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WINDS IN THE UPPER TROPOSPHERE AND LOWER STRATOSPHERE OVER THE
UNITED STATES

By Loyp A. BrEVENS

Aecrological Division, U. 8. Weather Bureau, ‘Washington, D. C., January 1937

INTRODUCTION

Due to the increasing interest of aeronautical engineers,

ﬁete‘)m,loglsts, and others in the possible advantage of
gh-altitude fly u%’ it is deemed appropriate to publish at
8 time the results of wind measurements made by the
nited States Weather Bureau during the past several

years for altitudes between 6 and 14 kilometers (20,000 to

46,000 feet, approximately) above sea level, A summary
of the winds

y in the lower levels over the eastern section of
the United States was published in the MoNTaLY WEATHER
Review SuerrEMENT No. 35, and another summary for
the central and western sections of the country will be

published in & similar manner in the near future. For the
Information of those interested in the other elements in

e free air, reference is also made to another publication
soon to be issued as 8 supplement to the MoNTHLY
gVEATHEl} Review, entitled “Summary of Aerological
Sbsert:a,tmns Obtained by Means of Kites, Airplanes, and

ounding Balloons in the United States”. 'Data are given

herein for 30 stations, shown i i
y m table 1, which were
selected according to ’their 80 ical i
number of observations av e B b moeation._and

ailable for high altitudes.

TABLE 1~—Ligt of slations showing elevation above sea level, period
of record, and number of daily observalions

. Elova. Number
tation A Period of record & Gaily
tlons
Mdeters
Amarillo, Tex. 1,117 { May 1032~Feb
Bolse, Jane " """ Tmmwm e " ay ob. 1036_
Browe A5 - 850 | Dec. 1926~Dec. 1935_

Oct, 1918~June 1933._

Brownsville, Tex 12} Au
. 1920-Fab. 1036_
Cg; ;:g;tlon,vyt.- 132 | Jan, 1920-Aug. 1935.....
o as%' ) yo. 1,873 | Bept. 1926-Nov. 1935_....
Ellendale’ N, Dok 217 | Dec. 1920~May 1932. ...
1 Paso, Tex. 444 | Oct. 1018-Feb. 1032__
Evansvi,lle, o 1,196 | Apr. 1832-Dec. 1935

Greenshoro, N, G

124 | Oct. 1029~Feb. 1936..
Groesbeck, Tex...

May 1928-Feb. 1036.

130 | Oct. 1018~May 1931__.
?&gﬁ;ﬁﬁ?ﬁ' 762 | Aug. 1627-3nly 1935.....
Koy Wone, 8. 14 | Oct. 1026~July 1035, ...
Lonshosb g-- 11 | July 1920-Jan. 1036 ..
T An%el c! i 263 | June 1918-Qct. 1926,
Madts e&,& alif, 217 | Sept. 1026-Dec. 1036,

ot Wis. ... 307 | May 1919-Feb. 1927.
enn....... 145 | July 1023-July 1935.

1,685 | Ang. 1927-Dec. 1035,

3%&15 Oct, 1926-Feb. 1938..

Jan. 1019-8ept. 1035. ..
July 1928-Oct. 1935._..
Apr. 1920-Feb. 1036.
Oct. 1918-Mar. 1932
June 1821-Nov. 1935
Nov. 1926~Feb. 1036
Aug. 1927-June 1934, _
Jan. 1919-July 1935. ..
Dee. 1931-Jan. 1936,

8
198
1,153
10
1,488

W OIRIRIES N W CISI BRI NI DD I O 4 I NI MON S I I RS I RIS NI L

Since the data are rather meager for these altitudes at
most stations, the summarized results for each level are
800Wn only for the four seasons and for the year as &

whole. Summarized data are not shown for any season
or level having less than 15 observations. This minimum
number is believed to be too small, in most cases, to give
true seasonal averages but was decided upon in order
that, for the purpose of comparison, the graphical repre-
sentation might be as complete as possible and the tabular
matter reduced to a minimum. Data for seasons having
less than 15 observations are shown 1n tabular form, each
individual wind observation being listed separately.

BLE 2.—Tabulation of individual wind observations by seasons for
T‘Aievels having less than 15 observations and not shown graphically in
the accompanying charis. Velocities in meters per second
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TABLE 2.~ Tabulation of individual wind observations by seasons for
levels having less than 15 observations and not shown graphically in

the accompanying charts.

BROWNSVILLE, TEX,

Velocities in meters per second—Contd.

Tasre 2.— Tabulation of individual wind observations by seasons for
levels having less than 16 observaiions and not shown graphically in

the accompanying charts. Velocities in meters per second—Contd.
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TasLe 2. — . L . :
B 2.—Tabulation of individual wind observations by seasons for TaBLe 2.—Tabulation of individual wind observaitons by seasons for

levels ; : g 3 d
i ac?::fng less than 156 observations and not shown graphically tn levels having less than 15 observations and not shown graphically in
panying charts. - Velocitics in meters per second—Contd. the accompanying charls. Velocities in meters per second—Contd.
EVANSVILLE, IND. JACESONVILLE, FLA.
8km ‘
Senson 10 km 12km 14 km Senson 8 km 10 km 12km 14km
Dir. Vel. Dir., Vel.| Dir. Vel.| Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. | Dir. Vel.

BEY WEST,

» CALIF,
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Tasre 2.—Tabulation of individual wind observations by seasons for ~ TasrLe 2.—Tabulation of individual wind observations by seasons for

levels having less than 16 obeervations and not shown graphically in levels having less than 15 observalions and not shown graphically in
the accompanying charts. Velocities in meters per second—Contd. the accompanying charis. Velocities in meters per second—Contd.
MADISON, WIS, NEW ORLEANS, LA.
Skm 10 km 12km 14 km :8km 10 km 12 km 14 xin
Beason Season
Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel Dir. Vel. Dir. Vel Dir. Vel, Dir. Vel
Winter, 8. 18
Do W. 4
Do w. 26
Do W. 16
Do NNW. 5 -
Spring._ N. 8 | NNE.
Do.. N. 9 | ENE.
Do NE. 15 | W.
Do E. 2| W,
Do, SW. 15| W,
Do Ww. 15 | WNW.
Do w. 20 | WNW,
Do W. 12 | NW.
Do WNW 13
Do. NwW. 24
Do. NwW. 38
Do NWwW. 15
Do NNW. 9
Do. ——— NNW. 16
Summer-. - N.
Do N,
0.1 YRR FRREUPRIU AT NN, NE.
Do NE.
Do. E.
Do 8.
Do...-. NW,
Do. NNW.
Autumn... ENE,
[ PR SRR FURIII JIPUIRIN SN ESE.

MEMPHIS, TENN.

51 N.
17 | WNW, 13 | NNW.

w.
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Do. - —— ESE 42 °
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TA;:::;:%;—-Tabulation of individual wind observations by seasons for ~ TaBLE 2.—Tabulation of individual wind observations by seasons for
" the 8 having less than 16 observations and not shown graphically in levels having less than 15 observations and not shown graphically in
Gccompanying charts. Velocities in meters per second—Contd. the accompanying charts. Velocilies in melers 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 are 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 at 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
- of average wind conditions, especially for the first three
levels of 6, 8, and 10 kilometers, corresponding approxi-
mately to 20,000, 26,000, and 33,000 feet, respectively.
For the higher levels, also, certain stations have sufficient
data to show fairly reliable averages. Wind directions
referred to herein af;vays indicate the direction from which
the wind blows. All velocities are given in meters per
second, with the English measure equivalents indicated
where appropriate.

his 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-
mﬁt winds are given in graphical form on the accompanying
charts.

‘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.
at 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 genersal, 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,

owever, 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 at 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 bring 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-

mer than in winter and more pronounced at 6 kilometers
than at higher levels, becoming less at each successive
level above 6 kilometers. During the winter season,
however, highest velocities appear to occur over the east-
central part of the country at all levels.

In table 3 the annual percentage frequencies of the
winds from all directions are combined into four figures
showing the total frequency from each of the four cardinal
directions. In arriving at these figures, the total fre-
quencies of winds from NNW,, N., and NNE., and %
(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
WSng .» W., WNW., and % (SW. plus NW.) were grouped
as W.

TasLe 3.—Annual percentage frequency of wind directions from
each of the 4 quadrantis: North winds include NNW., N., NNE.
and % (NW.4NE.); east winds include ENE., E., ESE., and
% (NE.+8E.); south winds include SSE., 8., SS'W., and %
(SE.+SW.), and west winds include WSW., W., WNW., and
¥ (SW.+NW.)

AMARILLO, TEX.

Quadrant 6 km 8 km 10 km 12km 14 km
N. 27 2 27
B 10 13 15
8 - 13 13 17
Wl 50 8 a1
BOIRE, IDAHO
N. 21 2 27
E. 8 8 11
8 17 16 13
W 56 5 9
BROKEN ARROW, OKLA,
Noeeen 2 30 33 28
E. 7 10 1 10 15
8 1 10 8 10 8
W 54 50 48 52
BROWNSVILLE, TEX.

N 2 25 31
E.- 2 18 16
g 13 1 10
Wl 44 5 43

BURLINGTON, VT,
Noouoo 2 33 2
. 5 8 1
8. 8 ] 14
w 61 55 5

CHEYENNE, WYO.
N . 21 25 28
E. 4 7 10
8. 12 9 12
W 63 59 50

DUE WEST, 8. C.
N 21 2 26 36 5
B 9 9 12 18 %
8. 8 7 10 5 14
w - 62 60 52 42 28

ELLENDALE, N, DAK,

N.. 27 30 32 32 2%
E. 4 5 5 3 2
8 5 7 5 3 0
W 64 58 58 62 7l
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¥ '(quuadrants: North winds include NNW., N.,, NNE., and of the 4 quadrants: North winds include NNW., N., NNE., and
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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 Jacksonville 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 percent of the winds at all levels 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.

RESULTANT 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
at the final results these vectors are combined into a single
vector, or value, representing the 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
by these two observations. Resultants are of most value,
027 course, when based on a large number of frequent
observations. They can be used to advantage for long-
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. at Jacksonville at 12 kilometers, and
NNW. at Greensboro and Royal Center and NNE. at
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, decreasing to
about 6 meters per second over the extreme southern part.
For the individual seasons the greatest variations from the
annual values occur during the winter and summer. Dur-
ing the winter season there is a marked increase in result-
ant velocities at most stations, especially over the eastern
part of the country where the average is approximately 16
meters per second at 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-kilometer level over the extreme southern part. The
former is apparently due to the fact that the base of the
stratosphere is reached at 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 rather steeply from north to south
during this season (reaching a level of about 15 kilometers
at latitude 25° north), it 1s also to be expected that the
average air movement should increase in velocity up to
the 14-kilometer level over the southern portion of the
country. During the summer season lighter resultant
velocities prevail over all sections and at all levels, except

at the lower levels over the northern Rocky Mountain
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 increase in velocity, conse-
quently extends to higher levels during the summer ses~
son. The resultant directions, during the summer season;
shift to SW. or WSW. over the western Rocky Mountai8
and Pacific coast regions and to N. or NE. over the south~
eastern part of the country. This circulation indicate®
the existence of a high-level anticyclone, located approx
mately over the State of Texas. The existence of thi®
anticyclonic circulation at high level was brought out in a#
article published by Thomas R. Reed, of the San Fran’
cisco, Calif., Weather Bureau office.! The statement
made by him in that article, to the effect that there weré
indications of this anticyclone extending up to the tropo”
pause, is verified by the present study. It is interesting
to note that Shaw % also shows a center of high pressure #
about the same location in his computed normal-pressuré
map for 8 kilometers for the month of July. ~

AVERAGE VELOCITIES

In table 4 average velocities are shown for each statio?
by levels and seasons. These values are obtained withou?
regard to wind direction by dividing the velocity totals fof
all directions by the corresponding number of observation

TaBLE 4.—Average velocities in meters per second (obtained by
dividing total velocity of all directions by total number of observalions)’
One meter per secand s equivalent lo 2.24 miles per hour

e

B g -] g 3
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122! 851132| 10|l 10.4) 10,6152 [ 138 1y

8 9.2 1150113} @ | 136|165 183] o

! (O NO] O] OO OO |

BROEEN ARROW, OKLA BROWNSVILLE, ’IEX-/

: 3

6,000 - oeoeoeomnnee 10.9 148 7.7| 119119 124|115 69| 7.7 ,5.1

,000 N 15,8 9.2 13.4 ] 12.4 16.8 | 15.4 71 0.9 11,9

1571107 | 4711838 | @) | ¢) | 9.5 0.7 y54

1611166 16.4 {14620 ) | ) |188 ?) -

® 109148160 O] O] O =

CHEYENNE, WYO- /

12.0

13.1 |} 126124105 | 1811 413

12.2 [ 10.7 | 1.2 | 10.8 | 1L.8 | ;18

13.5 || 82105118124 4.

M4 1102|1181 4

Ol ORI O RO MO o

DUE WEST, 8. G ELLENDALE, N. mx-’/

g

77112 | 1.4 | 179 | 15,6 | 13.6 [ 158 | 363

8.4 1.8 110 16.5 | 15.8 | 16.4 | 16.2 | 4.0

89130} 11.3 | 14.6 | 13.4 [ 17.3 | 188 16.3

%41 147121 (| @) | 1401681168} 33

XSO B H RO RO MO MO

EL PASO, TEX. EVANSVILLE, INP: ,/3

9

68|103] 100191 9.4| 83| 28 st

84126 123l ) | 88| 00| 821 05

851 14,561 18.1 0 100! 92110 1%

8.0 (165 | 14.4 ?) 12.4 (:; q; 0]

IO N IO I o) DO IO I I QO Pt

1 Less than 15 observations. ) WW

R a
1 Rged, Thomss R. The North American [High-Level Anticyclone"Mo
Weather Review, November 1933, pp. 321-325.

1 8ir Napier Shaw, Manual of Meteorology, vol. II, fig. 167, p. 262.



TABLE 4.

divids —Average velocities in meters per second (obtained by
-One :'n”!i total velocity of all directions by total number of observations).
eler per second is equivalent to 2.24 miles per hour—Continued
g L g
Altituge w | B ol g | wl & 3
(meters) g2 E § AERERN: E g
—_— B lama)=< Fleg1&ialals
GREENSBORO, K. C. GROESBECK, TEX.
i.6| 89}(10.1]105| 1781147 6.2{10.2| 10.7
13.210.0 10,6 {11 || 181} 168 | 71121 | 1.2
140 |1.8 120|126} 20.4 | 15.7| 8.6 | 14.2 120
16.0112.6 | 13.7 1 13.7}| 25.2 | 13.1} 9.4 ]18.6| 12.8
® [150| (0 |14 (O] m 90.4]18.3] 13.0
JACESONVILLE, FLA
162111 67| 88| 85
168|124} 7.0 10.8 9.5
) {116 9.2(14.3( 107
? 15.1]10.7 128 11.6
] M j1Ls|l M 12.3
LANSING, MICH
7.7/ 200132109137 129
9.9 (® [125]|126(13.8] 131
1.6 () 128133162} 141
128 ¢ (l; 5.2 | 1.9 | 131
mej ¢ ¢ [V
MADISON, WIS,
0.9l 17.8]13.8] 1.3} 149 13.4
1.1 |} 19.5 {149 [ 11.8 [ 17.6 | 146
1.7 l; 1y | 12.4 | 140 13.3
1m4 | ¢ 1 ?) (tg 121
®» 1) ! 6 O]
MODENA, UTAH.
9.1] 88 139]128] 90.2]11.6{ 1L6
101 0.1 14.1]13.0}12.6}13.6| 13.3
1001 | 89][16.4]12.0,[15.0( 141 14.2
12.4 ) 10.1 ?g 3 E‘; 17.5 ] 15.4
oo ! ! ! o[
NEW ORLEANS, LA. OMAHA, NEBR.

241 61) 0.4] 9.4} 156|122 09127} 1.7
141 76| 1mel109(l 16413018127 127
16.0 100 {16.2 | 14.0 | 16.6 | 15.1 | 128 | 13.9 | 13.7

8 8 25.0 | 22.1 8 8 16.0 [ 16.1 | 16.2

1 1). (l) (l) 1 1 17'4 (l) 12.8
PORTLAND, OREG. BEDDING, CALIF.

1281126 || 155 ] 13.2 [ 12.0 [ 12.2| 13.1
12,4 [ 13.5 (| 17.2 [ 147 | 14.3 [ 12.8 | 14.4
10,7 | 13.8 || 17.4 | 16,1 | 16,2 | 13.7 | 15,5
0.8 134 14.4|13.9|159|129| 142
@ ol @ ) [0) 1) 13.3

SAN FRANCISCO, CALIF.
11.310.4{ 8.8|10.83 | 10.0
120! e.4{10f10.6] 107
13.8 { 10,0 | 13.0 [ 12.8 | 12.9
8 ('; 148168 | 1566
@ | @ |158] 162

SHERIDAN, WYO.

5 3 13.7 | 18.9 || 15 13.6 (13,21 14.9 | 13.9
16.0 | 15.1 | 13.8 | 15.2 | 14.0 | 13.1 | 15.1 [ 14.9 | 14.5
16.3 (1671 () |16.2)| 14.9 | 12.0]16.2 | 13.6 | 14.6

8 18.1 1 17.0 E‘; 12.4 1 14,7 112.0 ] 13.9

! ¢ ® DGO O O

WINSLOW, ARIZ
10.3 | 18.2 ] 7.5 |18 | 121
20.6 | 168! 7.5]14.0] 151
20,9 1186110001701 18.8
18.4 8 1.5 | 18.3 | 16.4
Gl lo]ol s

In general, it will be noted that the variation of average
velocity with height and with latitude is approximately
the same as previously pointed out in the discussion of
wind roses and resultants. The annual variations with
latitude from south to north are approximately 8 to 15
meters per second at 6 kilometers, 10 to 16 meters per
second at 8 kilometers, 11 to 16 meters per second at
10 kilometers, and 13 to 15 meters per second at 12
kilometers. At 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 southwest
with altitude, the average velocity at 12 kilometers being
25.2 meters per second at Groesbeck and 23.8 meters per
second at Broken Arrow. This season is also character-
ized by decressing 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 during 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 Meteorologie.?

FREQUENCY OF HIGH VELOCITIES

The percentage frequencies of high velocities between
22 and 27 meters per second (49-60 miles per hour),
28-36 meters per second (61-80 miles per hour), and over
36 meters per second (80 miles per hour), together with
the highest velocities on record, are shown in considerable
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 along the eastward slope of the
Rocky Mountains. In general, there is a decided seasonal
variation in the frequency of high velocities at these
levels, the maximum occurring during the winter season
and the minimum during the summer season. Over the
north portion of the Rocky Mountains, however, the
reverse is true, as in the case of average velocities pre-
viously discussed. Most stations show an increase in the
frequency of high velocities between the 6- and 10-kilometer
levels. Thisis more pronounced in summer than in winter.

In table 6 the total (all directions combined) annual
percentage frequencies of high velocities are shown with
the stations grouped according to geographical location.
Mean values are also given for each of the three groups of
stations. The mean values were computed from the
original data and are not, therefore, averages of the
columns under which they appear.

drodynamfk Mit Anwendung Auf Die Dynamische Meteorologia”
]

8 “Physikaliche H.
by: V. gjerknes, T g erknes, H. Solberg, and T. Bergeron, D. 649,
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TaBLE 5.—Percenlage frequency of high veloctlies of 22—-27 meters per TaBLu 5.—Percenlage frequency of high velocities of 23—-27 meters pef
second (48—60 miles per hour), 28—36 meters per second (61-80 miles second (48-60 miles per hour), 28—-36 meters per second (61-80 males

per hour), and over 36 meters per second (80 miles per hour), respec- per hour), and over 36 meters per second (80 miles per hour), respec;
tively and mazimum velocities; classified by direclions tively and mazimum veloctties; classified by dzrectwns——,Contmqu
\ AMARILLO, TEX. . BOISE, IDAHO
WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Velocity Velocity j
Over Over Over
22-27{28-36 | “gq” | Max. | 22-27 | 28-86 | V0" | Max. | 22-27 [ 28-36 | “54" {Max. 29-97 | 28-36 Oavser Max, | 22-27 | 25-36 Ogrgr Max. | 22-27 | 28-38 Osveer Max,

. Poooes,
L-T-2-ToICR N

Total.

P
©»
-

SUMMER SUMMER

0.9

""" 5 TR NE._....

............ B
...... 5 [

...... .9

0.6 81
b b A 2 R FR SO,
AUTUMN

.4 .2 .2
...... 8| 8
0.3 0.3 37 1.4 .8 .
X1 Tl sl I X OX 3 M e B W 260 al
8 28 oo | Lol 14l fiil
3 X - 6| .8
12| 8 |] 84 7 |iles 7.0| 2.8 82| 48| 6|
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Tanin 5 ;

s ez‘fn d5-‘Percem_!age fre%uency of high velocities of 29-27 melers per  TABLE 5.-—Percenlage frequency of high velocities of 22-27 meters per

Per ho (48-60 miles per hour), 26~36 meters per second (6180 males second {48-60 miles per hour), 88-36 meters per second (61-80 miles

tively, Z"), and over 86 meters per second (80 miles per hour), respec- per hour), and over 36 meters per second (80 miles per hour), respec-

nd magimum velocities; classified by directions—Continued tively and mazimum velocities; classified by directions—Continued
BROKEN ARROW, OKLA, BROWNSVILLE, TEX. .
— WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 8,000 meters 8,000 meters 10,000 meters

v°10<>1ty ——

22271236 ) OFeT | Mox. | 22-27| 28-38) OF¢F | Max. | 22-27 | 28-96 | OFF | Max.

Velocity

20-27 | 28-36 | OYer | Max. | 20-27 |28-36 OBY‘;” Max. | 22-27 | 28-36 Og;r Max,

Hnsuthient data.

Insufficient data.




TaBLB 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-
tively and mazimum velocities; classified by directions—Continued

12

TABLE 5.—Percentage freiuency of high velocities of 2227 melers Pef

second (48~60 miles per

our), 28-36 meters per second (61-80 miled

per hour), and over 36 meters per second (80 miles per hour), respét;
tively and mazimum velocilies; classified by directions—Continu®

BURLINGTON, VT. OHEYENNE, WYO.
WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Velocity Velocity,
22-27 | 28-36 | OF9F | Max. | 22-27 | 28-36 | OF% | Max. | 22-27 | 28-36 | OF¢" | Max. 22-27 | 28-36 | 0T | Miax. | 22-27 | 28-36 | OFfe™ | Max. | 22-27 | 26-86 | OFeF
...... 0.6
NNE...| .6 L6
E
ENE.__|accec|racaefamaaas
E
ESE
Eouoa.
8SE....
Insufficient data. ... Insufficient data. ESW-.. e e e e
W .61 0.6
WBW._| 21 .9
.8 1.6
WNW_| L5 [ 20 SN OOV RS SR PRI S N,
Nw__.J 21] L2} 03 46| 16 24
NNw.| .6 .6 —_— -
Total.| 8.4| 4.2 .3 [ 7% 20 PRONUOREON AR URSUIN AP SUCIPRI SR,
SPRING .
SPRING
0.4 1.1
.4
Insufficient data. % _________
.8
.8( 0.2
1.6 221 L1 20
WNW.| 1.6 .4
W....|] .8 .41 0.4 42 L1
NNW__| .2
Total.| 6.6 L0{ .4/ ... 44| 11
AUMMER SUMMER
0.7 36
0.1 |- o| T
3.5
.3 2.3
? ...... 3| 2.1 2.3
.8 5.6 7 4.6
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61 0.7
.1
.17 0.1 36! 07
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1.0 .1 -
1.8 .2 .7
11 b 1.4 .7 31
L2 .2 W7 W7
.7 .7
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T : .
A;::E 5-~Percentage frequency of high velocities of 28—27 meters per  Tasre 5.—Percenlage frequency of high velocities of 28-87 meters per
? ero;:d (48-60 miles per gwur), 28-86 meters per second (61-80 miles second (48~80 miles per hour), 88-36 meters per second (61-80 miles
tivel 0ur), and over 86 meters per second (80 miles per hour), respec~ per hour), and over 36 meters per second (80 miles per hour), respec-
Y and mazimum velocities; classified by directions—Continued tively and mazimum velocities; classified by directions—Continued
DUE WEST, 8. O, ELLENDALE, N. DAK. '
— WINTER WINTER
) 6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Velocity‘% Velocity o
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e
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N 20| .4 14
ote)
9.6 8.2 et 126 ) 8.4 14| oo 1.2/ 8.8
~
N\\ SPRING
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TaBLE 5.—Percentage frequency of high velocilies 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-
tively and mazimum velocities; classified by directions—Continued

EL PASO, TEX,
WINTER

TasLe 5.—Percentage frequency of high velocities of 22—27 meters pé
second (48-60 miles per hour), 88—-36 meters per second (61-80 males
per hour), and over 36 meters per second (80 miles per hour), respﬂf’&
tively and maximum velocities; classified by directions—Continu€

EVANSVILLE, IND.
WINTER

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

Velocity

12227 | 28-36 | OFF | Max. } 2027|2806 | OFST | Max. | 22-27 | 28-36 | O | Max,

10,000 meters

6,000 meters 8,000 meters

Velocity

29-27 | 28-36 | 07 | Max,

o Over | pfas
a8 22-27|28-36 | Vg | M

22-27 28-86 | O3FF | Max.

...... 0.4 [comenn [ m——
0.4 3.2
____________ 1.2
Insufficient data......_. Insufficlent data.
20| .4 1.2( 2.4 1.2 38
3.2 16 |ecmmecfoncann 1.2] 2.4 3.2
441 24| 1.2 39| 4.8 1.2 6.4 32| 3.2 40
2.0 .4 3.6 4.8 6.4
.4 .4 3.6
.8 K 35 IS, b V1 SO SN SN SN,
13.2] 56| 1.6 [-cco. 156 12,0 L2 ... 9.6 9.6 6.4 ......
SPRING SPRING
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Tar
s 6::;1, d5-"‘Percen§age Srequency of high-velocities of 22~27 melers per  TaABLB 5.—Perceniage frequency of high velocities of 22-27 meters per
per hou(rﬁ{)t&go miles per hour), 28-36 meters per second (61-80 miles second (48-60 miles per hour), 28-86 meters per second (61-80 mzles
S, b

tively g %ﬁ) g;)’f; gﬁvgltgigfeg)?z ls(f;)i%i d(81’)0 n(;z:les per hour), respec- per hour), and over 86 melers per second (80 miles per hour), respec-
5 y directions—Continued tively and mazimum velocities; classified by direciions—Continued
GREENSBORO, N. O. GROESBECK, TEX. ‘
WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Vﬂlocity . Velocity
22-27 1 28-30 | OFr | Mrox. | 92-27 | 28-36 | OF°T | Max. | 22-27 | 28-30 | OF¢T | Max,” 22-27 | 28-36 | OFFT | Mox. | 22-27 | 26-86 | OFeT | Max. | 22-27 | 28-36 | O | Max.

Insufficient data._...... Insufficient data.
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TasLE 5.—Percentage frequency of high velocilies of 22—-27 meters per TABLE 5.—Percentage frequency of high velocities of 22—27 melers pe’
second (48-60 miles per hour), 28—-36 melers per second (61-80 males second (48-60 miles per hour), 28-36 meters per second (61-80 males

per hour), and over 36 meters per second (80 miles per hour), respec- per hour), and over 36 meters per second (80 miles per hour), respec;
lively and mazimum velocities; classified by directzons—Continued tively and mazimum velocities; classified by directions——Continue
HAVRE, MONT. JACKSONVILLE, FLA.
WINTER : WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Vt_alocit,y . Velocity
22-27 | 28-36 | 0¥ | Max. | 22-27 | 28-36 | OFeT | Max. | 22-27 | 28-36 | O | Max. 22-97 | 28-36 | OFF | Max. | 22-27 | 28-36 | OFF | Max. | 22-27 | 28-36 | Opf | Mox.

Insufficient data

Total.| 11
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TaBLE 5.— Percentage frequency of high velocilies of 22-27 meters per
second (48-60 miles per hour), 28—36 melers per second (61-80 males
per hour), and over 36 melers per second (80 miles per hour), respec-
tively and mazimum velocities; classified by directions—Continued

Ta
sg::; 5-‘*Percentage frequency of high velocities of 22-27 melers per
per ;‘d (48-60 miles per hour), 28-36 meters per second (61-80 males
live] Wur), and over 36 meters per second (80 miles per hour), respec-
Y and ‘mazimum velocities; classified by directions—Continucd
KEY WEST, FLA.

WINTER

LANSING, MICH.

WINTER

6,000 meters

(o] 3vger

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

Over Velocity
30

Over

Qver
36

36

Over
36

28-36

Max. | 22-27 | 28-36 Max. 28-36 Max. 28-36 . 122-27 | 28-36 Max. | 22-27 | 28-36 Max.

Insufficient data__.._._ Insufficient data.
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TaBLE 5.—Percentage frequency of high velocities of 22—27 meters per  TaBLE 5.—Percentage frequency of high velocilies of 22-27 melers per
second (48-60 miles per hour), 28—36 meters per second (61~80 miles second (48—60 miles per hour), 28-36 meters per second (61-80 males

per hour), and over 36 meters per second (80 miles per hour), respec- per kour), and over 36 meters per second (80 miles per hour), respec:
tively and mazimum veloctiiies; classified by directions—Continued tively and maximum velocities; classified by directions—Continue
LOS ANGELES, CALIF, MADISON, WIS,
‘WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 mcters 10,000 meters ‘
Velocity Velocity
22-27 | 28-36 | OFSF | Max. | 22-27 | 28-36 | OFF | Max. | 22-27 | 28-36 | 05 | Max. 20-27 | 28-36 | OFE™ | Max. | 22-27 | 28-36 | OFe" | Max. | 22-27 | 28-36 | 0" | Max.

Insufficient data.

Insufficient data.




TanLr
?2:‘;3 C?-\Percen}tage Sfrequency of high velocities of 22-27 meters per
per Z (48-60 miles per hour), 2836 meters per second (61—-80 miles
7 our), and over 86 meters per second (80 miles per hour), respec-

Yely and mazimum velocities; classified by directions—Continued

MEMPHIS, TENN.
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TaBLe 5.— Perceniage frequency of high velocities of 22-27 meters per
second (48-60 miles per hour), 28-36 meters per second (61-80 males
per hour), and over 36 meters per second (80 miles per hour), respec-
tively and mazimum velocities; classified by directions—Continued

MODENA, UTAH

— ‘WINTER WINTER
6,000 moters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Veloety —— ' Velocity 5
2-27 | 28-36 | OFCF | Max. | 22-27 | 28-36 | O | Max. | 22-27 | 28-86 | OF07 | Max. 22-27| 28-36 | OFF | Max. | 22-27 | 28-36 | OF%F | Max. | 22-27 | 28-36 | g3 | Max,

Insufficient data........ Insufficient data.
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TABLE 5.— Percentage frequency of high velocities of 22-27 meters per TaBLE 5.——Percenlage frequency of high velocities of 22-27 meters pel
second (48-60 miles per hour), 28-36 melers per second (61-80 miles second (48-60 miles per hour), 28-36 meters per second (61-80 miles

per hour), and over 36 melers per secqnd (80 mz:les per hour), respec- per hour), and over 36 meters per second (80 mz:les per hour), respec;
tively and mazimum velocities; classified by directions—Continued tively and mazimum velocities; classified by directions—Continue
NEW ORLEANS, LA, OMAHA, NEBR. -
WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Velocity o o Velocity
22-27 | 28-36 | O | Max. | 22-27 | 28-36 | O | Max. | 22-27 | 28-36 | Opf™ | Max. 22-27 | 28-36 | OFOF | Max. | 22-27 | 28-36 | 0T | Max. | 22-27 | 28-30 Oyer | Mat.

Insufficient data.

SUMMER
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T4z,
s ecoEn &r’-TPercen? ge frequency of high velocities of 22-27 meters per  TaBLE 5.— Percentage frequency of high velocities of 22—27 meters per
per ho (48-60 miles per hour), 28-36 meters per second (61-80 miles second (48~60 miles per hour); 28—36 meters per second (61-80 mrles
tively ur), and over 36 meters per second (80 miles per hour), respec- per hour), and over 86 meters per sccond (80 miles per hour), respec-
and mazimum velocities; classified by directions—Continued tively and mazimum velocities; classified by directions—Continued
PORTLAND, OREG. ' REDDING, CALIF, \
—— ‘WINTER WINTER
6,000 meters 8,000 moters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Vekocity Velocity
2227 | 28-36 | 0T | Max. | 22-27 | 28-36 | 0% | Max. | 22-27 | 28-36 | 0" | Max. 22-27 | 28-36 | O™ | M. | 22-27 | 28-36 | OFeT | Max. | 22-27 | 28-36 | O™ | Max.

b b e 7 7
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TasLe 5.—Percentage frequency of high velocities of 22-27 meters per 'TABLE 5.—Percentage frequency of high velocilies of 22-27 meters pé’
second (48-60 miles per hour), 28-36 meters per second (61-80 marles second (48-60 miles per hour), 28—386 melers per second (61-80 mzles

per hour), and over 36 meters per second (80 miles per hour), respec- per hour), and over 36 meters per second (80 miles per hour), respec;
tively and maximum velocities; classified by directions—Continued tively and mazimum velocities; classified by directions—Continue
ROYAL CENTER, IND. SAN FRANCISCO, CALIF.
WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Velocity Velocity
22-27| 28-36 | OFF | Max. | 22-27 | 28-36 | OF°" | Max. | 22-27 | 28-36 | OF¢T | Max. 22-27 | 28-36 | OFOF | Max. | 22-27 | 28-36 | 0% | Max. | 22-27 | 28-30 | OF T | Mox.

3.4

Insufficient data.
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Tan
sef:fn d5-~Percen§age frequency of high velocities of 22-27 meters per  TaBLE 5.—Percentage frequency of high velocities of 2227 meters per
per h (48-60 miles per hour), 28-86 meters per second (6180 miles second (48—60 miles per hour), 28-36 melers per second (6180 males
ie our), and over 36 meters per second (80 miles per hour), respec- per hour), and over 36 melers per second (80 miles per hour), respec-
Y and maximum velocities; classified by directions—Continued tively and mazimum velocities; classified by directions—Continued
SAULT STE. MARIE, MICH. SHERIDAN, WYO.
i
— WINTER WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Veloci[;y Velocity
2227 28-36| OFeF | Max. | 22-27 | 25-36 | 05T | Max. | 22-27 | 28-36 | O | Max, 22-27 | 26-30 | OF°F | Mox. | 22-27 | 28-36 | O3 | Max. | 22-27 | 28-86 | O3 | Max.
...... 12| 0.4 12.6 36
NNE]| L6
NE..
ENE
E..
5730 AN NN ORI EUUUOON PUIOUINN NN DI JRION IR SR
35RO DU SO MO MO FOUNR MRS YOO NN NS,
TSR 0O PN N N OO S DS S O IO NN USROS S
Insufficlent data_ ... Insufficient data. Sé'ﬁf_'_': N e R M SR St AU SO R M
EW..... FRNN N SO .
WSW.. é ___________________
wRW} 20 FUUE N M . S
W Lol AT | S e e
NNW_o| 24| L2 || b2 | T L oo n e
Total| 12,8 | 66| .4 |-t 166 ] 26 |ecomec]occncc]oaeens 18.9 oeecacfamnonn

9
]
1

2,
=

(il bA=24
Z 2

(=t

o G0 oo La 02,

£,
£l
EL

Insufficient data.

ZZ

6.8 1.5 | ... 6.8 2.8 L4l .. 6.8] 681 8.4 ...
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TaBLre 5.—Percentage frequency of high velocities of 22—27 meters per  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 males 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- per hour), and over 86 meters per second (80 miles per hour), respec;
tively and mazimum velocities; classified by directions—Continued ttvely and maximum velocities; classified by directions—Continue
WASHINGTON, D. C. WINSLOW, ARIZ.
WINTER ' WINTER
6,000 meters 8,000 meters 10,000 meters 6,000 meters 8,000 meters 10,000 meters
Velocity Velocity .
22-27|28-36 | OFCT | Max. | 22-27 | 28-36 | OF0" | Max. | 22-27 | 28-36 | O35 | Max. 22-27 | 28-36 | OFeT | Max. | 22727 | 28-36 | OFFF | Max. | 22-27 | 28-36 | 03" | Mox.

L 0.6} 0.4
. . 2

Insufficient data..____... Insufficient data.

| R

© | oI I b

=
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Tanrg g,
36 met

Annual total (all direciions combined) percentage frequencies of velocities of 22-27 melers per second, 28—-36 meters per second, and over

mid dleers per second, respectively; also, maximum velocity and corresponding directions—stations grouped according to location in northern,

» and southern sections of country

STATIONS NORTH OF LATITUDE 41°

8,000 meters 8,000 meters 10,000 meters
Station

22-27 28-36 | Over 36| Max. vel. 22-27 28-36 | Over 36| Max. vel. 22-27 28-36 | Over 36| Max. vel.
8.4 2.2 0.6 | W—41_____.__ 6.9 1.1 1.1 WNW-38... 4.8 3.2 0 SW-35.
9.9 3.2 Bl W4oo 14.2 7.1 7| swWH4l 12,5 10.9 1.6 | NNE~48.
8.2 2.5 1.0 | NW-8l._.._.. 11.6 2.9 .4 13,4 5.0 .8 | WNW-40,
9.6 2.8 L1 | WNW-49.__ 15.0 5.0 1.4 10.5 1.2 1.2 | NW-38,

* b1 1.2 .3 W47 .. 5.1 1.7 .4 8.8 2.5 .3} W-38,

12.3 5.3 L3 | NNW-50.__. 15.2 7.1 1.1 15.6 6.9 1.4 | W40,
6.7 1.7 .11 NW-46.. 8.6 1.2 0 4.4 1.5 L7 | WSW-3T.
9.0 3.4 b 14.0 3.1 .9 10.5 6.3 1.6 { W-4L,
11.0 4.3 .3 8.8 2.7 .h 9.2 3.7 6| W41,

7.3 2.6 .5 9.6 3.7 .4 10.6 6.0 .4 ] WSW-38.
6.8 2.3 .3 9.4 2.5 .8 10.2 4.9 0 N-35.
8.3 2.8 I T P 10.4 3.5 [ IR, 10.5 5.0 .8

STATIONS BETWEEN LATITUDES 35° AND 41° NORTH
7.1 1.2 3| WESW-40__.. 5.0 1.0 ] WNW-34.__ 9.8 2.3 0.6 | WNW-41.
3.6 2.0 7| WSWH49.... 6.1 L5 .2 1 NNIE-38 7.7 3.9 1.2 | NNE-50.
8.4 2.7 .4 8.8 3.0 1.2 | WNW-4 14,0 4.3 1.7 | NN'W-46.
3.2 .6 .2 4.5 i 0 1.3 0 0 Nw-22.
2.6 .6 W1 2.0 b 0 2.1 (1} 0 NE-25.
6.6 4.3 1.1 6.8 3.2 1.6 | W-B1___.... 7.0 4.6 L9 | WNW-53.
4.8 2.0 .2 5.8 2.1 .20 WSW-40.._. 5.0 1.4 .5 | W-3%,
6,0 2.8 .4 114 3.9 .3 40, e 9.1 8.6 2.2 | W48,
8.4 3.3 .9 9.9 5.0 2.1 | NW-60... __ 12.5 6.4 1.9 | NW-58,
19 1.0 .2 4.0 .4 L2 NNW-46_... 7.3 3.5 0 SW-34.
5.8 2.0 [N 5 PO 7.2 2.6 1% T P 8.4 4.2 1.3

STATIONS BETWEEN LATITUDES 24° AND 35° NORTH

6.6 3.5 1.3 | NW-61. 5.0 3.3 1.1 6.2 2.2 1.0 § WNW-59,
3.6 1.2 0 ¢ 3.6 2.0 .8 7.2 2.2 .3 ] WSW-37.
1.3 .2 ] 3.6 1.8 .3 8.4 2.0 .6 W-28,
4.3 1.6 .1 6.0 1.9 0 116 6.1 1.4} W-43.
6.5 3.6 .8 7.0 3.5 1.0 7.2 4.0 1.0 | WNW-54.
2.2 .0 At 5.2 1.9 0 6.7 2.2 1.1 W-b4,
7.4 2.6 b 6.3 4.6 W7 10.2 3.6 1,8 | NW-50.
7.0 4.8 1.7 11.7 9.5 3.5 14.5 7.9 5,3 | WNW-49,
4.9 W7 0 3.6 .6 .3 6.4 2.9 0 - | NW-32.
5.1 2.6 P PP 5.5 3.0 [ 20 (O, 8.0 3.4 1.1

. This table shows that on the average the frequency of
ang ‘Yelocl’m.es increases with latitude at all three levels
Very Vith altitude for all three groups of stations. With a
stadio W exceptions, the highest velocity on record at cach

ool occurred with a westerly wind. In table 7 the
ueng, Values for each group are combined to show fre-
meterg of winds of 22 meters per second or over, 28

Tespa 28T second or over, and over 36 meters per second,
Pectively,

{—Percentage frequency of winds of 22 melers per second or

Tegy .o Meters per second or over, and over 36 melers per second,
pecllvely_

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

Gr
Oups 22 ! 98 [Over| 22 | 28 |Over| 22 | 28

m.p.s./m.p.s.] 3 |m.p.s.m.p.s] 36 m.p.sjm.p.s| 36

or over|or ovorim. p. 8.|0r over|or over|m. . s.jor aver|or over|m. p.s.

Over

N‘)l‘th
0] .
Miggrer™ me| 3 1.
10,
9,

0.7 16.3
81 13.9
.8 12.5

B““ther}{“ 3
8.4 3

4
o

LIRS
~oor
LD
©2 0020
o0 22
s pren
o
bt 0 00

.8
N
.5

As

1?1116 Mmay be seen, the frequency of wind velocities of 22

‘Otl(:llst ber second or over ranges .from 8.4 percent at 6
g3 . °IS over the southern section of the country to
The Dercent at 10 kilometers over the northern section.
0 Tequency of velocities of 28 meters per second or
g é‘&nge§ from 3.2 percent at 6 Lilometers over the
“‘°rthersec“°¥l to 5.8 percent at 10 kilometers over the
t D section, and the frequency of velocities of more

; omet eters per second ranges from 0.5 percent at 6
kilgp . ors over the northern section to 1.3 percent at 10
&ters over the middle section.

EXTREME VELOCITIES

In order that the record of extreme (highest on record)
velocities may be shown as completely as possible, these
data are given in table 8 for all Weather Bureau stations
in the United States, including both the active and dis-
continued stations, and for all available records through July
1936. These data are shown by seasons, but with the indi-
vidual month also given in which each observation occurred.

It will be noted that there is considerable variation in
the highest recorded velocities, even between adjoining
stations, due to the fact that observations reaching these
altitudes were made very irregularly at all stations, and
rarely at the same time or even the same day at two or
more adjoining stations. An analysis of the table shows
that winds of 50 meters per second (112 miles per hour) or
over have been rccorded at least once during the past
several years at 30 different stations whose locations are
well distributed over the country. With one exception
(at Groesbeck, Tex.), these records are confined to the
first three levels of 6, 8, and 10 kilometers. Extreme
velocities of 60 meters per second (134 miles per hour) or
over were recorded at 9 different stations; also fairly well
distributed over the country. These records are confined
to the two lower levels of 6 and 8 kilometers. The highest
velocity for all stations was 81 meters per second (181
miles per hour) from the NW., recorded at 6 kilometers at
Lansing, Mich., on the morning of December 17, 1919.
Although this was a single-thcodolite observation, an
examination of the original record gives no reason to doubt
its accuracy. This is verified, to some extent also, by the
unusually rapid movement of a surface high-pressure 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 Philadelphia, Pa., nearly 1,000 miles away.
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TaBLE 8.—Eutreme velocities (meters per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stations i
the United States and for all records through July 1936, by seasons. One meter per second= 2.24 miles per hour

WINTER

6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters

Yrs.
red.

Station
Vel. Dir, Mo. | Vel. Dir. Mo. | Vel Dir. Mo. | Vel Dir. Mo. | Vel Dir. Mo-

Akron, Ohio.
Abilene, Tex.....
Albany, N. Yoo ool
Albuquerque, N. M6X._oneoeoemoomaoannn
Amarillo, Tex
Atlanta, Q8. oo
Bellefonte, Pa..o ...

Big Spring, Tex.
Billings, Mont - - oo
Bismarck, N. Dak_____._...._.._.__
Boise, Idaho
Boston, Mass._ . _cooeoccomiaoaol 10
Broken Arrow, Okla.._.........
Brownsville, TeX......_._...__.
Buffalo, N. Yoo 7
Burlington, Vt_ .o C - 17
Charleston, 8. G coeeeoaee o 4
Cheyenne, Wy0._ o occemooocnn. - 10
Chicago, Il o comom oo - 10
Cincinnati, Ohio.
Cleveland, Ohio.__..__..__
Columbus, Ohio.__.__....
Dallas, TeXoccarooorcman-- 6
Davenport, ITowa__........ | 10
Del Rio, Texoooocouoo.o - 5
Denver, Col0ammnunnaaan. - 17
Detroit, Mich__.___.__
Due West, 8. C___.___
Elko, Nev.—.._...__...

LR o =R A X

Evansville, Ind-..__
Fargo, N. Dak....
Fresno, Calif..___.
Greensboro, N. C.
Groesbeck, TeXaceoeoonooamomcaano-
Havre, Mont
Hollister, Calif. .
Houston, Tex_._.
Indlana&ohs, Ind
Ithaca,
Jackson, Miss.
Jacksonville, ¥
XKansas City, Mo
Koy West, Fla._
Kingman, Ariz
Knoxville, Tenn
Kylertown, Pa
Lansing, Mich.
Las Vegas, Nev..
Leboce, Calif. ..
Leesburg, Ga....
Los Angeles, Calif-. . _cournenen.n .
Madison, Wis_
Moedford, Oreg..coceneemmoacmcnnannnn .
Memphis, Tenn.
Miami, Fla...__-
Missoula, Mont.
Modena, Utah....
Murfreeshoro, Tenn.
Newark, N.J...._
Now Or]eans, La...
North Platte, Nebr.._.____.___.___.._._...
Northport, Wash. .. ..ol
Oklshoma’ City, OKl8. oo
Omaha, Nebr. .o oo
Pasco, Wash. ool
Pembina, N. Dak .o
Pendleton, Oreg.-. ................
Phoenix, Atiz._ el
Pittsburgh, Pa . oo
Portland, Oreg. ool
Redding, Callf. e
Reno, NOV. o coccocommcce e caee
Richmond, Vo ... cceeer oo cccaccccans
Rock Sgrmgs, L (R
Royal Center, InQueoccoooe oo,
St. Louis, Mo..._ ..................
8t. Paul, Minn.._ oo
Salt Lake Olty, Utah oL
Sandberg, Calif... ... ... ...
San Diego, Calil__ ... _.
San Franelsco, Calif__ ... __.___
Sault Ste. Marie, Mich__.._......__ 10
Seattle, Wash.___
Sheridan, Wyo.
Spartanburg,
8pokane, V ash.
Tampa, Fla__
Tucson, Ariz.
Tulsa, Okla....
Vicksburg, Miss._
‘Washington, D. C
‘Wichita, Kans.
Winnemucca, Ni
Winslow, Ariz.___
Yakima, Wash._.

-
U W Y €O GO 00 =T DD T i

—

1
i
HOOTWR I OWDO O NG T D

——

bk bty ot [
TR ODDOWAWNDIRWLI-HWBRSD

10

—
bt OF et 5 00 = D =k O

! No data available for these levels.



27
. TABL ’
B Si;Extr_eme velocities (meters per second), with direciions and month of occurrence, for all Weather Bureau Pilot Balloon stations in
e United Siates and for all records through July 1936, by seasons. One meter per second=2.24 miles per hour—Continued

SPRING

6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters

Station ’ E{cl:is

Vel. Dir. Mo. | Vel Dir. Mo. | Vel Dir. Mo. | Vel.| Dir. Mo. Vel Dir. Mo.

Tt bk bt
NN OCORNRARNO R CT~IFN

it

— -
0 A Oy €D $0 00 ST 2D ~T W

a
ek SNt O3 00 P 2D 4 OV

. w. s
21 | NNW. | Apr. 12 | WSW. | Apr. o |-

N
© Gata availalo for theso lovels.
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TaBLE 8.—Ezireme velocities (melers per second), with directions and month of occurrence, for all Weather Bureau Pilot Balloon stations in .
the United States and for all records through July 1936, by seasons. One meler per second=2.24 miles per hour—Continued

SUMMER
6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters
Station r%fls
Vel. | Dir. Mo. | Vel.| Dir. Mo. | Vel. | Dir, Mo. | Vel. | Dir. Mo. Vel. Dir. Mo
Akron, Ohio. e oo 2 21 | SW, July 29 | NNW. | June 21 | NNE. June 11| WNW. | June
Abilene, TeX. .o oceee e eeeeccemeeeee 1 18| W. June 21 | NNE. June 20 | SE. Aug. 41 W. June
Albany, N. Y__. 7 36 | WSW. Aug. 31| W, Aug. 26 | NNE. July 23 | NNW. | Aug.
Albuquerque, N. Mex 5 31| W, June 18 | NW, June 14 | NE. Aug. 21 | W, Aug.
Amarillo, Tex._... 4 281 W, June 31| WNW. | June 26 | W. July 30 | NE. June
Atlanta, Ga__. 9 23 | NNW, | June 24 | W. June 22 | E. July 24 | NW. July
Bellefonte, Pa. oo ca s 5 30 | NW. July 31| WBW. | Aug. 36 { WSW. | July 24 | WSW. | Aug.
Big Spring, Tex. 4 23 1| NW. June 17 | WNW. | June 191 W. June 24 | NI, Aug.
Billings, Mont_._ .. 2 34 | W, June 391 W. June 32 | WNW. | Aug. 22 | W, July
Bismarck, N. Dak 4 31 | WNW. | June 31| W, July 28 {| WNW. | July 13| NW. July
Boise, Idaho.____ 10 44 1 WSW, June 36 | WSW. Aug. 34 | SSW. Aug. 24| W, Aug.
Boston, Mass...... 10 36 | WSW. | Aue. 31| WSW. | Aug. 39 | NNE. | Aug. 13 | WNW. | July
Broken Arrow, Okla. i2 29 | NW. June 28| NW. June 32 | NW. July 35 | WNW. | July
Brownsville, Tex_. 7 21 | N. June 22 | W. June 26 | W. Juns 33 | WSW June
Buffalo, N. ¥._. 7| 30| NNW. | June 17| WNw. | Aug. | 20| WNW. | Aue. | 22| NW. | July
Burlington, Vt.. 17| 33| NW. June 30 | NNW. | June 27 | NNW. | June 321 W. July
Charleston, S. C 4} 35| WSW. [ June 2 | N. Aug 23 | WNW. | July 22 | NW. June
Cheyenne, Wyo. 10 34 | WNW. | June 36 | 8. June 37 | WSW, | June 25 | WNW. | Aug.
Chicago, H1._____ 10| 34| NW, June 26 | W. June 23 | NNW. | June 6| WNW. | July
Cincinnati, Ohio 5] 18| WNW. | July 22 | NNE. | Aug. [ 7 FEOuSU . (O PRI, SO
Cleveland, Ohio- 10 40 { WNW, | June 29 | SSW. June 33 | SW. Aug. 23 1 NW. Aug.
Columbus, Ohio.. & 31 | WNW. | Aug. 35 | N. June V. . | June
Dallas, Tex..._._ [} 24 | WNW. | June 23 | NE. July V.
Davenport, Iowa_. 10 34| 8. June 28 | N. July
Del Rio, Tex.... 5 24 | NNW. | June 22 | NW, June
Denver, Colo.. 17 36 | SSW. June 361 W. July
Detroit, Mich. .. 10 36| W. July 45 | 8W. June
Due West, S 11 30 | NNW. | June 20 | SW. Aug.
Elko, Nev...._.. 4 31 | NW. Aug. 21 | NNE. June
Lliendale, N. Dak. 13 33 | WSW. | July 40| W, Aug.
X1 Paso, Tex. ... 4 28 | SW, June 23 | WSW. | June
Evansville, Ind.. 7 25 | NNW. | June 26 | WNW, | June
Fargo, N. Dak 2 23| W, July 27 | NW. June
Fresno, Calif__ 7 25 | SW. July 251 W. July
QGreensboro, N. 8 33 | NNW, | July 46 | SW. June
Groesbeck, Te; 13 231 NwW, June 25| W. June
Havre, Mont.._ [t 47 | SW. July 31| W, June
Hollister, Calif. . 1 21 | SSW. July 20 | 88W, July
Houston, Tex_.... 5 28 | NNE. June 13 { ENE. June
Indianapolis, Ind.. 4 26 | WSW, | June 47 { WNW. | June
Ithaca, N. Y.... 10 41 1 WNW, | June 24} SW, July
Jackson, Miss. .. 3 14 | NNW. | June 10 | NNW. | June
Jacksonville, Fla. _ 10 22 | WNW, | June 28| W. Aug.
Kansas City, Mo.. 10 30 | N. June 27 | NNW. | June
Key West, Fla_. 16 18 | E. Aug. 26| W. June
Kingmen, Ariz.. 1 25 | WSW. | July 1| WSwW. | July
Knoxville, Tenn. 9 24 | N. June 28 | 'W. July
Kylertown, Pa__ 11 24| WNW. | July 10| N. July
Lansing, Mich._ 7 27 | NW. July 20 | NNW. | Aug.
Las Vegas, Nev. 1 25 | WSW. | June 26 | WNW, | June
Lehec, Calif... 3 21 | SW. June 11 | SW. June
Leesburg, Ga.... 2 10 | W. June 17 | NNW. | June
Los Angeles, Calif_ 10 23 | 8W. June 30 | SW. June
Madison, Wis. ... 8 321 W, June 20 | N. Aug.
Medford, Oreg. . 10 34 | WSW, | July 43 | NNW, | Aug.
Memphis, Tenn_ 13 33 | W, July 20 | NNE, June
Miami, Flo oo e 6 18 | SW, Aug. 17 | NNW. | July
Missoula, Mont. oo ccmuc oo 1 30 | SW. June 181 W. June
Modena, Utah. oo .9 31 | SW, June 30 | SW. June
Murfreesboro, Tenn. 3 23 | NNW. | June 31 | 8W. Aug.
Newark, N. J._... 10 30 | Wsw, | July 25 | WNW, [ June
New Orleans, La_. 10 18 | WNW. | Aug. 20 | WSW. | June
North Platte, Nebr_ 6 31 | WNW., | July 26 | NW. Aug.
Northport, Wash_._. 1 32 | WSW. | July 25 | W. July
Oklahoma City, Okla. 10 20 | NW. June 26 | WNW. | June
Omaha, Nebr. ..o 16 28 | NW. June 31 | WNW, | June
Pasco, Wash...._. 4 17 | NNW. | June 22 | NNE. June
Pembing, N, DaK. oo aiiacncnnan 3 30 | NW, July [© 1 P I
Pendleton, Oreg... 1 32 | S8W. July 15 | WNW. | Aug.
Phoenix, Ariz... 6 28 | 8W. June 22 | 8W. July
Pittsburgh, Pa.. 3 25 | WNW. | Aug. 13 | NNW. | July
Portland, Oreg.. 8 41 | 88w, June 40 | SW. June
Redding, Calif_. 7 37| NW. June 37 | N. July
Reno, Nev...__. 9 40 | SSW. July 40 | SW, July
Richmond, Va.... 3 20 | 8SW. July 20| W. Aug.
Rock Springs, Wyo. 4 468 | NW. June 38 | BSW. June
Royal Center, Ind 13 30 | NW, July 31 | NW. June
8t. Louis, Mo... 10 21 | WNW. | June 281 W. Juno
St. Panl, Minn.___ 10 30 | WSW. July 27 | W, Aug.
Salt T.ake City, Utab.. 10 37 | WNW. | June 27 | WNW, | Aug.
Sandberg, Calif____ 4 25 [ SW, June 25 | W. June
San Diego, Calif___ 5 24 | S8W. June 25 | WSW, June
San Francisco, Calif. .. 15 25| N. June 40 | NNW. | July
Sault Ste. Marie, Mich . 10 42 | WNW. | June 41 | SW. July
Seattle, Wash.______ 10 49 | SSW, Aug. 36 | SW, June
Sheridan, Wyo.. 7 471 W, June 40 | W, June
Spartanburg, S. 4 18 | WSW. | July 27 | N, July
Spokane, Wash_ 10 331 W. July 36| W, July
Tampa, Fla... 5 25 | WNW, | June | 301 WNW. | June
Tucson, Ariz.. 1 15 | WSW, | June 10 | N, June
Tulsa, Okla... 2 25 | N. Aug. 26 | ENE, June
Vicksburg, Mi 1 17 | NNW. | June 24 | N. June
Washington, D. 18 31 { WNW, | June 20 | WNW. | Aug.
Wichita, Kans_..... 8 26 | NW, June 26 | NW. June
Winnemuees, Nev. . o oeeoacvmaeceecae 1 28 | BSW. June 27 | WBW. | June
‘Winslow, Ariz 5 38 | W3W. | June 36 | SSW. June
Yakima, Wash. _coceeannrae e —m————— 1 26 | WSW. | June 18 | BW, July

1 No data avalilable for these levels.



TABLE 8.~ Eurires

” eme velocilies (melers per second),
¢ United States and for all records through July 1936, by seasons.
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with directions and month of occurrence, for all Weather Bureau Pilot Balloon slaiions in
One meler per second=2.24 miles per hour—Continued

AUTUMN
6,000 meters 8,000 meters 10,000 meters 12,000 meters 14,000 meters
Station };‘:f
Vel Dir. Mo. | Vel. Dir. Mo. | Vel Dir. Mo. | Vel. | Dir. Mo. Vel. Dir. Mo.
Akron .
Abilen, Ohio.__..__. 2] ( 1
o, --- [C)J ISR [CO ) PSR (.
Albagy’ 5% 1| 24| W, Oct. 2 | "W, Oct.
7 42 | WNW. Oct. 48§ WNW Oct.
5 48 W, Nov. 37 | WNW. | Nov.
4 37 | WswW Nov. 34 | w, Nov.
S 9 27 | WSW Nov. 20 | NW. Oct.
5 32 | NE, Nov. 23 | WSW Sept.
4 28 | NW, Nov. 24 ] WEW Oct.
2 32 | WEW Nov. 27 | NE. Oct.
4 33 | NW, Oct. 40 | NNW. Oct.
10 41 | N. Oct. 49 | NNE. Oct.
10 50 | WNW. | Oct. 241 W, Sept.
12 47 | WNW. | Oct. 5 1 W, Oct.
7 23 | WSW Nov. 27 | N. Sept.
7 28 | W. Oct, 8 | ESE. Sept.
17 40 | SW. Cot. 30 | SW. Oct.
4 38 | WSW Nov. 30 | WNW. | Oct.
10 36 | NE. Nov. 31| w. Nov.
10 26 | SW. Nov. 30 [ w. Sept.
5 14 | WNW, | Oct. 7 NNW Sept.
10 26 | W. Oct. 28 | swW. Sept.
5 28 | N. Nov. 25 | N. Oct.
[ 38 | NW. Nov. 471w, Nov.
10 31 | NNW, | Oct. 28 | WNW. | Sept.
5 21 | WSW. | Nov. 20 | wsw Oct.
174 44| W, Oct. 33 | NNW, | Oct,
10 32 | NNW Oct. 26 | NNW. Sept.
11 48 | NW, Nov. 41w, Nov,
4 31| 8. Sept. 18 | NW. Oct.
13 50 | NNW Nov. 62 | N'W. Oct.
4 30 | SW, Nov. 46 . Nov
7 21 | WNW Oct. 28 | wsw Nov.
2 33 | WNW Qct. 20 | NW. Sept.
7 31 { NNE. Nov. 32 1 wsw Nov.
8 41 . Nov. 33 | NNW Sept.
13 35 1 WNW. { Nov. 3 | wW. Oct.
9 36 | NW. Sept. 38 | sW. Sept.
1 24 | N. Oct. 17 1 wsw. Sept.
5 34| W, Nov. 30 | w. Nov.
4 36 | NW, Nov. 26 | wW. Nov
10 32| W, Sept. 34 | WNW. | Sept
3 16 | WNW. | Nov. 13 | wNw. | Sept.
10 32| NW, Oct. 35 | W, Oct.
10 21 W. Sept. 27 1w, Oct.
16 24| W. Nov. 34 | WNW,. | Nov.
1 39 | NNW Nov. 31 | w. Nov.
9 32 | NNW Sept. 35 | W, Nov.
1 20t W, Oct. 18 { NNW Oct.
7 39 | WNW Sept. 34 | NW. Nov. WNW.
1 50 | SSW. Sept. 12 | w, Oct. R,
3! 41| NNE. | Nov. 17| Naw. | Oct. | 6SSW. | Oct. | () |-iormmemmmjozmcmmme| (0 |occommmnan
2 28 | WNW. Nov. 28 | WNW Nov.
10 31| W, Sept. 49 | WsW. Sept.
8 47 | NW, Nov. 58 | N'W. Nov.
10 44 | NNE, Oct. 291 NE. Sept.
13 27 | WNW, | Oct. 26 | NNW. | Nov,
6 33| W, Nov 23 | W. Nov.
1 20 | NNE. Nov. 23 | SswW. Nov.
9 40 | NNW Nov. 36 | NE. Nov. WNW, .
34 30{W. Oct, 25 | wsw. | Sept. 23 | NW, Sept 7 | ESE. Oct.
10 25 | WSW. | Sept. 21 | wsw. | Sept. 25 | W. Sept, .
10 32 . Nov. 27T | WNW. ov. 37 1 WSW. [ Oct.
[ 37 | NNW Nov. 30| WNW. | Nov. 331 E, Qct
1 22 | ENE. Sept. 16 | ENE. Sept. 9| NW. Oct.
10 30 | NNW. | Nov. 33 | WNW, | Sept. 12 | NNE. Oct
16| 39| WNW. | Oct. 38 | wsw, | Nov. 38 { W, Sept.
4 26 . Nov. 186 | NW. Nov, 12 | NW. Nov.
3 35 | WNW, | Oct. 24 | N'W. Sept. | (1) femeommmee]onmaeaen
1 28 | NNE, Oct. [0 70 IR (28 ..................
] 37 | NW, Nov. 20 | wsw, Oct. W, Oct.
3 341 | WNW. | Nov 21 | WNW. | Sept. 12 | SW. Sept
8 33 | WNW. | Nov. 32| w. Oct. 27 | NW. Oct
7 48 | NW. Oct. 43 | NW. Nov. 37 | NW. Nov
9 48 | NNE. Nov, 45 I NW, Nov. 26 { SBE, Nov
3 23 . Oct. 13 | NNW. Oct. (1) [roomcmmome|ozmoaaas
4 44 | SSW. Oct, 80 | NW. Nov. 25 | .NW. Nov
13 53 | W, Nov. 48 . Oct. 30 | NNW. | Sept
10 25 | NW, Oct. 17 | NNW Oct, 23 | WNW., | Oct
10] 26| W, Sept. 30 ] WNW, | Sept. 23 | WNW, | Sept
10 41 | BSW, Sept. 32 | WSW Nov. 36| WSW. | Sopt
4 39 . Sept. 33 | WSW Oct. 38 | WSW, Nov
] 28 | WSW Sept. 42 | WSW Oct. 50 | WSW, | Oct
15 47 | NNW Nov. 29 . Oct. 34 | 8W, Nov
10 30 N Sept. 30 | WNW. Oct. 28 | NNW, | Sept
10 46 W. Nov. 24| wW. Oct., WNW. | Sept
7 57 | WSW, Oct. 381 W, Sept. 38 . Nov
4 22 | WNW. | Nov. 25 | NW. Nov. 28 | WNW, | Oct
10 48| W, Sept. 47 | NW. Nov 26 | NNE, Sept
? (22 WSwW Oct. (36 w. Nov (1:‘;2 SW. Sept.
1
2 9 | NW, Oct. 16 | WSW. Nov. 17 | N, Nov.
1 2 | WNW. | Nov. 2| WNW Nov 25| WNW, { Nov
18 37 . Nov. 36 | WSW Oct. 36 | W, Sept
1(13 (3;6 WNW. | Oct. (;%4 . Oct. (‘4)0 NE. Sept
1
5 68 | WNW. | Nov 43 | NW. Nov. 34 W Nov
1 23 | NW. Nov. 15| w. Qct. 9| WNW., [ Oct

0 .
data available for these levels.
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