of the rubber and both are believed to be 
important. 

Greater altitudes would be expected to be reached when 
the rate of ascent is such that the most favorable balance 

. !OO Miles 

FIGWEE I.-Landing places of instruments released at Omaha. Nebr.. In June 1835 
(triangles), November 1936 (solid circles), and August 1937 (open circles). 

between the various factors is struck. Experience has 
actually shown that the best altitude performance is 
obtained by using a fairly rapid rate of ascent-certainly 
not a very slow rate. Expenence has also shown that the 
average heights reached on daytime fights are consider- 
ably greater than those reached a t  night. These two facts 
seem to indicate that the heating effect of insolation is 
important but that it is not the only important factor 
involved. 

Figure 1 shows the landing places of the inst,ruments 
released during the June, November, and August series of 
observations. The distances of the landing places from 
Omaha indicate in a general way the average wind ve- 
locities during each of the three months. It will be noted 
that 9 of the 35 recovered instruments of the November 

series were found more than 150 miles from Omaha. The 
only one of these 9 which could be followed to a fair alti- 
tude with theodolites was that released on the 26th, which 
was followed to 10 km. Attention is called to the strong 
winds observed on that date. (See table 5.) The instru- 
ment was found 192 miles from Omaha. The balloon 
released on the 6th was followed to 6 km a t  which altitude 
the wind velocit was 45 m. p. s. This instrument was 

tive of the strong winds which would undoubtedly be 
frequently observed if the observations could be made in 
all kinds of weather to high altitudes. 

One very favorable result of the use of a comparatively 
high rate of ascent during the August series was that 
most of the balloons could be followed to the bursting 

Twenty-four balloons were r ollowed with two theodolites to heights of 20 km or 
hi her. Nineteen obserrations of wind direction and 
veTocity were made to 23 km, 13 to 24 km, 4 to 25 km, and 
2 to 26 km. Durin July 1938 a still greater ascensional 

and observations of wind extended to considerably higher 
altitudes. During the latter month 15 observations of 
wind were made at  26 km and 4 a t  29 km. The highest 
altitude to which a wind observation extended was 29,540 
m., m. s. 1. The balloon released on July 13, 1938, a t  
6:24 p. m. was observed with two theodolites to burst at 
that altitude. The wind data obtained during these 
series of observations constitute a large percentage of all 
wind data available for this country for heights above 
20 km. 

It is interesting to note at  this point in connection with 
the observation of balloons at high altitudes that nearly 
all of the balloons followed with theodolites during the 
August and July series could be plainly seen with the 
naked eye a t  the bursting point. Some of the balloons 
became invisible to the unaided eye during part of the 
ascent on account of distance and low elevation angle but 
became visible again at  high levels after a decrease in the 
distance out (due to being carried back in easterly winds) 
and an increase in the elevabion angle. It was found that 
the balloons could nearly always be seen with the unaided 
eye when the elevation angle was about 25’ or higher. 
After sunset at  the ground the balloons rapidly grow 
brighter until they disappear in darkness 20 to 30 minutes 
later. A balloon cut off by darkness fades out quite 
rapidly, being completely obscured a minute or so after it 
begins to grow dim. 

Tables 4, 5, 6, and 7 show the wind directions and 
velocities observed at  the surface and each standard kilo- 
metric level during the June, November, August, and 
July series, respectively. The June and November series 
were not summarized on account of the small number of 
observations. The August and July observations, how- 
ever, were summarized and the results are shown in figure 
2 where the average wind velocities and directions have 
each been plotted against height. The average velocities 
were computed by the well-known “difference” method. 
The average directions were computed as resultants, 
giving each observed direction a weight of one, i. e., dis- 
regarding velocity. 

It will be noted that the maximum velocity occurred 
at  an altitude about 2 km lower than the mean obsemed 
height of the tropopause during August 1937. The mean 
height of the tropopause during July 1938 has not yet 
been computed but will probably be about 15 km, or 
somewhat lower than in August 1937. 

This occurrence of the maximum mean velocity at an 
altitude somewhat below the mean height of the tropo- 

found 168 miles 9 rom Omaha. Such instances are indica- 

oint with two-theodolites. 

rate was used as we g;l as larger balloons (700 g balloons) 
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pause is in agreement with the results of previous observa- country to fully substantiate the theory of their preva- 
tions. The steady increase in velocity with altitude of lence. The two observations made d m g  June 1935 at 
the easterly winds above 21 km is worthy of note since it 21, 22, and 23 km likewise show easterly winds at theae 
is a real phenomenon. That is, it is not caused by the altitudes. On the other hand, during November 1936 
frequent extension of westerly winds to altitudes in this five observations were made at 21 and 22 km, four at 23 
range with hte resultant low velocities in the region of the km, and one at 24 km. Of all these observations none 
shift from westerly to easterly and the consequent reduc- indicated easterly winds at 21 km, only one (NNE) at 
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FIOWL 2.--Mean wlndveldty (e) and d M o n  (d)  from soundingballoon observatlona at Omaha, Nebr. (aolld linea, August 1937, dashed lines, July 1938). 

tion of the mean velocities a t  the first few standard 
he' hts above 21 km. 

?he prevailing easterly wind directions observed in the 
region of 20 km and above during the August and July 
series are especially worthy of noto. Easterly winds at 
these altitudes and latitude8 have been occasionally 
observed in the past but these are the first seriesof observa- 
tione in which s d c i e n t  data have been gathered in this 

22 km and one (ESE) a t  23 km. The one observation 
a t  24 km showed a NW wind. It would be lnteresthg 
to know whether this reversal of wind direction, and of 
pressure gradient, is characteristic of the season or was 
true only during November 1936. It seems llkely that 
the effect b seasonal in that easterl winds, if they 

in summer. 
occur at all, come in at higher altitu L9 es in winter than 
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Marl- 
mum 

ltitudeof 
record 
II. 8. L. 

figure 3 shows the mean temperatures for each of the 
three (June, November, and August) series plotted 
against height. November waa the coldest of the three 
months from the surface u to 13 km and above 19 km. 

was the coldest of the 3 months. June 1935 was the 
From 14 km to 19 km incusive, P however, August 1937 

Marl. 
Date Tlmeof mum 
Aug. releaw altltudeof 
1937 BOthmer. record 

M. 8. L. 

FIQUPI 3.--Mean tamperatnre from soundlng-balloon observationa 8t Omaha, Nebr. 

warmest of the 3 months from 9 km to 20 km while 
August was the warmest from the surface to 8 km and 
above 20 km. It is very interesting to note the apparent 
seasonal trend in the mean temperatures a t  levels above 
20 km, at which levels tho temperatures, as a t  the surface 
and up to 8 km, were lowest in November and highest in 

Data 
June 
1935 

amounted to 20.7' between the -65.7' C. mean a t  16 km 
and the -45.0' C. mean a t  26 km. The November 
inversion amounted to 5.3Obetween 17 and 26 km and the 
June inversion to 7.3' between 18 and 26 km. It is gen- 
erally assumed that there is considerable error in the tem- 
peratures recorded a t  high levels on daytime flights due 
to the effect of insolation on the instrument. However, 
in this set of observations the same type of instrument was 
used throughout and the fights were all begun when the 
sun was about the same height in the sky. Hence, it 
would be expected that nearly the same insolation effect 
would be present in all three sets of means. Then, it 
would follow that all the higher level means indicate mean 
air temperatures which are higher than the true values 
but by about the same amounts, level for level. The 
insolation effect probably increases with altitude so that 
the shape of each of the three curves in figure 3 would be 
altered if the mean temperatures were corrected for inso- 
lation effect but their positions relative to each other 
would remain the same. Such a correction would reduce 
the magnitude of each of the inversions cited above and 
possibly to such an extent that the November inversion 
might be reduced to an isothermal or positive lapse rate. 

It is believed, however, that a comparatively large 
inversion would remain in the August means. The magni- 
tude and possibly even the existence of the inversion a t  
the given time, a short time before sunset, probably has an 
annual variation. Inspection of the July 1938 records 
indicates that the inversion during that month was at 
least as large as during August 1937 and that it underwent 
a diurnal variation. However, the latter records have 
not yet been computed and it is not possible a t  present to 
present conclusive evidence. 

Mad- 
Timeof mum Date Timeof 
release altitudnof Nov. release 

9Othmer. record 1936 90thmer 
M. S. L. 

TABLE I 11  TABLE^ 11  TABLE^ 

A 
( 8 )  

21,900 
18,820 

'10,440 
25,440 
as.9zo 
22,600 
22.430 
26,560 
13,390 
94,860 
7.070 

24,620 
21,640 
18,780 
22.860 

6,610 
16,040 
26,180 
a 1 . m  
24,880 
M,W 
2270 

${ 
21.180 
14,470 
24,350 
18.420 
14.460 

22,560 
25,700 

19.950 
19,820 

is.180 

(1) 

I I I  I 

---- 
m 

1 _ _ _ _ _  644p. ~6.180 
a----- 6 : ~ p .  8 14770 
3 ----- 6:m p. 22.400 
4 _ _ _ _ _  61Op. 22, i I lO 
6 _ _ _ _ _  60.5~.  ai4,oto 
6 _ _ _ _ _  6OOp. 23.080 
7 _ _ _ _ _  5:39p. 6,200 
8 _ _ _ _ _  603p. 22,130 
9 _ _ _ _ _  6:Wp. 19.570 
lo---- 6 0 0 ~ .  24030 
ll---- 6:02p. 
11 _ _ _ _  6:OSp. g.940 
13---- 657 p. 
14---- 6 6 0 ~ .  g,osO 
15 _ _ _ _  6:OZp. 24,490 
E---- 6408. 25.610 
16---- 6:57 p. 22,mNJ 
17- _ _  5:43a. 9.750 
17 _ _ _ _  6:04p. W.040 

5~458. 1 , 4 ( 0  
18 _ _ _ _  6:oop. zs,m 
19---- 6:43a. 28.660 
19 _ _ _ _  6 : ~ p .  a i . 7 ~ 1  ao---- 6468. 22.9so 

a02p. a . 7 ~  
21---- k518. 25.690 
21---- s65p. 
22--.. SMp.  
23-.-. 6:03p. 
24 _ _ _ _  669p. 24,210 
25-.-- 5:69 p. 23.870 

26 _ _ _ _  6:29p. 20,820 
27 _ _ _ _  6 M p .  21,370 

28 _ _ _ _  65oP. 23.800 
30 _ _ _ _  6600. a1.9al 
31---- M l p .  23.6WI 

26 _ _ _ _  6:02p. 2 . m  

x-. 603~. a1i.m 

729 p. 
708 p. 
656 p. 
795 p. 
701 p. 
7:04 p. 
701 p. 
0s p. 
6:46 p. 
7:Ol p. 
4:w a. 
657 p. 

6:66 p. 
6:04 a. 
6 5 0  p. 
e42 p. 
644 p. 
652 p. 
652 p. 
702 p. 
640 p. 
658 p. 
6:39 p. 
629 p. 
636 p. 
6:48 p. 
031 p. 
6:3l p. 
647 p. 
63.3 p. 
0:41 p. 
6:49 p. 

4:43 8. 

- 

* X t i a r g e  inversion indicated b the August means at 
high levels is likewise worthy o 9 note. This inversion , Reoord 061iter8ted. 

apmgngied. 

I Instrument not returned. 
a 8 Prwure Clock StoDwd. pen fanure. 
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38 
25 

13 
10 

12 
19 
36 
7 

TABLEI 4.-Wind directions and vdocities from souprdtkg-balloon observrrtiom at O m a h ,  Nebr., during June 1936 
I 

w 
N W  

7 w  
8SW 
BW n w  
NW wsw 
W 
W8W 

a9 

E 
13 
12 

16 
25 

10 
31 

w 42 
30 

SEW 16 
W8W 16 
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WBW 16 

W 14 

Nw" 11 

- ----------- 
w ad 

6 
' 7 

16 
6 
7 

12 
6 

6; 

WNW 7 
NW 12 

3 8  2 
8 11 
NW 8 
NNW 13 

3 W  7 
WNW 14 
WNW 7 

wsw e 
14 
a0 
9 
6 

14 
8 

18 
17 
I1 
10 

WNWZ3 W N W N  
NW 18 NW a0 
NW 6 W 8 
W8W 6 SEW 3 
SW 4 8SE 6 
wm20 
NW 21 
WSW 19 
WNW 19 
NW 8 

11 

wsw 21 

WNW17 
NNW 11 
NNW 37 
W 13 
W 13 
NNW 14 

W N W ~  

12 

SW n 
WNW 17 
NW 11 
NNW 41 
WNW 11 
W 16 _ _ _ _ _ _ _ _ _ _ _ _  

-- 
w a3 

ALTITUDE (KM, M. 8. L.) 

I I I I 
6 
7 
7 

12 
4 
6 
5 
6 
3 

e 

w a2 
N w 2 3  
W8W 9 
W8W 5 ssw 6 
WNW 24 
NNW 24 
WSW 21 
WNW 30 
NNW 6 

w 39 
NW 24 
WNW 8 
8W e ssw 7 
W 26 
NNW 22 wsw 24 
W ~e 30 

W 
N W  
W 
8SW 
W 
W 
NW sw 
W 
W 

8W 
8 
S 
ESE 
8 
N 
NNW 
N E  
W8W 
N E  

W8W 
WNW 
SW 
8 E  
58W 

%W 
NW 

WNW 
WNW 
W 
WBW 
8SW 
WNW 
NNW w 
W 
NNW 

~ ~~ 

W P  

NNW e 

NNW 24 wsw 21 
WNW 28 

ALTITUDE (KM, M. 8. L.) 

16 I 16 

TABL~D 5.- Wind directions and velocities from sounding-balloon observations ai Omaha, Nebr., durino November 1936 

ALTITUDE (KM, M. 8.  L.) I 
9 10 8 

NW 7 
W8W 12 
8W 16 
N 7  
N N W  4 
NW 12 
N E  8 
WSW I5 
N W  10 
W 17 
8SE 4 
6SE 8 

NW 
WNW wsw 
NW 
N N  
WNW 
NNE 
W 
NW 
WNTK 
WBW sw 

N N E  31 
WNW 22 
WNW 11 
NVE 18 
N N W  34 
W 17 
88W 6 
NW 8 

NW 21 
WNW 19 w 21 

NNW e7 

w WNW 10 19 

WNW 14 
N 12 w NNW 44 12 

W 8  
N Q  
NNW 53 
NW 27 

W 27 
WNW m 

N W B  
SW 4 
8SW 7 
NNW 4 
N 8  
N W  1 
N 4  
8W 7 
NNW 6 
BE 11 
SEE 4 
BE 6 

1 I I I I I 

ALTITUDE (KM, M. 8. L.) 
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TABLB &-Wind ditedions and velocities jrom sounding-balloon obsetvaiwns ai Omaha, Nebr., during August 1957 

1 

I 

ALTITUDE (KM, M. 8. L.) 

N W  
WNW11 
SW 6 
SW 6 
SSE 4 
SW 2 

WNW 8 
sw 

______-_-_. 
I N  4 

NW 12 
N W  6 
N E  4 
W 4 
N W  5 

NNW 6 
a N  4 

___.-_--__ 
E S E 7 S E  
N 
NE 4 
N E l E  
N E  7 
N 4 
N N W  3 

___- -___- -_  ___--___--_ __-- - -__-- -  _-______--_ _ _ _ _ _ _ _ _ _ _  
3 E  8 E  8 . . . . . . . . . . . . . . . . . . . . .  

5 N N W 2 N E  6 E N E 6 E  B E  8 
E 5 E N E  4 N E  7 E N E  9 _ _ _ _ _ _ _ _ _ _  

6 E  5 E  6 . . . . . . . . . . . . . . . . . . . . .  
E N E  7 E 6 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  
N E  8 N E  6 ESE 7 E 10 _ _ _ _ _ _ _ _ _ _  
N N E  6 N E  9 _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  

. - - - - - - - - - 
SW 9 
WSW 5 w 
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WNW 6 

sw 4 
WNW 6 

s a 
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N E  4 
WNW 9 
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6 W  6 
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wsw 4 
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ssw 4 
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NNW 2 
WSW 3 w 
S 11 
W 7 

_ _  --_ _--_. 
N 1 
ESE 2 

4 s  3 
WSW 6 
E N E  4 

1 
3 1 4  

6 6 8 10 11 12 2 

3sw 24 
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N 4  
WNW 6 
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3 s w  11 
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NNW 12 wsw 12 

SSW 15 sw 11 ssw 8 ssw 3 sw 12 
SSW 4 
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NNW 11 
N N E  6 
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SSW 10 sw 3 
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S 13 ssw 7 ssw 9 
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7 

wsw 7 w 10 w 21 
NNW 20 
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WNW 6 
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N W  18 
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NW 2 
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NNW 1 
WNW 3 
SW 14 
W 1 3  wsw 8 
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NW 11 
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wsw 2 sw ! 
ssw ; 

13 

NW 16 
iis-w- -zs 
NW 46 

SSE 16 
SSE 11 
NNE 6 
8 2  
SSE 12 
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N 6  
BSW 4 
N 7  sw 8 ssw 9 
SSE 13 s 12 sw 18 
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ESE 8 
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SSE 6 
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E N E  2 
SE 7 
SSE 9 
SSE 11 
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NW 14 w 11 
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WNW a1 
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SW 6 
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N W  8 
NNW 16 
NNW 6 
WNW 6 
NNW 16 
NW 7 
WNW 18 
NNW 16 
WNW 6 
WSW 6 wsw 7 
N E  6 
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N W  6 msw 7 
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N 13 
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N 8  
E 7  
€ 4 .  3 
8 1  
NW 10 
N 7  
WNW 2 w 1  
SW 6 sw 3 
8 3  

NW 6 wsw 12 
WYW NNW 31 14 

NW 26 
NW 20 
WNW 14 
w 2 0  
NW 22 
WNW 19 
NW 10 
WSN 6 
w 9  
NNE 1 
NNE 4 
WNW 12 
WSW 14 
WSW 24 wsw 28 
NW NNW 11 8 

WNW 8 
NW 3 
WNW 5 
W 17 
N W  28 
NNW 17 

sw 8 
SSE 2 
8 6  

wsw a 

w 7  
WSW 13 
WSW 31 
NNW 18 
NW NW 34 21 

WNW 22 
w 2 9  
N W  21 
WNW 23 
N W  13 wsw 8 
WNW N N E  10 2 

ESE 3 
W 13 
WSW 20 
SW 24 sw 24 wsw 15 
WNW 11 
WNW 9 
WNW 4 
WNW 13 

WNW 2€ 
N W  1 7  w 11 

SE 3 

WNW ia  

SN m 
s a  

w 10 
WNW 9 
WNW 11 
NNW 13 
NNW 16 
NW 4 
NNW 13 
NW 10 
WNW 17 
NW 17 
NW 7 
WNW 6 
NW 2 
W l  
NNE 6 
N 6  wsw 7 
NW 1 
WNW 6 
NNW 5 
NNW 9 
E N E  8 
NW 3 
E l  
NW 8 
N 6  
NW 3 sw 3 ssw 7 
W 6  wsw 2 

w 11 
W 6  
W 17 
NNW 17 
NNW 14 
NNW 8 
NNW 8 
NW 6 
NW 21 
NW 19 
NNW 14 
W 6  
WNW 2 
E 2  
E 2  
NNW 3 wsw 8 wsw 7 
WNW 7 
NNW 6 

NNW 4 
NNW 6 w 1  
N W  12 
NNW Q 

ssw 1 ssw 7 sw 4 
8 4  

NNW a 

NNW a 

w 10 
WSW 14 
WSW 30 
NW 22 

NW 29 
WNW 26 w 35 
NNW 23 
WNW 26 
NW 14 w 8 w 10 

SSE 2 
WSTV WSW 21 1 7  

sw 21 sw 34 w 2: 
IV 12 
N W  12 
NW 1 2  
N W  WNW 1f 1€ 

WNW 2: 
N W  24 
WNW 1: wsw : 
SE t 
SSE 5 

-. - - - - - - - 

NNE e 

. -. . - _-_ - -. 
N W  24 
WNW 26 
W NNW 36 24 

W 29 
NNW 16 
W S R  11 
w 7  
N E  4 ssw 4 wsw 18 

SW 23 
WSW 31 
w m  

. - - - - -- - - -. 

WNW-G 
WNW 20 
w 33 
NNW 29 
WNW 34 
NW 18 wsw 12 
NW 4 
NW 5 
SW 6 
WSW 17 

I .. 
N 16 
WNW 2 
NW 16 
NW 14 
w 1  wsw 7 
SSW 16 wsw 4 
WSW 4 
N W  6 

SE 6 
NNW 16 
NNW 12 
N d  

sw a - - - - -. wsw 20 
WSW 27 wsw 34 
w 2 8  
W 16 
NW 23 
N W  16 
WNW 18 
NW 23 
N W  24 
WNW 11 
WSW 6 
6 8 w  6 
WNW 2 

w 2 a  
WNW 10 
WW 23 
N W  17 
WNW 17 
WNW 27 
N W  21 
WNW 11 wsw 6 
ESE 3 
8 4  

_. 
ESE a 
ssw a 
SSE 7 

N W  4 
NW Q sw 1 
SW IC wsw e sw I ssw 4 

Date 1- 
Surface 

ALTITUDE (KM, M. 8. L.) 

14 15 1 16 18 I 19 21 I 22 23 I 2 4  I 2 6  1 2 6  m 17 

BE 7 

w 7  
N 8  

ssw 7 
SW 6 

WNW 10 
WNW 10 
NNE 1 
N W  4 
8 6  wsw 9 
WNW 5 
WNW 7 

WNW 4 wsw 8 wsw 16 
W 8  
WNW 9 
W 2  
WNW 7 
WNW 7 wsw 7 
NNW 3 ssw 4 ssw 12 

wsw 4 

- - - - - - -_ - . 
- - - - - - - -. 

- - - - - -_ - 

wsw a 

SE 61SSE 7 E 6  

NE 4 

ESE 6 
E 7  

ESE 2 
NW 9 
NNE 4 
BE 3 
NNW 2 
SSE 4 
SE 3 
N W  3 

sw 10 ssw 7 
w 5  
NNW 4 
NW 3 
WNW 4 
w 4  
N E  4 

N E  5 
E 4  
SSE 7 
E N E  3 
ESE 1 

E-N-E- -_ 
- - - - - - - - - . 

- - - - _- -. 

_._ 

. _ _  - _-_- - -. 

- - - - - - - - -. 
WNW 17 w 18 w 22 
NW 20 
NW 23 
NW 13 wsw 12 
W 6  sw 4 
W 6  w 11 

__-------- ___-_--___. 
N W  11 W 6 
N W  17 WNW18 
WNW10 N W  17 
WSW 11 w 11 
WSW 9 WSW 6 
W 6 WSW 7 wsw 5 w 6 
WSW 6 WNW11 

Sw----i's 
WSW 25 
WSW 30 w 20 w 18 
WNW 17 
WNW Id 
WNW 17 
WNW 18 
N W  16 
WNW a 
8W 7 wsw a 
8SE 3 

. -. - - - _ _  - - . -. - - - - - - - . sw 7 w  8 
WSW 20 wsw 7 
W 26 W 16 
w 18 w 11 
WNW16 WNW13 
W 11 W 14 
WNW12 WNW12 
N W  11 WNW13 
WNW23 N W  13 
N W  21 N W  11 
N W  6 WNW 7 
SSW 6 8SW 8 
SEW 11 sw 12 sw 8 wsw 10 

E 
SSE 
ESE 
E 
8 E  
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TABLE 7.- Wind direction8 and velocities from sounding-balloon ob8crvdions at Omaha, Nebr., during July 19% 

WSW 10 wsw 5 
WSW 6 
SW 8 w 17 
NNW 18 
WNW16 
N W  13 
W 6 
WNW10 
NW 16 
N W  14 
W 9 
NNW 8 
WNW 8 
N W  13 
N W  16 
WNW21 
N W  15 
N W  9 
w 9 
WNW11 
WNW16 
N N W 1 9  
N N W 1 6  

wsw wsw 
W 
WSW wsw 
NNW 
WNW 
N W  
W 
W 
N W  
N W  
WNW 
N W  
WNW 
N W  
WNW 
WNW 
h'W 
N W  wsw 
W 
WNW 
N W  
NNW 

4 
4 SW 17 
3 WNW 7 
6 WNW13 
2 N W  14 
3 N W  8 
4 N W  13 
8 N W  21 
4 N W  23 
4 WNW18 
4 N W  11 
2 W 24 
6 WNW14 
3 WNW24 

- - - --- - - - -. 

14 
6 

12 
14 
2s 
22 

17 

12 
19 
12 
11 
9 

13 
14 
15 
24 
19 
8 
9 

12 
18 
13 
21 

18 

4 
4 WNW19 
7 WNW16 
6 W 10 
6 W  7 
2 WNW20 
7 N W  23 
2 w 10 

- - - - - - - - - . 

WSW 17 
WSW 10 
S W (  14 
SW 17 
SW" 34 
N N W  21 

N W  21 
9 w  7 

WSW 14 
WNW 17 
WNW 14 
WNW 12 
R N W  11 
WNW 17 
N W  14 
W 19 
WNW 19 
NW 19 
NNW 6 
WSW 10 
WNW 18 w 21 
N W  12 
N N W  28 

W N W ~  

1 _ _ _ _ _ _ _ _ _  
3 _ _ _ _ _ _ _ _ _  
4 ______-_-  
6 _ _ _ _ _ _ _ _ _  
7--------- 
EL-------- 
9 _ _ _ _ _ _ _ _ _  
10 _ _ _ _ _ _ _ _ E  
11 _ _ _ _ _ _ _ _  
12 _ _ _ _ _ _ _ _  
13 _ _ _ _ _ _ _ _  
14 _ _ _ _ _ _ _ _  
16 _ _ _ _ _ _ _ _  
17 _ _ _ _ _ _ _ _  
18 _ _ _ _ _ _ _ _  
19 _ _ _ _ _ _ _ _  
S-------- 
21 _ _ _ _ _ _ _ _ E  
22 _ _ _ _ _ _ _ _  
23 _ _ _ _ _ _ _ _  
24 _ _ _ _ _ _ _ _  
26-------- 

30-------- 
31 _ _ _ _ _ _ _ _  
n-------- 

ALTITUDE (KM, M. 8. L.) 

E 6 S E  12 
BE 6 SSE 9 s 4 s  10 
S 4 8  12 w 4 wsw 4 
NW 3 WNW 3 
S 6 8  12 

2 E  2 
S 3 SW 8 
s 4 sw 10 
N 8 N 10 
N 4 N  6 
S E  4 SSW 5 
E 4 E N E  6 
S 2 SSW 3 
N 6 N  7 
N E  3 E N E  4 

4 W  4 
N 4 N W  6 
S E  7 8 11 
S 6 8%' 12 
N 6 E N E  4 

N 7 N N W  7 
S E  2 N N W  4 

N a NNW 3 

4 
- 
wsw wsw ssw 
W wsw 
N W  
WNW 
WNW sw 
N W  
N W  
NNW 
N W  
N 
WSW 
N W  
N W  
WNW 
NNW 
WNW 
WNW wsw 
N W  
N N W  
N N W  

SSE 10 saw 9 
s 9 
S 
W 
WNW 8 
SW 16 
SSW 6 sw 9 sw 9 

N W  8 
WSW 6 
N N E  9 sw 
N 
N N E  4 
WNW 11 
N W  9 sw 9 
SW 10 
WSW 6 
N W  9 
N N W  9 
N 

NW 13 

----- I - ; - - I  ~ e 
SSW 4 
BW 3 
SSW 7 

8 9  3 
8 W  10 

N W  13 
W 14 
W 3 wsw 9 w 10 

N N W  9 
NW 6 
N N E  11 

2 s  2 
6 N W  8 

N N W  6 
WNW 17 
NW 11 
WSW 10 
WNW 8 
SW 6 
N N W  12 
N N W  11 

9 N  11 

NW 20 

6 W 10 
4 SW 6 
4 SSW 4 
3 wsw (I 

I4 WSW 16 
12 N W  13 
12 N W  9 
7 WNW11 
8 W  
7 N  

21 N W  17 
11 N N W  16 
7 N W  8 
8 N N E  6 
4 W 4 

12 N W  8 
10 N W  12 
20 WNW12 
15 N W  18 
8 N W  7 
8 WNW 8 

11 WSW 11 
15 N W  11 
14 N N W  '22 
16 NNW 18 

16 I 17 I 18 

W 10 
WSW 4 
SSW 6 sw 11 
W 16 
N W  18 
NU' 15 
N W  13 

5 W  4 
6 N W  7 

N W  16 
N W  13 
N W  10 
N N W  6 
WhTW 6 
NNW 11 
NW 12 
WNW 9 
N W  16 
WNW 6 
W 4 
W 8 
N W  16 
NNW 21 
N N W  14 

2 

23 
18 
18 
21 
44 
23 
26 
25 
10 
17 
12 
20 
15 
13 
18 
20 
24 

-_-__-_-__ _ _ _ _ _ _ _ _ _ _ -  _-_-__-_. 
SW 10 WSW 6 S 
WNW 6 WNW 3 N 
N W  10 N N W  4 N N E  
N W  9 N E  2 E N E  
SSW 3 N 4 N E  
WNW 8 N W  7 N E  
WNW 6 N W  10 SE 
N W  13 N W  7 N N W  
N W  16 WNW10 WNW 
WNW 8 N W  7 N N W  
W N W l 2  WNW11 N W  
W 12 N W  9 W 
WNW13 WSW 10 WNW 

WSW 29 WSW 30 sw 22 SW 7.3 
SW 26 SW 19 
SW 26 SW 28 
SW 46 SW 32 
WNW 19 WNW 21 
WNW 22 WNW 17 
W 30 W 30 
W N W  13 W 13 
WNW 21 W 18 
WNW 15 W 15 
WNW22 N W  25 
WNW 16 WNW 20 
WNW 14 NW 16 
WNW 23 WNW 23 
W 29 WNW 25 
W 26 W 29 

.-. 
8 
6 
1 
1 
2 
6 
6 
3 
7 
6 
6 
3 
4 

. - - _ _  - - -- - - 
WNW22 
NNW 8 
WNW 9 
W 16 w 
N W  18 
N N W  39 

N W  
NT% 
W 
W 
W 
N E  
N W  

- - - - - 
WNW 
N W  
WNW 
'R'NW 

N W  
N N W  

2 8 w  

.____ _ _ _ _ _ _ _ _ _ _ _  
12 WNW 6 WNW 7 
10 N W  7 WNW 4 
7 N W  R N N E  2 

11 WNW 8 SSW 2 
21 W N W l 2  NNW 1 
7 N W  7 E 7 

11 WNW 8 W 4 

. - - - 
26 

16 
22 
24 
17 
35 

io 
- - - - - - -. 
WNW 30 

WNW 18 
WNW 19 
W 24 
N W  16 
NNW 27 

WNW 18 

ESE 6 
E 9  
E 

ESE 6 
E N E  6 
E 
E 12 

_ _ _ _ _ _ _ _ _  

ALTITUDE (KM, M. 8. L.) 

E N E  6 E 9 

8 E  1 2 E  12 

E 7 E 10 
E N E  0 E N E 1 1  

9 E  1 4 E  12 
ESE 7 E 8 

_------_-- 

18 I !m 

_ _ _ _ _ _ _ _ _  
E 12 
E N E 6 E  
N E  
N E  6 
E N E  12 
N E  7 
E N E  7 
E 10 

E N E  9 E 10 
ESE 9 E N E  4 
E 4 E  7 

_--------- 
E N E  6 E 12 

8 E  9 
7 E  8 E  8 

E 7 E N E  9 _ _ _ _ _ _ _ _ _ _  
E 13 E 12 
E 10 E 10 
E N E  11 E 12 

------ 
N E  2 E N E  3 
N E  7 E N E  6 
N E  3 ESE 7 
E 6 E  3 
E N E  8 E N E  7 
SE 6 N E  6 
N N W  10 E N E  8 
N E  6 WSW 6 
N N E  4 N E  7 
WNW 4 N N E  6 
E ' 2 E N E  4 
N E  3 E N E  3 
W 6 N W  5 _ _ _ _ _ _ _ _ _  

E 8 
ESE 7 
E 

N E  10 
____.____ 
E N E  7 

_ _ _ _ _ _ _ _ _  

__---- 
N N E  4 E 4 
N N E  3 E 4 
E N E  4 E 6 
E N E  1 E 3 
N N E  1 E 2 

_-----__--  
E N E 1 0  E 12 
E N E  8 E 12 

6 E  1 0 E  10 

;ENE 13 E 16 _ _ _ _ _ _ _ _ _ _  N N E  13 
E 10 E 11 

_-__--__--  

21 

ESE 6 
E 4  
E N E  10 

E 6  
E N E  7 
E 7  
E N E  7 

E N E  9 
E 6  
N N E  5 
ESE 4 
E N E  6 
E N E  6 
E 6  
N E  7 

N E  6 
E N E  6 
E 6  

N E  6 

N E  7 

---. 

. - - - - - - - -. 

. - - - _- - -. 

. - - - -- -_ - . 
- 

10 

wsw 19 
WSW 14 
8W 16 
SW 24 ssw 37 
NNW 26 
WNW 24 
WNW 24 
w 7  
W 17 
WNW 16 
WNW 17 w 12 
W 
WNW :: 
WNW 15 w 20 wsw 17 
WNW 20 
NNW 8 
SW 9 
WNW 18 
W 24 
NW 16 
N N W  37 

wsw wsw sw wsw ssw 
N W  
WNW 
W 
W 
W 
W 
WNW 
W 
WNW 
WNW 
W 
W 

14 

SW 29 sw 23 
SW 21 

sw 25 
W WNW 18 16 

WNW 22 
WNW 17 
WNW 16 
W N W I  
N W  23 
WNW22 
WNW W 14 18 

W N W %  
W 26 

N W  20 
WNW 15 
W 14 
WNW w 2 2  19 

N W  22 
N W  24 

. - - - - - _ _  _ _  

. - - - - _ _  - - - 

- 
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