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By LOYD A. STWENS 
Aerologicsl Division, U. 9. Weather Bureau, Washington, D. C., January 19371 

INTRODUCTION 

Due to the kcreasin interest of aeronautical engineem, 
meteorologists, and ogers in the possible advantage of 
hgh-altitude flyin , it is deemed appropriate to pubhh at 
thy time the res 3 ts of wind measurements made by the 
Umted States Weather Bureau during the past several 
Years for altitudes between 6 and 14 kilometers (20,000 to 
46,000 feet, approximatel ) above sea level, A summary 
of the winds in the lower Lvels over the eastern section of 
the United States was published in the MONTHLY WEATHER 
REVIEW SUPPLEMENT No. 35,, and another surnmay for 
the central and western sections of the country d be 
published in a similar manner in the near future. For the 
mformati?n of those interested in the other elements in 
the free air, reference is also made to another publication 
soon to be issued as a supplement to the MONTHLY 
WEATEER REVIEW, entitled "Summary of Aerological 
Obserqations Obtained by Means of Gtes ,  Airplanes, and 
Soudlng Balloons in the United States". Data are given 
herein for 30 stations, s h p m  in table 1, which were 
selected according to theu geographical location and 
nUmber of observations available for high altitudes. 

TABLE l.-Gst of stations showing elevation above seb level, period 
O f  record, and number of dailg observations 
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Since the data are rather meager for these altitudes at 
most stations, the summarized results for each level are 
shown only for the four seasons and for the gear as a 

whole. SuFar i zed  data are not shown for any season 
or level havmg less than 15 observations. This min;mt,lm 
numbor is beheved to be too small, ljl. most casest to Gve 
true seasonal averages but was decided upon m order 
that, for thfs purpose of comparison, the graphical repre- 
sentation mgh t  be as complete as possible and the tabular 
matter reduced to a minimum. Data for seasons havlng 
less than 15 observations are showneb tabular form, each 
individud wind observation being hsted separately. 

TABLE 2.-Tabulation of individual wind observations by seasons fqr 
leaels having less than 16 observations and not shown graphically zn 
the accompanying charts. Velocities in meters per second 
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TABLE 2.-Tabulation of individual wind observations by seasons for 
levels having less than 16 observations and not shown graphically in  
the accompanying charts. Velocities in meters per s e c o n d 4 o n t d .  

BBOWNBVILLE, TEX. 

10 km 8km 10 km 12 km 

Dir. Vel. Dir. Vel. Dir. Vel. 

Spring _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NW. 28 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NNW. 17 

Autumn _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _____.____ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Do------------ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
Do------------ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _______-__ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ____._ 
Do------------ _ _ _ _ _ _ _ _ _ _  ------,---------- _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  
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TABLE 2.-Tabulation o j  individual wind observations by seaqons for 
la& having less than 16 observations and not shown graphacally an 
the‘accompanying charts. Velo&ies in meters per second-contd. 

EYANBVILLE, 1ND. 

Season 

Winter _ _ _ _ _ _ _ _ _ _ _ _  
Do----.-..--.. 
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do --...-..--.- 
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do ----.----... 

Spring. - - _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  

Autumn. _ _ _ _  _ _  
Do _ _ _ _ _ _  _ _ _ _ _ _  
Do. _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _  _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  

___----_- 
N. 
NE. ssw. sw. wsw. 
W. 

Dir. Vel. Dir. --- 
_ _ _ _ _ _ _ _ _ _  -_____ NE. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  WNW. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  WNW. ____._____ _ _ _ _ _ _  WNW. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NW. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NW. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NNW. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  __.-- _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ -  -- _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ c _ - -  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ - -  ~ _ _ _ _ _ _  _ _  _ _  _ _ _ _ _  - _ _ _ _ _ _  __. _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _--  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ________. _ _ _ _ _ _  _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _  _-. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _  ~ 

- _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _  _ _  __. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ________. 
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OROEBBECK, TEX. 

TABLB 2.--Tabulalion of individual wind observations by  seaaons jor  
levels having less than 16 observations and not shown graphically i n  
the accompanging charta. Velocities i n  meters per second-Contd. 
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TABLE 2.-Tabulation of individual wind observations by seasons for 
levels having lass than 16 obpervations and not shown graphzcally i n  
the accompanying charts. Velocities i n  meters per second-Contd. 

MADISON, WIS. 

XODENA, UTAH 

TABLE 2.-Tabulafion of individual wind observations by seasons for 
levels having less than 16 observations and not shown graphically i n  
the accompanying charts. Velocities i n  meters per second-Contd. 

NEW OBLEANI, LA. 

OMAHA, NEBB. 

Dlr. I Vel. 
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TABLm 2.-Tabulation of individual wind observations by seasons for 
levels having less than 16 observations and not shown graphically in 
the accompanying charts. Velocities in  meters per second-Contd. 

Winter _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ESE. 
22 6 NW. WNW. Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  9. 
19 _ _ _ _ _ _ _ _ _ _  Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  W. 
16 _ _ _ _ _ _ _ _ _ _  Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NW. 

Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ____._ NW. 22 ________-_ 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ____._ NNW. 29 _ _ _ _ _ _ _ _ _ _  
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NNW. 13 _ _ _ _ _ _ _ _ _ _  

Spring _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  ENE. 
Do _ _ _ _ _ _ _ _ _ _ _ _  _____.____ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  SSE. 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  SSW. 
Do -__________-  --_--_-___ _ _ _ _ - _  _ _ _ _ _ _ _ _ _ _  ____.- ---_-_---- ----- - w. 

Summer _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ____._ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  NNE. 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  -___ --' NE. 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  NW. 

Autumn _.________ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  ____._ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  SSW. 
Do _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  WNW. 
Do.-------.-.. _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  WNW. 

 TABLE^ 2.-Tabulation of individual wind observations by seasons f?r 
levels having less than 16 observations and not shown graphically zn 
the accompanying charts. Velocities in  meters per second-Contd. 
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As for the reliability of these data, it should be pointed 
out here that most of the observations were based on the 
single theodolite method, wherein the ascensional rate of 
the balloon is assumed rather than measured; also, that 
pilot-balloon observations we not made when precipita- 
tion is falling or low clouds prevail. It is essential, fur- 
thermore, that relatively low velocities prevail in the lower 
levels in order that observations may reach the high levels, 
for high velocities in the lower levels cause the balloons to 
be carried out a t  such low angles that they are usually lost 
from sight before reaching great heights. In  general, how- 
ever, it is believed that these data are quite representative 

r of average wind conditions, especially for the first thrte 
levels of 6, 8, and 10 kilometers, corresponding appro=- 
mately to 30,000, 26,000, and 33,000 feet, respectively. 
For the higher levels, also, certain stations have sufficient 
data to show fair1 reliable averages. Wind directions 

the wind blows. All velocities are given in meters per 
second, with the English measure equivalents indicated 
where appropriate. 

This summary  consists of (1) wind roses, (2) resultant 
winds, (3) average velocities, (4) frequency of high veloci- 
ties, and ( 5 )  extreme velocities. Wind roses and result- 
ant winds are given in graphical form on the accompanying 
charts. 

referred to herein a r ways indicate the directionfrom which 

WIND ROSES 

In figures 1-23, wind roses are shown for each of the 5 
levels 6, 8, 10, 12, and 14 kilometers for the four seasons 
and for the year, insofar as sufficient data are available. 
It will be noted that, for the year as a whole, the prevailing 
directions are, for the most part, between WSW. and NW. 
a t  all levels, although there is an apparent shift to N. or 
NE. in the higher levels over the southeastern part of the 
country. The latter is probably due to the fact that most 
of the observations reaching these levels at these stations 
were made during the summer and autumn months when, 
in general, easterly directions are more prevalent. The 
greatest variation from the yearly average occurs during 
the summer season when the northward movement of the 
belt of northeast trade winds causes a decided increase in 
the frequency of easterly winds and a marked decrease in 
velocities south of about latitude 35'. There is also greater 
variation in direction at all stations during this season. In 
general, the average velocities are highest from the pre- 
vailing directions and higher in winter than in summer; 
the difference in velocities between winter and summer 
being greatest in the more southern latitudes. For the 
year as a whole, there is an increase in velocity with height 
up to a level varying from about 14 kilometers over the 
extreme south portion of the country to about 10 kilome- 
ters over the extreme north portion. This limiting level- 
above which, on the average, velocities do not increase- 
corresponds closely to the average height of the tropo- 

ause over these latitudes. During the winter season, 
gowever, when the tropopause is lowest, the increase in 
velocity does not extend even to the 8-kilometer level over 
the northern part of the Rocky Mountain and western 
Plateau regions. This may be due to the fact that bal- 
loons are more likely to be observed to high levels, during 
this season, when relatively low velocities prevail a t  all 
levels; or, it may be due to the fact that this region lies 
in the path of frequent outbreaks of polar air masses from 
western Canada, which tiring with them the characteristic 
conditions (including a low tropopause) of the more north- 
ern latitudes. In  general, also, there is an increase in 
velocity with latitude. This is more pronounced in sum- 

6 

mer than in winter and more pronounced a t  6 kilometers 
than a t  higher levels, becommg less a t  each successive 
level above 6 kilometers. During the winter season, 
however, highest velocities appear to occur over the east- 
central art of the count a t  all levels. 

winds from all directions are combrned into four figures 
showing the total frequency from each of the four cardinal 
directions. In  arrivmg a t  these figures, the total fre- 
quencies of winds from NNW., N., and NNE., and ji 
(NW. plus NE.) were grouped as N.; the total frequencies 
of ENE., E., ESE., and (NE. plus SE.) were grouped as 
E., the total frequencies of SSE., S., SSW., and % (SE. 
plus SW.) were grouped as S., and the total frequencies of 
WSW., X., WNW., and 3 (SW. plus NW.) were grouped 
as W. 
TABLB 3.-Annual percentage frequency of wind directions from 

each of the 4 quadrants: North winds include NNW.,  N.,  NNE. 
and % ( N W . + N E . ) ;  east winds indude ENE.,  E. ESE.,  an3 
3 (NE.+SE. ) ;  south winds include SSE., S., SkW.,  and 5 
(SE.+SW.), and west winds include WSW. ,  W., W N W . ,  and 
?4 (SW.+NW.)  

In  ta % le 3 the annua 7 percentage frequencies of the 

AXARILLO, TEX. 
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ELLENDALE, N. DAX. 
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19.9 14.8 7.7 11.9 11.9 
18.4 15.8 9.2 13.4 12.4 
20.3 15.7 10.7 14.7 13.3 
23.8 10.1 11.6 16.4 14. 2 

(1) (1) 10.9 14.8 13.6 

From an examination of the table it will be noted that, 
for the year as a whole, westerly winds predominate at all 
stations and all levels except Jacksonvdle at  the 12- and 
14-kilometer levels, Key West at  the 14-kilometer level, 
and Madison at the 10-kilometer level, where northerly 
winds prevail. Northerly winds are next in frequency, 
except as noted above, with southerly winds next, and 
easterly winds least frequent except at the southernmost 
stations of Due West, Jacksonville, Key West, New 
Orleans, Groesbeck, and Brownsville, where easterly 
winds are more frequent than southerly winds. 

The table also shows that, on the average, between 70 
and 80 percgnt of the winds at pll lwels and for all stations 
are from the north and west quadrants. It appears, also, 
that the annual percentage frequency of westerly winds 
reaches a maximum at 5 or 6 kilometers, except over the 
extreme south, southwest, and Pacific coast regions, where 
the frequency of westerly winds increases up to 8 kilo- 
meters at most stations and up to 10 or 12 kilometers at 
others. 

REGULTANT WINDS 

Resultant winds, based on the same records used in com- 
puting the wind roses, are shown graphically in figures 24 
to 28, inclusive. In computing these data each individual 
wind observation is handled as a vector, and in arriving 
a t  the h a 1  results these vectors are combined into a single 
vector, or value, representing tho resultant or mass move- 
ment of the air. For example, a north wind of 12 meters 
per second, when combined with a south wind of 8 meters 
per second, will give a resultant wind of north 4 meters per 
second, which is the mass movement of air as measured 
b these two observations. Resultants are of most value, 
o course, when based on a large number of fre uent 
observations. They can be used to advantage for ong- 
time planning of air-line schedules and in the study of the 
general circulation of the atmosphere. 

It will be noted that, for the year as a whole, there is 
remarkably close agreement in both the direction and 
velocity of the resultant winds between levels and between 
adjoining stations. With a very few exceptions, the an- 
nual resultant directions fall between W. and NW. at all 
stations and at all levels. The exceptions are: NNW. at 
Madison and N.  a t  Jacksonville a t  12 kilometers, and 
NNW. at Greensboro and Royal Center and NNE.  a t  
Jacksonville at 14 kilometers. The resultant velocities 
for the year, as a whole, average about 10 meters per 
second for the northern part of the country, decreasmg to 
about 6 meters per second over the extreme sputhern part. 
For the individual seasons the greatest variations from the 
ftnnual values occur during the winter and summer. Dur- 
mg the winter season there is a marked increase in result- 
ant velocities a t  most stations, especially over the eastern 
part of the country where the average is approxunately 16 
meters per second a t  6 and 8 kilometers. Above 8 kil- 
ometers there is a decrease in velocity over the northern 
part of the country, but a continued increase up to the 
14-Idlometer level over the extreme southern part. The 
former is apparently due to the fact that the base of the 
stratosphere is reached a t  8 or 9 kilometers over that part 
of the country during this season, above which a decrease 
in mass air movement is to be expected. As the tropo- 
pause slopes upward rahher steeply from north to south 
during this season (reaching a level of about 15 kilometers 
at latitude 25" north), it is also to be expected that the 
average air movement should increase in velocity up to 
the 14-Mometer level over the southern portion of the 
county. During the summer season lighter resultant 
velocities prevail over all sections and at all levels, except 

P 7 

- 
12.4 11.6 6.9 7.7 "! 
16.8 15.4 7.1 9.9 $ 9  

(1 (1 9.6 9. 7 16.4 
lFi? # (I) . 

a t  the lower levels over the northern Rocky Mount& 
region where they are generally greater than during the 
winter season. This is apparently due to the fact that the 
tropopause is considerably higher over this region in sum- 
mer than in winter. The mcrease in velocity, conse- 
quently extends to higher levels during the summer sew 
son. The resultant directions, during the summer seasop! 
shift to SW. or WSW. over the western Rocky M o u n t 0  
and Pacific coast regions and to N. or NE.  over the south0 
eastern part of the country. This circulation indicate8 
the existence of a high-level anticyclone, located appro? 
mately over the State of Texas. The existence of tm 
anticyclonic circulation at high level was brought out in @a 
article published by Thomas R. Reed, of the San Frm' 
cisco, Calif., Weather Bureau office.' The statemoot 
made by him in that article, to the effect that there were 
indications of this anticyclone extending up to the trope. 
pause, is verified by the present study. It is interestlag 
to note that Shaw also shows a center of high pressure at 
about the same location in his computed normal-pressure 
map for 8 lulometers for the month of July. 

EL PASO, TEX. 

AVERAGE 'VELOCITIES 

In table 4 average velocities are shown for each station 
by levels and seasons. These values are obtained without 
regard to wind direction by dividing the velocity total? for 
all directions by the corresponding number of o b s e r v a t ~ ~ ~ ~ '  
TABLE 4.-Average velocities i n  meters per second (obtained by 

dividing tolal velocity of all directions by total number o j  observalWns)' 
One meter per second i s  equivalent to 23.4 miles per hour 

EVANSVILLE, Im' -4 (1) 8.8 9 9  ge6 
(I) 10.0 012 1;' {S Itit {J $1 ('1 

Altitude 
(meters) 

6.000 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
14,000 _ _ _ _ _ _ _ _ _ _ _ _ _ _  

BOIBE, IDAHO AMARILLO, TEX. 1) 
_I 

17.6 10.7 7.3 12.4 10.8 12.3 12.3 14.7 12.8 ft: 16.4 11.6 6.9 10.6 9.9 13.1 1 2 1  13.3 1 2 2  
15.8 12.2 13,; 8.6 13.2 11.0 10.4 10.0 16.2 13.8 

BROXEN ARROW, OHLA. 11 BROWNSVILLE, ?EX. ~ 

BURLIIQTON, VT. 

I l l  
16. 1 13.3 13.0 12.4 

DUE WEST, 8. C. 

I , ,  

20.3 13.4 7. 7 11.2 
20.9 11.7 8.4 11.8 
20.0 11.4 8.Q 13.0 

(1) 11.6 9.4 14.7 
(9 (9 8.4 0) 

I Less than 16 obsewotions. . ld 
f lOUP" 

I Reed Thomas R. The North American IHigh-Level AnticycloDw 

2 Sir Napier 6&w, Manual of Meteorology, vol. 11, fig. 107, p. 262. 
Weethe;Revlew November 1933, pp. 321-326. 
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12.8 10.7 7.4 10.0 9.9 
12.8 11.7 9.4 11.0 11.1 
14.4 10.2 11.6 11.4 11.7 

1 $1 {;I 12.6 11.2 11.4 
(9 (9 (9 

I i PEMPEu,  TBNN. 

17.8 1 4 7  6.2 
18.1 16.8 7.1 
20.4 16.7 8.6 
26.2 13.1 9.4 

(1) (1) 9.4 

10.2 10.7 
1 2 1  11.2 
14.2 12.0 
10.6 12.8 
1% 3 13.0 

20.6 11.6 8.9 10.1 10.6 
13.2 10.0 10.6 11.1 
14.0 11.8 12.0 1 2 6  
16.0 12.6 13.7 13.7 
(1) 16.0 (1) 14.9 

11.1 
12.4 
11.6 
16.1 

(1) 

6.7 8.8 8.6 
7.0 10.8 9.6 
9 .2  14.3 10.7 

10.7 1 2 8  11.6 
11.6 (1) 1 2 3  

13.3 
1 2 2  
11.4 

$1 
13.7 16.1 14.6 
13.1 14.4 12.4 
12.6 16.1 12.3 

(1) 13.3 12.6 
(9 (9 (9 

13.2 
12.6 
1 2 8  

10.9 13.7 12.9 
12.6 13.8 13.1 
13.3 10.2 14.1 

10.6 10.0 
14.0 13.8 
15.8 14.8 
19.6 16.6 

(1) (1) 

6.1 6.6 
6.0 9 . 2  
8.7 11.4 
9 .3  12.9 

10.2 10.7 

15.6 13.2 12.0 
17.2 14.7 14.3 

14.4 13.0 16.9 
17.4 16.1 16.2 

(9 (9 (9 

12.2 13.1 
1 2 8  14.4 

12.9 14.2 
13.7 16.6 

(9 13.3 

In  general, it will be noted that the v+ation of average 
velocity with hei@ and with latitude 1s approxizflately 
the same as previously pointed out 111 the ec.us1on of 
wind roses and resultants. The annual panatlons with 
latitude from south to north are approxmately 8 to 45 
meters per second at 6 kilometers, 10 to 16 meters per 
second at 8 kilometers, 11 to 16 meters per second a t  
10 kilometers, and 13 to 15 meters per second at  12 
kilometers. A t  14 kilometers there are hardly enough 
data available to indicate accurately the latitudinal trend 
at that level. During the winter season? however, there 
appears to be no regular change in velocity with latitude 
but rather a concentration of high velocities over the area 
between 35' to 40° north latitude and. 80' to 90' west 
longitude, the average being 21 or 22 meters per second 
at 8 kilometers. Above 8 kilometers the number of 
observations available are not sufficient to locate this area 
accurately, but it appears to shift toward the southwpt 
with altitude, the average velocity at 12 kilometers bemg 
25.2 meters per second at  Groesbeck and 23.8 meters per 
second at Broken Arrow. This season is also character- 
ized by decreasing average velocity With height over the 
northern part of the Rocky Mountain and Western 
Plateau regions, as previously pointed out. This is shown 
by the records for Ellendale, Havre, Boise, Sheridan, and 
Cheyenne, the combined averages for the five stations 
being 14.4, 13.1, and 11.9 meters per second for 6, 8, and 
10 kilometers, respectively. Except over the region just 
mentioned, highest average velocities occur durlng the 
winter season and lowest during the summer season, the sea- 
sonal range being greatest over the more southern latitudes. 

It is interesting. to note in this connection that the 
average wind velocities obtained herein and their variation 
with height and latitude agree closely with the computed 
wind speeds presented in "Physikalische Hydrodynamik 
Mit Anwendung Auf Die Dynamische Meteorologic"? 

GROEEBECXt TEX. OBEENBBOBO, N. C, 

, 1 1 1  

EAVRE, YONT. 

I l l  
- 
14.6 
13.4 
13.4 
12,o 
(9 - 
- 

7.7 
9.9 

11.6 
1 2 8  
11.2 - 

16.2 
16.8 p\ - I . .  

LANBINO, YICB. KEY WEBT, FLA. 

20.0 

I 
YADIBON, WI& LO5 ANOELEB, CALIF. 

17.8 13.8 11.3 14.9 13.4 
19.6 14.9 11.8 17.6 14.6 

1 2 4  14.0 13.3 

YODENA, UTAH. 

13.9 12.8, 9.2 11.6 11.6 
14.1 13.0 12.6 13.6 13.3 
16.4 12.0, 16.0 14.1 14.2 

FREQUENCY OF HIGH VELOCITIEG 
I I I I  

NEW ORLEANS, LA. I The perceu tage frequencies of high velocities between 
22 and 27 meters per second (49-60 miles per hour), 
28-36 meters per second (61-30 miles per hour), and over 
36 meters per second (80 miles per hour), together With 
the highest velocities on record, are shown in consldernble 
detail in table 5 for 6, 8, and 10 kilometers. 

It will be seen that high velocities occur most frequently 
with westerly winds. Over the western Rocky Mountain 
and Pacific coast regions, however, they also occur con- 
sistently with directions between N. and E., especially dur- 
ing the winter season. This is probably due to outflowing 
air from deep, high-pressure areas which move down from 
western Canada southward dong the eastward slope of the 
Rocky Mountains. In general, there is a decided seasonal 
variation in the frequoncy of high velocities at  these 
levels, the maximum occurring durmg the winter season 
and the minimum during ths summer season. Over the 
north portion of the Rocky Mountains, however, the 
reverse is true, as in the case of average velocitlef pre- 
viously discussed. Most stations show an increase III the 
frequenc of highvelocities between the 6- and 10-lriiometer 
levels. $his is more pronounced in summer than in winter. 

In  table 6 the total (all directions combined) mnpd  
percentage frequencies of high velocities are shorn "th 
the stations grouped according to geograpGca1 Iocatlon. 
Mean values are also given for each of the three 
stations. The mean values were computed lorn the 
original data and are not, therefore, averages of the 
columns under which they appear. 

f*roups Of 

16.6 12.2 9.9 12.7 11.7 
16.4 13.9 11.8 1 2 7  12.7 
16.6 16.1 12.8 13.9 13.7 

10.0 10.1 16.2 [i] 18 17.4 (9 17.8 

I PORTLAND, OREO. 

I ROYAL CENTER, iND. 

11.3 10.4 8.8 10.8 10.0 
12.0 9.4 11.0 10.6 10.7 
13.8 10.0 13.9 12.8 12.9 

14.8 16.8 16.6 ${ (1) 16.6 161 2 
I l l 1  I BAVLT STE. YARIE. PICE. 

16.2 13.6 13.2 14.9 13.9 
14.0 13.1 16.1 14.9 14.6 
14.9 12.0 10.2 13.0 14.6 

1 2 4  14.7 12.0 13.9 $1 (9 (9 (9 (9 

WINSLOW, ARIZ. I - ,  I I I 

I I I I I  



TABLE B.-Percentage frequency of high velocities of 8B-87 meters per 
second (48-60 miles per hour), 88-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively bnd maximum velocities; classified by directions 

AMARILLO, TEX. 
WINTER 

BUMMER 

____--________---- 
TotsLl a.3 1 1.2 1 . z  I______/ 8.4 I .7 )______)______I 7.0 I 2.8 I-_____/_..__. 

TABLEI 5.-Percentage frequency of high velocities of 89-27 meters p f l  
second (48-60 miles per hour), 68-36 meters per second (61-80 rn& 
per hour), and over 86 meters per second (80 miles per hour), reap@ 
tively and maximum velocities; classified by directions-,Contind 

BOISE, IDAHO 

WINTER 

I 6,OOOmeters I 8,OM)metars 1 10.000meters 



BROKEN ARROW. OKLA. 
WINTER 

. SPRINQ 

TABLE 5.-Percentage jre uency of high velocities of 23-87 meters per 
second (48-60 miles per lour), 28-86 meters per second (61-80 miles 
per hour), and over S6 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classised by directions-Continued 

BROWNSVILLE, TEX. , 
WINTEE 

I 6,000meters 1 8,mmeters I 1 0 , ~ m e t e n  

SPRXNO 

Bcfent data. 



12 

, 

TABLB fj.-Percenlage frequency of high velocities of 99-97 meters per 
second (48-60 miles per hour), 68-56 meters per second (61-80 miles 
per hour), and over 66 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by  directions-Continued 

dat 

10,ooO meters 

lcient 

BUMYEB 

TABLB &-Percentage fre uency of high velocities of 9.94” meters pe f  
per hour), and over 66 meters per second (80 miles per hour), respec’ 
tively and maximum velocities; classijied by directions-Contind 

second (48-60 miles per sc our), 68-56 meters per second (61-80 m@ 

OHEYENNE, WYO. 
WINTEB 

/ 

I 6,Wmeters  I 8,MN)meters 1 10,000meters 

SbMVEB / 

AUTUMN I 
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ZIaBLD 6.-percentage fre uency of high velocities of 28-27 meters per 
second (48-6'0 miles per %our), gg-36 meters per second (61-80 mdea 

bout.), and over $6 meters per second (80 miles per hour), respec- 
t'uelLJ and mazimum velocities; classified by directions-Continued 

DUE WEST, 8. 0. 
WINTER 

6,OOO meters 8,000 meters 10,ooO meters 

TABLB) 5.-Percentage frequency of htgh velocities of 38-87 meters per 
second (48-60 miles per hour), 88-36 meters per second (61-80 miles 
per hour), and over 56 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by  directions-Continued 

ELLENDALE, N. DAK. 

WINTER 

1 6,000meters I 8,000meters I 1 0 , ~ m e t e r s  

Totsl.11.0 6.2 1.0 _ _ _ _ _ _  12.6 8.4 . 7  _ _ _ _ _ _  14.4 3.2 _ _ _ _ _ _ _ _ _ _ _ _  ~-l-l-1-1-1-/~/-1-1-l-l- 

AUTIMN 
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TABLE 5.-Percentage frequency of high velocities of 19-97 meters per 

second (48-60 miles per hour), 28-56 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions-Continued 

EL PASO, TEX.  

WRITEX 

1 6,MX)meters 1 8,M)Ometers I 10,MX)meters 

SPEINQ 

Total-] 6 . 0 )  1 . 2 1  . 41 -_____  1 4 . 2 1  4 2 1  . 7 I  _ _ _ _ _ _  117.01  1 . 7 1  1.71------ 

TABLE 5.-Percentage frequency of high velocities of d1--d?' meters per 
second (48-60 miles per hour), 18-56 meters per second (61-80 mil@ 
per hour), and over 66 meters per second (80 miles per hour), respep 
lively and maximum velocities; classified by directionsContinued 

EVANSVILLE, IND. 

WINTER 

I , I l l  

I 
10,OOO metent 

SUMMER A 
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TABLE 5.-percentage frequency of high velocities of 82-27 meters per 

second (48-60 miles per hour), 68-36 meters per second (61-80 mile8 '.er hour), and over 36 meters per second (80 miles per hour), respec- 
tzvelg and maximum velocities; classified by  directionsContinued 

!8-38 hlnx. 
--- 

cient dntn _ _ _ _ _ _ _ _  

10,000 meters 

ntn. 

1 SUYYEB. 

hl -i-7 

T A B L ~  5.-Percentage frequency of high velocities of 82-8Y meters per 
second (48-60 miles per hour), 88-36 meters per second (61-80 miles 
per h o w ) ,  and over 56 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classafied by directions-Continued 

GROESBECK, TEX. , 
WINTER 

I 0,wOmeters I 8,wOmeters I 1 0 , ~ m e t e r s  

~ 

SUMMER 

AUTUYN 



TABLE 5.-Percentage frequency of high velocities of 22-27 melers per 
second (48-60 miles per hour),  28-36 meters per second (61-80 miles 
per hour),  and over S6 meters per second (80 males per hour) respec- 
tively and m a x i m u m  velocities; classijied b y  directions-Continued 

HAVRE, MONT. 

WINTER 

I 6,wometers I 8,000 meters I IO,OOO meters 

SPRING 

SUMMER 

TABLE 5.-Percentage frequency of high velocities of 29-27 meters per  
second (48-60 miles per hour),  68-56 meters per second (61-80 miles 
per hour),  and over S6 meters per second (80 miles per hour) respec- 
tively and m a x i m u m  Velocities; classified by  directions-Continued 

JACKSONVILLE, PLA. 

WINTER 
/ I 8,000 meters I 10,000 meters I 6,Owmeters 

22-27 28-36 ":p Mnx. 22-27 28-36 Max. 22-27 25-36 O:F 
velocity/ I I I I . I  I I I I I 

BFRlNG 

SUMMER 

AUTUMN 



17 

TABLE 5.-percentage frequency of high velocities of 99-27 meters per secpnd (48-60 miles per hour), 18-56 meters per second (61-80 ?rides 
hour), and over S6 meters per second (80 miles per hour), respec- 

tivelV and maximum velocities; classi$ed by directions-Continued 

P E Y  WEST, FLA. 

---- WINTER 

0,000 meters 8,000 meters 10,000 meters 

Velocity , I . , I l l 1  

1 SUMMER 

TABLE 5.-Percenlage frequency of high velocities of 99-37' meters per 
second (48-60 miles per hour), 28-56 meters per second (61-80 miles 
per hour), and over S6 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classa$ed by  directions-Continued 

LANSINff, MICE. 
I 

WINTER 

1 6,000meters 1 8 , ~ m e t e r s  I 10,000 meters 

SPRINQ 

Mnx. 

- 

~ 

BUMMER 

Total. 4.0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  11.7 .9 _ _ _ _ _ _ _ _ _ _ _ _  8.4 4.2 __-__--____. I-I-I-1-1-1-1-I-I-I-1-1- 



TABLE 5.-Percentage frequency of high velocities of 22-67 meters per 
second (48-60 miles per hour),  28-56 meters per second (61-80 miles 
per   OUT), and over S6 meters per second (80 miles per hour),  respec- 
tively and m a x i m u m  velocities; classified by directions-Continued 

LOS ANGELES, CALIF. 

WINTER 

I 6,000meters I 8,000moters I 10,OM)rneters 

AUTUMN 

T ABLE 5.-Percentage frequency of high velocities of 22-67 meters per 
second (48-60 miles per hour),  68-56 meters per second (61-80 miles 
per hour),  and over S6 meters per second (80 miles per hour),  respec- 
tively and maximum velocities; classified by directions-Continued 

MADISON, WIS. 

WINTER 
/ I 8,000 meters 1 10,000 meters 

I I I I I I I I I I I  4 

SPRING 



TABLE S.-percentage frequency of high velocities of 2 2 4 Y  meters per 
second (48-60 miles per hour),  68-36 meters per second (61-80 miles 
p!r hour),  and ovei 36 meters per second (80 miles per hour), respec- 
tavelY and m a x i m u m  velocities; claseiJied by directions-Continued 

MEMPHIS,  TENN. 

-4, 
WINTEB 

I 6,WOmeters I 8,000meters 10,000 metcrs 

\. -7- 

TABLE 5.-Percentage frequency of high velocities of 22-27 meters per 
second (68-60 miles per hour),  28-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour),  respec- 
tively and mmimum velocities; classified b y  directions-Continued 

MODENA, UTAH 
t 

WINTER 
~~~~ 

6,000 meters I 8,000 meters I 10,000 meters 

BPRINQ 

I 

Total.J.8 

AUTUMN 



TABLE 5.-Percentage frequency of high velocities of 22-27 meters per 
second ($8-60 miles per hour), 28-66 meters per second (61-80 miles 
per hour), and over 66 meters per second (80 miles per hour), respec- 
tivelv and maxjmum velocities; classified by directione-Continued 

NEW ORLEANS, LA. 

WINTER 

I 6,000 meters 1 8,000moters 

TABLE 5.-Percentage frequency of high velocities of 22-27 meters p @  
second ($8-60 miles per hour), 68-66 meters per second (61-80 mdes 
per hour), and over S6 meters per second (80 miles per hour), respec 
tively and maximum velocities; classijied by directions-ContiIiued 

OMAHA, NEBR. 

WINTER 

1 6,000 metcrs I 8,000 metcrs 1 10,000 mCterS 

22-27 28-38 '3: Max. 22-27 28-36 O:? Max. 22-27 28-30 oiF &fax* 
.-I_-__________----- - I I I I I I I I I I ! -c 

SUMMER 
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TABLE 5.-Percentage frcpuencv of high velocities of 22-27 meters per secpnd (48-60 miles per / L O U ? ) ,  28-96 meters per second (61-80 miles 

hour) I and over S6 meters per second (SO miles per hour),  respec- 
tavely and maxamum velocities; classified by  d i rec t ionsGon t inued  

PORTLAND, OREQ. 
WINTER 

000 metors 1 8,000 maters I 10,000 meters 

BPRINO 

\ AUTUMN 

TABLE 5.-Percenfage frequency of high velocities of 66-97 meters per 
second (48-60 miles per hour),  68-96 meters per second (61-80 miles 
per hour),  and over 96 meters per sccond (SO miles per hour), respec- 
tively and max imum velocitics; classified by directions-Continued 

REDDING, CALIF. I 

WINTER 

I 6,000 moters I 8,000 meters I 10,000 meters 

Total.ll2.21 3.4) 1 . 0 )  _ _ _ _ _ _  116.11 4.21 2.81 _ _ _ _ _ _  )10.5) Q.01 3.0) _ _ _ _ _ _  

~- 
Total./ 7.8 I 2.0 
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lata. 

TABLE 5.-Percentage frequency of high velocities of 62-27 meters per 
second (48-60 miles per hour), 28-36 meters per second (61-80 miles 
per hour), and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directionsContinued 

ROYAL CENTER, IND. 

WINTEB 

-- 

1 6,000meters I 8,M)Ometcrs 1 10,000mcters 

22-27 28-36 '3; Max. 22-27 28-36 '3; Mnx. 22-27 25-36 '3; Max. 
velocityl I I I I I I I 1 I I I 

I-I-I-I-I-I-1-1-1-1- 

TABLE li.-Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour), 68-56 meters per second (61-80 mi@ 
per hour), and over S6 meters per second (80 miles per hour), respec' 
tively and maximum velocities; classified by directions-Continued 

SAN FRANCISCO, CALIF. 

WINTEU 
/ 

I 6,000 metors I 8,000 meters I 10,000 meters 

AUTUMN AUTUMN 

------- ------ 
Total./ 11.1 I 3.6 I . 6  I------/ 10.2 I 3.0 I 1.8 I _ _ _ _ _ _  116.4 1 2.8 1 2.8 1 _ _ _ _ _ _  
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5.-Percentage frequency of high velocities of 22-27 meters per 
Second (48-60 miles per hour), 98-56 meters per second (61-80 miles 

hour), and over $6 meters per second (80 miles per hour), respec- 
tzue2y and maximum velocities; classified by directionsContinued 

SAULT STE. MARIE, MICE. 

10,000 meters 

. BPRINQ 

lata. 

TABLE 5.-Percentage frequency of high velocities of 92-27' meters per 
second (48-60 miles per hour), 68-56 meters per second (61-80 miles 
per hour), and over S6 meters per second (80 miles per hour), respcc- 
tivdy and maximum velocities; classified b y  direction%--Continucd 

SITERIDAN, WYO. 

WINTER 



TABLE 5.-Percentage frequency of high velocities of 92-97 meters per 
second (48-60 miles per hour),  2 8 4 6  meters per second (61-80 miles 
per hour),  and over 36 meters per second (80 miles per hour), respec- 
tively and maximum velocities; classified by directions-Continued 

WASHINGTON, D. C. 

WINTER 

'lp 

ita 

1 6,000meters [ 8,000 meters 

Max 

-- 

._______ 

SPRING 

10,000 motcrs 
I 

dax. 

- 

TABLE 5.-Percentage frequency of high velocities of 22-27 meters per 
second (48-60 miles per hour),  28-36 meters per second (61-80 miles 
per hour),  and over 36 meters per second (80 miles per hour),  respec- 
live1 y and maximum velocities; classified by directions-Continued 

WINSLOW, ARIZ. 

WINTER 
/ I 0,000 meters I 8,000 meters I 10,000 meters 

22-27 28-36 O:F Mnx. 22-27 28-36 "3" Max. 22-27 26-30 '2 Max. velocitYl I I I I * I I I I I I I - 

SPRING 

N _ _ _ - _ _  _ _ _ _ _ _  __.___ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  ---e-- 
NNE-.. _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  ._____ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ -  I I I - /  I I I I I I I I-.:::: 
SSW--. . 2  sw ..... . 8  
WSW.- . 2  w ._____ . 1  
WNW..--.-. 
NW _ _ _ _  __. - - 
NNW ....-.. 
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6,000 inotcrs 8,000 nietors 

Qrougs 22 28 Over 22 28 Over 
m.p.s.m.p.s. 30 m.p.s.m.p.s. 30 
or over or over m. p. s. or over or over m. 1). s. 
--------- e 11.8 3.3 0.6 14.6 4.2 0.7 - - - - - - -___ 0.0 8 . 2  . O  10.0 3.4 .8  

- _ _ _ _ _ _  8.4 3.3 .7 9.3 3.8 .8 

6.---Annual total (all directions combined) percentage frequencies of velocities of 82-87 meters per second, 68-56 meters per second, and over 
s6 meters per second, respectively; also, maximum velocity and corresponding directions-stations grouped according to location in nortllcrn, 

and southern sections o j  country 
STATIONS NORTH O F  LATITUDE 41' 

I 

10,000 mcters 

22 28 Over 
m.P.s.m.p.s. 30 
or o v a  or Over m. P. S- 

10.3 5.8 0.8 
13.9 5.6 1.3 
12.5 4.5 1.1 

. STATIONS B E T W E E N  LATITUDES 35O AND 41' NORTH 

7.1 1.2 .3 
3.6 2.0 . 7  
8.4 2.7 .4 
3.2 . B  . 2  
2.6 . F  .1 
6. 6 4.3 1.1 
4.8 2.0 . 2  
6.0 2.8 .4 
8.4 3. 3 .9 
1.0 1.0 . 2  

1.0 0 
1.5 . 2  
3.0 1.2 
.5 0 
..5 0 

3.2 1.5 
2.1 . 2  
3. 0 . 3  
6.0 2.1 
.4 . 2  

5.81 2.01 . G I - - -  _ _ _ _ _ _ _ _ _ _ _  I 7 . 2 1  2 .01  .8 

STATIONS BETWEEN LATITUDES 24' AND 35" N O R T H  

10,000 meters 

28-36 I Over 36 I Max. vcl. ' -- 
3.2 

10.9 
5.0 
1.2 
2.5 
6.  0 
1.5 
0.3 
3.7 
6.0 
4.9 

5.0 

0 
1. F 
.8  

1.2 
.3  

1.4 
.7  

1.5 
.0 

o' 

sw-35. 
NNE-48. 
WNW-40. 
NW-38. 
w-38. 

WSW-37. 
W-41. 

w-40. 

W-41. 
\VSIV-38. 
h'35. 

WNW-34.-- 0.8 2.3 0.6 
NNE-38 .___ 7.7 3.9 1.2 
\VN\V-48-.- 14.0 4.3 I.( 
WSW-28..-- 1.3 0 0 
W S W ' - 2 S . ~ ~ ~  2.1 0 0 
W-61_.__ _ _ _ _  7.0 4.6 1.9 
WSW-40..-- 6.0 1.4 . 5  
N-40 _ _ _ _ _ _ _ _  0.1 8.6 2.2 
NW-60.. _ _  12.5 6.4 1.9 
NNW-46.--. 7.3 3.6 0 

WNW-41. 
NiVE--50. NNW4F. 

NW-22. 
N E-25. 
W N  W-53. 
w-37.  
W J 8 .  
NW- 58. 
sw-34. 

table shows tliat on the average the frcqueney of high v .elocities increases with latitude at  all three levels 
and 'V1th altitude for all three groups of stations. Wit11 a 

few exceptions, the highest velocity on record at  each Station occurred wlth a westerly wind. In  table 7 the 
&e'n values for eacli group are combined to show fre- 
q"encY of winds of 22 meters per second or over, 26 
'ncters .Per second or over, and over 36 meters pcr second, 
respec tlVCIY. 

E X T R E M E  VELOCITIES 

In  order that the record of extreme (highest on record) 
velocities may bc shown as corn lctely as possible, these 

in the United States, including both the active and dis- 
continued stations, and €or dl available records through July 
1936. These data are shown by seasons, but with the indi- 
vidual month dso given in which each observation occurrcd. 

It will be noted that thoro is eonsiclernblc variation. in 
the highest recorded velocities, even between ndjolnmg 
sta tiona, duo to tho fact that observations rcucliing thcsc 
altitudes werc mnde v o q  irregularly a t  all stations, and 
rarely at the same time or even the same day at two or 
more adjoinmg stations. An annlysis o€ the tablo shows 
that winds of 50 meters per second (112 niiles per hour) or 
over have been recorded at  least once during the past 
several yenrs at  30 different stations whose locations y e  
well distributcd over the country. With one exception 
(at Groesbeck, Tex.), thesc records are confined to the 
first three levels of 6, 8, and 10 kilometow. Extreinc 
velocities o€ GO nieters per second (134 nliles per hour) or 
over were recorded. n t  9 difrerent stations; also f d y  well 
djstiibuted over the country. These records are confined 
to the two lower lovcls of G and S liilometers. The highest 
velocity for all stations was S1 nieters per second (181 
miles per hour) from the SW., recorded at 6 kilometers at 
Lansing, Mich., on tho morning of Decembcr 17, 1019. 
Although this was n single-thoodolite observntion, an 
examination of thc origin81 record gives no reason to doubt 
its accuracy. This is vcrifed, to some extent nl~o, by the 
unusually rapid movemont of a surface hidWressl!re area 
of 30.5 inches, which was centered at  St. Paul, Minn., on 
the morning of this observation, and 24 hours later was 
centered at  ~ldadelphia,  Pa., nearly 1,000 miles a~vny. 

data arc given in tn,blc S for all f Veather Bnranu stations 
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TABLD &-Extreme velocities (meters per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stalions 

the United States and for all records through July 1936, by seasons. One meter per second-8.24 miles per hour 

WINTER 

8,000 meters 1 Yrs 
rcd 

0,MX) meters 10,000 meters 12,000 meters 
- 

Mo. 
- 
.____- 
Fcb. 
DOC. 
Jnn. 
Dec. 
Feb. 
Fob. 
Jan. 
Fob. 
Fob. 
Feb. 
Dee. 
Feb. 
Fob. 
Feb. 
Feb. 
Feb. 
Jan. 
Jan. 
Doc. 
Jan. 
Jan. 
Jan . 
Feb. 
Jan. 
Dec. 
Feb. 
Jnn. 
Dec. 
Feb. 
Fob. 
Fob. 
Feb. 
Jan. 
I h C .  
Dec. 
Jan. 
Jnn. 
Dee. 
Doc. 
Feb. 
Fob. 
Feb. 
Feb . 
Doc. 
Dec. 
Dec. 

Doc. 
Jan. 
Feb. 
noc. 
Dcc. 
Jan. 
Fob. 
Doc. 
Web. 
Jan. 
Doc. 
Dcc. 
Fsb. 
Feb. 
Jan. 
Jan. 
Jan. 
Jan. 
Fob. 
Jan. 
Dec. 
Doc. 
DPC. 
Inn. 
Doc. 
Jnn. 
Fcb. 
Jan. 
Dec. 
Peb. 
Feb. 
ran. 
Dec. 
Inn. 
Fob. 
Fob. 
Dec. 

ran. 
Peb. 
Feb. 
Feb. 
Peh. 
ran. 
Inn. 
leu. 
Ian. 
Poh. 
ran. 

_____. 

ran. 

- 
Mo. 

- 
Mo. 

- 
Mo. 

station - 
Vel 
- 

(2, 
3: 
61 
4( 
31 
3! 
41 
31 
31 
3< 
'r2 
M 
3E 
If 
41 
4F 
4( 
3f 
13 
33 
43 
44 
29 
2E 
39 
36 
61 
31 
47 
39 
38 
33 
28 
44 
45 
32 
31 
33 
39 
32 
I8 
33 
22 
30 
31 
31 

'"1 
60 
32 
46 
32 
49 
45 
38 
35 
27 
58 
31 
22 
32 
40 
26 
47 
49 
17 
26 
23 
60 
27 
48 
48 
56 
11 
63 
40 
39 
36 
49 
64 
35 
33 
31 
53 
55 
20 w 
29 
34 
44 
41 
40 
37 
22 
04 
22 
- 

- 
Vel 
- 

(2 
3 
3 
41 
4 
2 
31 
21 
2. 
4 
I 

61 
3' 
1, 
3 
41 
21 

(9 (I!  
31 
2: 
41 
2s 
4: 
2: 
61 
If 
3; 
36 
2' 
4f 
21 
3f 
6( 
3: 

24 
29 
14 
29 
16 
43 
3c 
20 

34 

28 
34 
31 
28 
20 
14 
40 
IG 

30 
12 
40 
28 
10 
51 

(13): 

(I& 

(137 

'24 

(22 

(17'0 

'2s 

48 
30 

48 
13 
24 
34 
28 
30 

28 
34 
32 
13 
34 
23 
39 
30 
34 
34 

10 
47 
8 

40 

30 

- 

Dir. 
- 
- - _- - - - - 
NW. 
NWW wsw. sw. 
W. 
WNW 
NNW. 
NW. 
NW. 
N.  w sw . 
W. sw. 
NW. 
W. 
W. 
NW. 
NW. 
W. 
NW. 
W. 
W. wsw. 
W. 
W. 
W. 
NW. 
N W  . 
WNW 
W. 
W. 
NW. w . 
WNW 
WNW. 
WNW. 
NNW. w . wsw. 
WNW. w . w . w . 
WSW. 
WNW. 
W. 

NW. 
WNW. 
WNW. 
WNW. 
NW. 
WNW. 
N. wsw. wsw. 
NW. 
NW. wsw. 
W. w. 
WNW. 
NNE. 
WNW. 
WNW. 
NW. 
NW. 
N. 
NW. 
WNW. 
"E. 
NE. 
NW. 
WNW. 
WSW. 
NW. 
W. 
WNW. 
NW. 
NNW. 
3W. 
ENE. 
NNW. 
NW. 
NW. 
W. 
NW. wsw. 
W. w. 
W. wsw. 
W SW 
W. 
WN W. 
N. 

- - - - - - - . 

Dir. - 
- - - - - -. w . 
WNW 
W. wsw. 
W. 
NNE.  
W. 
WNW 
NW. 
WNW 
NW. 
W. 
WNW 
N. 
WNW sw. 
ENE.  

SW. 
NW. w . 
TVSW. 
WSW. 
NNW.  
W. 
W. 
W. 
W. sw. 
WNW 
N. 
N. 
WNW w . w . 
WNW 
WNW 
NW. 
NW. 
WNW ssw. 
WNW wsw. 
W. 

NW. 
WNW. 

WNW. 
NNW. 
WNW 
NNW. 
WSW. 
W. 
NW. 
N. 
NW. 

W. 
3SW. 
NW. msw. 
VNE. 
VW. 
VNW. 

NSW. 

iE . 
VNW. 
WSW. 
i. 
WNW. tvsw. 
QW. 
iE. 
UNW. 
UW. 
VNW. 
NNW. 
IW. 
QNE. 
UNW. 
N .  
NNW. 
NSW. v. 
NSW. 
NNW. 
N. 
QNW. 
JW. 
?NE. 

- - - - - - - 
- - - - - - 

- - - - - - - 

. - - - - - - 

. - - - - - - 

.-____ 

- -. - - -. 
- - - - - - . 

_._____ 

Dir. Dir. 

_-__-  
Jnn. 
Feb. 
Dec. 
Doc. 
Feb. 
Feb. 
Dec. 
Doc. 
Doc. 
Jan. 
Feb . 
Jan. 
Feb. 
Dec. 
Fob. 
Feb. 
Doc. 

Fob. 
Feb. 
Fob. 
Jan. 
Fob. 
Dec. 
DCC. 
Feb. 
Feb. 
Fob. 
Dec. 
Fob. 
Dec. 
Feb. 
Feb. 
Feb. 
Feb. 

Dec. 
Fob. 
Feb. 
Jan. 
Feh. 
DOC. 
Feb. 
Dec. 
Jan. 

ran. 
Feb. 

Doc. 
Dec. 
Inn. 
Feb. 
ran. 
DCC. 
Dee. 
ran. 
Doc. 
Fcb. 
ran. 
ran. 
Dec. 
Der. 
Peh. 
Ian. 

Dec. 

Dec. 
Dec. 
PCb. 

Inn. 
3cc. 
Tcb. 
'ob. 
Teb. 
an. 
an. 
'cb. 
veb. 
b h .  
?ob. 
3ec. 
?Fb. 
an. 
'eb. 
b b .  
an. 
IOC. 
'eb. 
'eb. 
an. 
an. 

_ _ _ _ _  
___ - -  

_ _ _ _ _  

.--_- 

_ _ _ _  

_.__ 

.__-. 
_---. 

___-_  

._____ 
Dec. 

Jan. 
Jan. 
Jnn. 

Fob. 
Jan. 

Doc. 

Fob. 

._---- 

Jan. 

Akron, Ohio _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Abilene, Tex-- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Albany, N.  Y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Albuquerque, N. Mex _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
Amarillo. Tex _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Feb. 
Jan. 
Jan. 
Dec. 
Jan. 

Jan. 
Feb. 
Jan. 
Feb. 
Dee. 
Jan. 

Peb. 
Dec. 
Feb. 

Jan. 

II 
11 
1; 

1: 

11 
11 

I 
I( 
1 
f 

1( 
t 

1; 
I( 
11 

1: 
< 
1 

; 

; 
1: 

€ 

4 
1c 

3 
1c 
1c 
18 
1 
9 
1 
7 
1 
3 
2 

8 
IO 
13 

G 
1 
0 
3 

10 
10 
6 
1 

10 
18 
4 
3 
1 
6 
3 
8 
7 
9 a 
4 

13 
10 
10 
10 
4 
5 

15 
10 
10 
7 
4 

10 
6 
1 
2 
1 

18 
6 
1 
5 
1 

io 

Atlanta, Qa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Bellefonte. Pa _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Big Spring, Tex _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Billings, Mont . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _ _  _ _  
Bismarck. N. Dak _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  _ _ _  _ _ _  

Feb. 
Dec. 
Jan. 
Feb. 
Feb. 
Doc. 
Dee. 
Jan. 
Jan. 
Doc. 
Feb. 

Jan. 

Doc. 
Fcb. 
Feb. 

Dec. 
Jan. 
Dec. 

Feb. 
Fob. 
Feb. 

Dec. 

Feb. 
Fob. 

Feb. 
DCC. 
Fob. 
Fcb. 
Jan. 
Doc. 
Dec. 
Jan. 

Jan. 
Ilec. 
Jan. 

Fob. 

_____. 

---_-. 

_ _ _ _ _ _  

- _ - - -_  

-_ - -__  
-_ -_ -_  

_ _ _ _ _ _  

_ _ _ _ - _  
._____ 

.-.__- 

.----- 

3co. 

Feb. 
Jnn. 

Feb . Jan. 

Havre, Mont .______________________________ 
Hollister, Calif. - - _ _  _ _ _  - _ _ _  - _ _  _ _ _ _ _  - _ _ _  - _ _  _ _  
Houston, Tex- _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  - _ _ _ _ _  - 
Indianapolis, Ind _ _ _ _ _ _ _  _ _  - _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _  

._____ _ _  
SW. 

N. 
NW. 
NW. 

NW. 
NNW. 
WNW. w. 
NE. 
WSW. 
38W. 
NNW. w. 
NW. 
V. 
VNW. 
VW. 
WNW. 
VW. 

WNW. 
VNE. 

WNW. v. 

. - - - - - - - 

. . - - - - - 

- - - - - - - 
. . . . . -. 

- - - - - - - 

.-__-_ 
Doc. 

Doc. 
Dcc. 
Fob. 

Dec. 
Inn. 
Deo. 
Peb. 
Peb. 
Der. 
Ihc. 
ran. 
Peb. 
Doc. 
Pcb. 
Dec. 
Inn. 
Ian. 
Feb. 

DCC. 
IDOC. 

.-_-__ 

..___ 

ran. 
Fob. 

f No data available for these levels. 
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. g.-E&eme velocities (meters per second), with directions and month of occurrence, for  all Weather. Bureau Pilot Ballqon stations in 

the United Slates and jor all records through July 1936, by seasons. One meter per second=d.d4 males per hour-Continued 

- 
Mo. 
- 

.pr. 
l a y  
Bar. 
Bar. 
far. 
fnr. 
B a r .  

.pr. 
fay  

Bay 
tar.  
dnr. 
,pr. 
.pr. 
,pr. 

2. 

day 
any 
day 
day Jw 
dar. 
dar. 
dnr. 
Lpr. 
rlw. 

Lpr. 
day 

any  
any  

May 
Mar. 

Mar. 
Lpr. 
Mnr. 
any  
anr. 
May 
vlar. 
Lpr. 
vlar. 

___-- 

____-  c;: 
4pr. 
Mar. 
Mar. 
May 
Mnr. 
Apr. 
May 
Apr. 
Mar. 
May 
Apr. 
Apr. 

May 
May 
Mnr. 
Apr. 
MW. 
Apr. 
Apr. 
May 
May 
Apr. 
Apr. 
MW. 
Mar. 
May 
Mar. 
Apr. 
Mnr. 
Mar. 
Apr. 
Apr. 
May 
Apr. 
Apr. 
Mar, 
Mar, 
May 
May 
Mar. 

Mar 
Mar 
Apr. 

E: 

2:; 

- 

- 
Mo. 
- 

fay  
.pr. 

far. 

Bar. 
dar. 
.pr. 
day 
,pr. 
.pr. 
,pr. 
Any 
dar. 
dnr. 
Lpr. 
kpr. 
d w  
dar. 
Lpr. 
dar. 
dnr. 
dnr. 
ipr. 
rlnr. 
dnr. 
Lpr. 
Lpr. 
a aY 
kfar. 
Lpr. 
anr. 
aar. 
aar. 
Lpr. 
Lpr. 
kfar. 
Mor. 
Mar. 
Ipr. 
Mar. 
Lpr. 
Mnr. 
May 
a n y  
ipr.  
Mnr. 
Mar. 
Mar. 
Mar. 
MW. 
Apr. 
Mar. 
Mar. 
May 
MW. 
MW. 
Apr. 
Mar. 
MW. 
Mar. 
MW. 
Apr. 
MW. 
MW. 
Apr. 
May 
Mar. 
May 
Mar. 
May 
MW. 
MW. 
Apr. 
MW. 
Apr. 
May 
Apr. 
Mar. 
Apr. 
Mar. 
Mnr. 
Apr . 
Apr. 
Mar. 
M w  
May 
Mar. 
May 
Mor. 
Apr. 
Mar 
Apr. 

E;. 
fk. 

_---- 

- 

SPRING 

8,000 meters 

. 
Yrs. 
rcd. Station 

\ 

10,000 meters 14,000 meters 0,000 meters 12,000 ineters 
- 
Dir. - 

____-__ 
V. 
VSW. 
VNW. 
VNW. 
V. 
iE. 
INW. 
V. 
J. 
TNW. 
T W .  
VNW. 
JW. 
JNW. 
YNW. 
Y. 
J W .  
J W .  
JW. 
VN W. 
NNW. 
N. 
i. 
i. 
NNW. 
i N W .  
N S W .  
iNW. i?Tsw. 
&"W. 
i W .  vw.  
WNW. 
WSW. 
W. 

WNW. 
W. 
VE. 
VW. w. 
2. 
#NW. 

WNW. 

WSW. 
WNW. 
WNW. 
NNW. 
WSW 
NW. 
N. 
WNW 
W. 
W. 
WNW 
NW. 
NW. 
W. sw. 
5. 
NW. 
SW. 
NE. 
WNW 
NE. 
NW. wsw. 
WNW 
N. 
WNW 
NNE. sw. 
WNW 

W. 
NW. 
NW. 
WNW 
W. 
WNW 
W. 
N. 
SSW. 
WNW 
NW. 
WSW 
NW. 
NW. 
NW. 
SW. 
SW. 
WSW 

__-_- -_  

- - - - - - . 

- - - - - - . 
- - - - - -. 

- - - - - - - 

. - - - - -_ 

- 
el. 
- 

20 
18 
9 

21 
33 
0 

26 
27 
15 
32 
12 
34 
30 
8 

10 
27 
43 

:I) 
11 
42 
20 
20 
15 

(9 
(?8 

3 0  

(25 

(29 

(20 

'& 
(?8 

(2E 

"1'; 
"){ 

30 

40 
28 
10 

32 
24 

18 
0 

10 

{ 
10 
22 

38 
27 
16 
2i 

( 
4 

31 
$ 

(9  

11 

21 
31 

(9  

3r 

3: 
21 

4 
1 
3 
1 
2 
3 

1! 

(2, 
"1, 
'I 

(Y 
1 
2 
2 
1 
3 

(9 - 

- 
Dir. 

- 
el. 
- 

a5 
30 
38 
26 
60 
35 
27 
26 
31 
37 
32 
61 
30 
32 
38 
37 
20 
43 
11 
28 
20 
32 
30 
18 
48 
49 
48 
21 
37 
38 
24 
24 
30 
38 
61 
37 

40 
32 
14 
47 
22 
42 
28 
27 

34 
23 
32 
26 
40 
6C 
20 
21 
17 
3c 
1 7  
21 
az 
31 
It 
21 
3f 
If 
3( 
1 I  
3' 
1: 
31 
6( 
3: 
I 
E! 
4: 
1 1  

2 
21 
2 
31 
2 
31 
3 
31 
31 
31 
3 
4 
3 
3 
3 
3 
3 
4 
1 

(58 

2 7  

- 

- 
el. 
- 

51 
53 
29 
22 
42 
32 
20 
21 
20 
20 
29 
63 
29 
19 
17 
33 
20 
25 
22 
28 
29 
31 
32 
17 
30 
32 
30 
10 
30 
30 
22 
13 

44 
41 

(25 

(25 
82 
15 
26 
31 
14 
31 

(2, 
28 
22 
18 
30 
38 
41 
2c 
2 
11 
37 
3: 
li 
4: 
1f 

4 
1: 
3: 
1: 
3: 
1I 
2: 
1: 
3: 
31 
2 
1 
4: 
4, 

3 
21 
11 
2 
3 
2 
3 
2 
2 
2 
3 
2 
2 
2 
3 
1 
3 

(9 

(2, 

- 

el. I Dir. 
-- 

- 
el. 
- 
50 
44 
44 
37 
41 
23 
37 
40 
34 
37 
33 
58 
32 
40 
41 
20 
42 
31 
33 
38 
37 
38 
45 
25 
32 
40 
49 
30 
38 
36 
32 
30 
34 
49 
41 
39 

32 
30 
28 
35 
35 
31 
32 
37 
18 
50 
33 
28 
32 
33 
38 
45 
27 
31 
24 
48 
2c 
32 
4c 
3s 
25 
3€ 
31 
2[ 
3( 
34 
3( 
2! 
31 
4f 
4: 
2( 
41 
31 
2f 
3( 
45 
31 
2f 
21 
41 
31 
51 
31 
31 
2 
51 
41 
31 
31 
41 
2 
-4 
2 - 

Dir. Dir. 
- 
-- _ _  -- - - 
W. 
TW. 
VNW. 
VNW. 
VNW. 
W. vsw. 
iW. 
TW. 
TE. 
YSW. 
Y. 
Y. 
8W. 
YNW. 
YNW. 
Y. 
JW. 
YNW. v. 
JW. 
N. 
N S W .  
N. 
WSW. 
JW. 

LNE. 
N .  
8 sw. 
VNW. 
VYNW. 
NNW. 
VNE. 
W. tv. 
ilT. 
N. 
VW. 
VW. 
NSW. 
iv. 
K. v. 
ly. 

vw. 
WNW. 
NNW. 
W. 
NNW. 
NW. 
N. 
WNW. 
W. 
WNW. 
NW. 
WNW. 
NNW. 
WNW. 
SW. 
WNW. 
NW. 
W. 
NNE. 
W. 
WNW. 
WNW. 
WNW. 
W. 
NW. 
WNW. 
WNW. 
N. 
SW. 
W. 
W. 
N. 
WSW. 
WSW. 
SE. 
NW. 
NNE. 
N. 
WNW. 
WNW. 
W. 
SW. w. 
W. 
WNW 
"W. 
NNW. 
W. 
WSW. 

ysw. 

_ _  - _ _  _- 

_------ 

- 

Ma. 

2 
1 
7 
5 
4 
0 
5 
4 
2 
4 

10 10 

17 7 

LO 4 

IO 5 

17 5 

12 
7 

LO 

5 
0 

10 

10 
11 
4 

13 
4 
7 
2 
7 

13 8 

0 
1 
5 
4 
10 
3 
10 10 

1G 
1 
U 
1 
7 
1 

I( 3 
& 

1[ 
1: 
( 
1 
! 

1; 
1( 

f 

11 
1( 

! 
! 
, 

1, 
11 
11 
11 

1 
1 
1 

1 

1 

~ - - - - - - - vsw. 
VSW. vsw. 
VSW. 
VN W vsw. 
T. 
TNW. 
V. 
TW. 
Y. 
8W. 
YSW. 
IW, 
YN W 
JW. 
T W .  
VNW. 
VNTV. 
YN W. 
N. 
VSW. 
NNW. 
N S W .  
i W .  
i N W .  
NNW. 
i N W .  
i W .  
NNW. 
"W. 
VW. 
NNW. 
WSW. 
RNW. 
VW. 

3W. 
17rNW. zw. 
VW. 
NNW. 
WSW. 
N. 
VW. 
WNW. 
W. 
WNW. 
WNW. 
NW. 
W. 
W. 
WNW. 
N. 
WBW. 
WNW. wsw. 
NW. 
W. 
BW. 
WNW. 
NNW. 
NW. 
WNW. 
NNW. 
NW. 
NW. 
NW. 
WNW. 
NW. 
NNW. 
NNW. 
WNW. 
W. 
NW. 
SW. 
WNW. 
NW. 
W. ssw. 
WNW. 
WNW. 
W. 
NNW. 
WNW. 
WSW. 
NNW. 
W. 
SW. wsw. 
W. 
NW. 
W. 
NNW. 
NNW. 
NNW. 

- - - - -_ - 

- 

far. 

far. 
Inr. 

fay  
pr. 

Boy 
pr. 
4ay 

2. 
2: 
,pr. 
fay  

d w  
dnr. 
day 
day 
day 
day 
d w  
day 
Lpr. 
rlar. 
flay 
Mar. 
Lpr. 
Lpr. 
Lpr. 
Ipr. 

ipr. 
Mor. 
May 

ipr.  
4pr. 
Mar. 
Ipr. 
4pr. 
May 
May 
Mar. 

Mor. 
May 
4pr. 
Mar. 
May 
May 
May 
Apr. 
May 
Apr. 
May 
Ap r. 

May 
M w  
May 
May 
Apr. 
Mar. 
Mnr. 
Apr. 
Apr. 
Apr. 
May 
Mar. 
May 
Mar. 
MW. 

May 
Apr. 
Apr. 
M ny 
May 
Mar. 
Mar 
Mar, 
May 
May 
Mar 
Mar 
Mar 
May 
Mar 
Mar 
Apr. 
Mnr 

__-__  

-_- - -  

_ _ _ _ _  
--_-- 

Y;: 

____-  

- 

I:::::::: 

l-=i-- 
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TABLE &-Extreme velocities (meters per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stations ifl * 

the United States and for all records through July 1986, by seasons. One meter per second=%@ miles per hour-continued 

Station Yrs. 
rcd. 

2 
1 
7 
5 
4 
0 
5 
4 
2 
4 

10 
10 
12 
7 
7 

17 
4 

10 
10 
5 

10 
5 
0 

10 
5 

17 
10 
11 
4 

13 
4 
7 
2 
7 
8 

13 
0 
1 
6 
4 

10 
3 

10 
10 
10 
1 
9 
1 
7 
1 
3 
2 

10 
8 

10 
13 

G 
1 

. o  
3 

10 
10 
6 
1 

10 
16 
4 
3 
1 
0 
3 
8 
7 
0 
3 
4 

13 
10 
10 
10 
4 
5 

15 
10 
10 
7 
4 
10 
5 
1 
2 
1 

18 
0 
1 
6 
1 

1 No data avatlable for these levels. 

0,OOO meters - 
Vel. 
- 

21 
18 
30 
31 
20 
23 
30 
28 
34 
31 
44 
30 
29 
21 
30 
33 
35 
34 
34 
18 

31 
24 
34 
21 
30 
3F 
30 
31 
33 
28 
25 
23 
25 
33 
23 
47 
21 
28 
26 
41 
14 
22 
30 
18 
25 
24 
24 
27 
25 
21 
19 
23 
32 
34 
33 
18 
30 
31 
23 

18 
31 
32 
20 
28 
17 
30 
32 
28 
25 
41 
37 

20 
40 
30 
21 
30 
37 
25 
24 
25 
42 
49 
47 
18 
33 
25 
16 
26 
17 
31 
26 
28 
38 
26 

40 

30 

40 

- 

Dir. 

sm. w . 
WSW. 
W. w. 
NNW. 
NW. 
NW. w. 
WNW. wsw. wsw. 
NW. 
N. 
NNW. 
NW. 
WSW. 
WNW. 
NTV. 
WNW. 
WNW. 
WNW. 
WNW. 
S. 
NhrW. ssw. m . 
NNW. 
NW. 
wsw. 
S W .  
NNW. 
W. 
SW. 
NNIV. 
NW. 
SW. 
SSW. 
NNE. wsw. 
WNW. 
NNW. 
WNW. 
N. 
E. wsw. 
AT. 
WNW. 
NW. 
WSW. 
SW. w. 
SW. 
W. wsw. 
W. sw. 
SW. 
SW. 
NNW. 
WSW. 
WNW. 
WNW. wsw. 
NW. 
NW. 
NNW. 
NW. ssw. sw. 
WNW. ssw. 
NW. ssw. ssw. 
NW. 
NW. 
WNW. wsw. 
WNW. 
SW. 
SSW. 
N. 
WNW. 
SSW. 
W. 
WSW. w . 
WNW. wsw. 
N. 
NNW. 
WNW. 
NW. 
8BW. 
WSW. wsw. 

- 
Mo. 

July 
June 
Aug. 
June 
June 
June 
July 
Junc 
June 
Juno 
3 uno 
Aug. 
June 
June 
June 
June 
June 
June 
June 
July 
June 
hug. 
June 
June 
June 
June 
July 
June 
Aug. 
July 
June 
June 
July 
July 
July 
June 
July 
July 
Jnne 
June 
June 
June 
June 
June 
AUg. 
July 
June 
July 
July 
June 
June 
June 
June 
June 
July 
July 
Aug. 
June 
June 
June 
July 
Ang. 
July 
July 
June 
June 
Tune 
Jnly 
July 
June 
Aug. 
June 
June 
July 
July 
June 
July 
June 
July 
June 
June 
June 
June 
June 
Aug. 
June 
July 
July 
June 
June 
Aug. 
June 
June 
June 
June 
June 
June 

- 

SUMMER 

8,000 meters - 
Vel. 
- 

29 
21 
31 
18 
31 
24 
31 
17 
39 
31 
30 
31 
25 
22 
17 
30 
24 

20 
22 
29 
35 
29 
28 
22 
30 
45 
20 
21 
40 
23 
20 
27 
25 
40 
25 
31 
20 
18 
47 
24 
10 
28 
27 
26 
11 
25 
I9 
20 
20 
11 
17 
30 
29 
43 
20 
17 
18 
30 
31 
25 
20 
26 
25 
20 
3 1 
22 

“16 
22 
13 
40 

40 
20 
38 
31 
28 
27 
27 
25 
25 
40 
41 
36 
40 
27 
30 
30 
10 
20 
24 
20 
26 
27 
36 
18 

30 

a7 

- 

Dir. 

NNW. 
NNE. 
W. 
NW. 
WNW. \v . 
WSW. 
WNW. 
W. 
W. wsm. 
WSW. 
NW. 
W. 
WNW. 
hTNW. 
N. 
S. 
TV. 
“E. 
SSW. 
N. 
NE.  
N. 
NW. w . 
SW. 
SW. 
NNE. 
JV . wsw. 
WNW. 
NW. 
W. sw. 
W. 
W. 
SSW. 
ENR. 
WNW. 
SW. 
NNW. w . 
NNW. 
W. wsw. w. 
N. 
NNW. 
WNW. sw. 
NNW. 
SW. 
N. 
NNW. 
NNE. 
NNW. 
W. sm. 
SW. 
WNW. 
WSW. 
NW. 
W. 
WNW. 
WNW. 
”E. 

WNW. 
SW. 
NNW. sw. 
N. sw. 
W. 
SSW. 
NW. 
W. 
W. 
WNW. 
W. wsw. 
NNW. sw. sw. 
W. 
N. 
W. 
WNW. 
N. 
ENE.  
N. 
WNW. 
NW. 
WfiW. ssw. sw. 

_ _ _ _ - - - -  

- 
Mo. 

June 
June 
Aug. 
June 
June 
June 
Aug. 
June 
June 
July 
Aug. 
Aug. 
June 
Juuc 
Aug. 
June 
Aug. 
June 
June 
Aug. 
June 
June 
July 
July 
June 
July 
June 
Aug. 
June 
Aug. 
June 
Juoe 
June 
July 
June 
June 
June 
July 
June 
June 
July 
June 
Aug. 
June 
June 
July 
July 
July 
Aug. 
June 
June 
June 
June 
Aug. 
Aug. 
June 
July 
Juuc 
June 
Aug. 
June 
June 
Aug. 
July 
June 
June 
June 

Aug. 
July 
July 
June 
July 
July 
Aug. 
June 
June 
Juno 
Aug. 
Aug. 
June 
June 
July 
July 
June 
June 
July 
July 
June 
June 
June 
June 
Aug. 
June 
June 
June 
July 

- 

_ _ _ _ - _  

- 

- 
Vel. 
- 

21 
20 
26 
14 
26 
22 
3s 
19 
32 
28 
34 
39 
32 
2G 
20 
27 
23 
37 
23 

(23 
44 
30 
34 
17 
26 
46 
27 
8 

40 
23 
21 
8 

18 
34 
30 
35 
18 
24 
34 
2G 
14 
30 
24 
38 
18 
31 
27 
31 
22 

24 
28 
40 
25 
21 
21 
36 
20 
29 
31 
29 

33 

(20 

( I 3  

6j 
(9 

17 
14 
31 

40 
14 
30 
34 
20 
29 
27 
25 
19 
30 
48 
44 
41 
18 

’ 22 
24 
14 
24 
23 
32 
22 
17 
27 
18 

40 

_. 

10,000 meters 

Dir. 
- 
NNE. 
SE. 
NNE. 
NE. 
W. 
E. 
WSW. w . 
WNW. 
WNW. 
SSW. 
NNE. 
NW. w . 
WNW. 
NNW. 
WNW. wsw. 
NNW. 

SW. 
NNW. 
NW. 
N. 
E. w. 
W. w . wsw. 
w . w . w. 
3 JV . wsw. 
NNW. 
NW. 
3W. 
N. 
3E. 
WNW. s w . 
NNW. 
W. 
N. sw. 
sw. m. 
N. 
W. 
sw. 
w. 
WSW, 
NW. w . 
NE. 
ESE. 
s. w . 
W. 
WNW. 
W. 
NW. 

wsw. 
NNW. 

- - - - - - - - 

.._ _ _ _ _ _  

-. - - - - 

-------- 
- - - - - - - - 
- - - - - - 

WNW. 
NW. wsw. 
NE. wsw. sw. 
NW. 
NW. 
W. 
NW. wsw. sw. ssw. wsw. 
NNE. 
W. 
W. 
E N E .  
WNW. 
NE. wsw. 
NNE. 
N. 
WBW. wsw. 
W. 
SW. 
NE. 

- 
Mo. 

June 
Bug. 
July 
Aug. 
July 
July 
July 
June 
Aug. 
July 
Aug. 
Aug. 
July 
June 
Aug. 
rune 
July 
June 
June 

Aug. 
June 
Aug. 
hug. 
July 
July 
July 
Aug. 
luly 
Aug. 
rune 
June 
July 
ruiy 
July 
June 
Aug. 
Aug. 
Aug. 
Aug. 
July 
rune 
June 
Aug. 
June 
Aug. 
June 
July 
July 
Aug. 

i;iY- 
rune 
rlliy 
ruiy 

- 

...._. 

June 
Aug. 
July 
hug. 
June 
Aug. 
rune 
Aug. 

June 
June 

_ _ - _ _ -  
__-_--  
___---  __ -_ - -  
June 
Aug. 
July 
June 
July 
June 
June 
Aug. 
Juno 
June 
July 
Aug. 
Aug. 
Aug. 
Aug. 
July 
Aug. 
Aug. 
Aog. 
Aug. 
June 
June 
June 
June 
Aug. 
July 
June 
June 

- 
Vel. 
- 

11 
14 
23 
21 
30 
24 
24 
24 
22 
1 3 
24 
13 
35 
33 
22 
32 
22 
25 
0 

25 
21 
31 
14 
29 

30 

( 2 6  
21 
10 

(I43 

28 

(9 
(20 

( i7  

35 
32 

30 
12 
20 
30 
30 
20 
18 
27 

2.1 

38 
13 
30 
18 
26 

(26 

‘I2 

(?2 

$1 
Y 3  

30 
28 
23 
30 

25 

9) 
39 
37 
23 
10 
30 
30 
13 
7 
30 
10 
13 
31 
42 
31 
29 
1 2  
13 
22 

( 1 2  

‘2 
14 
37 
30 

(1) - 

12,000 meters - 
Dir. 

WNW. 
W. 
NNW. 
W. 
NE. 
NW. wsw. 
NE. 
W. 
NW. w . 
WNW. 
WNW. wsw. 
NW. 
W. 
NW. 
WNW. 
WNW. 

NW. 
WSW. 
ENE. 
NW. 
ESE. ssw. 
W. 
WSW. 

NW. 
WSW 
N. 

NW. wsw. 
NW. 

WNW. 
NNW. 
S. 
NNW. 
ENE. 
NW. 
NNW. 
SW. 
NW. 

NW. 
NW. 

NE. ssw. 
N. 
W. 
N. 
ESE. 

w . 
WSW. w . 
NNW. 
W. 

ssw. 
NW. 

- - -. . - -. 

_ _ _ _ _ _ _  ~ 

- - - - - - - - 
- - - - - - - - 

- -. - - - - - 

. . . - - - 

- -_ - -__  ~ 

_ _ _ _ _ - -  ~ 

- _  ___-_. 

- - - - - - -. 
- - - - - - -. 
- - - - - - - . 
N. 

i-Sw:- 
WSW. 
W. 
NE.  sw. 
NNW. 
RSE. 
WNW. 
WSW. 
NW. 
SSW. sw. 
NNW. 
SW. 
NE.  
N .  
ENE. 
ENE.  

NW. 
W. 
N. wsw. 
W. 

- ~ - - - - - 

- - - - -_-  
__.____ 

- 
Mo. 

June 
June 
Aug. 
Aug. 
June 
July 
Aug. 
Ang. 
July 
July 
Aug. 
July 
July 
June 
July 
July 
June 
Aug. 
J ~ Y  

Aug. 
J uno 
hug. 
June 
July 
June 
July 
June 

Aug. 
June 
hug. 

. - - -. - - 

. - - -. - - 

. - - - - - 
LiY 
June 
July 

June 
July 
July 
June 
Aug. 
June 
July 
Aug. 
June 

June 
June 

July 
Aug. 

July 
hug. 

Aug. 
July 
Aug. 
June 
June 

June 
July 

. - - - - - - 

. - - -. - - 

::; 
. - - - - - - 

. - - - - - - 

. - - - - -. . - - - - - - 

.---___ 
June 

July 
July 
July 
July 
June 
June 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 
July 
July 
Aug. 
July 
Aug. 
Aug. 

June 
June 
Aug. 
Aug. 

June 

. - - - - -. 

- - - - - - .  

- - - - - -. 

14,000 meters 
- 

Dir. 
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TABLE 8.-Exlreme velocities (melers per second) , .with directions and month of occurrence, for all Weather Bureau Pilot Balloon slations i n  
Unzted States and for all records through July 1936, b y  seasons. One meter per second=l.dd mzles per hour-Contmued 

- - - - - - - w . 
NN'CV. 
WSW. 
WNW. 
W. 
N. 
WSW. 
SSE. 
NE. 
WSW. 
WNW. 
WSW. 
W. 

lW. 1w. 
9W. 
vVNW. 
VNE. v. 
\INE. 
WSW. 
VNE. 
ENE. w . 
NNW. 
WNW. 

W. 
NW. 
Y W .  

5W. 
W. 
N. 

W. wsw. wsw. 
W. 
WSW. 
W. 
CV . 
WNW. 

WNW. 
WSW. 
SSW. 
WNW. 
SW. 
W. 
E. 
NE. 
WNW 
WNW 
W. 
NW. 
W. 
WSW. 
E. 
NW. 
NNE. w . 
NW. 

W. 
SW. 
NW. 
NW. 
SSE. 

NW. 
NNW 
WNW 
WNW 
WSW 
WSW. 
WSW, 
SW. 
N N W  
WNW 
N. 
WNW 
NNE. 
SW. 

N. 
IVNW 
IT. 
NE. 

w. 
WN% 

- - - - - - 

. - - _ _  - -. 

. - - - - - - . 

. . . - - - -. 

. - - - - - - . 

. - - - - - -, 

. . - - - - -. 

- - - -- - - _-_----  

- - - - - - - 

. - - - _ _  -. 

. - - - - - -. 

AUTUMN 

14,000 meters 0,000 meters 8.000 meters 10,000 meters 12,000 meters 

Station Yrs I r c i  
- 
Mo. 

- 
Mo. 
- 
ept. 
ept. 
Tov. 
iov. 
k t .  
ept. 
)ct. 
)ct. 
)ct. 
lept. 
lept. 
Tov. 
lct. 

- 
Mo. - 
.-_-- 
ept. 
iov. 
Jov. 
Jov. 
ept. 
ept. 
ept. 
)ct. 
Jov. 
)ct. 
ept .  
lct. 
)ct. 

iept. 
iept. 
lept. 
Ict. 
:opt. 
;opt. 

vov. 
:opt. 
lopt. 
lot. 
<opt. 
vov. 

3ct. 
Jct. 
3ept. 

_ _ _ _ -  

.____ 

_ _ _ _ _  

- %  

MO. 

__. 

Dir. 
- 
cl . 
- 

24 
42 
48 
37 
27 
32 
28 
32 
33 
41 
60 
47 
23 
28 
40 
38 
30 
20 
14 
28 
28 
38 
31 
21 
44 
32 
48 
31 
50 
39 
27 
33 
31 
41 
35 
36 
24 
34 
36 
32 
10 
32 
26 
24 
39 
32 

39 

41 
2e 
31 
47 
44 
27 
33 
2c 
4c 
3c 
2: 
32 
3i 
2i 
3( 
3s 
2( 
3: 
21 
3; 
34 
3: 
4f 
4t  
2: 
4! 
5: 
2! 
2( 
41 
3( 
28 
4: 
3( 
4t 
6: 
2: 
4s 

20 

50 

'f 
21 
3 
31 ''dl 
2: 
- 

- 
el. 
- 
128 
48 
37 
34 
20 
23 
24 
27 
40 
49 
21 
50 
27 
0 

30 
30 
31 
30 

7 
28 
25 
47 
28 
29 
33 
20 
44 
18 
02 
40 
28 
20 
32 
33 
37 
38 
17 
30 
20 
34 
13 
35 
27 
34 
31 
36 
18 
34 
41 
17 
2E 
41 
5E 
2E 
2f 
23 
z 
3f 
2t 
21 
2; 
3( 
l( 
3: 
31 
1( 
2) 

2 
3: 
4: 
41 
1: 
6( 
41 
1: 
3( 
3: 
3: 
4: 
2l 
3( 
9 
31 
21 
4' 
21 

2 
3 
4 

1 

'1, 

''1 

(1; 

- 

- 
Dir. 

- 
'el. 
- 
I 7  
25 
43 
32 
31 
24 
34 
3 

26 
38 
29 
49 
23 

:I) 
35 
42 
31 
43 
13 
21 
30 
31 
27 
28 
35 
34 
50 

(25  

'21 

'25 

50 
18 

'1) 

45 
35 

41 
41 
10 
37 
17 
27 

'15 

'la 
44 
E 
4i 
2E 
2! 
3! 
2: 
a 
2( 
41 
2: 
2! 
3: 
3: 

I 
1: 
3L 
1: {$ 
1: 
2 
3 
21 

3' 
2 
2 
3 
3 
5 
3 
2 
2 
3 
2 
2 
2 

2 
3 
4 

''1 
3 

'1 

"1' 

- 

- 

38 
40 
21 
24 
28 

27 
19 
22 
38 
28 
40 
25 
1) 
35 

20 
14 
10 

17 
12 
20 
22 
39 

33 
30 

28 

;: 
20 

21 

25  

1 0  

1) 

40 
24 

44 
12 
4 

20 
29 
29 

:I) 
28 
3 
25 

'1) :') 
27 
22 
10 
24 
31 
15 

'Is 

'Z 

'I16 

(21 

'?I 

7 
10 
40 
22 

28 
(9 
(1) 

33 
22 

4c 
1 4  
2E 
3E 

31 
2i 
1: 
24 
31 
1f 
24 

' l t  
11 
3: 
2( 

'3; 
- 

Dir. Dir. 

- - - - - - - - 
iV . 
WNW. 
YW. 
WSW. 
WSW. 
NE. 
NW. 
WSW. 
NW. 
N. 
WNW. 
WNW. wsw. 
W. 
SW. 
WSW. 
NE.  sw. 
WNW. 
W. 
N. 
NW. 
NNW. wsw. 
W. 
NNW. 
NW. 
S. 
NNW. sw. 
WNW. 
WNW. 
NNE. 
W. 
WNW. 
N W. 
N. 
W. 
NW. 
W. 
WNW. 
NW. 
W. 
W. 
NNW. 
NNW. w . 
WNW. ssw. 
NNE. 
WNW. 
W. 
NW. 
NNE. 
WNW. 
W. 
NNE. 
NNW. 
W. 
WSW. 
W. 
NNW. 
ENE. 
NNW. 
WNW. 
W. 
WNW. 
NNE. 
NW. 
WNW. 
WNW. 
NW. 
NNL. 
W. 
SSW. 
W. 
NW. 
W. ssw. 
W. 
WSW. 
NNW. 
NNW. 
NW. 
WSW. 
WNW. w . 
WSW. 

NW. 
WNW. 
W. 
WNW. 

WNW. 
NW. 

- - - - - - - - 

_ _  _ _ _ _ - -  

- 
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